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FOREWORD

The American Institute of Steel Construction, founded in 1921, is the non-profit
technical specifying and trade organization for the fabricated structural steel industry in
the United States. Executive and engineering headquarters of AISC are maintained in
Chicago, lllinois.

The Institute is supported by three classes of membership: Active Members totaling
400 companies engaged in the fabrication and erection of structural steel, Associate
Members who are allied product manufacturers, and Professional Members who are
individuals or firms engaged in the practice of architecture or engineering. Professional
members also include architectural and engineering educators. The continuing financial
support and active participation of Active Members in the engineering, research, and
development activities of the Institute make possible the publishing of this Second
Edition of the Load and Resistance Factor Design Manual of Steel Construction

The Institute’s objectives are to improve and advance the use of fabricated structural
steel through research and engineering studies and to develop the most efficient and
economical design of structures. It also conducts programs to improve product quality.

To accomplish these objectives the Institute publishes manuals, textbooks, specifica-
tions, and technical booklets. Best known and most widely used afathels of Steel
ConstructionLRFD (Load and Resistance Factor Design) and ASD (Allowable Stress
Design), which hold a highly respected position in engineering literature. Outstanding
among AISC standards are tBpecifications for Structural Steel Buildirgsd theCode
of Standard Practice for Steel Buildings and Bridges.

The Institute also assists designers, contractors, educators, and others by publishing
technical information and timely articles on structural applications through two publica-
tions,Engineering JournahndModern Steel Constructiom addition, public apprecia-
tion of aesthetically designed steel structures is encouraged through its award programs:
Prize Bridges, Architectural Awards of Excellence, Steel Bridge Building Competition
for Students, and student scholarships.

Due to the expanded nature of the material, the Second Edition of the LRFD Manual
has been divided into two complementary volumes. Volume | containE RR®
Specification andCommentary, tables, and other design information for structural
members. Volume |l contains all of the information on connections. Like the LRFD
Specification upon which they are based, both volumes of this LRFD Manual apply to
buildings, not bridges.

The Committee gratefully acknowledges the contributions of Roger L. Brocken-
brough, Louis F. Geschwindner, Jr., and Cynthia J. Zahn to this Manual.

By the Committee on Manuals, Textbooks, and Codes,

William A. Thornton, Chairman Barry L. Barger, Vice Chairman
Horatio Allison Mark V. Holland David T. Ricker

Robert O. Disque William C. Minchin Abraham J. Rokach

Joseph Dudek Thomas M. Murray Ted W. Winneberger

William G. Dyker Heinz J. Pak Charles J. Carter, Secretary
Ronald L. Hiatt Dennis F. Randall
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OVERVIEW

To facilitate reference to Part 1, the locations of frequently used tables are listed below.

Dimensions and Properties

W Shapes . . . . . . . e e 1-26
M Shapes . . . . . . e e e e 1-44
SShapes. . . . . e 1-46
HP Shapes . . . . . . . . . e 1-48
American Standard Channels (C) . . . . . . . . . . . . . . e 1-50
Miscellaneous Channels (MC) . . . . . . . . . . . i i e e 1-52
Angles (L) . . . . o 1-56
Structural Tees (WT, MT, ST). . . . . . . . o o e e e e e 1-68
Double Angles . . . . . . . e 1-92
Combination Sections. . . . . . . . . .. 1-106
Steel Pipe. . . . . . e 1-121
Structural Tubing. . . . . . . . e e e 1-122
Torsion Properties . . . . . . . e e e e 1-146
Surface Areas and BOX Areas. . . . . . . . . o oo 1-175
Availability
Availability of Shapes, Plates, and Bars, Table -2 . . . . . .. ... .. ... ... 1-15
Structural Shape Size Groupings, Table1-2 . . . . . . .. .. ... ... ...... 1-16
Principal Producers of Structural Shapes, Table.1-3. . . . . . . .. ... ... ... 1-18
Availability of Steel Pipe and Structural Tubing, Table 1-4 . . . . . . .. ... ... 1-21
Principal Producers of Structural Tubing (TS), Table1-5 . . . . . . . . .. ... .. 1-22
Principal Producers of Steel Tubing (Round), Table.1:6. . . . . . . ... ... ... 1-26
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STRUCTURAL STEELS

Availability

Section A3.1 of the AISCoad and Resistance Factor Design Specification for Structural
Steel Buildings lists fifteen ASTM specifications for structural steel approved for use in
building construction.

Five of these steels are available in hot-rolled structural shapes, plates, and bars. Two
steels, ASTM A514 and A852, are available only in platekle 1-1shows five groups
of shapes and eleven ranges of thickness of plates and bars available in the various
minimum vyield stress* and tensile strength levels afforded by the seven steels. For
complete information on each steel, reference should be made to the appropriate ASTM
specification. A listing of shape sizes included in each of the five groups follows in
Table 1-2 corresponding with the groupings given in Table A of ASTM Specification A6.

Seven additional grades of steel, other than those covering hot-rolled shapes, plates,
and bars, are listed in Section A3.1a of the LRFD Specification. These steels cover pipe,
cold- and hot-formed tubing, and cold- and hot-rolled sheet and strip.

The principal producers of shapes listed in Part 1 of this Manual are shosiénl -3
Availability and the principal producers of structural tubing are showraiies 1-4
throughl-6. For additional information on availability and classification of structural
steel plates and bars, refer to the separate discussion beginpiageoi+129

Space does not permit inclusion in Table 1-3, or in the listing of shapes and plates in
Part 1 of this Manual, of all rolled shapes or plates of greater thickness that are
occasionally used in construction. For such products, reference should be made to the
various producers’ catalogs.

To obtain an economical structure, it is often advantageous to minimize the number of
different sections. Cost per square foot can often be reduced by designing this way.

Selection of the Appropriate Structural Steel

Steels with 50 ksi yield stress are now widely used in construction, replacing ASTM A36
steel in many applications. The 50 ksi steels listed in Section A3.1la of the LRFD
Specification are ASTM A572 high-strength low-alloy structural steel, ASTM A242 and
A588 atmospheric-corrosion-resistant high-strength low-alloy structural steels, and
ASTM A529 high-strength carbon-manganese structural steel. Yield stresses above 50
ksi can be obtained from two grades of ASTM A572 steel as well as ASTM A514 and
A852 quenched and tempered structural steel plate. These higher-strength steels have
certain advantages over 50 ksi steels in certain applications. They may be economical
choices where lighter members, resulting from use of higher design strengths, are not
penalized because of instability, local buckling, deflection, or other similar reasons. They
may be used in tension members, beams in continuous and composite construction where
deflections can be minimized, and columns having low slenderness ratios. The reduction
of dead load and associated savings in shipping costs can be significant factors. However,
higher strength steels are not to be used indiscriminately. Effective use of all steels
depends on thorough cost and engineering analysis. Normally, connection material is
specified as ASTM A36. The connection tables in this Manual are for A36 steel.

* As used in the AISC LRFD Specification, “yield stress” denotes either the specified minimum yield point (for those that
have a yield point) or specified minimum yield strength (for those steels that do not have a yield point).
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1-6 DIMENSIONS AND PROPERTIES

With appropriate procedures and precautions, all steels listed in the AISC Specification
are suitable for welded fabrication. To provide for weldability of ASTM A529 steel, the
specification of a maximum carbon equivalent is recommended.

ASTM A242 and A588 atmospheric-corrosion-resistant, high-strength, low-alloy
steels can be used in the bare (uncoated) condition in most atmospheres. Where boldl
exposed under such conditions, exposure to the normal atmosphere causes a tightl
adherent oxide to form on the surface which protects the steel from further atmospheric
corrosion. To achieve the benefits of the enhanced atmospheric corrosion resistance o
these bare steels, it is necessary that design, detailing, fabrication, erection, and mainte
nance practices proper for such steels be observed. Designers should consult with th
steel producers on the atmospheric-corrosion-resistant properties and limitations of these
steels prior to use in the bare condition. When either A242 or A588 steel is used in the
coated condition, the coating life is typically longer than with other steels. Although A242
and A588 steels are more expensive than other high-strength, low-alloy steels, the
reduction in maintenance resulting from the use of these steels usually offsets their highe
initial cost.

Brittle Fracture Considerations in Structural Design

As the temperature decreases, an increase is generally noted in the yield stress, tensi
strength, modulus of elasticity, and fatigue strength of the structural steels. In contrast,
the ductility of these steels, as measured by reduction in area or by elongation, and the
toughness of these steels, as determined from a Charpy V-notch impact test, decreas
with decreasing temperatures. Furthermore, there is a temperature below which a
structural steel subjected to tensile stresses may fracture by cleavage,* with little or no
plastic deformation, rather than by shear,* which is usually preceded by a considerable
amount of plastic deformation or yielding.

Fracture that occurs by cleavage at a nominal tensile stress below the yield stress i
commonly referred to as brittle fracture. Generally, a brittle fracture can occur in a
structural steel when there is a sufficiently adverse combination of tensile stress, tem-
perature, strain rate, and geometrical discontinuity (notch) present. Other design and
fabrication factors may also have an important influence. Because of the interrelation of
these effects, the exact combination of stress, temperature, notch, and other condition
that will cause brittle fracture in a given structure cannot be readily calculated. Conse-
guently, designing against brittle fracture often consists mainly of (1) avoiding conditions
that tend to cause brittle fracture and (2) selecting a steel appropriate for the application.
A discussion of these factors is given in the following sections.

Conditions Causing Brittle Fracture

It has been established that plastic deformation can occur only in the presence of shea
stresses. Shear stresses are always present in a uniaxial or biaxial state-of-stress. Ho
ever, in a triaxial state-of-stress, the maximum shear stress approaches zero as th
principal stresses approach a common value, and thus, under equal triaxial tensile
stresses, failure occurs by cleavage rather than by shear. Consequently, triaxial tensil
stresses tend to cause brittle fracture and should be avoided. A triaxial state-of-stress ca
result from a uniaxial loading when notches or geometrical discontinuities are present.

* Shear and cleavage are used in the metallurgical sense (macroscopically) to denote different fracture mechanisms.
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STRUCTURAL STEELS 1-7

Increased strain rates tend to increase the possibility of brittle behavior. Thus, structures
that are loaded at fast rates are more susceptible to brittle fracture. However, a rapid strain
rate or impact load is not a required condition for a brittle fracture.

Cold work and the strain aging that normally follows generally increase the likelihood
of brittle fracture. This behavior is usually attributed to the previously mentioned
reduction in ductility. The effect of cold work that occurs in cold forming operations can
be minimized by selecting a generous forming radius and, thus, limiting the amount of
strain. The amount of strain that can be tolerated depends on both the steel and the
application.

The use of welding in construction increases the concerns relative to brittle fracture.
In the as-welded condition, residual stresses will be present in any weldment. These
stresses are considered to be at the yield point of the material. To avoid brittle fracture,
it may be required to utilize steels with higher toughness than would be required for bolted
construction. Welds may also introduce geometric conditions or discontinuities that are
crack-like in nature. These stress risers will additionally increase the requirement for
notch toughness in the weldment. Avoidance of the intersection of welds from multiple
directions reduces the likelihood of triaxial stresses. Properly sized weld-access holes
prohibit the interaction of these various stress fields. As steels being welded become
thicker and more highly restrained, welding procedure issues such as preheat, interpass
temperature, heat input, and cooling rates become increasingly important. The residual
stresses present in a weldment may be reduced by the use of fewer weld passes and
peening of intermittent weld layers. In most cases, weld metal notch toughness exceeds
that of the base materials. However, for fracture-sensitive applications, notch-tough base
and weld metal should be specified.

The residual stresses of welding can be greatly reduced through thermal stress relief.
This reduces the driving force that causes brittle fracture, but if the toughness of the
material is adversely affected by this thermal treatment, no increase in brittle fracture
resistance will be experienced. Therefore, when weldments are to be stress relieved,
investigation into the effects on the weld metal, heat-affected zone, and base material
should be made.

Selecting a Steel To Avoid Brittle Fracture

The best guide in selecting a steel that is appropriate for a given application is
experience with existing and past structures. A36 and Grade 50 (i.e., 50 ksi yield
stress) steels have been used successfully in a great number of applications, such as
buildings, transmission towers, transportation equipment, and bridges, even at the
lowest atmospheric temperatures encountered in the U.S. Therefore, it appears that
any of the structural steels, when designed and fabricated in an appropriate manner,
could be used for similar applications with little likelihood of brittle fracture.
Consequently, brittle fracture is not usually experienced in such structures unless
unusual temperature, notch, and stress conditions are present. Nevertheless, it is
always desirable to avoid or minimize the previously cited adverse conditions that
increase the susceptibility of the steel to brittle fracture.

In applications where notch toughness is considered important, it usually is required
that steels must absorb a certain amount of energy, 15 ft-Ib or higher (Charpy V-notch
test), at a given temperature. The test temperature may be higher than the lowest operating
temperature depending on the rate of loading.F8gf= and Barsom (1986) artblfe
(1977)
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1-8 DIMENSIONS AND PROPERTIES

Lamellar Tearing

The information on strength and ductility presented in the previous sections generally
pertains to loadings applied in the planar direction (longitudinal or transverse orientation)
of the steel plate or shape. It should be noted that elongation and area reduction value
may well be significantly lower in the through-thickness direction than in the planar
direction. This inherent directionality is of small consequence in many applications, but
does become important in the design and fabrication of structures containing massive
members with highly restrained welded joints.

With the increasing trend toward heavy welded-plate construction, there has been a broade
recognition of the occurrence of lamellar tearing in some highly restrained joints of welded
structures, especially those using thick plates and heavy structural shapes. The restrair
induced by some joint designs in resisting weld deposit shrinkage can impose tensile strair
sufficiently high to cause separation or tearing on planes parallel to the rolled surface of the
structural member being joined. The incidence of this phenomenon can be reduced ol
eliminated through greater understanding by designers, detailers, and fabricators of (1) the
inherent directionality of construction forms of steel, (2) the high restraint developed in certain
types of connections, and (3) the need to adopt appropriate weld details and welding
procedures with proper weld metal for through-thickness connections. Further, steels can b
specified to be produced by special practices and/or processes to enhance through-thickne
ductility and thus assist in reducing the incidence of lamellar tearing. Steels produced by suct
practices are available from several producers. However, unless precautions are taken in bof
design and fabrication, lamellar tearing may still occur in thick plates and heavy shapes of
such steels at restrained through-thickness connections. Some guidelines in minimizing
potential problems have been develo&&C, 1973) See alséart 8 in Volume 1bf this
LRFD Manual and ASTM A770, Standard Specification for Through-Thickness Tension
Testing of Steel Plates for Special Applications.

Jumbo Shapes and Heavy Welded Built-up Sections

Although Group 4 and¥/-shapes, commonly referred to as jumbo shapes, generally are
contemplated as columns or compression members, their use in non-column application:
has been increasing. These heavy shapes have been known to exhibit segregation anc
coarse grain structure in the mid-thickness region of the flange and the web. Because
these areas may have low toughness, cracking might occur as a result of thermal cuttin
or welding(Fisher and Pense, 1988jmilar problems may also occur in welded built-up
sections. To minimize the potential of brittle failure, the current LRFD Specification
includes provisions for material toughness requirements, methods of splicing, and
fabrication methods for Group 4 and 5 hot-rolled shapes and welded built-up cross
sections with an element of the cross section more than two inches in thickness intende
for tension applications.

FIRE-RESISTANT CONSTRUCTION
Fire-resistant steel construction may be defined as structural members and assemblie
which can maintain structural stability for the duration of building fire exposure and, in
some cases, prevent the spread of fire to adjacent spaces. Fire resistance of a steel meml
is a function of its mass, its geometry, the load to which it is subjected, its structural
support conditions, and the fire to which it is exposed.

Many steel structures have inherent fire resistance through a combination of the above
factors and do not require additional insulation from the effects of fire. However, in many
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FIRE-RESISTANT CONSTRUCTION 1-9

situations, building codes specify the use of fire-rated steel assemblies. In this case,
ASTM Specification E119, Standard Methods of Fire Tests of Building Construction and
Materials, outlines the procedures of fire testing of structural elements.

Structural fire resistance is a major consideration in the design of modern buildings.
In general, building codes define the level of fire protection that is required in specific
applications and structural fire protection is typically implemented in design through
code compliance. In the United States, with a few notable exceptions, the majority of
cities and states now enforce one of the following model codes:

« National Building Code, published by the Building Officials and Code Administra-
tors International.

 Standard Building Code, published by the Southern Building Code Congress Inter-
national.

« Uniform Building Code, published by the International Conference of Building
Officials.

Building codes specify fire-resistance requirements as a function of building occupancy,
height, area, and whether or not other fire protection systems (e.g., sprinklers) are
provided.

Fire-resistance requirements are specified in terms of hourly ratings based upon tests
conducted in accordance with ASTM E119. This test method specifies a “standard” fire for
evaluating the relative fire-resistance of construction assemblies (i.e., floors, roofs, beams,
girders, and columns). Specific end-point criteria for evaluating the ability of assemblies to
prevent the spread of fire to adjacent spaces and/or to continue to sustain superimposed loads
are included. In effect, ASTM E119 is used to evaluate the length of time that an assembly
continues to perform these functions when exposed to the standard fire. Thus, code require-
ments and fire-resistance ratings are specified in terms of time (i.e., one hour, two hours, etc.).
The design of fire-resistant buildings is typically accomplished in a very prescriptive fashion
by selecting tested designs that satisfy specific building code requirements. Listings of
fire-resistant designs are available from a number of sources including:

 Fire-Resistance Directory, Underwriters Laboratories.
» Fire-Resistance Ratings, American Insurance Services Group.
 Fire-Resistance Design Manual, Gypsum Association.

In general, due to the very prescriptive nature of fire-resistant design, changes in tested
assemblies can be difficult to justify to the satisfaction of code officials and listing
agencies. In the case of structural steel construction, however, the basic heat transfer and
structural principles are well defined. As a result, relatively simple analytical techniques
have been developed that enable designers to use a variety of different structural steel
shapes in conjunction with tested assemblies. These analytical techniques are specifically
recognized by North American building code authorities and are described in a series of
booklets published by the American Iron and Steel Institute (AISI):

Designing Fire Protection for Steel Columii980)
Designing Fire Protection for Steel Bea(i984)
Designing Fire Protection for Steel Trus$29881)

Since fire-resistant design is currently based on the use of tested assemblies, an
important consideration is the degree to which a test assembly is “representative” of
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1-10 DIMENSIONS AND PROPERTIES

actual building construction. In reality, this consideration poses a number of technical
difficulties due to the size of available testing facilities, most of which can only accom-
modate floor or roof specimens in the range of 15 ft by 18 ft in area. As a result, a test
assembly represents a relatively small sample of a typical floor or roof structure. Most
floor slabs and roof decks are physically, if not structurally, continuous over beams and
girders. Beam and girder spans are often much larger than can be accommodated i
available laboratory furnaces. A variety of connection details are used to frame beams,
girders, and columns. In short, given the cost of testing, the complexity and variety of
modern structural systems, and the size of available test facilities, it is unrealistic to assume
that test assemblies accurately model real construction systems during fire exposure.

In recognition of the practical difficulties associated with laboratory scale testing,
ASTM E119 includes two specific test conditions, “restrained” and “unrestrained.” From
a structural engineering standpoint, the choice of these two terms is unfortunate since th
“restraint” that is contemplated in fire testing is restraint against the thermal expansion,
not structural rotational restraint in the traditional sense. The “restrained” condition
applies when the assembly is supported or surrounded by construction which is “capable
of resisting substantial thermal expansion throughout the range of anticipated elevatec
temperatures.” Otherwise, the assembly should be considered free to rotate and expan
at the supports and should be considered “unrestrained.” Thus, a floor system that is
simply supported from a structural standpoint will often be “restrained” from a fire-
resistance standpoint. In order to provide guidance on the use of restrained and unre
strained ratings, ASTM E119 includes an explanatory Appendix. It should be emphasized
that most common types of steel framing can be considered “restrained” from a fire-re-
sistance standpoint.

The standard fire test also includes other arbitrary assumptions. The specific fire
exposure, for example, is based on furnace capabilities with continuous fuel supply and
does not model real building fires with exhaustible fuel. Also, the test method assumes
that assemblies are fully loaded when a fire occurs. In reality, fires are infrequent, random
events and their design requirements should be probability based. Rarely will design
structural loads occur simultaneously with fire. In addition, many structural elements are
sized for serviceability (i.e., drift, deflection, or vibration) rather than strength, thereby
providing an additional reserve strength during a fire. As a result of these and other
considerations, more rational engineering design standards for structural fire protection
are now being developethfernational Fire Engineering Design for Steel Structures:
State-of-the-Artinternational Iron and Steel Institute). Although not yet standardized or
recognized in North American building codes, similar design methods have been used in
specific cases, based on code variances.

One such method has been developed by AlSI for architecturally exposed structural
steel elements on the exterior of buildings. In effect, ASTM E119 assumes that structural
elements are located within a fire compartment and does not realistically characterize the
fire exposure that will be seen by exterior structural elememésSafe Structural Steel:

A Design GuidéAmerican Iron and Steel Institute, 19'd8fines a step-by-step analyti-
cal procedure for determining maximum steel temperatures, based on realistic fire
exposures for exterior structural elements.

Occasionally, structural engineers will be called upon to evaluate fire-damaged steel
structures. Although it is well known that the prolonged exposure to high temperatures
can affect the physical and metallurgical properties of structural steel, in most cases stee
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EFFECT OF HEAT ON STRUCTURAL STEEL 1-11

members that can be straightened in place will be suitable for continu@z|ysS®60).
Special attention should be given to heat-treated or cold-formed steel elements and
high-strength bolts and welds.

Effect of Shop Painting on Spray-Applied Fireproofing

Spray-applied fireproofing has excellent adhesion to unpainted structural steel. Mechani-
cal anchorage devices, bonding agents, or bond tests are not required to meet Underwrit-
ers Laboratories, Inc. (UL) guidelines. In fact, moderate rusting enhances the adhesion
of the fireproofing material, providing the uncoated steel is free of loose rust and mill
scale. Customarily, any loose rust or mill scale as well as any other debris which has
accumulated during the construction process is removed by the fireproofing application
contractor. In many cases, this may be as simple as blowing it off with compressed air.

This ease of application is not realized when fireproofing is applied over painted steel.
In order to meet UL requirements, bond tests in accordance with the ASTM E736 must
be performed to determine if the fireproofing material has adequate adherence to the
painted surface. Frequently, a bonding agent must be added to the fireproofing material
and the bond test repeated to determine if the minimum bond strength can be met. Should
the bond testing still not be satisfactory, mechanical anchorage devices are required to
be applied to the steel before the fireproofing can be applied. The erected steel must still
be cleaned free of any construction debris and scaling or peeling paint before the
fireproofing may be applied.

Once it is determined that the bond tests are adequate, UL guidelines require that if
fireproofing is spray-applied over painted steel, the steel must be wrapped with steel lath
or mechanical anchorage devices must be applied to the steel if the structural shape
exceeds the following dimensional criteria:

» For beam applications, the web depth cannot exceed 16 inches and the flange cannot
exceed 12 inches.

» For column applications, neither the web depth nor the flange width can exceed 16
inches.

A significant number of structural shapes do not meet these restrictions.

The use of primers under spray-applied fireproofing significantly increases the cost of
the steel and the preparation for and the application of the fireproofing material. In an
enclosed structure, primer is insignificant in either the short- or long-term protection of
the steel. LRFD Specification Section M3.1 states that structural steelwork need not be
painted unless required by the contract. For many years, the AISC specifications have
not required that steelwork be painted when it will be concealed by interior building finish
or will be in contact with concrete. The use of primers under spray-applied fireproofing
is strongly discouraged unless there is a compelling reason to paint the steel to protect
against corrosion.

It is suggested that the designer refer to the UL Dire¢tiveyResistance-Volume 1,

1993, “Coating Materials,” for more specific information on this topic.

EFFECT OF HEAT ON STRUCTURAL STEEL

Short-time elevated-temperature tensile tests on the structural steels permitted by the
AISC Specification indicate that the ratios of the elevated-temperature yield and tensile

strengths to their respective room-temperature values are reasonably similar in the 300°
to 700°F range, except for variations due to strain aging. (The tensile strength ratio may
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1-12 DIMENSIONS AND PROPERTIES

increase to a value greater than unity in the 300° to 700°F range when strain aging occurs.
Below 700°F the strength ratios decrease only slightly. Above 700°F the ratio of
elevated-temperature to room-temperature strength decreases more rapidly as the ten
perature increases.

The composition of the steels is usually such that the carbon steels (ASTM A36 and
A529) exhibit strain aging with attendant reduced notch toughness. The high-strength
low-alloy steels (ASTM A242, A572, and A588) and heat-treated alloy steels (ASTM
A514 and A852) exhibit less-pronounced or little strain aging. As examples of the
decreased ratio levels obtained at elevated temperature, the yield strength ratios fol
carbon and high-strength low-alloy steels are approximately 0.77 at 800°F, 0.63 at
1,000°F, and 0.37 at 1,200°F.

Coefficient of Expansion

The average coefficient of expansion for structural steel between 70°F and 100°F is
0.0000065 for each degree. For temperatures of 100°F to 1,200°F the coefficient is giver
by the approximate formula:

£ =(6.140.0019) x 10°

in which € is the coefficient of expansion (change in length per unit length) for each
degree Fahrenheit artdis the temperature in degrees Fahrenheit. The modulus of
elasticity of structural steel is approximately 29,000 ksi at 70°F. It decreases linearly to
about 25,000 ksi at 900°F, and then begins to drop at an increasing rate at highel
temperatures.

Use of Heat to Straighten, Camber, or Curve Members

With modern fabrication techniques, a controlled application of heat can be effectively

used to either straighten or to intentionally curve structural members. By this process,
the member is rapidly heated in selected areas; the heated areas tend to expand, but &
restrained by adjacent cooler areas. This action causes a permanent plastic deformatio
or “upset” of the heated areas and, thus, a change of shape is developed in the coole
member.

“Heat straightening” is used in both normal shop fabrication operations and in the field
to remove relatively severe accidental bends in members. Conversely, “heat cambering’
and “heat curving” of either rolled beams or welded girders are examples of the use of
heat to effect a desired curvature.

As with many other fabrication operations, the use of heat to straighten or curve will
cause residual stresses in the member as a result of plastic deformations. These stress
are similar to those that develop in rolled structural shapes as they cool from the rolling
temperature; in this case, the stresses arise because all parts of the shape do not cool
the same rate. In like manner, welded members develop residual stresses from the
localized heat of welding.

In general, the residual stresses from heating operations do not affect the ultimate
strength of structural members. Any reduction in strength due to residual stresses is
incorporated in the provisions of the LRFD Specification.

The mechanical properties of steels are largely unaffected by heating operations,
provided that the maximum temperature does not exceed 1,100°F for quenched anc
tempered alloy steels (ASTM A514 and A852), and 1,300°F for other steels. The
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EXPANSION JOINTS 1-13

temperature should be carefully checked by temperature-indicating crayons or other
suitable means during the heating process.

EXPANSION JOINTS

Although buildings are typically constructed of flexible materials, expansion joints are
required in roofs and the supporting structure when horizontal dimensions are large. The
maximum distance between expansion joints is dependent upon many variables including
ambient temperature during construction and the expected temperature range during the
lifetime of the building. An excellent reference on the topic of thermal expansion in
buildings and location of expansion joints is the Federal Construction Council’s Technical
Report No. 65, Expansion Joints in Buildings.

Taken from this reporti-igure 1-1 provides a guide based on design temperature
change for maximum spacing of structural expansion joints in beam-and-column-framed
buildings with hinged-column bases and heated interiors. The report includes data for
numerous cities and gives five modification factors which should be applied as
appropriate:

1. If the building will be heated only and will have hinged-column bases, use the
maximum spacing as specified,;

2. If the building will be air-conditioned as well as heated, increase the maximum
spacing by 15 percent provided the environmental control system will run continu-
ously;

3. If the building will be unheated, decrease the maximum spacing by 33 percent;

4. If the building will have fixed column bases, decrease the maximum spacing by 15
percent;

600

Rectangular
500 — multiframed
configuration with
Symmetrical stiffness
400 —

300
N
200 material

I Nonrectangular configuration
(L, T, Utype)

100—

MAXIMUM SPACING OF EXPANSION JOINTS (ft)

I N N O I A B
10 20 30 40 50 60 70 70 80 90

DESIGN TEMPERATURE CHANGE (°F)
Fig. 1-1. Expansion joint spacing.
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1-14 DIMENSIONS AND PROPERTIES

5. If the building will have substantially greater stiffness against lateral displacement
in one of the plan dimensions, decrease the maximum spacing by 25 percent.

When more than one of these design conditions prevail in a building, the percentile
factor to be applied should be the algebraic sum of the adjustment factors of all the various
applicable conditions.

Additionally, most building codes include restrictions on location and spacing of fire
walls. Such fire walls often become locations for expansion joints.

The most effective expansion joint is a double line of columns which provides a
complete and positive separation. When expansion joints other than the double-column
type are employed, low-friction sliding elements are generally used. Such systems,
however, are never totally free and will induce some level of inherent restraint to
movement.

COMPUTER SOFTWARE

AISC Database
The AISC Database contains the properties and dimensions of structural steel shape:
corresponding to Part 1 of this LRFD Manual. LRFD-related properties such as X1 and
X2, as well as torsional properties, are included.
Two versions, one in U.S. customary units and one in metric units, are available.
Dimensions and properties \f, S, M, andHP shapes, American Standard Channels
(C), Miscellaneous ChannelsIC), Structural Tees cut froW, M, and SshapesWT,
MT, ST), Single and Double Angles, Structural Tubing, and Pipe are listed in ASCII
format. Also included are: a BASIC read/write program, a sample search routine, and a
routine to convert the file to Lotus *.PRN file format.

AISC for AutoCAD *

The program will draw the end, elevation, and plan view&/ 08, M, andHP shapes,

American Standard ChannelS)( Miscellaneous ChannelM(), Structural Tees cut

from W, M, andS shapesWT, MT, ST), Single and Double Angles, Structural Tubing,

and Pipe to full scale corresponding to data published in Part 1 of this LRFD Manual.
Version 2.0 runs in AutoCAD Release 12 only; Version 1.0 runs in AutoCAD Releases

10 and 11.

* AutoCAD s a registered trademark in the US Patent and Trademark Office by Autodesk, Inc. AISC for AutoCAD is
copyrighted in the US Copyright Office by Bridgefarmer and Associates, Inc.
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Table 1-1.
Availability of Shapes, Plates, and Bars According to
ASTM Structural Steel Specifications

F, Shapes Plates and Bars
Mini- Group per Over | Over | Over | Over | Over | Over | Over | Over [ Over
mum Fu ASTM A6 VLY | 1 2" (2% | 4" | 5T | 6"
ASTM | Yield |Tensile To|to |to [to|to|to|to]to]|to]|to
Steel Desig- | Stress Stress b Wl " |1 | 1% 2" | 2% 4" | 5" | 6" | 8" |Over
Type nation | (ksi) | (ksi) |1°{2[3|4]|5]incl. |incl. |incl. |incl. |incl. |incl. |incl. |incl. |incl. |incl. | 8"

Carbon A36 32 | 58-80

36 |58-80°

% 42 42 | 60-85
2 3
% 50 50 |70-100
<
High- ol 42 42 60
Strength |8 50 50 65
Low-alloy |©
| 60 60 75
mn
<| 65 65 80
Corrosion | A242 42 63
Resistant 46 67
High-
strength 50 | 70
Low-alloy | A588 42 63
46 67
50 70

Quenched| A852¢ | 70 [90-110
&

Tempered
Alloy

Quenched| A514® | 90 [100-130
&

Tempered| a51ge | 100 [120-130
Low-Alloy

aMinimum unless a range is shown.

PIncludes bar-size shapes

CFor shapes over 426 Ib / ft minimum of 58 ksi only applies.

dplates to 1 in. thick, 12 in. width; bars to 1% in.

€Plates only.

To improve the weldability of A529 steel, the specification of a maximum carbon equivalent
(per ASTM Supplementary Requirement S78) is recommended.

:I Available
I:I Not Available
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1-16 DIMENSIONS AND PROPERTIES
Table 1-2.
Structural Shape Size Groupings for Tensile Property Classification
Struc-
tural
Shapes Group 1 Group 2 Group 3 Group 4 Group 5
W shapes W24x55, 62 \W44x230, 262 W44x290, 335 W40x466 to 593 incl. |W36x848
W21x44 to 57 incl.  |WA40x149 to 264 incl. |W40x431 W40x392 W14x605 to 808 incl.
W18x35t0 71incl.  |W36x135to 210incl. |W40x277 to 372 incl. |W36x328 to 798 incl.
W16x26to 57 incl.  [W33x118 to 152 incl. [W36x230 to 300 incl. |W33x318 to 354 incl.
W14x22to 53incl.  [W30x90to 211 incl. [W33x169to 291 incl. |W30x292 to 477 incl.
W12x14to 58incl.  [W27x84to 178 incl. [W30x235to 261 incl. |W27x307 to 539 incl.
W10x12to 45incl.  [W24x68 to 162 incl. |W27x194 to 258 incl. |W24x250 to 492 incl.
W8x10 to 48 incl. W21x62 to 147 incl. |W24x176to 229 incl. [W18x211to 311incl.
W6x9 to 25 incl. W18x76 to 143 incl. |W21x166 to 201 incl. [W14x233to 550 incl.
W5x16,19 W16x67 to 100 incl. |W18x158 to 192 incl. [W12x210 to 336 incl.
W4x13 W14x61 to 132 incl. |W14x145 to 211 incl.
W12x65 to 106 incl. |W12x120 to 190 incl.
W10x49 to 112 incl.
\W8x58, 67
M Shapes all
S Shapes to 35 Ib/ft incl. over 35 Ib/ft
HP Shapes to 102 Ib/ft incl. over 102 Ib/ft
American to 20.7 Ib/ft incl. over 20.7 Ib/ft
Standard
Channels (C)
Miscellane-  [to 28.5 Ib/ft incl. over 28.5 Ib/ft

ous Channels
(MC)
Angles (L)

to ¥5-in. incl.

over %,- to %-in. incl.

over ¥-in.

Notes:

Structural tees from W, M, and S shapes fall into the same group as the structural shapes from which they are cut.
Group 4 and Group 5 shapes are generally contemplated for application as columns or compression compo-
nents. When used in other applications (e.g., trusses) and when thermal cutting or welding is required, special
material specification and fabrication procedures apply to minimize the possibility of cracking (see Part 6, LRFD
Specification, Sections A3.1c, J1.5, J1.6, J2.3, and M2.2, and corresponding Commentary sections).
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Structural Steel Shape Producers

Bayou Steel Corp.
P.O. Box 5000
Laplace, LA 70068
(800) 535-7692

Bethlehem Steel Corp.

301 East Third St.
Bethlehem, PA 18016-7699
(800) 633-0482

British Steel Inc.

475 N. Martingale Road #400
Schaumburg, IL 60173

(800) 542-6244

Chaparral Steel Co.

300 Ward Road
Midlothian, TX 76065-9501
(800) 529-7979

Florida Steel Corp.
P.O. Box 31328
Tampa, FL 33631
(800) 237-0230

Northwestern Steel & Wire Co.
121 Wallace St.

P.O. Box 618

Sterling, IL 61081-0618

(800) 793-2200

North Star Steel Co.

1380 Corporate Center Curve
Suite 215

P.O. Box 21620

Eagan, MN 55121-0620
(800) 328-1944

Nucor Steel

P.O. Box 126
Jewett, TX 75846
(800) 527-6445

Nucor-Yamato Steel
P.O. Box 1228
Blytheville, AR 72316
(800) 289-6977

Roanoke Electric Steel Corp.
P.O. Box 13948

Roanoke, VA 24038

(800) 753-3532

SMI Steel, Inc.

101 South 50th St.
Birmingham, AL 35232
(800) 621-0262

TradeARBED

825 Third Ave.

New York, NY 10022
(212) 486-9890

Structural Tube Producers

American Institute for Hollow
Structural Sections

929 McLaughlin Run Road

Suite 8

Pittsburgh, PA 15017

(412) 221-8880

Acme Roll Forming Co.
812 North Beck St.
Sebewaing, MI 48759-0706
(800) 937-8823

Bull Moose
57540 SR 19 S
P.O. Box B-1027
Elkhart, IN 46515
(800) 348-7460

Copperweld Corp.
7401 South Linder Ave.
Chicago, IL 60638
(800) 327-8823

Dallas Tube & Rollform
P.O. Box 540873
Dallas, TX 75354-0873
(214) 556-0234

Eugene Welding Co.
P.O. Box 249
Marysville, M1 48040
(313) 364-7421

EXLTUBE, Inc.

905 Atlantic

North Kansas City, MO 64116
(800) 892-8823

Hanna Steel Corp.
3812 Commerce Ave.
P.O. Box 558
Fairfield, AL 35064
(800) 633-8252

Independence Tube Corp.
6226 West 74th St.
Chicago, IL 60638

(708) 496-0380

IPSCO Steel, Inc.

P.O. Box 1670, Armour Road
Regina, Saskatchewan S4P 3C7
CANADA

(416) 271-2312

UNR-Leavitt, Div. of UNR Inc.
1717 West 115th St.
Chicago, IL 60643

(800) 532-8488

Valmont Industries, Inc.
P.O. Box 358

Valley, NE 68064
(800) 825-6668

Welded Tube Co. of America
1855 East 122nd St.
Chicago, IL 60633

(800) 733-5683

Steel Pipe Producers

National Association of Steel Pipe

Distributors, Inc.

12651 Briar Forest Dr., Suite 130

Houston, TX 77077
(713) 531-7473
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1-18 DIMENSIONS AND PROPERTIES

Table 1-3.
Principal Producers of Structural Shapes
B—Bethlehem Steel |—British Steel S—North Star Steel W—Northwestern Steel
Corp. M—SMI Steel Inc. T—TradeARBED & Wire
C—Chaparral Steel N—Nucor-Yamato Steel U—Nucor Steel Y—Bayou Steel Corp.
F—Florida Steel Corp.  R—Roanoke Steel
Section, Weight per ft  Producer Code Section, Weight per ft ~ Producer Code
W44xall T W24x103 B,wW
W24x84-94 B,I,N,W
W40x321-593 T W24x55-76 B,C,I,N,W
W40x297 N
W40x278 T W21x182-201 LW
W40x277 N, T W21x166 B,,W
W40x264 B,T W21x83-147 B,,N,W
W40x249 N, T W21x44-73 B,C,I,NW
W40x235 B,T
W40x215 N, T W18x258-311 B
W40x211 B,T W18x175-234 B,wW
W40x199 N, T W18x130-158 B,N,W
W40x183 B, N, T W18x76-119 B,N,W
W40x174 T W18x65-71 B,I,N,W
W40x149-167 B,IN,T W18x35-60 B,C,,N,W
W36x439-848 T W16x67-100 B,N,W
W36x393 B,T W16x57 B,I,N,W
W36x328-359 B,I,T W16x26-50 B,C.I,N,W
W36x260-300 B,I,N, T
W36x256 B, W14x808 B
W36x245 B,,N,T W14x342-730 B,IT
W36x232 B, W14x311 B,I,T,W
W36x135-230 B,IN, T W14x90-283 B,I,N,T,W
W14x82 B,N,W
W33x263-354 B,T W14x74 B,C,I,NW
W33x201-241 B,N,T W14x61-68 B,C,N,W
W33x169 B,T W14x43-53 B,C,I,NW
W33x118-152 B,IN, T W14x38 B,I,N,W
W14x22-34 B,C,I,N,W
W30x391-477 T
W30x261-326 B, T W12x252-336 B
W30x173-235 B,IN,T W12x210-230 B,T
W30x148 B,I. T W12x170-190 B,I.T,W
W30x99-132 B,N, T W12x65-152 B,I,N,T,W
W30x90 B,N W12x50-58 B,C,I,N,W
W12x16-45 B,C,N,wW
W27x307-539 T W12x14 B,C,W
W27x258 N, T
W27x235 N
W27x146-217 B,N,T W10x88-112 B,I,N,W
W27x129 B,I,T,W W10x49-77 B,C,,N,W
W27x84-114 B,I,N,T,W W10x33-45 B,C,N,W
W10x22-30 B,C,I,N,W
W24x279-492 T W10x15-19 B,C,I,.W
W24x250 B,N,W W10x12 B,C,W
W24x229 B,N,T,W
W24x207 B,N,W W8x31-67 B,C,I,NW
W24x192 B,LN,T,W W8x18-28 B,C,N,W
W24x104-176 B,I,N,T,W W8x15 B,C,W,Y
Notes:

For the most recent list of producers, please see the latest January or July issue of the AISC magazine Modern
Steel Construction.

Maximum lengths of shapes obtained vary with producer, but typically range from 60 ft to 75 ft. Lengths up to
100 ft are available for certain shapes. Please consult individual producers for length requirements.
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Table 1-3 (cont.).
Principal Producers of Structural Shapes

B—Bethlehem Steel
Corp.

C—Chaparral Steel

F—Florida Steel Corp.

|—British Steel

M—SMI Steel Inc.
N—Nucor-Yamato Steel
R-Roanoke Steel

S—North Star Steel
T—TradeARBED
U—Nucor Steel

W—Northwestern Steel
& Wire
Y—Bayou Steel Corp.

Section, Weight per ft

Producer Code S

ection, Weight per ft

Producer Code

W8x10-13

W6x20-25
W6x16
W6x15
W6x12
W6x9

W5x16-19

W4x13

M12x10.8-11.8
M10x8-9
M8x6.5
M5x18.9

S24x80-121
S20x66-96
S18x54.7-70
S15x42.9-50
S12x31.8-50
S10x25.4-35
S8x18.4-23
S6x12.5-17.25
S5x10
S4x9.5
S4x7.7
S3x7.5
S3x5.7

HP14x73-117
HP12x53-84
HP10x42-57
HP8x36

C15x33.9-50
C12x30
C12x20.7-25
C10x25-30
C10x15.3-20
C9%20
C9x13.4-15
C8x18.75
C8x11.5-13.75
C7x12.25
C7x9.8
C6x13
C6x10.5
C6x8.2

C5x9

C5x6.7
C4x5.4-7.25
C3x6
C3x4.1-5

B,C,M,W,Y

B,C,,N,W
B,C,W,Y
B,C,I,N,W
B,C,W,Y
B,C,N,W,Y

cY
cMY

B,,N,W
B,,N,W
B,C,I,N,W
B,C,,N,W

B,N,W
B,W
B,C,S\W
B,S,w
B,C,S\W
B

B,S

S,W,Y
C,M,S,UuwY
S,UWw
M,S,U,wW
M,S,UW,Y
C.M,S,UWwW)Y
C,FMUW,Y,
M,UW,Y
F.M,UW,Y
F,.M,UW,Y
M,UW,Y
F,.M,R,UW,Y

MC18x42.7-58
MC13x31.8-50
MC12x31-50
MC12x10.6
MC10x22-41.1
MC10x8.4
MC9x23.9-25.4
MC8x18.7-22.8
MC8x8.5
MC7x19.1-22.7
MC6x18
MC6x12-16.3

B,N
B,N
B,N
S,N
B

THHZW®E O
%

[

Section by Leg Length

& Thickness Producer Code
L8x8x 1% B

1 B,S

7/8 B,S

% B,S

%% B,S

9/15 B,S

Yy B,S
L6x6x 1 B,U,Y

g B,UY

% B,M,U,Y

%% B,M,U,Y

Y16 B,M,U,Y

Y B,M,S,U,Y

16 B,M,U,Y

% B,M,S,U,Y

Y6 M,UY
L5x5x s B,UY

A B,M,U,Y

A B,M,U,Y

Yy B,M,U,W,Y

716 B,M,U,Y

¥ B,M,U,W,Y

%6 B,M,U,W,Y
L4x4x A M,U,Y

% M,U,Y

Y, F,M,R,UW,Y

16 F.MU,Y

% F,M,R,UW,Y

Y6 F,M,R,UW,Y

Ya F.M,R,UW,Y
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Table 1-3 (cont.).

Principal Producers of Structural Shapes

B—Bethlehem Steel
Corp.

C—Chaparral Steel

F—Florida Steel Corp.

|—British Steel

M—SMI Steel Inc.
N—Nucor-Yamato Steel
R—Roanoke Steel

S—North Star Steel
T—TradeARBED
U—Nucor Steel

W—Northwestern Steel
& Wire
Y—Bayou Steel Corp.

Section by Leg Length
and Thickness

Producer Code

Section by Leg Length
and Thickness

Producer Code

L31/2X31/2X 1/2
16
3/8
%6
1/4

L3x3x Yy
16
3/8
Y16
1/4
Y16

L21/2X21/2X 1/2
3/8
Y16
1/4
%16

L2x2x A
%16
1/4
%16

L8x6x 1

L8x4x 1

L7x4x A

L6x4x s

F.M,R,UW,Y
Uy

F,.M,R,UW,Y
F,M,R,UW,Y
F,M,R,UW,Y

F,.M,UW,Y

Uy
F.M,R,S,UW,Y
FM,R,S,UW,Y
F.M,R,S,UW,Y
F.M,R,UW,)Y

F.U
F,S,U
F,S,U
F.S,U
F.U

F,S,U
F,S,U
F,S,U
F,S,U
F,S,U

B,S
B
B,S
B

B,S
B,S
B,S

B,S

B.S,Y

B
B,M,S,UW,Y
B,M,S,UW,Y
B,M,S,UW,Y
B,M,S,UW,Y
B,U)Y
B,M,S,UW,Y
B,M,S,UW,Y

L6X31/2 X 1/2
3/8
Y16

L5X3]/2 X 3/4
5/8
1/2
3/8
%16
1/4

L5x3x Y,
"6
3/8
Y16
Ya

L4x3Y,x v,
3/8
%16
1/4

L4x3x %
1/2
16
3/8
Y16
1/4

L31/2 x3x 1/2
3/8
Y16
1/4

L31/2X2]/2X 1/2
3/8
Yy

L3x 2]/2 X 1/2
3/8
Y16
1/4
%16

L3x2x v,
3/8
Y16
1/4
%16

L21/2><2>< 3/8
Y16
1/4
Y16

M,UW,Y
B,M,U,W,Y
B,.M,UW,Y

M,U,Y
MUY
M,U,W,Y
M,U,W,Y
M,U,W,Y
M,UW,Y

F,.M,UW,Y
FY

F.M,UW,Y
F,.M,UW,Y
F,.M,UW,Y

F.M,UW

F.M,R,UW
F,.M,R,UW
F.M,R,UW

MUY
F.M,UW,Y
Uy
F.M,R,UW,Y
F.M,R,UW,)Y
F.M,R,UW,Y

Uuw

M,U,W
M,UW
M,UW
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Table 1-4.
Availability of Steel Pipe and Structural Tubing
According to ASTM Material Specifications

Fy Fu Shape
Minimum Minimum
Yield Tensile
ASTM Stress Stress Square &
Steel Specification | Grade (ksi) (ksi) Round Rectangular | Availability
Electric- A53 B 35 60 Note 3
Resistance | Type E
Welded
Seamless Type S B 35 60 Note 3
A 33 45 Note 1
B 42 58 Note 1
Cold C 46 62 Note 1
Formed A500 A 39 45 Note 1
B 46 58 Note 2
C 50 62 Note 1
Hot Formed A501 — 36 58 Note 1
| 50 70 Note 1
High-
Strength A618 I 50 70 Note 1
Low-Alloy
I} 50 65 Note 1
Notes:

1. Available in mill quantities only; consult with producers.
2. Normally stocked in local steel service centers.
3. Normally stocked by local pipe distributors.

I:I Available
I:I Not Available
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DIMENSIONS AND PROPERTIES

Table 1-5.
Principal Producers of Structural Tubing (TS)
A—Acme Rolling D—Dallas Tube & |—Independence Tube V—Valmont Industries,
Forming Co. Rollform Corp. Inc.
B—Bull Moose Tube E—Eugene Welding Co. P—IPSCO Steel W—Welded Tube Co. of
Co. H—Hanna Steel Corp. U—UNR-Leavitt, Div. of America

C—Copperweld Corp. UNR, Inc. X—EXLTUBE
Nominal Size and Nominal Size and
Thickness Producer Code Thickness Producer Code
30)(30)(5/8 V* 41/2><41/2><3/g, ‘ryle I,P,W
28x28x% V¥ 4y x8Y,xYy, Y16 AB,C,D,I,P,WX
26x26x% V¥ 4Y,x4Y,x Yy AB,CP,W
24><24><5/a, 1/2, 3/5 V*
22x22x%, Yy, %3 V* Ax4xY, B,C,P,UW
20x20x%, Y5, % V* Ax4xYg, Y1 AB,CDE,,P,UW
18x18x%, Y5, % V¥ Ax4xY,, Y16, Y4 AB,C,D,E,I,P,UV,W,X
16X15><5/g V* 31/2X31/2X5/15 |,P,W
16x16xY5, %, %16 VEW 3Y,x3YxYy, %16, Yo A,B,C,D,E,I,P,UW,X
14x14x% v 3x3x%5 ILP.W
14x14xY,, % VAW 3x3xYy, Y46 A,B,CD.E,I,P,UWX
14x14x%g w 3x3xYg AB,CDE,,P,UW
12X12X5/a B 21/2X21/2X5/15 |
12x12xY5, % B,V*W 2 x2Y)xYy, Y16 AB,C,D.E,I,P,UV,WX
12x12x%¢, Y4 B,W 2Yyx2Yx Yy A,B,CD.E,,P,UV,W
10x10x% B,C 2x2x%5 1LV
10x10xY5, %, Y16, ¥4 B,C,P,UW 2x2xY, A,B,C,D,I,UV,W X
10x10x¥%6 B,C,P,W 2x2x%6, Y3 AB,C,D,E,I,P,UV,W,X
8x8x%, B,.C 1% 1%x%6 BEPUV
8x8xY, B,C,P,UW
8X8X375, 5716, 1/4, 3716 B,C,D,P,U,W 30X24X1/2, 373, EV15 V*

28><24><1/2, 3/3, 5/15 V*
7><7><5/3 B 26X24X1/2, 3/3, 5/15 V*
TxTxY, B,C,P,UW 24x22xY5, %, Y16 V*
7x7>(3/3, 5/161 1/4, 3715 B,C,D,P,U,W 22><20><1/2, Sy& 5y16 V*
6x6x5/8 B 20><18><1/2, 3/8, 5/15 V*
6>(6><1/2 B,C,P,U,W 20><12><1/2, 3/3, 5/15 w
6X6X3/5, 5/16 B,C,D,LP,U,W 20X8X1/2, ?Va, 5/16 w
6x6xY,, ¥4 A,B,C,D,I,P,UWX 20x4xY5, Y5, %16 W
6x6xY4 AB,CI,P

18X12X1/2, 3/3, 5/15 V*
5Y5x5Y5x%, Y16, Y, %16, %6, Bl 18x6xY5, ¥, %16 B,W

18x6xY, B
5x5xY, B,C,P,UW
5><5><3/5, ‘ryle B,C,D,LP,U,W 16X12><1/2, 373, 5/15 V*,W
5x5xY, AB,C,D,I,P,UWX 16x8xY,, ¥g, %16 B,W
5x5x%16 AB,C,D,I,P,UV,WX 16x4xY,, %, Y15 B,W
5x5xYg AB,C,,P.V,W
*Size is manufactured by Submerged Arc Welding (SAW) process and is not stocked by steel service centers
(contact producer for specific requirements). All other sizes are manufactured by Electric Resistance Welding
and are available from steel service centers. For the most recent list of producers, please see the latest Janu-
ary or July issue of the AISC magazine Modern Steel Construction.
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Table 1-5 (cont.).
Principal Producers of Structural Tubing (TS)

A—Acme Rolling D—Dallas Tube &
Forming Co. Rollform

B—Bull Moose Tube E—Eugene Welding Co.
Co. H—Hanna Steel Corp.

C—Copperweld Corp.

I—Independence Tube
Corp.

P—IPSCO Steel

U—UNR-Leavitt, Div. of
UNR, Inc.

V—Valmont Industries,
Inc.

W—Welded Tube Co. of
America

X—EXLTUBE

Nominal Size and

Nominal Size and

Thickness Producer Code Thickness Producer Code
14x12xY5, ¥4 V* 7x5xY, B,CP,UW
14X10><1/2, 3/3, 5/15 B,W 7><5><3/s, 5y16 B,C,LP,U,W
14x6x% B 7x5xY,, Y16 AB,C,H,IP,UW
14X5X1/2, ?Vg, 5/15, 1/4 B,W 7><5><1/a A,B,C,l,P
14x4x%, B Tx4x%, Y16 B,C,DH,,P,UW
14><4><1/2, 3/3, 5/15, 1/4 B,W 7><4><1/4, 3716 A,B,C,D,H,LP,U,W
14x4xYy5 B Tx4xYy AB,CH,IP
7x3x%g, Y16 B,C,.D,H,,P,W
12x10xY5, %, %6, Vs B 7x3%Yy, Y15 A,B,C.D,H,I,P,W,X
12x8x% B 7x3xYg AB,CDH,|IP
12><8><1/2, 3/3, 5/15, 1/4 B,C,U,W
12x8x¥44 B,C,W 6x4xY, B,C,P,UW
12><6><% B 6><4><?Vg, 5/16 B,C,D,H,l,P,U,W
12x6xY5, Y5, %16, Ya B.CUW 6x4xY, AB,C,D,H,,P,UWX
12x6x¥45 B.CW 6x4x%15 AB,C,DH,IP,UV,WX
12x4x% B Bx4xYy AB,C.DH,PVW
12><4><1/2, ?Vg, 5/15, 1/4, 3/16 B,UW 6)(3)(1/2 P.U
12x3x%, Ya, Y16 B 6x3x%, Y16 B.DH,,P,U
12x2xYy, %16 B,U 6x3xY, AB,CDH,PUX
6x3x¥45 AB,C,DH,,P,UWX
10><8><1/2, ?Vg, 5/15, 1/4, 3/1(5 B,C,U,W 6><3><1/g A,B,C,D,H,LP,W
10x6xY, B,C,UW 6x2x¥g H
10%6x%, %16, V2, V16 B,C,.D,P,UW 6x2x%15 H,I,P,W
10X5X3/g, ‘ryle, ]/4, 3/16 B,C,D 6X2X1/4, ?ylﬁ A,B,C,D,E,H,',P,U,W,X
10x4xY, B,C,P,UW 6x2xY AB,CDEH,IPUW
10><4><3/3, 5/161 1/4, 3716 B,C,D,P,UW
10><3><3/g,‘rV16 D 5><4><3/g, 5/16 I,P,W
10%3xYy, Y46 B.D 5x4xY,, Y16 B.C,D,I,P,UW
10%2x%5 D,PW 5x3xY, CPU
1OX2X1/4, 3/16 B,D,P,UW 5><3><?Vg, 5/16 B,C,D,H,l,P,U,W
5x3xY,, Y16 AB,CD,EH,,P,UWX
8x6xY, B,C,P,.UW 5x3xY, AB,C,D.EH,,P,UW
8><6><3/g, 5/15, 1/4, 3/15 B,C,D,P,U,W 5><2><5/16 I,P,W
8x4x%, B 5%x2xY,, Y16 AB,CD,EH,,P,UWX
8x4xY, B,C,P,UuW 5x2xYg AB,CDEH,IPUW
8x4x%, Y16 B,C,.D,H,,P,UW
8x4xYy, Vg AB,C,D,H,I,P,UW,X 4x3xY45 B,,P,W
8x4xYy ABD,,P Ax3xYy, Y4 AB,C,D,EH,,P,UWX
8x3xY, CPU 4x3xYy AB,CD,EH,I,PUW
8x3x%, Y16 B.C,D,I,P,UW 4x2x% H
8x3xYy, Y16 AB,CD,,P,UW 4x2x% HI,P,W
8x3xYg AB,CD,,P A4x2xYy, Vg AB,C,D,EH,,P,UW,X
8x2x¥, H 4x2xYq AB,CEH,IPUW
8x2x%6 HI,P,W
8x2xY,, Y46 AB,D,,P,UW 3x2x%g |
8x2xY ABD,P 3x2xYy, Y46 AB,C,D,EH,,P,UVWX
3x2xYy AB,C,D.EH,,P,UVW

2Y, x1%5 XYy, Y16

HX
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1-24 DIMENSIONS AND PROPERTIES

Table 1-6.
Principal Producers of Steel Tubing (Round)
C—Copperweld Corp. U—UNR-Leavitt, Div. of V—Valmont Industries, W—Welded Tube Co.
P—IPSCO UNR, Inc. Inc. of America
X—EXLTUBE

Outside Diameter Outside Diameter
and Thickness Producer Code and Thickness Producer Code
20.000%.500,.375,.250 P*W 6.626x.250,.188 P,UV,W

6.625x.125 PV,W
18.000x.500,.375,.250 P*W

6.000%.500,.375,.312 w
16.000x.500 P* W 6.000%.280 X
16.000x.375,.250 P.W 6.000%.250,.188,.125 VW
16.000x.188 P,v*
16.000x.125 V* 5.563x.375 P,U

5.563x.258 P,UV,W
14.000x.500,.438,.375,.250  P,W 5.563x.134 P.V,W
14.000x.188 P,v*
14.000x.125 V* 5.000%.500,.375,.312 P.CW

5.000%.258 P.X
12.750x.500,.406,.375 P,W 5.000%.250,.188 CPUVW
12.750x.188x%.125 P,v* 5.000%.125 P,UV,W
10.750x.500,.365,.250 P,W 4.500%.237,.188,.125 P,UV,W
10.000x.625,.500,.375,.312  C 4.000%.337,.237 X
10.000x.250,.188 CcV 4.000%.266,.250,.188,.125 uVv,w
10.000x.125 \Y

3.500%.318 X
9.625x%.500 CcuU 3.500%.300 P,W
9.625x.375,.312,.250,.188 C,Pru 3.500%.250,.203,.188,.125 P,UV,W

3.500%.226 P.X
8.625x.500 CPU
8.625x.375,.322 CPUW 3.000%.300,.216 X
8.625x.250,.188 CcpPUVW
8.625x.125 PV,W 2.875%.276 w

2.875x.250,.203,.188,.125 P,UV,W
7.000x.500 CPU
7.000%.375,.312,.250 CPUW 2.375,.250,.218,.188 PV,W
7.000x.188 Cc,pPUVW 2.375,.154,.125 P,UV,W
7.000%.125 CPVW
6.625x.500,.432 P,U
6.625x.375,.312,.280 P,UW
*Size is manufactured by Submerged Arc Welding (SAW) Process and is typically not stocked by steel service
centers. Other sizes are manufactured by Electric Resistance Welding and typically are available from steel
service centers. For more information contact the manufacturer or the American Institute for Hollow Structural
Sections.
Also, other sizes and wall thicknesses may be available. Contact an individual manufacturer for more details.
Steel Pipe: For availability contact the National Association of Steel Pipe Distributors, Inc.
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STRUCTURAL SHAPES 1-25

STRUCTURAL SHAPES

Designations, Dimensions, and Properties

The hot rolled shapes shown in Part 1 of this Manual are published in ASTM Specification
A6/A6M, Standard Specification for General Requirements for Rolled Steel Plates,
Shapes, Sheet Piling, and Bars for Structural.Use

W shapes have essentially parallel flange surfaces. The profi& shape of a given
nominal depth and weight available from different producers is essentially the same
except for the size of fillets between the web and flange.

HP bearing pile shapes have essentially parallel flange surfaces and equal web and
flange thicknesses. The profile of Bf? shape of a given nominal depth and weight
available from different producers is essentially the same.

American Standard BeamS)(and American Standard Channels (C) have a slope of
approximately 17 percent (2 in 12 inches) on the inner flange surfaces. The pr@iles of
andC shapes of a given nominal depth and weight available from different producers are
essentially the same.

The letterM designates shapes that cannot be classifie/,adP, or S shapes.
Similarly, MC designates channels that cannot be classifi€dshepes. Because many
of theM andMC shapes are only available from a limited number of producers, or are
infrequently rolled, their availability should be checked prior to specifying these shapes.
They may or may not have slopes on their inner flange surfaces, dimensions for which
may be obtained from the respective producing mills.

The flange thickness given in the table fr&yM, C, andMC shapes is the average
flange thickness.

In calculating the theoretical weights, properties, and dimensions of the rolled shapes
listed in Part 1 of this Manual, fillets and roundings have been included for all shapes
except angles. Because of differences in fillet radii among producers, actual properties
of rolled shapes may vary slightly from those tabulated. Dimensions for detailing are
generally based on the largest theoretical-size fillets produced.

Equal leg and unequal leg anglg §hapes of the same nominal size available from
different producers have profiles which are essentially the same, except for the size of
fillet between the legs and the shape of the ends of the legk.di$tance given in the
tables for each angle is based on the theoretical largest size fillet available. Availability
of certain angles is subject to rolling accumulation and geographical location, and should
be checked with material suppliers.
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1-26 DIMENSIONS AND PROPERTIES

S W SHAPES

Dimensions
d X X T
tW
Y k
bt
Web Flange Distance
Area Depth Thickness | tw Width Thickness
Desig- | A d tw 2 br tr T | k| ke
nation | in.? in. in. in. in. in. in. |in. |in.

W44x335 98.3 | 44.02 | 44 1.020 1 Y5 |15.950 | 15% | 1.770 | 1% |38%s6| 2%s | 1%s
%290 85.8 | 43.62 | 43% | 0.870 | % "6 | 15.830| 157 | 1.580 | 1% |38%6| 2% | 1%
x262 77.2 | 4331 | 43% | 0.790 | ¥6 | ¥ [15.750 | 15% | 1.420 | 1% | 38%6| 2%6 | 1%16
x230 67.7 | 42.91 | 427 | 0.710 | W6 Y% |15.750| 15%, | 1.220 | 1% [38%56| 2 1Y%

W40x593% | 174 | 42.99 | 43 |1.790 | 1%6| 1 |16.690| 16%, | 3.230 | 3Y, |34%s6| 4% | 2%
x503* | 148 | 42.05 | 42V | 1.540 | 1% | ¥4 |16.420 | 16%6| 2.760 | 2%, |34%6| 3% | 11%s
x431 | 127 | 41.26 | 41%, | 1.340 | 1% | W6 | 16.220| 16Y, | 2.360 | 2% |34%6| 3%s6 | 1%
x372 | 109 | 40.63 | 40% | 1.160 | 1% | %6 |16.060 | 16Y1s | 2.050 | 2% |34%6| 3% | 1%
x321 | 94.140.08 | 40% | 1.000 | 1 Y, |15.910| 15% | 1.770 | 1%, |34%6| 21%s6 | 1%6
x297 | 87.4(39.84| 39% | 0.930 | % | % |15.825| 157 | 1.650 | 1% |34%s| 3%s | 16
x277 | 81.3(39.69 | 39% | 0.830 | 315 | 76 |15.830| 15% | 1.575 | 1%s |34%s6| 2% | 1%
x249 | 73.3(39.38| 39% | 0750 | ¥ | % |15.750| 15%, | 1.420 | 1% |34%6| 2% | 1%s6
x215 | 63.3(38.98| 39 |0.650| % | %e |15.750| 15%, | 1.220 | 1Y%, |34%6| 2% | 1%
x199 | 58.4|38.67 | 38% | 0.650 | % | % |15.750| 15%, | 1.065 | 1%6 |34%e| 2V4 | 1%
x174 | 51.1(38.20 | 38% | 0.650 | % | % |15.750| 15% | 0.830 | ¥ |34%s| 2 | 1%

WA0x466% | 137 | 42.44 | 4276 | 1.67 | 146 | 46 | 12.640 | 12% | 2.950 | 2196 | 34%6 | 4% | 2
x392* | 115 | 41.57 | 41%¢ | 1.42 | 176 | Wie |12.360| 12% | 2.520 | 2% |34%6| 36 | 1%
x331 | 97.6|40.79 |40%s| 1.22 | 1% | % |12.170|12%6| 2.130 | 2Y% |34%6]| 3%s6 | 11346
x278 | 81.840.16 | 40%¢ | 1.02 1 Y, |11.970| 12 | 1.810 | 1% [34%s| 3 |16
x264 | 77.6|40.00| 40 0960 | 1 | % |11.930| 12 | 1.730 | 1% |34%6]|21%s | 16
x235 | 68.9|39.60 | 39% | 0.830 | 316 | 76 |11.890| 11% | 1.575 | 1% |34%6| 2% | 1%
x211 | 62.0(39.37 | 39% | 0.750 | ¥ | % |11.810| 11% | 1.415 | 1%s |34%6| 2% | 1%s6
x183 | 53.7(38.98| 39 |0.650| % | % |11.810| 11% | 1.220 | 1Y, |34%6| 2% | 1%
x167 | 49.1 (3859 | 38% | 0.650 | % | %e |11.810| 11% | 1.025 | 1 |34%e| 2%6 | 1%
x149 | 43.8(38.20 | 38% | 0.630 | % | % |11.810| 11% | 0.830 | ¥ |34%s| 2 | 1%

W36x848* | 249 | 42.45 | 42Y, | 2520 | 2% | 1% |18.130| 18Y | 4.530 | 4%, | 31V | 546 | 2%
x798* | 234 | 41.97 | 42 |2.380| 2% | 1% |17.990| 18 | 4.290 | 4% | 31% | 5%s6 | 2%6
x650* | 190 | 40.47 | 40% | 1.970| 2 1 |17.575| 17% | 3.540 | 3%s | 31% | 4'%6 | 2
x527* | 154 | 39.21 | 39%, | 1.610 | 1% | 1346 |17.220| 17V, | 2.910 | 21946 | 31% | 4%is | 1%
x439* | 128 | 38.26 | 38%, | 1.360 | 1% | W6 |16.965| 17 | 2.440 | 2% | 31% | 3%s6 | 1%
x393* | 115 |37.80 | 37% | 1.220 | 1% | % |16.830| 167 | 2.200 | 2% | 31% | 3%s6 | 1%
x350* | 105 | 37.40 | 37% | 1.120 | 1% | %6 |16.730| 16% | 2.010 | 2 |31% | 3% | 1%
x328* | 96.4|37.00| 37% |1.020| 1 Y, |16.630| 16% | 1.850 | 1% | 31% | 3 | 1%
x300 | 88.3(36.74| 36% | 0.945 | %5 | ¥ |16.655| 16% | 1.680 | 11V | 31% | 21346 | 1%
x280 | 82.4(3652| 36% | 0.885| % | s |16.595| 16% | 1.570 | 1%s | 31% | 2t%6 | 1%
x260 | 76.5|36.26 | 36%, | 0.840 | ¥15 | s |16.550| 16Y% | 1.440 | 1% | 31% | 2%s6 | 1%
x245 | 72.1|36.08 | 36% | 0.800 | 316 | 76 |16.510| 16Y% | 1.350 | 1% | 31% | 2% | 1%
x230 | 67.6(3590| 35% | 0.760 | ¥ | ¥% |16.470| 16Y% | 1.260 | 1Y, | 31% | 2% | 1%

*Group 4 or Group 5 shape. See Notes in Table 1-2.
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STRUCTURAL SHAPES 1-27
W SHAPES i Tk k
Properties
d X T
tW
Y k
by
Nom— Compact . _ Plastic
inal Section Elastic Properties Modulus
WL Criteria Axis X-X Axis Y-Y
per
ft | br| h |F"| X1 [ Xex108| | S r [ S r Zv | zy
b | 2t | tw|ksi|ksi |(Wksi)?| in®|in®] in. [in%|in®] in. |in3]|in3
335 | 45 [38.1| 44 | 2430 | 5110 |31100| 1410 | 17.8 | 1200 | 150 | 3.49 | 1620 | 236
290 50 [44.7| 32 2140 8220 | 27100 1240 | 17.8 1050 | 133 3.50 1420 | 206
262 55 [49.2| 26 1930 12300 | 24200| 1120 17.7 927 | 118 3.46 1270 | 183
230 | 65 [54.8| 21 | 1690 | 21200 |20800| 969 | 17.5 | 796 | 101 | 3.43 | 1100 | 157
593 26 191 — | 4790 337 | 50400| 2340 | 17.0 | 2520 | 302 3.81 | 2760 | 481
503 | 3.0 [222| — | 4110 620 |41700| 1980 | 16.8 | 2050 | 250 | 3.72 | 2300 | 394
431 34 [255| — 3550 1100 | 34800| 1690 | 16.6 1690 | 208 3.65 | 1950 | 327
372 39 |295| — 3100 1860 | 29600 | 1460 | 16.4 1420 | 177 3.60 | 1670 | 277
321 | 45 [342| — | 2690 | 3240 |25100| 1250 | 16.3 | 1190 | 150 | 3.56 | 1420 | 234
297 | 48 |36.8| 47 | 2500 | 4240 |23200| 1170 | 16.3 | 1090 | 138 | 3.54 | 1330 | 215
277 | 5.0 |41.2| 38 | 2350 | 5370 |[21900| 1100 | 16.4 | 1040 | 132 | 3.58 | 1250 | 204
249 55 (456 31 2120 7940 | 19500 992 16.3 926 | 118 3.56 | 1120 | 182
215 | 65 [52.6| 23 | 1830 | 14000 |16700| 858 | 16.2 | 796 | 101 | 3.54 | 963 | 156
199 74 |526| 23 1690 20300 | 14900 769 | 16.0 695 88.2| 3.45 868 | 137
174 95 526 23 1500 36000 | 12200 639 | 155 541 68.8| 3.26 715 | 107
466 21 |205| — | 4560 473 |36300| 1710 | 16.3 1010 | 160 2.72 | 2050 | 262
392 25 (241 — 3920 851 | 29900 | 1440 | 16.1 803 | 130 2.64 | 1710 | 212
331 | 29 [280| — | 3360 | 1560 |24700| 1210 | 159 | 646 | 106 | 2.57 | 1430 | 172
278 3.3 335 57 | 2860 2910 | 20500 1020 | 15.8 521 87.1| 2.52 | 1190 | 140
264 | 34 [356| 50| 2720 | 3510 [19400| 971 | 158 | 493 | 82.6| 2.52 | 1130 | 132
235 3.8 [41.2 38 | 2430 5310 | 17400 874 | 159 444 746 | 254 | 1010 | 118
211 | 42 |456| 31| 2200 | 7890 |15500| 785 | 15.8 | 390 | 66.1| 2.51 | 905 | 105
183 4.8 | 52.6 23 | 1900 13700 | 13300 682 | 15.7 336 56.9| 2.50 781 89.6
167 5.8 | 52.6 23 | 1750 20500 | 11600 599 | 15.3 283 47.9| 2.40 692 76.0
149 | 7.1 |54.3| 22| 1610 | 31400 | 9780 | 512 | 149 | 229 | 38.8| 229 | 597 | 622
848 | 2.0 [125| — | 7100 71 | 67400 3170 | 16.4 | 4550 | 501 | 4.27 | 3830 | 799
798 21 (132 — 6720 87 |62600| 2980 | 16.4 | 4200 | 467 4.24 | 3570 | 743
650 | 25 [16.0| — | 5590 175 |48900| 2420 | 16.0 | 3230 | 367 | 4.12 | 2840 | 580
527 | 3.0 [19.6| — | 4630 365 |38300| 1950 | 15.8 | 2490 | 289 | 4.02 | 2270 | 454
439 35 (231 — 3900 704 | 31000| 1620 | 15.6 1990 | 235 3.95 | 1860 | 367
393 | 38 [258| — | 3540 | 1040 |27500| 1450 | 15.5 | 1750 | 208 | 3.90 | 1660 | 325
359 | 42 [281| — | 3240 | 1470 |24800| 1320 | 154 | 1570 | 188 | 3.87 | 1510 | 292
328 45 [309| — 2980 2040 | 22500 1210 | 15.3 1420 | 171 3.84 | 1380 | 265
300 | 50 [33.3| 58| 2720 | 2930 |[20300| 1110 | 15.2 | 1300 | 156 | 3.83 | 1260 | 241
280 53 | 35.6 51 | 2560 3730 | 18900(| 1030 | 15.1 1200 | 144 3.81 1170 | 223
260 | 5.7 |37.5| 46| 2370 | 5100 |17300| 953 | 15.0 | 1090 | 132 | 3.78 | 1080 | 204
245 | 6.1 [39.4| 41| 2230 | 6430 |16100| 895 | 15.0 | 1010 | 123 | 3.75 | 1010 | 190
230 | 65 |41.4| 37| 2100 | 8190 |15000| 837 | 14.9 | 940 | 114 | 3.73 | 943 | 176
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1-28 DIMENSIONS AND PROPERTIES

t Y K 4Lk W SHAPES
I — ] Dimensions

QU
x
<
-

bt
Web Flange Distance
Area Depth Thickness | tw Width Thickness
Desig- | A d tw 2 br tr T | k| ke
nation | in.? in. in. in. in. in. in. [in. [in.

W36x256 | 75.4 | 37.43| 37% | 0.960 | 1 Y, |12.215| 12Y, | 1.730 | 13, | 32% | 2% | 1%
x232 | 68.1(37.12| 37% | 0870 | % | e |12.120| 12Y | 1.570 | 1%s | 32% | 2% | 1%
x210 | 61.8|36.69 | 36% | 0.830 | 315 | 76 |12.180| 12V | 1.360 | 1% | 32V | 2%6 | 1%
x194 | 57.0(36.49 | 36% | 0765 | ¥ | % |12.115| 12Y% | 1.260 | 1Y, | 32% | 2%s6 | 1%s6
x182 | 53.6(36.33| 36% | 0725 | ¥ | ¥% |12.075| 12Y% | 1.180 | 1% | 32% | 2% | 1%s6
x170 | 50.0 | 36.17 | 36% | 0.680 | ¥ | % [12.030| 12 | 1.100 | 1% |32% | 2 | 1%e
x160 | 47.0(36.01| 36 |0.650| % | %e |12.000| 12 |1.020| 1 |32% |1%s6| 1%
x150 | 44.2 (3585 | 35% | 0.625 | % | %e |11.975| 12 | 0.940 | %4 | 32% | 1% | 1%
x135 | 39.7|3555| 35% | 0.600 | % | %e |11.950| 12 | 0.790 | ¥ | 32% | 116 | 1%

W33x354* | 104 35.55| 35Y% | 1.160 | 1%6 | % |16.100| 16Y% | 2.090 | 2% | 29% | 2% | 1%
x318* | 93.5|35.16 | 35% | 1.040 | 1% | %16 [15.985| 16 | 1.890 | 1% | 29% |26 | %6
x291* | 85.6 | 34.84 | 347 | 0.960 1 Y5 |15.905| 15% | 1.730 | 1% | 29% | 2%s6 | 1%
x263* | 77.4 | 34.53 | 34% | 0.870 | % "6 |15.805| 15% | 1.570 | 1%6 | 29% | 2% | 1%s
x241 70.9 | 34.18 | 34% | 0.830 | ¥ | %16 |15.860| 157 | 1.400 | 1% | 29% | 2% | 1%6
x221 65.0 [ 33.93 | 33% | 0.775 | ¥ Y% |15.805| 15%, | 1.275 | 1% | 29¥% | 2%16 | 1%
x201 59.1|33.68 | 33% | 0.715 | W6 | ¥ |15.745| 15%, | 1.150 | 1% |29% | 16| 1Y%

W33x169 | 495 | 33.82 | 33% | 0670 | Wi | % |11.500| 11% | 1.220 | 1% | 29% | 2% | 1%
x152 | 44.7(33.49| 33%, | 0635 | % | % |11.565| 11% | 1.055 | 1% | 29% | 1% | 1%
x141 | 41.6(33.30 | 33% | 0.605 | % | %e |11.535| 11% | 0.960 | %46 | 29% | 1% | 1%s6
x130 | 38.3(33.00| 33% | 0580 | %6 | %6 |11.510| 11% | 0.855 | %% | 29% | 16 | 1%6
x118 | 34.7|32.86 | 32% | 0550 | %6 | % |11.480| 11% | 0.740 | % | 29% | 1%s6 | 1%6

W30x477* | 140 | 34.21 | 34Y, | 1.630 | 1% | %46 | 15.865| 15% | 2.950 | 3 | 26% | 3% | 1%s
x391* | 114 | 33.19 | 33% | 1.360 | 1% | W6 | 15.590 | 15% | 2.440 | 2% | 26% | 3% | 1%s6
x326* | 95.7 | 32.40 | 32% | 1.140 | 1% | %6 |15.370| 15% | 2.050 | 2% | 26% | 23346 | 1%6
x292% | 857(3201| 32 |[1.020| 1 | % |15.255| 15Y% | 1.850 | 1% | 26% | 2% | 1%
x261 | 76.7|31.61| 31% | 0.930 | % | % |15.155| 15Y% | 1.650 | 1% | 26% | 2%s6 | 1%s6
x235 | 69.0|31.30 | 31% | 0.830 | 346 | 76 |15.055| 15 | 1.500 | 1Y% | 26% | 2V | 1%
x211 | 62.0(3094| 31 |0775| ¥ | % |15.105| 15Y% | 1.315 | 1%s | 26% | 2% | 1%
x191 | 56.1(30.68 | 30% | 0.710 | Ws | % |15.040| 15 | 1.185 | 136 | 26% | 1% | 1%6
x173 | 50.8|30.44 | 30% | 0.655| % | %e |14.985| 15 | 1.065 | 1% | 26% | 1%6 | 1%s6

W30x148 43.5| 30.67 | 30% | 0.650 | % %6 [10.480 | 10% | 1.180 | 1% | 26% 2
x132 38.9 3031 | 30% | 0615 | % %6 |10.545| 10%, | 1.000 1 26% | 1% |1
x124 36.5 | 30.17 | 30% | 0.585 | %6 | %6 |10.515| 10% | 0.930 | %46 | 26% | 1*%16
x116 342 13001| 30 |0565| %6 | %6 |10.495| 10% | 0.850 | "% | 26% | 1%
x108 31.7 | 29.83 | 29% | 0545 | %6 | %16 | 10.475| 10% | 0.760 | ¥ | 26% | 1%
x99 29.1 [ 29.65 | 29% | 0520 | % Y4 110.450 | 10% | 0.670 | Y16 | 26% | 176
x90 26.4 | 29.53 | 29%, | 0.470 | % Y4 10.400 | 10% | 0.610 | %16 | 26% | 1%s

PR PP PXR

*Group 4 or Group 5 shape. See Notes in Table 1-2.
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STRUCTURAL SHAPES 1-29
W SHAPES i Tk k
Properties
d X T
tW
Y k
by
Nom— Compact . _ Plastic
inal Section Elastic Properties Modulus
WL Criteria Axis X-X Axis Y-Y
per
ft | br| h |F"| X1 [ Xex108| | S r [ S r Zv | zy
b | 2t | tw|ksi|ksi |(Wksi)?| in®|in®] in. [in%|in®] in. |in3]|in3
256 | 35 [33.8| 56 | 2840 | 2870 |16800| 895 | 14.9 | 528 | 86.5| 2.65 | 1040 | 137
232 | 3.9 |37.3| 46 | 2580 | 4160 |15000| 809 | 14.8 | 468 | 77.2| 2.62 | 936 | 122
210 45 [39.1| 42 2320 6560 | 13200 719 | 146 411 67.5| 2.58 833 | 107
194 | 48 |42.4| 36 | 2140 | 8850 |12100| 664 | 146 | 375 | 61.9| 256 | 767 | 97.7
182 | 5.1 |44.8| 32 | 2020 | 11300 |11300| 623 | 145 | 347 | 57.6| 255 | 718 | 90.7
170 55 (47.8| 28 1900 14500 | 10500 580 | 145 320 53.2| 253 668 83.8
160 | 5.9 |50.0| 26 | 1780 | 18600 | 9750| 542 | 14.4 | 295 | 49.1| 250 | 624 | 77.3
150 6.4 | 520 24 1680 24200 9040 504 | 14.3 270 451 | 2.47 581 70.9
135 | 7.6 |54.1| 22 | 1520 | 38000 | 7800| 439 | 14.0 | 225 | 37.7| 238 | 509 | 597
354 38 |258| — 3540 1030 |21900| 1230 | 145 1460 | 181 3.74 | 1420 | 282
318 | 42 [288| — | 3200 | 1530 |19500| 1110 | 14.4 | 1290 | 161 | 3.71 | 1270 | 250
291 46 |31.2| — 2940 2130 | 17700 1010 | 14.4 1160 | 146 3.69 | 1150 | 226
263 | 50 [345| 54 | 2670 | 3100 |15800| 917 | 14.3 | 1030 | 131 | 3.66 | 1040 | 202
241 57 |36.1| 49 2430 4590 | 14200 829 | 14.1 932 | 118 3.63 939 | 182
221 6.2 |38.7| 43 2240 6440 | 12800 757 14.1 840 | 106 3.59 855 | 164
201 | 6.8 [41.9| 36 | 2040 | 9390 |11500| 684 | 14.0 | 749 | 952| 356 | 772 147
169 4.7 |44.7| 32 2160 8150 9290 549 | 13.7 310 53.9| 2.50 629 84.4
152 | 55 [47.2| 29 | 1940 | 12900 | 8160| 487 | 135 | 273 | 47.2| 247 | 559 | 73.9
141 6.0 (496 26 1800 17800 7450 448 | 134 246 42.7| 2.43 514 66.9
130 | 6.7 |51.7| 24 | 1660 | 25100 | 6710| 406 | 132 | 218 | 37.9| 239 | 467 | 595
118 78 |545| 22 1510 37700 5900 359 | 13.0 187 326 | 2.32 415 51.3
477 27 |166| — 5420 193 | 26100 | 1530 | 13.7 1970 | 249 3.75 | 1790 | 390
391 3.2 [19.9| — | 4510 386 | 20700| 1250 | 13.5 1550 | 198 3.68 | 1430 | 310
326 | 3.7 [237| — | 3860 735 | 16800| 1030 | 13.2 | 1240 | 162 | 3.61 | 1190 | 252
292 41 [ 265 — 3460 1110 | 14900 928 13.2 | 1100 | 144 3.58 | 1060 | 223
261 46 [29.0| — 3110 1690 | 13100 827 13.1 959 | 127 3.54 941 | 196
235 5.0 [325] 61 2820 2460 | 11700 746 | 13.0 855 | 114 3.52 845 | 175
211 | 5.7 [349| 53 | 2510 | 3950 |10300| 663 | 12.9 | 757 | 100 | 3.49 | 749 | 154
191 | 6.3 [38.0| 44 | 2280 | 5840 | 9170| 598 | 12.8 | 673 | 89.5| 3.46 | 673 | 138
173 70 (412 38 2070 8540 8200 539 | 12.7 598 79.8 | 3.43 605 | 123
148 | 4.4 |415| 37 | 2310 | 6180 | 6680| 436 | 12.4 | 227 | 43.3| 228 | 500 | 68.0
132 53 (439 33 2050 10500 5770 380 | 12.2 196 37.2| 2.25 437 58.4
124 | 57 |46.2| 30 | 1930 | 13500 | 5360| 355 | 12.1 | 181 | 34.4| 223 | 408 | 54.0
116 6.2 |47.8| 28 1800 17700 4930 329 | 12.0 164 31.3| 2.19 378 49.2
108 6.9 (496 26 1680 24200 4470 299 | 119 146 279 | 2.5 346 43.9
99 | 7.8 |51.9| 24 | 1560 | 34100 | 3990| 269 | 11.7 | 128 | 245| 210 | 312| 386
90 85 | 575 19 1430 47000 3620 245 | 11.7 115 22.1| 2.09 283 34.7
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1-30 DIMENSIONS AND PROPERTIES

t Y K 4Lk W SHAPES
I — ] Dimensions

QU
x
<
-

bt
Web Flange Distance
Area Depth Thickness | tw Width Thickness
Desig- | A d tw 2 br tr T | k| ke
nation | in.? in. in. in. in. in. in. [in. [in.

W27x539* | 158 32,52 | 32% | 1.970 2 1 [15.255| 15Y% | 3.540 | 3% | 24 4y, | 1%
x448* | 131 3142 | 31% | 1.650 | 1% | 346 | 14.940| 15 | 2.990 3 24 | 36| 1%
x368* | 108 30.39 | 30% | 1.380 | 1% | %16 | 14.665| 14% | 2.480 | 2% 24 | 3% | 1%6
x307* | 90.2 | 29.61 | 29% | 1.160 | 1% | Y% |14.445| 14% | 2.090 | 2% | 24 |2%%6| 1%
x258 75.7128.98 | 29 |0.980 1 Yo 114270 | 14Y, | 1.770 | 1% 24 2%, | 1Y%
x235 69.1 | 28.66 | 28% | 0.910 | %6 | % |14.190| 14Y% | 1.610 | 1% 24 | 2%6 | 1Y%
x217 63.8 | 28.43 | 28% | 0.830 | ¥16 | %6 |14.115]| 14% | 1.500 | 1Y% 24 | 2% | Y16
x194 57.0 | 28.11 | 28% | 0.750 | ¥, % |14.035| 14 | 1.340 | 1% | 24 | 2%s 1
x178 523 (2781 | 27% | 0725 | ¥, Y% |14.085| 14% | 1.190 | 1% | 24 1 | 1Y%6
x161 47.4 | 2759 | 27% | 0.660 | Y16 | ¥ |14.020| 14 |1.080 | 1%6 | 24 |1%¥%6| 1
x146 42.9 | 27.38 | 27% | 0.605 | % %6 |13.965| 14 | 0.975 1 24 | 1%e| 1

W27x129 37.8 | 27.63| 27% | 0610 | % %6 [10.010| 10 | 1.100 | 1% 24 | 1%6 | 6
x114 335 (2729 | 27% | 0570 | %6 | %6 |10.070| 10% | 0.930 | %6 | 24 1% | Wi
x102 30.0 [ 27.09 | 27% | 0515 | % Y4 |10.015| 10 |0.830 | ¥ | 24 | 1% | 6
x94 27.7126.92 | 267 | 0.490 | % Ya 9.990| 10 |0.745| ¥, 24 | 1% | Wis
x84 24.8 | 26.71 | 26%, | 0.460 | 76 Ya 9.960| 10 |0.640 | % 24 1% | Wi

W24x492* | 144 29.65 | 29% | 1.970 2 1 |14.115| 14Y% | 3.540 | 3%6 | 21 | 4%s | 1%s
x408* | 119 28.54 | 28Y, | 1.650 | 1% | %6 | 13.800 | 13% | 2.990 3 21 3% | 1%
x335* | 98.4 | 27.52 | 27% | 1.380 | 1% | %6 |13.520 | 13% | 2.480 | 2% 21 Yy | 1Y%
x279% | 82.0 | 26.73 | 26%, | 1.160 | 1% | % |13.305| 13Y% | 2.090 | 2% | 21 2% | 1%
x250% | 73.5|26.34 | 26% | 1.040 | 1%6 | %6 |13.185| 13% | 1.890 | 1% 21 | 2% | 1%
x229 67.2 | 26.02 26 | 0.960 1 Y, |13.110| 13% | 1.730 | 1% 21 2%, 1
x207 60.7 | 25.71 | 25¥%, | 0.870 | 76 [13.010| 13 | 1570 | 1% | 21 2% 1
x192 56.3 | 25.47 | 25% | 0.810 | %46 | % [12.950| 13 | 1.460 | 1% | 21 2Y, 1
x176 51.7 | 25.24 | 25Y%, | 0.750 | ¥ Y% [12.890| 127 | 1.340 | 1% | 21 2% | Wie
x162 47.7|25.00| 25 |0.705| Y6 % |12.955| 13 | 1.220| 1% 21 2 Wi
x146 43.0 | 24.74 | 24%, | 0.650 | Y% Y6 |12.900| 127 | 1.090 | 1% | 21 1 | 16
x131 38.5 | 24.48 | 24%, | 0.605 | % %6 |12.855| 127 | 0.960 | %6 | 21 1% | e
x117 34.4 | 24.26 | 24Y, | 0.550 | %s %6 |12.800| 12% | 0.850 | 7 21 1% 1
x104 30.6 | 24.06 24 | 0500 | % Yo 12750 | 12% | 0.750 | ¥ 21 1Y, 1

W24x103 30.3 | 2453 | 24%, | 0550 | %6 | Y6 9.000| 9 0.980 1 21 1% | %6
x94 27.7 (2431 | 24%, | 0515 | % Ya 9.065| 9% | 0.875| 21 1% 1
x84 24.7 | 24.10 | 24% | 0470 | % Ya 9.020| 9 0.770 | ¥ 21 | %6 | Wis
x76 224 (2392 | 23% | 0.440 | % Ya 8.990| 9 0.680 | Y16 | 21 | 1% | 6
x68 20.1 | 23.73 | 23¥% | 0.415 | %s Ya 8.965| 9 0.585 | %s 21 1% | Wi

W24x62 18.2 | 23.74 | 23%, | 0.430 | %s Ya 7.040| 7 0.590 | %s 21 1% | Wi

x55 16.2 | 23.57 | 23% | 0.395 | ¥ Y16 7.005| 7 0505 | % 21 | 1%6 | Wis

* Group 4 or Group 5 shape. See Notes in Table 1-2.
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STRUCTURAL SHAPES 1-31
W SHAPES i Tk k
Properties
d X T
tW
Y k
by
Nom— Compact . _ Plastic
inal Section Elastic Properties Modulus
WL Criteria Axis X-X Axis Y-Y
per
ft | br| h |F"| X1 [ Xex108| | S r [ S r Zv | zy
b | 2t | tw|ksi|ksi |(Wksi)?| in®|in®] in. [in%|in®] in. |in3]|in3
539 22 (123 — 7160 66 |25500| 1570 | 12.7 |2110 |277 3.66 1880 | 437
448 25 (147 — 6070 123 | 20400 | 1300 | 12,5 |1670 |224 3.57 1530 | 351
368 30 [176| — 5100 243 | 16100| 1060 | 12.2 |1310 (179 3.48 1240 | 279
307 | 35 [209| — | 4320 463 |13100| 884 | 120 |1050 [146 | 3.42 | 1020 | 227
258 | 4.0 [247| — | 3670 873 |10800| 742 | 11.9 | 859 |120 | 3.37 | 850 | 187
235 44 (266 — 3360 1230 9660 674 | 11.8 768 |[108 3.33 769 | 168
217 | 47 |292| — | 3120 | 1640 | 8870| 624 | 11.8 | 704 | 99.8 | 3.32 | 708 | 154
194 52 |323| 61 2800 2520 7820 556 | 11.7 618 88.1 3.29 628 | 136
178 | 5.9 [334| 57 | 2550 | 3740 | 6990| 502 | 11.6 | 555 | 78.8 | 3.26 | 567 | 122
161 | 6.5 |36.7| 47 | 2320 | 5370 | 6280| 455 | 115 | 497 | 709 | 3.24 | 512 | 109
146 7.2 |40.0( 40 2110 7900 5630 411 | 114 443 63.5 3.21 461 97.5
129 45 |39.7| 41 2390 5340 4760 345 | 11.2 184 36.8 2.21 395 57.6
114 | 5.4 |425| 35 | 2100 | 9220 | 4090| 299 | 11.0 | 159 | 315 | 2.18 | 343 | 493
102 6.0 [47.0( 29 1890 14000 3620 267 | 11.0 139 27.8 2.15 305 43.4
94 6.7 |49.4| 26 1740 19900 3270 243 | 10.9 124 24.8 2.12 278 38.8
84 | 7.8 [527| 23 | 1570 | 31100 | 2850| 213 | 107 | 106 | 21.2 | 2.07 | 244 | 332
492 | 2.0 |109| — | 7950 43 |19100| 1290 | 11.5 [1670 [237 | 3.41 | 1550 | 375
408 | 2.3 |13.1| — | 6780 79 | 15100 1060 | 11.3 [1320 |191 | 3.33 | 1250 | 300
335 27 | 156 — 5700 156 | 11900 864 | 11.0 |[1030 |152 3.23 1020 | 238
279 | 32 |186| — | 4840 297 | 9600| 718 | 10.8 | 823 |124 | 3.7 | 835 | 193
250 35 [20.7| — | 4370 436 8490 644 | 10.7 724 (110 3.14 744 | 171
229 | 3.8 [225| — | 4020 605 | 7650| 588 | 10.7 | 651 | 99.4 | 311 | 676 | 154
207 41 (248 — 3650 876 6820 531 | 10.6 578 88.8 3.08 606 | 137
192 44 (266 — 3410 1150 6260 491 | 105 530 81.8 3.07 559 | 126
176 48 | 28.7| — 3140 1590 5680 450 | 10.5 479 74.3 3.04 511 | 115
162 53 306 — 2870 2260 5170 414 | 104 443 68.4 3.05 468 | 105
146 | 59 [332| 58 | 2500 | 3420 | 4580| 371|103 | 391 | 605 | 3.01 | 418 | 932
131 | 6.7 |35.6| 50 | 2330 | 5290 | 4020| 329 | 102 | 340 | 530 | 2.97 | 370 | 815
117 75 [39.2| 42 2090 8190 3540 291 | 10.1 297 46.5 2.94 327 714
104 85 [43.1| 34 1860 12900 3100 258 | 10.1 259 40.7 2.91 289 62.4
103 | 46 [39.2| 42 | 2400 | 5280 | 3000| 245 | 9.96| 119 | 265 | 1.99 | 280 | 415
94 | 52 |41.9| 37 | 2180 | 7800 | 2700| 222 | 9.87| 109 | 240 | 1.98 | 254 | 375
84 59 (459 30 1950 12200 2370 196 9.79 94.4| 20.9 1.95 224 32.6
76 | 6.6 [49.0| 27 | 1760 | 18600 | 2100| 176 | 9.69| 825| 184 | 1.92 | 200 | 286
68 7.7 |52.0| 24 1590 29000 1830 154 9.55 70.4| 15.7 1.87 177 24.5
62 | 6.0 [50.1| 25 | 1700 | 25100 | 1550| 131 | 9.23| 345 9.80| 1.38 | 153 | 157
55 | 6.9 |54.6| 21 | 1540 | 39600 | 1350| 114 | 9.11| 29.1| 8.30| 1.34 | 134 | 13.3
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1-32 DIMENSIONS AND PROPERTIES

t Y K 4Lk W SHAPES
I — ] Dimensions

QU
x
<
-

bt
Web Flange Distance
Area Depth Thickness | tw Width Thickness
Desig- | A d tw 2 br tr T | k| ke
nation | in.? in. in. in. in. in. in. [in. [in.

W21x201 | 59.2 | 23.03| 23 |0.910| %6 | Y% |12.575| 12% | 1.630 | 1% |18Y% | 2% | 1
x182 | 53.6 | 22.72 | 22%, | 0.830 | 1345 | 746 |12.500| 12Y, | 1.480 | 1Y% | 18% | 2% | 1
x166 | 48.8 | 22.48 | 22%, | 0.750 | ¥ | % |12.420| 12% | 1.360 | 1% | 18Y4 | 2% | %6
x147 | 432 | 22.06| 22 |0720| ¥ | % |12510| 12% | 1.150 | 1% | 18Y% | 1% | 1%se
x132 | 38.8 | 21.83 | 21% | 0.650 | % | % |12.440| 12Y% | 1.035 | 1% | 18%4 | 13346 | 1
x122 | 359 | 21.68 | 21% | 0.600 | % | %e |12.390| 12% | 0.960 | %4 | 18, | 16| 1
x111 | 32.7 | 2151 | 21% | 0550 | %6 | %6 |12.340| 12% | 0.875 | % | 184 | 1% | %4
x101 | 29.8 | 21.36 | 21% | 0500 | % | ¥ |12.290| 12Y, | 0.800 | 346 | 18Y4 | 1%s6 | %46

W21x93 27.3 | 21.62 | 21% | 0580 | %6 | %s 8.420| 8% | 0.930 | W6 | 18Y4 [ 16| 1
x83 243 | 2143 | 21% | 0515 | % Ya 8.355| 8% | 0.835| ¥ | 18Y4 | 1%6 | Wis
x73 215 | 21.24 | 21Y | 0.455 | 7 Ya 8.295| 8% 0740 | ¥ | 18% | 1% | Wis
x68 20.0 | 21.13 | 21% | 0.430 | 76 Ya 8.270| 8%, | 0.685 | Y | 18Y4 | 176 | "
x62 18.3 [ 2099 | 21 |0.400| % Y16 8.240| 8%, | 0.615| % | 18% | 1% s

W21x57 16.7 | 21.06 | 21 | 0.405| % Y16 6.555| 6% | 0.650 | % | 18% | 1% 7
x50 14.7 | 20.83 | 207% | 0.380 | ¥ Y6 6.530| 6% |0535| Y6 | 18% | 1%6 | 7
x44 13.0 | 20.66 | 20% | 0.350 | ¥ Y16 6.500| 6% |0.450 | "6 | 18Y4 | 1%6 | %

W18x311* | 91.5 | 22.32 | 22% | 1.520 | 1% Y |12.005| 12 |2.740 | 2% | 15% | 3%6 | 1%
x283* | 83.2 | 21.85| 21% | 1.400 | 1% | %6 [11.890| 11% | 2.500 | 2%, | 15% | 3% | 1%s
x258* | 75.9 | 21.46 | 21Y% | 1.280 | 1Y% Y% |11.770| 11%, | 2.300 | 2% | 15% 3 1Y%
x234* | 68.8 | 21.06 | 21 1160 | 1%6 | % |11.650| 11% | 2.110 | 2% | 15% | 2% 1
x211* | 62.1 | 20.67 | 20% | 1.060 | 1% | %16 |11.555| 11% | 1.910 | 1% | 15% | 2%s 1
x192 56.4 | 20.35 | 20% | 0.960 1 Yo |11.455| 11% | 1.750 | 1% | 15% | 2% | e
x175 51.3 [ 20.04| 20 |0.890| % "6 |11.375| 11% | 1.590 | 1%6 | 15% | 2% 7
x158 46.3 | 19.72 | 19%, | 0.810 | 346 | %16 |11.300| 11%, | 1.440 | 176 | 15% | 2% 7
x143 421 | 19.49 | 19% | 0.730 | ¥ % |11.220| 11%, | 1.320 | 1%5 | 15% 2 e
x130 38.2 | 19.25 | 19Y, | 0.670 | ¥ % [11.160| 11% | 1.200 | 1% | 15% | 1% | %46

W18x119 | 35.1 | 18.97 | 19 | 0.655| % | % |11.265| 11Y, | 1.060 | 1% | 15% | 1% | %46
x106 | 31.1 | 18.73 | 18% | 0.590 | %6 | %6 |11.200| 11Y, | 0.940 | %4 | 15% | 1% | %46
x97 285 | 1859 | 18% | 0535 | % | % |11.145| 11% | 0870 | %% |15% | 1%6 |
x86 253 | 18.39 | 18% | 0480 | % | Y |11.090| 11% | 0770 | % |15% | 1%6 | %
x76 223 | 18.21 | 18% | 0425 | s | Y |11.035| 11 | 0.680 | Wi | 15% | 1% | ¥4

W18x71 20.8 | 18.47 | 18% | 0495 | Y% | Y, | 7.635| 7% | 0.810 | ¥ | 158% | 1% | %
x65 19.1 | 18.35| 18% | 0.450 | 746 | Y4 | 7.590| 7% | 0750 | ¥ | 15% | 1%6 | 7
x60 17.6 | 18.24 | 18Y, | 0.415 | %6 | Y4 | 7.555| 7% | 0.695 | Wi | 15% | 1% | e
x55 16.2 | 18.11| 18% | 0.390 | ¥% | %6 | 7.530| 7% | 0.630| % | 15% | 1%s | 36
x50 147 [1799| 18 |0355| ¥% | %6 | 7.495| 7% | 0570 | %6 | 15% | 1Y | e

W18x46 135 | 18.06 | 18 |0.360| ¥ Y16 6.060| 6 0.605 | % |15% | 1% | e
x40 11.8 | 1790 | 17% | 0.315 | %6 | Y6 6.015 0525 | Y% | 15% | 1%6 | e
x35 10.3 | 17.70 | 17% | 0.300 | %6 | %s 6.000| 6 0.425 | e | 15% | 1% Yy

[}

*Group 4 or Group 5 shape. See Notes in Table 1-2.
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STRUCTURAL SHAPES 1-33
W SHAPES 4 Y koK
Properties
d X -
tW
Y K
by
Non?_ Compact Elastic P i Mp'isﬁ'c
|\r/1va Section astic ropertles odulus
L Criteria Axis X-X AXis Y-Y
per
ft | b| n |F| X [ Xex108] | S r [ s r| oz |z
b | 2t | tw|ksi|ksi |(Wksi)?| in®|in®] in. [in%|in®] in. |in3]|in3
201 39 |206| — | 4290 453 5310 | 461 9.47 | 542 86.1 3.02 | 530 133
182 42 (226 — 3910 649 4730 | 417 9.40 | 483 77.2 3.00 | 476 119
166 46 [249| — 3590 904 4280 | 380 9.36 | 435 70.1 2.98 | 432 108
147 54 1261 — | 3140 1590 3630 | 329 9.17 | 376 60.1 295 | 373 92.6
132 6.0 [289| — | 2840 2350 3220 | 295 9.12 | 333 53.5 2.93 | 333 82.3
122 6.5 (313 — 2630 3160 2960 | 273 9.09 | 305 49.2 2.92 | 307 75.6
111 7.1 [{34.1| 55 2400 4510 2670 | 249 9.05 | 274 44.5 2.90 | 279 68.2
101 7.7 | 375 45 2200 6400 2420 | 227 9.02 | 248 40.3 2.89 | 253 61.7
93 45 |32.3| 61 | 2680 3460 2070 | 192 8.70 929 | 22.1 1.84 | 221 34.7
83 5.0 | 36.4| 48 | 2400 5250 1830 | 171 8.67 81.4| 195 1.83 | 196 30.5
73 56 |41.2| 38 | 2140 8380 1600 | 151 8.64 70.6 | 17.0 1.81 | 172 26.6
68 6.0 [43.6| 34 | 2000 10900 1480 | 140 8.60 64.7 | 15.7 1.80 | 160 24.4
62 6.7 [46.9| 29 | 1820 15900 1330 | 127 8.54 575| 139 1.77 | 144 21.7
57 5.0 [46.3| 30 1960 13100 1170 | 111 8.36 30.6 9.35| 1.35 | 129 14.8
50 6.1 [49.4| 26 | 1730 22600 984 945 | 8.18 24.9 7.64| 1.30 | 110 12.2
44 7.2 | 536 22 1550 36600 843 81.6 | 8.06 20.7 6.36| 1.26 954 10.2
311 22 (106 — 8160 38 6960 | 624 8.72 | 795 132 2.95 | 753 207
283 24 115 — 7520 52 6160 | 564 8.61 | 704 118 291 | 676 185
258 26 [125| — | 6920 71 5510 | 514 8.53 | 628 107 2.88 | 611 166
234 28 (138 — 6360 97 4900 | 466 8.44 | 558 95.8 2.85 | 549 149
211 3.0 | 151 | — | 5800 140 4330 | 419 8.35 | 493 85.3 2.82 | 490 132
192 33 [16.7| — 5320 194 3870 | 380 8.28 | 440 76.8 2.79 | 442 119
175 36 |18.0| — | 4870 274 3450 | 344 8.20 | 391 68.8 2.76 | 398 106
158 39 |19.8| — | 4430 396 3060 | 310 8.12 | 347 61.4 | 2.74 | 356 94.8
143 42 [21.9| — | 4060 557 2750 | 282 8.09 | 311 55.5 2.72 | 322 85.4
130 46 |239| — | 3710 789 2460 | 256 8.03 | 278 49.9 2.70 | 291 76.7
119 53 (245 — 3340 1210 2190 | 231 7.90 | 253 44.9 2.69 | 261 69.1
106 6.0 [27.2| — | 2990 1880 1910 | 204 7.84 | 220 39.4 | 2.66 | 230 60.5
97 6.4 300 — 2750 2580 1750 | 188 7.82 | 201 36.1 2.65 | 211 55.3
86 7.2 |334| 57 2460 4060 1530 | 166 7.77 | 175 31.6 2.63 | 186 48.4
76 8.1 |37.8| 45 | 2180 6520 1330 | 146 7.73 | 152 27.6 2.61 | 163 42.2
71 47 | 324 61 2680 3310 1170 | 127 7.50 60.3| 15.8 1.70 | 145 24.7
65 5.1 |35.7| 50 2470 4540 1070 | 117 7.49 548 | 144 1.69 | 133 225
60 54 |38.7| 43 | 2290 6080 984 | 108 7.47 50.1| 13.3 1.69 | 123 20.6
55 6.0 [41.2| 38 2110 8540 890 98.3| 741 4491 119 1.67 | 112 18.5
50 6.6 [45.2| 31 | 1920 12400 800 88.9| 7.38 40.1| 10.7 1.65 | 101 16.6
46 50 (446 32 2060 10100 712 788 | 7.25 225 7.43| 1.29 90.7| 11.7
40 57 |51.0| 25 1810 17200 612 68.4| 7.21 19.1 6.35| 1.27 78.4 9.95
35 7.1 |535]| 22 1590 30300 510 57.6 | 7.04 15.3 5.12| 1.22 66.5 8.06
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DIMENSIONS AND PROPERTIES

oY kK W SHAPES
i Dimensions
d X X T
tW
v
bt
Web Flange Distance
Area Depth Thickness tw Width Thickness
Desig- | A d tw 2 br tr T| k| ka
naton | in.? in. in. in. in. in. in. i, fin.
W16x100 | 29.4 |16.97 | 17 | 0585 | %6 | %6 |10.425| 10% | 0.985 | 1 | 13% | 1%6| 6
x89 262 | 16.75 | 16¥; | 0.525 | ¥ Y, |10.365| 10% | 0.875 | % | 13% | 1%6 | %
x77 22.6 |16.52 | 16% | 0455 | "6 | Y4 |10.295| 10% | 0.760 | ¥4 |13% | 1%6 | %
x67 19.7 | 16.33 | 16% | 0.395 | 3 %6 |10.235| 10Y, | 0.665 | Wi | 13% | 1% | 346
W16x57 16.8 | 16.43 | 16% | 0.430 | 716 Yy 7.120| 7% | 0.715 | Wi | 13% | 13 s
x50 147 | 16.26 | 16%, | 0.380 | % | %6 | 7.070| 7% | 0.630 | % | 13% | 1%s6 | 316
x45 133 | 16.13| 16Y% | 0.345| % | %6 | 7.035| 7 |0565| %6 | 13% | 1% | %6
x40 11.8 | 16.01 16 0.305 | %5 Y16 6.995 7 0.505| Y% |13% | 1% | 346
x36 10.6 | 15.86 | 157 | 0.295 | ¥ Y16 6.985 7 0430 | %6 |13% | 1% Yy
W16x31 9.12|15.88 | 15% [ 0.275 | Y, Y% | 5.525| 5% |0.440 | e |13% | 1% | %
x26 7.68| 1569 | 15%, | 0.250 | Y Y 5500| 5% | 0345 | % |13% | 1Y | %
W14x808* | 237 22.84 | 22% |3.740 | 3% | 1% |18.560| 18Y%, | 5.120 | 5% | 11Y, |56 | 2%
x730* | 215 22.42 | 22% | 3.070 | 3Y6 | 1% | 17.890 | 17% | 4.910 | 4% | 11Y4 | 5% | 2%s
x665* | 196 21.64 | 21% | 2.830 | 2136 | 176 | 17.650 | 17% | 4.520 | 4%, | 11Y, | 5% | 2%s
x605* | 178 20.92 | 20% | 2595 | 2% | 1% | 17.415| 17% | 4.160 | 4% | 11Y4 | 4%%6 | 11%46
x550* | 162 20.24 | 20% | 2.380 | 2% | 1346 | 17.200 | 17Y, | 3.820 | 336 | 11Y, | 4% | 1336
x500*% | 147 19.60 | 19% |2.190 | 2% | 1% |17.010| 17 |3.500 | 3% |11Y% | 4% | 1%
x455*% | 134 19.02 19 2.015 2 1 16.835| 167 | 3.210 | 3% | 11Y4 | 3% | 1%
W14x426* | 125 18.67 | 18% | 1.875 | 1% | %6 | 16.695| 16¥, | 3.035 | 3%e | 11Y4 | 346 | 1%6
x398* | 117 18.29 | 18Y, | 1.770 | 1% | " |16.590| 16% | 2.845 | 2% | 11% | 3% | 1%
x370* | 109 17.92 | 17% | 1.655 | 1% | %16 | 16.475| 16%, | 2.660 | 26 | 11Y4 | 3%s6 | 1716
x342* | 101 17.54 | 17Y% | 1.540 | 1% | 346 | 16.360 | 16% | 2.470 | 2%, | 11% | 3% | 1%
x311* | 91.4 |17.12| 17% | 1.410 | 1% | ¥ |16.230| 16Y, | 2.260 | 2Y, | 11Y, | 2%6 | 1%
x283* | 83.3 | 16.74 | 16% | 1.290 | 1%6 | Wie [16.110 | 16% | 2.070 | 2% | 11% | 2% | 1Y,
x257* | 75.6 | 16.38 | 16% | 1.175 | 1% | ¥% |15.995| 16 | 1.890 | 1% | 11¥% | 2% | 1%s
x233* | 68.5 | 16.04 | 16 | 1.070 | 1%e | %6 |15.890 | 15% | 1.720 | 1%, | 11% | 2% | 1%s
x211 | 62.0 | 15.72 | 15% | 0.980 | 1 Y, |15.800| 15% | 1.560 | 1% | 11% | 2¥ | 1%
x193 | 56.8 | 1548 | 15%, [ 0.890 | % | "se |15.710| 15% | 1.440 | 1% | 11% | 2Y% | 1%s
x176 51.8 | 15.22 | 15% | 0.830 | 346 | 746 | 15.650| 15% | 1.310 | 1% | 11Y, 2 16
x159 | 46.7 |14.98| 15 | 0.745| ¥, Y% |15.565| 15% | 1.190 | 1346 | 11% | 1% 1
x145 | 42.7 | 14.78 | 14%, | 0.680 | %6 | ¥ [15.500| 15% | 1.090 | 1¥6 | 11Y% | 1% 1

*Group 4 or Group 5 shape. See Notes in Table 1-2.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION




STRUCTURAL SHAPES 1-35
W SHAPES i Yok
Properties
d X X T
tW
Y k
by
Plastic
Compact . .
Nom- S F Elastic Properties Modulus
inal ection - -
Wi, Criteria Axis X-X AXxis Y-Y
per R/
ft |br|h X1 | X x 108 1 s | | s|r| z| 2z
2t | tw
Ib ksi | ksi |(ksi) 2| in® | in® | in. | in* | in®]in |in®]| in?®
100 | 53 (243 — 3450 | 1040 1490 175 7.10 | 186 35.7 | 251 | 198 54.9
89 |59 |27.0| — | 3090| 1630 1300 155 | 7.05 | 163 314 | 2.49| 175 48.1
77 |68|31.2| — | 2680| 2790 1110| 134 | 7.00 | 138 26.9 | 2.47| 150 41.1
67 | 7.7 [ 35.9| 50 | 2350| 4690 954 | 117 6.96 | 119 23.2 | 2.46| 130 355
57 | 5.0 {33.0| 59 | 2650| 3400 758 92.2| 6.72 43.1 | 12.1 | 1.60| 105 18.9
50 |5.6|37.4| 46 | 2340| 5530 659| 81.0| 668 | 37.2 | 105 | 1.59| 920/ 163
45 | 6.2 |41.2| 38 | 2120| 8280 586| 72.7| 665 | 32.8 | 9.34| 157| 823| 145
40 | 6.9 |46.6| 30 1890 | 12900 518 64.7| 6.63 28.9 8.25| 1.57 729| 127
36 |8.1|48.1| 28 | 170020800 448| 565| 651 | 245 | 7.000 1.52| 64.0| 10.8
31 |6.3|51.6| 24 | 174020000 375| 47.2| 641 | 124 | 449| 1.17| 540/ 7.03
26 | 8.0 (56.8| 20 1470 | 40900 301 38.4| 6.26 9.59| 3.49| 1.12 44.2 5.48
808 | 1.8 | 3.4 | — |18900 1.45] 16000 | 1400 8.21 | 5510 594 4.82|1834 927
730 | 18| 3.7| — |17500 1.90 | 14300 | 1280 8.17 | 4720 527 4.69 | 1660 816
665 | 2.0 | 4.0| — |16300 2.50| 12400 [ 1150 | 7.98 |4170 |472 | 4.62 1480 | 730
605 | 21| 44| — |[15100 3.20| 10800 | 1040 7.80 | 3680 423 4.55 | 1320 652
550 | 2.3 | 4.8| — |14200 4.20| 9430| 931 7.63 | 3250 378 4.49 | 1180 583
500 |24 | 52| — [13100 5.50| 8210| 838 | 7.48 |2880 [339 | 4.43[1050 | 522
455 | 2.6 | 57| — | 12200 7.30| 7190| 756 7.33 | 2560 304 4.38 | 936 468
426 | 28| 6.1 | — | 11500 8.90( 6600| 707 7.26 | 2360 283 4.34| 869 434
398 | 29| 64| — |10900 11.0 6000 | 656 7.16 | 2170 262 431 | 801 402
370 | 31| 69| — [10300 13.9 | 5440| 607 | 7.07 |1990 |241 | 4.27| 736 | 370
342 | 33| 74| — 9600 17.9 4900 | 559 6.98 | 1810 221 424 | 672 338
311 |36 81| — | 8820 244 | 4330| 506 | 6.88 [1610 |199 | 4.20| 603 | 304
283 | 39| 88| — | 8120 33.4 | 3840| 459 | 6.79 |1440 |179 | 4.17| 542 | 274
257 | 42| 97| — | 7460 46.1 | 3400| 415 | 6.71 [1290 |[161 | 4.13| 487 | 246
233 | 4.6 |10.7| — | 6820 64.9 | 3010| 375 | 6.63 [1150 |145 | 4.10| 436 | 221
211 | 51 |116| — 6230 91.8 2660 | 338 6.55 | 1030 130 4.07 | 390 198
193 | 55 (128 — 5740 125 2400| 310 6.50 | 931 119 4.05| 355 180
176 |6.0|13.7| — | 5280| 173 2140| 281 | 643 | 838 [107 | 4.02| 320 | 163
159 | 6.5 (153 | — | 4790 249 1900 | 254 6.38 | 748 96.2 | 4.00 | 287 146
145 |7.1|16.8| — | 4400| 348 1710| 232 | 6.33 | 677 87.3 | 3.98| 260 | 133
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DIMENSIONS AND PROPERTIES

¢ Y koK W SHAPES
f Dimensions
d X X T
tW
Y k
bt
Web Flange Distance
Area Depth Thickness | tw Width Thickness
Desig- | A d tw 2 br tr T | k| ke
nation in.2 in. in. in. in. in. in in. [in

W14x132 |38.8 | 14.66 | 14% | 0.645 | % Y6 |14.725| 14% | 1.030 1 11Y, | 1Y%16 | Wis
x120 | 35.3 | 14.48 | 14Y% | 0.590 | %s Y6 | 14.670| 14% | 0.940 | %6 | 11% | 1% | W6
x109 | 32.0 |14.32| 14% | 0525 | % Y4 |14.605| 14% | 0.860 | 7 | 11% | 1%s s
x99 29.1 | 14.16 | 14% | 0485 | % Yo | 14565 14% | 0.780 | ¥ | 11% | 1%s A
x90 26.5 | 14.02 14 0.440 | "6 Y4 |14.520| 14Y%, | 0.710 | Wie | 11% | 1% 7
W14x82 241 | 1431 | 14Y% | 0510 | % Y4 |10.130| 10% | 0.855 | 7 11 1% 1
x74 | 21.8 |14.17 | 14% | 0450 | 76 | Y |10.070| 10% | 0.785 | 134 | 11 | 1%6 | %46
x68 20.0 | 14.04 14 0.415 | "6 Y4 110035 10 |0.720 | ¥ 11 1Y% | %
x61 17.9 |13.89| 13% | 0375 | % | % | 9.995| 10 |0645| % | 11 | 1% | %6
W14x53 15.6 | 13.92 | 13% | 0.370 | ¥ Y6 8.060 8 0.660 | Y16 11 | %6 | Y6
x48 14.1 | 13.79 | 13% | 0.340 | % Y16 8.030| 8 0595 | % 11 1% 7%
x43 12.6 | 13.66 | 13% | 0.305 | % Y16 7.995| 8 0530 | % 11 | Ys | %
W14x38 11.2 | 14.10 | 14% | 0.310 | % Y16 6.770| 6% | 0515 | % 12 | Y6 %
x34 10.0 | 13.98 14 0.285 | %s Y6 6.745| 6% | 0.455 | Y 12 1 %
%30 8.85 | 13.84 | 13% | 0.270 | Y, Y8 6.730| 6% |0.385| ¥ 12 | %6 %
W14x26 7.69 | 13.91 | 13% | 0255 | Y, Yo | 5.025| 5 |0420]| 74 | 12 | B4 | %6
x22 6.49 | 13.74 | 13% | 0.230 | Y Y8 5.000| 5 0.335 | Y% 12 s Y6
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STRUCTURAL SHAPES 1-37
W SHAPES g T koK
Properties [ f
d X X T
tW
Y k
by
Non?_ Compact Elastic P i MPIZSTC
|\r/1va Section astic ropertles odulus
L Criteria Axis X-X AXis Y-Y
per
ft | b| n |F| X [ Xex108] | S r [ 5 rl oz |z
b | 2t | tw|ksi|ksi |(Wksi)?| in®|in®] in. [in%|in®] in. |in3]|in3
132 71177 — | 4180 428 1530 | 209 6.28 | 548 74.5 3.76 | 234 113
120 78193 — 3830 601 1380 | 190 6.24 | 495 67.5 3.74 | 212 102
109 85(21.7| — 3490 853 1240 | 173 6.22 | 447 61.2 3.73 | 192 92.7
99 9.3]235| — | 3190 1220 1110 | 157 6.17 | 402 55.2 3.71 | 173 83.6
90 |10.2|259| — | 2900 1750 999 | 143 6.14 |362 49.9 3.70 | 157 75.6
82 591|224 — | 3600 846 882 | 123 6.05 | 148 29.3 2.48 | 139 44.8
74 6.4 253 — 3290 1190 796 | 112 6.04 | 134 26.6 2.48 | 126 40.6
68 70275 — 3020 1650 723 | 103 6.01 | 121 24.2 2.46 | 115 36.9
61 771304 — | 2720 2460 640 92.2 | 5.98 |107 21.5 2.45 | 102 32.8
53 6.1]30.8| — | 2830 2250 541 77.8 | 5.89 57.7 | 14.3 1.92 87.1| 22.0
48 6.7|335| 57 2580 3220 485 70.3 | 5.85 51.4 | 12.8 1.91 78.4| 19.6
43 751|374 46 | 2320 4900 428 62.7| 582 | 452 | 11.3 1.89 69.6 | 17.3
38 6.6 39.6| 41 2190 6850 385 546 | 5.87 26.7 7.88| 1.55 61.5| 121
34 7.4143.1| 35 | 1970 10600 340 48.6 | 5.83 23.3 6.91| 153 54.6 | 10.6
30 8.7(1454| 31 1750 17600 291 42.0| 5.73 19.6 582 | 1.49 47.3 8.99
26 6.048.1| 28 1890 13900 245 35.3| 5.65 8.91| 3.54| 1.08 40.2 5.54
22 75533 22 1610 27300 199 29.0| 5.54 7.000 2.80| 1.04 33.2 4.39
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1-38 DIMENSIONS AND PROPERTIES

t Y K 4Lk W SHAPES
I — ] Dimensions

QU
x
<
-

bt
Web Flange Distance
Area Depth Thickness | tw Width Thickness
Desig- | A d tw 2 br tr T | k| ke
nation | in.? in. in. in. in. in. in. [in. [in.

W12x336* | 98.8 | 16.82 | 167 | 1.775 | 1% s |13.385| 13% | 2.955 | 2% | 9% | 36| 1%
x305* | 89.6 | 16.32 | 16% | 1.625 | 1% | 136 |13.235| 13Y%, | 2.705 | 2¥6 | 9% | 376 | 1716
x279* | 81.9 | 15.85| 15% | 1.530 | 1% Yy |13.140| 13% | 2470 | 2% | 9% | 3%6 | 1%
x252* | 74.1 | 1541 | 15% | 1.395 | 1% | W [13.005| 13 | 2.250 | 2% | 9% |[2%6| 1%
x230* | 67.7 | 15.05| 15 | 1.285| 1% | Y16 | 12.895| 127 | 2.070 | 2% | 9% | 2% | 1%
x210* | 61.8 | 14.71 | 14%, | 1.180 | 1%6 | % |12.790| 12¥% | 1.900 | 1% | 9% | 2% | 1%
x190 | 55.8 | 14.38 | 14% | 1.060 | 1% | %16 |12.670| 12% | 1.735 | 1% | 9% | 2% | 136
x170 | 50.0 |14.03| 14 |0.960 | ¥ | Y% |12.570| 12% | 1.560 | 1%6 | 9% | 2% | 1%
x152 | 44.7 |13.71| 13%, | 0.870 | Y 6 |12.480| 12% | 1.400 | 1% | 9% | 2% | 1%s
x136 | 39.9 |13.41| 13% | 0.790 | %6 | %6 |12.400| 12% | 1.250 | 1Y | 9% [1%6| 1
x120 | 35.3 |13.12| 13% | 0.710 | Y6 | % [12.320| 12% | 1.105 | 1% | 9% [1%6| 1
x106 | 31.2 |12.89| 12% | 0.610 | % %6 |12.220| 12% | 0.990 1 Y | 16 | 6
x96 28.2 |12.71| 12% | 0550 | %6 | %6 |12.160| 12% | 0.900 | 9% | 1% 7
x87 25.6 | 12,53 | 12% | 0515 | % Y4 |12.125| 12Y% | 0.810 | ¥6 | 9% | 1% s
x79 232 | 1238 | 12% | 0470 | % Y4 |12.080| 12% | 0.735 | ¥ 9% | 1e | 7
x72 211 | 12.25| 12% | 0.430 | 76 Y4 |12.040| 12 | 0670 | W | 9% | 1% 7
x65 19.1 | 12.12 | 12% | 0.390 | ¥ Y6 |12.000| 12 |0.605| % Y | 1%6 | Y6

W12x58 17.0 | 1219 | 12Y% [ 0.360 | % %6 [10.010| 10 | 0640 | % 9% | 1% | e
x53 15.6 | 12.06 12 | 0345 | % Y16 9.995| 10 | 0575 | %6 | 9% | 1% | ¥

W12x50 14.7 | 1219 | 12% | 0370 | ¥ Y6 8.080| 8% |0.640 | % 9 | 1% | e
x45 13.2 | 12.06 12 0.335 | %s Y16 8.045| 8 0575 | %6 | 9% | 1% | %6
x40 11.8 | 11.94 12 0.295 | % Y16 8.005| 8 0515 | % 9% | 1Y Yy

W12x35 10.3 | 1250 | 12% | 0.300 | %6 | %6 6.560| 6% |0.520 | Y% | 10% 1 Y16
x30 8.79 | 12.34 | 12% | 0.260 | Y Y8 6.520| 6% |0.440 | 76 | 10% | 6 | %
x26 7.65 | 12.22 | 12%, | 0230 | Y, Y8 6.490| 6% | 0380 | % |10% | 7% Y

W12x22 6.48 | 12.31 | 12%, | 0.260 | Y, Y8 4.030
x19 557 | 12.16 | 12% | 0.235 | Y Y8 4.005
x16 4.71 | 11.99 12 | 0220 | Y% Y8 3.990
x14 4.16 | 11.91 | 117% | 0.200 | % Y8 3.970

0.425 | e | 10% | 7 Y
0350 | ¥% |10% | ¥e | %
0265 | Y | 10% | ¥ Y
0225 | Y | 10% | Wi Y

A AN

*Group 4 or Group 5 shape. See Notes in Table 1-2.
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STRUCTURAL SHAPES 1-39
W SHAPES g T koK
Properties
d X X T
tW
Y k
by
Nonlq_ Compact Elastic P i MP'Z‘STC
I\Y/an Section astic ropertles oaulus
L Criteria Axis X-X Axis Y-Y
per
ft | br| h |F"] X | Xax10%] | s | r [ s rl oz |z
b | 2t| tw|ksi| ksi |(Wksi) 2| in.® | in® |[in. | in® | in® | in |in® | in?
336 | 23| 55| — | 12800 6.05| 4060 483 6.41 | 1190 177 3.47 | 603 274
305 [ 24| 6.0 — | 11800 8.17 | 3550 435 6.29 [ 1050 159 3.42 | 537 244
279 2.7 6.3 — | 11000 10.8 | 3110 393 6.16 | 937 143 3.38 | 481 220
252 [ 29| 7.0 — | 10100 14.7 | 2720 353 6.06 | 828 127 3.34 | 428 196
230 [ 31| 76| — 9390 19.7 | 2420 321 597 | 742 115 3.31 | 386 177
210 3.4 82| — 8670 26.6 | 2140 292 589 | 664 104 3.28 | 348 159
190 (37| 92| — 7940 37.0 | 1890 263 5.82 | 589 93.0 [3.25 | 311 143
170 4.0 (101 | — 7190 54.0 | 1650 235 5.74 | 517 82.3 |3.22 | 275 126
152 45 (112 — 6510 79.3 |1430 209 5.66 | 454 72.8 |3.19 | 243 111
136 | 5.0 123 | — 5850 119 1240 186 5.58 | 398 64.2 |3.16 | 214 98.0
120 | 5.6 |13.7| — 5240 184 1070 163 551 345 56.0 [3.13 | 186 85.4
106 6.2 159 — 4660 285 933 145 547 | 301 49.3 (3.11 | 164 75.1
96 6.8 |17.7| — 4250 405 833 131 5.44 | 270 44.4 |3.09 | 147 67.5
87 | 75(189| — 3880 586 740 118 538 | 241 39.7 [3.07 | 132 60.4
79 821207 — 3530 839 662 107 5.34 | 216 358 |3.05 | 119 54.3
72 901|226 | — 3230 | 1180 597 97.4 | 531 | 195 324 |3.04 | 108 49.2
65 |99 (249| — 2940 | 1720 533 87.9 | 5.28 | 174 29.1 |3.02 96.8 | 44.1
58 781|270 — 3070 | 1470 475 78.0 | 5.28 | 107 21.4 | 251 86.4| 325
53 | 87 (281 — 2820 | 2100 425 70.6 | 5.23 95.8 19.2 | 2.48 779 | 29.1
50 | 63262 — 3170 | 1410 394 64.7 | 5.18 56.3 13.9 | 1.96 724 | 214
45 701290 — 2870 | 2070 350 58.1 | 5.15 50.0 12.4 | 1.94 64.7 | 19.0
40 7.8 1329| 59 2580 | 3110 310 519 | 5.13 44.1 11.0 | 1.93 575| 16.8
35 6.3 |36.2| 49 2420 | 4340 285 456 | 5.25 24.5 7.47]1.54 51.2| 115
30 | 74 (418 37 2090 | 7950 238 38.6 | 5.21 20.3 6.24| 1.52 43.1 9.56
26 851|472 | 29 1820 | 13900 204 334 | 5.17 17.3 5.34|1.51 37.2 8.17
22 | 47 (418 37 2160 | 8640 156 25.4 | 491 4.66 2.31/0.847| 29.3 3.66
19 5.7 146.2| 30 1880 | 15600 130 21.3 | 4.82 3.76 1.88|0.822| 24.7 2.98
16 751494 | 26 1610 | 32000 103 17.1 | 4.67 2.82 1.41]|0.773| 20.1 2.26
14 88 |54.3| 22 1450 | 49300 88.6| 149 | 462 2.36 1.19|0.753| 17.4 1.90
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1-40 DIMENSIONS AND PROPERTIES

o Yk K W SHAPES
I — ] Dimensions

QU
x
<
-

bt
Web Flange Distance
Area Depth Thickness | tw Width Thickness
Desig- | A d tw 2 br tr T | k| ke
nation | in.? in. in. in. in. in. in. [in. [in.

W10x112 |32.9 |11.36| 11% | 0.755 | ¥ % |10.415| 10% | 1.250 | 1% | 7% | 1% | %6
x100 | 29.4 |11.10| 11% | 0.680 | ¥is | % |10.340| 10% | 1.120 | 1Y% | 7% | 1% 7
x88 25.9 |10.84 | 10% | 0.605 | % %6 |10.265 | 10Y4 | 0.990 1 ™ | 1% | W
x77 22.6 |10.60 | 10% | 0530 | % Y4 |10.190| 10Y, | 0.870 | 7 % | 1% | W6
x68 20.0 |10.40 | 10% | 0.470 | % Y4 10.130| 10% | 0.770 | ¥ % | 1% Yy
x60 17.6 | 10.22 | 10% | 0.420 | 76 Y4 |10.080 | 10% | 0.680 | Wis | 7% | 1%6 | %
x54 15.8 | 10.09 | 10% | 0.370 | ¥ %6 |10.030| 10 |0.615| % % | W | Wis
x49 14.4 9.98 10 | 0.340 | %6 | %6 |10.000| 10 | 0560 | %6 | 7% | 1%6 | P16

W10x45 13.3 | 10.10 | 10% | 0.350 | % Y16 8.020| 8 0.620 | % T | W | Wi
x39 115 992 | 9% |0315| %6 | %6 7.985| 8 0530 | % T | 1% | Wi
x33 9.71| 973 | 9% | 0290 | %6 | % 7960 8 0435 | 76 | 7% | Y16 | Wis

W10x30 8.84 | 10.47 | 10% | 0.300 | % Y16 5.810| 5% | 0510 | % 8% | Wi Y
x26 7.61 | 10.33 | 10% | 0.260 | Y4 Y8 5.770| 5% |0.440 | 6 | 8% s Y
x22 6.49 | 10.17 | 10% | 0.240 | Y Y8 5750 | 5% |0.360 | ¥ 8% Yy Y

W10x19 5.62 | 10.24 | 10Y | 0.250 | Y Ys 4.020| 4 0.395 | ¥ 8% | ¥ | ¥
x17 4.99 | 10.11 | 10% | 0.240 | Y Y8 4.010| 4 0.330 | %6 | 8% Ya Yo
x15 441| 9.99| 10 [0.230| Y% Y8 4000 4 0270 | Y4 8% | Yis | %s
x12 354 | 987 | 9% |0.190 | ¥%s Y8 3960 4 0.210 | %6 | 8% % "6
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STRUCTURAL SHAPES 1-41
W SHAPES g T koK
Properties [ f
d X X T
tW
Y k
by
Non?_ Compact Elastic P i MPIZSTC
|\rlwva Section astic ropertles odulus
L Criteria Axis X-X AXis Y-Y
per
ft | b| n |F| X [ Xex108] | S r [ 5 r z | 2z
b | 2t | tw|ksi|ksi |(Wksi)?| in®|in®] in. [in%|in®] in. |in3]|in3
112 42 (104 | — 7080 56.7 | 716 126 4.66 | 236 45.3 2.68 147 69.2
100 46 |11.6| — | 6400 83.8 | 623 112 4.60 | 207 40.0 2.65 130 61.0
88 52 130 — 5680 132 534 98.5| 4.54 |179 34.8 2.63 113 53.1
77 59 |148| — | 5010 213 455 85.9 | 4.49 |154 30.1 2.60 97.6 | 45.9
68 6.6 | 16.7| — | 4460 334 394 75.7 | 4.44 |134 26.4 | 2.59 85.3| 40.1
60 74 187 — 3970 525 341 66.7 | 4.39 |116 23.0 2.57 746 | 35.0
54 8.2 |21.2| — | 3580 778 303 60.0 | 4.37 |103 20.6 2.56 66.6 | 31.3
49 89 [23.1| — 3280 1090 272 546 | 4.35 93.4 | 18.7 2.54 60.4 | 28.3
45 6.5 [225| — | 3650 758 248 49.1 | 4.32 53.4 | 13.3 2.01 54.9 | 20.3
39 75 25,0 — 3190 1300 209 42.1 | 4.27 45.0 | 11.3 1.98 46.8 | 17.2
33 9.1 (271| — | 2710 2510 170 35.0| 4.19 36.6 9.20| 1.94 38.8| 14.0
30 57 |295| — | 2890 2160 170 324 | 4.38 16.7 575| 1.37 36.6 8.84
26 6.6 [34.0| 55 2500 3790 144 279 | 4.35 14.1 4.89 | 1.36 31.3 7.50
22 8.0 [36.9| 47 2150 7170 118 23.2 | 4.27 11.4 3.97 | 1.33 26.0 6.10
19 51 354 51 2420 5160 96.3 18.8 | 4.14 4.29| 2.14| 0.874 21.6 3.35
17 6.1 |36.9| 47 2210 7820 81.9 16.2 | 4.05 3.56| 1.78| 0.844 18.7 2.80
15 7.4 [385| 43 | 1930 | 14300 68.9 13.8 | 3.95 2.89| 1.45| 0.810 16.0| 2.30
12 94 [46.6| 30 1550 | 35400 53.8 10.9 | 3.90 2.18| 1.10| 0.785 12.6 1.74
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1-42 DIMENSIONS AND PROPERTIES

b Yk K W SHAPES
I — ] Dimensions

bt
Web Flange Distance
Area Depth Thickness | tw Width Thickness
Desig- | A d tw 2 br tr T | k| ke
nation | in.? in. in. in. in. in. in. i, |in.
W8x67 19.7 9.00 9 0.570 | %s %6 | 8.280 | 8% |0.935 | %6 | 6% | 176 | Wie
x58 171 | 875 | 8% |0510| % Yy | 8220 | 8Y | 0810 | ¥ | 6% | 1%6 | Wis

x48 14.1 8.50 8%, | 0.400 | ¥ %6 | 8110 | 8% | 0685 | Y16 | 6% | 1%6 | %
x40 11.7 8.25 8%, | 0.360 | ¥ %6 | 8070 | 8% | 0560 | %6 | 6% | 1%6 | %
1

x35 103 | 812 | 8% | 0310 | %6 | %6 | 8020 | 8 |0495| Y | 6% Y6
x31 913 | 800 | 8 |0285| %6 | %6 | 7995 | 8 |0435| e | 6% | %6 | %
W8x28 825|806 | 8 |0285| %6 | %6 | 6535 | 6% | 0.465 | %6 | 6% | %6 | %6
x24 7.08| 793 | 7% |0245| Y, | Y% | 6495 | 6% [0400| ¥% | 6% | % | %s
wsx21 6.16 | 828 | 8Y, 0250 | Y | Y | 5270 | 5% | 0400 | % | 6% | ¥ | Y
x18 526 | 814 | 8% [0230| Y | Y% | 5250 | 5% [0330| %6 | 6% | % | %s
W8x15 444|811 | 8% |[0245| Y, | Y% | 4015| 4 |0315| %6 | 6% | Y% | ®
x13 384|799 | 8 |0230| Y | Y% |4000| 4 |0255| Y | 6% | Wi | %s
x10 296 | 789 | 7% |0170| %6 | Y% | 3.940 | 4 |0205| %6 | 6% | % | s
W6x25 7.34| 638 | 6% |0320| %6 | %6 | 6.080 | 6% | 0455 | e | 4% | e | e
x20 587 | 620 | 6% |0260| Y | Y% |6020| 6 |0365| ¥% | 4% | % | s
x15 4431599 | 6 [0230| Y | % |5990| 6 |0260| Y | 4% | % | %
W6x16 474|628 | 6% [0260| Y4 | Y% |4030| 4 |0405| ¥% | 4% | Y | s
x12 355|603 | 6 |0230| Y | Y% |4000| 4 |0280| Y4 | 4% | % | %
x9 268 | 590 | 5% |0170| %6 | Y% | 3.940 | 4 |0215| ¥ | 4% | %e | ¥
W5x19 554 | 515 | 5% [0270| Y | Y% | 5030 | 5 [0430| %e | 3% | ¥ | %s
x16 468|501 | 5 [0240| Y | % |5000| 5 |0360| ¥% | 3% | Y | s
W4x13 3.83| 416 | 4% |0280| Y | Y% | 4060 | 4 [0345| % | 2% | Wi | s
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STRUCTURAL SHAPES 1-43
W SHAPES g T koK
Properties [ f
d X X T
tW
Y k
by
Non?_ Compact Elastic P i MPIZSTC
Inal Section astic ropertles odulus
WL Criteria Axis X-X Axis Y-Y
per
ft | b| n |F| X [ Xex108] | S r [ 5 r z | 2z
b | 2t | tw|ksi|ksi |(Wksi)?| in®|in®] in. [in%|in®] in. |in3]|in3
67 44 [11.1| — 6620 73.9 | 272 60.4 3.72 | 88.6 21.4 212 70.2 32.7
58 51 (124 | — 5820 122 228 52.0 3.65 | 75.1 18.3 2.10 59.8 27.9
48 59 [15.8| — | 4860 238 184 43.3 3.61 | 60.9 15.0 2.08 49.0 22.9
40 7.2 |17.6| — | 4080 474 146 35.5 3.53 | 49.1 12.2 2.04 | 39.8 18.5
35 8.1 |204| — | 3610 761 127 31.2 351 | 42.6 10.6 2.03 | 347 16.1
31 92 (222 — 3230 1180 110 27.5 347 | 37.1 9.27 | 2.02 30.4 14.1
28 70 [222| — 3480 931 98.0 | 24.3 345 | 21.7 6.63 | 1.62 27.2 10.1
24 8.1 [25.8| — 3020 1610 82.8 | 20.9 3.42 | 18.3 563 | 1.61 23.2 8.57
21 6.6 |275| — 2890 2090 75.3 | 18.2 3.49 9.77 3.71| 1.26 20.4 5.69
18 8.0 |29.9| — | 2490 3890 61.9 | 15.2 3.43 7.97 3.04| 1.23 17.0 4.66
15 6.4 1281 — | 2670 3440 48.0 | 11.8 3.29 3.41 1.70 | 0.876 | 13.6 2.67
13 78 [299| — 2370 5780 39.6 991 | 321 2.73 1.37| 0.843 | 114 2.15
10 9.6 [40.5| 39 1760 | 17900 30.8 781 | 3.22 2.09 1.06 | 0.841 8.87 1.66
25 6.7 | 15.5| — | 4410 369 53.4 ] 16.7 2.70 | 171 561 | 1.52 18.9 8.56
20 82 [19.1| — 3550 846 41.4 | 13.4 2.66 | 13.3 441 | 1.50 14.9 6.72
15 115|216 | — 2740 2470 29.1 9.72 | 2.56 9.32 3.11| 1.46 10.8 4.75
16 50 |19.1| — | 4010 591 32.1| 10.2 2.60 4.43 2.20| 0.966 | 11.7 3.39
12 71 (216 — 3100 1740 221 7.31| 2.49 2.99 1.50 | 0.918 8.30 2.32
9 92 [29.2| — 2360 4980 16.4 5.56 | 2.47 2.19 1.11 | 0.905 6.23 1.72
19 58 [14.0| — 5140 192 26.2 | 10.2 217 9.13 3.63| 1.28 11.6 5.53
16 6.9 | 15.8| — | 4440 346 21.3 851 | 213 7.51 3.00 | 1.27 9.59 4.57
13 59 |10.6 | — | 5560 154 11.3| 546 | 1.72 3.86 1.90 | 1.00 6.28 2.92
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1-44 DIMENSIONS AND PROPERTIES
7 13 ——\{( kg K M S HAP ES
I Dimensions
d X X T
tW
Y k
by
Web Flange Distance
Area Depth Thickness | tw Width Thickness
Desig- |4 d tw 2 by tr T kK | ki
nation | in.? in. in. in. in. in. in. in. in.
M12x11.8 | 3.48 | 11.91 [11'%6|0.177| ¥ Y16 |3.065| 3% [0.225] Y4 10%%6 Y Y
x10.8 | 3.20 | 11.87 | 117% |0.162| ¥, Y16 |3.065| 3V |0.206| Y16 107 Y, Y
M10x9 2.67 9.86 | 9% [0.157| ¥ Y6 [2.690| 2% [0.206 | ¥6 873 Yy Y
x8 2.38 9.81 913/16 0.139 1/3 1/16 2.690 21]/15 0.183 3/15 813/15 1/2 ?yg
M8x6.5 1.92 7.85 7% 10.133| Y Y16 |2.280| 2%, |0.186| Y15 6% Yy Y
M5x18.9* | 5.55 5.00 5 0.316 | %6 %6 |5.003 5 0.416| 715 3y A Yy

*This shape has tapered flanges while all other M shapes have parallel flanges.
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STRUCTURAL SHAPES 1-45
M SHAPES R & Y K k
Properties [ | B
d X X T
tW
e
by
l\_lon?- Compact lasti ) PIZStI'C
|\r/1va Section Elastic Properties Modulus
L Criteria Axis X-X AXis Y-Y
per
ft | br| h |F| Xo | Xox10°] | S r [ S r Ze |z
b | 2t | tw | ksi | ksi |ks) 2| in® | in® | in. |in®|in® | in |in% ] in®
11.8 6.8 614 17 1420 56700 717 | 12.1 454 | 1.09 0.709 | 0.559 | 14.3 1.16
108 | 7.4 |67.0( 14 | 1320 75800 65.8 | 11.1 454 | 0.995| 0.649| 0558 | 13.1 1.05
9 6.5 | 56.4| 20 | 1570 37100 38.5 7.82| 3.80 | 0.673 | 0.501 | 0.502 9.21 | 0.815
8 7.3 |63.7| 16 | 1400 57800 34.3 6.99 | 3.80 | 0.597 | 0.444 | 0.502 8.20 | 0.718
6.5 | 6.1 |[51.7| 24 | 1780 20700 18.1 4,62 3.07 | 0.371| 0.325| 0.439 5.40 | 0.527
18.9 6.0 (112 — 5710 134 24.1 9.63| 2.08 | 7.86 3.14 1.19 11.0 5.02
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1-46 DIMENSIONS AND PROPERTIES

i

<

« S SHAPES

Dimensions
d X X T
| "
gr/'p' Y ’k
by
Web Flange Distance Max.
Flge.
Area| Depth Thickness | Width Thickness Fas-
2 .
Desig- A d tw bt tr T k | Grip |tener
nation | in.? in. in. in. in. in. in. lin. |in. i

S24x121 |35.6 |24.50| 24Y%, |0.800| 36 | "6 [8.050| 8 |[1.090| 1% | 20% 2 1Y 1
x106 [31.2 [24.50| 24Y%, |0.620| % %e |7.870| 7% [1.090| %6 | 20% 2 1Y% 1

S24x100 [29.3 |24.00| 24 |0.745| ¥, Y% |7.245| 7Y, |0.870| 7% | 20% | 1% s 1
x90 [26.5 [24.00| 24 |0.625| % Y%e |7.125| 7% |0.870| 7% | 20% | 1% s 1
x80 |23.5 [24.00| 24 [0.500| % Y4 |7.000| 7 |0.870| Y | 20% | 1% 7 1

S20x96 [28.2 |20.30| 20%, |0.800| 346 | %16 [7.200| 7% [0.920| W6 | 16% | 1% | e 1
x86 |25.3 [20.30| 20% [0.660| Y16 | ¥ |7.060| 7 |0.920| %6 | 16% | 1% | Wis 1

S20x75 [22.0 |20.00| 20 |0.635| % %6 |6.385| 6% |0.795| 36 | 16 | 1% | s A
x66 |19.4 [20.00| 20 (0.505| % Y4 |6.255| 6Y4 |0.795| %16 | 16% | 1% | Wis s

S18x70 [20.6 [18.00| 18 |0.711| %6 | ¥ |6.251| 6% |0.691| Y6 | 15 1% | We 7
x54.7|16.1 [18.00| 18 |0.461| 7 Y, |6.001| 6 |0.691| ¥ | 15 1% | Wi A

S15x50 [14.7 [15.00| 15 |0.550| %6 | Y16 |5.640| 5% |0.622| % | 12% | 1% | %s Yy
x42.9(12.6 [15.00| 15 |0.411| 7 Y4 |5.501| 5% [0.622| % | 12% | 1% | %s Yy

S12x50 [14.7 [12.00| 12 |0.687| W6 | ¥ |5.477| 5% |0.659| Wie | 9% | 1%6 | WYie Yy
x40.8 (12.0 [12.00| 12 |0.462| 76 Y4 |5.252| 5% [0.659| Y6 | 9% | 176 | % Yy

S12x35 [10.3 |12.00| 12 |0.428| 76 Y4 |5.078| 5% |0.544| %6 | 9% | 1%6 | % Yy
x31.8| 9.35(12.00| 12 |0.350| ¥ %6 |5.0000 5 |0544| %6 | 9% | 136 | % Y

S10x35 |[10.3 [10.00| 10 |0.594| % Y%e (4944 5 [0491| % 7 | 1% Y Yy
x25.4 | 7.46(10.00| 10 |0.311| % | %16 |4.661| 4% |0.491| Y% ¥ | 1% Y2 Yy

S8x23 6.77| 8.00 8 |0.441| " Yo |4.171| 4% [0.426| e
x18.4 5.41| 8.00 8 (0271 Y Yg |4.001| 4 [0.426| %s 6 1 6 Yy

)
=
5
b\(ﬂ

S6x17.25| 5.07| 6.00 6 [0.465| 76 Y4 |3.565| 3% |0.359| ¥ 4Y, s i) %
x12.5 | 3.67| 6.00 6 |0.232| Y Y |3.332| 3% |0.359| ¥ 4, s % —

S5x10 2.94| 5.00 5 (0.214| %6 Yg [3.004| 3 |0.326| %6 | 3% | e | Yis —

S4x9.5 2.79| 4.00| 4 |0.326| %e | %6 |2.796| 2% |0.293| % | 2% | ¥ | s | —
x7.7 2.26| 4.00| 4 [0.193| %6 | Y |2.663| 2% |0.293| %6 | 2% | ¥ | % | —

S3x7.5 2.21| 3.00 3 |0.349| ¥% Y6 |2.509| 2% |0.260| Y4 1% | Y6 Ya —
x5.7 1.67| 3.00 3 [0.170| ¥ Ys [2.330| 2% |0.260| Y 1% | Y6 Ya —
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STRUCTURAL SHAPES 1-47
S SHAPES t Y k
Properties
d X X T
tW
grip Y k
by
Non?_ Compact Elastic P i MP'ZSTC
|\r/1va Section astic ropertles odulus
L Criteria Axis X-X Axis Y-Y
per
ft | br| n|FR"| X | Xex10%] 1 s r [ s r| zZe |z
b | 2| w |ksi| ksi |(Wksi) 2| in | in® | in. |in®|in®]| in. |in%|in®
121 3.7 |36.4| — | 3310 | 1770 3160 258 9.43 (83.3 |20.7 1.53 |[306 36.2
106 3.6 [34.1| 55 | 2960 2470 2940 240 9.71 |77.1 19.6 1.57 | 279 33.2
100 42 |1283| — | 3000 | 2940 2390 199 9.02 (47.7 |13.2 1.27 |240 23.9
90 4.1 |33.7| 56 | 2710 | 4090 2250 187 9.21 (449 |12.6 1.30 |222 22.3
80 4.0 |42.1| 36 | 2450 5480 2100 175 9.47 (42.2 12.1 1.34 |204 20.7
96 39 (216 — | 3730 1160 1670 165 7.71 (50.2 139 1.33 | 198 24.9
86 38 |26.2| — | 3350 | 1630 1580 155 7.89 [46.8 |13.3 1.36 |183 23.0
75 4.0 |27.1| — | 3140 2290 1280 128 7.62 (29.8 9.32 | 1.16 |153 16.7
66 39 |34.1| 55 | 2800 | 3250 1190 119 7.83 [27.7 8.85 | 1.19 | 140 15.3
70 45 121.8| — | 3590 | 1470 926 103 6.71 [24.1 7.72 | 1.08 |125 14.4
547 | 43 |33.6| 57 | 2770 3400 804 89.4 7.07 (20.8 6.94 | 1.14 | 105 12.1
50 45 1232 — | 3450 1540 486 64.8 5.75 [15.7 557 | 1.03 77.1 9.97
429 | 44 | 310| — 2960 2470 447 59.6 5.95 (144 5.23 | 1.07 69.3 9.02
50 4.2 1139| — | 5070 333 305 50.8 4.55 |15.7 5.74 | 1.03 61.2 |10.3
40.8 | 4.0 | 20.7| — | 4050 682 272 454 | 4.77 |13.6 5.16 | 1.06 53.1 8.85
35 4.7 |23.4| — | 3500 1310 229 38.2 4.72 9.87 3.89 | 0.980( 44.8 6.79
318 | 46 |28.6| — | 3190 1710 218 36.4 | 4.83 9.36 3.74 | 1.00 42.0 6.40
35 50 | 13.8| — | 4960 374 147 294 | 3.78 | 836 | 3.38 | 0901 | 354 | 6.22
254 | 47 (264 — | 3430 1220 124 247 | 407 | 6.79 | 291 | 0.954| 28.4 | 4.96
23 49 |145| — | 4770 397 64.9 16.2 | 3.10 | 431 | 2.07 | 0.798| 19.3 | 3.68
184 | 4.7 | 23.7| — | 3770 821 57.6 14.4 3.26 3.73 1.86 | 0.831| 16.5 3.16
17.25| 5.0 99| — | 6250 143 26.3 8.77| 228 | 231 | 1.30 | 0.675| 10.6 | 2.36
125 | 4.6 |199| — | 4290 477 22.1 7.37| 2.45 1.82 1.09 | 0.705 8.47| 1.85
10 4.6 |17.4| — | 4630 348 12.3 4.92| 2.05 | 1.22 | 0.809| 0.643 5.67| 1.37
95 | 48 8.7| — | 6830 87.4 6.79 3.39| 1.56 | 0.903| 0.646| 0.569 4.04] 1.13
7.7 | 45 (14.7| — | 5240 207 6.08 3.04| 1.64 0.764| 0.574| 0.581 3.51| 0.964
75 | 4.8 56| — | 9160 28.1 2.93 1.95| 1.15 | 0.586| 0.468| 0.516 2.36| 0.826
57 | 45 (114 — | 6160 106 2.52 1.68| 1.23 | 0.455| 0.390| 0.522 1.95| 0.653
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1-48 DIMENSIONS AND PROPERTIES

13 Y K 4Lk HP SHAPES
I — ] Dimensions

QU
x
<
-

bt
Web Flange Distance
Area Depth Thickness | tw Width Thickness
Desig- | A d tw 2 br tr T | k| ke
nation | in.? in. in. in. in. in. in. [in. [in.

HP14x117 | 34.4 | 14.21 | 14Y, | 0.805 | %6 | 716 |14.885| 14% | 0.805 | %6 | 11% | 1% | 1Y%
x102 | 30.0 | 14.01 14 | 0.705 | Y6 Y% |14.785| 14%, | 0.705 | Y6 | 11% | 1% 1
x89 26.1 | 13.83 | 13% | 0.615 | % Y6 |14.695| 14% | 0.615 | % | 11% | 1% | 6
x73 21.4 | 13.61 | 13% | 0.505| Y% Y4 |14585| 14% | 0505 | Yo |11% | 1%e | "

HP12x84 24.6 | 12.28 | 12Y% | 0685 | W6 | ¥ |12.295| 12Y% | 0.685 | Y16 | 9% | 1% 1
x74 21.8 | 12.13 | 12% | 0.605 | % %6 |12.215| 12% | 0.610 | % 9 | 1%6 | e
x63 184 [ 11.94| 12 |0515| % Yo |12.125| 12% | 0515 | % 9 | 1Y A
x53 155 | 11.78 | 11% | 0.435 | 76 Ya |12.045| 12 | 0435 | Vs | 9% | 1Y% 7

HP10x57 16.8 9.99 10 | 0.565| %6 | %6 |10.225| 10% | 0.565 | %6 | 7% | 1%6 | %46
x42 12.4 970 | 9% |0.415| 76 Y4 |10.075| 10% | 0.420 | Y16 | 7% | %6 | Ya

HP8x36 10.6 8.02 8 0.445 | "6 Ya 8.155| 8% [0.445| V6 | 6% | e | %
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STRUCTURAL SHAPES 1-49
HP SHAPES R & Y K k
Properties [ | B
d X X T
tW
e
by
l\_lon;- Compact lasti ) PlZStl'C
|\r/1va Section Elastic Properties Modulus
L Criteria Axis X-X AXis Y-Y
per
ft | be| b |R"| X [Xex108| | S r [ S r Z | 2z
b | 2t | tw|ksi| ksi |Wksi)?| in® | in® | in. |in%]|in® | in. |in3|in?
117 92142 — 3870 659 1220 | 172 5.96 | 443 59.5 3.59 | 194 914
102 |105(16.2| — | 3400 1090 1050 | 150 5.92 | 380 51.4 3.56 | 169 78.8
89 |11.9(185| — 2960 1840 904 | 131 5.88 | 326 44.3 3.53 | 146 67.7
73 (144226 | — | 2450 3880 729 | 107 584 | 261 35.8 3.49 | 118 54.6
84 9.0 (142 | — 3860 670 650 | 106 5.14 | 213 34.6 2.94 | 120 53.2
74 [10.0|16.0| — | 3440 1050 569 93.8| 5.11 | 186 30.4 2.92 | 105 46.6
63 |11.8(189 | — 2940 1940 472 79.1| 5.06 | 153 25.3 2.88 88.3| 38.7
53 [13.8]223| — | 2500 3650 393 66.8 | 5.03 | 127 21.1 2.86 74.0| 32.2
57 9.0139| — | 3920 631 294 58.8| 4.18 | 101 19.7 2.45 66.5| 30.3
42 |12.0(189| — | 2920 1970 210 43.4 | 4.13 71.7 | 14.2 241 48.3| 21.8
36 92142 — | 3840 685 119 29.8 | 3.36 40.3 | 9.88| 1.95 33.6| 15.2
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1-50 DIMENSIONS AND PROPERTIES

k XL w |t CHANNELS
‘ AMERICAN STANDARD
. Xﬂ"FX p Dimensions
t,— =
! \
k’ Y ‘gﬂ'
eo by
Web Flange Distance Max.
Flge.
Area |Depth | Thickness Iw Width Thickness Fas-
Desig- A d tw 2 br tr T k | Grip [tener
naton | in.?2 | in. in. in. in. in. in. in. fin. |in.

C15x50 14.7 15.00 |0.716| Y6 | ¥% |3.716| 3% |0.650| % 12% 17%6 %% 1
x40 11.8 15.00 |0.520| % Y4 |3.520| 3% [0.650| ¥ 12% 1%6 % 1
x33.9 9.96 | 15.00 | 0.400| ¥ %6 |3.400| 3% |0.650| % 12% 176 % 1

C12x30 8.82 | 12.00 |0.510| Y% Y4 |3.170| 3% [0.501| Y 9%, 1Y Y 7
x25 7.35 | 12.00 |0.387| ¥ %6 |3.047| 3 |0501| % 9% 1Y% Y 7%
x20.7 6.09 | 12.00 |0.282| Y% Y5 |2.942| 3 [0501| ¥ 9%, 1Y% Y 7

C10x30 8.82 | 10.00 [0.673| ¥ | %6 |3.033| 3 |0.436| %s 8 1 e Yy
x25 7.35 10.00 [0.526 1/2 ]/4 2.886 27/3 0.436 7/16 8 1 7/16 3/4
%20 5.88 | 10.00 |0.379| % %6 |2.739| 2% |0.436| 76 8 1 e Yy
x15.3 4.49 | 10.00 [0.240| Y Y5 |2.600| 2% |0.436| %6 8 1 e Yy

C9x20 5.88 9.00 (0.448| 7 Y4 |2.648| 2% |0.413| %6 ez Y6 e Yy

x15 4.41 9.00 [0.285| ¥ Yo |2.485| 2% |0.413| % ez %6 e Yy

x13.4 3.94 | 9.00 |0.233| Y Y |2.433| 2% |0.413| 7 I&Z %6 e Y

C8x18.75 551 | 8.00 (0.487| % Y4 |2.527| 2% |0.390| ¥ 6% Y6 Y8 Y
x13.75 4.04 | 8.00 |0.303| %6 Y |2.343| 2% |0.390| ¥ 6% %16 Y Y
x11.5 3.38 | 8.00 |0.220| Y, Ys |2.260| 2Y% |0.390| ¥ 6% %16 % Yy

C7x12.25 | 3.60 | 7.00 |0.314| %6 | %6 |2.194| 2%, |0.366| % | 5% A Y% | %
x9.8 2.87 | 7.00 |0.210| %6 | Y% |2.090| 2% |0.366| ¥ | 5% 1A Y% | %
C6x13 3.83 | 6.00 |0.437| %6 | %6 |2.157| 2% |0.343| % | 4% | e | Vs | %
x10.5 3.090 | 6.00 |0.314| %6 | %6 |2.034| 2 |0343| %6 | 4% | W | % | %
x8.2 2.40 | 6.00 |0.200| %6 | Y |1.920| 1% |0.343| %6 | 4% | W | %6 | %
C5x9 2.64 | 5.00 |0.325| %6 | %6 |1.885| 1% |0.320| %5 | 3% Y| %e | %
x6.7 1.97 | 5.00 [0.190| %6 | % |1.750| 1%, [0.320| %6 | 3% ¥, — | =
C4x7.25 2.13 | 4.00 |0.321| %6 | %6 |1.721| 1% |0.296| %6 | 2% | Wi | %6 | %
x5.4 159 | 4.00 [0.184| %6 | Y6 |1.584| 1% [0.296| %6 | 2% | W | — | —
C3%6 1.76 | 3.00 |0.356| ¥% | %6 |1.596| 1% [0.273| Y4 | 1% | W | — | —
x5 1.47 | 3.00 |0258] Y, | Y% [1.498| 1% [0273| Y | 1% | W | — | —
x4.1 1.21 | 3.00 [0.170| %6 | Y6 [1.410] 1% [0273] Y4 | 1% | W | — | —
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STRUCTURAL SHAPES 1-51
CHANNELS K Y
AMERICAN STANDARD ‘
Properties A a
t,— |~ |
k ‘ Y ‘ ari
€o

Nom- Shear Axis X-X Axis Y-Y

inal Center | PNA

Wit. Loca- | Loca-

per tion tion

ft X €o Xp I z S r I z S r
Ib in. in. in. in.* | in® | in® | in. | in® | in® | in3| in

50 0.798 | 0.583 | 0.488 | 404 68.2 53.8 524 | 11.0 8.17 3.78 0.867
40 0.777 | 0.767 | 0.390 | 349 57.2 46.5 5.44 9.23 6.87 3.37 0.886
33.9 0.787 | 0.896 | 0.330 | 315 50.4 42.0 5.62 8.13 | 6.23 3.11 0.904
30 0.674 | 0.618 | 0.366 | 162 33.6 27.0 4.29 5.14 4.33 2.06 0.763
25 0.674 | 0.746 | 0.305 | 144 29.2 24.1 4.43 447 | 3.84 1.88 0.780
20.7 0.698 | 0.870 | 0.252 | 129 25.4 21.5 4.61 3.88 3.49 1.73 0.799
30 0.649 | 0.369 | 0.439 | 103 26.6 20.7 3.42 3.94 3.78 1.65 0.669
25 0.617 | 0.494 | 0.366 | 91.2 | 23.0 18.2 3.52 3.36 | 3.19 1.48 0.676
20 0.606 | 0.637 | 0.292 78.9 19.3 15.8 3.66 2.81 2.71 1.32 0.692
15.3 0.634 | 0.796 | 0.223 67.4 15.8 13.5 3.87 2.28 2.35 1.16 0.713
20 0.583 | 0.515 | 0.325 60.9 16.8 13.5 3.22 2.42 2.47 1.17 0.642
15 0.586 | 0.682 | 0.243 | 51.0 | 135 11.3 3.40 1.93 | 2.05 1.01 0.661
13.4 0.601 | 0.743 | 0.217 | 479 | 125 10.6 3.48 1.76 | 1.95 0.962 | 0.669
18.75 | 0.565 | 0.431 | 0.343 | 44.0 | 13.8 11.0 2.82 1.98 | 2.17 1.01 0.599
13.75 | 0.553 | 0.604 | 0.251 36.1 10.9 9.03 2.99 1.53 1.73 0.854 | 0.615
115 0.571 | 0.697 | 0.209 | 326 9.55 8.14 | 3.11 1.32 | 158 0.781 | 0.625
12.25 | 0.525 | 0.538 | 0.255 24.2 8.40 6.93 2.60 1.17 1.43 0.703 | 0.571

9.8 0.540 | 0.647 | 0.203 | 21.3 7.12 6.08 | 2.72 0.968 | 1.26 0.625 | 0.581
13 0.514 | 0.380 | 0.317 | 17.4 7.26 5.80 | 2.13 1.05 | 1.36 0.642 | 0.525
10.5 0.499 | 0.486 | 0.255 15.2 6.15 5.06 2.22 0.866 | 1.15 0.564 | 0.529

8.2 0.511 | 0.599 | 0.198 13.1 5.13 4.38 2.34 0.693| 0.993 | 0.492 | 0.537

9 0.478 | 0.427 | 0.262 8.90 4.36 3.56 1.83 0.632| 0.918 | 0.450 | 0.489

6.7 0.484 | 0552 | 0.217 7.49| 351 3.00 | 1.95 0.479 | 0.763 | 0.378 | 0.493

7.25 | 0459 | 0.386 | 0.264 4.59 2.81 2.29 1.47 0.433| 0.697 | 0.343 | 0.450

54 0.457 | 0.502 | 0.241 3.85 2.26 1.93 1.56 0.319| 0.569 | 0.283 | 0.449

6 0.455 | 0.322 | 0.291 2.07 1.72 1.38 1.08 0.305| 0.544 | 0.268 | 0.416

5 0.438 | 0.392 | 0.242 1.85| 1.50 124 | 112 0.247 | 0.466 | 0.233 | 0.410

4.1 0.436 | 0.461 | 0.284 1.66 1.30 1.10 1.17 0.197 | 0.401 | 0.202 | 0.404
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1-52 DIMENSIONS AND PROPERTIES

k XL w |t CHANNELS
‘ MISCELLANEOUS
Tl p Dimensions
t,— =
k’ Y ‘gr/p
eo by
Web Flange Distance Max.
Flge.
Area |Depth | Thickness Iw Width Thickness Fas-
2 .
Desig- A d tw b tr T k | Grip |tener
naton | in.2 | in. in. in. in. in. in. lin. |in. |in.
MC18x58 | 17.1 | 18.00 |0.700| ¥ | ¥ |4.200| 4% |0.625| % | 15% | 1% Y 1
x51.9 | 153 | 18.00 |0.600| % | % |4.100| 4% [0.625| % | 15% | 1% %% 1
x45.8 | 13.5 18.00 |0.500| % Y4 |4.000| 4 [0.625| % 15Y, | 1% % 1
x42.7 | 12.6 18.00 | 0.450| %s Y4 |3.950| 4 [0.625| % 15Y, | 1% % 1
MC13x50 14.7 13.00 |0.787| %6 Y% |4.412| 4% |0.610| % 10 | 1% % 1
x40 | 11.8 | 13.00 (0560 %6 | Y4 |4.185| 4% [0.610| ¥ | 10% | 1% | %6 1
x35 | 10.3 | 13.00 |0.447| Y6 | Y4 |4.072| 4% [0.610| % | 10% | 1% | %6 1
x31.8 | 9.35 | 13.00 (0.375| % | % |4.000| 4 [0.610| % | 10% | 1% | % 1
MC12x50 14.7 12.00 |0.835| %6 | %6 |4.135| 4% |0.700| ¥ | 9% 1%6 | Wi 1
x45 | 13.2 | 12.00 |0.712| W6 | % |4.012] 4 [0.700| Y16 | 9% | 1%s6 | Wi 1
x40 11.8 12.00 |0.590| %6 %6 [3.890| 3% [0.700| Y16 | 9% 1%6 | Wi 1
x35 10.3 12.00 | 0.467| % Yo |3.767| 3% [0.700| Y6 | 9% 1%6 | Yis 1
x31 9.12 | 12.00 |0.370| % | % |3.670| 3% [0.700| Yis | 9% | 1%6 | Wi 1

MC12x10.6 | 3.10 | 12.00 |0.190| ¥ Y5 |1.500| 1% [0.309| %6 | 10% | Ve — —
MC10x41.1 | 12.1 10.00 (0.796| %16 | ¥% |4.321| 4% |0.575| %6 75 1Y Y16 s
x33.6 9.87 | 10.00 |0.575| %6 | %6 [4.100| 4% |0.575| %6 7V 1Y Y16 s
x28.5 8.37 | 10.00 [0.425| 76 | %6 |3.950| 4 |0.575| % 75 1Y Y16 7

MC10x25 7.35 | 10.00 [0.380| % Y6 |3.405| 3% |0.575| %6 ez 1Y Y16 7
x22 6.45 | 10.00 |0.290| % Y5 |3.315| 3% |0.575| %s 7 1Y Y16 7

MC10x8.4 2.46 | 10.00 |0.170| %s¢ | %6 [1.500| 1% |0.280| Y4 8% Yie - -
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STRUCTURAL SHAPES 1-53
CHANNELS K Y
MISCELLANEOUS ‘
Properties A a
t,— |~ ‘
k ‘ Y 'gri
€o by
Nom- Shear Axis X-X Axis Y-Y

inal Center | PNA
Wit. Loca- | Loca-
per tion tion

ft X €o Xp I z S r I z S r

Ib in. in. in. in. 4 in.3 in.3 in. in. 4 in.3 in.3 in.
58 0.862 | 0.695 | 0.472 | 676 94.6 75.1 6.29 17.8 9.94 5.32 1.02
51.9 | 0.858 | 0.797 | 0.422 | 627 86.5 69.7 6.41 | 16.4 9.13 | 5.07 1.04
458 | 0.866 | 0.909 | 0.372 | 578 78.4 64.3 6.56 | 15.1 8.42 | 4.82 1.06
42.7 0.877 | 0.969 | 0.347 | 554 74.4 61.6 6.64 | 144 8.10 4.69 1.07
50 0.974 | 0.815 | 0.564 | 314 60.5 48.4 462 | 165 10.1 4.79 1.06
40 0.963 | 1.03 0.450 | 273 50.9 42.0 4.82 13.7 8.57 4.26 1.08
35 0.980 | 1.16 0.394 | 252 46.2 38.8 495 | 123 7.95 | 3.99 1.10
31.8 | 1.00 1.24 0.358 | 239 43.1 36.8 506 | 11.4 7.60 | 3.81 1.11
50 1.05 0.741 | 0.610 | 269 56.1 44.9 428 | 174 10.2 5.65 1.09
45 1.04 0.844 | 0.549 | 252 51.7 42.0 436 | 15.8 9.35 | 5.33 1.09
40 1.04 0.952 | 0.488 | 234 47.3 39.0 4.46 | 14.3 8.59 | 5.00 1.10
35 1.05 1.07 0.426 | 216 42.8 36.1 459 12.7 7.91 4.67 1.11
31 1.08 1.18 0.416 | 203 39.3 33.8 471 | 11.3 7.44 | 4.39 1.12
10.6 0.269 | 0.284 | 0.129 55.4 11.6 9.23 4.22 0.382| 0.639| 0.310 | 0.351
41.1 1.09 0.864 | 0.601 158 38.9 31.5 3.61 15.8 8.71 4.88 1.14
33.6 | 1.08 1.06 0.490 | 139 33.4 27.8 3.75 | 13.2 751 | 4.38 1.16
285 | 1.12 1.21 0.415 | 127 29.6 25.3 3.89 | 114 6.83 | 4.02 1.17
25 0.953 | 1.03 0.364 | 110 25.8 22.0 3.87 7.35 521 | 3.00 1.00
22 0.990 1.13 0.468 103 23.6 20.5 3.99 6.50 4.86 2.80 1.00

8.4 0.284 | 0.332 | 0.122 32.0 7.86 6.40 3.61 0.328| 0.552| 0.270 | 0.365
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1-54 DIMENSIONS AND PROPERTIES
K * X CHANNELS
‘ MISCELLANEOUS
Tl p Dimensions
t,— = |
k’ Y ‘gﬂ'
eo by
Web Flange Distance Max.
Flge.
Area |Depth | Thickness Iw Width Thickness Fas-
2 .

Desig- A d tw by tr T k | Grip |tener
naton | in.2 | in. in. in. in. in. in. lin. |in. |in.
MC9x25.4 | 7.47 | 9.00 |0.450| 76 | Y4 |3.500| 3% |0.550| %6 | 6% | 1%6 | %s s

x23.9 | 7.02 | 9.00 [0.400| ¥ | %6 |3.450| 3% |0.550| %6 | 6% | 1%6 | %6 2
MC8x22.8 6.70 8.00 [0.427| e %6 [3.502| 3% |0.525| Y% 5% 1% Y s
x21.4 | 628 | 8.00 [0.375| ¥% | %6 |3.450| 3% [0525| Y | 5% | 1%6 | ¥ 2
MC8x20 5.88 | 8.00 |0.400| % | ¥%e |3.025| 3 |0500| Y% | 5% | 1% Y 2
x18.7 5.50 8.00 |0.353| ¥ %6 [2.978] 3 |0.500| % 5%, 1% Y s
MC8x8.5 250 | 8.00 [0.179| ¥%6 | Yie |1.874| 1% |0.311| %6 | 6% Yy Y6 Y
MC7x22.7 | 6.67 | 7.00 |0.503| % Y, |3.603| 3% |0.500| Y | 4% | 1% Y 2
x19.1 5.61 7.00 [0.352| ¥ %6 [3.452| 3% |0.500| Y% 4%, 1% Y 7
MC6x18 5.29 6.00 |0.379| ¥ %6 [3.504| 3% |0.475| Y 3% 1Y Y 7
MC6x16.3 | 4.79 | 6.00 |0.375| ¥% | % [3.000| 3 (0475 Y% | 3% | 1% | % Y
x15.1 4.44 6.00 |0.316| % Y6 (2941 3 |0475| Y 3% 1Y Y Yy
MC6x12 353 | 6.00 |0.310| %6 | Y% |2497| 2% |0375| % | 4% | ¥ | ¥ Y
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STRUCTURAL SHAPES 1-55

CHANNELS K Y
MISCELLANEOUS ‘
Properties

~

-
L

k ‘ Y

orif
€o by
Nom- Shear Axis X-X Axis Y-Y
inal Center | PNA
Wi. Loca- | Loca-
per tion tion
ft X €o Xp I z S r I z S r
Ib in in in in. 4 in.3 in.3 in in. 4 in.3 in.3 in

25.4 0.970 | 0.986 | 0.411 88.0 23.2 19.6 3.43 7.65 5.23 3.02 1.01
23.9 0.981 | 1.04 0.386 85.0 22.2 18.9 3.48 7.22 5.05 2.93 1.01

22.8 101 1.04 0.415 63.8 18.8 16.0 3.09 7.07 4.88 2.84 1.03
21.4 1.02 1.09 0.449 61.6 18.0 15.4 3.13 6.64 4.71 274 1.03

20 0.840 | 0.843 | 0.364 545 16.2 13.6 3.05 4.47 3.57 2.05 0.872
18.7 0.849 | 0.889 | 0.341 525 15.4 13.1 3.09 4.20 3.44 1.97 0.874

8.5 0.428 | 0.542 | 0.155 23.3 6.91 5.83 3.05 0.628 | 0.882 | 0.434 | 0.501

22.7 1.04 1.01 0.473 47.5 16.2 13.6 2.67 7.29 4.86 2.85 1.05
19.1 1.08 1.15 0.567 43.2 14.3 12.3 2.77 6.11 4.34 2.57 1.04

18 1.12 1.17 0.622 29.7 11.5 9.91 2.37 5.93 4.14 2.48 1.06

16.3 0.927 | 0.930 | 0.464 26.0 10.2 8.68 2.33 3.82 3.18 1.84 0.892
15.1 0.940 | 0.982 | 0.537 25.0 9.69 8.32 2.37 3.51 3.00 1.75 0.889

12 0.704 | 0.725 | 0.292 18.7 7.38 6.24 2.30 1.87 1.79 1.04 0.728
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1-56 DIMENSIONS AND PROPERTIES

L ANGLES
S
} ‘ Equal legs and unequal legs
‘ Properties for designing
X ‘— S X
L L vy,
k —
=
Y z
Size Weight Axis X-X
and per
Thickness k ft Area | S r y V4 Yp
in. in. Ib in. 2 in. in.3 in. in in. 3 in
L8x8x1Yy 1% 56.9 16.7 98.0 17.5 2.42 2.41 316 1.05
1 1% 51.0 15.0 89.0 15.8 2.44 2.37 28.5 0.938
7 1Y% 45.0 13.2 79.6 14.0 2.45 2.33 25.3 0.827
Ya 1% 38.9 11.4 69.7 12.2 2.47 2.28 22.0 0.715
% 1Yy 32.7 9.61 59.4 10.3 2.49 2.23 18.6 0.601
Y16 1% 29.6 8.68 54.1 9.34 2.50 221 16.8 0.543
Y 1% 26.4 7.75 48.6 8.36 2.50 2.19 15.1 0.484
L8x6x1 1% 44.2 13.0 80.8 15.1 2.49 2.65 27.3 1.50
7 1% 39.1 115 72.3 134 2,51 2.61 24.2 1.44
Y 1Y, 33.8 9.94 63.4 11.7 2.53 2.56 21.1 1.38
Ys 1% 285 8.36 54.1 9.87 2.54 252 17.9 1.31
Y6 Y6 25.7 7.56 49.3 8.95 2.55 2.50 16.2 1.28
Yy 1 23.0 6.75 44.3 8.02 2.56 2.47 14.5 1.25
6 6 20.2 5.93 39.2 7.07 2.57 245 12.8 1.22
L8x4x1 1Y, 37.4 11.0 69.6 141 2.52 3.05 243 2.50
7 1% 33.1 9.73 62.5 125 2.53 3.00 21.6 2.44
Y 1Y, 28.7 8.44 54.9 10.9 2.55 2.95 18.9 2.38
% 1Y% 24.2 7.11 46.9 9.21 2.57 291 16.0 231
Y16 116 21.9 6.43 42.8 8.35 2.58 2.88 14.5 2.28
Y, 1 19.6 5.75 385 7.49 2.59 2.86 13.0 2.25
"6 %6 17.2 5.06 34.1 6.60 2.60 2.83 11.5 2.22
L7x4xY, 1Y, 26.2 7.69 37.8 8.42 222 251 14.8 1.88
% 1Y% 22.1 6.48 32.4 7.14 2.24 2.46 12.6 181
Yy 1 17.9 5.25 26.7 5.81 2.25 2.42 10.3 1.75
6 6 15.7 4.62 23.7 5.13 2.26 2.39 9.09 1.72
Y% s 13.6 3.98 20.6 4.44 2.27 2.37 7.87 1.69
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STRUCTURAL SHAPES 1-57
ANGLES LT
I
Equal legs and unequal legs ‘
Properties for designing ‘
X— ‘7 - X
L »y,
T
Y z
Size Axis Y-Y Axis Z-Z
and
Thickness I S r X Zz Xp r Tan
in. in.4 in.3 in. in in. 3 in. in. [of
L8x8x1Yg 98.0 17.5 2.42 2.41 316 1.05 1.56 1.000
1 89.0 15.8 2.44 2.37 28.5 0.938 1.56 1.000
s 79.6 14.0 2.45 2.33 25.3 0.827 1.57 1.000
Yy 69.7 12.2 2.47 2.28 22.0 0.715 1.58 1.000
% 59.4 10.3 2.49 2.23 18.6 0.601 1.58 1.000
Y16 54.1 9.34 2.50 221 16.8 0.543 1.59 1.000
Y, 48.6 8.36 2.50 2.19 15.1 0.484 1.59 1.000
L8x6x1 38.8 8.92 1.73 1.65 16.2 0.813 1.28 0.543
s 34.9 7.94 1.74 1.61 14.4 0.718 1.28 0.547
Yy 30.7 6.92 1.76 1.56 12.5 0.621 1.29 0.551
Y 26.3 5.88 1.77 1.52 10.5 0.522 1.29 0.554
Y16 24.0 5.34 1.78 1.50 9.52 0.472 1.30 0.556
Y, 21.7 4.79 1.79 1.47 8.51 0.422 1.30 0.558
"6 19.3 4.23 1.80 1.45 7.50 0.371 1.31 0.560
L8x4x1 11.6 3.94 1.03 1.05 7.72 0.688 0.846 0.247
s 10.5 3.51 1.04 0.999 6.77 0.608 0.848 0.253
Y 9.36 3.07 1.05 0.953 5.81 0.527 0.852 0.258
% 8.10 2.62 1.07 0.905 4.86 0.444 0.857 0.262
%16 7.43 2.38 1.07 0.882 4.38 0.402 0.861 0.265
Y 6.74 2.15 1.08 0.859 3.90 0.359 0.865 0.267
76 6.02 1.90 1.09 0.835 3.42 0.316 0.869 0.269
L7x4x¥, 9.05 3.03 1.09 1.01 5.65 0.549 0.860 0.324
Y 7.84 2.58 1.10 0.963 4.74 0.463 0.865 0.329
Y 6.53 2.12 1.11 0.917 3.83 0.375 0.872 0.335
"6 5.83 1.88 1.12 0.893 3.37 0.330 0.875 0.337
b 5.10 1.63 1.13 0.870 2.90 0.285 0.880 0.340
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1-58 DIMENSIONS AND PROPERTIES

L Lw ANGLES
I
‘ Equal legs and unequal legs
z . . .
‘ Properties for designing
X— ‘7 - X
L L vy,
k % —
-
Y z
Size Weight Axis X-X
and per
Thickness k ft Area | S r y V4 Yp
in. in. Ib in. 2 in.4 in.® in. in. in. ° in.
L6x6X1 1%, 374 11.0 355 8.57 1.80 1.86 15.5 0.917
A 1% 33.1 9.73 31.9 7.63 1.81 1.82 13.8 0.811
Yy 1Y 28.7 8.44 28.2 6.66 1.83 1.78 12.0 0.703
% 1% 24.2 7.11 24.2 5.66 1.84 1.73 10.2 0.592
Y16 1Y 21.9 6.43 221 5.14 1.85 1.71 9.26 0.536
Y, 1 19.6 5.75 199 4.61 1.86 1.68 8.31 0.479
6 %6 17.2 5.06 17.7 4.08 1.87 1.66 7.34 0.422
Y% A 149 4.36 15.4 3.53 1.88 1.64 6.35 0.363
Y16 36 12.4 3.65 13.0 2.97 1.89 1.62 5.35 0.304
L6x4x7g 1% 27.2 7.98 27.7 7.15 1.86 212 12.7 1.44
Yy 1Y, 23.6 6.94 24.5 6.25 1.88 2.08 11.2 1.38
Y% 1% 20.0 5.86 211 5.31 1.90 2.03 9.51 1.31
Y16 1%6 18.1 5.31 19.3 4.83 1.90 2.01 8.66 1.28
Y, 1 16.2 4.75 17.4 4.33 1.91 1.99 7.78 1.25
16 %6 14.3 4.18 15.5 3.83 1.92 1.96 6.88 1.22
Y% 7 12.3 3.61 13.5 3.32 1.93 1.94 5.97 1.19
Y6 36 10.3 3.03 11.4 2.79 1.94 1.92 5.03 1.16
L6x3Y,xY, 1 15.3 4.50 16.6 4.24 1.92 2.08 7.50 1.50
£ A 11.7 3.42 129 3.24 1.94 2.04 5.76 1.44
%6 136 9.80 2.87 10.9 2.73 1.95 2.01 4.85 1.41
L5x5x7/g 1% 27.2 7.98 17.8 5.17 1.49 1.57 9.33 0.798
Y, 1Y, 23.6 6.94 15.7 4.53 1.51 1.52 8.16 0.694
% 1% 20.0 5.86 13.6 3.86 1.52 1.48 6.95 0.586
Y 1 16.2 4.75 11.3 3.16 1.54 1.43 5.68 0.475
"6 %6 14.3 4.18 10.0 2.79 1.55 1.41 5.03 0.418
£ 7 12.3 3.61 8.74 2.42 1.56 1.39 4.36 0.361
Y6 36 10.3 3.03 7.42 2.04 1.57 1.37 3.68 0.303
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STRUCTURAL SHAPES 1-59
ANGLES LT
I}
Equal legs and unequal legs ‘
. - . z
Properties for designing ‘
X ‘7 X
L »y,
ar
Y 2z
Size Axis Y-Y Axis Z-Z
and
Thickness | S r X V4 Xp r Tan
in. in. 4 in.3 in in in. 3 in in. a
L6x6x1 355 8.57 1.80 1.86 155 0.917 1.17 1.000
7 31.9 7.63 1.81 1.82 13.8 0.811 1.17 1.000
Y 28.2 6.66 1.83 1.78 12.0 0.703 117 1.000
%% 24.2 5.66 1.84 1.73 10.2 0.592 1.18 1.000
Y16 221 5.14 1.85 171 9.26 0.536 1.18 1.000
Y 19.9 461 1.86 1.68 8.31 0.479 1.18 1.000
%16 17.7 4.08 1.87 1.66 7.34 0.422 1.19 1.000
Y 15.4 3.53 1.88 1.64 6.35 0.363 1.19 1.000
%16 13.0 2.97 1.89 1.62 5.35 0.304 1.20 1.000
L6x4x7g 9.75 3.39 1.11 1.12 6.31 0.665 0.857 0.421
A 8.68 2.97 1.12 1.08 5.47 0.578 0.860 0.428
% 7.52 2.54 1.13 1.03 4.62 0.488 0.864 0.435
%16 6.91 2.31 1.14 1.01 4.19 0.442 0.866 0.438
Y 6.27 2.08 1.15 0.987 3.75 0.396 0.870 0.440
[ 5.60 1.85 1.16 0.964 3.30 0.349 0.873 0.443
Y8 4.90 1.60 1.17 0.941 2.85 0.301 0.877 0.446
Y16 4.18 1.35 1.17 0.918 2.40 0.252 0.882 0.448
L6x3Y5xYs 4.25 1.59 0.972 0.833 291 0.375 0.759 0.344
¥ 3.34 1.23 0.988 0.787 2.20 0.285 0.767 0.350
Y16 2.85 1.04 0.996 0.763 1.85 0.239 0.772 0.352
L5x5x7g 17.8 5.17 1.49 1.57 9.33 0.798 0.973 1.000
Ya 15.7 453 1.51 1.52 8.16 0.694 0.975 1.000
Y 136 3.86 1.52 1.48 6.95 0.586 0.978 1.000
Yy 11.3 3.16 1.54 1.43 5.68 0.475 0.983 1.000
716 10.0 2.79 1.55 1.41 5.03 0.418 0.986 1.000
Y 8.74 2.42 1.56 1.39 4.36 0.361 0.990 1.000
Y16 7.42 2.04 1.57 1.37 3.68 0.303 0.994 1.000
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1-60 DIMENSIONS AND PROPERTIES

) ANGLES
I
‘ Equal legs and unequal legs
z . . .
‘ Properties for designing
X ‘— S X
L L vy,
k R —
(Bt
Y z
Size Weight Axis X-X
and per
Thickness k ft Area | S r y z Yp
in. in. Ib in. 2 in.4 in.® in. in. in. 2 in.
L5x3Y,x%, 1Y, 19.8 5.81 13.9 4.28 1.55 1.75 7.65 1.13
% 1% 16.8 4.92 12.0 3.65 1.56 1.70 6.55 1.06
Yy 1 13.6 4.00 9.99 2.99 1.58 1.66 5.38 1.00
A A 10.4 3.05 7.78 2.29 1.60 1.61 4.14 0.938
Y6 e 8.70 2.56 6.60 1.94 1.61 1.59 3.49 0.906
Yy A 7.00 2.06 5.39 1.57 1.62 1.56 2.83 0.875
L5x3xY, 1 12.8 3.75 9.45 2.91 1.59 1.75 5.16 1.25
16 %6 11.3 3.31 8.43 2.58 1.60 1.73 4.57 1.22
s A 9.80 2.86 7.37 2.24 1.61 1.70 3.97 1.19
Y16 e 8.20 2.40 6.26 1.89 1.61 1.68 3.36 1.16
Ya Yy 6.60 1.94 5.11 1.53 1.62 1.66 2.72 1.13
L4x4xY, 1% 18.5 5.44 7.67 2.81 1.19 1.27 5.07 0.680
% 1 15.7 4.61 6.66 2.40 1.20 1.23 4.33 0.576
Y, A 12.8 3.75 5.56 1.97 1.22 1.18 3.56 0.469
Y16 e 11.3 3.31 4.97 1.75 1.23 1.16 3.16 0.414
Vs Yy 9.80 2.86 4.36 1.52 1.23 1.14 2.74 0.357
Y16 Wie 8.20 2.40 3.71 1.29 1.24 1.12 2.32 0.300
Ya % 6.60 1.94 3.04 1.05 1.25 1.09 1.88 0.242
L4x3YoxYs %6 11.9 3.50 5.32 1.94 1.23 1.25 3.50 0.500
Y% e 9.10 2.67 4.18 1.49 1.25 1.21 2.71 0.438
Y6 A 7.70 2.25 3.56 1.26 1.26 1.18 2.29 0.406
Yy Yie 6.20 1.81 291 1.03 1.27 1.16 1.86 0.375
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STRUCTURAL SHAPES

ANGLES

Equal legs and unequal legs
Properties for designing

— 9-X
L »y,
I
Y z
Size Axis Y-Y Axis Z-Z
and
Thickness | S r X Z Xp r Tan
in. in. 4 in.% in. in. in. ° in. in. a

L5%3Yox%, 5.55 2.22 0.977 0.996 4.10 0.581 0.748 0.464
% 4.83 1.90 0.991 0.951 3.47 0.492 0.751 0.472
Yy 4.05 1.56 1.01 0.906 2.83 0.400 0.755 0.479
2 3.18 1.21 1.02 0.861 2.16 0.305 0.762 0.486
Y6 2.72 1.02 1.03 0.838 1.82 0.256 0.766 0.489
Yy 2.23 0.830 1.04 0.814 1.47 0.206 0.770 0.492
L5x3xY, 2.58 1.15 0.829 0.750 211 0.375 0.648 0.357
6 2.32 1.02 0.837 0.727 1.86 0.331 0.651 0.361
Y 2.04 0.888 0.845 0.704 1.60 0.286 0.654 0.364
Y16 1.75 0.753 0.853 0.681 1.35 0.240 0.658 0.368
Ya 1.44 0.614 0.861 0.657 1.09 0.194 0.663 0.371
L4x4xY, 7.67 2.81 1.19 1.27 5.07 0.680 0.778 1.000
% 6.66 2.40 1.20 1.23 4.33 0.576 0.779 1.000
Y, 5.56 1.97 1.22 1.18 3.56 0.469 0.782 1.000
16 4.97 1.75 1.23 1.16 3.16 0.414 0.785 1.000
Y 4.36 1.52 1.23 1.14 2.74 0.357 0.788 1.000
Y16 3.71 1.29 1.24 1.12 2.32 0.300 0.791 1.000
Ya 3.04 1.05 1.25 1.09 1.88 0.242 0.795 1.000
Lax3Y,xYs 3.79 1.52 1.04 1.00 2.73 0.438 0.722 0.750
Y% 2.95 1.16 1.06 0.955 211 0.334 0.727 0.755
Y16 2.55 0.994 1.07 0.932 1.78 0.281 0.730 0.757
Yy 2.09 0.808 1.07 0.909 1.44 0.227 0.734 0.759
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1-62 DIMENSIONS AND PROPERTIES

L Lw ANGLES
I
‘ Equal legs and unequal legs
z . . -
‘ Properties for designing
X— ‘7 - X
L L vy,
k —
=
Y z
Size Weight Axis X-X
and per
Thickness k ft Area | S r y V4 Yp
in. in. Ib in. in. 2 in.* in.3 in. in.3 in.
L4x3x¥g 1%6 13.6 3.98 6.03 2.30 1.23 1.37 4.12 0.813
Y %6 111 3.25 5.05 1.89 1.25 1.33 3.41 0.750
e s 9.80 2.87 4.52 1.68 1.25 1.30 3.03 0.719
B %6 8.50 2.48 3.96 1.46 1.26 1.28 2.64 0.688
%6 Yy 7.20 2.09 3.38 1.23 1.27 1.26 2.23 0.656
Ya Wie 5.80 1.69 2.77 1.00 1.28 1.24 1.82 0.625
L3Yox3YoxY, s 111 3.25 3.64 1.49 1.06 1.06 2.68 0.464
e ¥ 9.80 2.87 3.26 1.32 1.07 1.04 2.38 0.410
s Yy 8.50 2.48 2.87 1.15 1.07 1.01 2.08 0.355
Y6 Wie 7.20 2.09 2.45 0.976 1.08 0.990 1.76 0.299
Ya % 5.80 1.69 2.01 0.794 1.09 0.968 1.43 0.241
L3Y,x3xY, 6 10.2 3.00 3.45 1.45 1.07 1.13 2.63 0.500
Y 36 7.90 2.30 2.72 1.13 1.09 1.08 2.04 0.438
Y16 Yy 6.60 1.93 2.33 0.954 1.10 1.06 1.73 0.406
Ya Yis 5.40 1.56 191 0.776 111 1.04 1.41 0.375
L3Y,x2YoxY, %6 9.40 2.75 3.24 1.41 1.09 1.20 2.53 0.750
s 6 7.20 211 2.56 1.09 1.10 1.16 1.97 0.688
Ya Wie 4.90 1.44 1.80 0.755 1.12 1.11 1.36 0.625
L3x3xY; 36 9.40 2.75 2.22 1.07 0.898 0.932 1.93 0.458
e Yy 8.30 2.43 1.99 0.954 0.905 0.910 1.72 0.406
Y Yie 7.20 211 1.76 0.833 0.913 0.888 1.50 0.352
Y16 % 6.10 1.78 1.51 0.707 0.922 0.865 1.27 0.296
Ya Y16 4.90 1.44 1.24 0.577 0.930 0.842 1.04 0.240
Y6 Y2 3.71 1.09 0.962 0.441 0.939 0.820 0.794 0.182
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STRUCTURAL SHAPES 1-63
ANGLES L
I
Equal legs and unequal legs ‘
Properties for designing ‘
X— ‘7 - X
L »y,
T
Y z
Size Axis Y-Y Axis Z-Z
and
Thickness | S r X Zz Xp r Tan
in. in. 4 in.% in. in. in. 3 in. in. a
L4x3x% 2.87 1.35 0.849 0.871 2.48 0.498 0.637 0.534
Y 2.42 1.12 0.864 0.827 2.03 0.406 0.639 0.543
76 2.18 0.992 0.871 0.804 1.79 0.359 0.641 0.547
Y 1.92 0.866 0.879 0.782 1.56 0.311 0.644 0.551
Y16 1.65 0.734 0.887 0.759 1.31 0.261 0.647 0.554
Ya 1.36 0.599 0.896 0.736 1.06 0.211 0.651 0.558
L3%x3%xY, 3.64 1.49 1.06 1.06 2.68 0.464 0.683 1.000
e 3.26 1.32 1.07 1.04 2.38 0.410 0.684 1.000
¥ 2.87 1.15 1.07 1.01 2.08 0.355 0.687 1.000
Y16 2.45 0.976 1.08 0.990 1.76 0.299 0.690 1.000
Ya 2.01 0.794 1.09 0.968 1.43 0.241 0.694 1.000
L3%,x3xY, 2.33 1.10 0.881 0.875 1.98 0.429 0.621 0.714
Y% 1.85 0.851 0.897 0.830 1.53 0.328 0.625 0.721
Y16 1.58 0.722 0.905 0.808 1.30 0.276 0.627 0.724
Yy 1.30 0.589 0.914 0.785 1.05 0.223 0.631 0.727
L3Yox2YoxY, 1.36 0.760 0.704 0.705 1.40 0.393 0.534 0.486
Y% 1.09 0.592 0.719 0.660 1.07 0.301 0.537 0.496
Ya 0.777 0.412 0.735 0.614 0.735 0.205 0.544 0.506
L3x3xY, 2.22 1.07 0.898 0.932 1.93 0.458 0.584 1.000
e 1.99 0.954 0.905 0.910 1.72 0.406 0.585 1.000
% 1.76 0.833 0.913 0.888 1.50 0.352 0.587 1.000
Y16 1.51 0.707 0.922 0.865 1.27 0.296 0.589 1.000
Ya 1.24 0.577 0.930 0.842 1.04 0.240 0.592 1.000
Y16 0.962 0.441 0.939 0.820 0.794 0.182 0.596 1.000
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1-64 DIMENSIONS AND PROPERTIES

L Lw ANGLES
e
‘ Equal legs and unequal legs
z . . -
‘ Properties for designing
X ‘— S X
L L vy,
k —
(Bt
Y z
Size Weight Axis X-X
and per
Thickness k ft Area | S r y Z Yp
in. in. Ib in. 2 in.4 in.® in. in. in. 2 in.
L3x2Y,oxY, 7 8.50 2.50 2.08 1.04 0.913 1.000 1.88 0.500
Y Yy 6.60 1.92 1.66 0.810 0.928 0.956 1.47 0.438
%6 Wie 5.60 1.62 1.42 0.688 0.937 0.933 1.25 0.406
Ya % 4.50 1.31 1.17 0.561 0.945 0.911 1.02 0.375
Y16 Y16 3.39 0.996 0.907 0.430 0.954 0.888 0.781 0.344
L3x2xY, e 7.70 2.25 1.92 1.00 0.924 1.08 1.78 0.750
Y% Wie 5.90 1.73 1.53 0.781 0.940 1.04 1.40 0.688
Y16 % 5.00 1.46 1.32 0.664 0.948 1.02 1.19 0.656
Ya Y16 4.10 1.19 1.09 0.542 0.957 0.993 0.973 0.625
Y16 Y 3.07 0.902 0.842 0.415 0.966 0.970 0.746 0.594
L2Y,x2YoxY, %6 7.70 2.25 1.23 0.724 0.739 0.806 131 0.450
Y Wie 5.90 1.73 0.984 0.566 0.753 0.762 1.02 0.347
Y16 %% 5.00 1.46 0.849 0.482 0.761 0.740 0.869 0.293
Ya Y16 4.10 1.19 0.703 0.394 0.769 0.717 0.711 0.238
Y16 Y 3.07 0.902 0.547 0.303 0.778 0.694 0.545 0.180
L2Yox2x%4 Wie 5.30 1.55 0.912 0.547 0.768 0.831 0.986 0.438
Y6 % 4.50 1.31 0.788 0.466 0.776 0.809 0.843 0.406
Ya Y16 3.62 1.06 0.654 0.381 0.784 0.787 0.691 0.375
Y16 Y 2.75 0.809 0.509 0.293 0.793 0.764 0.532 0.344
L2x2x%g Wie 4.70 1.36 0.479 0.351 0.594 0.636 0.633 0.340
%6 % 3.92 1.15 0.416 0.300 0.601 0.614 0.541 0.288
Ya Y16 3.19 0.938 0.348 0.247 0.609 0.592 0.445 0.234
Y16 Y 244 0.715 0.272 0.190 0.617 0.569 0.343 0.179
Y8 e 1.65 0.484 0.190 0.131 0.626 0.546 0.235 0.121
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STRUCTURAL SHAPES 1-65
ANGLES PR
I
Equal legs and unequal legs ‘
Properties for designing ‘
X— ‘7 - X
L vy
e
Y z
Size Axis Y-Y Axis Z-Z
and
Thickness | S r X Zz Xp r Tan
in. in. 4 in.% in. in. in. 3 in. in. a
L3x2Y,xY, 1.30 0.744 0.722 0.750 1.35 0.417 0.520 0.667
Y 1.04 0.581 0.736 0.706 1.05 0.320 0.522 0.676
%6 0.898 0.494 0.744 0.683 0.889 0.270 0.525 0.680
Yy 0.743 0.404 0.753 0.661 0.724 0.219 0.528 0.684
Y16 0.577 0.310 0.761 0.638 0.553 0.166 0.533 0.688
L3x2xY, 0.672 0.474 0.546 0.583 0.891 0.375 0.428 0.414
% 0.543 0.371 0.559 0.539 0.684 0.289 0.430 0.428
Y6 0.470 0.317 0.567 0.516 0.577 0.244 0.432 0.435
Ya 0.392 0.260 0.574 0.493 0.468 0.198 0.435 0.440
Y16 0.307 0.200 0.583 0.470 0.357 0.150 0.439 0.446
L2Yox2YoxYs 1.23 0.724 0.739 0.806 1.31 0.450 0.487 1.000
Y% 0.984 0.566 0.753 0.762 1.02 0.347 0.487 1.000
Y16 0.849 0.482 0.761 0.740 0.869 0.293 0.489 1.000
Ya 0.703 0.394 0.769 0.717 0.711 0.238 0.491 1.000
Y16 0.547 0.303 0.778 0.694 0.545 0.180 0.495 1.000
L2Y,x2x%g 0.514 0.363 0.577 0.581 0.660 0.309 0.420 0.614
Y16 0.446 0.310 0.584 0.559 0.561 0.262 0.422 0.620
Yy 0.372 0.254 0.592 0.537 0.457 0.213 0.424 0.626
Y16 0.291 0.196 0.600 0.514 0.350 0.162 0.427 0.631
L2x2x% 0.479 0.351 0.594 0.636 0.633 0.340 0.389 1.000
%6 0.416 0.300 0.601 0.614 0.541 0.288 0.390 1.000
Ya 0.348 0.247 0.609 0.592 0.445 0.234 0.391 1.000
Y16 0.272 0.190 0.617 0.569 0.343 0.179 0.394 1.000
s 0.190 0.131 0.626 0.546 0.235 0.121 0.398 1.000
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STRUCTURAL TEES (WT, MT, ST) 1-67

STRUCTURAL TEES (WT, MT, ST)

Structural tees are obtained by splitting the webs of various beams, generally with the
aid of rotary shears, and straightening to meet established permissible variations listed
in Standard Mill Practicén Part 1 of this Manual.

Although structural tees may be obtained by off-center splitting, or by splitting at two
lines, as specified on order, the Dimensions and Properties are based on a depth of tee
equal to one-half the published beam depth. Valu€y afe given for, = 36 ksi and
F, = 50 ksi, for those tees having stems which exceed the limiting width-thickness ratio
A of LRFD Specification Section B5ince the cross section is comprised entirely of
unstiffened element®), = 1.0 andQ = Q; for all tee sections. Thielexural-Torsional
Properties Tablists the dimensional valuesgndH) and cross-section constantsi(id
C.) needed for checking flexural-torsional buckling.

Use of Table

The table may be used as follows for checking the limit states of (1) flexural buckling
about the x-axis and (2) flexural-torsional buckling. The lower of the two limit states
must be used for design. See dbsot 3of this LRFD Manual.

(1) Flexural Buckling About the X-Axis

Where no value of); is shown, the design compressive strength for this limit state is
given byLRFD Specification Section E3Vhere a value o) is shown, the strength
must be reduced in accordance wijtpendix B5 of the LRFD Specification

(2) Flexural-Torsional Buckling

The design compressive strength for this limit state is givebhR#yD Specification
Section E3This involves calculations with 1., andH. Refer to thé=lexural-Torsional
Properties Tabledater in Part 1.
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1-68 DIMENSIONS AND PROPERTIES

b,
. (—’1 . STRUCTURAL TEES
f Y
#, ‘ , Cut from W shapes
¥y — ; ;
» x—x Dimensions
d
|
I
N
Y
Stem Area Flange
Depth of of Dis-
Tee Thickness w |stem Width Thickness |[tance
Area d tw 2 br tr k
Designation | in.? in. in. in. |in. 2 in. in. in.
WT22x167.5 | 49.1(22.010| 22 | 1.020 1 Y, | 225|15.950| 15% | 1.770 | 1% | 2%s
x145 42.9(21.810| 21'%4 | 0.870 s e 19.0 [15.830| 15% | 1.580 | 1%s 2%
x131 38.6(21.655| 21%6 | 0.790 | %6 Y% | 17.1 |15.750| 15% | 1.420 | 1% | 2%

x115 33.8(21.455| 21756 | 0.710 | Y6 Y% 15.2 |15.750| 15% | 1.220 | 1Y% 2

WT20%296.5 87.0(21.495| 21% | 1.790 | 1'%, 1 38.5 |16.690| 16% | 3.230 | 3% 4%
x251.5 74.0(21.025| 21 1.540 | 1%s Yy 32.4 |16.420| 16%¢ | 2.760 | 2% | 3%
x215.5 63.4]/20.630| 20% | 1.340 | 1%s Wie | 27.6 |16.220| 16Y, | 2.360 | 2% 3%s6
x186 54.7|20.315| 20%s | 1.160 | 1% %6 | 23.6 |16.060| 16Y16 | 2.050 | 2% 3Y
x160.5 47.0120.040 20 1.000 1 Y 20.0 |15.910| 15% | 1.770 | 1% | 2%,
x148.5 43.7/19.920| 19'%6 | 0.930 | %6 Y 18.5 [15.825| 15% | 1.650 | 1% 36
x138.5 40.7|19.845| 19% | 0.830 | %6 "6 | 16.5 |15.830| 15% | 1.575 | 1%s 2%,
x124.5 36.7(19.690| 19*%6 | 0.750 Yy Y% 14.8 [15.750| 15% | 1.420 | 17%s 2%
x107.5 31.7|19.490| 19% | 0.650 %% %6 | 12.7 |15.750| 15% | 1.220 | 1Y% 2%
x99.5 29.2|19.335| 19%5 | 0.650 % %e | 12.6 [15.750| 15%, | 1.065 | 1% 2%
x87 25.5(19.100| 19% | 0.650 % %6 | 12.4 |15.750| 15% | 0.830 | ¥ 2

WT20x233 68.4(21.220| 21%6 | 1.67 | 1% | 1346 | 35.4 |12.640| 12% | 2.950 | 2195 | 4%
x196 57.7|20.785| 20%, | 1.42 | 1%6 | W6 | 29.5 |12.360| 12% | 2.520 | 2% | 3%y
x165.5 | 48.820.395| 20% | 1.22 | 1Y | % | 24.9 |12.170| 12%¢ | 2.130 | 2Y% | 3%s
x139 40.9|20.080| 20% | 1.02 1 Y | 205(11.970| 12 |1.810| 13| 3
x132 38.8/20.000 20 |0960| 1 Y% | 19.2|11.930| 12 |1.730| 1%, | 219
x117.5 | 34.5(19.845| 19% | 0.830 | 346 | 746 | 16.5|11.890| 11% | 1.575 | 1%s | 2%
x1055 | 31.0(19.685| 19| 0.750 | ¥ ¥% | 14.8 |11.810| 11%, | 1.415 | 1%6 | 2%
x91.5 26.9(19.490| 19Y% | 0.650 | % %6 | 12.7 |11.810| 11% | 1220 | 1% | 2%
x83.5 24.6(19.295| 19%¢ | 0.650 | % % | 12.5 |11.810| 11%, | 1.025 | 1 Y16
x74.5 21.9(19.100| 19% | 0.630 | % %6 | 12.0 |11.810| 11%, | 0.830 | ¥4 2

WT18x424 125 |21.225| 21Y, | 2520 | 2% 1Y, | 53.5 [18.130| 18Y% | 4.530 | 4% | 5%
x399 117 |20.985| 21 2.380 | 2% 1%6 | 49.9 |{17.990| 18 | 4.290 | 4%s6 | 5%s
x325 95.0(20.235| 20%, | 1.970 2 1 39.9 |17.575| 17% | 3.540 | 3%6 | 4%6
x263.5 77.0/19.605| 19% | 1.610 | 1% %6 | 31.6 |17.220| 17Y% | 2.910 | 2% | 4%
x219.5 64.0(19.130| 19% | 1.360 | 1% Y6 | 26.0 [16.965| 17 2440 | 2% | 3%s
x196.5 57.5/18.900| 18% | 1.220 | 1Y% % 23.1 |16.830| 167 | 2.200 | 2% | 3%s
x179.5 52.7|18.700| 18%6 | 1.120 | 1% %6 | 20.9 [16.730| 16% | 2.010 2 3V
x164 48.2|18.545| 18%¢ | 1.020 1 Y 18.9 |16.630| 16% | 1.850 | 17 3
x150 44.1118.370| 18% | 0.945 | ¥ Y 17.4 |16.655| 16% | 1.680 | 1% | 21346
x140 41.2|18.260| 18Y, | 0.885 s e | 16.2 |16.595| 16% | 1.570 | 1% | 2'¥s
x130 38.2(18.130| 18Y% | 0.840 | %46 e | 15.2 [16.550| 16% | 1.440 | 1%6 | 2%s
x122.5 36.0(18.040| 18 0.800 | %6 e | 14.4 [16.510| 16% | 1.350 | 1% 2%
x115 33.8|17.950| 18 0.760 Ya Y% 13.6 |16.470| 16% | 1.260 | 1Y% 2%
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STRUCTURAL TEES (WT, MT, ST) 1-69
STRUCTURAL TEES . b
f
Cut from W shapes H
Properties P x
d
tw
Y
Nom- Axis X-X Axis Y-Y Qs*
inal
Wt.
per
ft h | S r y 4 Yp | S r 4 Fy, ksi
b tw in.% | in.® in in in. 3 in. in.% | in.2 in in. 3 36 50
167.5| 19.1 | 2160 | 131 6.63 | 551 233 | 1.54 600 75.3| 3.50 | 118 0.982| 0.817
145 22.3 | 1840 | 111 6.55 | 5.27 197 | 1.35 524 66.1| 3.49 | 103 0.833| 0.636
131 24.6 | 1650 | 100 6.53 | 5.20 177 | 1.23 463 58.8 | 3.46 91.4| 0.732| 0.532
115 27.4 | 1440 | 88.6 | 6.53 | 5.17 157 | 1.07 398 50.5| 3.43 78.4| 0.608 | 0.438
296.5 9.5 | 3300 | 209 6.16 | 5.67 379 | 2.61 1260 | 151 3.81 | 240 — —
2515 | 11.1 | 2730 | 175 6.07 | 5.39 315 | 2.25 1020 | 125 3.72 | 197 — —
2155 | 12.8 | 2290 | 148 6.01 | 5.18 266 | 1.95 843 | 104 3.65 | 164 — —
186 14.7 | 1930 | 126 595 | 4.97 225 | 1.70 710 88.5| 3.60 | 139 — —
160.5 | 17.1 | 1630 | 107 5.89 | 4.79 191 | 1.48 596 749 | 3.56 | 117 — | 0.895
148.5 | 18.4 | 1500 98.9 | 587 | 4.71 176 | 1.38 546 69.1| 3.54 | 108 0.989 | 0.825
138.5 | 20.6 | 1360 88.6 | 5.78 | 451 157 | 1.28 522 65.9| 3.58 | 102 0.882 | 0.699
1245 | 22.8 | 1210 79.3| 575 | 441 140 | 1.16 463 58.8 | 3.56 91.0| 0.782| 0.580
107.5 | 26.3 | 1030 68.0 | 5.72 | 4.28 120 | 1.00 398 50.5| 3.55 77.9| 0.618 | 0.445
99.5| 26.3 987 66.4| 581 | 4.48 117 | 0.927 347 44.1| 3.45 68.3| 0.628 | 0.452
87 26.3 907 63.8| 5.96 | 4.87 114 | 0.811 271 34.4| 3.26 53.8| 0.643 | 0.463
233 10.2 | 2770 | 185 6.36 | 6.22 333 | 271 504 79.8| 2.72 | 131 — —
196 12.0 | 2270 | 153 6.28 | 5.95 276 | 2.33 401 65.0| 2.64 | 106 — —
165.5 | 14.0 | 1880 | 128 6.21 | 574 | 231 | 2.01 323 53.1| 257 86.2 — —
139 16.8 | 1540 | 106 6.14 | 5.50 190 | 1.71 261 43.6 | 2.52 70.0 — 0.913
132 17.8 | 1450 99.3| 6.11 | 5.40 178 | 1.63 246 41.3| 2.52 66.2 — 0.855
117.5| 20.6 | 1260 | 85.6| 6.04 | 5.17 153 | 1.45 222 37.3| 254 59.2 | 0.882| 0.699
105.5 | 22.8 | 1120 76.7 | 6.01 | 5.08 137 | 1.31 195 33.0| 251 52.3| 0.782| 0.581
915 | 26.3 957 65.8 | 5.97 | 4.94 117 | 1.14 168 28.5| 2.50 448 | 0.618| 0.445
83.5| 26.3 898 | 63.7| 6.05 | 5.20 115 | 1.04 141 | 23.9| 240 38.0 | 0.630| 0.454
745 271 815 59.7| 6.10 | 545 119 | 1.82 115 19.4| 2.29 31.1| 0.604 | 0.435
424 6.3 | 4250 | 277 584 | 5.86 515 | 3.43 2270 | 251 4.27 | 399 — —
399 6.6 | 3920 | 257 579 | 572 | 478 | 3.25 | 2100 | 234 4.24 | 371 — —
325 8.0 | 3020 | 202 5.64 | 5.29 373 | 2.70 1610 | 184 4.12 | 290 — —
263.5 9.8 | 2330 | 159 550 | 4.89 290 | 2.24 1240 | 145 4.02 | 227 — —
219.5| 11.6 | 1880 | 130 5.42 | 4.63 235 | 1.89 997 | 117 3.95 | 184 — —
196.5 | 12.9 | 1660 | 115 5.37 | 4.46 207 | 1.71 877 | 104 3.90 | 162 — —
179.5| 14.1 | 1500 | 104 5.33 | 4.33 187 | 1.58 786 94.0| 3.86 | 146 — —
164 15.4 | 1350 941 | 529 | 421 168 | 1.45 711 85.5| 3.84 | 132 — —
150 16.7 | 1230 86.1| 5.27 | 4.13 153 | 1.33 648 77.8| 3.83 | 120 — 0.927
140 17.8 | 1140 | 80.0 | 5.25 | 4.07 142 | 1.24 599 72.2| 3.81 | 112 — | 0.867
130 18.7 | 1060 75.1| 5.26 | 4.05 133 | 1.16 545 65.9| 3.78 | 102 0.981| 0.816
1225 | 19.7 995 | 71.0| 5.26 | 4.03 125 | 1.09 507 | 61.4| 3.75 94.9 | 0.943| 0.770
115 20.7 934 | 67.0| 525 | 4.01 118 | 1.03 470 | 57.1| 3.73 88.1| 0.896 | 0.715
*Where no value of Qs is shown, the Tee complies with LRFD Specification Section E2.
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1-70 DIMENSIONS AND PROPERTIES

b,
. (—’1 . STRUCTURAL TEES
f Y
#, ‘ , Cut from W shapes
¥y — ; ;
» x—x Dimensions
d
|

I

N

Y

Stem Area Flange

Depth of of Dis-
Tee Thickness w |stem Width Thickness | tance
Area d tw 2 br tr k
Designation | in.? in. in. in. |in.? in. in. in.
WT18x128 37.7 | 18.715 | 18'¥6 | 0.960 1 Y, |18.0 |12.215| 12% | 1.730 | 1%, | 2%
x116 34.1 | 18.560 | 18%¢ | 0.870 7 76 |16.1 |12.120| 12Y% | 1.570 | 1%s 2%
x105 30.9 | 18.345| 18% | 0.830 | %5 | 7 |15.2 [12.180| 12% | 1.360 | 1% | 2%s
x97 28.5|18.245| 18Y, | 0.765 | ¥ Y% |14.0 [12.115| 12% | 1.260 | 1% | 2%
x91 26.8 | 18.165| 18% | 0.725 Yy Y% |13.2 |12.075| 12% | 1.180 | 1% 2%
x85 25.0 | 18.085| 18% | 0.680 Wis % |12.3 |12.030| 12 | 1.100 | 1% 2
x80 23.5|18.005| 18 0.650 % %e [11.7 [12.000| 12 | 1.020 1 16
x75 221 (17.925| 177% | 0.625 | % %e |11.2 |11.975| 12 | 0.940 | 6 | 1%

x67.5 19.9 | 17.775| 17% | 0.600 % %6 |10.7 |11.950| 12 | 0.790 | %6 | 1Y

WT16.5x177 | 52.1 |17.775| 17% | 1.160 | 1%s | % |20.6 |16.100| 16% | 2.090 | 2% | 2%
x159 | 46.7 |17.580 | 17%s | 1.040 | 1% | %6 [18.3 |15.985| 16 | 1.890 | 1% | 2
x145.5 | 42.8 | 17.420 | 177 | 0.960 | 1 Y, |16.7 |15.905| 15% | 1.730 | 1% | 2%s
x131.5 | 38.7 | 17.265| 17% | 0870 | % | 76 |15.0 |15.805| 15% | 1.570 | 1%6 | 2%
x120.5 | 35.4 | 17.090 | 17% | 0.830 | ¥ | 746 |14.2 |15.860| 157% | 1.400 | 1% | 2%s
x110.5 | 325 | 16.965| 17 | 0.775 | ¥ ¥ [13.1 |15.805| 15%, | 1.275 | 1% | 2V
x100.5 | 29.5 | 16.840| 167 | 0.715 | W | ¥% [12.0 |15.745| 15%, | 1.150 | 1% | 1'%

WT16.5%84.5 | 24.8 | 16.910 |16'%6| 0.670 | Wi | ¥% [11.3 |11.500| 11% | 1.220 | 1Y%, | 2Y%e
x76 22.4 |16.745| 16%, | 0635 | % | %6 |10.6 |11.565| 11% | 1.055 | 1%6 | 1%
x70.5 | 20.8 |16.650 | 16% | 0.605 | % | %6 [10.1 |11.535| 11% | 0.960 | %45 | 13
x65 19.2 | 16.545| 16%, | 0580 | %6 | %6 | 9.60|11.510| 11% | 0.855 | % | 16
x59 17.3 | 16.430| 16% | 0550 | %6 | %6 | 9.04|11.480| 11% | 0.740 | ¥ | 1%s

WT15%238.5 70.0 | 17.105| 17% | 1.630 1% %6 |27.9 | 15.865| 157 | 2.950 3 3%
x195.5 57.0 | 16.595| 16% | 1.360 1% W6 [22.6 |15.590 | 15% | 2.440 | 2% | 3%
x163 47.9 | 16.200 | 16%6 | 1.140 1Y% %6 [18.5 |15.370| 15% | 2.050 | 2%6 | 2346
x146 42.9 |116.005| 16 1.020 1 Y 116.3 |15.255| 15% | 1.850 | 1% 2%
x130.5 38.4 | 15.805 | 15'%5| 0.930 | ¥ Y, |14.7 |15.155| 15% | 1.650 | 1% | 2%s
x117.5 34.5 | 15.650| 15% | 0.830 | ¥6 6 |13.0 |[15.055| 15 | 1.500 | 1% 2%
x105.5 31.0 [ 15.470| 15% | 0.775 Yy Y% |12.0 [15.105| 15% | 1.315 | 1% | 2%
x95.5 28.1 [ 15.340| 15% | 0.710 | ¥ % [10.9 |15.040| 15 | 1.185 | 1% | 1'%
x86.5 25.4 | 15.220 | 15Y, | 0.655 % %6 | 9.97|14.985| 15 | 1.065 | 1% | 1%

WT15x74 21.7 | 15.335| 15%¢ | 0.650 % %6 |10.0 |10.480| 10% | 1.180 | 1% 2
%66 19.4 | 15.155| 15% | 0.615 % %6 | 9.32|10.545| 10% | 1.000 1 1%,
x62 18.2 | 15.085| 15Y% | 0.585 Y16 %6 | 8.82|10.515| 10% | 0.930 | ¥ | 16
x58 17.1 1 15.005| 15 0.565 Y16 %6 | 8.48|10.495| 10% | 0.850 | 1%
x54 15.9 | 14.915| 14% | 0.545 Y6 %6 | 8.13|10.475| 10% | 0.760 | ¥ 1%
x49.5 14.5 | 14.825| 14% | 0.520 Y Ya 7.71(10.450 | 10% | 0.670 | Y16 | 1%s
x45 13.2 [ 14.765 | 14%, | 0.470 Y Ya 6.94|10.400 | 10% | 0.610 | %s 1%

AMERICAN INSTITUTE OF STEEL CONSTRUCTION



STRUCTURAL TEES (WT, MT, ST) 1-71
STRUCTURAL TEES br
Cut from W shapes Y
Properties Bl X
d
tw
Y
Nom- Axis X-X Axis Y-Y Qs*
inal
Wt.
per
ft h | S r y 4 Yp | S r 4 Fy, ksi
b tw in.% | in.® in in. in. 3 in in.% | in.2 in. in. 3 36 50
128 16.9 | 1200 87.4 | 5.66 | 4.92 | 156 1.54 | 264 43.2| 2.65 68.6 — 0.927
116 18.7 | 1080 785 | 5.63 | 4.82 | 140 1.40 | 234 38.6| 2.62 61.0| 0.994 | 0.831
105 19.6 985 73.1| 5.65 | 4.87 | 131 1.27 | 206 33.8| 2.58 53.5| 0.960 | 0.791
97 21.2 901 67.0| 562 | 4.80 | 120 1.18 187 30.9| 2.56 48.9 | 0.887| 0.705
91 224 845 63.1| 5.62 | 4.77 | 113 1.11 174 28.8| 2.55 45.4| 0.831| 0.635
85 23.9 786 58.9| 5.61 | 4.73 | 105 1.04 | 160 26.6 | 2.53 419 | 0.767 | 0.565
80 25.0 740 55.8| 5.61 | 4.74 | 100 0.980 | 147 246 | 250 38.6| 0.720 | 0.521
75 26.0 698 53.1| 5.62 | 4.78 95.5] 0.923 | 135 225 247 35.5| 0.677 | 0.486
675 | 27.1 637 49.7 | 5.66 | 4.96 943 | 1.24 | 113 18.9| 2.38 29.8| 0.634 | 0.457
177 12.9 | 1320 96.8 | 5.03 | 4.16 | 174 1.62 | 729 90.6 | 3.74 | 141 — —
159 14.4 | 1160 85.8| 499 | 4.02 | 154 1.46 | 645 80.7 | 3.71 | 125 — —
1455 | 15.6 | 1050 78.3| 4.97 | 3.94 | 140 1.34 | 581 73.1| 3.69 | 113 — 0.993
1315 17.2 943 70.2 | 494 | 3.84 | 125 1.22 | 517 65.5| 3.66 | 101 — 0.907
1205 | 18.1 871 65.8| 496 | 3.85 | 116 1.12 | 466 58.8 | 3.63 90.9 — 0.867
1105 | 19.3 799 60.8 | 4.96 | 3.81 | 107 1.03 | 420 53.2| 3.59 82.1| 0.968 | 0.801
1005 | 21.0 725 555| 495 | 3.78 97.7 | 0.938 | 375 476 | 3.56 73.4) 0.896 | 0.715
845 | 224 649 51.1| 5.12 | 4.21 90.8 | 1.08 155 27.0| 250 42.2 | 0.827 | 0.630
76 23.6 592 474 | 514 | 4.26 84.5| 0.967 | 136 23.6 | 247 37.0| 0.775| 0.574
70.5| 24.8 552 447 5.15 | 4.29 79.8 | 0.901 | 123 21.3| 243 33.5( 0.728 | 0.529
65 25.8 513 42.1| 5.18 | 4.36 75.6 | 0.832| 109 189 2.39 29.7 | 0.685| 0.492
59 27.3 469 39.2 | 520 | 4.47 748 0.862 | 93.6| 16.3| 2.32 25.7 | 0.621| 0.447
238.5 8.3 | 1550 | 121 470 | 4.30 | 224 2.21 | 987 124 3.75 | 195 — —
195.5 9.9 | 1210 96.6 | 4.61 | 4.04 | 177 1.83 | 774 99.2| 3.68 | 155 — —
163 11.8 981 789 | 453 | 3.76 | 143 1.56 | 622 81.0| 3.61 | 126 — —
146 13.2 861 69.6 | 448 | 3.63 | 125 1.40 | 549 719 358 | 111 — —
1305 | 145 764 62.3| 4.46 | 354 | 112 1.27 | 480 63.3| 3.54 97.9 — —
1175 | 16.2 674 55.1 | 4.42 | 3.42 98.2 | 1.15 | 427 56.8| 3.52 87.5 — 0.952
1055 | 174 610 50.5 | 4.43 | 3.40 89.5| 1.03 | 378 50.1| 3.49 77.2 — 0.897
95.5| 19.0 549 457 | 442 | 3.35 80.8 | 0.933 | 336 44.7 | 3.46 68.9 | 0.981| 0.816
86.5 | 20.6 497 41.7 | 442 | 3.31 73.4] 0.848 | 299 39.9| 3.43 61.4| 0.913| 0.735
74 20.8 466 40.6 | 4.63 | 3.84 72.2]1.04 | 113 21.7| 2.28 34.0( 0.896 | 0.715
66 22.0 421 374 | 466 | 3.90 66.8| 0921 | 98.0| 18.6| 2.25 29.2 | 0.853| 0.664
62 231 396 35.3| 4.66 | 3.90 63.1] 0.867 | 90.4| 17.2| 2.23 27.0| 0.801 | 0.601
58 23.9 373 33.7| 467 | 3.94 60.4 | 0.815| 82.1| 15.7| 2.19 24.6 | 0.767 | 0.565
54 24.8 349 32.0| 469 | 4.01 57.710.757| 73.0| 13.9| 215 22.0| 0.733 | 0.533
49.5| 26.0 322 30.0 | 4.71 | 4.09 57410912 | 639| 12.2| 2.10 19.3| 0.685 | 0.492
45 28.7 291 27.1| 4.69 | 4.03 49.4 | 0.445| 57.3| 11.0| 2.08 17.3 | 0.563 | 0.405
*Where no value of Qs is shown, the Tee complies with LRFD Specification Section E2.
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1-72 DIMENSIONS AND PROPERTIES

. %1 . STRUCTURAL TEES
f Y
HE, ‘ , Cut from W shapes
(20 S IV [ Sy Dimensions
d
|
|
Y
Stem Area Flange
Depth of of Dis-
Tee Thickness Iw |stem Width Thickness |tance
Area d tw 2 br tr k
Designation | in.? in. in. in. |in.? in. in. in.
WT13.5x269.5 | 79.0 | 16.260| 16Y%, | 1.970 2 1 |32.0 |15.255| 15Y, | 3.540 | 3%6 | 4%

x224 |65.5 |15.710|15%6| 1.650 1% %6 [25.9 |14.940| 15 | 2.990 3 36
x184 |54.0 |15.195| 15% | 1.380 1% W6 [21.0 |14.665| 14% | 2.480 | 2% | 3%s
x153.5 |45.1 |14.805|14'%6| 1.160 | 1%s % |17.2 [14.445| 14%, | 2.090 | 2% | 2'%6
x129 37.9 | 14.490| 14%, | 0.980 1 Yo |14.2 |14.270| 14Y, | 1.770 | 1%, 2%,

x117.5 | 34.6 |14.330| 14%6 | 0.910 | %5 Y, |13.0 |14.190| 14%, | 1.610 | 1% | 2%s
x108.5 |31.9 |14.215| 14% | 0.830 | ¥ 6 [11.8 | 14.115| 14% | 1.500 | 1% | 2%s
x97 28.5 | 14.055 | 14Y55 | 0.750 Yy % (105 [14.035| 14 | 1.340 | 1%6 | 2%s
x89 26.1 |13.905| 13% | 0.725 Vs Y% |10.1 [14.085| 14% | 1.190 | 1%6 | 1%

x80.5 |23.7 [13.795| 13% | 0.660 | Y6 Y% 9.10(14.020| 14 | 1.080 | 1% | 1'%
x73 21.5 |13.690| 13% | 0.605 % %6 | 8.28|13.965| 14 | 0.975 1 16

WT13.5x64.5 |18.9 |13.815|131%4| 0.610 | % | %se | 8.43|10.010| 10 | 1.100 | 1Y% | 1%
x57 16.8 |13.645| 13% | 0570 | %e | %6 | 7.78|10.070| 10% | 0.930 | %46 | 1%
x51 15.0 |13.545| 13% | 0515 | Y Y, | 6.98/10.015| 10 | 0.830 | ¥ | 1%s
x47 13.8 |13.460| 13% | 0.490 | Y Y, | 6.60| 9.990| 10 | 0745 | ¥ | 1%s
x42 12.4 |13.355| 13% | 0460 | % | Y% | 6.14| 9.960| 10 | 0.640 | % | 1%

WT12x246 72.0 |14.825|14'%%¢| 1.970 2 1 [29.2 |14.115| 14Y% | 3.540 | 3%6 | 4%s
x204 59.5 | 14.270| 14Y, | 1.650 1% 136 |23.5 |13.800 | 13¥%, | 2.990 3 3,
x167.5 |49.2 |13.760| 13%, | 1.380 1% Y16 |19.0 |13.520| 13% | 2.480 | 2% 3
x139.5 |41.0 [13.365| 13% | 1.160 | 1%s % |15.5 [13.305| 13% | 2.090 | 2% | 27
x125 36.8 |13.170| 13% | 1.040 | 1Y% %6 |13.7 |13.185| 13% | 1.890 | 1% | 246
x114.5 |33.6 |13.010| 13 0.960 1 Y 125 |13.110| 13% | 1.730 | 1% 2%
x103.5 |30.4 |12.855| 12% | 0.870 7 76 |11.2 |13.010| 13 | 1.570 | %6 | 2%

*x96 28.2 |12.735| 12%, | 0.810 | %6 76 |10.3 |12.950| 13 | 1.460 | 1% | 2%
%88 25.8 |12.620 | 12% | 0.750 Yy % 9.47|12.890 | 127 | 1.340 | %6 | 2%
x81 23.9 [12.500| 12% | 0.705 | ¥ % 8.81(12.955| 13 | 1.220 | 1Y% 2

x73 21.5 |12.370| 12% | 0.650 % %6 | 8.04(12.900| 12% | 1.090 | 1% | 1%

x65.5 19.3 |12.240| 12% | 0.605 % %6 | 7.41|12.855| 12% | 0.960 | %6 1%,
x58.5 17.2 |12.130| 12% | 0.550 Y16 %6 | 6.67|12.800| 12%, | 0.850 | 1%

x52 15.3 [12.030| 12 | 0500 | Y% Y, | 6.02/12.750| 12%, | 0.750 | ¥, 1Y,
WT12x51.5 15.1 |12.265| 12% | 0.550 | %s %6 | 6.75| 9.000f 9 | 0980 | 1 1%,
x47 13.8 |12.155| 12% | 0515 | Y% Y, | 6.26| 9.065| 9% | 0.875 | 7% 1%
x42 12.4 [12.050| 12 | 0470 | Y% Y, | 566| 9.020| 9 [0770 | ¥ | 1%s
x38 11.2 [11.960| 12 | 0.440 | s Y, | 5.26| 8990| 9 | 0680 | W | 1%s
x34 10.0 |11.865| 11% | 0.415 | 74 Yy | 492| 8965 9 | 0585 | %6 | 1%
WT12x31 9.11(11.870| 11% | 0.430 | 76 Y, | 5.10| 7.040| 7 | 0590 | %e | 1%
x27.5 8.10(|11.785| 113, | 0.395 | ¥ Y6 | 4.66| 7.005| 7 | 0505 | Y | 1%
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STRUCTURAL TEES (WT, MT, ST) 1-73
STRUCTURAL TEES . b
f
Cut from W shapes H
Properties P x
d
tw
Y
Nom- Axis X-X Axis Y-Y Qs*
inal
Wit.
per
ft h I S r y Z | yp I S r z Fy, ksi
Ib e Tin 4 Tins | in in. [in.3] in in“ | in3 | in. | in%]| 36 | 50
269.5 6.2 | 1520 | 128 439 | 4.36 | 241 2,59 |1060 | 138 3.66 | 218 — —
224 7.4 | 1190 | 102 427 | 402 | 191 2.19 836 | 112 3.57 | 176 — =
184 8.8 938 81.7| 4.17 | 3.71 | 151 1.84 655 89.3 3.48 | 140 — —
153.5 | 10.5 753 66.4| 4.09 | 347 | 121 1.56 527 72.9 342 | 113 — —
129 12.4 613 | 54.6 | 4.02 | 3.28 98.8 | 1.33 430 60.2 | 3.37 | 933 — —
1175 13.3 556 50.0| 4.01 | 3.21 89.8( 1.22 384 54.2 3.33 83.8 — —
108.5 | 14.6 502 452 3.97 | 3.11 81.1(1.13 352 49.9 3.32 77.0 — —
97 16.2 444 | 40.3| 3.95 | 3.03 71.8 | 1.02 309 441 | 3.29 | 67.9 — | 0.963
89 16.7 414 38.2| 3.98 | 3.05 67.6 | 0.928 | 278 39.4 3.26 60.8 — 0.937
80.5| 18.4 372 | 34.4| 3.96 | 2.99 60.8 | 0.845| 248 354 | 3.24 | 545 — | 0.851
73 20.0 336 31.2| 395 | 2.95 55.0 | 0.768 | 222 31.7 3.21 48.8 | 0.938| 0.765
64.5| 19.9 323 | 31.0| 4.13 | 3.39 55.1| 0.945 92.2| 184 | 2.21 | 28.8 | 0.938]| 0.765
57 21.3 289 28.3| 4.15 | 3.42 50.4 | 0.833 79.4| 158 2.18 24.7 | 0.883| 0.700
51 235 258 25.3| 414 | 3.37 45.0 | 0.750 69.6 139 2.15 21.7 | 0.780| 0.578
47 24.7 239 23.8| 4.16 | 341 42.4| 0.692 62.0| 124 2.12 19.4 | 0.728 | 0.529
42 26.3 216 219 | 418 | 3.48 39.2 | 0.621 52.8| 10.6 2.07 16.6 | 0.664 | 0.476
246 5.5 | 1130 | 105 3.96 | 4.07 | 200 2.55 837 | 119 3.41 | 187 — —
204 6.5 874 | 83.1| 3.83 | 3.74 | 157 2.16 659 955 | 3.33 | 150 — —
167.5 7.8 685 66.3 | 3.73 | 3.42 | 123 1.82 513 75.9 3.23 | 119 — —
139.5 9.3 546 | 53.6 | 3.65 | 3.18 98.8 | 1.54 412 619 | 3.17 | 96.4 — —
125 10.4 478 | 47.2| 3.61 | 3.05 86.5| 1.39 362 549 | 3.14 | 853 — —
1145 | 11.2 431 429 | 358 | 2.97 78.1( 1.28 326 49.7 3.11 77.0 — —
1035 | 124 382 38.3| 355 | 2.87 69.3 | 1.17 289 44.4 3.08 68.6 — =
96 13.3 350 | 35.2| 3.53 | 2.80 63.5| 1.09 265 409 | 3.07 | 631 — —
88 14.4 319 322| 351 | 274 57.8 | 1.00 240 37.2 3.04 57.3 — =
81 15.3 293 | 29.9| 350 | 2.70 53.3| 0.921| 221 342 | 3.05 | 52.6 — —
73 16.6 264 27.2| 3.50 | 2.66 48.2| 0.833| 195 30.3 3.01 46.6 — 0.947
655 | 17.8 238 | 24.8| 352 | 2.65 43.9| 0.750| 170 265 | 297 | 40.7 — | 0.887
58.5| 19.6 212 | 223| 351 | 2.62 39.2| 0.672| 149 232 | 294 | 35.7 | 0.960| 0.791
52 21.6 189 | 20.0| 3.51 | 2.59 35.1| 0.600 | 130 20.3 | 291 | 31.2 | 0.874| 0.690
51.5| 19.6 204 22.0| 3.67 | 3.01 39.2 | 0.841 59.7| 13.3 1.99 20.7 | 0951 0.781
47 20.9 186 | 20.3 | 3.67 | 2.99 36.1| 0.764 545| 12.0 | 1.98 | 18.8 | 0.896| 0.715
42 229 166 | 18.3 | 3.67 | 2.97 32.5| 0.685 47.2| 105 | 1.95 | 16.3 | 0.810| 0.610
38 245 151 16.9 | 3.68 | 3.00 30.1 | 0.622 41.3 9.18| 1.92 14.3 | 0.741| 0.541
34 26.0 137 156 | 3.70 | 3.06 27.9 | 0.560 35.2 7.85| 1.87 | 12.3 | 0.681| 0.489
31 25.1 131 156 | 3.79 | 3.46 284 1.28 17.2 4.90| 1.38 7.87| 0.724 | 0.525
275 | 273 117 14.1| 3.80 | 3.50 25.6 | 1.53 14.5 4.15| 1.34 6.67| 0.626 | 0.450
*Where no value of Qs is shown, the Tee complies with LRFD Specification Sect. E2.
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1-74 DIMENSIONS AND PROPERTIES

by
., m . STRUCTURAL TEES
#, ‘ , Cut from W shapes
i S SRV || Sy Dimensions
| ’
i
Y
Stem Area Flange
Depth of of Dis-
Tee Thickness v |stem Width Thickness |tance
Area d tw 2 b tr k
Designation | in.? in. in. in. |in.?2 in. in. in.

WT10.5x100.5 [29.6 |11.515| 11% | 0.910 | ¥ Y 1105 |12.575| 12% | 1.630 | 1% 2%
x91 26.8 |11.360| 11% | 0.830 | ¥, 76 | 9.43|12.500| 12% | 1.480 | 1% 2Y,
x83 24.4 |11.240| 11% | 0.750 Yy Y% 8.43(12.420 | 12% | 1.360 | 1% 2Y%
x73.5 |[21.6 |11.030| 11 0.720 Yy s 7.94|12.510 | 12% | 1.150 | 1% 1%
%66 19.4 |10.915| 10% | 0.650 % %6 | 7.09(12.440| 12%, | 1.035 | %6 | 1'%
x61 17.9 |10.840| 107 | 0.600 % %6 | 6.50|12.390 | 12% | 0.960 | %6 | 1'%
x55.5 |16.3 |10.755| 10% | 0.550 Y16 Y6 | 5.92|12.340| 12% | 0.875 | "% 1%
x50.5 |[14.9 |10.680| 10% | 0.500 Y2 Ya 5.34(12.290 | 12%, | 0.800 | ¥ | 1%s

WT10.5x46.5 |[13.7 |10.810| 10% | 0.580 Y16 %6 | 6.27| 8.420| 8% | 0.930 | ¥ | 1%6
x41.5 [12.2 |10.715| 10% | 0.515 Y Ya 5.52| 8.355| 8% | 0.835 | ¥4 | 1%s
x36.5 [10.7 |10.620| 10% | 0.455 e Ya 4.83| 8.295| 8% | 0.740 | ¥ 1%
x34 10.0 |10.565| 10% | 0.430 e Ya 454| 8270| 8% | 0.685 | Wis | 1%s

x31 9.13|10.495| 10% | 0.400 Y %e | 4.20| 8.240| 8% | 0.615 | % 1%
WT10.5%x28.5 8.37(10.530 | 10% | 0.405 Y% %6 | 4.26| 6.555| 6% | 0.650 | % 1%
x25 7.36(10.415| 10% | 0.380 Y %6 | 3.96| 6.530| 6% | 0.535 | % 1%
x22 6.49|10.330 | 10% | 0.350 Y% %6 | 3.62| 6.500| 6% | 0.450 | % 1%6

WT9x155.5 45.8 |11.160| 11%5 | 1.520 1Y% Y [17.0 |12.005| 12 | 2.740 | 2%, | 3%
x141.5 41.6 |10.925|10'%6| 1.400 1% Y16 |15.3 |11.890| 117% | 2.500 | 2% 3%6

x129 38.0 [10.730| 10%, | 1.280 | 1Y% % [13.7 [11.770| 113, | 2.300 | 2%s 3
x117 34.4 |10.530| 10% | 1.160 | 1% | % [12.2 |11.650| 11% | 2.110 | 2% | 2%
x105.5 31.1 |10.335| 10%6 | 1.060 | 1Y% | %6 |11.0 |11.555| 11% | 1.910 | 12%6 | 2%s
x96 28.2 |10.175 | 10%6 | 0.960 1 Y, | 9.77|11.455| 11% | 1.750 | 1%, | 2%s
x87.5 25.7 |10.020| 10 | 0.890 | 6 | 8.92|11.375| 11% | 1.590 | 1% | 2%
x79 232 | 9.860| 9% | 0.810 | 346 | 746 | 7.99|11.300| 11Y, | 1.440 | 1%6 | 2%
x71.5 21.0 | 9.745| 9% | 0730 | ¥ % | 7.11[11.220| 11Y, | 1.320 | 1%, 2
x65 19.1 | 9.625| 9% | 0670 | Wis | % | 6.45[11.160| 11% | 1.200 | 1316 | 1%
WT9x59.5 175 | 9.485| 9% | 0655 | % %6 | 6.21]11.265| 11Y, | 1.060 | 1%6 | 13
x53 15.6 | 9.365| 9% | 0590 | %6 | %se | 5.53[11.200| 11%, | 0.940 | %46 | 1%
x48.5 143 | 9.295| 9% | 0535 | % | %6 | 4.97|11.145| 11% | 0.870 | "% | 1%s
x43 12.7 | 9.195| 9% | 0.480 Y Y4 | 4.41(11.090| 11% | 0.770 | ¥ 1%
x38 11.2 | 9.105| 9% | 0.425 | "6 Y, | 3.87(11.035| 11 | 0.680 | W | 1%
WT9x35.5 104 | 9.235| 9% | 0495 | Y% Y4 | 457| 7.635| 7% | 0.810 | ¥ | 1%
x32.5 9.55| 9.175| 9% | 0.450 | e Yy | 413| 7.590| 7% | 0.750 | ¥4 | 1%s
x30 8.82| 9.120| 9% | 0.415 | TAg Yo | 3.78| 7.555| 7Y% | 0.695 | Wi | 1%
x27.5 8.10| 9.055| 9 | 0390 | % %6 | 353| 7.530| 7% | 0.630 | % | 1%
x25 7.33| 8995 9 | 0355 | 3 %6 | 3.19| 7.495| 7% | 0570 | %6 | 1Y
WT9x23 6.77| 9.030| 9 | 0360 | ¥ Y6 | 3.25| 6.060| 6 | 0.605 | % 1Y,
x20 5.88| 8950 9 | 0315| % | %e | 2.82| 6.015| 6 | 0525 | Y% | 1%s
x17.5 5.15| 8.850| 8% | 0.300 | %e | %s | 2.66| 6.000| 6 | 0425 | e | 1%
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STRUCTURAL TEES (WT, MT, ST) 1-75
STRUCTURAL TEES br }
f Y
Cut from W shapes
Properties Py X
d
tw
Y
Nom- Axis X-X Axis Y-Y Qs*
inal
Wt.
per
ft h I S r y z Yp I S r z Fy, ksi
Ib e in 4 Tin2 | in. in. [in3] in. | in?*|in3|in |in3]| 36 50
100.5 | 10.3 | 285 319 3.10 | 257 | 58.6 | 1.18 | 271 43.1 3.02 66.6 — —
91 11.2 | 253 28.5 3.07 | 248 | 52.1 | 1.07 | 241 38.6 3.00 59.6 — —
83 12.4 | 226 255 3.04 | 2.39 | 46.3 | 0.984 | 217 35.0 2.98 | 53.9 — —
73.5| 13.0 | 204 23.7 3.08 | 2.39 | 42.4 | 0.864 | 188 30.0 295 | 46.3 — —
66 14.4 | 181 211 3.06 | 2.33 | 37.6 | 0.780 | 166 26.7 293 | 411 — —
61 15.6 | 166 19.3 3.04 | 228 | 34.3 | 0.724 | 152 24.6 2.92 37.8 — 0.993
555 17.1 | 150 17.5 3.03 | 2.23 | 31.0 | 0.662 | 137 22.2 2.90 34.1 — 0.917
50.5| 18.8 | 135 15.8 3.01 | 2.18 | 27.9 | 0.605 | 124 20.2 2.89 | 30.9 | 0.990| 0.826
46.5| 16.2 | 144 17.9 325 | 274 | 31.8 | 0.812| 46.4 | 11.0 1.84 17.4 — 0.968
415 | 182 | 127 15.7 3.22 | 266 | 28.0 | 0.728| 40.7 9.75| 1.83 15.3 — 0.856
36.5| 20.6 | 110 13.8 3.21 | 260 | 244 | 0.647| 353 851 | 181 | 13.3 | 0.908| 0.730
34 21.8 | 103 12.9 3.20 | 259 | 229 | 0.606 | 32.4 7.83| 180 | 12.2 | 0.853| 0.664
31 235 93.8 | 11.9 3.21 | 258 | 21.1 | 0.554| 28.7 6.97| 177 | 10.9 | 0.784| 0.583
28.5| 23.2 90.4 | 11.8 329 | 285 | 21.2 | 0.638| 15.3 4.67| 1.35 7.42| 0.793 | 0.592
25 24.7 80.3 | 10.7 3.30 | 293 | 20.8 | 0.771| 125 3.82| 1.30 6.09( 0.733| 0.533
22 26.8 71.1| 9.68| 3.31 | 298 | 17.6 | 1.06 10.3 3.18| 1.26 5.09| 0.638| 0.460
155.5 5.3 | 383 46.5 2.89 | 293 | 90.6 | 1.91 |398 66.2 2.95 | 104 — —
141.5 5.7 | 337 41.5 2.85 | 2.80 | 80.1 | 1.75 |352 59.2 291 | 925 — —
129 6.3 | 298 37.0 280 | 268 | 71.0 | 1.61 |314 53.4 2.88 83.2 — —
117 6.9 | 260 32.6 275 | 255 | 624 | 1.48 |279 47.9 2.85 74.5 — —
105.5 7.5 | 229 29.0 272 | 244 | 55.0 | 1.34 | 246 42.7 2.82 66.2 — —
96 8.3 | 202 25.8 2.68 | 2.34 | 485 | 1.23 | 220 38.4 279 | 59.4 — —
87.5 9.0 | 181 23.4 266 | 2.26 | 43.6 | 1.13 | 196 34.4 2.76 53.1 — —
79 9.9 | 160 20.8 263 | 218 | 385 | 1.02 |174 30.7 274 | 474 — —
715 | 11.0 | 142 18.5 2.60 | 2.09 | 34.0 | 0.938 | 156 27.7 272 | 427 — —
65 11.9 | 127 16.7 2.58 | 2.02 | 30.5 | 0.856 | 139 249 2.70 | 38.3 — —
59.5| 12.3 | 119 15.9 260 | 2.03 | 28.7 | 0.778 | 126 225 2.69 34.6 — —
53 13.6 | 104 14.1 259 | 197 | 25.2 | 0.695| 110 19.7 2.66 30.2 — —
48.5| 15.0 93.8 | 12.7 256 | 1.91 | 22.6 | 0.640| 100 18.0 265 | 276 — —
43 16.7 824 | 11.2 255 | 1.86 | 19.9 | 0.570| 87.6 | 15.8 2.63 | 242 — | 0.937
38 18.9 71.8| 9.83| 254 | 180 | 17.3 [ 0.505| 76.2 | 13.8 2.61 21.1 | 0.990| 0.826
355 16.2 78.2 | 11.2 2.74 | 2.26 | 20.0 | 0.683| 30.1 7.89| 170 | 123 — | 0.963
325 17.8 70.7 | 10.1 272 | 220 | 18.0 | 0.629| 274 722 169 | 11.2 — | 0.877
30 19.3 64.7| 9.29| 271 | 216 | 16.5 | 0.583| 25.0 6.63| 1.69 10.3 | 0.964 | 0.796
27.5| 20.6 59.5| 863 271 | 216 | 153 | 0.538| 225 597| 1.67 9.27| 0.913| 0.735
25 22.6 535| 7.79| 2.70 | 2.12 | 13.8 | 0.489| 20.0 5.35| 1.65 8.29( 0.823 | 0.625
23 22.3 521 | 7.77| 277 | 233 | 139 | 0.558| 11.3 3.72| 129 5.85| 0.831| 0.635
20 25.5 448 | 6.73| 2.76 | 2.29 | 12.0 | 0.489 9.55| 3.17| 1.27 4.97| 0.690 | 0.496
175 | 26.8 40.1| 6.21| 2.79 | 2.39 | 12.0 | 0.450 7.67| 256| 1.22 4.03| 0.638| 0.460
*Where no value of Qs is shown, the Tee complies with LRFD Specification Section E2.
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1-76 DIMENSIONS AND PROPERTIES

. b . STRUCTURAL TEES
HE, T | Cut from W shapes
A UV || Dimensions
d
|
I
N
Y
Stem Area Flange
Depth of of Dis-
Tee Thickness lw |stem Width Thickness |tance
Area d tw 2 bt tr k
Designation in.? in. in. in. |in.? in. in. in.
WT8x50 14.7 8.485| 8% | 0.585 Y16 %6 | 4.96|10.425| 10% | 0.985 1 1Y
x44.5 13.1 | 8375| 8% | 0525 | % Y4 | 440/10.365| 10% | 0.875 | % | 1%
x38.5 11.3 | 8.260| 8Y | 0.455 | 74 Y4 | 3.76|10.295| 10¥4 | 0.760 | ¥ | 1%
x33.5 9.84| 8.165| 8% | 0.395 Y% Y6 | 3.23|10.235| 10Y | 0.665 | Y6 1%
WT8x28.5 8.38| 8.215| 8Y | 0.430 e Ya 3.53| 7.120| 7% | 0.715 | Y6 1%
x25 7.37| 8.130| 8% | 0380 | % %6 | 3.09| 7.070| 7% | 0630 | % | 1%s
x22.5 6.63| 8.065| 8% | 0.345 Y% Y%e | 2.78| 7.035| 7 0.565 | %s 1Y
x20 5.89| 8.005 8 0.305 %6 Y16 | 2.44| 6.995| 7 0.505 | Y% 1%6
x18 528| 7.930| 7% | 0295 | %e | % | 2.34| 6.985| 7 | 0430 | %6 | 1%
WT8x15.5 456| 7.940| 8 |0275| Y Yo | 2.18| 5525| 5% | 0.440 | e | 1Y%
x13 3.84| 7.845| 7% | 0250 | Yu Y | 1.96| 5.500| 5% | 0.345 | ¥% | 1%
WT7x404 119  |11.420| 11%¢ | 3.740 | 3% | 1% [42.7 |18.560| 18Y% | 5.120 | 5% | 5%
x365 107 11.210| 11%, | 3.070 | 3% | 1%6 |34.4 |17.890| 17% | 4.910 | 4*%6 | 5%
x332.5 97.8 |10.820| 10% | 2.830 | 2'%6 | 1% |30.6 |17.650| 17% | 4.520 | 4% | 5%s
x302.5 88.9 [10.460| 10% | 2595 | 2% | 1% |27.1 |17.415| 17% | 4.160 | 4% | 4%
x275 80.9 [10.120| 10% | 2.380 2% | 1% |24.1 |17.200| 17% | 3.820 | 3% | 4%
x250 735 | 9.800| 9% | 2190 | 2% | 1% |21.5 |17.010| 17 | 3.500 | 3% | 4%s
x227.5 66.9 9.510| 9% | 2.015 2 1 |19.2 |16.835| 16% | 3.210 | 3%6 | 3%
WT7x213 62.6 9.335| 9% | 1.875 1% %6 |17.5 |16.695| 16%, | 3.035 | 3% | 3'¥s
x199 58.5 9.145| 9% | 1.770 1% 75 [16.2 |16.590 | 16% | 2.845 | 2% 3%
x185 544 | 8960 9 | 1655 | 1% | 36 |14.8 |16.475| 16% | 2.660 |26 | 3%
x171 50.3 | 8.770| 8% | 1.540 | 1% | 346 [13.5 |16.360| 16% | 2.470 | 2% | 3%
x155.5 457 | 8560| 8% | 1410 | 1%e | % |[12.1 |16.230| 16Y4 | 2.260 | 2% | 2'%s
x141.5 41.6 8.370| 8% | 1.290 | 1% | ¥ [10.8 |16.110| 16Y% | 2.070 | 2%6 | 2%
x128.5 37.8 8.190| 8% | 1.175 | 1%s % 9.62(15.995| 16 | 1.890 | 1% | 2%s
x116.5 342 | 8020 8 | 1070 | 1%e | %6 | 8.58|15.890| 15% | 1.720 | 1%, | 2%
x105.5 31.0 7.860| 7% | 0.980 1 Y2 7.70|15.800 | 15%, | 1.560 | 1%6 | 2%
x96.5 284 | 7.740| 7% | 0.890 | Y% "6 | 6.89|15.710| 15% | 1.440 | 1%6 | 2%
x88 259 | 7.610| 7% | 0.830 | 34 | %6 | 6.32|15.650| 15% | 1.310 | 1% 2
x79.5 234 | 7490 7% | 0745 | ¥ Y% | 5.58|15.565| 15% | 1.190 | 1%6 | 1%
x72.5 213 | 7.390| 7% | 0.680 | ¥ | ¥ | 5.03|15.500 | 15% | 1.090 | 1%6 | 1%
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STRUCTURAL TEES (WT, MT, ST) 1-77
STRUCTURAL TEES . br }
f Y
Cut from W shapes
Properties L x
d
tw
Y
Nom- Axis X-X Axis Y-Y Qs*
inal
W
per
ft h | S r y V4 Yp | S r V4 Fy, ksi
Ib wlin 4l in2in [in. [in3in [ in® [in3|in [in3] 36 | 50
50 12.1 76.8| 11.4 228 | 1.76 | 20.7 | 0.706 93.1 17.9 251 | 274 — —
445 | 135 67.2| 10.1 2.27 | 1.70 18.1 | 0.631 81.3 15.7 2.49 24.0 — —
385 | 15.6 56.9 8.59| 2.24 | 1.63 15.3 | 0.549 69.2 13.4 2.47 20.5 — | 0.988
33.5| 18.0 48.6 7.36| 2.22 | 1.56 13.0 | 0.481 59.5 11.6 2.46 17.7 — 0.861
285 | 16.5 48.7 777 241 | 1.94 13.8 | 0.589 21.6 6.06| 1.60 9.43| — 0.942
25 18.7 42.3 6.78| 2.40 | 1.89 12.0 | 0.521 18.6 5.26| 1.59 8.16| 0.990| 0.826
22.5| 20.6 37.8 6.10| 2.39 | 1.86 10.8 | 0.471 16.4 4.67| 1.57 7.23| 0.904| 0.725
20 23.3 33.1 5.35( 2.37 | 1.81 9.43| 0.421 14.4 4.12| 1.57 6.37| 0.784| 0.583
18 24.1 30.6 5.05| 2.41 | 1.88 8.93( 0.378 12.2 3.50| 1.52 5.42| 0.754| 0.553
15,5 | 25.8 27.4 4.64| 245 | 2.02 8.27| 0.413 6.20 2.24| 1.17 3.52| 0.668| 0.479
13 28.4 235 4.09| 2.47 | 2.09 8.12( 0.372 4.80 1.74| 1.12 2.74| 0.563| 0.406
404 1.5 | 898 116 2.75 | 3.70 | 249 3.19 | 2760 297 4.82 | 463 — —
365 1.9 | 739 95.4 2.62 | 3.47 (211 3.00 | 2360 264 4.69 | 408 — —
332.5 2.0 | 622 82.1 252 | 3.25 (182 2.77 | 2080 236 4.62 | 365 — —
302.5 2.2 | 524 70.6 2.43 | 3.05 | 157 2.55 | 1840 211 4.55 | 326 — —
275 2.4 | 442 60.9 2.34 | 2.85 [ 136 2.35 | 1630 189 4.49 | 292 — —
250 2.6 | 375 52.7 2.26 | 2.67 |117 2.16 | 1440 169 4.43 | 261 — —
227.5 2.8 | 321 45.9 2.19 | 2.51 [102 1.99 | 1280 152 4.38 | 234 — —
213 3.0 | 287 41.4 | 214 | 240 | 91.7 | 1.88 | 1180 141 4.34 | 217 — —
199 3.2 | 257 37.6 2.10 | 2.30 82.9 [ 1.76 |1090 131 4.31 | 201 — —
185 3.4 | 229 33.9 2.05 | 2.19 74.4 | 1.65 994 121 4.27 | 185 — —
171 3.7 | 203 30.4 2.01 | 2.09 66.2 | 1.54 903 110 4.24 | 169 — —
155.5 401|176 26.7 1.96 | 1.97 57.7 | 1.41 807 99.4 4.20 | 152 — —
141.5 4.4 | 153 235 192 | 1.86 504 | 1.29 722 89.7 4.17 | 137 — —
128.5 4.9 | 133 20.7 1.88 | 1.75 439 | 1.18 645 80.7 4.13 | 123 — —
116.5 53| 116 18.2 184 | 1.65 | 38.2 | 1.08 576 725 | 4.10 | 110 — —
105.5 5.8 | 102 16.2 181 | 1.57 | 33.4 |0.980| 513 65.0 | 4.07 99.0 — —
96.5 6.4 | 89.8( 144 1.78 | 1.49 | 29.4 | 0.903| 466 59.3 | 4.05| 90.2 — —
88 6.9 | 80.5( 13.0 1.76 | 1.43 | 26.3 | 0.827| 419 535 | 402 | 814 — —
79.5 7.7 70.2| 11.4 1.73 | 1.35 22.8 | 0.751| 374 48.1 4.00 73.0 — —
725 84| 625 10.2 1.71 | 1.29 | 20.2 | 0.688| 338 43.7 3.98 66.3 — —

*Where no value of Qs is shown, the Tee complies with LRFD Specification Section E2.
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1-78 DIMENSIONS AND PROPERTIES

b
. (—’1 . STRUCTURAL TEES
f Y
ﬁ[, ‘ , Cut from W shapes
.y — ; ;
» x—x Dimensions
d
|

I

N

Y

Stem Area Flange

Depth of of Dis-
Tee Thickness v |stem Width Thickness |tance
Area d tw 2 b tr k
Designation | in.? in. in. in. |in.?2 in. in. in.
WT7x66 19.4 | 7.330 | 7% | 0.645 % %6 | 473 |14.725| 14%, | 1.030 | 1 1%
x60 17.7 | 7.240 | 7% | 0.590 Y16 %6 | 4.27 | 14.670| 14% | 0.940 | %6 1%
x54.5 16.0 | 7.160 | 7% | 0.525 Yy Y4 | 3.76 | 14.605| 14% | 0.860 | 7% 1%6
x49.5 14.6 | 7.080 | 7% | 0.485 Y Y4 | 3.43 |14.565| 14% | 0.780 | ¥ 176
x45 13.2 | 7.010 7 0.440 | "6 Y, | 3.08 [14.520| 14%, | 0.710 | W6 | 1%
WT7x41 12.0 | 7.155 | 7% | 0.510 Y Y, | 3.65(10.130| 10% | 0.855 | 7 1%
x37 10.9 | 7.085 | 7% | 0.450 | Y5 Y4 | 3.19 [10.070| 10% | 0.785 | 316 | 1%s
x34 9.99| 7.020 7 0.415 2 Y, |2.91(10.035| 10 0.720 A 1%
x30.5 8.96| 6.945 7 0.375 Y %6 | 260 | 9.995| 10 0.645 A 1%
WT7%x26.5 7.81| 6.960 7 0.370 Y% %6 | 2.58 | 8.060 8 0.660 | Y1¢ 1%
x24 7.07| 6.895 | 6% | 0.340 | % %6 | 234 | 8030 8 | 0595 | % 1%
x21.5 6.31| 6.830 | 6% | 0.305 Y16 Y6 | 2.08 | 7.995 8 0.530 Yy 1%
WT7x19 5.58| 7.050 7 0.310 | %s %6 | 219 | 6.770| 6% | 0515 | Y% 116
x17 5.00| 6.990 7 0.285 Y6 %6 | 1.99 | 6.745| 6%, | 0.455 | e 1
x15 4.42| 6.920 | 6% | 0.270 Yy Y% | 1.87 | 6.730| 6% | 0.385 | % %6
WT7x13 3.85| 6.955 7 0.255 Yy Yo | 177 | 5.025| 5 | 0420 | %6 | %6
x11 3.25| 6.870 | 6% | 0.230 Yy Y 1.58 | 5.000 5 0.335 | Y% A
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STRUCTURAL TEES (WT, MT, ST) 1-79
STRUCTURAL TEES br
Y
Cut from W shapes
H Y.y
Properties ” X X
d
tw
Y
Nom- Axis X-X AXxis Y-Y Qs*
inal
W.
per
ft h I S r y Z | yp I S r z Fy, ksi
Ib w4 Tine i, [in [in®] in. [in®in3|in [in3] 36 | 50
66 8.8 | 57.8 | 9.57 1.73 1.29 | 18.6 | 0.658 | 274 37.2 3.76 | 56.6 — —
60 9.7 51.7 8.61 1.71 1.24 | 16.5 0.602 | 247 33.7 3.74 | 51.2 — —
54.5 10.9 45.3 7.56 1.68 1.17 | 144 0.549 | 223 30.6 3.73 | 46.4 — —
49,5 11.8 | 40.9 6.88 1.67 1.14 | 12.9 | 0.500 | 201 27.6 3.71 | 41.8 — —
45 13.0 | 36.4 6.16 1.66 1.09 | 115 | 0.456 | 181 25.0 3.70 | 37.8 — —
41 11.2 41.2 7.14 1.85 1.39 | 13.2 0594 | 742 | 146 248 | 22.4 — —
37 12.7 | 36.0 6.25 1.82 132 | 115 | 0541 | 66.9 | 13.3 2.48 | 20.3 — —
34 13.7 | 32.6 5.69 1.81 1.29 | 104 | 0498 | 60.7 | 12.1 2.46 | 18.5 — —
30.5 15.2 28.9 5.07 1.80 1.25 9.16 | 0.448 | 53.7 | 10.7 245 | 16.4 — 0.973
26.5 15.4 27.6 4.94 1.88 1.38 8.87 | 0.484 | 28.8 7.16| 192 | 11.0 — 0.958
24 16.8 | 249 | 4.48 1.87 1.35 8.00 | 0.440| 25.7 6.40| 1.91 9.82 — 0.882
215 18.7 21.9 3.98 1.86 1.31 7.05(0.395| 22.6 5.65| 1.89 8.66 | 0.947 | 0.775
19 19.8 | 23.3 | 4.22 204 | 154 7.45| 0412 | 133 3.94| 1.55 6.07 | 0.934 | 0.760
17 21.5 20.9 3.83 2.04 1.53 6.74 | 0.371| 11.7 3.45| 153 5.32| 0.857 | 0.669
15 22.7 19.0 3.55 2.07 1.58 6.25 | 0.329 9.79( 291| 1.49 4.49| 0.810| 0.610
13 24.1 17.3 3.31 2.12 1.72 5.89 | 0.383 4.45| 1.77| 1.08 2.77| 0.737 | 0.537
11 26.7 14.8 291 214 | 1.76 5.20 | 0.325 3.50( 1.40| 1.04 2.19| 0.621 | 0.447

*Where no value of Qs is shown, the Tee complies with LRFD Specification Section E2.
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1-80 DIMENSIONS AND PROPERTIES

b
. (—’1 . STRUCTURAL TEES
f Y
ﬁ[, ‘ , Cut from W shapes
.y — ; ;
» x—x Dimensions
d
|
I
N
Y
Stem Area Flange
Depth of of Dis-
Tee Thickness w |stem Width Thickness |tance
Area d tw 2 by tr k
Designation | in.2 in. in. in. |in.?2 in. in. in.
WT6x168 49.4 | 8410 | 8% | 1.775 | 1% s |14.9 |13.385| 13% | 2.955 | 21%6 | 3Y46
x152.5 448 | 8.160 | 8% | 1.625 1% 316 [13.3 |13.235| 13Y, | 2.705 | 26 | 376
x139.5 41.0 | 7.925 | 7% | 1530 | 1% Y, [12.1 [13.140| 13% | 2.470 | 2% | 3%s
x126 37.0 | 7.705 | 7% | 1.395 1% e |10.7 |13.005| 13 2250 | 2Y | 2%
x115 339 | 7525 | 7Y% | 1.285 1% Wie | 9.67|12.895| 127 | 2.070 | 2% 2%,
x105 309 | 7355 | 7% | 1.180 | 1%6 | % | 8.68|12.790| 12%, | 1.900 | 1% | 2%
x95 27.9 | 7190 | 7Y% | 1.060 | 1% Y16 7.62(12.670| 12% | 1.735 | 1%, 2716
x85 25.0 | 7.015 7 0.960 | %6 Y, | 6.73(12.570| 12% | 1.560 | 1%6 | 2¥%
x76 224 | 6.855 | 6% | 0.870 g "6 5.96|12.480 | 12% | 1.400 | 1% 2%
*x68 20.0 | 6.705 | 6% | 0.790 e e 5.30|12.400 | 12% | 1.250 | 1% | 1%
x60 17.6 | 6.560 | 6% | 0.710 | g % | 4.66(12.320| 12% | 1.105 | 1% | 1136
x53 15.6 | 6.445 | 6% | 0.610 % %6 3.93(12.220| 12¥%, | 0.990 1 1%
x48 141 | 6.355 | 6% | 0.550 | Y% %6 | 3.50|12.160| 12% | 0.900 | 7% 1%
x43.5 12.8 | 6.265 | 6% | 0.515 Y% Yy | 3.23(12.125| 12% | 0.810 | ¥ | 1%
x39.5 11.6 | 6.190 | 6% | 0.470 Y Yy | 2.91(12.080| 12% | 0.735 | ¥ 176
x36 10.6 | 6.125 | 6% | 0.430 | s Y4 | 2.63[12.040| 12 | 0.670 | W | 1%
x32.5 9.54| 6.060 6 0.390 Y Y6 2.36|12.000| 12 0.605 % 1%
WT6x29 8.52| 6.095 | 6% | 0.360 Y% Y6 2.19/10.010| 10 0.640 % 1%
x26.5 7.78| 6.030 6 0.345 % Y6 | 2.08| 9.995| 10 | 0.575 | % 1Y,
WT6x25 7.34| 6.095 | 6% | 0.370 E Y6 2.26| 8.080| 8% | 0.640 % 1%
x22.5 6.61| 6.030 6 0.335 Y16 Y16 2.02| 8.045 8 0.575 | %s 1%
x20 5.89| 5.970 6 0.295 Y6 Y6 1.76| 8.005 8 0.515 Y, 1Y,
WT6x17.5 5.17| 6.250 | 6% | 0.300 | % ¥%e | 1.88| 6.560| 6% | 0.520 | Y 1
x15 4.40| 6.170 | 6Y% | 0.260 Yy Y 1.60| 6.520| 6% | 0.440 | "6 %6
x13 3.82| 6.110 | 6% | 0.230 Ya Y% | 1.41| 6.490| 6% | 0.380 | % s
WT6x11 3.24| 6.155 | 6% | 0.260 Ya Y% | 1.60| 4.030| 4 | 0425 s g
x9.5 2.79| 6.080 | 6% 0.235 Y, Y 1.43| 4.005 4 0.350 ¥ %
x8 2.36| 5.995 68 0.220 ’/Z 1/3 1.32| 3.990 4 0.265 1/2 3/16
x7 2.08| 5.955 6 0.200 Y16 Y 1.19| 3.970 4 0.225 Ya Wie
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STRUCTURAL TEES (WT, MT, ST) 1-81
STRUCTURAL TEES . br }
f Y
Cut from W shapes
; 75
Properties » X X
d
tw
Y
Nom- Axis X-X Axis Y-Y Qs*
inal
Wit.
per
ft h I S r y Z | yp I S r z Fy, ksi
b | % [in4{in®]in [in [in®]in [in®]in3]in | in®] 36 [ 50
168 2.7 1190 31.2 1.96 | 231 | 684 | 184 |593 88.6 | 3.47 |137 — —
152.5 3.0 | 162 27.0 190 | 216 |59.1 | 1.69 |525 79.3 | 3.42 | 122 — —
139.5 3.2 (141 241 1.86 | 2.05 |[51.9 | 1.56 |469 713 | 3.38 | 110 — —
126 35 |121 20.9 1.81 | 1.92 | 448 | 142 |414 63.6 | 3.34 97.9 — —
115 3.8 [106 18.5 1.77 | 1.82 [ 394 | 131 |371 575 | 3.31 88.4 — —
105 4.1 92.1 | 16.4 1.73 | 1.72 | 345 | 121 |332 519 | 3.28 79.7 — —
95 4.6 79.0 | 14.2 1.68 | 1.62 |29.8 | 1.10 |295 46.5 | 3.25 71.3 — —
85 51 | 67.8 123 1.65 | 1.52 | 25.6 | 0.994| 259 412 | 3.22 63.0 — —
76 5.6 58.5 | 10.8 1.62 | 1.43 | 22.0 | 0.896| 227 36.4 | 3.19 55.6 — —
68 6.1 | 50.6 9.46| 159 | 1.35 | 19.0 | 0.805]| 199 321 | 3.16 49.0 — —
60 6.8 | 434 8.22| 157 | 1.28 |16.2 | 0.716|172 28.0 | 3.13 42.7 — —
53 8.0 36.3 6.91( 153 | 119 |13.6 | 0.637|151 24.7 3.11 375 — —
48 8.8 | 32.0 6.12| 151 | 1.13 | 119 | 0.580]|135 22.2 | 3.09 33.7 — —
435 94 | 289 560( 1.50 | 1.10 | 10.7 | 0.527|120 19.9 3.07 30.2 — —
39.5| 10.3 25.8 5.03| 1.49 | 1.06 9.49| 0.480 | 108 17.9 3.05 27.2 — —
36 11.3 23.2 454 1.48 | 1.02 8.48| 0.439| 975 | 16.2 3.04 24.6 — —
325| 124 | 20.6 406 (| 1.47 | 0985| 7.50(0.398| 87.2 | 145 3.02 22.0 — —
29 13.5 19.1 3.76 | 1.50 | 1.03 6.97| 0.426 | 53.5 | 10.7 2.51 16.3 — —
265| 141 17.7 354 151 | 1.02 6.46| 0.389 | 479 9.58 | 2.48 14.6 — —
25 13.1 18.7 3.79| 1.60 | 1.17 6.90| 0.454| 28.2 6.97 | 1.96 10.7 — —
225| 145 | 16.6 3.39| 158 | 1.13 6.12 | 0.411| 25.0 6.21 | 1.94 9.50 — | 0.998
20 16.5 14.4 295( 1.57 | 1.08 5.30| 0.368| 22.0 551 | 1.93 8.41 — | 0.887
175| 18.1 16.0 3.23| 1.76 | 1.30 5.71(0.394| 12.2 3.73 | 1.54 5.73 — | 0.856
15 20.9 135 2.75| 1.75 | 1.27 4.83]0.337| 10.2 3.12 | 1.52 4.78 | 0.891| 0.710
13 23.6 | 11.7 240| 1.75 | 1.25 4.20 | 0.295 8.66| 2.67 | 1.51 4.08 | 0.767| 0.565
11 20.9 11.7 259 1.90 | 1.63 4.63| 0.402 2.33| 1.16 | 0.847 1.83 | 0.891| 0.710
95| 231 10.1 2.28| 1.90 | 1.65 4.11 | 0.348 1.88| 0.939| 0.822 1.49 | 0.797 | 0.596
8 24.7 8.70| 2.04| 192 | 1.74 3.72| 0.639 1.41| 0.706| 0.773 1.13 | 0.741| 0.541
7 27.2 7.67| 1.83| 1.92 | 1.76 3.32 | 0.760 1.18| 0.594| 0.753 0.950| 0.626 | 0.450
*Where no value of Qs is shown, the Tee complies with LRFD Specification Section E2.
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DIMENSIONS AND PROPERTIES

b,
. (ﬁf . STRUCTURAL TEES
f Y
DE, ‘ , Cut from W shapes
¥y ; ;
» x| x Dimensions
d
|
I
N
Y
Stem Area Flange
Depth of of Dis-
Tee Thickness tw |stem Width Thickness |tance
Area d tw 2 by tr k
Designation in.2 in. in. in. |in.?2 in. in. in.
WT5x56 16.5 | 5.680 | 5% | 0.755 Yy % [4.29 |10.415| 10% | 1.250 | 1Y%, 1%
x50 14.7 | 5550 | 5% | 0.680 | Y | % |3.77 |10.340| 10% | 1.120 | 1% | 1%
x44 129 | 5420 | 5% | 0.605 | % %e |3.28 |10.265| 10% | 0.990 | 1 1%
x38.5 11.3 | 5.300 | 5% | 0.530 Y Y, |2.81 |10.190| 10%, | 0.870 s 1%
x34 9.99| 5200 | 5% | 0470 | Y% Y4 |2.44 |10.130| 10% | 0.770 | % 1%
x30 8.82| 5.110 | 5% | 0.420 e Y, |2.15 [10.080| 10% | 0.680 | Y16 | 1%s
x27 7915045 | 5 |0370| % Y6 [1.87 |10.030| 10 | 0.615 | % 1Y
x24.5 7.21| 4990 | 5 | 0340 | % | % [1.70 |10.000| 10 | 0560 | %6 | 1%s
WT5x22.5 6.63| 5.050 | 5 | 0350 | % %6 |1.77 | 8.020| 8 | 0620 | % 1Y,
x19.5 5.73| 4.960 5 0.315 %6 Y6 |1.56 7.985| 8 0530 | % 1%
x16.5 485| 4865 | 4% | 0290 | %6 | Y% |141 | 7.960| 8 | 0435 | %e | 1Y
WT5x15 4.42| 5235 | 5% | 0300 | %6 | %e |1.57 | 5.810| 5% | 0510 | % %6
x13 3.81| 5165 | 5% | 0260 | Y Y8 |1.34 | 5.770| 5% | 0.440 | "s 7
x11 3.24| 5.085 | 5% | 0.240 Ya Yo [1.22 5.750 | 5% | 0.360 Y% Yy
WT5x9.5 2.81| 5120 | 5% | 0250 | Y Yo |1.28 | 4020 4 | 0395 | % | s
x8.5 2.50| 5.055 5 0.240 Ya Y% |1.21 4010 4 0.330 | % Yy
x7.5 221|499 | 5 | 0230 | Y% Y |1.15 | 4000 4 | 0270 | Y4 | Wi
x6 1.77| 4.935 | 4% | 0.190 Y16 Y% 10.938| 3.960| 4 0.210 | % %
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STRUCTURAL TEES (WT, MT, ST) 1-83

STRUCTURAL TEES ) ’#‘ )
f Y
Cut from W shapes #, —
; )54 —
Properties » x|«
d
e
I
n [
\%
Nom- Axis X-X Axis Y-Y Qs*
inal
Wt.
per
ft h I S r y Z | yp I S r z Fy, ksi
Ib tw in.* | in.3 in in in. 3 in in. 4 in.3 in in. 3 36 50
56 5.2 | 28.6 6.40 | 1.32 | 1.21 | 13.4 | 0.791|118 22.6 2.68 | 34.6 — —
50 58 | 245 556 | 1.29 | 1.13 | 114 | 0.711| 103 20.0 2.65 |30.5 — —
44 6.5 | 20.8 477 | 1.27 | 1.06 9.65| 0.631| 89.3 |17.4 2.63 |26.5 — —
38.5 74 | 174 4.04 | 1.24 | 0.990| 8.06| 0.555| 76.8 |15.1 2.60 |229 — —
34 8.4 | 14.9 3.49 | 1.22 | 0932 | 6.85|0.493| 66.8 |13.2 2.59 |20.0 — —
30 9.4 | 12.9 304 | 1.21 {0884 | 587|0.438| 581 |115 257 | 175 — —

27 106 | 111 264 | 119 | 0.836| 5.05|0.395| 51.7 |10.3 256 | 157 — —
245 | 116 | 10.0 239 | 1.18 | 0.807| 4.52|0.361| 46.7 | 9.34 | 254 |14.2 —_ —

225 | 11.2 | 10.2 247 | 1.24 | 0907 | 4.65|0.413| 26.7 | 6.65 | 2.01 |10.1 — =
195 | 125 8.84| 216 | 1.24 | 0876| 3.99| 0.359| 225 | 564 | 1.98 8.59 —_ —
16.5 | 13.6 7.71)| 193 | 1.26 | 0.869| 3.48| 0.305| 18.3 | 4.60 | 1.94 7.01 — —

15 14.8 9.28 | 224 | 1.45 | 1.10 4.01| 0.380 8.35| 2.87 | 1.37 4.42 — —
13 17.0 786 | 191 | 1.44 | 1.06 3.39| 0.330 7.05| 244 | 1.36 3.75 — | 0.902
11 18.4 6.88| 1.72 | 1.46 | 1.07 3.02 | 0.282 571 199 | 1.33 3.05 | 0.999| 0.836

95 | 17.7 6.68 | 1.74 | 1.54 | 1.28 3.10 | 0.349 2.15| 1.07 | 0.874| 1.68 — | 0.872
8.5 | 184 6.06 | 1.62 | 1.56 | 1.32 2.90| 0.311 1.78| 0.888| 0.844| 1.40 —
75 | 19.2 545| 150 | 1.57 | 1.37 3.03 | 0.306 1.45| 0.723| 0.810| 1.15 | 0.977| 0.811
6 23.3 435 122 | 157 | 1.36 2.50| 0.323 1.09| 0.551| 0.785| 0.872| 0.793| 0.592

*Where no value of Qs is shown, the Tee complies with LRFD Specification Section E2.
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1-84 DIMENSIONS AND PROPERTIES

b
. (—IW . STRUCTURAL TEES
f Y
DE, — Cut from W shapes
.y — ; ;
» x—x Dimensions
d
|
I
N
Y
Stem Area Flange
Depth of of Dis-
Tee Thickness w |stem Width Thickness |tance
Area d tw 2 bs tr k
Designation in.2 in. in. in. |in.?2 in. in. in.
WT4x33.5 9.84 | 4500 | 4% | 0570 | Y% %6 |2.56 | 8.280 | 8% | 0.935 | %6 | 1%
x29 8.55 | 4375 | 4% | 0.510 Y Y, 223 | 8220 | 8% | 0.810 | 3¢ 1%s
x24 7.05 | 4.250 | 4Y, | 0.400 % ¥%e6 |1.70 | 8.110 | 8% | 0.685 | Wis | 1%
x20 5.87 | 4125 | 4% | 0.360 Y% %6 |1.48 | 8.070 | 8% | 0.560 | Y% 1%
x17.5 5.14 | 4.060 4 0.310 Y6 %6 |1.26 | 8.020 8 0.495 Y, 1
x15.5 4.56 | 4.000 4 0.285 | Y Y6 |1.14 | 7.995 | 8 | 0435 | Te | e
WT4x14 4.12 | 4.030 4 0.285 | Y% %6 |1.15 | 6.535 | 6% | 0.465 | 76 | 6
x12 3.54 | 3.965 4 0.245 Y Y% 10.971]| 6.495 | 6% | 0.400 Y% A
WT4x10.5 3.08 | 4.140 | 4% | 0.250 Ya Y% [1.03 | 5.270 | 5% | 0.400 | % 36
x9 2.63 | 4.070 | 4% | 0.230 Yy Y% 10.936| 5.250 | 5% | 0.330 | %s A
WT4x7.5 2.22 | 4.055 4 0.245 Ya Y% 10.993| 4.015| 4 | 0.315 | % Y,
x6.5 1.92 | 3.995 4 0.230 Ya % 10.919| 4.000 | 4 | 0255 | Y Wie
x5 1.48 | 3.945 4 0.170 | % Y5 [0.671| 3.940 | 4 | 0.205 | %6 %
WT3x12.5 3.67 | 3190 | 3% | 0.320 | ¥ ¥%e | 1.02 | 6.080 | 6% | 0.455 | 76 | 36
x10 2.94 | 3.100 | 3% | 0.260 Ya Y% 10.806| 6.020 6 0.365 Y% A
x7.5 2.21 | 2.995 3 0.230 Ya % |0.689| 5.990 | 6 | 0260 | Y %
WT3x8 2.37 | 3.140 | 3% | 0.260 Yy Y% |0.816| 4.030 4 0.405 Y% A
x6 1.78 | 3.015 3 0.230 Ya Y% |0.693| 4.000 4 0.280 Ya %
x4.5 1.34 | 2.950 3 0.170 Y16 Y% 10.502| 3.940 4 0.215 | %e Y16
WT2.5x9.5 2.77 | 2575 | 2% | 0.270 Ya Y% |0.695|5.030 | 5 | 0430 | %e | 36
x8 2.34 | 2505 | 2% | 0.240 Yy Y% |0.601| 5.000 5 0.360 Y% A
WT2x6.5 1.91 | 2.080 | 2% | 0.280 Y Y% 10.582| 4.060 4 0.345 Y% Wi
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STRUCTURAL TEES (WT, MT, ST) 1-85
STRUCTURAL TEES ) ’#‘ )
f Y
Cut from W shapes #, -
Properties G N ‘ )
d
e
I
n !
Y
Nom- Axis X-X Axis Y-Y Qs*
inal
Wit.
per
ft h I S r y Z | yp I S r z Fy, ksi
Ib tw in.% | in3 in in. in. 3 in in.% | in.2 in. in. 3 36 50
335 5.6 [10.9 3.05 [ 1.05 [ 0936 6.29 | 0.594| 443 |10.7 2.12 |16.3 — —
29 6.2 9.12 | 261 | 1.03 |0.874|5.25 | 0.520| 37.5 9.13 | 2.10 |13.9 — —
24 79 | 685 [1.97 [0.986|0.777 | 3.94 | 0.435| 30.5 752 | 208 |11.4 — —
20 8.8 573 | 169 |0.988]|0.735| 3.25 | 0.364 | 24.5 6.08 | 2.04 9.25 — —
175 | 10.2 | 4.81 | 143 | 0.967| 0.688 | 2.71 | 0.321 | 21.3 5.31 | 2.03 8.06 — —
155 | 111 428 | 1.28 | 0.968| 0.667 | 2.39 | 0.285| 18.5 4.64 | 2.02 7.04 — —
14 111 | 422 | 128 | 101 |0.734| 238 | 0.315| 10.8 3.31 | 1.62 5.05 — —
12 12.9 353 | 1.08 |0.999|0.695| 198 | 0.273| 9.14| 2.81 | 1.61 4.29 — —
105 | 13.8 390 | 118 |1.12 |0.831|211 |0.292| 4.89| 1.85 | 1.26 2.84 — —
9 15.0 341 | 105 | 114 | 0834|186 |0.251| 398| 152 | 1.23 2.33 — —
75 | 14.0 328 | 107 | 122 |0998|191 |0.276| 1.70| 0.849| 0.876| 1.33 — —
6.5 | 15.0 289 | 0974|123 |1.03 |1.74 |0.240| 1.37| 0.683| 0.843| 1.08 — —
5 20.2 2.15 | 0.717| 120 | 0.953| 1.27 | 0.188| 1.05| 0.532| 0.841| 0.828| 0.913| 0.735
12.5 7.8 | 228 [0.886|0.789| 0.610 | 1.68 | 0.302| 8.53| 2.81 | 1.52 4.28 — —
10 9.6 1.76 | 0.693 | 0.774| 0560 | 1.29 | 0.244| 6.64| 221 | 1.50 3.36 — —
7.5 | 10.8 141 | 0577 (0.797 | 0.558 | 1.03 | 0.185| 4.66| 1.56 | 1.45 2.37 — —
8 9.6 1.69 [ 0.685(0.844| 0676|125 | 0.294| 2.21| 1.10 | 0.966| 1.70 — —
6 10.8 1.32 [ 0.564 | 0.861 | 0.677 | 1.01 | 0.222| 1.50| 0.748| 0.918| 1.16 — —
45 | 14.6 | 0.950| 0.408 | 0.842 | 0.623 | 0.720 | 0.170| 1.10| 0.557| 0.905| 0.858| — —
9.5 7.0 1.01 | 0.485 | 0.605 | 0.487 | 0.967 | 0.275| 4.56| 1.82 | 1.28 2.76 — —
8 7.9 | 0.850| 0.413 | 0.601| 0.458| 0.798 | 0.234| 3.75| 1.50 | 1.27 2.29 — —
6.5 53 | 0.530(0.321 | 0.524 | 0.440 | 0.616 | 0.236 | 1.93| 0.950| 1.00 1.46 — —

*Where no value of Qs is shown, the Tee complies with LRFD Specification Section E2.
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1-86 DIMENSIONS AND PROPERTIES

by
. m . STRUCTURAL TEES
DE, — Cut from M shapes
(20 S IV [ Sy Dimensions
| ’
|
Y
Depth Stem Flange Max.
of Area Dis- Flge.
Tee Thickness | W | of Width Thickness |tance Fas-
Desig- Area d tw 2 | stem bt tr k | Grip |tener
nation in.? in. in. in. |in. 2 in. in. in. in. in.

MT6x5.9 1.73 |6.000| 6 | 0.177 |%s¢| ¥ | 1.06 |3.065| 3% | 0.225 | ¥ | % Ya —
x5.4 159 [5.990| 6 | 0.160 | % | %16 |0.958 | 3.065| 3% | 0.210 | ¥ Yy Ya Y

MT5x4.5 1.32 |5.000| 5 | 0.157 |%g| ¥ | 0.785|2.690| 2% | 0.206 |%s6| %6 Y16 e
x4 1.18 |4.980| 5 | 0.141 | ¥%¢ | %16 |0.702 | 2.690 | 2%, | 0.182 |%e| %6 Y6 Y%

MT4x3.25 |0.958(4.000| 4 | 0.135 | ¥ | %16 0540 [2.281| 2% | 0.189 |%s| % Y16 —_

MT2.5x9.45% | 2.78 |2.500 | 2% | 0.316 | %s | %16|0.790 [5.003| 5 0416 | %s| s "6 A

*This shape has tapered flanges, while all other MT shapes have parallel flanges.
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STRUCTURAL TEES (WT, MT, ST) 1-87
STRUCTURAL TEES ) %W )
f Y
Cut from M shapes #, -
Properties G N lix !
d
e
I
n !
Y
Nom- Axis X-X Axis Y-Y Qs*
inal
Wit.
per
ft h I S r y Z Yo I S r Z Fy, ksi
Ib tw in.% | in.3 in in in. 3 in in.% | in.® in in. 3 36 50
5.9 31.3 | 6.60 | 1.60 |1.95 | 1.89 2.89 | 1.09 | 0.490 | 0.320 | 0.532| 0.577 | 0.483| 0.348
54 318 | 6.03 | 146 | 195 |1.85 263 | 1.01 | 0.453| 0.295| 0.533| 0.525| 0.397 | 0.286
4.5 29.2 3.46 | 0.997 | 1.62 1.53 1.81 | 0.778 | 0.305 | 0.227 | 0.480| 0.405| 0.549| 0.396
4 29.7 | 3.09 | 0.893|1.62 | 1.52 1.62 | 0.778 | 0.269 | 0.200 | 0.477 | 0.333 | 0.446| 0.321
3.25 26.9 1.57 | 0.556 | 1.28 1.17 1.01 | 0.446| 0.172 | 0.150 | 0.423| 0.265| 0.634| 0.457
9.45 5.6 1.05 | 0.527 | 0.615 | 0.511| 1.03 | 0.278| 3.93 1.57 1.19 2.66 — —

*Where no value of Qs is shown, the Tee complies with LRFD Specification Section E2.
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DIMENSIONS AND PROPERTIES

t ’#‘ , STRUCTURAL TEES
f v arip
E ) Cut from S shapes
Y X !—x Dimensions
d
-
I
Y
Depth Stem Flange Max.
of Area Dis- Flge.
Tee Thickness | | of Width | Thickness [tance Fas-
2 .
Desig- Area d tw Stem bt tr k | Grip |tener
nation | in.? in. in. in. [in. 2| in. |in. in. in. |in. |in.
ST12x60.5 [17.8 |12.250|12%,| 0.800 |34¢| %6 | 9.80 |8.050| 8 | 1.090 |[1%s| 2 1Y% 1
x53 156 [12.250({12Y%| 0.620 | % | %6 | 7.60 |7.870|7%| 1.090 |1Y% 2 1% 1
ST12x50 14.7 [12.000| 12 | 0.745 | ¥, | ¥% [8.94 [7.245|7% | 0870 | % | 1% | % 1
x45 13.2 |12.000| 12 | 0.625 | % | %6 | 7.50 |7.125|7%| 0.870 | 7 1%, s 1
x40 11.7 [12.000| 12 | 0.500 | ¥% | % [6.00 [7.000| 7 | 0870 | %8 | 1% | 1
ST10x48 14.1 [10.150|10%| 0.800 ['¥6| %6 |8.12 [7.200|7%| 0.920 |Wie| 1% | %6 | 1
x43 12.7 [10.150({10%| 0.660 |[¥i5| ¥ [ 6.70 |7.060| 7 | 0.920 |%6| 1% | e 1
ST10x37.5 [11.0 |10.000| 10 | 0.635 | % | %s | 6.35 |6.385|6%| 0.795 [3s| 1% | ¥6 | %
x33 9.70 [10.000| 10 | 0.505 | % | ¥ [5.05 |6.225|6Y%| 0.795 |3s| 1% | 36 s
ST9x35 10.3 | 9.000 9 | 0.711 || ¥% | 6.40 |6.251|6Y4| 0.691 |Wig| 1% | Wi |
x27.35 | 8.04 | 9.000| 9 | 0.461 |%e| Y4 |4.15 |6.001| 6 | 0.691 |Ws| 1% | Wis | %
ST7.5x25 7.35 | 7.500| 7% | 0.550 |%s¢|%s6|4.13 |5.640(5%| 0622 | % | 1% | %6 | Y
x21.45| 6.31 | 7.500| 7% | 0.411 | "¢ | ¥4 | 3.08 |5501 (5% | 0622 | % | 1% | %6 | Y%
ST6x25 7.35 | 6.000| 6 | 0.687 |Yi6| ¥% |4.12 |5.477|5%| 0.659 |Wis| 176 | Wis | Y
x20.4 6.00 | 6.000| 6 | 0.462 | 76| ¥4 |2.77 |5.252|5Y| 0.659 |Wie| 176 | % Yy
ST6x17.5 5.15 | 6.000| 6 | 0.428 | 76| ¥4 | 2.57 |5.078 |5%| 0.545 | %6 | 1%6 | % Yy
x15.9 4.68 | 6.000( 6 0.350 | % |¥%s6|2.10 [5.000| 5 | 0.544 | %6 | 1% Y Yy
ST5x17.5 515 | 5.000| 5 | 0.594 | % |%s6|2.97 [4944| 5 | 0491 | % | 1% | % Yy
x12.7 3.73 | 5.000| 5 | 0.311 |%¢|%se|1.56 |4.661|4%| 0491 | % | 1% | % Yy
ST4x11.5 3.38 | 4.000| 4 0.441 | V6| Y4 | 1.76 | 4.171| 4% | 0.425 | 76 1 e Yy
x9.2 2.70 | 4000 4 | 0271 | Y% | % | 1.08 |4.001| 4 | 0425 | e | 1 Te | Ya
ST3x8.625 2.53 | 3.000| 3 0.465 | 76| Y4 | 1.40 |3.565(3%| 0.359 | % A Y %%
%x6.25 1.83 | 3.000| 3 0232 | Y4 | Y% |0.70 |3.332(3%| 0.359 | % 7% % —
ST2.5x5 147 | 2.500| 2% | 0.214 %6 | % | 0.535|3.004| 3 | 0.326 | %6 | 36 | %6 | —
ST2x4.75 1.40 | 2.000| 2 0.326 | %6 | %16 | 0.652 | 2.796 | 2%, | 0.293 | %6 Yy Y6 —
x3.85 1.13 | 2.000| 2 0.193 | %6 | Y5 | 0.386 | 2.663 | 2% | 0.293 | %5 2 Y16 —
ST1.5x3.75 | 1.10 | 1.500| 1% | 0.349 | ¥% | %6 | 0.523 |2.509 | 2% | 0.260 | Y4 | Wie | Y4 —
x2.85 | 0.835| 1.500| 1% | 0.170 | %6 | ¥ | 0.255[2.330 [2%| 0.260 | ¥ | Wi | Y —
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STRUCTURAL TEES (WT, MT, ST) 1-89
STRUCTURAL TEES ) br ,
1 v grip
Cut from S shapes
Properties PRy Ly X
d
tw
Y
Nom- Axis X-X Axis Y-Y Qs*
inal
Wt.
per
ft h I S r y z Yp I S r z Fy, ksi
b | % [ in4in2in [in [in®]in [in®]in3]in [in3] 36| 50
60.5 13.2 | 259 30.1 3.82 | 3.63 545 1.28 |41.7 10.4 1.53 | 18.1 — —
53 17 216 24.1 3.72 [3.28 |43.3 1.03 | 385 9.80 | 1.57 | 16.6 — | 0.907
50 14.1 |215 26.3 383 [3.84 (475 2.20 | 23.8 6.58 | 1.27 | 12.0 — —
45 16.8 |190 22.6 3.79 |3.60 (411 1.48 |22.5 6.31 | 1.30 | 11.2 — [ 0.937
40 21.1 |162 18.7 3.72 [3.29 |33.6 0.922]21.1 6.04 | 1.34 |10.4 0.878| 0.695
48 10.8 |143 20.3 3.18 | 3.13 [36.9 1.40 |25.1 6.97 | 1.33 | 125 — —
43 13.1 125 17.2 314 (291 |31.1 0.985|23.4 6.63 | 1.36 | 11.6 — —
375 13.6 [109 15.8 3.15 [ 3.07 |28.6 1.40 |14.9 4.66 | 1.16 8.37 — —
33 17 93.1 12.9 3.10 (281 (234 0.855(13.8 443 | 1.19 7.70 — | 0.907
35 10.9 84.7 14.0 287 (294 |25.1 1.81 [121 3.86 | 1.08 7.21 — —
27.35| 16.8 | 62.4 9.61 |2.79 | 250 [17.3 0.747|10.4 347 | 1.14 6.07 — | 0.922
25 11.6 | 40.6 7.73 [2.35 | 225 |14.0 0.872| 7.85 2.78 | 1.03 5.01 — —
21.45| 155 | 33.0 6.00 [2.29 | 201 |10.8 0.613| 7.19 2.61 | 1.07 4.54 — | 0.988
25 7 25.2 6.05 [1.85 |1.84 |11.0 0.770| 7.85 2.87 | 1.03 5.19 — —
20.4 10.3 18.9 428 (1.78 | 1.58 7.71 | 0.581| 6.78 2.58 | 1.06 4.45 — —
17.5 11.7 17.2 395 (183 |1.64 7.12 | 0.548| 4.94 1.95 | 0.980| 3.41 — —
15.9 14.3 14.9 331 (1.78 | 151 5.94 | 0.485| 4.68 1.87 | 1.00 3.22 — —
17.5 6.9 12.5 3.63 [1.56 | 1.56 6.58 | 0.702| 4.18 1.69 | 0.901| 3.11 — —
12.7 13.2 7.83 2.06 | 1.45 | 1.20 3.70 | 0.408| 3.39 1.46 | 0.954| 2.49 — —
115 7.3 5.03 1.77 | 1.22 | 1.15 3.19 | 0.447| 2.15 1.03 | 0.798| 1.84 — —
9.2 11.8 3.51 1.15 | 1.14 | 0.941| 2.07 | 0.341| 1.86 0.932| 0.831| 1.59 — —
8.63 5 2.13 1.02 | 0.917|0.914| 1.85 | 0.401| 1.15 0.648| 0.675| 1.18 — —
6.25| 10 1.27 0.552(0.833|0.691| 1.01 | 0.275| 0.911| 0.547| 0.705| 0.929| — —
5 8.7 0.681| 0.353|0.681 | 0.569| 0.650( 0.243| 0.608| 0.405| 0.643| 0.685| — —
4.75 4.3 0.470| 0.325| 0.580| 0.553| 0.592| 0.255| 0.451| 0.323| 0.569| 0.566| — —
3.85 7.3 0.316| 0.203| 0.528 | 0.448 | 0.381( 0.209| 0.382| 0.287| 0.581| 0.483| — —
3.75 2.8 0.204( 0.191|0.430| 0.432| 0.351( 0.223| 0.293| 0.234| 0.516| 0.412| — —
2.85 5.7 0.118| 0.101| 0.376 | 0.329 | 0.196| 0.175| 0.227| 0.195| 0.522| 0.327| — —

*Where no value of Qs is shown, the Tee complies with LRFD Specification Section E2.
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DOUBLE ANGLES 1-91

DOUBLE ANGLES

Properties of double angles in contact and separated are listed in the following tables.
Each table shows properties of double angles in contact, and the radius of gyration about
the Y-Y axis when the legs of the angles are separated. ValQgsief given fof, = 36

ksi andF, = 50 ksi for those angles exceeding the width-thickness xatid LRFD
Specification Section B5. Since the cross section is comprised entirely of unstiffened
elementsQ, = 1.0 andQ =Q,, for all angle sections. THéexural-Torsional Properties
Tablelists the dimensional value$, §, andH) needed for checking flexural-torsional
buckling.

Use of Table

The table may be used as follows for checking the limit states of (1) flexural buckling
and (2) flexural-torsional buckling. The lower of the two limit states must be used for
design. See alg@art 3 of this LRFD Manual.

(1) Flexural Buckling

Where no value of); is shown, the design compressive strength for this limit state is
given byLRFD Specification Section E3Vhere a value of) is shown, the strength
must be reduced in accordance wijtpendix B5 of the LRFD Specification

(2) Flexural-Torsional Buckling

The design compressive strength for this limit state is givebhR#yD Specification
Sections E3 and EZhis involves calculations withr,, andH. These torsional constants

can be obtained by summing the respective values for single angles listed in the
Flexural-Torsional Properties TabliesPart 1 of this Manual.
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1-92 DIMENSIONS AND PROPERTIES

DOUBLE ANGLES
»%  Two equal leg angles
Properties of sections

Y
Wit. Axis X-X
per ft Area of

2 Angles |2 Angles | S r y V4 Yp

Designation Ib in.2 in.4 in.® in. in. in. 3 in.

L8x8x1Ys 114 335 195 35.1 2.42 2.41 63.2 1.05
1 102 30.0 177 31.6 2.44 2.37 56.9 0.938
A 90.0 26.5 159 28.0 2.45 2.32 50.5 0.827
Ya 77.8 22.9 139 24.4 2.47 2.28 43.9 0.715
% 65.4 19.2 118 20.6 2.49 2.23 37.1 0.601
Y 52.8 155 97.3 16.7 2.50 2.19 30.1 0.484
L6x6x1 74.8 22.0 70.9 17.1 1.80 1.86 30.9 0.917
s 66.2 195 63.8 153 1.81 1.82 275 0.811
Yy 57.4 16.9 56.3 133 1.83 1.78 24.0 0.703
% 48.4 14.2 48.3 11.3 1.84 1.73 20.4 0.592
Y 39.2 115 39.8 9.23 1.86 1.68 16.6 0.479
Y 29.8 8.72 30.8 7.06 1.88 1.64 12.7 0.363
L5x5x7g 54.4 16.0 355 10.3 1.49 1.57 18.7 0.798
Y 47.2 13.9 315 9.06 1.51 1.52 16.3 0.694
Y 324 9.50 225 6.31 1.54 1.43 11.4 0.475
Y% 24.6 7.22 17.5 4.84 1.56 1.39 8.72 0.361
Y6 20.6 6.05 148 4.08 1.57 1.37 7.35 0.303
L4xAxY, 37.0 10.9 15.3 5.62 1.19 1.27 10.1 0.680
% 31.4 9.22 133 4.80 1.20 1.23 8.66 0.576
Y 25.6 7.50 11.1 3.95 1.22 1.18 7.12 0.469
¥ 19.6 5.72 8.72 3.05 1.23 1.14 5.49 0.357
Y16 16.4 4.80 7.43 2.58 1.24 1.12 4.64 0.300
Ya 13.2 3.88 6.08 2.09 1.25 1.09 3.77 0.242
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DOUBLE ANGLES 1-93
DOUBLE ANGLES
Two equal leg angles Y
Properties of sections
Y
Axis Y-Y Qs*
Radii of Gyration Angles in Contact Angles Separated
Back to Back of
Angles, in. Fy = Fy = Fy = Fy =
Designation 0 EZ e/ 36 ksi 50 ksi 36 ksi 50 ksi
L8x8x1% 3.42 3.55 3.69 — — — —
1 3.40 3.53 3.67 — — — —
7 3.38 3.51 3.64 — = — —
Yy 3.36 3.49 3.62 — — — —
%% 3.34 3.47 3.60 — — 0.997 0.935
Y 3.32 3.45 3.58 0.995 0.921 0.911 0.834
L6x6x1 2.59 2.73 2.87 — — — —
s 2.57 2.70 2.85 — — — —
Y 2.55 2.68 2.82 — — — —
% 2.53 2.66 2.80 — — — —
Y 251 2.64 2.78 — — — 0.961
Y% 2.49 2.62 2.75 0.995 0.921 0.911 0.834
L5x5%7g 2.16 2.30 2.45 — — — —
Yy 2.14 2.28 2.42 — — — —
Y 2.10 2.24 2.38 — — — —
% 2.09 2.22 2.35 — — 0.982 0.919
Y16 2.08 2.21 2.34 0.995 0.921 0.911 0.834
Lax4xY, 1.74 1.88 2.03 — = — —
% 1.72 1.86 2.00 — — — —
Y 1.70 1.83 1.98 — — — —
% 1.68 1.81 1.95 — — — —
Y6 1.67 1.80 1.94 — — 0.997 0.935
Ya 1.66 1.79 1.93 0.995 0.921 0.911 0.834
*Where no value ofQs is shown, the angles comply with LRFD Specification Section E2.
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1-94 DIMENSIONS AND PROPERTIES

K DOUBLE ANGLES
»%  Two equal leg angles
Properties of sections

Y
Wit. Axis X-X
per ft Area of

2 Angles |2 Angles | S r y V4 Yp

Designation Ib in. 2 in.4 in.2 in. in. in. 3 in.
L3Y,x3Y,x% 17.0 4.97 5.73 2.30 1.07 1.01 4.15 0.355
Y6 14.4 4.18 4.90 1.95 1.08 0.990 3.52 0.299
Ya 11.6 3.38 4.02 1.59 1.09 0.968 2.86 0.241
L3x3xY, 18.8 5.50 4.43 2.14 0.898 0.932 3.87 0.458
% 14.4 4.22 3.52 1.67 0.913 0.888 3.00 0.352
Y6 12.2 3.55 3.02 1.41 0.922 0.865 2.55 0.296
Ya 9.80 2.88 2.49 1.15 0.930 0.842 2.08 0.240
Y16 7.42 2.18 1.92 0.882 0.939 0.820 1.59 0.182
L2Yox2Yx¥g 11.8 3.47 1.97 1.13 0.753 0.762 2.04 0.347
Y16 10.0 2.93 1.70 0.964 0.761 0.740 1.74 0.293
Ya 8.20 2.38 141 0.789 0.769 0.717 1.42 0.238
Y6 6.14 1.80 1.09 0.606 0.778 0.694 1.09 0.180
L2x2x¥g 9.40 2.72 0.958 0.702 0.594 0.636 1.27 0.340
Y16 7.84 2.30 0.832 0.681 0.601 0.614 1.08 0.288
Ya 6.38 1.88 0.695 0.494 0.609 0.592 0.890 0.234
Y16 4.88 1.43 0.545 0.381 0.617 0.569 0.686 0.179
Ya 3.30 0.960 0.380 0.261 0.626 0.546 0.471 0.121
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DOUBLE ANGLES 1-95
DOUBLE ANGLES
Two equal leg angles 2
Properties of sections
Y
Axis Y-Y Qs*
Radii of Gyration Angles in Contact Angles Separated
Back to Back of
Angles, in. Fy = Fy:‘ Fy = Fy:.
Designation 0 Y Y 36 ksi 50 ksi 36 ksi 50 ksi
L3%x3%x% 1.48 1.61 1.75 — — — —
Y16 1.47 1.60 1.74 — — — 0.986
Ya 1.46 1.59 1.73 — 0.982 0.965 0.897
L3x3xY, 1.29 1.43 1.59 — — — —
Ys 1.27 1.41 1.56 — — — —
Y16 1.26 1.40 1.55 — — — —
Ya 1.26 1.39 1.53 — — — 0.961
Y16 1.25 1.38 1.52 0.995 0.921 0.911 0.834
L2]/2X21/2X378 1.07 1.21 1.36 — = — =
Y16 1.06 1.20 1.35 — — — —
Yy 1.05 1.19 1.34 — — — —
Y16 1.04 1.18 1.32 — — 0.982 0.919
L2x2x%g 0.870 1.01 1.17 — — — —
Y16 0.859 1.00 1.16 — — — —
Ya 0.849 0.989 1.14 — — — —
Y16 0.840 0.977 1.13 — — — —
Ya 0.831 0.965 111 0.995 0.921 0.911 0.834

*Where no value ofQs is shown, the angles comply with LRFD Specification Section E2.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION




DIMENSIONS AND PROPERTIES

v DOUBLE ANGLES
p—
x ) ‘ x 7% Two unequal leg angles
! . .
l Propertles of sections
s Long legs back to back
Y
Wt. Axis X-X
per ft Area of
2 Angles |2 Angles | S r y V4 Yp
Designation b in. 2 in.* in.3 in. in. in. 3 in.
L8x6x1 88.4 26.0 161 30.2 2.49 2.65 54.5 1.50
Yy 67.6 19.9 126 23.3 2.53 2.56 42.2 1.38
Yy 46.0 13.5 88.6 16.0 2.56 2.47 29.1 1.25
L8x4x1 74.8 22.0 139 28.1 2.52 3.05 48.5 2.50
Yy 57.4 16.9 109 21.8 2.55 2.95 37.7 2.38
Y 39.2 11.5 77.0 15.0 2.59 2.86 26.1 2.25
L7x4xY, 52.4 15.4 75.6 16.8 2.22 2,51 29.6 1.88
Y 35.8 10.5 53.3 11.6 2.25 2.42 20.6 1.75
Y% 27.2 7.97 411 8.88 2.27 2.37 15.7 1.69
L6x4xY, 47.2 13.9 49.0 12.5 1.88 2.08 22.3 1.38
% 40.0 11.7 42.1 10.6 1.90 2.03 19.0 1.31
Yy 324 9.50 34.8 8.67 1.91 1.99 15.6 1.25
Y% 24.6 7.22 26.9 6.64 1.93 1.94 11.9 1.19
L6x3%x¥ 23.4 6.84 25.7 6.49 1.94 2.04 11.5 1.44
Y16 19.6 5.74 21.8 5.47 1.95 2.01 9.70 1.41
L5x3%,x%, 39.6 11.6 27.8 8.55 1.55 1.75 15.3 1.13
Y 27.2 8.00 20.0 5.97 1.58 1.66 10.8 1.00
Y% 20.8 6.09 15.6 4.59 1.60 1.61 8.28 0.938
Y16 17.4 5.12 13.2 3.87 1.61 1.59 6.99 0.906
L5x3xY, 25.6 7.50 18.9 5.82 1.59 1.75 10.3 1.25
Y 19.6 5.72 14.7 4.47 1.61 1.70 7.95 1.19
Y16 16.4 4.80 12.5 3.77 1.61 1.68 6.71 1.16
Ya 13.2 3.88 10.2 3.06 1.62 1.66 5.45 1.13

AMERICAN INSTITUTE OF STEEL CONSTRUCTION




DOUBLE ANGLES

DOUBLE ANGLES

Two unequal leg angles
Properties of sections

Long legs back to back

Y
X—_ Jﬁ#w

Axis Y-Y

Qs*

Radii of Gyration

Angles in Contact

Angles Separated

Back to Back of

Angles, in. Fy = Fy = Fy = Fy =

Designation 0 EA Ya 36 ksi 50 ksi 36 ksi 50 Kksi
L8x6x1 2.39 2.52 2.66 — — — —
A 2.35 2.48 2.62 — — — —

Y, 2.32 2.44 2.57 — — 0.911 0.834
L8x4x1 1.47 1.61 1.75 — — — —
Y 1.42 1.55 1.69 - — — —

Y 1.38 1.51 1.64 — — 0.911 0.834
L7x4xY, 1.48 1.62 1.76 — — — —

Y 1.44 1.57 1.71 — — 0.965 0.897

Y 1.43 1.55 1.68 — — 0.839 0.750
L6x4xY, 1.55 1.69 1.83 — — — —
Y% 1.53 1.67 1.81 — — — —

Y 151 1.64 1.78 — — — 0.961

EA 15 1.62 1.76 — — 0.911 0.834

L6x3Y,x% 1.26 1.39 1.53 — — 0.911 0.834

Y6 1.26 1.38 1.51 — — 0.825 0.733
L5x3Y,x%, 1.40 1.53 1.68 — — — —
Y 1.35 1.49 1.63 — — — —

EA 1.34 1.46 1.60 — — 0.982 0.919

Y6 1.33 1.45 1.59 — — 0.911 0.834
L5x3xY5 1.12 1.25 1.40 — — — —

Y 1.10 1.23 1.37 — — 0.982 0.919

%6 1.09 1.22 1.36 — — 0.911 0.834

Yy 1.08 1.21 1.34 — — 0.804 0.708

*Where no value of Qs is shown the angles comply with LRFD Specification Section E2.
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1-98 DIMENSIONS AND PROPERTIES

v DOUBLE ANGLES
p—
h— ‘ Y% Two unequal leg angles
[ Propertles of sections
s Long legs back to back
Y
Wit. Axis X-X
per ft Area of

2 Angles |2 Angles | S r y V4 Yp

Designation Ib in.2 in.4 in.® in. in. in. 3 in.
L4x3YxY, 23.8 7.00 10.6 3.87 1.23 1.25 7.00 0.500
Y% 18.2 5.34 8.35 2.99 1.25 121 5.42 0.438
Y16 15.4 4.49 7.12 2.53 1.26 1.18 4.59 0.406
Yy 12.4 3.63 5.83 2.05 1.27 1.16 3.73 0.375
L4x3xY, 222 6.50 10.1 3.78 1.25 1.33 6.81 0.750
Y% 17.0 4.97 7.93 2.92 1.26 1.28 5.28 0.688
Y16 14.4 4.18 6.76 2.47 1.27 1.26 4.47 0.656
Ya 11.6 3.38 5.54 2.00 1.28 1.24 3.63 0.625
L3%,x3x¥ 15.8 4.59 5.45 2.25 1.09 1.08 4.08 0.438
Y6 13.2 3.87 4.66 1.91 1.10 1.06 3.46 0.406
Ya 10.8 3.13 3.83 1.55 1.11 1.04 2.82 0.375
L3Ypx2Y,x% 14.4 4.22 5.12 2.19 1.10 1.16 3.94 0.688
Ya 9.80 2.88 3.60 1.51 1.12 1.11 2.73 0.625
L3x2Yx¥g 13.2 3.84 3.31 1.62 0.928 0.956 2.93 0.438
Ya 9.00 2.63 2.35 1.12 0.945 0.911 2.04 0.375
Y16 6.77 1.99 1.81 0.859 0.954 0.888 1.56 0.344
L3x2x% 11.8 3.47 3.06 1.56 0.940 1.04 2.79 0.688
Y6 10.0 2.93 2.63 1.33 0.948 1.02 2.38 0.656
Ya 8.20 2.38 217 1.08 0.957 0.993 1.95 0.625
Y16 6.14 1.80 1.68 0.830 0.966 0.970 1.49 0.594
L2Yox2x¥g 10.6 3.09 1.82 1.09 0.768 0.831 1.97 0.438
Y16 9.00 2.62 1.58 0.932 0.776 0.809 1.69 0.406
Ya 7.24 2.13 1.31 0.763 0.784 0.787 1.38 0.375
Y16 5.50 1.62 1.02 0.586 0.793 0.764 1.06 0.344
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DOUBLE ANGLES

DOUBLE ANGLES
Two unequal leg angles
Properties of sections
Long legs back to back

Y
X—_ Jﬁ#w

Axis Y-Y

Qs*

Radii of Gyration

Angles in Contact

Angles Separated

Back to Back of

Angles, in. Fy = Fy = Fy = Fy =

Designation 0 EA Ya 36 ksi 50 ksi 36 ksi 50 Kksi
L4x3YoxY, 1.44 1.58 1.72 — — — —
% 1.42 1.56 1.70 — — — —

Y16 1.42 1.55 1.69 — — 0.997 0.935

Yy 1.41 1.54 1.67 — 0.982 0.911 0.834
L4x3xY, 1.20 1.33 1.48 — — — —
% 1.18 1.31 1.45 — — — —

Y16 1.17 1.30 1.44 — — 0.997 0.935

Y 1.16 1.29 1.43 — — 0.911 0.834
L3Y,x3x%g 1.22 1.36 1.50 — — — —

Y6 1.21 1.35 1.49 — — — 0.986

Yy 1.20 1.33 1.48 — — 0.965 0.897
L3]/2X21/2><3/g 0.976 1.11 1.26 — = — =

Yy 0.958 1.09 1.23 — — 0.965 0.897
L3x2Y,x%¥g 1.02 1.16 1.31 — — — —

Yy 1.00 1.13 1.28 — — — 0.961

Y16 0.993 1.12 1.27 — — 0.911 0.834
L3x2x% 0.777 0.917 1.07 — — — —
Y16 0.767 0.903 1.06 — — — —

Y 0.757 0.891 1.04 — — — 0.961

Y16 0.749 0.879 1.03 — — 0.911 0.834
L2Yox2x%g 0.819 0.961 1.12 — — — —
Y6 0.809 0.948 1.10 — — — —
Yy 0.799 0.935 1.09 — — — —

Y16 0.790 0.923 1.07 — — 0.982 0.919

*Where no value of Qs is shown, the angles comply with LRFD Specification Section E2.
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1-100 DIMENSIONS AND PROPERTIES

DOUBLE ANGLES
¥%  Two unequal leg angles
Properties of sections

Y Short legs back to back
Wt. Axis X-X
per ft Area of

2 Angles |2 Angles | S r y V4 Yp

Designation Ib in.2 in.4 in.® in. in. in. 3 in.
L8x6x1 88.4 26.0 77.6 17.8 1.73 1.65 324 0.813
Y 67.6 19.9 61.4 13.8 1.76 1.56 24.9 0.621
Yy 46.0 13.5 434 9.58 1.79 1.47 17.0 0.422
L8x4x1 74.8 22.0 23.3 7.88 1.03 1.05 15.4 0.688
Y 57.4 16.9 18.7 6.14 1.05 0.953 11.6 0.527
Y 39.2 115 135 4.29 1.08 0.859 7.80 0.359
L7x4xY, 52.4 15.4 18.1 6.05 1.09 1.01 11.3 0.549
Yy 35.8 10.5 13.1 4.23 1.11 0.917 7.66 0.375
Y% 27.2 7.97 10.2 3.26 1.13 0.870 5.80 0.285
L6x4xY, 47.2 13.9 17.4 5.94 1.12 1.08 10.9 0.578
%% 40.0 11.7 15.0 5.07 1.13 1.03 9.24 0.488
Yy 324 9.50 12.5 4.16 1.15 0.987 7.50 0.396
Y% 24.6 7.22 9.81 3.21 1.17 0.941 5.71 0.301
L6x3Y,x¥g 23.4 6.84 6.68 2.46 0.988 0.787 4.41 0.285
Y16 19.6 5.74 5.70 2.08 0.996 0.763 3.70 0.239
L5x3%,x%, 39.6 11.6 11.1 4.43 0.977 0.996 8.20 0.581
Y2 27.2 8.00 8.10 3.12 1.01 0.906 5.65 0.400
Y 20.8 6.09 6.37 2.41 1.02 0.861 4.32 0.305
Y16 17.4 5.12 5.44 2.04 1.03 0.838 3.63 0.256
L5x3xY, 25.6 7.50 5.16 2.29 0.829 0.750 4.22 0.375
Y 19.6 5.72 4.08 1.78 0.845 0.704 3.21 0.286
%6 16.4 4.80 3.49 1.51 0.853 0.681 2.69 0.240
Ya 13.2 3.88 2.88 1.23 0.861 0.657 2.17 0.194
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DOUBLE ANGLES 1-101

DOUBLE ANGLES
Two unequal leg angles %
Properties of sections
Short legs back to back Y
Axis Y-Y Qs*
Radii of Gyration Angles in Contact Angles Separated
Back to Back of
Angles, in. _ _ _ _
e Fy= Fy= Fy= Fy=
Designation 0 EZ e/ 36 ksi 50 ksi 36 ksi 50 ksi
L8x6x1 3.64 3.78 3.92 — — — —
Yy 3.60 3.74 3.88 — — — —
Y 3.56 3.69 3.83 0.995 0.921 0.911 0.834
L8x4x1 3.95 4.10 4.25 — — — —
Yy 3.90 4.05 4.19 — — — —
Y 3.86 4.00 4.14 0.995 0.921 0.911 0.834
L7x4xY, 3.35 3.49 3.64 — — —
Y 3.30 3.44 3.59 — 0.982 0.965 0.897
Y% 3.28 3.42 3.56 0.926 0.838 0.839 0.750
L6x4xY, 2.80 2.94 3.09 — — — =
% 2.78 2.92 3.06 — — — —
Y 2.76 2.90 3.04 — — — 0.961
% 2.74 2.87 3.02 0.995 0.921 0.911 0.834
L6x3Y,x¥g 2.81 2.95 3.09 0.995 0.921 0.911 0.834
Y16 2.80 2.94 3.08 0.912 0.822 0.825 0.733
L5x3Y,xY, 2.33 2.48 2.63 — — — —
Y 2.29 2.43 2.57 — — — —
Y% 2.27 2.41 2.55 — — 0.982 0.919
Y16 2.26 2.39 2.54 0.995 0.921 0.911 0.834
L5x3xY%, 2.36 2.50 2.65 — — — —
Y 2.34 2.48 2.63 — — 0.982 0.919
Y6 2.33 2.47 2.61 0.995 0.921 0.911 0.834
Y 2.32 2.46 2.60 0.891 0.797 0.804 0.708
*Where no value of Qs is shown, the angles comply with LRFD Specification Section E2.
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1-102 DIMENSIONS AND PROPERTIES

DOUBLE ANGLES
¥%  Two unequal leg angles
Properties of sections

Y Short legs back to back
Wt. Axis X-X
per ft Area of

2 Angles |2 Angles | S r y V4 Yp

Designation Ib in.2 in.4 in.® in. in. in. 3 in.
L4x3Y,xY, 23.8 7.00 7.58 3.03 1.04 1.00 5.47 0.438
Y% 18.2 5.34 5.97 2.35 1.06 0.955 4.21 0.334
Y16 15.4 4.49 5.10 1.99 1.07 0.932 3.56 0.281
Ya 12.4 3.63 4.19 1.62 1.07 0.909 2.89 0.227
L4x3xY, 22.2 6.50 4.85 2.23 0.864 0.827 4.06 0.406
Y% 17.0 4.97 3.84 1.73 0.879 0.782 3.11 0.311
Y16 14.4 4.18 3.29 1.47 0.887 0.759 2.63 0.261
Ya 11.6 3.38 2.71 1.20 0.896 0.736 213 0.211
L3Y,x3x%g 15.8 4.59 3.69 1.70 0.897 0.830 3.06 0.328
Y6 13.2 3.87 3.17 1.44 0.905 0.808 2.59 0.276
Ya 10.8 3.13 2.61 1.18 0.914 0.785 2.10 0.223
L3%x2Yx¥g 14.4 4.22 2.18 1.18 0.719 0.660 2.15 0.301
Ya 9.80 2.88 1.55 0.824 0.735 0.614 1.47 0.205
L3x2Yox¥g 13.2 3.84 2.08 1.16 0.736 0.706 2.10 0.320
Ya 9.00 2.63 1.49 0.808 0.753 0.661 1.45 0.219
Y16 6.77 1.99 1.15 0.620 0.761 0.638 1.11 0.166
L3x2x% 11.8 3.47 1.09 0.743 0.559 0.539 1.37 0.289
%6 10.0 2.93 0.941 0.634 0.567 0.516 1.16 0.244
Ya 8.20 2.38 0.784 0.520 0.574 0.493 0.937 0.198
Y16 6.14 1.80 0.613 0.401 0.583 0.470 0.713 0.150
L2Yox2x¥g 10.6 3.09 1.03 0.725 0.577 0.581 1.32 0.309
Y16 9.00 2.62 0.893 0.620 0.584 0.559 1.12 0.262
Ya 7.24 2.13 0.745 0.509 0.592 0.537 0.915 0.213
Y16 5.50 1.62 0.583 0.392 0.600 0.514 0.701 0.162
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DOUBLE ANGLES 1-103

DOUBLE ANGLES
Two unequal leg angles %
Properties of sections
Short legs back to back Y
Axis Y-Y Qs*
Radii of Gyration Angles in Contact Angles Separated
Back to Back of
Angles, in. Fy = Fy = Fy = Fy =
Designation 0 EZ e/ 36 ksi 50 ksi 36 ksi 50 ksi
Lax3YxY, 1.76 1.89 2.04 — — — —
% 1.74 1.87 2.01 — — — —
Y16 1.73 1.86 2.00 — — 0.997 0.935
Ya 1.72 1.85 1.99 0.995 0.921 0.911 0.834
L4x3xY, 1.82 1.96 2.11 — — — —
% 1.80 1.94 2.08 — — — —
Y6 1.79 1.93 2.07 — — 0.997 0.935
Ya 1.78 1.92 2.06 0.995 0.921 0.911 0.834
L3Y,x3x¥% 1.53 1.67 1.82 — — — —
%6 1.52 1.66 1.80 — — — 0.986
Ya 1.52 1.65 1.79 — 0.982 0.965 0.897
L3]/2X21/2><3/g 1.60 1.74 1.89 — — — -
Yy 1.58 1.72 1.86 — 0.982 0.965 0.897
L3x2Y%x¥g 1.33 1.47 1.62 — — — —
Ya 1.31 1.45 1.60 — — — 0.961
Y16 1.30 1.44 1.58 0.995 0.921 0.911 0.834
L3x2x¥g 1.40 1.55 1.70 — — — —
Y6 1.39 1.53 1.68 — — — —
Ya 1.38 1.52 1.67 — — — 0.961
Y6 1.37 151 1.66 0.995 0.921 0.911 0.834
L2Y,ox2x%g 1.13 1.28 1.43 — — — —
Y16 1.12 1.26 1.42 — — — —
Yy 1.11 1.25 1.40 — — — —
Y16 1.10 1.24 1.39 — — 0.982 0.911
*Where no value of Qs is shown the angles comply with LRFD Specification Section E2.
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1-104 DIMENSIONS AND PROPERTIES
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COMBINATION SECTIONS 1-105

COMBINATION SECTIONS

Standard rolled shapes are frequently combined to produce efficient and economical
structural members for special applications. Experience has established a demand for
certain combinations. When properly sized and connected to satisfy the design and
specification criteria, these members may be used as struts, lintels, eave struts, and light
crane and trolley runways. TR& section with channel attached to the web is not
recommended for use as a trolley or crane runway member. Properties of several
combined sections are tabulated for those combinations that experience has proven to be
in popular demand.
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1-106 DIMENSIONS AND PROPERTIES

Y COMBINATION SECTIONS
% W shapes and channels
LT | Properties of sections
%Y,
Y
Total Axis X-X
Weight Total S1= S =

per ft Area | 1 /y1 I /y2 r

Beam | Channel Ib in. 2 in.4 in.2 in.2 in.
W12x26 C10x15.3 41.3 12.14 299 36.3 70.5 4.96
x26 C12x20.7 46.7 13.74 318 36.8 82.2 4.81
W14x30 C10x15.3 45.3 13.34 420 46.1 84.6 5.61
x30 C12x20.7 50.7 14.94 448 46.8 98.3 5.47
W16x36 C12x20.7 56.7 16.69 670 62.8 123 6.34
x36 C15x33.9 69.9 20.56 748 64.6 160 6.03
W18x50 C12x20.7 70.7 20.79 1120 97.4 166 7.34
x50 C15x33.9 83.9 24.66 1250 100 211 7.11
W21x62 C12x20.7 82.7 24.39 1800 138 218 8.59
x62 C15x33.9 95.9 28.26 2000 142 272 8.41
x68 C12x20.7 88.7 26.09 1960 152 232 8.68
x68 C15x33.9 101.9 29.96 2180 156 287 8.52
W24x68 C12x20.7 88.7 26.19 2450 168 258 9.67
x68 C15x33.9 101.9 30.06 2720 173 321 9.50
x84 C12x20.7 104.7 30.79 3040 212 303 9.93
x84 C15x33.9 117.9 34.66 3340 217 368 9.82

W27x84 C15x33.9 117.9 34.76 4050 237 404 10.8

x94 C15x33.9 127.9 37.66 4530 268 436 11.0

W30x99 C15x33.9 132.9 39.06 5540 300 480 11.9

x99 C18x42.7 141.7 41.70 5830 304 533 11.8

x116 C15x33.9 149.9 44.16 6590 360 544 12.2

x116 C18x42.7 158.7 46.80 6900 365 599 12.1

W33x118 C15x33.9 151.9 44.66 7900 395 596 13.3

x118 C18x42.7 160.7 47.30 8280 400 656 13.2

x141 C15x33.9 174.9 51.56 9580 484 689 13.6

x141 C18x42.7 183.7 54.20 10000 490 751 13.6

W36x150 C15x33.9 183.9 54.16 11500 546 765 14.6

x150 C18x42.7 192.7 56.80 12100 553 832 14.6
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COMBINATION SECTIONS 1-107

COMBINATION SECTIONS Y
W shapes and channels %
Properties of sections S S |
%,
Y
Axis X-X Axis Y-Y

p4! Z Yp | S r 4

Beam |Channel in. in. 3 in. in. 4 in.3 in. in. 3
W12x26 C10x15.3 8.22 47.0 11.30 84.7 16.9 2.64 24.0
x26 C12x20.7 8.63 48.8 11.55 146 24.4 3.26 33.6
W14x30 C10x15.3 9.12 60.5 12.56 87.0 17.4 2.55 24.8
x30 C12x20.7 9.57 62.3 12.87 149 24.8 3.15 34.4
W16x36 C12x20.7 10.67 83.6 14.56 154 25.6 3.03 36.3
x36 C15x33.9 11.58 88.6 15.21 340 453 4.06 61.3
W18x50 C12x20.7 11.51 128 16.08 169 28.2 2.85 42.0
x50 C15x33.9 12.47 134 16.90 355 47.3 3.79 67.0
W21x62 C12x20.7 13.01 182 18.06 187 31.1 2.77 47.2
x62 C15x33.9 14.06 190 19.36 373 49.7 3.63 72.2
x68 C12x20.7 12.93 200 17.60 194 32.3 2.72 49.8
x68 C15x33.9 13.95 208 19.32 380 50.6 3.56 74.8
W24x68 C12x20.7 14.53 224 19.15 199 33.2 2.76 50.0
x68 C15x33.9 15.67 234 21.66 385 51.4 3.58 75.0
x84 C12x20.7 14.35 275 18.49 223 37.2 2.69 58.1
x84 C15x33.9 15.40 288 21.61 409 54.6 3.44 83.1
W27x84 C15x33.9 17.07 320 23.86 421 56.1 3.48 83.6
x94 C15x33.9 16.92 357 23.56 439 58.5 3.41 89.2
W30x99 C15x33.9 18.51 408 24.34 443 59.1 3.37 89.1

x99 C18x42.7 19.18 418 26.43 682 75.8 4.04 113
x116 |[C15x33.9 18.30 480 23.77 479 63.9 3.29 99.6

x116 |[C18x42.7 18.93 492 26.04 718 79.8 3.92 124

W33x118 |C15x33.9 20.01 529 25.43 502 66.9 3.35 102

x118 [C18x42.7 20.69 544 27.77 741 82.3 3.96 126

x141 [C15x33.9 19.79 634 24.83 561 74.8 3.30 117

x141 [C18x42.7 20.42 652 26.96 800 88.9 3.84 141

W36x150 |[C15x33.9 21.15 716 25.84 585 78.0 3.29 121

x150 |[C18x42.7 21.81 738 27.91 824 91.6 3.81 145
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1-108 DIMENSIONS AND PROPERTIES

! COMBINATION SECTIONS
% S shapes and channels
LV S | IS Properties of sections
29
Y
Total Axis X-X
Weight Total S1= S =
per ft Area | 1 /y1 I /y2 r
Beam Channel Ib in. 2 in.4 in.2 in.2 in.
S10x25.4  |C8x11.5 36.9 10.84 176 27.2 46.6 4.02
C10x15.3 40.7 11.95 186 27.6 52.9 3.94
S12x31.8 C8x11.5 43.3 12.73 299 39.8 63.2 4.84
C10x15.3 47.1 13.84 316 40.4 71.4 4.78
S15x42.9 |C8x11.5 54.4 15.98 585 64.9 94.2 6.05
C10x15.3 58.2 17.09 616 65.8 105 6.01
S20%66 C10x15.3 81.3 23.89 1530 130 181 8.00
C12x20.7 86.7 25.49 1620 132 203 7.97
S24x80 C10x15.3 95.3 27.99 2610 188 252 9.66
C12x20.7 100.7 29.59 2750 191 278 9.65
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COMBINATION SECTIONS 1-109
COMBINATION SECTIONS
S shapes and channels
Properties of sections X X
Axis X-X AXxis Y-Y
Y1 V4 Yp | S r z
Beam |Channel in. in. 3 in. in. 4 in.3 in. in. 3
S10x25.4 |C8x11.5 6.45 35.7 8.81 39.4 9.8 1.91 14.5
C10x15.3 6.73 36.9 9.02 74.2 14.8 2.49 20.8
S12x31.8 |C8x11.5 7.50 52.6 10.30 42.0 10.5 1.82 16.0
C10x15.3 7.82 53.9 10.61 76.8 15.4 2.36 22.2
S15%x42.9 [C8x11.5 9.01 85.7 11.58 47.0 11.8 1.71 18.6
C10x15.3 9.37 88.2 12.77 81.8 16.4 2.19 249
S20x66 C10x15.3 11.81 171 14.41 95.1 19.0 2.00 31.2
C12x20.7 12.29 178 15.99 157 26.1 2.48 40.8
S24x80 C10x15.3 13.86 244 16.46 110 21.9 1.98 36.6
C12x20.7 14.38 254 18.05 171 28.5 241 46.2
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1-110 DIMENSIONS AND PROPERTIES

COMBINATION SECTIONS
Two channels
Properties of sections

Total Axis X-X
Weight Total Si=| S2=
Vertical |Horizontal |__Perft Area : | /ys |1 /y2 r yi z Yp
Channel | Channel b in. 2 in.4 in.® in.3 in. in. in. 3 in.
C3x4.1 C4x5.4 9.5 2.80 3.0 1.4 3.0 1.04 2.20 216 | 2.67
C4x5.4 C4x5.4 10.8 3.18 6.5 2.3 4.9 1.43 2.86 3.39 | 356
C5x%6.7 12.1 3.56 6.9 2.3 55 1.39 2.94 3.62 | 361
C5x%6.7 C5x%6.7 13.4 3.94 12.8 3.5 8.0 1.80 3.60 5.23 | 4.50
C6x8.2 149 4.37 13.4 3.6 8.9 1.75 3.70 5.50 4.57
C7x9.8 16.5 4.84 14.0 3.7 9.8 1.70 3.79 581 | 4.62
C6x8.2 C5x6.7 149 4.37 21.5 51 109 2.22 4.22 7.31 5.37
C6x%8.2 16.4 4.80 22.5 5.2 12.1 2.16 4.34 7.61 | 5.45
C7x9.8 18.0 5.27 23.4 5.2 13.3 211 4.45 7.93 5.53
C8x11.5 19.7 5.78 24.3 53 14.5 2.05 4.55 8.30 | 5.58
C9x13.4 21.6 6.34 25.2 5.4 15.8 1.99 4.64 8.72 | 5.63
C10x%15.3 23.5 6.89 26.0 55 16.9 1.94 4.70 9.16 | 5.65
C7x9.8 C6x8.2 18.0 5.27 35.3 7.1 15.7 2.59 4.95 10.2 6.32
C7x9.8 19.6 5.74 36.7 7.2 17.3 2.53 5.08 10.6 6.40
C8x11.5 21.3 6.25 38.0 7.3 18.8 2.47 5.20 10.9 6.48
C9x13.4 23.2 6.81 39.3 7.4 20.5 2.40 5.31 11.4 6.54
C10x%15.3 25.1 7.36 40.5 7.5 21.9 2.34 5.39 11.8 6.58
C8x11.5 |C6x%8.2 19.7 5.78 52.4 9.5 19.6 3.01 5.53 134 7.18
C7x9.8 21.3 6.25 54.5 9.6 21.6 2.95 5.68 13.8 7.27
C8x11.5 23.0 6.76 56.4 9.7 23.6 2.89 5.82 14.2 7.35
C9x13.4 24.9 7.32 58.4 9.8 25.6 2.82 5.95 14.6 7.44
C10x15.3 26.8 7.87 60.0 9.9 27.5 2.76 6.06 15.1 7.49
C12x20.7 32.2 9.47 64.4 10.2 32.6 2.61 6.30 16.4 7.62
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COMBINATION SECTIONS

1-111

COMBINATION SECTIONS

Two channels

Properties of sections

AXxis Y-Y
Vertical Horizontal I S r X1 Z Xp
Channel Channel in. in.® in. in. in. ° in.
C3x4.1 C4x5.4 4.0 2.0 1.20 0.44 2.67 0.315
C4x5.4 C4x5.4 4.2 2.1 1.14 0.46 2.84 0.281
C5%6.7 7.8 3.1 1.48 0.46 4.09 0.282
C5%6.7 C5%6.7 8.0 3.2 1.42 0.48 4.29 0.264
C6%8.2 13.6 45 1.76 0.48 5.90 0.266
C7x9.8 21.8 6.2 2.12 0.48 7.90 0.268
C6x8.2 C5%6.7 8.2 3.3 1.37 0.51 452 0.242
C6x8.2 13.8 4.6 1.70 0.51 6.14 0.245
C7x9.8 22.0 6.3 2.04 0.51 8.13 0.247
C8x11.5 33.3 8.3 2.40 0.51 10.6 0.249
C9x13.4 48.6 10.8 2.77 0.51 13.5 0.252
C10x%15.3 68.1 13.6 3.14 0.51 16.8 0.254
C7x9.8 C6x%8.2 14.1 4.7 1.63 0.54 6.41 0.225
C7x9.8 22.3 6.4 1.97 0.54 8.41 0.228
C8x11.5 33.6 8.4 2.32 0.54 10.8 0.230
C9x13.4 48.6 10.9 2.68 0.54 13.8 0.234
C10x15.3 68.4 13.7 3.05 0.54 17.1 0.235
C8x11.5 C6x%8.2 14.4 4.8 1.58 0.57 6.73 0.218
C7x9.8 22.6 6.5 1.90 0.57 8.73 0.219
C8x11.5 33.9 8.5 2.24 0.57 11.2 0.219
C9x13.4 49.2 10.9 2.59 0.57 14.1 0.220
C10x%15.3 68.7 13.7 2.95 0.57 17.4 0.220
C12x20.7 130 21.7 3.71 0.57 27.0 0.230
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1-112 DIMENSIONS AND PROPERTIES

COMBINATION SECTIONS
Two channels
Properties of sections

Total Axis X-X
Weight Total Si=| S=
Vertical |Horizontal |__Perft Area ! /ya [y | r y1 Z Yp
Channel | Channel Ib in. 2 in4 | in®|in®|in | in [in%] in
Cox13.4 C7x9.8 23.2 6.81 77.7| 124 26.3 | 3.38 6.26 17.6 8.11
Cc8x11.5 24.9 7.32 805| 126 | 28.7| 332 | 6.42| 181 821
C9x13.4 26.8 7.88 833| 127 | 31.2| 325 | 657 | 185 831
C10x15.3 28.7 8.43 85.6| 12.8 335 | 3.19 6.69 19.0 8.37
C12x20.7 34.1 10.03 91.7| 131 | 39.8| 3.02 | 6.98| 204 | 854
C10x15.3 |C8x11.5 26.8 7.87 110 | 158 | 342| 375 | 7.00| 224| 9.07
C9x13.4 28.7 8.43 114 | 159 | 37.2| 368 | 7.16| 229| 9.18
C10x15.3 30.6 8.98 117 16.1 39.9| 3.61 7.30 23.4 9.26
C12x20.7 36.0 10.58 126 | 16.4 | 475| 345 | 7.64| 249| 946
C15x%33.9 49.2 14.45 141 17.3 63.7 | 3.13 8.18 28.3 9.73
C12x20.7 |C9x13.4 34.1 10.03 207 25.2 514 | 454 8.21 35.7 | 10.78
C10x15.3 36.0 10.58 213 25.4 55.0 | 4.48 8.38 36.3 | 10.88
C12x20.7 414 12.18 228 | 259 | 653| 432 | 879 | 38.0| 11.16
C15%33.9 54.6 16.05 256 | 27.0 | 87.8| 4.00 | 9.48| 41.8| 11.56
C15x33.9 [C10x15.3 49.2 14.45 474 48.8 85.6 | 5.72 9.71 69.7 | 12.83
C12x20.7 54.6 16.05 509 49.9 99.8 | 5.63 | 10.19 72.2 | 13.31
C15x33.9 67.8 19.92 575 | 52.0 | 132 537 | 11.06 | 77.4| 14.04
MC18x42.7 76.6 22.56 608 | 53.1 | 152 519 | 11.45| 80.7 | 14.37
MC18x42.7 | MC12x20.7 63.4 18.69 860 | 72.9 | 133 6.78 | 11.80 | 106 | 15.51
MC15x33.9 76.6 22.56 975 | 76.1 | 174 6.57 | 12.80 | 113 | 16.50
MC18x42.7 85.4 2520 |1030 | 77.6 | 200 6.40 | 13.29 | 117 | 16.96
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COMBINATION SECTIONS

1-113

COMBINATION SECTIONS

Two channels

Properties of sections

AXxis Y-Y
Vertical Horizontal I S r X1 Z Xp
Channel Channel in. in.® in. in. in. ° in.
C9x13.4 C7x9.8 23.1 6.6 1.84 0.60 9.10 0.226
C8x11.5 34.4 8.6 2.17 0.60 115 0.227
C9x13.4 49.7 11.0 2.51 0.60 14.5 0.227
C10x15.3 69.2 13.8 2.86 0.60 17.8 0.227
C12x20.7 131 21.8 3.61 0.60 27.4 0.229
C10x15.3 C8x11.5 34.9 8.7 2.11 0.63 11.9 0.232
C9x13.4 50.2 11.2 2.44 0.63 14.9 0.232
C10x15.3 69.7 13.9 2.79 0.63 18.2 0.233
C12x20.7 131 21.9 3.52 0.63 27.8 0.234
C15%33.9 317 423 4.69 0.63 52.8 0.239
C12x20.7 Cox13.4 51.8 115 2.27 0.70 16.0 0.261
C10x15.3 713 14.3 2.60 0.70 19.3 0.261
C12x20.7 133 22.1 3.30 0.70 29.0 0.262
C15x33.9 319 425 4.46 0.70 54.0 0.266
C15x33.9 C10x15.3 75.5 15.1 2.29 0.79 22.1 0.337
C12x20.7 137 22.9 2.92 0.79 317 0.338
C15x%33.9 323 43.1 4.03 0.79 56.7 0.342
MC18x42.7 562 62.5 4.99 0.79 80.7 0.343
MC18x42.7 MC12x%20.7 143 23.9 2.77 0.88 33.6 0.355
MC15x%33.9 329 439 3.82 0.88 58.6 0.358
MC18x42.7 568 63.2 4.75 0.88 82.6 0.359
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1-114 DIMENSIONS AND PROPERTIES

Y COMBINATION SECTIONS
, Channels and angles
2 . .
« ) « Propertles of sections
Long leg of angle turned out
Yk
X1 X2
»oy
Total Axis X-X
Weight Total Si1=| S =
per ft Area | [ /y1 |1 /y2 r Y1 V4 Yp
Channel Angle b in. 2 in4 | in% | in3 in. in. in. ° in.
C6x8.2 L2Y,x2YoxY, 12.3 3.59 17.9 8.0 48 | 224 | 2.24 6.75 | 1.40
L3 x2¥,xY, 12.7 3.71 18.5 8.5 4.8 2.23 2.17 6.90 | 1.26
L3%x3 xY, 13.6 3.96 19.0 8.9 49 | 219 2.13 7.23 | 1.26
xY16 14.8 4.33 19.8 9.8 5.0 2.14 2.02 754 | 111
L4 x3 xYy 14.0 4.09 195 9.5 5.0 | 219 2.06 7.36 | 1.13
C7x9.8 L2Y,x2YoxY)y 13.9 4.06 285 | 10.6 6.6 2.65 2.68 9.13 | 1.67
L3 x2¥xYy 14.3 4.18 293 | 11.2 6.7 2.65 2.61 9.31| 153
L3%x3 xY, 15.2 4.43 30.0 | 11.8 6.7 2.60 2.54 9.64 | 1.53
x%16 16.4 4.80 31.2 | 129 6.8 2.55 2.42 9.99 | 1.35
L4 x3 xYy 15.6 4.56 30.8 | 124 6.8 2.60 2.48 9.81| 1.39
xY16 17.0 4.96 320 | 137 6.9 2.54 2.35 10.2 1.20
C8x11.5 L3 x2¥xY, 16.0 4.69 439 | 143 8.9 3.06 3.07 12.2 1.81
L3Yx3  xY, 16.9 4.94 449 | 15.1 9.0 3.02 2.98 12.6 1.81
xY16 18.1 5.31 46.7 | 16.4 9.0 2.97 2.84 13.0 1.60
L4 x3 xY, 17.3 5.07 46.0 | 15.8 9.0 3.01 291 12.8 1.67
xY16 18.7 5.47 478 | 17.3 9.1 2.96 2.76 13.2 1.45
L5 x3%x¥%e 20.2 5.94 499 | 18.9 9.3 2.90 2.64 13.9 1.30
C9x13.4 L3 x2¥xY, 17.9 5.25 63.1| 17.8 11.6 3.47 3.54 15.8 211
L3%x3  xY, 18.8 5.50 64.6 | 18.8 11.6 3.43 3.45 16.1 2.11
xY16 20.0 5.87 67.1 | 20.4 11.7 | 3.38 3.29 16.6 1.87
L4 x3 xY, 19.2 5.63 66.0 | 19.6 11.7 3.42 3.37 16.3 1.98
x%16 20.6 6.03 68.7 | 214 11.8 | 3.37 3.20 16.8 1.73
L5 x3%x¥%e 22.1 6.50 714 | 234 12.0 3.31 3.06 17.5 1.58
C10x15.3 |L3%x3 x¥, 20.7 6.05 89.3 | 22.8 147 | 384 | 3.91 20.0 | 2.39
xY16 219 6.42 92.7 | 24.8 14.8 3.80 3.74 20.6 2.12
L4 x3 xY, 21.1 6.18 91.1 | 23.8 14.8 3.84 3.83 20.3 2.26
*xY16 225 6.58 947 | 25.9 14.9 3.79 3.65 20.9 1.98
L5 x3%x%s 24.0 7.05 98.4 | 28.2 151 | 3.74 | 3.49 21.6 1.84
x%g 25.7 7.54 102 30.6 15.2 3.67 3.33 22.2 1.61
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COMBINATION SECTIONS 1-115
COMBINATION SECTIONS

Channels and angles

Properties of sections

Long leg of angle turned out

Axis Y-Y

S1= Sy =
| I /x1 I /x2 r X1 V4 Xp
Channel Angle in.4 in.% in.® in in in. 2 in.
C6x8.2 L2Y,x2Yox Yy 2.6 1.0 14 0.85 2.60 2.02 2.60
L3 x2YpxY, 3.6 1.2 1.9 0.98 3.01 2.38 3.09
L3%x3 xY, 4.9 14 2.4 111 3.40 2.82 3.57
xY16 5.7 1.7 2.7 1.14 3.31 3.27 3.54
L4 x3 xYy 6.5 17 3.1 1.26 3.79 3.30 4.06
C7x9.8 L2Y,x2Y,oxY, 3.0 1.1 1.6 0.86 2.67 231 2.62
L3 x2Y¥xY, 4.0 1.3 2.0 0.98 3.09 2.66 3.11
L3%x3 xY, 5.4 1.6 2.6 1.10 3.48 311 3.59
x¥16 6.3 18 2.9 1.14 3.40 3.57 3.57
L4 x3 xYy 7.1 18 3.2 1.25 3.88 3.59 4.08
x¥16 8.3 2.2 3.6 1.29 3.78 4.16 4.05
C8x11.5 L3 x2¥xY, 4.6 14 2.2 0.99 3.16 3.00 3.13
L3%x3  xY, 6.0 1.7 2.7 1.10 3.56 3.45 3.61
x¥16 6.9 2.0 3.0 1.14 3.48 3.91 3.59
L4 x3 xY, 7.8 2.0 34 1.24 3.97 3.93 4.10
Y16 9.0 2.3 3.8 1.28 3.87 451 4.08
L5 x3%x%6 14.7 3.2 5.6 1.57 4.64 5.97 5.05
C9x13.4 L3 x2¥xY, 5.2 1.6 23 0.99 3.22 3.38 3.14
L3%x3  xY, 6.7 1.8 2.9 1.10 3.64 3.83 3.63
x%16 7.7 2.2 3.2 1.14 3.55 4.31 3.61
L4 x3 xY, 8.5 2.1 3.6 1.23 4.05 4.32 4.12
x%16 9.9 25 4.0 1.28 3.96 4.91 4.10
L5 x3%x%6 15.8 33 5.9 1.56 4.74 6.38 5.08
C10x15.3 L3Yox3  xY, 7.4 2.0 31 1.11 3.70 4.25 3.64
x¥16 8.5 2.3 34 1.15 3.62 4.73 3.63
L4 x3 xY, 9.4 2.3 3.8 1.23 412 474 4.14
xY16 10.8 2.7 4.2 1.28 4.03 5.34 4.12
L5 x3%x%6 16.9 35 6.1 1.55 4.83 6.82 5.09
x¥g 19.2 4.1 6.7 1.60 4.73 7.70 5.07
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1-116 DIMENSIONS AND PROPERTIES

Y COMBINATION SECTIONS
, Channels and angles
2 . .
« ) « Propertles of sections
Long leg of angle turned out
Yk
X1 X2
»oy
Total Axis X-X
Weight Total Si=| S=
per ft Area | I /y1 |1 /y2 r )%1 z Yp
Channel Angle Ib in. 2 in4 | in® | in3 in. in. in. ® in.
C12x20.7 |L3%x3 xY, 26.1 7.65 164 33.2 23.2 4.63 4.94 314 3.23
x16 27.3 8.02 170 | 358 | 235 | 461 | 475 | 322 | 2.80
L4 x3 xY, 26.5 7.78 167 | 344 | 234 | 463 | 486 | 318 | 3.01
xY16 27.9 8.18 173 37.2 23.6 4.60 | 4.66 32.6 2.67
L5 x3%x%6 29.4 8.65 180 | 40.2 | 239 | 456 | 4.47 | 335 | 253
x¥g 311 9.14 186 43.4 241 4.51 4.29 34.2 2.25
L6 x4 x% 33.0 9.70 192 | 46.6 | 243 | 445 | 412 | 353 | 211
xY, 36.9 10.84 202 | 532 | 247 | 432 | 3.80 | 36.7 | 1.68
C12x25 L3%x3  xY, 30.4 8.91 180 35.4 26.1 4.50 5.09 35.8 3.98
x¥16 31.6 9.28 187 38.0 26.4 4.49 4.92 36.8 3.50
L4 x3 xY, 30.8 9.04 183 | 36.6 | 26.3 | 450 | 5.02 | 36.3 | 3.82
Y16 32.2 9.44 190 39.3 26.6 4.49 4.84 37.3 3.30
L5 x3%x¥%e 33.7 9.91 197 42.3 26.9 4.46 4.67 38.3 3.05
x¥ 35.4 10.40 204 | 454 | 272 | 443 | 449 | 393 | 277
L6 x4 x% 37.3 10.96 211 | 487 | 275 | 439 | 433 | 404 | 265
xY, 41.2 12.10 223 | 553 | 280 | 429 | 403 | 422 | 220
C15x33.9 [L4 x3 xY, 39.7 11.65 383 58.7 451 5.73 6.52 60.1 5.39
xY16 41.1 12.05 395 62.4 45.6 5.73 6.33 61.8 4.89
L5 x3%x%s 42.6 12.52 408 | 66.5 | 46.1 | 571 | 6.14 | 63.4 | 4.30
x%g 44.3 13.01 421 | 708 | 465 | 5.69 | 594 | 64.8 | 3.69
L6 x4 x¥ 46.2 13.57 434 | 754 | 469 | 565 | 576 | 66.2 | 3.48
xY, 50.1 14.71 458 | 84.8 | 47.7 | 558 | 540 | 68.6 | 2.92
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COMBINATION SECTIONS 1-117
COMBINATION SECTIONS
Channels and angles
Properties of sections
Long leg of angle turned out
Axis Y-Y

S1= S =
| 1 /X1 | /X2 r X1 Z Xp
Channel Angle in.4 in.® in.3 in. in. in. 3 in.
C12x20.7 L3%x3  xY, 9.5 25 3.7 1.12 3.84 5.45 3.69
Y16 10.7 2.8 4.0 1.16 3.77 5.94 3.67
L4 x3 xY, 11.6 2.7 4.4 1.22 4.28 5.94 4.18
*xY16 13.2 3.2 4.8 1.27 4.20 6.56 4.16
L5 x3%x¥%4 19.9 40 6.8 1.52 5.02 8.06 5.15
x¥g 225 4.6 7.5 1.57 4.93 8.97 5.13
L6 x4 x¥ 33.2 5.8 10.3 1.85 5.72 11.1 6.10
XY, 40.6 7.3 11.9 1.93 5.52 13.7 6.05
C12x25 L3%x3 xY, 10.2 2.6 38 1.07 3.87 5.88 3.74
Y16 11.4 3.0 4.2 1.11 3.81 6.40 3.72
L4 x3 xY, 12.3 2.8 45 1.17 4.32 6.38 4.23
Y16 13.9 3.3 5.0 1.22 4.25 7.02 4.22
L5 x3%x%e 20.8 4.1 7.0 1.45 5.09 8.54 5.20
x¥g 23.5 47 7.7 1.50 5.00 9.48 5.18
L6 x4 x¥ 345 5.9 10.7 1.77 5.81 11.7 6.15
XY, 42.3 7.5 12.4 1.87 5.63 14.3 6.11
C15x33.9 L4 x3 xY, 16.8 3.7 5.8 1.20 4.49 8.82 4.27
x¥16 18.7 4.2 6.3 1.25 4.43 9.47 4.26
L5 x3%x%e 26.2 4.9 8.5 1.45 5.30 11.0 5.24
x¥g 29.3 5.6 9.2 1.50 5.23 12.0 5.23
L6 x4 x¥ 41.3 6.8 12.4 1.75 6.06 14.2 6.21
XY, 50.3 8.5 14.3 1.85 5.89 16.9 6.17
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1-118 DIMENSIONS AND PROPERTIES

COMBINATION SECTIONS
Channels and angles
L x Propertles of sections
%Y, 1" Short leg of angle turned out
X2
Total Axis X-X
Weight | Total Sy = S =

per ft Area I /y1 1 /y2 r )%1 V4 Yp
Channel Angle Ib in. 2 in.% in.2 in. in. in. 2 in.
C 6x8.2 L3x2Y,xY, 12.7 3.71 6.0 5.9 2.61 4.21 7.86 2.79
L3x3 xY, 13.1 3.84 6.1 6.2 2.68 4.56 8.23 3.25
L4x3 xY, 14.0 4.09 6.4 6.2 2.63 4.46 8.32 3.18
L5x3  x%g 16.4 4.80 7.5 6.4 2.55 4.16 8.77 3.00
L6x3Y2x%16 18.0 5.27 7.7 6.8 2.56 4.45 9.32 3.46
C 7x9.8 L3x2YoxY, 14.3 4.18 8.0 7.8 3.00 4.70 10.5 2.95
L3x3 xY, 14.7 4.31 8.0 8.2 3.07 5.05 10.9 3.38
L4x3 XY, 15.6 4.56 8.5 8.2 3.03 493 11.0 3.29
L5x3  x%g 18.0 5.27 10.0 8.5 2.95 4.60 11.6 3.11
L6x3Y,xY46 19.6 5.74 10.3 8.9 2.96 4.87 12.2 3.50
C 8x11.5 L3x2Y,xY, 16.0 4.69 10.4 10.2 3.39 5.20 13.7 3.52
L3x3 xY, 16.4 4.82 10.4 10.6 3.45 5.55 14.2 3.73
L4x3 xY, 17.3 5.07 10.9 10.6 3.42 5.42 14.3 3.42
L5x3  x%g 19.7 5.78 12.9 11.0 3.36 5.06 14.9 3.21
L6x3Yx¥46 21.3 6.25 13.3 11.4 3.36 5.31 15.6 3.61
C 9x13.4 L3x2Y,oxY, 17.9 5.25 13.1 12.9 3.78 5.71 17.4 4.18
L3x3 xY, 18.3 5.38 13.1 13.4 3.84 6.07 18.0 4.42
L4x3 XY, 19.2 5.63 13.8 13.5 3.81 5.93 18.3 3.88
L5x3 x%g 21.6 6.34 16.2 13.9 3.76 5.54 19.0 3.32
L6x3Yox¥6 23.2 6.81 16.7 14.4 3.77 5.78 19.7 3.71
C10x15.3 L3x2Y,xY, 19.8 5.80 16.2 16.0 417 6.22 21.4 477
L3x3 xY, 20.2 5.93 16.1 16.5 4.22 6.58 221 5.01
L4x3  xY, 21.1 6.18 17.0 16.6 4.20 6.43 225 4.48
L5x3 x¥e 235 6.89 19.9 17.1 4.17 6.02 235 3.44
L6x3YoxY46 25.1 7.36 20.5 17.7 4.18 6.25 24.2 3.81
C12x20.7 L3x2Y,oxYy 25.2 7.40 24.3 24.7 4.90 7.32 326 6.17
L3x3 xY 25.6 7.53 24.0 25.3 4.95 7.69 33.4 6.45
L4x3 XY, 26.5 7.78 25.3 255 4.95 7.54 34.3 6.01
L5x3 x¥g 28.9 8.49 29.2 26.3 4.94 7.11 36.4 4.74
L6x3YxY16 30.5 8.96 30.1 27.1 4.97 7.33 375 4.41
C15x33.9 L3x3 xY, 38.8 11.40 427 47.2 5.95 9.45 61.1 8.70
L4x3  xYy 39.7 11.65 445 47.7 5.96 9.31 62.5 8.39
L5x3 x%g 42.1 12.36 50.1 49.1 6.01 8.91 66.5 7.50
L6x3Y,x¥46 43.7 12.83 514 50.3 6.05 9.15 69.0 7.41
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COMBINATION SECTIONS

1-119

COMBINATION SECTIONS
Channels and angles
Propertles of sections X
Short leg of angle turned out 1/,"
X2
%
Axis Y-Y
S = S =
| /x1 1 /X2 r X1 V4 Xp
Channel Angle in.3 in.® in. in. in. 3 in.
C 6x8.2 L3x2Y,xY, 2.4 4.4 1.22 2.25 3.70 2.65
L3x3 xY, 2.8 4.6 1.26 2.18 4.01 2.59
L4x3 XY, 3.8 6.6 1.64 2.85 5.46 3.46
L5x3  x¥g 6.0 9.3 2.05 3.33 8.29 4.12
L6x3Y,x¥6 8.4 12.1 2.47 3.82 11.3 4.84
C 7x9.8 L3x2Y,xY, 2.6 5.0 1.19 2.32 4.03 2.72
L3x3 xY, 2.9 5.2 1.23 2.25 4.35 2.67
L4x3 xYy 3.9 7.5 1.60 2.95 5.82 3.55
L5x3  x¥e 6.1 10.5 2.01 3.47 8.71 4.24
L6x3%2x%16 8.6 13.6 2.44 3.98 11.8 4.99
C 8x11.5 L3x2Y,xY, 2.7 5.6 1.16 2.37 4.40 2.78
L3x3 xY, 3.0 5.8 1.20 231 4.73 2.73
L4x3 XY, 4.0 8.3 1.55 3.03 6.21 3.62
L5x3  x¥%e 6.3 11.7 1.97 3.58 9.16 4.34
L6x3Y,xY16 8.7 15.2 2.40 413 123 5.12
C 9x13.4 L3x2YoxYy 2.8 6.2 1.14 2.40 4.81 2.84
L3x3 xY, 3.2 6.5 1.18 2.35 5.15 2.79
L4x3  xYy 4.2 9.2 1.51 3.10 6.65 3.70
L5x3  x¥¢ 6.4 129 1.92 3.68 9.66 4.43
L6x3Yx¥16 8.9 16.9 2.36 4.26 12.8 5.23
C10x15.3 L3x2YoxY, 3.0 6.8 1.12 2.42 5.25 2.88
L3x3 xYy 3.4 7.1 1.16 2.37 5.59 2.84
L4x3  xYy 4.3 10.0 1.48 3.15 7.10 3.74
L5x3  x¥%e 6.5 14.0 1.88 3.76 10.1 4.49
L6x3Y,xY16 9.0 18.3 2.31 4.36 133 5.31
C12x20.7 L3x2Y,xYy 3.6 8.6 1.10 2.47 6.47 3.01
L3x3 xY, 4.0 8.9 1.13 2.43 6.82 2.97
L4x3 xY, 4.7 12.2 1.40 3.25 8.37 3.89
L5x3  x¥%g 6.9 17.0 1.78 3.92 115 4.67
L6x3Y,x¥6 9.3 22.4 219 4.59 14.8 5.52
C15x33.9 L3x3 xY, 5.6 13.5 1.10 2.48 9.54 3.12
L4x3 xY, 5.9 17.2 1.30 3.35 11.1 4.11
L5x3  x¥g 7.8 23.4 1.61 4.12 145 5.02
L6x3Y2x%16 10.2 30.7 1.97 4.88 18.0 5.90
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1-120 DIMENSIONS AND PROPERTIES

STEEL PIPE AND STRUCTURAL TUBING

General

When designing and specifying steel pipe or tubing as compression members, refer tc
comments in the notes f@olumns, Steel Pipe, and Structural Tubing, in PaREds
standard mill practices and tolerances, referage 1-183For material specifications

and availability, se@ables 1-4 through 1-6, Part 1

Steel Pipe

The Tables of Dimensions and Properties of Steel Pipe (unfilled) list a selected range of
sizes of standard, extra strong, and double-extra strong pipe. For a complete range o
sizes manufactured, refer to catalogs of the manufacturers orAortlvécan Institute

for Hollow Structural Sections (AIHSS)

Structural Tubing

The Tables of Dimensions and Properties of Square and Rectangular Structural Tubing
(unfilled) list a selected range of frequently used sizes. For dimensions and properties of
other sizes, refer to catalogs from the manufacturets$té®S.

The tables are based on an outside corner radius equal to two times the specified wa
thickness. Material specifications stipulate that the outside corner radius may vary up to
three times the specified wall thickness. This variation should be considered in those
details where a close match or fit is important.
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STEEL PIPE AND STRUCTURAL TUBING 1-121
PIPE
Dimensions and properties
Dimensions Properties
- - Weight
Nominal | Outside Inside Wall per ft Ibs
Diameter | Diameter | Diameter | Thickness Plain Area | S r J z
in. in. in. in. Ends in.2 in.4 in.3 in. in.4 in.3
Standard Weight
Y 0.840 0.622 | 0.109 0.85 0.250 0.017 0.041| 0.261 0.034| 0.059
A 1.050 0.824 | 0.113 1.13 0.333 0.037 0.071| 0.334 0.074| 0.100
1 1.315 1.049 0.133 1.68 0.494 0.087 0.133| 0.421 0.175 0.187
1Y 1.660 1.380 | 0.140 2.27 0.669 0.195 0.235| 0.540 0.389| 0.324
1% 1.900 1.610 0.145 2.72 0.799 0.310 0.326| 0.623 0.620 0.448
2 2.375 2.067 | 0.154 3.65 1.07 0.666 0.561| 0.787 1.33 0.761
2%, 2.875 2.469 | 0.203 5.79 1.70 1.53 1.06 0.947 3.06 1.45
3 3.500 3.068 0.216 7.58 2.23 3.02 1.72 1.16 6.03 2.33
3% 4.000 3.548 0.226 9.11 2.68 4.79 2.39 1.34 9.58 3.22
4 4.500 4.026 0.237 10.79 3.17 7.23 3.21 1.51 14.5 4.31
5 5.563 5.047 | 0.258 | 14.62 4.30 15.2 5.45 1.88 30.3 7.27
6 6.625 6.065 0.280 18.97 5.58 28.1 8.50 2.25 56.3 11.2
8 8.625 7.981 0.322 28.55 8.40 72.5 16.8 2.94 145 22.2
10 10.750 | 10.020 | 0.365 | 40.48 11.9 161 29.9 3.67 321 39.4
12 12.750 | 12.000 0.375 49.56 14.6 279 43.8 4.38 559 57.4
Extra Strong
Y 0.840 0.546 | 0.147 1.09 0.320 0.020 0.048 | 0.250 0.040| 0.072
Yy 1.050 0.742 | 0.154 1.47 0.433 0.045 0.085| 0.321 0.090| 0.125
1 1.315 0.957 0.179 2.17 0.639 0.106 0.161| 0.407 0.211 0.233
1Y, 1.660 1.278 | 0.191 3.00 0.881 0.242 0.291| 0.524 0.484| 0.414
1%, 1.900 1.500 0.200 3.63 1.07 0.391 0.412| 0.605 0.782 0.581
2 2.375 1.939 0.218 5.02 1.48 0.868 0.731| 0.766 1.74 1.02
2%, 2.875 2.323 0.276 7.66 2.25 1.92 1.34 0.924 3.85 1.87
3 3.500 2.900 | 0.300 | 10.25 3.02 3.89 2.23 1.14 8.13 3.08
3% 4.000 3.364 | 0.318 | 12.50 3.68 6.28 3.14 1.31 12.6 4.32
4 4.500 3.826 0.337 14.98 4.41 9.61 4.27 1.48 19.2 5.85
5 5.563 4.813 0.375 20.78 6.11 20.7 7.43 1.84 41.3 10.1
6 6.625 5.761 | 0.432 | 28.57 8.40 40.5 12.2 2.19 81.0 16.6
8 8.625 7.625 | 0.500 | 43.39 12.8 106 245 2.88 211 33.0
10 10.750 9.750 0.500 54.74 16.1 212 39.4 3.63 424 52.6
12 12.750 | 11.750 0.500 65.42 19.2 362 56.7 4.33 723 75.1
Double-Extra Strong
2 2.375 1.503 0.436 9.03 2.66 1.31 1.10 0.703 2.62 1.67
2%, 2.875 1.771 | 0.552 | 13.69 4.03 2.87 2.00 0.844 5.74 3.04
3 3.500 2.300 0.600 18.58 5.47 5.99 3.42 1.05 12.0 5.12
4 4.500 3.152 0.674 27.54 8.10 15.3 6.79 1.37 30.6 9.97
5 5.563 4.063 | 0.750 | 38.59 11.3 33.6 12.1 1.72 67.3 17.5
6 6.625 4.897 | 0.864 | 53.16 15.6 66.3 20.0 2.06 133 28.9
8 8.625 6.875 | 0.875 | 72.42 21.3 162 37.6 2.76 324 52.8
The listed sections are available in conformance with ASTM Specification A53 Grade B or A501. Other sections
are made to these specifications. Consult with pipe manufacturers or distributors for availability.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION



1-122 DIMENSIONS AND PROPERTIES

STRUCTURAL TUBING
Square
Dimensions and properties

Dimensions Properties**
Nominal* Wall Weight
Size Thickness per ft Area | S r J V4

in. in. Ib in. 2 in. 4 in.® in. in. 4 in.3
30x30 0.6250 % 246.47 72.4 10300 690 12.0 16000 794
28x28 0.6250 % 229.45 67.4 8360 597 11.1 13000 689
26%26 0.6250 % 212.44 62.4 6650 511 10.3 10400 501
24x24 0.6250 % 195.43 57.4 5180 432 9.50 8100 500
24x24 0.5000 Y 157.74 46.4 4240 353 9.56 6570 407
24x24 0.3750 % 119.35 35.1 3250 270 9.62 4990 310
22x22 0.6250 % 178.41 524 3950 359 8.68 6200 418
22x22 0.5000 Y 144.13 42.4 3240 294 8.74 5030 340
22x22 0.3750 Y% 109.15 32.1 2490 226 8.80 3830 259
20x20 0.6250 % 161.40 47.4 2940 294 7.87 4620 342
20x20 0.5000 Y 130.52 38.4 2410 241 7.93 3760 279
20x20 0.3750 Y% 98.94 29.1 1850 185 7.99 2870 213
18x18 0.6250 % 144.39 42.4 2110 234 7.05 3340 274
18x18 0.5000 Y 116.91 344 1740 193 7.11 2720 224
18x18 0.3750 Y% 88.73 26.1 1340 149 7.17 2080 172

*Qutside dimensions across flat sides.
**Properties are based upon a nominal outside corner radius equal to two times the wall thickness.
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STEEL PIPE AND STRUCTURAL TUBING 1-123
STRUCTURAL TUBING
Square 1
Dimensions and properties
Dimensions Properties**
Nominal* Wall Weight
Size Thickness per ft Area I S r J Z
in. in. Ib in. 2 in.4 in.% in. in.4 in.%
16x16 0.6250 %% 127.37 37.4 1450 182 6.23 2320 214
0.5000 Yy 103.30 30.4 1200 150 6.29 1890 175
0.3750 Y% 78.52 23.1 931 116 6.35 1450 134
0.3125 Y6 65.87 19.4 789 98.6 6.38 1220 113
14x14 0.6250 % 110.36 324 952 136 5.42 1530 161
0.5000 Yy 89.68 26.4 791 113 5.48 1250 132
0.3750 Y% 68.31 20.1 615 87.9 5.54 963 102
0.3125 Y6 57.36 16.9 522 74.6 5.57 812 86.1
12x12 0.6250 % 93.34 27.4 580 96.7 4.60 943 116
0.5000 Yy 76.07 22.4 485 80.9 4.66 777 95.4
0.3750 Y% 58.10 17.1 380 63.4 472 599 73.9
0.3125 Y6 48.86 14.4 324 54.0 4.75 506 62.6
0.2500 Ya 39.43 11.6 265 44.1 4.78 410 50.8
10x10 0.6250 % 76.33 22.4 321 64.2 3.78 529 77.6
0.5000 Y 62.46 18.4 271 54.2 3.84 439 64.6
0.3750 ¥ 47.90 14.1 214 42.9 3.90 341 50.4
0.3125 Y6 40.35 11.9 183 36.7 3.93 289 42.8
0.2500 Yy 32.63 9.59 151 30.1 3.96 235 34.9
0.1875 Y16 24.73 7.27 116 23.2 3.99 179 26.6

*Qutside dimensions across flat sides.
**Properties are based upon a nominal outside corner radius equal to two times the wall thickness.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION



1-124 DIMENSIONS AND PROPERTIES

STRUCTURAL TUBING

Square
Dimensions and properties
Dimensions Properties**
Nominal* Wall Weight
Size Thickness per ft Area | S r J V4
in. in. Ib in.2 in.4 in.% in. in.4 in.%
8x8 0.6250 % 59.32 17.4 153 38.3 2.96 258 47.2
0.5000 Y 48.85 14.4 131 32.9 3.03 217 39.7
0.3750 % 37.69 11.1 106 26.4 3.09 170 31.3
0.3125 Y6 31.84 9.36 90.9 22.7 3.12 145 26.7
0.2500 Ya 25.82 7.59 75.1 18.8 3.15 118 21.9
0.1875 Y6 19.63 5.77 58.2 14.6 3.18 90.6 16.8
77 0.6250 % 50.81 14.9 97.5 27.9 2.56 166 34.8
0.5000 Y, 42.05 12.4 84.6 24.2 2.62 141 29.6
0.3750 Y 32.58 9.58 68.7 19.6 2.68 112 235
0.3125 Y6 27.59 8.11 59.5 17.0 2.71 95.6 20.1
0.2500 Yy 22.42 6.59 49.4 14.1 2.74 78.3 16.5
0.1875 Y6 17.08 5.02 38.5 11.0 2.77 60.2 12.7
6x6 0.6250 % 42.30 12.4 57.3 19.1 2.15 99.5 24.3
0.5000 Yy 35.24 10.4 50.5 16.8 2.21 85.6 20.9
0.3750 EA 27.48 8.08 41.6 13.9 2.27 68.5 16.8
0.3125 Y6 23.34 6.86 36.3 12.1 2.30 58.9 14.4
0.2500 Yy 19.02 5.59 30.3 10.1 2.33 48.5 11.9
0.1875 Y16 14.53 4.27 23.8 7.93 2.36 375 9.24
0.1250 Y 9.86 2.90 16.5 5.52 2.39 25.7 6.35
5Y%,x5Y, 0.3750 A 24.93 7.33 31.2 114 2.07 51.9 13.8
0.3125 Y6 21.21 6.23 27.4 9.95 2.10 44.8 12.0
0.2500 Ya 17.32 5.09 23.0 8.36 2.13 37.0 9.91
0.1875 Y6 13.25 3.89 18.1 6.58 2.16 28.6 7.70
0.1250 s 9.01 2.65 12.6 4.60 2.19 19.7 5.31
5x5 0.5000 Y 28.43 8.36 27.0 10.8 1.80 46.8 13.7
0.3750 A 22.37 6.58 22.8 9.11 1.86 38.2 11.2
0.3125 Y6 19.08 5.61 20.1 8.02 1.89 33.1 9.70
0.2500 Ya 15.62 4.59 16.9 6.78 1.92 27.4 8.07
0.1875 Y6 11.97 3.52 13.4 5.36 1.95 21.3 6.29
0.1250 A 8.16 2.40 9.41 3.77 1.98 14.7 4.36

*Qutside dimensions across flat sides.
**Properties are based upon a nominal outside corner radius equal to two times the wall thickness.
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STEEL PIPE AND STRUCTURAL TUBING 1-125

STRUCTURAL TUBING
Square
Dimensions and properties

Dimensions Properties**
Nominal* Wall Weight
Size Thickness per ft Area I S r J V4
in. in. Ib in. 2 in.4 in.® in. in. 4 in.®
4Y,x4Y, 0.3750 Y% 19.82 5.83 16.0 7.10 1.66 27.1 8.81
0.3125 Y6 16.96 4.98 14.2 6.30 1.69 23.6 7.68
0.2500 Yy 13.91 4.09 12.1 5.36 1.72 19.7 6.43
0.1875 Y16 10.70 3.14 9.60 4.27 1.75 154 5.03
0.1250 Y 7.31 2.15 6.78 3.02 1.78 10.6 3.50
4x4 0.5000 Y 21.63 6.36 12.3 6.13 1.39 21.8 8.02
0.3750 Y% 17.27 5.08 10.7 5.35 1.45 184 6.72
0.3125 %6 14.83 4.36 9.58 4.79 1.48 16.1 5.90
0.2500 Ya 12.21 3.59 8.22 4.11 1.51 135 4.97
0.1875 Y6 9.42 2.77 6.59 3.30 1.54 10.6 3.91
0.1250 Y 6.46 1.90 4.70 2.35 1.57 7.40 2.74
3Y,x3Y%, 0.3125 %6 12.70 3.73 6.09 3.48 1.28 10.4 4.35
0.2500 Ya 10.51 3.09 5.29 3.02 1.31 8.82 3.69
0.1875 Y16 8.15 2.39 4.29 2.45 1.34 6.99 2.93
0.1250 Y 5.61 1.65 3.09 1.76 1.37 4.90 2.07
3x3 0.3125 %6 10.58 3.11 3.58 2.39 1.07 6.22 3.04
0.2500 Ya 8.81 2.59 3.16 2.10 1.10 5.35 2.61
0.1875 Y16 6.87 2.02 2.60 1.73 1.13 4.28 2.10
0.1250 Ys 4.75 1.40 1.90 1.26 1.16 3.03 1.49
2Y,x2Y, 0.3125 %6 8.45 2.48 1.87 1.50 0.868 3.32 1.96
0.2500 Ya 7.11 2.09 1.69 1.35 0.899 2.92 1.71
0.1875 Y16 5.59 1.64 1.42 1.14 0.930 2.38 1.40
0.1250 Y 3.90 1.15 1.06 0.847 0.961 1.71 1.01
2x%2 0.3125 Y6 6.32 1.86 0.815 0.815 0.662 1.49 1.11
0.2500 Ya 541 1.59 0.766 0.766 0.694 1.36 1.00
0.1875 Y16 4.32 1.27 0.668 0.668 0.726 1.15 0.840
0.1250 Y 3.05 0.897 0.513 0.513 0.756 0.846 0.621
1¥%x1Y, 0.1875 6 3.04 0.894 0.242 0.323 0.521 0.431 0.423

*Qutside dimensions across flat sides.
**Properties are based upon a nominal outside corner radius equal to two times the wall thickness.
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1-126 DIMENSIONS AND PROPERTIES

Y STRUCTURAL TUBING
| Rectangular
. 7+7 . Dimensions and properties

\_'_J
Y
Dimensions Properties**
Nominal* Wall Weight ARA Y-Y Axis
Size Thickness | perft |[Area| | S V4 r I S V4 r J
in. in. b |in.?2|in*|in2|in3|in. | in*|in?|in3]|in [in*
30%24 0.5000| % | 178.16 | 52.4 | 7110|474 |555 | 11.7 |5070 |422 |477 | 9.84 | 9170

0.3750| ¥% | 134.67 | 39.6 | 5430|362 |422 11.7 | 3870 |323 |363 9.89 | 6960
0.3125| % | 112.66 | 33.1 | 4570|305 | 354 11.7 | 3260 | 272 | 304 9.92 | 5830

28x24 0.5000| % | 171.35 | 50.4 | 6050 | 432 |503 11.0 {4790 | 399 |454 9.75 | 8280
0.3750| % | 129.56 | 38.1 | 4630|331 |383 11.0 {3660 |305 |345 9.81 | 6290
0.3125| % | 108.41 | 31.9 | 3890|278 |321 11.1 | 3080 | 257 | 290 9.84 | 5270

26x24 0.5000| % | 164.55 | 48.4 | 5100|392 | 454 10.3 | 4510 | 376 |430 9.66 | 7410
0.3750| ¥% | 124.46 | 36.6 | 3900 | 300 | 345 10.3 [ 3460 |288 |327 9.72 | 5630
0.3125| %6 | 104.15 | 30.6 | 3280 | 253 | 290 10.4 [ 2910 |242 |275 9.75 | 4720

24x22 0.5000( % | 150.93 | 44.4 | 3960|330 |383 9.45(3470 |[315 |361 8.84 | 5740
0.3750| ¥ | 114.25 | 33.6 | 3040|253 | 292 9.51(2660 |242 |275 8.90 | 4370
0.3125| %s 95.64 | 28.1 | 2560|213 |245 9.54 (2240 |204 |231 8.93 | 3660

22x20 0.5000| Y%, | 137.32 | 40.4 | 3010|273 |318 8.63 (2600 |260 |298 8.03 | 4350
0.3750| ¥ | 104.04 | 30.6 | 2310|210 |243 8.69 (2000 |[200 |228 8.09 | 3310
0.3125| %s 87.14 | 25.6 | 1950|177 | 204 8.72|1690 |169 | 192 8.12 | 2780

20x18 0.5000| % | 123.71 | 36.4 | 2220|222 |259 7.8111890 | 210 | 242 7.21 | 3190
0.3750| ¥ 93.83 | 27.6 | 1710|171 |[198 7.88|1460 |162 | 185 7.27 | 2440
0.3125| Y6 78.63 | 23.1 | 1440 | 144 | 167 7.91|1230 | 137 | 155 7.30 | 2050

20x12 0.5000( % | 103.30 | 30.4 | 1650 | 165 | 201 7.37| 750 |125 |141 4.97 | 1650
0.3750| ¥% 78.52 | 23.1 | 1280|128 |154 7.45| 583 97.2| 109 5.03 | 1270
0.3125| % 65.87 | 19.4 | 1080 | 108 | 130 7.47| 495 82.5| 91.8| 5.06 | 1070

20%8 0.5000| % 89.68 | 26.4 | 1270|127 |162 6.94| 300 75.1| 84.7| 3.38 | 806
0.3750| % 68.31 | 20.1 | 988 | 98.8|125 7.02| 236 59.1| 65.6| 343 | 625
0.3125| % 57.36 | 16.9 | 838 | 83.8|105 7.05| 202 50.4| 55.6| 3.46 | 529

20x4 0.5000| Y% 76.07 | 22.4 | 889 | 88.9|123 6.31 61.6| 30.8| 36.0| 1.66 | 205
0.3750| ¥% 58.10 | 17.1 | 699 | 69.9| 95.3| 6.40 50.3| 25.1| 285 1.72 | 165
0.3125| Y6 48.86 | 144 | 596 | 59.6| 80.8| 6.44| 43.7| 21.8| 243| 1.74 | 143

*Outside dimensions across flat sides.
**Properties are based upon a nominal outside corner radius equal to two times the wall thickness.
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STEEL PIPE AND STRUCTURAL TUBING 1-127
TRUCTURAL TUBIN Y
STRUCTU U G
Rectangular \
Dimensions and properties . 7+7 .
\_'_J
Y
Dimensions Properties**
Nominal* Wall Weight XX Axis Y-Y Axis
Size Thickness | perft |Area| | S V4 r | S z r J
in. in. b fin.?]in4{in3]in2]in |in*[in®]in3]|in |in?
18x12 0.5000| % 96.49 |[28.4 |1280|142 |172 6.71 | 684 114 | 130 491 | 1420
0.3750| % 73.42 |[21.6 991 (110 |132 6.78 | 533 88.8| 100 4.97 | 1090
0.3125| %5 61.62 |[18.1 840 | 93.3|111 6.81 | 452 75.3| 84.5| 5.00 | 920
18x%6 0.5000| % 76.07 |[22.4 818 | 90.9| 119 6.05 | 141 47.2| 53.9| 252 | 410
0.3750| ¥ 58.10 || 17.1 641| 71.3| 92.2| 6.13 | 113 37.6| 421| 257 322
0.3125| Y%s 48.86 | 14.4 546 | 60.7| 78.1| 6.17 97.0 | 32.3| 35.8| 2.60 274
0.2500| Y4 39.43 |[11.6 447 | 49.6| 63.5| 6.21 80.0 | 26.7| 29.2| 2.63 224
16x12 0.5000| % 89.68 | 26.4 962 | 120 |144 6.04 | 618 103 118 4.84 | 1200
0.3750| ¥ 68.31 | 20.1 748 | 93.5|111 6.11 | 482 80.3| 91.3| 4.90 922
0.3125| Y% 57.36 |/ 16.9 635| 79.4| 93.8| 6.14 | 409 68.2 77.2| 4.93 777
16%8 0.5000| % 76.07 |[22.4 722 | 90.2 113 5.68 | 244 61.0( 69.7| 3.30 599
0.3750| % 58.10 |[17.1 565| 70.6| 87.6| 5.75 | 193 48.2| 54.2| 3.36 465
0.3125| Y6 48.86 | 14.4 481 | 60.1| 74.2| 5.79 | 165 41.2| 459]| 3.39 394
16x4 0.5000| % 62.46 | 18.4 481| 60.2| 82.2| 5.12 493 | 24.6| 29.0| 1.64 | 157
0.3750| % 4790 |14.1 382 | 47.8| 64.2| 5.21 40.4 | 20.2| 23.0| 1.69 127
0.3125| Y%g 40.35 | 11.9 327 | 40.9| 54.5| 5.25 351 | 17.6| 19.7| 1.72 110
14%x12 0.5000| % 82.88 |[24.4 699 | 99.9(119 5.36 | 552 91.9( 107 476 | 983
0.3750| ¥% 63.21 |[18.6 546 | 78.0| 91.7| 5.42 | 431 71.9| 82.6| 4.82 757
14x10 0.5000| % 76.07 |[22.4 608 | 86.9| 105 5.22 | 361 72.3| 83.6| 4.02 730
0.3750| ¥ 58.10 | 17.1 476 | 68.0 81.5| 5.28 | 284 56.8| 64.8| 4.08 564
0.3125| Y%s 48.86 | 14.4 405| 57.9| 69.0( 5.31 | 242 48.4| 54.9]| 4.11 477
14%6 0.6250| % 76.33 |[22.4 504 | 72.0| 94.0| 4.74 | 130 43.3| 51.2| 241 352
0.5000| Y% 62.46 || 18.4 426 | 60.8| 78.3| 4.82 | 111 37.1| 429| 2.46 296
0.3750| ¥ 4790 |14.1 337 | 48.1| 61.1| 4.89 89.1 | 29.7| 33.6| 2.52 233
0.3125| Y%g 40.35 | 11.9 288 | 41.2| 51.9| 4.93 76.7 | 25.6| 28.7| 254 | 199
0.2500| Y4 32.63 9.59| 237 | 33.8| 42.3| 4.97 634 | 21.1| 234| 257 162
*Outside dimensions across flat sides.
**Properties are based upon a nominal outside corner radius equal to two times the wall thickness.
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1-128 DIMENSIONS AND PROPERTIES

Y STRUCTURAL TUBING

| Rectangular

. 7+7 Dimensions and properties
X

\_'_J
Y
Dimensions Properties**
Nominal* Wall Weight XX Axis Y-Y Axis
Size Thickness | perft |Area| | S z r | S z r J
in. in. b fin.?|in4{in®]in2]in |in® [in®]in3] in |in?
14x4 0.6250| % 67.82 |[19.9 (392 56.0 | 77.3 | 444 | 49.0 |245 |30.0 | 1.57 | 154

0.5000| % 55.66 |[16.4 |335 | 478 | 64.8 | 452 | 431 | 215 | 255 | 162|134
0.3750| ¥% 42.79 |12.6 |267 38.2 | 50.8 | 461 | 354 |17.7 | 20.3 | 1.68 | 108
0.3125| % | 36.10 |10.6 |230 328 | 433 | 465 | 309 |154 |174 | 1.71| 93.1
0.2500| Y4 29.23 8.59 189 27.0 | 354 | 469 | 258 | 129 |143 | 1.73| 77.0
0.1875| %6 | 22.18 6.52| 146 209 | 271 | 474 | 20.2 (101 | 111 | 1.76 | 59.7

12x10 0.5000| Y% 69.27 |[20.4 |419 69.9 | 83.9 | 454 | 316 63.3 | 74.1 | 3.94 | 581
0.3750 | ¥ 53.00 |[15.6 [330 55.0 | 65.2 | 4.60 | 249 49.8 | 57.6 | 4.00 | 450
0.3125| %6 | 44.60 |13.1 |281 46.9 | 55.2 | 4.63 | 213 42.6 |48.8 | 4.03 | 381
0.2500| Y4 36.03 |10.6 |230 38.4 | 449 | 466 | 174 34.9 |39.7 | 4.06 | 309

12x8 0.6250| % 76.33 |[22.4 |418 69.7 | 87.1 | 432 | 221 55.3 | 65.6 | 3.14 | 481
0.5000| % 62.46 ||18.4 |353 58.9 | 72.4 | 4.39 | 188 46.9 |54.7 | 3.20 | 401
0.3750| ¥% 4790 (14.1 |279 | 465 | 56.5 | 4.45 | 149 37.3 |42.7 | 3.26 | 312
0.3125| % | 40.35 |11.9 (239 39.8 | 479 | 4.49 | 128 32.0 |36.3 | 3.28 | 265
0.2500| Y4 32.63 9.59 (196 32.6 | 39.1 | 452 | 105 26.3 [29.6 | 3.31|216
0.1875| % | 24.73 7.27 151 251 | 29.8 | 455 | 81.1 |20.3 |22.7 | 3.34 | 165

12%6 0.6250| % 67.82 ||19.9 |337 56.2 | 729 | 411 |112 37.2 | 445 | 2.37 | 286
0.5000| % 55.66 |16.4 |287 | 47.8 | 60.9 | 419 | 96.0 |32.0 |37.4 | 242|241
0.3750| ¥% 42.79 (12.6 |228 | 38.1 | 47.7 | 426 | 77.2 |25.7 |29.4 | 2.48 | 190
0.3125| %g¢ | 36.10 | 10.6 196 | 32.6 | 40.6 | 4.30 | 66.6 |22.2 |25.1 | 2.51 | 162
0.2500| Y4 29.23 8.59 161 269 | 33.2 | 433 | 55.2 | 184 |20.6 | 2.53 [132
0.1875| %6 | 22.18 6.521124 | 20.7 | 25.4 | 437 | 428 | 143 |15.8 | 256 | 101

12x4 0.6250| % 59.32 |17.4 |257 428 | 58.6 | 3.84 | 418 | 209 |25.8 | 155|127
0.5000| Y% 48.85 |14.4 |221 36.8 | 49.4 | 392 | 369 |185 |22.0 | 1.60 | 110
0.3750| ¥% 37.69 |11.1 |178 29.6 | 39.0 | 401 | 305 | 152 | 176 | 1.66 | 89.0
0.3125| % | 31.84 9.36 | 153 255 | 333 | 405 | 26.6 (133 |151 | 1.69 | 76.9
0.2500| Y4 25.82 7.59|127 211 | 273 | 409 | 223 (111 |125 | 1.71 | 63.6
0.1875| % | 19.63 577| 98.2| 16.4 | 21.0 | 413 | 175 8.75| 9.63| 1.74 | 493

12x3 0.3125| % 29.72 8.73 132 22.0| 29.7 | 3.89 | 13.8 9.19|10.6 | 1.26 | 43.6
0.2500| Y4 24.12 7.09 [ 109 18.2 | 244 | 393 | 11.7 7.79| 8.80| 1.28 | 36.5
0.1875| %6 18.35 5.39| 85.1| 14.2 | 18.8 | 3.97 9.28| 6.19| 6.84| 1.31 | 28.7

*Outside dimensions across flat sides.
**Properties are based upon a nominal outside corner radius equal to two times the wall thickness.
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STEEL PIPE AND STRUCTURAL TUBING 1-129
TRUCTURAL TUBIN Y
STRUCTU U G
Rectangular \
Dimensions and properties 7+7 .
\_'_J
Y
Dimensions Properties**
Nominal* Wall Weight XX Axis Y-Y Axis
Size Thickness | perft |Area| | S V4 r | S z r J
in. in. b lin?2in4lind{in3|in [in*|in3|in3|in [|in?
12x2 0.2500| Y4 22.42 6.59| 92.2(154 | 21.4 | 3.74 4.62| 4.62| 5.38|0.837| 15.9
0.1875| %5 17.08 5.02| 72.0|12.0 16.6 | 3.79 3.76| 3.76| 4.24|0.865| 12.8
10x8 0.5000| Y% 55.66 ||16.4 |226 |45.2 | 55.1 | 3.72 160 39.9 | 47.2 | 3.12 | 306
0.3750| ¥% 42,79 (12,6 |180 |359 | 43.1 | 3.78 | 127 31.8 | 37.0 |3.18 | 239
0.3125| %5 36.10 |[10.6 |[154 |30.8 | 36.7 | 3.81 | 109 27.3 | 315 [3.21 |203
0.2500| Y 29.23 859|127 |[254 | 30.0| 3.84 | 90.2 | 225 | 258 |3.24 | 166
0.1875| %6 22.18 6.52| 97.9/19.6 | 23.0 | 3.87 | 69.7 |17.4 |19.7 |3.27 |127
10%6 0.5000| % 4885 (144 |181 |36.2 | 456 | 3.55| 80.8 |26.9 | 319 |237 |187
0.3750| % 37.69 |[11.1 [145 |29.0 | 359 | 3.62 | 654 [21.8 |25.2 |243 |147
0.3125| Y% 31.84 9.36|125 |25.0 | 30.7 | 365 | 56.5 [ 188 |21.5 |2.46 |126
0.2500| Y4 25.82 759|103 [206 | 25.1 | 3.69 | 46.9 |15.6 |17.7 | 2.49 |103
0.1875| %5 19.63 5.77| 79.8]| 16.0 19.3 | 3.72 | 36,5 |12.2 | 136 |251 79.1
10x5 0.3750| ¥ 35.13 |[10.3 [128 |255 | 323 | 351 | 429 |(17.1 (199 |2.04 |107
0.3125| %5 29.72 8.73|110 |22.0 | 27.6 | 355 | 37.2 |149 |17.0 |2.07 91.5
0.2500| Y 24,12 7.09| 91.2(18.2 | 22.7 | 3.59 | 31.1 |12.4 |14.0 |2.09 75.2
0.1875| %5 18.35 5.39| 70.8|14.2 174 | 3.62 | 24.3 9.71|10.8 | 2.12 58.0
10x4 0.5000| Y% 42.05 (124 |136 |27.1 | 36.1| 3.31 | 308 | 154 | 185 |1.58 86.9
0.3750| % 32.58 958110 |22.0 | 28.7 | 3.39 | 255 128 149 |1.63 70.4
0.3125| %5 27.59 8.11| 955|19.1 | 246 | 343 | 224 |[11.2 |128 |1.66 60.8
0.2500| Y 22.42 6.59| 79.3|15.9 | 20.2 | 3.47 | 1838 9.39(10.6 | 1.69 50.4
0.1875| ¥ 17.08 5.02| 61.7(12.3 | 156 | 3.51 | 14.8 7.39| 8.20| 1.72 39.1
10x3 0.3750| ¥ 30.0 8.83| 92.8/18.6 | 25.1 | 3.24 | 13.0 8.66|10.3 | 1.21 39.8
0.3125| %5 255 7.48| 80.8(16.2 | 21.6 | 3.29 | 115 7.68| 8.92|1.24 34.9
0.2500| Y 20.72 6.09| 67.4| 135 17.8 | 3.33 9.79| 6.53| 7.42|1.27 29.3
0.1875| %6 15.80 4.64| 52.7|10.5 13.8 | 3.37 7.80| 5.20| 5.79( 1.30 23.0
10x2 0.3750| ¥ 27.48 8.08| 75.4|15.1 | 21.5 | 3.06 485 4.85| 6.05|0.775| 16.5
0.3125| %5 23.34 6.86| 66.1|13.2 | 18.5| 3.10 4.42| 4.42| 5.33|0.802| 14.9
0.2500| Y 19.02 559| 555|111 | 154 | 3.15 3.85| 3.85| 4.50|0.830| 12.8
0.1875| % 14.53 4.27| 43.7| 8.74| 119 | 3.20 3.14| 3.14| 3.56|0.858| 10.3
*Outside dimensions across flat sides.
**Properties are based upon a nominal outside corner radius equal to two times the wall thickness.
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1-130 DIMENSIONS AND PROPERTIES

Y STRUCTURAL TUBING

| Rectangular

. 7+7 Dimensions and properties
X

\_'_J
Y
Dimensions Properties**
Nominal* Wall Weight XX Axis Y-Y Axis
Size Thickness | perft |Area| | S z r | S V4 r J
in. in. b fin. 2 |in*{in?{in3{in. | in® [in3|in3|in | in?
8x6 0.5000| Y% | 42.05 |12.4 [103 |25.8 [32.2 | 2.89 | 65.7 |219 [26.4 [231 |135

0.3750| ¥% 3258 | 9.58| 83.7(20.9 [25.6 | 296 | 53.5 |17.8 |21.0 |2.36 |107
0.3125| % | 2759 | 8.11| 72.4|18.1 (219 | 2.99 | 46.4 |155 |18.0 |2.39 | 91.3
0.2500| Y4 22.42 6.59| 60.1/150 [18.0 | 3.02 | 38.6 |129 |148 (242 | 749
0.1875| % | 17.08 | 5.02| 46.8|11.7 |13.9 | 3.05| 30.1 [10.0 |11.4 |[2.45 | 57.6

8x4 0.6250| % 42.30 (124 | 85.1|21.3 |28.8 | 262 | 27.4 |13.7 |17.3 |1.49 73.2
0.5000| Y% 35.24 (104 | 75.1(18.8 [24.7 | 269 | 246 |12.3 |15.0 |154 | 64.1
0.3750| ¥% 27.48 | 8.08| 61.9(155 [19.9 | 2.77 | 20.6 |10.3 | 122 |160 | 52.2
0.3125| % | 23.34 6.86| 53.9(135 [17.1 | 2.80 | 18.1 9.05(105 [1.62 | 452
0.2500| Y4 19.02 | 559| 451|113 141 | 2.84 | 153 7.63| 8.72(1.65 | 375
0.1875| % | 14.53 | 4.27| 35.3| 8.83|11.0 | 2.88 | 12.0 6.02| 6.77(1.68 | 29.1
0.1250| Y 9.86 | 290| 24.6| 6.14| 7.53| 291 | 8.45| 4.23| 467|171 | 20.0

8x3 0.5000| Y% 31.84 | 9.36| 61.0(15.3 |[21.0 | 2.55| 121 8.05(10.1 |[1.14 | 35.7
0.3750| ¥% 24.93 7.33| 51.0(12.7 [17.0 | 2.64 | 10.4 6.92| 8.31[1.19 | 29.9
0.3125| % | 21.21 6.23| 447|112 [147 | 268 | 9.25| 6.16| 7.24|1.22 | 26.3
0.2500| Y4 17.32 5.09| 37.6| 9.40|12.2 | 2.72 790 | 5.26| 6.05|1.25 | 221
0.1875| %6 | 13.25 | 3.89| 29.6| 7.40| 9.49| 2.76 6.31| 4.21| 4.73|1.27 17.3
0.1250| % 9.01 | 2.65| 20.7| 5.17| 6.55| 2.80 | 4.48 | 2.99| 3.29|1.30 121

8x2 0.3750| ¥% 22.37 6.58| 40.1|10.0 |14.2 | 2.47 3.85| 3.85| 4.83|0.765| 12.6
0.3125| % | 19.08 5.61| 35.5| 887|123 | 251 3.52 | 3.52| 4.28|0.792| 114
0.2500| Y4 15.62 | 459| 30.1| 7.52{10.3 | 2.56 3.08 | 3.08| 3.63|/0.819| 9.84
0.1875| %6 | 11.97 | 3.52| 23.9| 597| 8.02| 2.60 252 | 252| 2.88|0.847| 7.94
0.1250| % 8.16 | 2.40| 16.8| 4.20| 5.56| 2.65 1.83 | 1.83| 2.03|0.875| 5.66

7x5 0.5000| Y% 35.24 (104 | 635(18.1 [23.1 | 248 | 37.2 |149 |18.2 |1.90 79.9
0.3750| ¥% 27.48 8.08| 52.2114.9 |185 | 254 | 30.8 |123 |[146 [1.95 64.2
0.3125| Y% 23.34 6.86| 45.5|13.0 |15.9 | 258 | 269 |10.8 |12.6 |1.98 55.3
0.2500| Y4 19.02 5.59| 38.0/10.9 |13.2 | 2.61 | 22.6 9.04(10.4 |2.01 45.6
0.1875| % 14.53 4.27| 29.8| 850(10.2 | 2.64 | 17.7 7.10| 8.10|2.04 35.3
0.1250| % 9.86 290| 20.7| 591| 7.00| 2.67 | 12.4 4.95| 5.58|2.07 24.2

7x4 0.3750 | ¥ 24.93 7.33| 44.0|126 |16.0 | 245 | 18.1 9.06| 10.8 | 1.57 | 433
0.3125| % | 21.21 6.23| 385|110 [13.8 | 249 | 16.0 7.98| 9.36(1.60 | 37.5
0.2500| Y4 17.32 | 5.09| 32.3| 9.23|115 | 252 | 135 6.75| 7.78[1.63 | 31.2
0.1875| % | 13.25 | 3.89| 25.4| 7.26| 8.91| 2.55 | 10.7 5.34| 6.06/1.66 | 24.2
0.1250| % 9.01 | 2.65| 17.7| 5.07| 6.15| 2.59 751 | 3.76| 4.19|1.68 16.7

*Outside dimensions across flat sides.
**Properties are based upon a nominal outside corner radius equal to two times the wall thickness.
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STEEL PIPE AND STRUCTURAL TUBING 1-131
TRUCTURAL TUBIN Y
STRUCTU U G
Rectangular \
Dimensions and properties 7+7 .
s_'_a
Y
Dimensions Properties**
Nominal* Wall Weight XX Axis Y-Y Axis
Size Thickness | perft |Area| | S V4 r | S z r J
in. in. Ib in. 2 [in4|in%|in®]| in in* |in®|in3| in |in?
7x3 0.3750| % 22.37 || 6.58 [35.7 |10.2 | 135 | 2.33 9.08 | 6.05 | 7.32|1.18 |25.1
0.3125| %5 19.08 | 5.61 |31.5 9.00(11.8 2.37 8.11 | 541 6.40| 1.20 |22.0
0.2500| Y4 15.62 | 4.59 |26.6 7.61| 9.79| 2.41 6.95| 463 | 536|123 |18.5
0.1875| %6 11.97 | 3.52 |21.1 6.02| 7.63| 2.45 557 | 3.71 420 1.26 | 14.6
0.1250| % 8.16 | 2.40 |14.8 4.22| 5.29| 2.48 3.96 | 264 | 293|129 |10.2
6x4 0.5000| Y% 28.43 || 8.36 |35.3 |11.8 | 154 2.06 | 184 9.21 | 115 (148 (421
0.3750| ¥% 22.37 || 6.58 |29.7 9.90| 125 | 2.13 | 15.6 7.82 | 944|154 |34.6
0.3125| Y6 19.08 | 5.61 |26.2 8.72|10.9 2.16 | 13.8 6.92 8.21| 1.57 |30.1
0.2500| Y 15.62 | 4.59 |22.1 7.36| 9.06( 2.19 | 11.7 5.87 6.84| 1.60 | 25.0
0.1875| %6 11.97 | 3.52 (174 581| 7.06| 2.23 9.32 | 4.66 5.34| 1.63 | 19.5
0.1250| % 8.16 | 2.40 |12.2 4.08| 4.88| 2.26 6.57 | 3.29 371|166 |135
6x3 0.5000| % 25.03 || 7.36 |27.7 9.25(12.6 1.94 891 | 594 7.59(1.10 |23.9
0.3750| ¥ 19.82 | 5.83 [23.8 7.92|104 | 2.02 7.78 | 519 | 6.34|1.16 |20.3
0.3125| Y6 16.96 | 4.98 |21.1 7.03| 9.11| 2.06 6.98 | 4.65 556|1.18 | 17.9
0.2500| Y 1391 | 4.09 [17.9 5.98| 7.62| 2.09 6.00 | 4.00 467|121 |151
0.1875| %6 10.70 | 3.14 (14.3 476 | 5.97| 2.13 483 | 3.22 | 3.68|124 |11.9
0.1250| % 7.31 | 2.15 |10.1 3.36| 4.15| 2.17 345 | 2.30 257|127 8.27
6%2 0.3750| ¥ 17.27 | 5.08 |17.8 594 | 8.33| 1.87 284 | 2.84 | 3.61|0.748| 8.72
0.3125| % 14.83 | 4.36 |16.0 5.34| 7.33| 1.92 2.62 | 2.62 3.22|0.775| 7.94
0.2500| Y4 12.21 | 3.59 [13.8 460| 6.18| 1.96 231 | 231 | 2.75(/0.802( 6.88
0.1875| %5 942 | 2.77 |111 3.70| 4.88| 2.00 1.90 | 1.90 2.20(0.829| 5.56
0.1250| % 6.46 | 1.90 | 7.92| 2.64| 3.42| 2.04 139 | 1.39 | 156|0.857| 3.98
5x4 0.3750| ¥ 19.82 | 5.83 [18.7 7.50| 9.44| 1.79 | 13.2 6.58 | 8.08|1.50 |26.3
0.3125| %5 16.96 | 4.98 |16.6 6.65| 8.24| 1.83 | 11.7 5.85| 7.05|1.53 |22.9
0.2500| Y 1391 | 4.09 |14.1 5.65| 6.89| 1.86 998 | 499 | 590|156 |19.1
0.1875| %5 10.70 | 3.14 |11.2 4.49| 5.39| 1.89 7.96 | 3.98 4.63| 159 |14.9
5x3 0.5000| % 21.63 || 6.36 |16.9 6.75| 9.20| 1.63 7.33 | 488 | 6.34|1.07 |18.2
0.3750| % 17.27 | 5.08 [14.7 5.89| 7.71| 1.70 6.48 | 4.32 535|1.13 | 15.6
0.3125| %5 14.83 | 4.36 [13.2 5.27| 6.77| 1.74 585 | 3.90 472|116 |13.8
0.2500| Y4 12.21 | 3.59 [11.3 452| 5.70| 1.77 5.05 | 3.37 398|119 |11.7
0.1875| %6 942 | 2.77 | 9.06| 3.62| 4.49| 1.81 4.08 | 2.72 3.15|1.21 9.21
0.1250| % 6.46 | 190 | 6.44| 258| 3.14| 1.84 293 | 195 221|124 6.44
*Outside dimensions across flatsides.
**Properties are based upon a nominal outside corner radius equal to two times the wall thickness.
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1-132 DIMENSIONS AND PROPERTIES

Y STRUCTURAL TUBING
| Rectangular
. 7+7 . Dimensions and properties

\_'_J
Y
Dimensions Properties**
Nominal* Wall Weight X-X Axis Y-Y Axis
Size Thickness | perft |Area| | S V4 r | S V4 r J
in. in. b |in.?2|in?|in2|in3|in | in*|in3{in3]|in |in*
5x2 0.3125| Y% 12.70 || 3.73 |9.74 |3.90 |531 |162 | 216 |2.16 |2.70 |0.762|6.24

0.2500| Y4 10.51 || 3.09 [8.48 |3.39 |4.51 |166 | 1.92 |1.92 [232 |0.789|5.43
0.1875| % 8.15 | 2.39 [6.89 |2.75 |359 |1.70 | 1.60 |1.60 |1.86 |0.816|4.40
0.1250| % 5.61 | 1.65 (496 |1.98 |253 |1.73 | 1.17 |1.17 | 1.32 | 0.844|3.15

4x3 0.3125| % | 12.70 | 3.73 |7.45 [3.72 | 475 |[141 | 471 |3.14 |3.88 |1.12 |9.89
0.2500| Y4 10.51 || 3.09 [6.45 |3.23 |4.03 | 145 | 410 |2.74 [3.30 |1.15 |841
0.1875| %s 8.15 | 2.39 [5.23 |2.62 |3.20 |1.48 | 3.34 | 223 |262 |1.18 |6.67
0.1250| % 5.61 | 1.65 3.76 |1.88 |2.25 |151 | 241 |1.61 |1.85 |1.21 |4.68

4x2 0.3750| % 12.17 || 3.58 |5.75 |2.87 |4.00 |1.27 | 1.83 |1.83 |2.39 | 0.715|4.97
0.3125| % | 10.58 | 3.11 (532 [2.66 |3.60 |[1.31 | 1.71 |1.71 |2.17 |0.743|4.58
0.2500| Y4 8.81 | 259 (469 |235 |3.09 |135 | 1.54 | 154 |1.88 |0.770|4.01
0.1875| %6 6.87 | 2.02 |3.87 [1.93 |2.48 |1.38 | 1.29 |1.29 |1.52 |0.798( 3.26
0.1250| % 475 | 1.40 |2.82 |1.41 |1.77 |1.42 | 0.954 |0.954|1.09 | 0.826|2.34

3x2 0.3125| Y% 8.45 | 2.48 |2.44 [1.63 |2.20 |0.992]| 1.26 |1.26 |1.64 | 0.714|2.97
0.2500| Y4 711 | 2.09 (221 |1.47 |192 |1.03 | 1.15 |1.15 |1.44 |0.742| 2.63
0.1875| %6 559 | 1.64 |186 [1.24 |1.57 |1.06 | 0.977 |0.977|1.18 | 0.771| 2.16
0.1250| % 3.90 | 1.15 (138 | 0.920|1.13 |1.10 | 0.733 | 0.733| 0.855| 0.800 1.57

2Y,x1Y, 0.2500| Y4 541 | 159 [1.05 | 0.844|1.15 | 0.815| 0.458 | 0.610| 0.793| 0.537| 1.14
0.1875| %s 4.32 | 1.27 |0.920| 0.736| 0.964 | 0.852| 0.405 | 0.540| 0.669 | 0.565| 0.976

*QOutside dimensions across flat sides.
**Properties are based upon a nominal outside corner radius equal to two times the wall thickness.
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BARS AND PLATES 1-133

BARS AND PLATES

Product Availability
Plates are readily available in seven of the structural steel specifications liSezdiam
A3.1 of the AISC LRFD Specificatiohese are: ASTM A36, A242, A529, A572, A588,
A514, and A852. Bars are available in all of these steels except A514 and AlBB21 -1
shows the availability of each steel in terms of plate thickness.

The Manual user is referred to the discussiop.ah5, Selection of the Appropriate
Structural Stegffor guidance in selection of both plate and structural shapes.

Classification
Bars and plates are generally classified as follows:

Bars: 6 in. or less in width, .203 in. and over in thickness.
Over 6 in. to 8 in. in width, .230 in. and over in thickness.
Plates: Over 8 in. to 48 in. in width, .230 in. and over in thickness.
Over 48 in. in width, .180 in. and over in thickness.

Bars

Bars are available in various widths, thicknesses, diameters, and lengths. The preferred
practice is to specify widths i-in. increments and thickness and diametéeygim.
increments.

Plates
Defined according to rolling procedure:

Sheared plates are rolled between horizontal rolls and trimmed (sheared or gas cut) on
all edges.

Universal (UM) plates are rolled between horizontal and vertical rolls and trimmed
(sheared or gas cut) on ends only.

Stripped plates are furnished to required widths by shearing or gas cutting from wider
sheared plates.

Sizes

Plate mills are located in various districts, but the sizes of plates produced differ greatly
and the catalogs of individual mills should be consulted for detail data. The extreme width
of UM plates currently rolled is 60 inches and for sheared plates it is 200 inches, but their
availability together with limiting thickness and lengths should be checked with the mills
before specifying. The preferred increments for width and thickness are:

Widths:  Various. The catalogs of individual mills should be consulted to determine
the most economical widths.
Thickness¥s-in. increments up té-in.
Y1ein. increments over-in. to 1 in.
Ye-in. increments over 1 in. to 3in.
Y4-in. increments over 3 in.

Ordering

Plate thickness may be specified in inches or by weight per square foot, but no decimal
edge thickness can be assured by the latter method. Separate tolerance tables apply to
each method.
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1-134 DIMENSIONS AND PROPERTIES

Table 1-7.
Theoretical Weights of Rolled Floor Plates
Theoretical Nominal Theoretical Nominal Theoretical
Gauge Weight per Thickness Weight per Thickness Weight per
No. sqg. ftlb in. sqg. ft, Ib in. sqg. ft, Ib
18 2.40 2 6.16 ¥ 21.47
16 3.00 316 8.71 Y16 24.02
14 3.75 Yy 11.26 s 26.58
13 4.50 Y16 13.81 EZ 31.68
12 5.25 Y 16.37 s 36.78
716 18.92 1 41.89
Note:
Thickness is measured near the edge of the plate, exclusive of raised pattern.

Invoicing

Standard practice is to invoice plates to the fabricator at theoretical weight at point of
shipment. Permissible variations in weight are in accordance with the tables of ASTM
Specification A6.

All plates are invoiced at theoretical weight and, except as noted, are subject to the
same weight variations which apply to rectangular plates. Odd shapes in most instance
require gas cutting, for which gas cutting extras are applicable.

All plates ordered gas cut for whatever reason, or beyond published shearing limits,
take extras for gas cutting in addition to all other extras. Rolled steel bearing plates are
often gas cut to prevent distortion due to shearing but would also take the regular extra
for the thickness involved.

Extras for thickness, width, length, cutting, quality and quantity, etc., which are added
to the base price of plates, are subject to revision, and should be obtained by inquiry tc
the producer. The foregoing general statements are made as a guide toward economy |
design.

Floor Plates

Floor plates having raised patterns are available from several mills, each offering its own
style of surface projections and in a variety of widths, thicknesses, and lengths. A
maximum width of 96 inches and a maximum thickness of one inch are available, but
availability of matching widths, thicknesses, and lengths should be checked with the
producer. Floor plates are generally not specified to chemical composition limits or

mechanical property requirements; a commercial grade of carbon steel is furnished.
However, when strength or corrosion resistance is a consideration, raised pattern floor
plates are procurable in any of the regular steel specifications. As in the case of plain
plates, the individual manufacturers should be consulted for precise information. The
nominal or ordered thickness is that of the flat plate, exclusive of the height or raised
pattern. The usual weights are as showreinle 1-7
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SQUARE AND ROUND BARS
Weight and area
Weight Area Weight Area
Ib per ft Sqin. Ib per ft Sqin.
Size Size
in. H o ] O in. N L [l O
0 3 30.63 24.05 9.000 7.069
Y16 0.013 0.010 0.0039 0.0031 Y16 31.91 25.07 9.379 7.366
Ya 0.053 0.042 | 0.0156 | 0.0123 Ya 33.23 26.10 9.766 7.670
Y16 0.120 0.094 0.0352 0.0276 Y16 34.57 27.15 10.160 7.980
Ya 0.213 0.167 0.0625 0.0491 Ya 35.94 28.23 10.563 8.296
Y16 0.332 0.261 | 0.0977 | 0.0767 Y16 37.34 29.32 10.973 8.618
% 0.479 0.376 0.1406 0.1104 Y% 38.76 30.44 11.391 8.946
e 0.651 0.512 | 0.1914 | 0.1503 "6 40.21 31.58 11.816 9.281
Y 0.851 0.668 0.2500 0.1964 Y 41.68 32.74 12.250 9.621
Y16 1.077 0.846 0.3164 0.2485 Y16 43.19 33.92 12.691 9.968
% 1.329 1.044 | 0.3906 | 0.3068 % 44.71 35.12 13.141 | 10.321
Wie 1.608 1.263 0.4727 0.3712 Wie 46.27 36.34 13.598 10.680
Y 1.914 1503 | 0.5625 | 0.4418 Y 47.85 37.58 14.063 | 11.045
16 2.246 1.764 | 0.6602 | 0.5185 e 49.46 38.85 14535 | 11.416
s 2.605 2.046 | 0.7656 | 0.6013 s 51.09 40.13 15.016 | 11.793
%6 2.991 2.349 | 0.8789 | 0.6903 %6 52.76 41.43 15504 | 12.177
1 3.403 2.673 1.0000 0.7854 4 54.44 42.76 16.000 12.566
Yie 3.841 3.017 | 1.1289 | 0.8866 Y16 56.16 44.11 16.504 | 12.962
Ys 4.307 3.382 1.2656 0.9940 Y 57.90 45.47 17.016 13.364
Y16 4.798 3.769 | 1.4102 | 1.1075 Y16 59.67 46.86 17.535 | 13.772
Yy 5.317 4176 | 15625 | 1.2272 Ya 61.46 48.27 18.063 | 14.186
%16 5.862 4.604 | 1.7227 | 1.3530 Y16 63.28 49.70 18.598 | 14.607
% 6.433 5.053 1.8906 1.4849 R 65.13 51.15 19.141 15.033
e 7.032 5.523 2.0664 1.6230 "6 67.01 52.63 19.691 15.466
Yy 7.656 6.013 | 2.2500 | 1.7672 Y 68.91 54.12 20.250 | 15.904
Y16 8.308 6.525 | 2.4414 | 1.9175 Y16 70.83 55.63 20.816 | 16.349
% 8.985 7.057 2.6406 2.0739 % 72.79 57.17 21.391 16.800
e 9.690 7.610 | 2.8477 | 2.2365 Wie 74.77 58.72 21.973 | 17.257
Yy 10.421 8.185 3.0625 2.4053 Yy 76.78 60.30 22.563 17.721
Y16 11.179 8.780 | 3.2852 | 2.5802 %6 78.81 61.90 23.160 | 18.190
A 11.963 9.396 3.5156 2.7612 A 80.87 63.51 23.766 18.666
%6 12.774 10.032 3.7539 2.9483 6 82.96 65.15 24.379 19.147
2 13.611 10.690 4.0000 3.1416 5 85.07 66.81 25.000 19.635
Y16 14.475 11.369 4.2539 3.3410 Y16 87.21 68.49 25.629 20.129
Ye 15.366 | 12.068 | 4.5156 | 3.5466 Ya 89.38 70.20 26.266 | 20.629
Y16 16.283 12.789 4.7852 3.7583 Y16 91.57 71.92 26.910 21.135
Ya 17.227 13.530 5.0625 3.9761 Ya 93.79 73.66 27.563 21.648
Y16 18.197 | 14.292 | 5.3477 | 4.2000 Y16 96.04 75.43 28.223 | 22.166
% 19.194 15.075 5.6406 4.4301 Y% 98.31 77.21 28.891 22.691
e 20.217 | 15.879 | 5.9414 | 4.6664 "6 100.61 79.02 29.566 | 23.221
Y 21.267 16.703 6.2500 4.9087 Y 102.93 80.84 30.250 23.758
Y16 22.344 17.549 6.5664 5.1573 Y16 105.29 82.69 30.941 24.301
%% 23.447 | 18.415 | 6.8906 | 5.4119 % 107.67 84.56 31.641 | 24.851
Y6 24577 | 19.303 | 7.2227 | 5.6727 e 110.07 86.45 32.348 | 25.406
Y 25.734 | 20.211 | 7.5625 | 5.9396 Y 112.50 88.36 33.063 | 25.967
6 26.917 21.140 7.9102 6.2126 Y6 114.96 90.29 33.785 26.535
s 28.126 | 22.090 | 8.2656 | 6.4918 s 117.45 92.24 34516 | 27.109
%6 29.362 | 23.061 | 8.6289 | 6.7771 %6 119.96 94.22 35.254 | 27.688
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SQUARE AND ROUND BARS
Weight and area

Weight Area Weight Area
Ib per ft Sq in. Ib per ft Sqin.
Size Size
» | M| e 0|0 | m| e |00
6 122.50 96.21 36.000 28.274 9 275.63 216.48 81.000 63.617
Yie 125.07 98.23 36.754 28.867 Yie 279.47 219.49 82.129 64.504
Ys 127.66 100.26 37.516 29.465 Y 283.33 222.53 83.266 65.397
Y16 130.28 102.32 38.285 30.069 6 287.23 225.59 84.410 66.296
Yy 132.92 104.40 39.063 30.680 A 291.15 228.67 85.563 67.201
Y16 135.59 106.49 39.848 31.296 Y16 295.10 231.77 86.723 68.112
Y% 138.29 108.61 40.641 31.919 Y% 299.07 234.89 87.891 69.029
Y16 141.02 110.75 41.441 32.548 6 303.07 238.03 89.066 69.953
Y 143.77 112.91 42.250 33.183 Y, 307.10 241.20 90.250 70.882
Y16 146.55 115.10 43.066 33.824 Y16 311.15 244.38 91.441 71.818
% 149.35 117.30 43.891 34.472 % 315.24 247.59 92.641 72.760
W6 152.18 119.52 44,723 35.125 T 319.34 250.81 93.848 73.708
A 155.04 121.77 45.563 35.785 Yy 323.48 254.06 95.063 74.662
e 157.92 124.03 46.410 36.451 6 327.64 257.33 96.285 75.622
7 160.83 | 126.32 | 47.266 | 37.122 7 331.82 | 260.61 | 97.516 | 76.589
%16 163.77 | 128.63 | 48.129 | 37.800 %6 336.04 | 263.92 | 98.754 | 77.561
7 166.74 130.95 49.000 38.485 || 10 340.28 267.25 | 100.000 | 78.540
Yie 169.73 133.30 49.879 39.175 Y16 344.54 270.61 101.254 79.525
Y 172.74 135.67 50.766 39.871 e 348.84 273.98 102.516 | 80.516
Y16 175.79 138.06 51.660 40.574 Y16 353.16 277.37 103.785 81.513
Ya 178.86 140.48 52.563 41.283 Yy 357.50 280.78 105.063 | 82.516
Y6 181.96 142.91 53.473 41.997 Y6 361.88 284.22 106.348 83.525
% 185.08 145.36 54.391 42.718 Y% 366.28 287.67 107.641 84.541
16 188.23 147.84 55.316 43.446 "6 370.70 291.15 108.941 | 85.563
Yy 191.41 150.33 56.250 44.179 Y, 375.16 294.65 110.250 86.590
Y16 194.61 152.85 57.191 44.918 Y16 379.64 298.17 111.566 87.624
% 197.84 155.38 58.141 45.664 % 384.14 301.70 112.891 88.664
Wie 201.10 157.94 59.098 46.415 Wie 388.67 305.26 114.223 89.710
Yy 204.38 160.52 60.063 47.173 Yy 393.23 308.85 115,563 | 90.763
e 207.69 163.12 61.035 47.937 e 397.82 312.45 116.910 91.821
A 211.03 165.74 62.016 48.707 s 402.43 316.07 118.266 | 92.886
%6 214.39 168.38 63.004 49.483 %6 407.07 319.71 119.629 93.957
8 217.78 171.04 64.000 50.266 11 411.74 323.38 121.000 95.033
Yie 221.19 173.73 65.004 51.054 Y16 416.43 327.06 122.379 96.116
Ys 224.64 176.43 66.016 51.849 Y 421.15 330.77 123.766 97.206
Y16 228.11 179.15 67.035 52.649 6 425.89 334.50 | 125.160 | 98.301
Yy 231.60 181.90 68.063 53.456 A 430.66 338.24 | 126.563 | 99.402
Y16 235.12 184.67 69.098 54.269 Y16 435.46 342.01 127.973 | 100.510
Y 238.67 187.45 70.141 55.088 Y% 440.29 345.80 | 129.391 | 101.623
Y16 242.25 190.26 71.191 55.914 16 445.14 349.61 130.816 | 102.743
Y 245.85 193.09 72.250 56.745 Y, 450.02 353.44 | 132.250 | 103.869
Y16 249.48 195.94 73.316 57.583 Y16 454.92 357.30 | 133.691 | 105.001
% 253.13 198.81 74.391 58.426 % 459.85 361.17 135.141 | 106.139
Wie 256.82 201.70 75.473 59.276 Wi 464.81 365.06 136.598 | 107.284
EA 260.53 204.62 76.563 60.132 Yy 469.80 368.98 138.063 | 108.434
e 264.26 207.55 77.660 60.994 36 474.81 372.91 139.535 | 109.591
A 268.02 210.50 78.766 61.863 A 479.84 376.87 141.016 | 110.754

Y6 271.81 213.48 79.879 62.737 6 484.91 380.85 | 142.504 | 111.923

12 490.00 384.85 | 144.000 | 113.098
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AREA OF RECTANGULAR SECTIONS
Square inches
Width Thickness, inches
in. | Ye | Ya | %6 | ¥ | Y6 | Y2 | V6| Y | Wis| Ya | 6| B | Vs 1
Yy 0.04710.063(0.078|0.094| 0.109| 0.125| 0.141| 0.156| 0.172| 0.188| 0.203| 0.219| 0.234| 0.250
Y, 0.093|0.125(0.156| 0.188| 0.219| 0.250| 0.281 | 0.313| 0.344| 0.375| 0.406| 0.438| 0.469( 0.500
Y, 0.141]0.188(0.234|0.281| 0.328| 0.375| 0.422| 0.469| 0.516| 0.563| 0.609| 0.656| 0.703| 0.750
1 0.188|0.250(0.313| 0.375| 0.438| 0.500| 0.563| 0.625| 0.688| 0.75 | 0.813| 0.875| 0.938| 1.00
1%, |0.234(0.313|0.391|0.469|0.547| 0.625| 0.703| 0.781| 0.859| 0.938| 1.02 1.09 1.17 1.25
1Y% 10.281|0.375|0.469|0.563|0.656|0.750| 0.844|0.938| 1.03 [ 1.13 |1.22 1.31 1.41 1.50
1%, |0.328|0.438|0.547|0.656|0.766|0.875|{0.984|1.09 |[1.20 [1.31 |1.42 1.53 1.64 1.75
2 0.375]0.500(0.625|0.750| 0.875|1.00 |1.13 |[1.25 |1.38 | 1.50 |1.63 1.75 1.88 2.00
2Y, 10.422|0.563|0.703|0.844|0.984|1.13 |1.27 [1.41 [155 [1.69 |1.83 1.97 211 2.25
2Y, 10.469|0.625|0.781|0.938|{1.09 |1.25 |1.41 [1.56 |[1.72 [1.88 |2.03 2.19 2.34 2.50
2%, |0.516|0.688|0.859|1.03 |1.20 |1.38 |1.55 [1.72 [1.89 [2.06 |2.23 241 2.58 2.75
3 0.563|0.750({0.938|1.13 |1.31 (150 |1.69 [1.88 |2.06 |2.25 |2.44 2.63 2.81 3.00
3%, |0.609|0.813|1.02 |1.22 |1.42 |1.63 |1.83 |2.03 |2.23 |2.44 |2.64 2.84 3.05 3.25
3% |0.656|0.875|1.09 |1.31 |1.53 |1.75 |1.97 |2.19 |2.41 |2.63 |2.84 3.06 3.28 3.50
3%, |0.703|0.938|1.17 |1.41 |1.64 |1.88 |2.11 |2.34 |2.58 |2.81 |3.05 3.28 3.52 3.75
4 0.750(1.00 {1.25 |150 |1.75 [2.00 |2.25 (250 |2.75 |[3.00 |3.25 3.50 3.75 4.00
4Y, 10.797|1.06 |1.33 |1.59 |1.86 |2.13 |2.39 |2.66 |2.92 |3.19 |3.45 3.72 3.98 4.25
4Y, 10.844|1.13 |1.41 |1.69 |1.97 |2.25 |2.53 |2.81 |3.09 |3.38 |3.66 3.94 4.22 4.50
4%, |0.891|1.19 |1.48 |1.78 |2.08 |2.38 |2.67 |2.97 |3.27 |3.56 |3.86 4.16 4.45 4.75
5 0.938|1.25 (156 |1.88 |2.19 (250 |2.81 |[3.13 |3.44 |3.75 |4.06 4.38 4.69 5.00
5Y, |0.984(1.31 |1.64 |1.97 |2.30 |2.63 |2.95 [3.28 [3.61 [3.94 |4.27 4.59 4.92 5.25
5% (1.03 |[1.38 |1.72 |2.06 [2.41 [2.75 |3.09 |3.44 |3.78 | 4.13 |4.47 4.81 5.16 5.50
5%, [1.08 |1.44 |1.80 |2.16 [2.52 |2.88 |3.23 |3.59 |3.95 |4.31 |4.67 5.03 5.39 5.75
6 1.13 (150 |1.88 |2.25 [2.63 |3.00 [3.38 |3.75 |4.13 [4.50 |4.88 5.25 5.63 6.00
6% |1.17 |156 [1.95 |2.34 |2.73 [3.13 [3.52 [3.91 |4.30 |4.69 |5.08 5.47 5.86 6.25
6% |1.22 |1.63 |2.03 |2.44 |2.84 |3.25 |3.66 |4.06 [4.47 |4.88 |5.28 5.69 6.09 6.50
6% |1.27 169 [2.11 |2.53 |2.95 [3.38 [3.80 [4.22 |4.64 |5.06 |5.48 591 6.33 6.75
7 1.31 [1.75 |2.19 |2.63 [3.06 |3.50 |{3.94 |4.38 |4.81 |[5.25 |5.69 6.13 6.56 7.00
7Y, |1.36 |1.81 |2.27 |2.72 |3.17 |3.63 |4.08 [4.53 [4.98 [5.44 |5.89 6.34 6.80 7.25
7Y%, |1.41 |1.88 |2.34 |2.81 |3.28 |3.75 |4.22 |4.69 [5.16 [5.63 |6.09 6.56 7.03 7.50
7% |1.45 |1.94 |2.42 |291 |3.39 |3.88 |4.36 |4.84 [5.33 (581 |6.30 6.78 7.27 7.75
8 1.50 [2.00 |2.50 |3.00 [3.50 |4.00 [4.50 |5.00 |5.50 |6.00 |6.50 7.00 7.50 8.00
8%, |1.59 |2.13 |2.66 |3.19 |3.72 |4.25 |4.78 |5.31 |5.84 |6.38 |6.91 7.44 7.97 8.50
9 1.69 (225 |2.81 |3.38 [3.94 |450 [5.06 |563 |6.19 [6.75 |7.31 7.88 8.44 9.00
9Y, |1.78 |2.38 |2.97 |3.56 |4.16 |4.75 |5.34 |5.94 |6.53 |7.13 |7.72 8.31 | 8.91 9.50
10 1.88 [2.50 |3.13 |3.75 [4.38 |5.00 |[5.63 |6.25 |6.88 |7.50 |8.13 8.75 | 9.38 | 10.0
10% [1.97 |2.63 |3.28 |[3.94 (459 |5.25 |591 |6.56 |7.22 |7.88 |8.53 9.19 | 9.84 |105
11 2.06 |2.75 (3.44 |4.13 |4.81 (550 |6.19 [6.88 |7.56 |8.25 |8.94 9.63 | 10.3 11.0
11% |2.16 |2.88 [3.59 [4.31 |5.03 |5.75 |6.47 |7.19 |7.91 |8.63 |9.34 |10.1 10.8 115
12 2.25 |3.00 [{3.75 |450 |5.25 [6.00 |6.75 [7.50 | 8.25[9.00 |9.75 | 10.5 11.3 12.0
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WEIGHT OF RECTANGULAR SECTIONS
Pounds per linear foot
Width Thickness, inches

n. Y16 Ya Y16 Y8 76 23 Y16 Y% | Wis| Y || B | Vs 1

Y 0.160 | 0.213| 0.266 | 0.319| 0.372| 0.425| 0.479| 0532| 0585| 0.638| 0.691| 0.744| 0.798| 0.851
¥ 0.319| 0.425| 0.532| 0.638| 0.744| 0.851| 0957| 1.06 | 1.17 | 128 | 138 | 1.49 | 1.60 | 170
Yy 0479 | 0.638| 0.798 | 0.957| 1.12 | 1.28 | 144 | 160 | 175 | 191 | 207 | 223 | 239 | 255
1 0.638| 0.851| 1.06 | 1.28 | 149 | 1.70 | 191 | 213 | 234 | 255 | 276 | 298 | 319 | 340

1Y, 0.798| 106 | 133 | 160 | 186 | 213 | 239 | 266 | 292 | 319 | 346 | 3.72 | 399 | 425
1% 0957| 128 | 160 | 191 | 223 | 255 | 287 | 319 | 351 | 383 | 415 | 447 | 479 | 510
1%, 112 | 149 | 186 | 223 | 261 | 298 | 335 | 372 | 409 | 447 | 484 | 521 | 558 | 595
2 128 | 170 | 213 | 255 | 298 | 340 | 383 | 425 | 468 | 510 | 553 | 595 | 6.38 | 6.81

2, 144 | 191 | 239 | 287 | 335 | 383 | 431 | 479 | 526 | 574 | 622 | 670 | 7.18 | 7.66
2% 160 | 213 | 266 | 319 | 372 | 425 | 479 | 532 | 58 | 638 | 691 | 7.44 | 798 | 851
2% 175 | 234 | 292 | 351 | 409 | 468 | 526 | 585 | 643 | 7.02 | 760 | 819 | 877 | 9.36
3 191 | 255 | 319 | 383 | 447 | 510 | 574 | 638 | 7.02 | 7.66 | 829 | 893 | 957 |10.2

3Y 207 | 276 | 346 | 415 | 484 | 553 | 622 | 691 | 760 | 829 | 899 | 968 [104 |1l11
3% 223 | 298 | 372 | 447 | 521 | 595 | 670 | 7.44 | 819 | 893 | 968 104 |[11.2 |119
3% 239 | 319 | 399 | 479 | 558 | 638 | 718 | 798 | 877 | 957 |104 |112 |120 |128
4 255 | 340 | 425 | 510 | 595 | 681 | 766 | 851 | 936 [10.2 |11l |[119 |[128 |136

4 271 | 362 | 452 | 542 | 633 | 723 | 813 | 9.04 | 994 (108 |11.8 |127 |136 |145
4%, 287 | 383 | 479 | 574 | 670 | 766 | 861 | 957 [105 (115 |124 |134 |144 |[153
4%, 303 | 404 | 505 | 6.06 | 707 | 808 | 9.09 (101 |[111 |[121 |131 |141 |152 |162

5 319 | 425 | 532 | 638 | 744 | 851 | 957 [106 |[11.7 128 |138 |149 |160 |17.0

5%, 335 | 447 | 558 | 670 | 782 | 893 |100 |[112 |[123 |134 |145 |156 |167 |179
5%, 351 | 468 | 585 | 7.02 | 819 | 936 |105 |11.7 |[129 (140 |152 |164 |[175 (187
5% 367 | 489 | 611 | 734 | 856 | 978 |11.0 |[122 |[135 |147 |159 |171 |183 |196
6 383 | 510 | 6.38 | 766 | 893 |102 |115 |[128 |140 (153 |166 |179 |191 |204

6% 399 | 532 | 665 | 798 | 930 |106 |120 |[133 |[146 |[160 |173 |186 |199 |213
6%, 415 | 553 | 691 | 829 | 968 111 (124 |138 |152 |[16.6 (180 (194 |20.7 |221
6% 431 | 574 | 718 | 861 (100 |115 129 |144 |158 |[172 |[187 201 |215 |23.0

7 447 | 595 | 744 | 893 (104 (119 |134 |149 |164 |[179 |194 208 |223 |238

2 463 | 617 | 771 | 925 (108 |[123 |139 |154 |170 |[185 |[200 (216 |231 |247
A 479 | 638 | 798 | 957 |11.2 |[128 (144 |160 |175 |[191 (207 223 |239 |255
kA 494 | 659 | 824 | 989 (115 (132 |148 |165 |181 |[198 |[214 231 |247 |264
8 510 | 681 | 851 (102 |119 |136 |153 |[170 |[187 204 |221 |238 |255 |272

8% 542 | 723 | 9.04 (108 |127 |145 |163 |[181 |[199 |217 |235 |253 |271 |289
9 574 | 766 | 957 |11.5 |[134 153 |172 |191 |[211 (230 |249 |268 |[28.7 (306

9% 606 | 808 [10.1 (121 |141 |162 |182 [202 |222 (242 |263 |283 |303 |323
10 638 | 851 |106 |128 |149 |17.0 |191 |213 |234 |255 |[276 [298 |[31L9 |340

10%, 6.70 | 893 (112 (134 |156 |179 |201 |[223 |246 |268 |29.0 |313 |335 |357
11 702 | 936 |11.7 |140 |[164 (187 |211 |234 |[257 (281 |304 |328 |[351 (374

11% | 734 | 978 |122 |[147 171 |196 |[220 |245 |269 |[293 |318 |[342 |[367 |39.1
12 766 |102 |128 |153 |179 |204 |230 |255 |281 [30.6 |[332 |[357 (383 |[408
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CRANE RAILS 1-139

CRANE RAILS

General Notes

The ASCE rails and the 104- to 175-Ib crane rails showiminre 1-2are recommended

for crane runway use. For complete details and for profiles and properties of rails not
listed, consult manufacturers’ catalogs.

Rails should be arranged so that joints on opposite sides of the crane runway will be
staggered with respect to each other and with due consideration to the wheelbase of the
crane. Rail joints should not occur at crane girder splices. Light 40-Ib rails are available
in 30-ft lengths, 60-Ib rails in 30-, 33- or 39-ft lengths, standard rails in 33- or 39-ft lengths
and crane rails up to 80 ft. Consult manufacturer for availability of other lengths. Odd
lengths, which must be included to complete a run or obtain the necessary stagger, should
be not less than 10 feet long. For crane rail service, 40-lb rails are furnished to
manufacturers’ specifications and tolerances. 60- and 85-Ib rails are furnished to manu-
facturers’ specifications and tolerances, or to ASTM Al. Crane rails are furnished to
ASTM A759. Rails will be furnished with standard drilling in both standard and odd
lengths unless stipulated otherwise on order. For controlled cooling, heat treatment, and
rail end preparation, see manufacturers’ catalogs. Purchase orders for crane rails should
be noted “For crane service.” (S&gble 1-8)

For maximum wheel loadings see manufacturers’ catalogs.

Splices

Bolted Splices
It is often more desirable to use properly installed and maintained bolted splice bars in
making up rail joints for crane service than welded splice bars.

Standard rail drilling and joint-bar punching, as furnished by manufacturers of light
standard rails for track work, include round holes in rail ends and slotted holes in joint
bars to receive standard oval-neck tack bolts. Holes in rails are oversize and punching in
joint bars is spaced to allove- to %-in. clearance between rail ends (see manufacturers’
catalogs for spacing and dimensions of holes and slots). Although this construction is
satisfactory for track and light crane service, its use in general crane service may lead to
joint failure.

For best service in bolted splices, it is recommended that tight joints be stipulated for
all rails for crane service. This will require rail ends to be finished by milling or grinding,
and the special rail drilling and joint-bar punching tabulated below. Special rail drilling
is accepted by some mills, or rails may be ordered blank for shop drilling. End finishing
of standard rails can be done at the mill; light rails must be end-finished in the fabricating
shop or ground at the site prior to erection. In the crane rail range, from 104 to 175 Ibs
per yard, rails and joint bars are manufactured to obtain a tight fit and no further special
end finishing, drilling, or punching is required. Because of cumulative tolerance vari-
ations in holes, bolt diameters, and rail ends, a slight gap may sometimes occur in the
so-called tight joints. Conversely, it may sometimes be necessary to ream holes through
joined bar and rail to permit entry of bolts.

Joint bars for crane service are provided in various sections to match the rails. Joint
bars for light and standard rails may be purchased blank for special shop punching to
obtain tight joints. See Bethlehem Steel Corp. Booklet 3351 for dimensions, material
specifications, and the identification necessary to match the crane rail section.
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Nomenclature of sketch for A.S.C.E. 1ails also applies to the other sections,

Fig. 1-2. Crane rails.
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Table 1-8.
Crane Rails

Dimensions and Properties

Nom- Sx
inal
Wt.
per Gage
Classi- | YO | d g b m|n c r t h | R |[Area| Ix | Hd. |Base| y
Type |fication | b [in. | in. [in. [in. |in. [in. fn. . 0 e i 2 inA | in® | in3 ] in.

ASCE Light 30 | 3% | 1% | 3% | Ve | Wea |1Wi6| 12 | P [1%42| 12 | 3.00| 4.10| 255 — | —
ASCE Light 40 | 3% |1V | 3% | % | 75 | 178 | 12 | %% |15%4| 12 | 3.94| 6.54| 3.59| 3.89| 1.68

ASCE Light 50 | 3% | 1% | 3% | Wis | Y4 | 2% | 12 | %6 | 2%6 | 12 | 4.90| 10.1| 5.10| — | 188
ASCE Light 60 | 4% |18 | 4%a | Bea | Y2 | 2% | 12 | s | 27| 12 | 5.93| 14.6 | 6.64| 7.12| 2.05
ASCE 70| 4% | 2% | 4% | Wi | Y2 | 206 | 12 | %% [2%| 12 | 6.81|19.7 | 8.19| 8.87| 2.22
ASCE 80| 5 | 2% | 5 Vo | You|2% | 12 | %4 | 2% | 12 | 7.86/ 26.4 | 10.1 | 11.1|2.38
ASCE Std. 85 | 5%6 | 2 | 5%6 | Voa | You | 2%6 | 12 | %6 | 2% | 12 | 8.33|30.1 | 111|122 | 247

ASCE Std. 100 | 5% | 2% | 5% | Va2 | Ve | 2% | 12 | Y16 | 2% | 12 | 9.84|44.0 | 146 | 16.1 | 2.73
Bethlehem | Crane | 104 | 5 | 2%g | 5 |1Ys| % | 2% | 12 | 1 |2%e| 3% [10.3[29.8|10.7| 135221
Bethlehem Crane 135 53/4 Zl‘rygz 53/15 1]/15 l‘rygz 37/15 14 ly4 213/15 12 | 133508 |17.3 (181|281
Bethlehem | Crane | 171 | 6 2% 6 | 1Y | % | 43 |Flat | 1% | 2% |Vert. | 16.8 | 73.4 | 24.5 | 24.4 | 3.01
Bethlehem | Crane | 175 | 6 | 2% | 6 | 1% | % | 4% | 18 | 1% | 3% | Vert. | 17.1| 705 | 23.4 | 23.6 | 2.98

Joint-bar bolts, as distinguished from oval-neck track bolts, have straight shanks to the
head and are manufactured to ASTM A449 specifications. Nuts are manufactured to
ASTM A563 Gr. B specifications. ASTM A325 bolts and nuts may be used. Bolt assembly
includes an alloy steel spring washer, furnished to AREA specifications.

After installation, bolts should be retightened within 30 days and every three months
thereafter.

Welded Splices
When welded splices are specified, consult the manufacturer for recommended rail-end
preparation, welding procedure, and method of ordering. Although joint continuity, made
possible by this method of splicing, is desirable, it should be noted that the careful control
required in all stages of the welding operation may be difficult to meet during crane ralil
installation.

Rails should not be attached to structural supports by welding. Rails with holes for
joint bar bolts should not be used in making welded splices.

Fastenings

Hook Bolts

Hook bolts(Figure 1-3)are used primarily with light rails when attached to beams too
narrow for clamps. Rail adjustmentté:-in. is inherent in the threaded shank. Hook
bolts are paired alternately three to four inches apart, spaced at about 24-in. centers. The
special rail drilling required must be done at the fabricator's shop. Hook bolts are not
recommended for use with heavy duty cycle cranes (CMAA Classes, D, E, and F). Itis
generally recommended that hook bolts should not be used in runway systems which are
longer than 500 feet because the bolts do not allow for longitudinal movement of the rail.
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Table 1-9.
Splices for Tight Joints

Efﬂrf—crf—cr—w 1 e e e e
g
A B C (5 B D B C
L
Rail End Joint Bar
| |
Grip Grip ‘
—1 \
H H

—
— B - ||
GRS ‘
L G U
Cut when specifed — ~ ———————
40-60-85-104 105-135-171-175
Wt. 2 Bars
Bolts, Nuts,
Rail Joint Bar Bolt Washer Washers
Drilling Punching Thick-
Wt In- | ness
Per Hole Hole side | and | With | Less

Yad| g |Dia. |A|B|C|Dia.| D |B|C|L| G | Dia. |Grip / H | Dia. [Width | Fig. | Fig.
b | in. in. fin. jn. |n. [in. in.in.ig. i ip i
40 17y128 13/15* 21/2
60 111?128 13/16* Zyz
85 217/54 15/15* Zyz

. in.oome g i in, s Ib
— 120 23/15 3/4 115/15 3% 2% 1%6 7/1e><3/3 20.0 16.5
— 1|24 21%5 3/4 219/32 4 21%5 13/16 7/15><3/3 36.5 29.6
—|28|3%| Y% | 3% | 4% | 3% | Wi |Viex¥s| 566 | 45.3

— | Bt | 4%
— | B | 4%
— | %6 | 4%e*

oo g aa
(SIS BN, B, RS NS G

104 | 2% | Y46 | 4 6 | 16 | %6 6 (34| 3% 1 3 | 5% | 3% | Wie |iex¥e| 735 | 55.4
135| 2% | 136 | 4 6 | %6 | %6 6 (34| — | 1% | 3% | 5% | 3% | %6 | Yex¥s| — 75.3
171 25/3 13/15 4 6 13/16 715/15 6 (34| — 1]/5 47/16 6]/4 4%5 13/16 7/15><y2 — 90.8
175 | 225 | %6 | 4 6 | %6 | %6 6 (34| — | 1% | 4% | 6% | 3% | 136 |Yex%e| — 87.7

*Special rail drilling and joint-bar punching.

Rail Clips

Rail clips are forged or cast devices which are shaped to match specific rail profiles. They
are usually bolted to the runway girder flange with one bolt or are sometimes welded.
Rail clips have been used satisfactorily with all classes of cranes. However, one drawback
is that when a single bolt is used the clip can rotate in response to rail longitudinal
movement. This clip rotation can cause a camming action, thus forcing the rail out of
alignment. Because of this limitation, rail clips should only be used in crane systems
subject to infrequent use, and for runways less than 500 feet in length.
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Rail Clamps

Rail clamps are a common method of attachment for heavy duty cycle cranes. Rail clamps
are detailed to provide two types: tight and floatiRigjure 1-4) Each clamp consists of

two plates: an upper clamp plate and a lower filler plate.

The lower plate is flat and roughly matches the height of the toe of the rail flange. The
upper plate covers the lower plate and extends over the top of the lower rail flange. In
the tight clamp the upper plate is detailed to fit tightly to the lower tail flange top, thus
“clamping” it tightly in place when the fasteners are tightened. In the past, the tight clamp
had been illustrated with the filler plates fitted tightly against the rail flange toe. This
tight fit-up was rarely achieved in practice and is not considered to be necessary to achieve
atight type clamp. In the floating type clamp, the pieces are detailed to provide a clearance
both alongside the rail flange toe and below the upper plate. The floating type does not,
in reality, clamp the rail but merely holds the rail within the limits of the clamp clearances.

Fig. 1-3. Hook bolts.

Reversible Clamp Reversible Clamp
fles 172 plates fls 12 plates
O 0] O O
3 3
O O S O
Off-cer]ter 1% Off—cefjter 1%
punching punching
Rail base +
4, Max. adjustment (%2 10916) "foat’
Self-locking nut or
nut and lock washer
[ ] Fler [ ]
.y Wi [NENN) uwy
Machine bolt
Gage Gage
Tight clamp Floating clamp

Fig. 1-4. Rail clamps.
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High strength bolts are recommended for both clamp types. Both types should be space
three feet or less apart.

Dimensions shown above are suggested. See manufacturers’ catalogs for recom
mended gages, bolt sizes, and detail dimensions not shown.

Patented Rail Clips

Each manufacturer’s literature presents in detail the desirable aspects of the various
designs. In general patented rail clips are easy to install due to their range of adjustmen
while providing the proper limitations of lateral movement and allowance for longitudi-
nal movement. Patented rail clips should be considered as a viable alternative to
conventional hook bolts, clips, or clamps. Because of their desirable characteristics,
patented rail clips can be used without restriction except as limited by the specific
manufacturer’s recommendations. Installations using patented rail clips sometimes in-
corporate pads beneath the rail. When this is done the lateral float of the rail should be
limited as in the case of the tight rail clamps.
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TORSION PROPERTIES
Torsional analysis is not required for the routine design of most structural steel members.
When torsional analysis is required, the Table of Torsion Properties will be of assistance
in utilizing current analysis methods. The reader is referred to the AISC publication
Torsional Analysis of Steel Membéhsnerican Institute of Steel Construction, 198%)
additional information and appropriate design aids.

Torsion Properties are also required to determine the design compressive strength for
torsional and flexural-torsional buckling as specified inAh®C LRFD Specification
Appendix E3.

Nomenclature
C, = warping constant for section, .
E = modulus of elasticity of steel (29,000 ksi)
G =shear modulus of elasticity of steel (11,200 ksi)
H = flexural constant in Equation E3-1, LRFD Specification

J =torsional constant for a section,’in.
Q = statical moment for a point in the flange directly above the vertical edge of the
web, in?

Q, = statical moment at mid-depth of the sectior, in.

T, = polar radius of gyration about the shear center, in.

S, = warping statical moment at a point in the sectiof, in.

W, = normalized warping function at a point at the flange edde, in.

* Calculated values @, are given for all tabulated shapes. However, for many angles sinapesg,, is so small that for
practical purposes it can be taken as zero.
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-T" TORSION PROPERTIES
W shapes
I
Normalized | Warping Statical
Torsional Warping _ Warping Statical Moment
Constant Constant VG—JW Constant Moment

J Cw Who Sw Qr Qw

Designation in.4 in.® in. in. 2 in.4 in.2 in.2
W44x335 74.4 536000 137 168 1190 282 811
%290 51.5 463000 153 166 1040 251 709
%262 37.7 406000 167 165 922 225 636
%230 249 346000 190 164 789 194 551
W40x593 451 989000 75.4 166 2240 484 1380
x503 186 649000 95.1 158 1540 354 992
x431 142 577000 103 156 1380 323 894
x372 109 511000 110 154 1240 294 813
x321 79.4 446000 121 152 1100 264 730
%297 61.2 397000 130 151 986 240 665
x277 51.1 378000 138 151 940 230 624
%249 37.7 333000 151 149 836 208 560
x215 24.4 283000 173 149 714 179 481
%199 18.1 245000 187 148 621 157 434
x174 11.2 189000 209 147 481 119 364
W40x466 277 393000 60.6 125 1160 322 1030
%392 172 306000 67.9 121 940 272 856
x331 106 242000 76.8 118 762 228 715
%278 64.7 192000 87.6 115 622 192 596
%264 56.1 181000 91.3 114 589 184 566
%235 41.3 161000 101 113 530 168 506
x211 30.4 140000 109 112 468 151 453
x183 19.6 119000 125 111 402 134 391
x167 14.0 99300 136 111 336 113 346
x149 9.60 79600 147 110 270 92.0 299
W36x848 1270 1620000 57.5 172 3530 674 1910
X798 1070 1480000 59.8 169 3270 634 1790
%650 600 1090000 68.6 162 2520 513 1420
x527 330 816000 80.0 156 1960 415 1130
%439 195 637000 92.0 152 1570 344 928
x393 143 554000 100 150 1390 309 830
%359 109 493000 108 148 1240 281 757
%328 84.5 441000 116 146 1130 258 691
%300 64.2 398000 127 146 1020 235 628
%280 52.6 366000 134 145 944 219 585
%260 41.5 330000 143 144 858 200 538
%245 34.6 306000 151 143 799 187 505
%230 28.6 282000 160 143 740 175 472
W36x256 53.3 168000 90.3 109 576 176 520
%232 39.8 148000 98.1 108 512 159 468
%210 28.0 128000 109 108 446 138 416
%194 22.2 116000 116 107 407 128 383
%182 18.4 107000 123 106 378 120 359
%170 15.1 98500 130 105 349 111 334
%160 12.4 90200 137 105 321 103 312
%150 10.1 82200 145 105 294 95.1 291
%135 6.99 68100 159 104 245 79.9 255
W33x354 115 408000 95.8 135 1130 263 709
%318 84.4 357000 105 133 1000 237 634
%291 65.0 319000 113 132 906 216 577
%263 48.5 281000 122 130 808 195 519
x241 35.8 250000 134 130 721 174 469
x221 275 224000 145 129 650 158 428
%201 20.5 198000 158 128 580 142 386
W33x169 17.7 82400 110 93.7 329 109 314
x152 12.4 71700 122 93.8 286 95.1 279
x141 9.70 64400 131 93.3 258 86.5 257
%130 7.37 56600 141 92.8 228 76.9 233
%118 5.30 48300 154 92.2 196 66.6 207
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TORSION PROPERTIES -
W shapes
—
Normalized | Warping Statical
Torsional Warping _ Warping Statical Moment
Constant Constant VG—;V Constant Moment
J Cw Who Sw Qr Qw
Designation in.4 in.® in. in. 2 in.4 in.3 in.2
W30x477 307 480000 63.6 124 1450 329 896
x391 174 364000 73.6 120 1140 268 716
%326 103 286000 84.8 117 919 223 595
%292 74.9 249000 92.8 115 812 200 530
%261 53.8 215000 102 114 710 177 470
%235 40.0 190000 111 112 633 160 422
x211 279 166000 124 112 556 141 374
%191 20.6 146000 135 111 494 126 337
x173 15.3 129000 148 110 439 113 303
W30x148 14.6 49400 93.6 77.3 239 86.8 | 250
x132 9.72 42100 106 77.3 204 74.0 | 219
x124 7.99 38600 112 76.9 188 68.8 | 204
x116 6.43 34900 119 76.5 171 62.8 | 189
%108 4.99 30900 127 76.1 152 56.1 | 173
x99 3.77 26800 136 75.7 133 495 | 156
%90 2.92 24000 146 75.0 119 45.0 | 142
W27x539 499 440000 47.8 111 1490 342 940
X448 297 336000 54.1 106 1190 283 766
%368 169 254000 62.4 102 930 231 620
%307 101 199000 71.4 99.4 750 192 511
%258 61.0 159000 82.2 98.2 613 161 424
%235 46.3 140000 88.5 96.0 548 146 384
x217 37.0 128000 94.6 95.0 503 135 354
%194 26.5 111000 104 93.9 442 120 314
x178 19.5 98300 114 93.7 393 107 284
%161 14.7 87300 124 92.9 352 96.6 | 256
%146 10.9 77200 135 92.2 314 87.0 | 231
W27x129 11.2 32500 86.7 66.4 183 69.5 | 197
x114 7.33 27600 98.7 66.4 155 59.2 | 171
%102 5.29 24000 108 65.7 137 52.7 | 153
%94 4.03 21300 117 65.4 122 47.3 | 139
x84 2.81 17900 128 64.9 103 40.6 | 122
W24x492 456 283000 40.1 92.1 1150 281 774
x408 271 214000 452 88.1 909 233 626
%335 154 160000 51.9 84.6 709 189 509
%279 91.7 125000 59.4 82.0 570 157 418
%250 67.3 108000 64.5 80.6 502 141 372
%229 51.8 95800 69.2 79.6 451 128 338
%207 38.6 83900 75.0 78.5 401 116 303
%192 31.0 76200 79.8 7.7 367 107 280
x176 24.1 68400 85.7 77.0 333 97.8 | 255
x162 18.5 62600 93.6 77.0 304 89.4 | 234
%146 13.4 54600 103 76.3 268 79.5 | 209
x131 9.50 47100 113 75.6 233 69.7 | 185
x117 6.72 40800 125 74.9 204 61.5 | 164
x104 4.72 35200 139 74.3 178 54.1 | 144
W24x103 7.10 16600 77.8 53.0 117 49.4 | 140
%94 5.26 15000 85.9 53.1 105 44.4 | 127
x84 3.70 12800 94.6 52.6 91.3 39.0 | 112
x76 2.68 11100 104 52.2 79.8 34.4 | 100
x68 1.87 9430 114 51.9 68.0 29.5 88.3
W24x62 1.71 4620 83.6 40.7 42.3 23.2 76.6
x55 1.18 3870 92.2 40.4 35.7 19.8 67.1
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- TORSION PROPERTIES
W shapes
Normalized | Warping Statical
Torsional Warping — Warping Statical Moment
Constant Constant \/ECEW Constant Moment
J Cw Who Sw Qr Qw
Designation in.4 in.® in. in. 2 in.4 in.2 in.2
W21x201 41.3 61800 62.2 67.0 345 102 265
%182 311 54300 67.2 66.0 307 92.3 | 238
%166 23.9 48500 72.5 65.6 277 84.4 216
x147 154 41100 83.1 65.4 235 714 | 187
x132 11.3 36000 90.8 64.7 208 64.0 | 167
x122 8.98 32700 97.1 64.2 191 59.2 | 154
x111 6.83 29200 105 63.7 172 53.7 139
x101 5.21 26200 114 63.2 155 49.0 127
W21x93 6.03 9940 65.3 43.6 85.3 38.2 110
x83 4.34 8630 71.8 43.0 75.0 34.2 98.0
x73 3.02 7410 79.7 425 65.2 30.3 86.2
Xx68 2.45 6760 84.5 42.3 59.9 28.0 79.9
x62 1.83 5960 91.8 42.0 53.2 25.1 72.2
W21x57 1.77 3190 68.3 33.4 35.6 20.9 64.3
x50 1.14 2570 76.4 33.1 28.9 17.2 55.0
x44 0.77 2110 84.2 32.8 24.0 145 47.7
W18x311 177 75700 33.3 58.8 483 141 376
%283 135 65600 355 57.5 427 127 338
%258 104 57400 37.8 56.4 382 116 306
%234 79.7 49900 40.3 55.2 339 105 274
x211 59.3 43200 43.4 54.2 299 94.3 245
%192 45.2 37900 46.6 53.3 267 85.7 221
x175 34.2 33200 50.1 525 237 77.2 | 199
%158 254 28900 54.3 51.6 210 69.4 178
%143 19.4 25700 58.6 51.0 189 63.2 161
x130 14.7 22700 63.2 50.4 169 57.1 | 145
W18x119 10.6 20300 70.4 50.4 151 50.6 | 131
%106 7.48 17400 77.6 49.8 131 446 | 115
x97 5.86 15800 83.6 49.4 120 41.2 | 105
*x86 4.10 13600 92.7 48.9 104 36.3 92.8
x76 2.83 11700 103 48.4 90.7 31.9 81.4
W18x71 3.48 4700 59.1 33.7 52.1 25.8 72.7
Xx65 2.73 4240 63.4 33.4 47.5 23.8 66.6
%60 2.17 3850 67.8 33.1 43.5 221 61.4
x55 1.66 3430 73.1 32.9 39.0 19.9 55.9
x50 1.24 3040 79.7 32.6 34.9 18.0 50.4
W18x46 1.22 1710 60.2 26.4 24.2 15.3 45.3
x40 0.81 1440 67.8 26.1 20.6 13.3 39.2
x35 0.51 1140 76.1 25.9 16.5 10.7 33.2
W16x100 7.73 11900 63.1 41.7 107 39.0 99.0
*x89 5.45 10200 69.6 41.1 93.3 34.4 87.3
x77 3.57 8590 78.9 40.6 79.3 29.7 75.0
x67 2.39 7300 88.9 40.1 68.2 25.9 64.9
W16x57 2.22 2660 55.7 28.0 35.6 19.0 52.6
x50 1.52 2270 62.2 27.6 30.8 16.7 46.0
x45 1.11 1990 68.1 27.4 27.2 15.0 41.1
x40 0.79 1730 75.3 27.1 23.9 13.4 36.5
%36 0.54 1460 83.7 26.9 20.2 11.4 32.0
W16x31 0.46 739 64.5 21.3 13.0 9.17| 27.0
x26 0.26 565 75.0 211 10.0 7.20| 221
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TORSION PROPERTIES T
W shapes
I
Normalized | Warping Statical
Torsional Warping _ Warping Statical Moment
Constant Constant VG—JW Constant Moment
J Cw Who Sw Qf QW
Designation in.4 in.% in. in. 2 in.t in.® in.°
W14x808 1860 433000 24.6 82.2 1950 337 916
X730 1450 362000 25.4 78.3 1720 319 831
X665 1120 305000 26.6 75.5 1510 287 740
%605 870 258000 27.7 73.0 1320 259 660
x550 670 219000 29.1 70.6 1160 233 588
x500 514 187000 30.7 68.5 1020 209 524
X455 395 160000 324 66.5 899 189 468
W14x426 331 144000 33.6 65.3 827 176 434
%398 273 129000 35.0 64.1 756 163 401
x370 222 116000 36.8 62.9 689 151 368
%342 178 103000 38.7 61.6 623 138 336
x311 136 89100 41.2 60.3 553 125 301
%283 104 77700 44.0 59.1 493 113 271
x257 79.1 67800 47.1 57.9 438 102 243
%233 59.5 59000 50.7 56.9 389 91.7 218
x211 44.6 51500 54.7 55.9 345 82.3 195
%193 34.8 45900 58.4 55.1 312 75.4 177
x176 26.5 40500 62.9 54.4 279 68.0 160
x159 19.8 35600 68.2 53.7 248 61.3 143
x145 15.2 31700 73.5 53.0 224 55.8 130
W14x132 12.3 25500 73.3 50.2 190 49.9 117
x120 9.37 22700 79.2 49.7 171 45.3 106
%109 7.12 20200 85.7 49.1 154 41.2 95.9
%99 5.37 18000 93.2 48.7 138 37.2 86.6
%90 4.06 16000 101 48.3 125 33.7 78.3
W14x82 5.08 6710 58.5 34.1 73.8 28.1 69.3
x74 3.88 5990 63.2 33.7 66.6 25.7 62.8
x68 3.02 5380 67.9 33.4 60.4 235 57.3
x61 2.20 4710 74.5 33.1 53.3 21.0 51.1
W14x53 1.94 2540 58.2 26.7 35.5 17.3 43.6
x48 1.46 2240 63.0 26.5 31.6 15.6 39.2
x43 1.05 1950 69.3 26.2 27.8 13.9 34.8
W14x38 0.80 1230 63.1 23.0 20.0 11.5 30.7
x34 0.57 1070 69.7 22.8 175 10.2 27.3
x30 0.38 887 7.7 22.6 14.7 8.59 23.6
W14x26 0.36 405 54.0 16.9 8.94 6.98 20.1
x22 0.21 314 62.2 16.8 7.02 5.58 16.6
W12x336 243 57000 24.6 46.4 459 119 301
%305 185 48600 26.1 45.0 403 107 269
x279 143 42000 27.6 44.0 357 96.3 241
%252 108 35800 29.3 42.8 313 86.4 214
%230 83.8 31200 31.0 41.8 279 78.4 193
%210 64.7 27200 33.0 41.0 249 71.1 174
%190 48.8 23600 35.4 40.1 220 64.1 156
x170 35.6 20100 38.2 39.2 192 56.9 137
x152 25.8 17200 415 38.4 168 50.4 121
%136 18.5 14700 45.4 37.7 146 44.5 107
x120 12.9 12400 49.9 37.0 126 38.9 93.2
%106 9.13 10700 55.1 36.4 110 34.6 81.9
%96 6.86 9410 59.6 35.9 98.2 31.3 73.6
x87 5.10 8270 64.8 35.5 87.2 28.0 66.0
Xx79 3.84 7330 70.3 35.2 78.1 25.3 59.5
x72 2.93 6540 76.0 34.9 70.3 22.9 53.9
Xx65 2.18 5780 82.9 34.5 62.7 20.6 48.4
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-T" TORSION PROPERTIES
W shapes
——
Normalized | Warping Statical
Torsional Warping — Warping Statical Moment
Constant Constant \/EC EW Constant Moment
J Cw Who Sw Qr Qw
Designation in.4 in.® in. in. 2 in.4 in.2 in.2
W12x58 2.10 3570 66.3 28.9 46.3 182 | 432
x53 1.58 3160 72.0 28.7 41.2 16.3 39.0
W12x50 1.78 1880 52.3 233 30.2 14.7 36.2
x45 1.31 1650 57.1 23.1 26.7 13.1 324
x40 0.95 1440 62.6 22.9 23.6 11.8 28.8
W12x35 0.74 879 55.5 19.6 16.8 9.86 | 25.6
%30 0.46 720 63.7 19.4 13.9 8.30 | 21.6
%26 0.30 607 72.4 19.2 11.8 7.15 | 18.6
W12x22 0.29 164 38.3 12.0 5.13 4.87 | 14.7
x19 0.18 131 43.4 11.8 4.14 401 | 124
x16 0.10 96.9 50.1 11.7 3.09 3.04 | 10.0
x14 0.07 80.4 54.5 11.6 2.59 2.59 8.72
W10x112 15.1 6020 32.1 26.3 85.7 30.8 73.7
%100 10.9 5150 35.0 25.8 74.7 27.2 64.9
%88 7.53 4330 38.6 25.3 64.2 23.8 56.4
x77 5.11 3630 42.9 24.8 54.9 20.7 48.8
x68 3.56 3100 475 24.4 47.6 18.1 | 42.6
%60 2.48 2640 52.5 24.0 41.2 15.9 37.3
x54 1.82 2320 57.5 23.8 36.6 14.3 33.3
x49 1.39 2070 62.1 23.6 33.0 13.0 30.2
W10x45 1.51 1200 45.4 19.0 23.6 115 275
%39 0.98 992 51.2 18.7 19.8 9.77 | 234
x33 0.58 790 59.4 18.5 16.0 7.98 | 194
W10x30 0.62 414 41.6 14.5 10.7 7.09 | 183
%26 0.40 345 47.3 14.3 9.05 6.08 | 15.6
%22 0.24 275 54.5 14.1 7.30 4.95 | 13.0
W10x19 0.23 104 34.2 9.89 3.93 3.76 | 10.8
x17 0.16 85.1 37.1 9.80 3.24 3.13 9.33
x15 0.10 68.3 42.1 9.72 2.62 2.56 8.00
x12 0.05 50.9 51.3 9.56 1.99 2.00 6.32
W8x67 5.06 1440 271 16.7 32.3 14.7 35.1
x58 3.34 1180 30.2 16.3 27.2 12.5 29.9
x48 1.96 931 35.1 15.8 22.0 10.4 245
x40 1.12 726 41.0 155 175 8.42 | 19.9
%35 0.77 619 45.6 15.3 15.2 7.39 | 17.3
x31 0.54 530 50.4 15.1 13.1 6.46 | 15.2
W8x28 0.54 312 38.7 12.4 9.43 5.64 | 13.6
x24 0.35 259 43.8 12.2 7.94 483 | 11.6
Wgx21 0.28 152 375 10.4 5.47 4.03 | 10.2
x18 0.17 122 43.1 10.3 4.44 331 8.52
W8x15 0.14 51.8 31.0 7.82 2.47 2.39 6.78
x13 0.09 40.8 34.3 7.74 1.97 1.93 5.70
%10 0.04 30.9 44.7 7.57 1.53 156 | 4.43
W6x25 0.46 150 29.1 9.01 6.23 3.92 9.46
%20 0.24 113 34.9 8.78 4.82 3.10 7.45
x15 0.10 76.5 44.5 8.58 3.34 2.18 5.39
W6x16 0.22 38.2 21.2 5.92 2.42 2.28 5.84
x12 0.09 24.7 26.7 5.75 1.61 155 | 4.15
%9 0.04 17.7 33.8 5.60 1.19 1.19 3.12
W5x19 0.31 50.8 20.6 5.94 3.21 2.44 5.81
%16 0.19 40.6 235 5.81 2.62 2.02 4.82
W4x13 0.15 14.0 15.5 3.87 1.36 1.27 3.14
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TORSION PROPERTIES 1-151

TORSION PROPERTIES T~
M shapes
I
Normalized | Warping Statical
Torsional Warping — Warping Statical Moment
Constant Constant VG—;V Constant Moment
J Cw Who Sw Qr Qw
Designation in.4 in.® in. in. 2 in.4 in.3 in.2
M12x11.8 0.05 34.0 42.0 9.02 1.56 198 | 7.14
x10.8 0.04 31.3 45.0 9.01 1.45 1.86 6.58
M10x9 0.03 14.6 35.5 6.59 0.91 1.32 4.60
x8 0.02 12.8 40.7 6.57 0.80 1.18 4.06
M8x6.5 0.02 5.23 26.0 4.45 0.48 0.82 2.72
M5x18.9 0.34 41.3 17.7 5.73 2.98 2.28 5.53
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1-152 DIMENSIONS AND PROPERTIES

-T" TORSION PROPERTIES
S shapes
——
Normalized | Warping Statical
Torsional Warping — Warping Statical Moment
Constant Constant VG—JW Constant Moment
J Cw Who Sw Qr Qw
Designation in.4 in.® in. in. 2 in.4 in.2 in.2
S24x121 12.8 11400 48.0 47.1 103 471 | 154
%106 10.1 10600 52.1 46.1 98.8 471 | 141
S24x100 7.58 6380 46.7 41.9 66.0 335 121
%90 6.04 6000 50.7 41.2 63.8 335 112
x80 4.88 5640 54.7 40.5 61.6 335 | 103
S20%96 8.39 4710 38.1 34.9 57.8 29.2 99.7
%86 6.64 4390 41.4 34.2 55.5 29.2 92.5
S20x75 4.59 2750 39.4 30.7 38.9 22.6 77.0
%66 3.58 2550 42.9 30.0 37.3 22.6 70.5
S18x70 4.15 1800 335 27.0 29.2 17.1 63.0
x54.7 2.37 1560 41.3 26.0 26.9 17.1 52.9
S15x50 2.12 811 315 20.3 17.8 11.8 39.0
x42.9 1.54 744 35.4 19.8 16.9 11.8 35.1
S12x50 2.82 505 215 15.5 14.0 9.30 | 31.0
x40.8 1.75 437 25.4 14.9 12.9 9.30 | 26.9
S12x35 1.08 324 27.9 14.5 10.0 7.48 | 227
x31.8 0.90 307 29.7 14.3 9.74 7.48 21.3
S10x35 1.29 189 19.5 11.8 7.13 524 | 17.9
x25.4 0.60 153 25.7 11.1 6.34 524 | 144
S8x23 0.55 61.8 17.1 7.90 3.50 3.10 9.74
x18.4 0.34 53.5 20.2 7.58 3.22 3.10 8.38
S6x17.25 0.37 18.4 11.3 5.03 1.61 1.63 5.35
x12.5 0.17 14.5 14.9 4.70 1.41 1.63 4.30
S5x10 0.11 6.66 12.3 3.51 0.86 1.11 2.88
S4%9.5 0.12 3.10 8.18 2.59 0.53 0.70 2.05
x7.7 0.07 2.62 9.84 2.47 0.48 0.70 1.79
S3x7.5 0.09 1.10 5.63 1.72 0.28 0.40 1.20
x5.7 0.04 0.85 7.42 1.60 0.24 0.40 1.00
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TORSION PROPERTIES 1-153
TORSION PROPERTIES -T"
HP shapes
I
Normalized | Warping Statical
Torsional Warping — Warping Statical Moment
Constant Constant VG—;V Constant Moment
J Cw Who Sw Qr Qw
Designation in.4 in.® in. in.2 in.4 in.® in.®
HP14x117 8.02 19900 80.2 49.9 149 38.5 97.2
x102 5.40 16800 89.8 49.2 128 335 84.3
%89 3.60 14200 101 48.5 110 29.1 72.9
x73 2.01 11200 120 47.8 88.0 23.8 59.2
HP13x100 6.25 11300 68.4 40.9 103 29.9 76.3
x87 4.12 9430 77.0 40.2 87.7 25.8 65.6
x73 2.54 7680 88.5 39.6 72.8 21.8 55.2
%60 1.39 6020 106 39.0 57.8 17.7 445
HP12x84 4.24 7160 66.1 35.6 75.0 235 59.8
xX74 2.98 6170 73.2 35.2 65.5 20.8 52.7
x63 1.83 4990 84.0 34.6 54.1 17.5 44.2
%53 1.12 4090 97.2 34.2 44.7 14.7 37.0
HP10x57 1.97 2240 54.3 241 34.8 13.1 33.2
x42 0.81 1540 70.2 23.4 24.7 9.64 | 24.2
HP8x36 0.77 578 44.1 15.4 14.0 6.62 | 16.8
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1-154 DIMENSIONS AND PROPERTIES
FLEXURAL-TORSIONAL PROPERTIES
Channels
Polar

Torsional Warping Radius of Flexural

Constant Constant Gyration Constant
J Cw ro* H*

Designation in.4 in.% in. No Units
C15x50 2.67 492 5.49 .937
x40 1.46 411 5.72 .927
x33.9 1.02 358 5.94 .920
C12x30 0.87 151 4.55 .919
x25 0.54 130 4.72 .909
x20.7 0.37 112 4.93 .899
C10x30 1.23 79.3 3.63 .921
x25 0.69 68.4 3.75 912
x20 0.37 56.9 3.93 .900
x15.3 0.21 45.6 4.19 .883
C9%x20 0.43 39.4 3.46 .899
x15 0.21 31.0 3.69 .882
x13.4 0.17 28.2 3.79 .874
C8x18.75 0.44 25.1 3.06 .894
x13.75 0.19 19.2 3.27 .874
x11.5 0.13 16.5 3.42 .862
C7x12.25 0.16 11.2 2.87 .862
x9.8 0.10 9.18 3.02 .846
C6x13 0.24 7.22 2.37 .858
x10.5 0.13 5.95 2.49 .843
x8.2 0.08 4.72 2.65 .824
C5x%x9 0.11 2.93 2.10 .814
x6.7 0.06 2.22 2.26 .790
C4x7.25 0.08 1.24 1.75 .768
x5.4 0.04 0.92 1.89 741
C3x%6 0.07 0.46 1.39 .689
x5 0.04 0.38 1.45 674
x4.1 0.03 0.31 1.53 .656

*See LRFD Specification Appendix E3.
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TORSION PROPERTIES 1-155
FLEXURAL-TORSIONAL PROPERTIES
Channels
Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J CW ro* H*
Designation in.4 in.® in. No Units
MC18x58 2.81 1070 6.56 .944
x51.9 2.03 986 6.70 .939
x45.8 1.45 897 6.88 .933
x42.7 1.23 852 6.97 .930
MC13x50 2.98 558 5.07 .875
x40 1.57 463 5.33 .860
x35 1.14 413 5.50 .849
x31.8 0.94 380 5.64 .842
MC12x50 3.24 411 4.77 .859
x45 2.35 374 4.87 .851
x40 1.70 336 5.01 .842
x35 1.25 297 5.18 .832
x31 1.01 268 5.34 .821
x10.6 0.06 11.7 4.27 .983
MC10x41.1 2.27 270 4.26 .790
x33.6 121 224 4.47 Ja71
x28.5 0.79 194 4.68 752
MC10x25 0.64 125 4.46 .802
x22 0.51 111 4.63 .790
MC10x8.4 0.04 7.01 3.68 972
MC9x%25.4 0.69 104 4.08 770
x23.9 0.60 98.2 4.15 .763
MC8x22.8 0.57 75.3 3.85 716
x21.4 0.50 70.9 3.91 .709
x20 0.44 47.9 3.59 .780
x18.7 0.38 45.1 3.65 773
x8.5 0.06 8.22 3.24 .910
MC7x22.7 0.63 58.5 3.53 .662
x19.1 0.41 49.4 3.71 .638
MC6x18 0.38 34.6 3.46 .562
MC6x16.3 0.34 221 3.11 .643
x15.1 0.29 20.6 3.18 .634
MC6x12 0.15 11.2 2.80 .740
*See LRFD Specification Appendix E3.
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1-156 DIMENSIONS AND PROPERTIES
FLEXURAL-TORSIONAL PROPERTIES
Single Angles
Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J Cw ro* H*
Designation in.4 in.® in. No Units
L8x8x1Yg 7.13 325 4.31 0.632
1 5.08 23.4 4.35 0.630
A 3.46 16.1 4.37 0.629
Ya 2.21 10.4 4.41 0.627
% 1.30 6.16 4.45 0.627
Y16 0.960 4.55 4.47 0.627
Y 0.682 3.23 4.48 0.624
L8x6x1 4.35 16.3 3.89 —
Y 1.90 7.28 3.96 —
Y16 0.822 3.20 4.01 —
Y 0.584 2.28 4.02 —
2 0.396 1.55 4.04 —
L8x4x1 3.68 12.9 3.77 —
7 2.48 8.89 3.79 —
Y 1.61 5.75 3.82 —
% 0.933 3.42 3.85 —
Y16 0.704 2.53 3.86 —
Y 0.501 1.80 3.88 —
76 0.328 1.22 3.89 —
L7x4xY, 1.47 3.97 3.33 —
% 0.873 2.37 3.36 —
Y 0.459 1.25 3.38 —
e 0.300 0.851 3.40 —
Y 0.200 0.544 3.42 —

*See LRFD Specification Appendix E3.
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TORSION PROPERTIES 1-157
FLEXURAL-TORSIONAL PROPERTIES
Single Angles
Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J CW ro* H*
Designation in.4 in.® in. No Units
L6x6x1 3.68 9.24 3.19 0.637
s 251 6.41 3.22 0.632
Yy 1.61 4.17 3.26 0.629
% 0.954 2.50 3.29 0.628
Y16 0.704 1.85 331 0.627
Y 0.501 1.32 3.32 0.627
6 0.340 0.899 3.34 0.627
% 0.218 0.575 3.36 0.626
Y6 0.129 0.338 3.38 0.625
L6x4xY, 1.33 2.64 2.86 —
% 0.792 1.59 2.89 —
Y16 0.585 1.18 2.9 —
Y 0.417 0.843 2.92 —
e 0.284 0.575 2,94 —
% 0.183 0.369 2.96 —
%6 0.108 0.217 2,97 —
L6x3%xY, 0.396 0.779 2.88 —
Y% 0.174 0.341 2.92 —
Y16 0.103 0.201 2.93 —
L5x5x7g 2.07 3.53 2.65 0.634
Y 1.33 2.32 2.68 0.634
% 0.792 1.40 2.71 0.630
Y 0.417 0.744 2.74 0.630
e 0.284 0.508 2.77 0.629
s 0.183 0.327 2.79 0.627
Y16 0.108 0.193 2.81 0.626
*See LRFD Specification Appendix E3.
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1-158 DIMENSIONS AND PROPERTIES

FLEXURAL-TORSIONAL PROPERTIES

Single Angles
Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J Cw To* H
Designation in.4 in.® in. No Units
L5x3%,x, 1.11 1.52 2.37 —
% 0.660 0.918 2.40 —
Y 0.348 0.491 2.44 —
Y% 0.153 0.217 2.47 —
Y6 0.0905 0.128 2.49 —
Ya 0.0479 0.0670 2.50 —
L5x3xY, 0.322 0.444 2.39 —
6 0.219 0.304 241 —
Y 0.141 0.196 242 —
%6 0.0832 0.116 2.43 —
Ya 0.0438 0.0606 2.45 —
L4x4xY, 1.02 1.12 2.11 0.639
% 0.610 0.680 214 0.631
Y 0.322 0.366 2.17 0.632
e 0.219 0.252 219 0.631
%% 0.141 0.162 2.20 0.625
Y6 0.0832 0.0963 2.22 0.623
Ya 0.0438 0.0505 2.23 0.627
L4x3YoxYs 0.301 0.302 2.04 —
Y% 0.132 0.134 2.08 —
Y16 0.0782 0.0798 2.09 —
Ya 0.0412 0.0419 211 —

*See LRFD Specification Appendix E3.
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TORSION PROPERTIES 1-159
FLEXURAL-TORSIONAL PROPERTIES
Single Angles
Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J CW ro* H*
Designation in.4 in.® in. No Units
L4x3x% 0.529 0.472 1.91 —
Y 0.281 0.255 1.95 —
"6 0.192 0.176 1.96 —
% 0.123 0.114 1.98 —
%6 0.0731 0.0676 2.00 —
Ya 0.0386 0.0356 2.01 —
L3Y,x3YoxY, 0.281 0.238 1.89 0.631
76 0.192 0.164 1.91 0.629
Y% 0.123 0.106 1.91 0.628
Y16 0.0731 0.0634 1.93 0.627
Ya 0.0386 0.0334 1.95 0.626
L3Ypx3xY, 0.260 0.191 1.76 —
Y% 0.114 0.0858 1.79 —
Y16 0.0680 0.0512 181 —
Ya 0.0360 0.0270 1.83 —
L3Yox2YoxYs 0.234 0.159 1.67 —
Y% 0.103 0.0714 1.70 —
Ya 0.0322 0.0225 1.73 —
L3x3xY, 0.234 0.144 1.60 0.634
e 0.160 0.100 1.61 0.632
Y% 0.103 0.0652 1.63 0.629
Y6 0.0611 0.0390 1.65 0.628
Ya 0.0322 0.0206 1.66 0.627
Y6 0.0142 0.00899 1.68 0.626
*See LRFD Specification Appendix E3.
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1-160

DIMENSIONS AND PROPERTIES

FLEXURAL-TORSIONAL PROPERTIES

Single Angles
Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J Cw To* H*
Designation in.% in.® in. No Units
L3x2Y,oxY, 0.213 0.112 1.47 —
76 0.146 0.0777 1.49 —
¥ 0.0943 0.0507 1.50 —
Y16 0.0560 0.0304 1.52 —
Y 0.0296 0.0161 1.54 —
Y16 0.0131 0.00705 1.55 —
L3x2xY, 0.192 0.0908 1.40 —
Y% 0.0855 0.0413 1.43 —
%6 0.0509 0.0248 1.45 —
Ya 0.0270 0.0132 1.46 —
Y6 0.0120 0.00576 1.48 —
L2Yox2YoxY, 0.185 0.0791 1.31 0.639
Y% 0.0816 0.0362 1.34 0.632
Y16 0.0483 0.0218 1.36 0.630
A 0.0253 0.0116 1.37 0.628
Y16 0.0110 0.00510 1.39 0.627
L2Y,x2x¥g 0.0728 0.0268 1.22 —
Y16 0.0432 0.0162 1.24 —
Yy 0.0227 0.00868 1.25 —
Y16 0.00990 0.00382 1.27 —
L2x2x¥g 0.0640 0.0174 1.05 0.637
Y6 0.0381 0.0106 1.07 0.633
Yy 0.0201 0.00572 1.09 0.630
Y16 0.00880 0.00254 1.10 0.628
Ys 0.00274 0.00079 1.12 0.626

*See LRFD Specification Appendix E3.
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TORSION PROPERTIES 1-161
FLEXURAL-TORSIONAL PROPERTIES
Structural Tees
Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J Cw To* H*
Designation in.4 in.® in. No Units
WT22x167.5 37.2 434 8.81 0.724
x145 25.7 279 8.67 0.733
x131 18.9 204 8.65 0.731
x115 12.4 139 8.67 0.723
WT20x296.5** 223 2340 8.30 0.761
x251.5%* 140 1420 8.17 0.760
x215.5 88.5 881 8.09 0.756
x186 58.2 559 8.00 0.756
x160.5 37.7 350 7.92 0.756
x148.5 30.6 279 7.88 0.756
x138.5 25.8 218 7.75 0.770
x124.5 19.1 158 7.71 0.770
x107.5 12.4 101 7.66 0.770
x99.5 9.14 83.5 7.83 0.746
x87 5.60 65.3 8.12 0.699
WT20x233** 139 1360 8.39 0.680
x196** 86.1 802 8.27 0.678
x165.5 53.0 485 8.19 0.674
x139 32.4 278 8.07 0.676
x132 28.0 233 8.02 0.680
x117.5 20.6 156 7.88 0.690
x105.5 15.2 113 7.84 0.690
x91.5 10.0 72.1 7.79 0.691
x83.5 7.01 62.9 8.02 0.658
x74.5 4.68 51.9 8.24 0.626
WT18x424** 622 6880 8.08 0.802
X399** 527 5700 8.02 0.801
x325** 295 3010 7.82 0.797
X263.5%* 163 1570 7.63 0.797
x219.5%* 96.7 894 7.52 0.794
x196.5** 70.7 637 7.44 0.796
x179.5%* 54.3 480 7.38 0.797
x164** 42.1 363 7.32 0.799
x150 32.0 278 7.30 0.797
x140 26.2 226 7.27 0.796
x130 20.7 181 7.28 0.791
x122.5 17.3 151 7.28 0.788
x115 14.3 125 7.27 0.784
*See LRFD Specification Section E3.
**Group 4 or Group 5 shape. See Notes in Table 1-2.
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1-162 DIMENSIONS AND PROPERTIES

FLEXURAL-TORSIONAL PROPERTIES
Structural Tees
Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J Cw To* H*
Designation in.4 in.® in. No Units
WT18x128 26.6 205 7.43 0.703
x116 19.8 151 7.40 0.703
x105 13.9 119 7.49 0.687
x97 11.1 92.7 7.45 0.687
x91 9.19 77.6 7.45 0.686
x85 7.51 63.2 7.44 0.684
x80 6.17 53.6 7.46 0.678
x75 5.04 46.0 7.50 0.670
x67.5 3.48 37.3 7.65 0.644
WT16.5%177** 57.2 468 7.00 0.802
x159** 42.1 335 6.94 0.803
x145.5** 32.4 256 6.90 0.801
x131.5%* 24.2 188 6.86 0.802
x120.5 17.9 146 6.91 0.792
x110.5 13.7 113 6.90 0.788
x100.5 10.2 84.9 6.89 0.784
WT16.5%84.5 8.83 55.4 6.74 0.714
x76 6.16 43.0 6.82 0.700
x70.5 4.84 35.4 6.85 0.691
x65 3.67 29.3 6.93 0.678
x59 2.64 23.4 7.02 0.659
WT15x238.5** 151 1170 6.65 0.819
x195.5** 85.9 636 6.54 0.815
x163** 50.8 361 6.40 0.817
x146** 37.2 257 6.34 0.818
x130.5 26.7 184 6.31 0.815
x117.5 19.9 132 6.25 0.817
x105.5 13.9 96.4 6.27 0.809
x95.5 10.3 71.2 6.25 0.806
x86.5 7.61 53.0 6.25 0.802
WT15x74 7.27 37.6 6.10 0.716
x66 4.85 28.5 6.19 0.698
%62 3.98 23.9 6.20 0.693
x58 3.21 20.5 6.24 0.683
x54 2.49 17.3 6.31 0.669
x49.5 1.88 14.3 6.38 0.654
x45 1.42 10.5 6.34 0.655
*See LRFD Specification Section E3.
**Group 4 or Group 5 shape. See Notes in Table 1-2.
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TORSION PROPERTIES 1-163
FLEXURAL-TORSIONAL PROPERTIES
Structural Tees
Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J Cw To* H*
Designation in.4 in.® in. No Units
WT13.5%269.5** 245 1740 6.27 0.830
x224** 146 977 6.11 0.829
x184** 83.6 532 5.97 0.828
x153.5%* 49.8 304 5.85 0.828
x140.5** 39.0 232 5.80 0.830
x129 30.2 178 5.77 0.828
x117.5 23.0 135 5.74 0.825
x108.5 18.5 105 5.72 0.830
x97 13.2 74.3 5.66 0.826
x89 9.74 57.7 5.70 0.815
x80.5 7.31 42.7 5.67 0.813
x73 5.44 31.7 5.65 0.810
WT13.5%64.5 5.60 24.0 5.48 0.731
x57 3.65 17.5 5.54 0.716
x51 2.64 12.6 5.52 0.714
x47 2.01 10.2 5.57 0.703
x42 1.40 7.79 5.63 0.685
WT12x246** 223 1340 5.71 0.838
x204** 133 748 5.55 0.836
x167.5** 76.0 405 5.40 0.837
x139.5%* 45.3 230 5.28 0.837
x125** 33.3 165 5.22 0.838
x114.5 25.7 125 5.19 0.836
x103.5 19.1 91.3 5.14 0.836
x96 15.4 72.5 511 0.836
*x88 12.0 55.8 5.09 0.835
x81 9.22 43.8 5.09 0.831
x73 6.70 31.9 5.08 0.827
x65.5 4.74 231 5.09 0.818
x58.5 3.35 16.4 5.08 0.813
x52 2.35 11.6 5.07 0.809
WT12x51.5 3.54 12.3 4.88 0.733
x47 2.62 9.57 4.89 0.727
x42 1.84 6.90 4.89 0.721
x38 1.34 5.30 4.93 0.709
x34 0.932 4.08 4.99 0.692
WT12x31 0.850 3.92 5.13 0.619
x27.5 0.588 2.93 5.18 0.606
*See LRFD Specification Section E3.
**Group 4 or Group 5 shape. See Notes in Table 1-2.
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1-164 DIMENSIONS AND PROPERTIES

FLEXURAL-TORSIONAL PROPERTIES
Structural Tees
Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J Cw To* H*
Designation in.4 in.® in. No Units
WT10.5%100.5 20.6 85.4 4.67 0.859
x91 15.4 63.0 4.64 0.859
x83 11.9 47.3 4.59 0.861
x73.5 7.69 325 4.64 0.847
x66 5.62 234 4.61 0.845
x61 4.47 18.4 4.58 0.846
x55.5 3.40 13.8 4.56 0.846
x50.5 2.60 10.4 4.54 0.846
WT10.5%46.5 3.01 9.33 4.37 0.729
x41.5 2.16 6.50 4.33 0.732
x36.5 1.51 4.42 4.31 0.732
x34 1.22 3.62 4.31 0.727
x31 0.513 2.78 4.31 0.722
WT10.5%28.5 0.884 2.50 4.36 0.665
x25 0.570 1.89 4.44 0.640
x22 0.383 1.40 4.49 0.623
WT9x155.5** 87.2 339 4.42 0.875
x141.5** 66.5 251 4.36 0.873
x129** 515 189 4.30 0.874
x117** 39.4 140 4.23 0.875
x105.5** 29.4 102 4.19 0.873
*x96 224 75.7 4.14 0.875
x87.5 17.0 56.5 4.10 0.872
x79 12.6 41.2 4.06 0.872
x71.5 9.70 30.7 4.03 0.874
x65 7.30 22.8 3.99 0.874
WT9x59.5 5.30 17.4 4.03 0.862
x53 3.73 12.1 4.00 0.860
x48.5 2.92 9.29 3.97 0.862
%43 2.04 6.42 3.95 0.860
x38 1.41 4.37 3.92 0.862
WT9%35.5 1.74 3.96 3.72 0.751
x32.5 1.36 3.01 3.69 0.755
x30 1.08 2.35 3.67 0.756
x27.5 0.829 1.84 3.68 0.749
%25 0.613 1.36 3.66 0.748
WT9x23 0.609 1.20 3.67 0.694
%20 0.403 0.788 3.65 0.692
x17.5 0.252 0.598 3.74 0.662
*See LRFD Specification Section E3.
**Group 4 or Group 5 shape. See Notes in Table 1-2.
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TORSION PROPERTIES 1-165
FLEXURAL-TORSIONAL PROPERTIES
Structural Tees
Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J Cw ro* H*
Designation in.4 in.® in. No Units
WT8x50 3.85 10.4 3.62 0.877
x44.5 2.72 7.19 3.60 0.877
x38.5 1.78 4.61 3.56 0.877
x33.5 1.19 3.01 3.53 0.879
WT8x28.5 1.10 1.99 3.30 0.770
x25 0.760 1.34 3.28 0.770
x22.5 0.655 0.974 3.27 0.767
x20 0.396 0.673 3.24 0.769
x18 0.271 0.516 3.30 0.745
WT8x15.5 0.229 0.366 3.26 0.695
x13 0.130 0.243 3.32 0.667
WT7x404** 918 6970 5.67 0.959
x365** 714 5250 5.47 0.966
x332.5** 555 3920 5.36 0.966
x302.5** 430 2930 5.25 0.966
x275%* 331 2180 5.15 0.967
x250** 255 1620 5.06 0.967
x227.5%* 196 1210 4.98 0.967
WT7%x213** 164 991 4.92 0.968
x199** 135 801 4.87 0.968
x185** 110 640 4.81 0.968
x171** 88.3 502 4.77 0.968
x155.5%* 67.5 375 4.71 0.968
x141.5%* 51.8 281 4.66 0.969
x128.5** 39.3 209 4.61 0.969
x116.5** 29.6 154 4.56 0.970
x105.5 22.2 113 4.52 0.970
x96.5 17.3 87.2 4.49 0.971
%88 13.2 65.2 4.46 0.971
x79.5 9.84 47.9 4.42 0.971
x72.5 7.56 36.3 4.40 0.971
*See LRFD Specification Section E3.
**Group 4 or Group 5 shape. See Notes in Table 1-2.
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1-166

DIMENSIONS AND PROPERTIES

FLEXURAL-TORSIONAL PROPERTIES
Structural Tees

Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J Cw To* H*

Designation in.4 in.® in. No Units
WT7x66 6.13 26.6 4.21 0.966
%60 4.67 20.0 4.18 0.966
x54.5 3.55 15.0 4.16 0.968
x49.5 2.68 111 4.14 0.968
x45 2.03 8.31 4.12 0.968
WT7x41 2.53 5.63 3.25 0.912
x37 1.94 4.19 3.21 0.917
x34 1.51 3.21 3.19 0.915
x30.5 1.10 2.29 3.18 0.915
WT7x26.5 0.970 1.46 2.89 0.868
x24 0.726 1.07 2.87 0.866
x21.5 0.524 0.751 2.85 0.866
WT7x19 0.398 0.554 2.87 0.800
x17 0.284 0.400 2.86 0.793
x15 0.190 0.287 2.90 0.772
WT7x13 0.179 0.207 2.82 0.713
x11 0.104 0.134 2.86 0.691

*See LRFD Specification Section E3.
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TORSION PROPERTIES 1-167
FLEXURAL-TORSIONAL PROPERTIES
Structural Tees
Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J Cw ro* H*
Designation in.4 in.® in. No Units
WT6x168** 120 481 4.07 0.958
x152.5%* 92.0 356 4.00 0.959
x139.5%* 70.9 267 3.94 0.957
x126** 53.5 195 3.88 0.958
x115** 41.6 148 3.84 0.958
x105** 32.2 112 3.79 0.958
x95 24.4 82.1 3.74 0.959
x85 17.7 58.3 3.69 0.960
x76 12.8 41.3 3.65 0.960
x68 9.22 28.9 3.61 0.960
x60 6.43 19.7 3.58 0.959
x53 4.55 13.6 3.54 0.961
x48 3.42 10.1 3.51 0.961
x43.5 2.54 7.34 3.49 0.960
x39.5 1.92 5.43 3.46 0.960
%36 1.46 4.07 3.45 0.961
x32.5 1.09 2.97 3.43 0.960
WT6%29 1.05 2.08 3.01 0.944
x26.5 0.788 1.53 3.00 0.940
WT6x25 0.889 1.23 2.67 0.899
x22.5 0.656 0.885 2.64 0.898
x20 0.476 0.620 2.62 0.901
WT6x17.5 0.369 0.437 2.56 0.835
x15 0.228 0.267 2.55 0.830
x13 0.150 0.174 2.54 0.826
WT6x11 0.146 0.137 2.52 0.683
x9.5 0.0899 0.0934 2.54 0.663
x8 0.0511 0.0678 2.62 0.624
x7 0.0350 0.0493 2.64 0.610
*See LRFD Specification Section E3.
**Group 4 or Group 5 shape. See Notes in Table 1-2.
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1-168

DIMENSIONS AND PROPERTIES

FLEXURAL-TORSIONAL PROPERTIES
Structural Tees

Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J Cw To* H*

Designation in.4 in.® in. No Units
WT5x56 7.50 16.9 3.04 0.963
x50 5.41 11.9 3.00 0.964
x44 3.75 8.02 2.98 0.964
x38.5 2.55 5.31 2.93 0.964
x34 1.78 3.62 2.92 0.965
x30 1.23 2.46 2.89 0.965
x27 0.909 1.78 2.87 0.966
x24.5 0.693 1.33 2.85 0.966
WT5x22.5 0.753 0.981 2.44 0.940
x19.5 0.487 0.616 2.42 0.936
x16.5 0.291 0.356 2.40 0.927
WT5x15 0.310 0.273 217 0.848
x13 0.201 0.173 2.15 0.848
x11 0.119 0.107 2.17 0.831
WT5x9.5 0.116 0.0796 2.08 0.728
x8.5 0.0776 0.061 212 0.702
x7.5 0.0518 0.0475 2.16 0.672
X6 0.0272 0.0255 2.16 0.662

*See LRFD Specification Section E3.
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TORSION PROPERTIES 1-169
FLEXURAL-TORSIONAL PROPERTIES
Structural Tees
Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J Cw ro* H*
Designation in.4 in.® in. No Units
WT4x%33.5 2.52 3.56 2.41 0.962
x29 1.66 2.28 2.39 0.961
x24 0.979 1.30 2.34 0.966
x20 0.559 0.715 231 0.961
x17.5 0.385 0.480 2.29 0.963
x15.5 0.268 0.327 2.29 0.961
WT4x14 0.268 0.230 1.97 0.935
x12 0.173 0.144 1.96 0.936
WT4x10.5 0.141 0.0916 1.80 0.877
x9 0.0855 0.0562 1.81 0.863
WT4x7.5 0.0679 0.0382 1.72 0.762
x6.5 0.0433 0.0269 1.74 0.732
x5 0.0212 0.0114 1.69 0.748
WT3x12.5 0.229 0.171 1.76 0.952
x10 0.120 0.0858 1.73 0.952
x7.5 0.0504 0.0342 1.71 0.937
WT3x8 0.111 0.0426 1.37 0.880
%6 0.0449 0.0178 1.37 0.846
x4.5 0.0202 0.0074 1.34 0.852
WT2.5%9.5 0.154 0.0775 1.44 0.964
x8 0.0930 0.0453 1.43 0.962
WT2x6.5 0.0750 0.0213 1.16 0.947
*See LRFD Specification Section E3.
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1-170

DIMENSIONS AND PROPERTIES

FLEXURAL-TORSIONAL PROPERTIES
Structural Tees

Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J Cw ro* H*

Designation in.4 in.® in. No Units
MT6x5.9 0.0307 0.0330 2.69 0.564
x5.4 0.0196 0.0252 2.67 0.572
MT5x4.5 0.0213 0.0133 2.21 0.584
x4 0.0116 0.00916 221 0.582
MT4x3.25 0.0146 0.00421 1.73 0.611
MT2.5x9.45** 0.165 0.0732 1.37 0.951

*See LRFD Specification Section E3.
**This shape has tapered flanges while other MT shapes have parallel flanges.
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TORSION PROPERTIES 1-171
FLEXURAL-TORSIONAL PROPERTIES
Structural Tees
Polar
Torsional Warping Radius of Flexural
Constant Constant Gyration Constant
J Cw ro* H*
Designation in.4 in.® in. No Units
ST12x60.5 6.38 275 5.14 0.640
x53 5.04 15.0 4.87 0.685
ST12x50 3.76 195 5.27 0.584
x45 3.01 12.1 5.12 0.616
x40 2.43 6.94 4.89 0.657
ST10%x48 4.15 15.0 4.36 0.625
x43 3.30 9.17 4.20 0.661
ST10x37.5 2.28 7.21 4.28 0.612
%33 1.78 4.02 4.10 0.655
ST9%35 2.05 7.03 4.01 0.583
x27.35 1.18 2.26 3.71 0.662
ST7.5x25 1.05 2.02 3.22 0.637
x21.45 0.767 0.995 3.04 0.689
ST6x25 1.39 1.97 2.60 0.663
x20.4 0.872 0.787 2.42 0.733
ST6x17.5 0.538 0.556 2.49 0.697
x15.9 0.449 0.364 2.39 0.731
ST5x17.5 0.633 0.725 2.23 0.653
x12.7 0.300 0.173 1.98 0.768
ST4x11.5 0.271 0.168 1.74 0.707
x9.2 0.167 0.0642 1.59 0.789
ST3x8.625 0.182 0.0772 1.36 0.706
%x6.25 0.0838 0.0197 1.21 0.820
ST2.5%5 0.0568 0.0100 1.02 0.842
ST2x4.75 0.0589 0.00995 0.907 0.800
x3.85 0.0364 0.00457 0.841 0.872
ST1.5x3.75 0.0440 0.00496 0.737 0.832
x2.85 0.0220 0.00189 0.672 0.913
*See LRFD Specification Section E3.
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1-172 DIMENSIONS AND PROPERTIES

FLEXURAL-TORSIONAL PROPERTIES
Double Angles
]
Long Legs Vertical Short Legs Vertical
Back to Back of Angles, in. Back to Back of Angles, in.
0 ¥ ¥y 0 ¥ Yy
Designation | ro* H* ro* H* ro* H* ro* H* ro* H* ro* H*
L8x8x1Y%g 458 | 0.837| 468 [ 0.844| 4.79 | 0.851| 4.58 | 0.837 | 4.68 | 0.844| 4.79 | 0.851
1 458 (0.833| 468 [ 0.840| 4.79 | 0.847 | 458 | 0.833| 4.68 | 0.840| 4.79 | 0.847
A 458 [ 0.831| 468 | 0.838| 478 | 0.845| 458 | 0.831| 4.68 | 0.838| 4.78 | 0.845
A 458 (0.828 | 468 [ 0.835| 4.78 | 0.842| 458 | 0.828| 4.68 | 0.835| 4.78 | 0.842
%% 458 | 0.825| 4.68 [ 0.832| 4.78 | 0.839 | 4.58 | 0.825| 4.68 | 0.832| 4.78 | 0.839
Y 459 [ 0.822| 469 [ 0.829| 4.78 | 0.836 | 4.59 | 0.822| 4.69 | 0.829| 4.78 | 0.836
L8x6x1 4.07 [ 0.721| 4.15 [ 0.731| 4.23 | 0.742 | 4.19 | 0.925| 4.31 | 0.929| 4.44 | 0.933
A 4.08 (0.714 | 416 | 0.724| 424 | 0.735| 4.17 | 0.919| 4.29 | 0.924| 4.41 | 0.928
Y 411 {0708 | 4.18 | 0.718 | 4.26 | 0.728 | 4.17 | 0.914| 4.28 | 0.919| 4.40 | 0.923
L8x4x1 3.87 | 0566 | 3.93 | 0.578 | 3.99 | 0.591| 4.12 | 0.982| 4.26 | 0.983| 4.41 | 0.984
Yy 3.89 | 0.562 | 3.94 | 0.573 | 4.00 | 0.586| 4.08 | 0.980 | 4.22 | 0.981| 4.36 | 0.982
Yy 3.93 | 0.558 | 3.97 | 0.568 | 4.03 | 0.580 | 4.05 | 0.977 | 4.19 | 0.979| 4.33 | 0.980
L7%x4x¥, 342 | 0.609 | 3.48 | 0.623 | 3.55 | 0.637 | 3.58 | 0.968 | 3.71 | 0.971| 3.85 | 0.973
Y 3.45 | 0.604 | 35 0.616 | 3.57 | 0.629 | 3.55 | 0.965| 3.68 | 0.967| 3.82 | 0.969
Y% 3.46 | 0.602 | 3.51 | 0.614 | 3.57 | 0.627 | 3.54 | 0.963 | 3.67 | 0.965| 3.80 | 0.968
L6x6x1 3.43 | 0.843 | 3.54 | 0.852| 3.65 | 0.861| 3.43 | 0.843| 3.54 | 0.852| 3.65 | 0.861
A 343 | 0838 | 3.54 | 0.847| 3.65 | 0.856 | 3.43 | 0.838 | 3.54 | 0.847| 3.65 | 0.856
Yy 3.44 |1 0.833| 354 | 0.842| 3.65 | 0.852| 3.44 | 0.833| 3.54 | 0.842| 3.65 | 0.852
Y% 3.44 | 0.830 | 3.54 | 0.839| 3.64 | 0.848| 3.44 | 0.830| 3.54 | 0.839| 3.64 | 0.848
Y 3.44 | 0.827 | 354 | 0.836| 3.64 | 0.845| 3.44 | 0.827| 3.54 | 0.836| 3.64 | 0.845
% 344 10822 | 354 | 0831 | 3.64 | 0.841| 3.44 | 0.822| 3.54 | 0.831| 3.64 | 0.841
L6x4xY, 298 | 0.672| 3.05 | 0.687 | 3.13 | 0.704 | 3.10 | 0.948 | 3.23 | 0.952| 3.36 | 0.956
%% 298 | 0.668 | 3.05 | 0.683 | 3.13 | 0.699 | 3.09 | 0.946| 3.21 | 0.950 | 3.34 | 0.954
Y, 3.00 | 0.663 | 3.06 | 0.678 | 3.14 | 0.693 | 3.08 | 0.943 | 3.20 | 0.947 | 3.34 | 0.951
Y% 3.01 | 0.661| 3.07 | 0.675| 3.15 | 0.690 | 3.07 | 0.940 | 3.19 | 0.944 | 3.32 | 0.948
L6x3Y,x%g 297 | 0.610| 3.02 | 0.624 | 3.09 | 0.640 | 3.05 | 0.961 | 3.17 | 0.964 | 3.31 | 0.967
%6 297 | 0.610 | 3.02 | 0.624 | 3.09 | 0.639| 3.03 | 0.960 | 3.16 | 0.963 | 3.29 | 0.966
L5x5x7 2.87 |0.844 | 297 | 0.855| 3.09 | 0.865| 2.87 | 0.844| 2.97 | 0.855| 3.09 | 0.865
A 285 | 0.839| 2.96 | 0.850| 3.07 | 0.861| 2.85 | 0.839 | 2.96 | 0.850 | 3.07 | 0.861
Y 2.86 |0.830 | 2.96 | 0.841| 3.07 | 0.852| 2.86 | 0.830| 2.96 | 0.841| 3.07 | 0.852
Y 2.87 |0.824| 2.96 | 0.835| 3.07 | 0.846| 2.87 | 0.824| 2.96 | 0.835| 3.07 | 0.846
Y16 287 | 0821 | 297 | 0.833| 3.07 | 0.844| 2.87 | 0.821| 2.97 | 0.833| 3.07 | 0.844
*See LRFD Specification Section E3.
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TORSION PROPERTIES 1-173

FLEXURAL-TORSIONAL PROPERTIES
Double Angles

Long Legs Vertical Short Legs Vertical
Back to Back of Angles, in. Back to Back of Angles, in.
0 7 ¥y 0 ¥ ¥,

Designation ro* H* ro* H* ro* H* ro* H* ro* H* ro* H*
L5x3Y,xY, 250 | 0.697 | 258 | 0.715| 2.67 | 0.734| 2.61 | 0.943| 2.74 | 0.948 | 2.87 | 0.953
Yy 2.51 [ 0.685| 2.59 | 0.703 | 2.67 | 0.722| 2.59 | 0.936 | 2.71 | 0.941| 2.84 | 0.947
Y% 252 | 0.682| 259 | 0.699 | 2.67 | 0.717| 2.58 | 0.932| 2.70 | 0.938 | 2.83 | 0.943
Y6 253 | 0.679 | 2.60 | 0.695| 2.68 | 0.713| 2.58 | 0.930| 2.70 | 0.936 | 2.82 | 0.942
L5x3xY, 245 | 0.626 | 2.52 | 0.645| 2.59 | 0.665| 2.55 [ 0.962 | 2.69 | 0.965| 2.82 | 0.969
% 2.46 | 0.623 | 2.52 | 0.641| 2.60 | 0.661| 2.54 | 0.959 | 2.67 | 0.963| 2.80 | 0.966
Y16 247 | 0.621 | 2.53 | 0.638 | 2.60 | 0.657| 2.54 | 0.957| 2.67 | 0.961| 2.80 | 0.965
Yy 248 | 0.618 | 2.54 | 0.634 | 2.61 | 0.653| 2.53 [ 0.956 | 2.66 | 0.960 | 2.79 | 0.964
L4x4xY, 2.29 | 0.847 | 2.40 | 0.861 | 2.52 | 0.873| 2.29 | 0.847| 2.40 | 0.861| 2.52 | 0.873
% 2.29 [ 0.839 | 2.40 | 0.853 | 2.51 | 0.867 | 2.29 | 0.839 | 2.40 | 0.853| 2.51 | 0.867
Y 229 | 0.834| 2.39 | 0.848 | 2.50 | 0.862| 2.29 | 0.834| 2.39 | 0.848| 2.50 | 0.862
% 2.29 [0.827 | 2.39 | 0.841| 2.50 | 0.855| 2.29 | 0.827 | 2.39 | 0.841| 2.50 | 0.855
Y16 229 10824 | 2.39 | 0.838| 2.50 | 0.852| 2.29 | 0.824| 2.39 | 0.838| 2.50 | 0.852
Yy 2.29 | 0.823 | 2.39 | 0.837| 2.49 | 0.850| 2.29 | 0.823| 2.39 | 0.837 | 2.49 | 0.850
L4x3Y,xY, 215 | 0.783 | 2.24 | 0.801| 2.34 | 0.818| 2.17 | 0.881| 2.29 | 0.892| 2.41 | 0.903
% 215 [ 0.774 | 2.24 | 0.792 | 2.34 | 0.809 | 2.17 | 0.875| 2.28 | 0.887 | 2.40 | 0.898
Y16 2.15 [ 0.774 | 2.24 | 0.791 | 2.34 | 0.808 | 2.17 | 0.872| 2.28 | 0.884| 2.40 | 0.895
Y 2.16 | 0.770 | 2.24 | 0.787 | 2.34 | 0.805| 2.17 | 0.870| 2.28 | 0.882 | 2.39 | 0.893
L4x3xY, 2.04 | 0.719 | 2.12 | 0.740 | 2.22 | 0.762| 2.10 | 0.924| 2.22 | 0.933| 2.35 | 0.940
% 2.04 [0.714 | 212 | 0.735| 2.21 | 0.757 | 2.09 | 0.919 | 2.21 | 0.928| 2.34 | 0.935
Y16 2.05 [ 0.710 | 2.13 | 0.731| 2.22 | 0.752| 2.09 | 0.917 | 2.21 | 0.925| 2.33 | 0.933
Yy 2.06 | 0.706 | 2.13 | 0.726 | 2.22 | 0.747| 2.09 | 0.914| 2.20 | 0.923| 2.33 | 0.931

L3Y,ox3Yox% 2.00 [ 0.831| 2.10 | 0.847 | 2.22 | 0.862 | 2.00 | 0.831| 2.10 | 0.847| 2.22 | 0.862
Ya 2.01 |0.824 | 2.10 | 0.839 | 2.21 | 0.855| 2.01 | 0.824| 2.10 | 0.839| 2.21 | 0.855

L3Y%x3x¥g 186 |0.771| 1.95 | 0.791 | 2.06 | 0.812| 1.89 | 0.884| 2.00 | 0.897 | 2.13 | 0.909
Y16 1.87 | 0.766 | 1.96 | 0.787 | 2.06 | 0.807 | 1.89 | 0.881 | 2.00 | 0.894| 2.12 | 0.906
Ya 187 |0.762 | 1.96 | 0.782 | 2.06 | 0.803 | 1.89 | 0.878 | 2.00 | 0.891 | 2.12 | 0.903

L3Y5x2Y,ox¥g 176 | 0.696 | 1.84 [ 0.721| 1.94 | 0.748 | 1.82 | 0.932| 1.94 | 0.941| 2.08 | 0.948
Ya 177 {0691 | 1.85 [ 0.715| 1.93 | 0.740 | 1.81 | 0.927 | 1.93 | 0.936| 2.06 | 0.944

L3x3xY, 172 {0.842| 1.83 [ 0.860| 1.95 | 0.877| 1.72 | 0.842| 1.83 | 0.860| 1.95 | 0.877
Y% 172 {0.834| 1.82 [ 0.852| 1.94 | 0.869| 1.72 | 0.834| 1.82 | 0.852| 1.94 | 0.869
Y16 172 {0.830| 1.82 [ 0.848 | 1.93 | 0.866 | 1.72 | 0.830 | 1.82 | 0.848| 1.93 | 0.866
Ya 172 {0.825| 1.82 [ 0.844| 193 | 0.862| 1.72 | 0.825| 1.82 | 0.844| 1.93 | 0.862
Y16 172 |0.822| 1.82 | 0.841| 193 | 0.858| 1.72 | 0.822| 1.82 | 0.841| 1.93 | 0.858

*See LRFD Specification Section E3.
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1-174 DIMENSIONS AND PROPERTIES

FLEXURAL-TORSIONAL PROPERTIES

Double Angles
]
Long Legs Vertical Short Legs Vertical
Back to Back of Angles, in. Back to Back of Angles, in.
0 ¥ ¥y 0 ¥ Yy
Designation | ro* H* ro* H* ro* H* ro* H* ro* H* ro* H*
L3x2Y,x%g 158 | 0.763 | 1.67 | 0.789| 1.78 | 0.813 | 1.61 | 0.896 | 1.73 | 0.910| 1.86 | 0.922
Ya 159 | 0.754 | 1.67 | 0.779| 1.78 | 0.804 | 1.61 | 0.889| 1.72 | 0.903| 1.84 | 0.916
Y16 159 [0.750 | 1.67 | 0.775| 1.77 | 0.800| 1.61 | 0.885| 1.72 | 0.899 | 1.84 | 0.912
L3x2x¥g 149 | 0672 | 157 | 0.704| 166 | 0.737 | 1.55 | 0.949 | 1.68 | 0.956| 1.82 | 0.963
%6 150 | 0.667 | 1.57 | 0.698 | 1.66 | 0.730 | 1.55 | 0.946 | 1.68 | 0.954| 1.82 | 0.961
Ya 1.50 | 0.664 | 1.57 | 0.694 | 1.66 | 0.726 | 1.54 | 0.943 | 1.67 | 0.951| 1.80 | 0.958
Y16 150 | 0.661 | 1.57 | 0.690| 1.66 | 0.721| 1.54 | 0.940 | 1.66 | 0.949| 1.80 | 0.956

L2Y5x2Y5x¥ 143 | 0.839| 154 | 0861 | 166 | 0.880| 1.43 [ 0.839| 1.54 | 0.861| 1.66 | 0.880
%6 | 1.43 [ 0.834 | 154 | 0.856 | 1.66 | 0.876| 1.43 | 0.834| 1.54 | 0.856| 1.66 | 0.876
Ya 143 | 0829 | 153 | 0.851| 165 |0.871| 143 [ 0.829| 1.53 | 0.851| 1.65 | 0.871
%6 | 1.43 | 0.825| 1.53 | 0.847 | 1.65 | 0.867 | 1.43 | 0.825| 1.53 | 0.847 | 1.65 | 0.867

L2Yox2x¥g 129 | 0.752 | 1.39 | 0.785| 150 | 0.816| 1.33 | 0.912| 1.45 | 0.927| 1.59 | 0.939
Y16 1.30 | 0.746 | 1.39 | 0.779| 150 | 0.810| 1.33 | 0.908 | 1.45 | 0.923| 1.58 | 0.935

Ya 130 | 0.741| 1.39 | 0.773 | 1.50 | 0.804 | 1.33 | 0.903| 1.45 | 0.919| 1.58 | 0.932

Y16 131 | 0.736 | 1.39 | 0.767| 149 | 0.798 | 1.32 | 0.899 | 1.44 | 0.915| 1.57 | 0.928
L2x2x%g 1.15 | 0.846 | 1.26 | 0.873 | 1.39 | 0.896| 1.15 | 0.846| 1.26 | 0.873| 1.39 | 0.896
Y6 1.15 | 0.840 | 1.26 | 0.867| 1.38 | 0.890| 1.15 | 0.840| 1.26 | 0.867| 1.38 | 0.890

Ya 115 | 0834 | 1.25 | 0.861| 1.38 | 0.885| 1.15 | 0.834| 1.25 | 0.861| 1.38 | 0.885

Y6 1.15 | 0.828 | 1.25 | 0.855| 1.37 | 0.880| 1.15 | 0.828 | 1.25 | 0.855| 1.37 | 0.880

Ys 115 | 0.822 | 1.25 | 0.850 | 1.37 | 0.875| 1.15 | 0.822| 1.25 | 0.850 | 1.37 | 0.875

*See LRFD Specification Section E3.
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SURFACE AREAS AND BOX AREAS 1-175

SURFACE AREAS AND BOX AREAS
W shapes
Square feet per foot of length
Case A |Case B |Case C [Case D Case A |[Case B |Case C [Case D
Desig- I E Desig- E I
nation nation
W44x335 11.0 12.4 8.67 10.0 W36x256 9.02 10.0 7.26 8.27
%290 11.0 12.3 8.59 9.91 x232 8.96 9.97 7.20 8.21
x262 10.9 12.2 8.53 9.84 x210 8.91 9.93 7.13 8.15
%230 10.9 12.2 8.46 9.78 x194 8.88 9.89 7.09 8.10
W36x182 8.85 9.85 7.06 8.07
W40x593 10.9 12.3 8.56 9.95 x170 8.82 9.82 7.03 8.03
x503 10.7 12.1 8.38 9.75 %160 8.79 9.79 7.00 8.00
x431 10.5 11.9 8.23 9.58 x150 8.76 9.76 6.97 7.97
%372 10.4 11.8 8.11 9.45 %135 8.71 9.70 6.92 7.92
x321 10.3 11.6 8.01 9.33
x297 10.3 11.6 7.96 9.28 W33x354 9.66 11.0 7.27 8.61
x277 10.3 11.6 7.93 9.25 %318 9.58 10.9 7.19 8.52
x249 10.2 115 7.88 9.19 x291 9.52 10.8 7.13 8.46
x215 10.2 115 7.81 9.12 x263 9.46 10.8 7.07 8.39
x199 10.1 11.4 7.76 9.07 x241 9.42 10.7 7.02 8.34
x174 10.0 11.3 7.68 8.99 x221 9.38 10.7 6.97 8.29
%201 9.33 10.6 6.93 8.24
W40x466 9.79 10.8 8.13 9.18
x392 9.61 10.6 7.96 8.99 |W33x169 8.30 9.26 6.60 7.55
x331 9.47 10.5 7.81 8.83 x152 8.27 9.23 6.55 7.51
x278 9.35 10.3 7.69 8.69 x141 8.23 9.19 6.51 7.47
x264 9.32 10.3 7.66 8.66 %130 8.20 9.15 6.47 7.43
%235 9.28 10.3 7.61 8.60 x118 8.15 9.11 6.43 7.39
x211 9.22 10.2 7.55 8.53
%183 9.17 10.2 7.48 8.47 | W30x477 9.30 10.6 7.02 8.35
x167 9.11 10.1 7.42 8.40 x391 9.11 10.4 6.83 8.13
x149 9.05 10.0 7.35 8.34 %326 8.96 10.2 6.68 7.96
x292 8.88 10.2 6.61 7.88
W36x848 111 12.6 8.59 10.1 x261 8.81 10.1 6.53 7.79
X798 11.0 12,5 8.49 9.99 %235 8.75 10.0 6.47 7.73
x650 10.7 12.1 8.21 9.67 x211 8.71 9.97 6.42 7.67
x527 10.4 11.9 7.97 9.41 x191 8.66 9.92 6.37 7.62
x439 10.3 11.7 7.79 9.20 x173 8.62 9.87 6.32 7.57
x393 10.2 11.6 7.70 9.10
x359 10.1 115 7.63 9.02 | W30x148 7.53 8.40 5.99 6.86
x328 10.0 114 7.57 8.95 x132 7.49 8.37 5.93 6.81
x300 9.99 114 7.51 8.90 x124 7.47 8.34 5.90 6.78
x280 9.95 11.3 7.47 8.85 x116 7.44 8.31 5.88 6.75
%260 9.90 11.3 7.42 8.80 x108 7.41 8.28 5.84 6.72
%245 9.87 11.2 7.39 8.77 x99 7.37 8.25 5.81 6.68
x230 9.84 11.2 7.36 8.73 %90 7.35 8.22 5.79 6.66
Case A: Shape perimeter, minus one flange surface.
Case B: Shape perimeter.
Case C: Box perimeter, equal to one flange surface plus twice the depth.
Case D: Box perimeter, equal to two flange surfaces plus twice the depth.
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1-176 DIMENSIONS AND PROPERTIES

SURFACE AREAS AND BOX AREAS
W shapes
Square feet per foot of length
Case A |Case B |Case C |Case D Case A |[Case B |Case C [Case D
Desig- I I Desig- E I
nation nation
W27x539 8.82 10.09 6.69 7.96 W21x201 6.75 7.80 4.89 5.93
%448 8.61 9.86 6.48 7.73 x182 6.69 7.74 4.83 5.87
x368 8.42 9.64 6.29 7.51 *x166 6.65 7.68 4.78 5.82
x307 8.27 9.47 6.14 7.34 x147 6.61 7.66 4.72 5.76
%281 8.21 9.40 6.08 7.27 x132 6.57 7.61 4.68 571
x258 8.15 9.34 6.02 7.21 x122 6.54 7.57 4.65 5.68
%235 8.09 9.27 5.96 7.14 x111 6.51 7.54 4.61 5.64
x217 8.04 9.22 5.91 7.09 x101 6.48 7.50 4.58 5.61
x194 7.98 9.15 5.85 7.02
x178 7.95 9.12 5.81 6.98 W21x93 5.54 6.24 4.31 5.01
x161 7.91 9.08 5.77 6.94 x83 5.50 6.20 4.27 4.96
x146 7.87 9.03 5.73 6.89 x73 5.47 6.16 4.23 4.92
x68 5.45 6.14 4.21 4.90
W27x129 6.92 7.75 5.44 6.27 x62 5.42 6.11 4.19 4.87
x114 6.88 7.72 5.39 6.23
x102 6.85 7.68 5.35 6.18 W21x57 5.01 5.56 4.06 4.60
x94 6.82 7.65 5.32 6.15 x50 4.97 5.51 4.02 4.56
x84 6.78 7.61 5.28 6.11 x44 4.94 5.48 3.99 4.53
W24x492 8.07 9.25 6.12 7.29 W18x311 6.41 7.41 4.72 5.72
x408 7.86 9.01 591 7.06 x283 6.32 7.31 4.63 5.62
x335 7.66 8.79 571 6.84 %258 6.24 7.23 4.56 5.54
x279 7.51 8.62 5.56 6.67 x234 6.17 7.14 4.48 5.45
x250 7.44 8.54 5.49 6.59 x211 6.10 7.06 4.41 5.37
%229 7.38 8.47 5.43 6.52 %192 6.03 6.99 4.35 5.30
x207 7.32 8.40 5.37 6.45 x175 5.97 6.92 4.29 5.24
x192 7.27 8.35 5.32 6.40 x158 5.92 6.86 4.23 5.17
x176 7.23 8.31 5.28 6.35 x143 5.87 6.81 4.18 5.12
x162 7.22 8.30 5.25 6.33 x130 5.83 6.76 4.14 5.07
x146 7.17 8.24 5.20 6.27
x131 7.12 8.19 5.15 6.22 W18x119 5.81 6.75 4.10 5.04
x117 7.08 8.15 5.11 6.18 x106 5.77 6.70 4.06 4.99
x104 7.04 8.11 5.07 6.14 x97 5.74 6.67 4.03 4.96
*x86 5.70 6.62 3.99 491
W24x103 6.18 6.93 4.84 5.59 x76 5.67 6.59 3.95 4.87
x94 6.16 6.92 481 5.56
x84 6.12 6.87 477 5.52 W18x71 4.85 5.48 3.71 4.35
x76 6.09 6.84 4.74 5.49 %65 4.82 5.46 3.69 4.32
%68 6.06 6.80 4.70 5.45 x60 4.80 5.43 3.67 4.30
x55 4.78 541 3.65 4.27
W24x62 557 6.16 4.54 5.13 x50 4.76 5.38 3.62 4.25
x55 5.54 6.13 4.51 5.10
Case A: Shape perimeter, minus one flange surface.
Case B: Shape perimeter.
Case C: Box perimeter, equal to one flange surface plus twice the depth.
Case D: Box perimeter, equal to two flange surfaces plus twice the depth.
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SURFACE AREAS AND BOX AREAS 1-177
SURFACE AREAS AND BOX AREAS
W shapes
Square feet per foot of length
Case A |Case B |Case C |Case D Case A [Case B |Case C |Case D
Desig- I I I Desig- I E I
nation nation

W18x46 4.41 4.91 3.51 4.02 ||W14x82 4.75 5.59 3.23 4.07
x40 4.38 4.88 3.48 3.99 x74 4.72 5.56 3.20 4.04
x35 4.34 4.84 3.45 3.95 %68 4.69 5.53 3.18 4.01
x61 4.67 5.50 3.15 3.98

W16x100 5.28 6.15 3.70 4.57
x89 5.24 6.10 3.66 452 | W14x53 4.19 4.86 2.99 3.66
x77 5.19 6.05 3.61 4.47 x48 4.16 4.83 2.97 3.64
x67 5.16 6.01 3.57 4.43 x43 4.14 4.80 2.94 3.61
W16x57 4.39 4.98 3.33 3.93 W14x38 3.93 4.50 291 3.48
x50 4.36 4.95 3.30 3.89 x34 3.91 4.47 2.89 3.45
x45 4.33 4.92 3.27 3.86 x30 3.89 4.45 2.87 3.43

x40 4.31 4.89 3.25 3.83
x36 4.28 4.87 3.23 3.81 |W14x26 3.47 3.89 2.74 3.16
x22 3.44 3.86 2.71 3.12

W16x31 3.92 4.39 3.11 3.57
%26 3.89 4.35 3.07 3.53 W12x336 5.77 6.88 3.92 5.03
x305 5.67 6.77 3.82 4.93
W14x808 | 7.74 9.28 5.35 6.90 x279| 5.59 6.68 3.74 4.83
x730 7.61 9.10 5.23 6.72 x252 5.50 6.58 3.65 4.74
x665 7.46 8.93 5.08 6.55 x230 5.43 6.51 3.58 4.66
x605 | 7.32 8.77 4.94 6.39 x210| 5.37 6.43 3.52 4.58
x550 7.19 8.62 4.81 6.24 x190 5.30 6.36 3.45 4.51
x500 | 7.07 8.49 4.68 6.10 x170| 5.23 6.28 3.39 4.43
x455 6.96 8.36 4.57 5.98 x152 5.17 6.21 3.33 4.37
x136 5.12 6.15 3.27 4.30
W14x426 | 6.89 8.28 4.50 5.89 x120| 5.06 6.09 3.21 4.24
%398 6.81 8.20 4.43 5.81 x106 5.02 6.03 3.17 4.19
x370| 6.74 8.12 4.36 5.73 x96 4.98 5.99 3.13 4.15
x342| 6.67 8.03 4.29 5.65 x87 4.95 5.96 3.10 411
x311| 6.59 7.94 4.21 5.56 x79 4.92 5.93 3.07 4.08
x283 6.52 7.86 4.13 5.48 x72 4.89 5.90 3.05 4.05
x257 | 6.45 7.78 4.06 5.40 %65 4.87 5.87 3.02 4.02

x233| 6.38 7.71 4.00 5.32
x211 6.32 7.64 3.94 5.25 W12x58 4.39 5.22 2.87 3.70
x193| 6.27 7.58 3.89 5.20 x53 4.37 5.20 2.84 3.68

x176 | 6.22 7.53 3.84 5.15
x159 6.18 7.47 3.79 5.09 W12x50 3.90 4.58 271 3.38
x145| 6.14 7.43 3.76 5.05 x45 3.88 4.55 2.68 3.35
x40 3.86 4.52 2.66 3.32

W14x132 5.93 7.16 3.67 4.90

x120| 5.90 7.12 3.64 4.86

x109 5.86 7.08 3.60 4.82

x99 5.83 7.05 3.57 4.79

x90 5.81 7.02 3.55 4.76

Case A: Shape perimeter, minus one flange surface.
Case B: Shape perimeter.
Case C: Box perimeter, equal to one flange surface plus twice the depth.
Case D: Box perimeter, equal to two flange surfaces plus twice the depth.
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1-178 DIMENSIONS AND PROPERTIES

SURFACE AREAS AND BOX AREAS
W shapes
Square feet per foot of length
Case A |Case B |Case C |Case D Case A |[Case B |Case C |Case D
Desig- I I E Desig- I E E
nation nation
W12x35 3.63 4.18 2.63 3.18 W8x21 2.61 3.05 1.82 2.26
%30 3.60 4.14 2.60 3.14 x18 2.59 3.03 1.79 2.23
%26 3.58 4.12 2.58 3.12
W8x15 2.27 2.61 1.69 2.02
W12x22 2.97 331 2.39 2.72 x13 2.25 2.58 1.67 2.00
x19 2.95 3.28 2.36 2.69 x10 2.23 2.56 1.64 1.97
x16 2.92 3.25 2.33 2.66
x14 2.90 3.23 2.32 2.65 W6x25 2.49 3.00 1.57 2.08
x20 2.46 2.96 1.54 2.04
W10x112 4.30 5.17 2.76 3.63 x15 2.42 2.92 1.50 2.00
x100 4.25 5.11 2.71 3.57
%88 4.20 5.06 2.66 352 |W6x16 1.98 231 1.38 1.72
x77 4.15 5.00 2.62 3.47 x12 1.93 2.26 1.34 1.67
*x68 4.12 4.96 2.58 3.42 %9 1.90 2.23 1.31 1.64
%60 4.08 4.92 2.54 3.38
x54 4.06 4.89 2.52 3.35 W5x19 2.04 2.45 1.28 1.70
x49 4.04 4.87 2.50 3.33 x16 2.01 2.43 1.25 1.67
W10x45 3.56 4.23 2.35 3.02 W4x13 1.63 1.96 1.03 1.37
*x39 3.53 4.19 2.32 2.98
%33 3.49 4.16 2.29 2.95
W10x30 3.10 3.59 2.23 2.71
%26 3.08 3.56 2.20 2.68
x22 3.05 3.53 2.17 2.65
W10x19 2.63 2.96 2.04 2.38
x17 2.60 2.94 2.02 2.35
x15 2.58 2.92 2.00 2.33
x12 2.56 2.89 1.97 2.30
W8x67 3.42 411 2.19 2.88
x58 3.37 4.06 2.14 2.83
x48 3.32 4.00 2.09 2.77
x40 3.28 3.95 2.05 2.72
%35 3.25 3.92 2.02 2.69
x31 3.23 3.89 2.00 2.67
W8x28 2.87 3.42 1.89 2.43
x24 2.85 3.39 1.86 2.40
Case A: Shape perimeter, minus one flange surface.
Case B: Shape perimeter.
Case C: Box perimeter, equal to one flange surface plus twice the depth.
Case D: Box perimeter, equal to two flange surfaces plus twice the depth.
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CAMBER 1-179

CAMBER

Beams and Girders

Camber and sweep are used to form a desired curvature in either rolled beams or welded
girders. Camber denotes a curve in the vertical plane. Beams and girders can be cambered
to compensate for the anticipated deflection or for architectural reasons. Note that the
required camber is determined at service (unfactored) load levels. Sweep denotes a curve
in the horizontal plane. Camber and sweep may be induced through cold bending or
through the application of heat.

The minimum radius for cold cambering in members up to a nominal depth of 30 inches
is between 10 and 14 times the depth of the member; deeper members will require a larger
minimum radius. Cold bending may be used to provide sweep in members to practically
any radius desired. Note that a length limit of 40 to 50 feet is practical.

Heat cambering, sweeping, and straightening are provided through controlled heat applica-
tion. The member is rapidly heated in selected areas which tend to expand, but are restrained by
the adjacent cooler areas, causing plastic deformation of the heated areas and a change in the
shape of the cooled member. The mechanical properties of steels are largely unaffected by such
heating operations, provided the maximum temperature does not exceed 1,100°F for quenched
and tempered alloy steels, and 1,300°F for other steels. The temperature should be carefully
checked by temperature-indicating crayons or other suitable means during the heating process.
Cambering and sweeping induces residual stresses similar to those that develop in rolled
structural shapes as elements of the shape cool from the rolling temperature at different
rates. In general, these residual stresses do not affect the ultimate strength of structural
members. Additionally, the effect of residual stresses is incorporated in the provisions of
the LRFD Specification.

Note that when a cambered beam bearing on a wall or other support is loaded,
expansion of the unrestrained end must be consideredre 1-5(a)the end will move
a distancé\, where

_4cd

A=

If instead the cambered beam is supported on a simple shear connection at both ends,
the top and bottom flange will each move a distance of onélsaiice end rotation will
occur approximately about the neutral axis. The designer should be aware of the
magnitude of these movements and make provisions to accommodatéithem1-5(a)
considers the geometry of a girder in the horizontal positiori-@node 1-5(bjllustrates
the condition when the girder is not level.

Trusses

“Cambering” of trusses is accomplished by geometric relocation of panel points and
adjustment of member lengths; it does not involve physical cold bending or the applica-
tion of heat as with beams and girders.

The following discussion of cambering to compensate for the anticipated deflection
of a truss is applicable for any parabolic condition; large-radius circular curves will be
approximated very closely by the technique described. Cambering to compensate for the
axial deformation of the members of a truss is beyond the scope of this Manual; refer to
a textbook on mechanics of materials.
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Fig. 1-5. Camber for beams and girders.
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CAMBER 1-181

The usual method of providing camber in building trusses is to progressively raise each
panel point. The lengths of the verticals are not changed, but the lengths of the diagonals
are calculated on the basis of the adjusted elevation for the several panel points. For any
simple-span truss, the offset above a straight base line, at the several panel points, can be
computed from the following equations if the vertical curve forming the camber is taken
as a parabola.

A = Horizontal distance from end panel point to mid-span of the truss (half the truss span).

B = Horizontal distance from mid-span of the truss to panel point for which offset is
to be determined.

C = Required mid-span camber.

D = Offset from the base-line at panel point corresponding to disBance

A andB must be expressed in the same units; simifaryd D must be expressed in
the same units, but not necessarily the same unitaadB When the truss is divided
into any number of approximately equal panels, it may be convenient to express distances
A andB in panel lengths.

For the truss afigure 1-6(awith eight equal panels, distan&és taken as four panel
lengths. Assuming the camber at the midpoint is specifieé,dn.1the offset at panel
point 1, where Bequals three panel lengths, is:

OO0
|

O
D = 1%-in.1 - %
2. D m
= 2Yao-in.
The offset at panel point 2, where B equals two panel lengths, is:
2
O
D =1%-in.1- EZD O
o doo
= 1%-in.

The offset at panel point 3, where B equals one panel length, is:

O
Ooood

0
D = 1%in.1 —%
o &
= 11:732-in.

Finally, the offset at panel point 4, where B equals zero, is
D =C= 1%in.

An alternative method of determining the amount of camber at intermediate panel
points when all panel points are approximately the same distance apart is as follows.
Using the truss ifrigure 1-6(ayas an example, sketch the camber diagram and number
the panel points, starting with the first panel point from the end of the truss, from 1 to 4,
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1-182 DIMENSIONS AND PROPERTIES

as shown irFigure 1-6(b)on line A. Next, on line B, reverse the numbering as shown.
Finally, on line C, enter the product of the numbers on lines A and B.

The camber at any panel point is the amount of camber at the centerline of the truss
multiplied by the fraction whose numerator is the figure on line C at the given panel point,
and whose denominator is the figure on line C at the center line of the truss. Thus, at
panel point 1, the camber is

e x 1%-IN. =2Y5x-in.
at panel point 2, the camber is
1216 X 1¥-in. = 1%-in.
at panel point 3, the camber is
156 % 1¥-in. = 11355-in.
and at panel point 4, the camber is

1816 X 1¥%-in. = 1¥%-in.

: v

2
1
11332 1
2, 1%
o # Baseline
EQ EQ EQ EQ
(a) Calculated camber ordinates by formuila
¢
Panel point ! 4
line A ! 4
line B X7 X6 x5 x4
line C 7 12 15 16

(b) Alternative calcuiation method for approximately equal panels

Fig. 1-6. Camber for trusses.
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STANDARD MILL PRACTICE

General Information

Rolling structural shapes and plates involves such factors as roll wear, subsequent roll
dressing, temperature variations, etc., which cause the finished product to vary from
published profiles. Such variations are limited by the provisions of the American Society
for Testing and Materials Specification A6. Contained in this section is a summary of
these provisions, not a reproduction of the complete specification. In its entirety, A6
covers a group of common requirements, which, unless otherwise specified in the
purchase order or in an individual specification, apply to rolled steel plates, shapes, sheet
piling, and bars.

As indicated inTable 1-1 carbon steel refers to ASTM designations A36 and A529;
high-strength, low-alloy steel refers to designations A242, A572, and A588; alloy steel
refers to designation A514; and low-alloy steel refers to A852.

For further information on mill practices, including permissible variations for rolled
tees, zees, and bulb angles in structural and bar sizes, pipe, tubing, sheets, and strip, and
for other grades of steel, see ASTM A6, A53, A500, A568, and A618; the Steel Products
Manuals of the Iron and Steel Society (American Institute of Mining, Metallurgical, and
Petroleum Engineers); and producers’ catalogs.

The data on spreading rolls to increase areas and weights, and mill cambering of beams,
is not a part of ASTM A6.

Additional material on mill practice is included in the descriptive material preceding
the “Dimensions and Properties” tables $bapeandplates

Letter symbols representing dimensions on sketches shown herein are in accordance
with ASTM A6, AISI and mill catalogs andot necessarily as defined by the general
nomenclature of this manual

Methods of increasing areas and weights by spreading rolls. . . . . . . .. 1-183
Camberingofrolledbeams. . . . . . . . . ... oo 1-186
Positions for measuring camberandsweep . . . . . . .. ... 1-187
W Shapes, permissible variations . . . . . . . . ... o000 1-188
S ShapesM Shapes, and Channels, permissible variations. . . . . . . . .. 1-190
Tees split fromV , M, andS Shapes, permissible variations. . . . . . . . .. 1-191
Angles split from Channels, permissible variations . . . . . . ... ... .. 1-191
Angles, structural size, permissible variations . . . . ... .. .. ... ... 1-192
Angles, bar size, permissible variations. . . . . . ... ... ... ... ... 1-193
Steel Pipe and Tubing, permissible variations . . . . . .. .. ... ... .. 1-194
Plates, permissible variations for sheared, length and width . . . . . . . .. 1-196
Plates, permissible variations for universal mill, length . . . . . . .. .. .. 1-196
Plates, permissible variations for universal mill, width. . . . . . . .. .. .. 1-196
Plates, permissible variations forcamber. . . . . . . . .. .. ... ... .. 1-197
Plates, permissible variations for flatness. . . . . . . . .. .. ... ... .. 1-198

Methods of Increasing Areas and Weights by Spreading Rolls

W Shapes
To vary the area and weight within a given nominal size, the flange width, the flange
thickness, and the web thickness are changed as shéiguie 1-7(a)
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1-184 DIMENSIONS AND PROPERTIES

S Shapes and American Standard Channels
To vary the area and weight within a given nominal size, the web thickness and the flange
width are changed by an equal amount as showigires 1-7(b) and (c)

Angles
To vary area and weight for a given leg length, the thickness of each leg is changed. Note

that the leg length is changed slightly by this mettiogure 1-7(d))

Constant for a given
nominal size

(@)

Constant for a given
nominal size
(except 524 and S20)

(b)

Constant for a given
nominal size

(©

N

(d)
Fig. 1-7. Varying areas and weights.
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Cambering of Rolled Beams

All beams are straightened after rolling to meet permissible variations for sweep and
camber listed hereinafter foW shapes an& shapes. The following data refer to the
subsequent cold cambering of beams to produce a predetermined dimension.

The maximum lengths that can be cambered depend on the length to which a given
section can be rolled, with a maximum of 100 féehle 1-1Coutlines the maximum and
minimum induced camber ¥ shapes an8 shapes.

Consult the producer for specific camber and/or lengths outside the above listed
available lengths and sections.

Mill camber in beams of less depth than tabulated should not be specified.

A single minimum value for camber, within the ranges shown above for the length
ordered, should be specified.

Camber is measured at the mill and will not necessarily be present in the same amount
in the section of beam as received due to release of stress induced during the cambering
operation. In general 75 percent of the specified camber is likely to remain.

Camber will approximate a simple regular curve nearly the full length of the beam, or
between any two points specified.

Camber is ordinarily specified by the ordinate at the mid-length of the portion of the
beam to be curved. Ordinates at the other points should not be specified.

Although mill cambering to achieve reverse or other compound curves is not consid-
ered practical, fabricating shop facilities for cambering by heat can accomplish such
results as well as form regular curves in excess of the limits tabulated above. Refer to the
earlier section Effect of Heat of Steel for further information.
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Table 1-10.
Cambering of Rolled Beams

Maximum and Minimum Induced Camber

Sections, Nominal Specified Length of Beam, ft
Depth, in.

Over30to | Over42to | Over52to | Over65to | Over 85to
42, incl. 52, incl. 65, incl. 85, incl. 100, incl.

Max. and Min. Camber Acceptable, in.

W shapes, 24 and over 1to 2, 1to 3, 2to 4, 3to5, 3to0 6,
incl. incl. incl. incl. incl.
W shapes, 14 to 21, incl. | ¥, to 2Y,, 1to0 3,
and S shapes, 12 in. incl. incl. — — —
and over

Permissible Variations for Camber Ordinate

Lengths Plus Variation Minus Variation
50 ft and less Yo-in. 0
Over 50 ft Y5-in. plus Yg-in. for each 10 ft or 0

fraction thereof in excess of 50 ft
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Table 1-11.
Positions for Measuring Camber and Sweep

amber -+ — — Sweep Camber | —

- Horizontal
surface E j

{

Il

W SHAPES S SHAPES and M SHAPES

]

Camber — Sweep* — Camber — Camber
- Horizontal
Surface yy
(9
- | L ol
l//yg57 Co
CHANNELS ANGLES TEES

*Due to the extreme variations in flexibility of these shapes, straightness tolerances for sweep are subject to
negotiations between manufacturer and purchaser for individual sections involved.
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Table 1-12.
W Shapes, HP Shapes
Permissible Variations in Cross Section
Section
Nominal
Size, in. A, Depth, in. B, Fig. Width, in.
C, Max.
Depth at
T+ T’ any Cross-
Flanges, E? section

Over Under Over Under out of Web off |over Theo-

Theo- Theo- Theo- Theo- square, Center, retical

retical retical retical retical Max, in. Max, in. | Depth, in.
To 12, inc. Y, s Y4 Y16 Yy 16 Yy
Over 12 s s Vs Y16 Y6 %16 Yy

Permissible Variations in Length
Variations from Specified Length for Lengths for Given, in.
30 ft and Under Over 30 ft
W Shapes Over Under Over Under
Beams 24 in. and Y £ ¥ plus Y46 for each Y
under in nominal depth additional 5 ft or
fraction thereof
Beams over 24 in. nom. Y, Y Y, plus Y16 for each Y
depth; all columns additional 5 ft or
fraction thereof

Notes:
avariation of %6 in. max. for sections over 426 Ib / ft. Continued on next page
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Table 1-12 (cont.).

WP Shapes, HP Shapes

Other Permissible Variations

Area and weight variation: +2.5 percent theorectical or specified amount.
Ends out-of-square: Yg4-in. per in. of depth, or of flange width if it is greater than the depth.

Camber and Sweep

Sizes

Permissible Variation, in.

Length Camber

Sweep

Sizes with flange width
equal to or greater than
6 in.

All

Y8

in. x (total length ft.)
10

Sizes with flange width
less than 6 in.

All
Y8

in. x (total length ft.) .
10 5

Yin x (total length ft.)
A W egn )

45 ft. and under
Y8

in x (total length ft.)

10 with ¥g in. max.

Certain sections with a
flange width approx.
equal to depth &
specified on order as
columns®

Over 45 ft.

¥gin. + %’s in. x
[}

(total lengthft. - 45)0
10 H

bApplies only to W8x31 and heavier, W10x49 and heavier, W12x65 and heavier, W14x90 and heavier. If the
other sections are specified on the order as columns, the tolerance will be subject to negotiation with the

manufacturer.
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Table 1-13.
S Shapes, M Shapes, and Channels

Permissible Variations in Cross Section
B B

ot Tt
A 1 A
T T

* Back of square and centerline of web to be parallel when measuring “out-of-square”

A, Depthin. 2 B, Flange Width, in. T+7®
Out of
Square per
_ Nominal Over Under Over Under Inch of
Section Size in. Theoretical | Theoretical | Theoretical | Theoretical B, in.
S shapes |3to 7, incl. Y Y16 Y8 Y8 Y32
and M Over 7 to 14, Ys Ya0 532 Y32 Y32
shapes incl.
Over 14 to 24, Y16 Vg Y16 Y16 Y32
incl.
Channels |3 to 4, incl. Yap Yig Y8 Y8 Y32
Over 7 to 14, Vs Y30 Y8 Y32 Y32
incl.
Over 14 Y16 Yg g Y16 Y32
Permissible Variations in Length
Variations from Specified Length for Lengths Given, in.
Over Over Over
to 30 ft., 30 to 40 ft., 40 to 50 ft., 50 to 65 ft.,
incl. incl. incl. incl. Over 65 ft.
Section Over |Under | Over [Under |Over Under {ver Under Qver Upder
S shapes, Y, Yy ¥, Y, 1 Y, 1% Ya 1Y, Y,
M shapes and
Channels

Other Permissible Variations

Area and weight variation: 2.5 percent theoretical or specified amount.
Ends out-of square: S shapes and channels Ys4-in. per in. of depth.

Camber = ¥s-in. x total length,ft
' 5

Notes:
a4 is measured at center line of web for beams; and at back of web for channels.
bT + T applies when flanges of channels are toed in or out.
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Table 1-14.
Tees Split from W, M, and S Shapes,
Angles Split from Channels

Permissible Variations in Depth

A1 L L

Dimension A may be approximately one-half beam or channel depth, or any dimension resulting
from off-center splitting, or splitting on two lines as specified on the order.

) Variations in Depth A Over and Under
Depth of Beam from which

Tees or Angles are Split Tees Angles

To 6 in., excl. Ys Vs

6 to 16, excl. Y16 Y16

16 to 20, excl. Ya Ya

20 to 24, excl. Y16 —

24 and over ¥ —

The above variations for depths to tees or angles include the permissible variations in depth for
the beams and channels before splitting.

Other Permissible Variations

Other permissible variations in cross section as well as permissible variations in length, area,
and weight variation, and ends out-of-square will correspond to those of the beam or channel be-
fore splitting, except

Camber = Yg-in. x total length ft
' 5
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Table 1-15.
Angles, Structural Size

Permissible Variations in Cross Section

L

B T
B Length of Leg, in.
Nominal Size, Over Under T, Out of Square
Section in.® Theoretical Theoretical perin. of B, in.
Angles 3to 4, incl. Ys Yap Y126”
Over 4 to 6, incl. A Y8 Y126°
Over 6 Y16 Y8 Y108°

Permissible Variations in Length

Variations from Specified Length for Lengths Given, in.

Over Over Over
to 30 ft., 30 to 40 ft., 40 to 50 ft., 50 to 65 ft.,
incl. incl. incl. incl. Over 65 ft.
Section Over |Under | Over |Under |Over Under [Pver Under Over Under
Angles Y Yy ¥, Y, 1 Yy 1% Ya 1Y, Yy

Other Permissible Variations

Area and weight variation: +2.5 percent theoretical or specified amount.
Ends out-of square: ¥12s-in. per in. of leg length, or 1%, degrees. Variations based on the longer
leg of unequal angle.

total lengthft
5

Camber = Yg-in. x , applied to either leg

Notes;
aFor unequal leg angles, longer leg determines classification.
bY,,g in. per in. = 1% deg.
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Table 1-16.
Angles, Bar Size*
Permissible Variation in Cross Section
B T
Variations from Thickness for Thicknesses
a . Given, Over and Under, in.
Specified B Length of T, Out of
Length of Leg, %6 and Over ¥ to Leg Over Square per
in. Under 3 incl. Over ¥% and Under, in. | Inch of B, in.
1 and Under 0.008 0.010 Ya Y128°
Over 1 to 2, incl. 0.010 0.010 0.012 Yoa Y128°
Over 2 to 3, excl. 0.012 0.015 0.015 Y6 Y10
Permissible Variations in Length
Variations Over Specified Length for Lengths Given
No Variation Under
. 50 to 10 ft. 10 to 20 ft. 20 to 30 ft. 30 to 40 ft. 40 to 65 ft.
Section excl. excl. excl. excl. excl.
Al sizes of bar- % 1 1%, 2 2Y,
size angles
Other Permissible Variations
Camber: ¥4-in. in any 5 feet, or ¥4 in. x total Iesn thit
Straightness: Because of warpage, permissible variations for straightness do not apply to bars if
any subsequent heating operation has been performed.
Ends out-of-square: %12g-in. per inch of leg length or 1% degrees. Variation based on longer leg
of an unequal angle.
Notes:
*A member is “bar size” when its greatest cross-sectional dimension is less than three inches.
aror unequal leg angles, longer leg determines classification.
by, in. per in. = 1% degrees.
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Table 1-17.
Steel Pipe and Tubing

Dimensions and Weight Tolerances

Round Tubing and Pipe (see also Table 1-4)

ASTM A53
Weight—The weight of the pipe as specified in Table X2 and Table X3 (ASTM Specification
A53) shall not vary by more than +10 percent.

Note that the weight tolerance of +10 percent is determined from the weights of the cus-
tomary lifts of pipe as produced for shipment by the mill, divided by the number of feet of
pipe in the lift. On pipe sizes over four inches where individual lengths may be weighed, the
weight tolerance is applicable to the individual length.

Diameter—For pipe two inches and over in nominal diameter, the outside diameter shall not
vary more than +1 percent from the standard specified.

Thickness—The minimum wall thickness at any point shall not be more than 12.5 percent
under the nominal wall thickness specified.

ASTM 500

Diameter—For pipe two inches and over in nominal diameter, the outside diameter shall not
vary more than +0.75 percent from the standard specified.

Thickness—The wall thickness at any point shall not be more than 10 percent under or over
the nominal wall thickness specified.

ASTM A501 and ASTM 618

Outside dimensions—For round hot-formed structural tubing two inches and over in nominal
size, the outside diameter shall not vary more than +1 percent from the standard specified.
Weight (A501 only)—The weight of structural tubing shall be less than the specified value by
more than 3.5 percent.

Mass (A618 only)—The mass of structural tubing shall not be less than the specified value
by more than 3.5 percent.

Length—Structural tubing is commonly produced in random mill lengths and in definite cut
lengths. When cut lengths are specified for structural tubing, the length tolerances shall be in
accordance with the following table:

Over 22 to
22 ft and under 44 ft, incl.

Over Under Over Under

Length tolerance for specified cut lengths, in. Y Y A Y

Straightness—The permissible variation for straightness of structural tubing shall be Y-in.
times the number of feet of total length divided by 5. Continued on next page
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Table 1-17 (cont.).
Steel Pipe and Tubing

Dimensions and Weight Tolerances

Square and Rectangular Tubing (see also  Table 1-4)

ASTM A500 and ASTM A618

Outside Dimensions—The specified dimensions, measured across the flats at positions at
least two inches from either end-of-square or rectangular tubing and including an allowance
for convexity or concavity, shall not exceed the plus and minus tolerance shown in the follow-
ing table:

Largest Outside Dimension Across Flats, in. Tolerance @ Plus an Minus, in.

2Y, and under 0.020
Over 2Y, to 3%, incl. 0.025
Over 3% to 5%, incl. 0.030

Over 5%, 1 percent

aThe respective outside dimension tolerances
include the allowances for convexity and concavity.

Lengths—Structural tubing is commonly produced in random lengths, in multiple lengths, and
in definite cut lengths. When cut lengths are specified for structural tubing, the length toler-
ances shall be in accordance with the following table:

22 ft and under Over 22 to 44 ft, incl.

Over Under Over Under

Length tolerance for specified cut lengths, in. Y Ya Ya Y

Mass (A618 only)—The mass of structural tubing shall not be less than the specified value
by more than 3.5 percent.

Straightness—The permissible variation for straightness of structural tubing shall be Y-in.
times the number of feet of total length divided by five.

Squareness of sides—For square or rectangular structural tubing, adjacent sides may devi-
ate from 90 degrees by a tolerance of plus or minus two degrees maximum.

Radlus of corners—For square or rectangular structural tubing, the radius of any outside cor-
ner of the section shall not exceed three times the specified wall thickness.

Twists—The tolerances for twist or variation with respect to axial alignment of the section, for
square and rectangular structural tubing, shall be as shown in the following table:

Specified Dimension of Longest Side, in. Maximum Twist per 3 ft of Length, in.
1Y%, and under 0.050
Over 1Y% to 2%, incl. 0.062
Over 2Y%, to 4, incl. 0.075
Over 410 6 incl. 0.087
Over 6 t0 8, incl. 0.100
Over 8 0.112

Twist is measured by holding down one end of a square or rectangular tube on a flat sur-
face plate with the bottom side of the tube parallel to the surface plate and noting the height
that either corner, at the opposite end of the bottom side of the tube, extends above the sur-
face plate.

Wall thickness (A500 only)—The tolerance for wall thickness exclusive of the weld area shall
be plus and minus 10 percent of the nominal wall thickness specified. The wall thickness is
to be measured at the center of the flat.
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Table 1-18.
Rectangular Sheared Plates and Universal Mill Plates

Permissible Variations in Width and Length for Sheared Plates
(1¥%2-in. and under in thickness)
Permissible Variations in Length Only for Universal Mill Plates
(2¥%»-in. and under in thickness)

Specified Variations over Specified Width and Length for Thickness,
Dimensions, in. in., and Equivalent Weights, Ib per sg. ft., Given
To ¥ excl. Yto Ygexcl. | Ygtol, excl. | 1to2,incl. 2
To 15.3, 15.3 to 25.5, 25.5t0 40.8, 40.8to 81.7,
excl. excl. excl. incl.
Length Width Width [Length Width Length Width Lgngth W|dth Lergth

To 120, excl. To 60, excl. 3/8 1/2 7/15 5/8 1/2 3/4 5/3 1

60 to 84, excl. 7/15 5/3 ]/2 11/15 5/3 7/3 3/4 1
84 to 108, excl 1/2 3/4 5/3 7/8 3/4 1 1 ll/g
108 and over 5/3 7/8 3/4 1 7/3 11/3 11/3 11/4
120 to 240, excl.|To 60, excl. % A Y, A A 1 Y, 1%
60 to 84, excl. 1/2 3/4 5/3 7/8 3/4 1 7/3 11/4
84 to 108, excl. 9/16 7/8 11/16 15/15 13/16 11/3 1 13/8
108 and over 5/3 1 3/4 1]/3 7/3 11/4 1]/8 13/8
240 to 360, excl.|To 60, excl. A 1 Y, 1% % 1Y, Y, 1%,
60 to 84, excl. 1/2 1 5/3 11/3 3/4 11/4 7/3 11/2
84 to 108, excl. 9/15 1 3/4 11/3 7/3 13/3 1 11/2
108 and over 1]/16 1]/3 7/3 1]/4 1 13/3 1]/4 13/4
360 to 480, excl.|To 60, excl. 7/]_5 1]/3 ]/2 1]/4 5/3 13/3 3/4 15/8
60 to 84, excl. 1/2 11/4 5/3 13/3 3/4 11/2 7/8 15/8
84 to 108, excl. 9/15 11/4 3/4 13/8 7/3 11/2 1 17/3
108 and over 3/4 13/3 7/3 l]/Z 1 15/3 l]/4 17/8
480 to 600, excl.|To 60, excl. e 1Y, Y, 1%, A 1% 3, 1%
60 to 84, excl. 1/2 13/8 5/8 11/2 3/4 15/3 7/8 17/3
84 to 108, excl. 5/3 13/3 3/4 1]/2 7/3 15/3 1 17/8
108 and over 3/4 l]/2 7/3 15/8 1 13/4 l]/4 17/8
600 to 720, excl.|To 60, excl. Y, 1Y, % 1% Y, 1% A 2Y,
60 to 84, excl. 5/8 13/8 3/4 17/3 7/3 17/3 1 21/4
84 to 108, excl. 5/3 13/3 3/4 17/3 7/3 17/3 1]/3 21/4
108 and over A 1Y%, 1 2 1% 2Y, 1Y 2Y,
720 and over, To 60, excl. 9/15 2 3/4 21/3 7/3 21/4 1 23/4
excl. 60 to 84, excl. A 2 A 2% 1 2Y 1% 2%,
84 to 108, excl. A 2 A 2% 1 2Y, 1Y, 2%,

108 and over 1 2 1Y% 2% 1Y, 2Y, 1% 3

Notes:

apermissible variations in length apply also to Universal Mill plates up to 12 in. width for thicknesses over 2 to
2Y5-in., incl. except for alloy steels up to 1¥,-in. thick.
Permissible variations under specified width and length, ¥4-in. Table applies to all steels listed in ASTM A6.
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Table 1-19.
Rectangular Sheared Plates and Universal Mill Plates

Permissible Variations from Flatness (Carbon Steel Only)

Specified Variations from Flatness for Specified Widths, in.
Thickness, To 36 |361to48,|48t0 60, |60to 72, |72to 84, |84 to 96, 9610 108, 108 to
in. excl. excl. excl. excl. excl. excl. excl. [120, excl.

To Y4, excl. Y16 ¥, %6 1Y, 134 1% 1% 13,
Y4 to ¥, excl. Y, s ¥, %6 1% 1Y, 134 1%
3 to Yo, excl. Y, Y6 Y% % A s 1 1%
Y5 t0 ¥4, excl. e Y, Y16 Y% s ¥, 1 1
¥, 10 1, excl. 6 Y, Y16 Y Y s ¥, 1z
1to 2, excl. g ¥ Y, Y16 Y16 s s s

2 to 4, excl. %6 % e Y Y2 Y Y %16
4 to 6, excl. ¥ 6 Y Y Y16 Y16 % ¥,
6 to 8, excl. 0 ¥ Y, % Wi ¥, s s

Permissible Variations in Camber for Carbon Steel
Sheared and Gas Cut Rectangular Plates

Maximum permissible camber, in. (all thicknesses) = Y-in. x total I%n thit

Permissible Variations in Camber for Carbon Steel Universal Mill Plates,
High-Strength Low-Alloy Steel Sheared and Gas Cut Rectangular Plates,
Universal Mill Plates, Special Cut Plates

Dimension, in. Camber for Thicknesses
Thickness Width and Widths Given
To 2, incl. All Vg in. x (total length, ft/ 5)
Over 2 to 15, incl. To 30, incl. %16 in. x (total length, ft / 5)
Over 2 to 15, incl. Over 30 to 60, incl. Y4 in. x (total length, ft / 5)

General Notes:

1. The longer dimension specified is considered the length, and permissible variations in flatness along the
length should not exceed the tabular amount for the specified width in plates up to 12 feet in length.

2. The flatness variations across the width should not exceed the tabular amount for the specified width.

3. When the longer dimension is under 36 inches, the permissible variation should not exceed ¥4-in. When the
longer dimension is from 36 to 72 inches, inclusive, the permissible variation should not exceed 75 percent of
the tabular amount for the specified width, but in no case less than ¥-in.

4. These variations apply to plates which have a specified minimum tensile strength of not more than 60 ksi or
compatible chemistry or hardness. The limits in the table are increased 50 percent for plates specified to a
higher minimum tensile strength or compatible chemistry or hardness. See also next page.
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Table 1-20.
Rectangular Sheared Plates and Universal Milled Plates

Permissible Variations from Flatness
(High-Strength Low-Alloy and Alloy Steel, Hot Rolled or Thermally Treated)

Specified Variations from Flatness for Specified Widths, in.
Thickness, To36 |361to048,|481to060,|60to72,|72to 84, |84 to 96, |961t0108,| 108 to
in. excl. excl. excl. excl. excl. excl. excl. 120, excl.

To Y4, excl. 36 1% 134 1% 2 2Y, 2% 2%
Y, to ¥, excl. 3, %6 1% 134 1%, 1% 2 2V,
3 to V5, excl. 3, s %6 %6 1% 1% 1% 1%
Y5 to ¥, excl. % ¥, %6 1z 1 1% 1Y, 134
Y410 1, excl. B ¥, A A %6 1 1Y% 1%
1to 2, excl. Y16 s A 316 s %6 1 1

2 to 4, excl. Y Y16 Y16 ¥ 3, A ¥, s
4 to 6, excl. Y16 Wi Yy Yy A A %6 1Y%
6 to 8, excl. s 3, ¥, %6 1 1% 1Y, 1%

General Notes:

1. The longer dimension specified is considered the length, and variations from a flat surface along the length
should not exceed the tabular amount for the specified width in plates up to 12 feet in length.

2. The flatness variation across the width should not exceed the tabular amount for the specified width.

3. When the longer dimension is under 36 inches, the variation should not exceed %-in. When the longer
dimension is from 36 to 72 inches, inclusive the variation should not exceed 75 percent of the tabular amount
for the specified width.

Permissible Variations in Width for Universal Mill Plates
(15 inches and under in thickness)

Variations Over Specified Width for Thickness, in.,
and Equivalent Weights, Ib per sq. ft., Given
To ¥, ¥sto Y Ysto 1, 1to 2, Over 2to | Over 10 to
excl. excl. excl. excl. 10, incl. 15, incl.
Specified To 15.3, 15.3to 25.5t0 40.8 to 81.7to 409.0 to
Width, in. excl. 25.5, excl. | 40.8, excl. | 81.7,incl. |409.0, incl. | 613.0, incl.
Over 8 to 20, excl. s Vs Y6 Y, = Y
20 to 36, excl. Y16 Yy %6 ¥ Y16 Y16
36 and over Y6 ¥ "6 Y %16 Vs

Notes:
Permissible variation under specified width, ¥g-in.
Table applies to all steels listed in ASTM A6.
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OVERVIEW 2-3

OVERVIEW

The following LRFD topics are covered herein (with the letters A through | in the section
headings referring to the corresponding chapters in the LRFD Specification):

INTRODUCTION TO LRFD. . . . . . . e e e e e e e e e e 2-5
LRFDVersus ASD . . . . . . o o o e e e 2-5
LRFD Fundamentals. . . . . . . . . . . . e e 2-6

A. GENERALPROVISIONS . . . . . . . e e 2-8
Loads and Load Combinations. . . . . . . . . . . . .. .. 2-8

B. DESIGN REQUIREMENTS . . . . . . . . . e e e e e e e e e e e e 2-11
Gross, Net, and Effective Net Areas for Tension Members. . . . . . .. .. .. .. 2-11
Gross, Net, and Effective Net Areas for Flexural Members. . . . . . . . ... ... 2-12
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INTRODUCTION TO LRFD
The intent of this part of the LRFD Manual is to provide a general introduction to the
subject. It was written primarily for:

(1) engineers experienced in allowable stress design (ASD) who are unfamiliar with
LRFD and
(2) students and novice engineers.

The emphasis is on understanding the most common cases, rather than on completeness
and efficiency in design. Regular users of LRFD may also find it helpful to refer to the
information provided herein. It should be noted, however, that the governing document

is theLRFD Specification (in Part 6f this volume of the Manual). For optimum design

the use of the design aids elsewhere in this Manual is recommended. Among the topics
not covered herein are:

(1) connections, the subject of Volume I, and
(2) noncompact beams and plate girders, for which the reader is refekmubtalices
F and G of the LRFD Specificati@ndPart 4of this volume of the Manual.

LRFD Versus ASD
The primary objective of the LRFD Specification is to provide a uniform reliability for
steel structures under various loading conditions. This uniformity cannot be obtained with
the allowable stress design (ASD) format.

The ASD method can be represented by the inequality

5Q <R,/FS. (2-1)

The left side is the summation of the load effe@tgi.e., forces or moments). The right

side is the nominal strength or resistaRgéivided by a factor of safety. When divided

by the appropriate section property (e.g., area or section modulus), the two sides of the
inequality become the calculated stress and allowable stress, respectively. The left side
can be expanded as follows:

>Q; = the maximum (absolute value) of the combinations

D+L'
(D +L' +W) x 0.75*
(D +L' +E) x 0.75*
D-W
D-E

whereD, L', W, andE are, respectively, the effects of the dead, live, wind, and earthquake
loads; total live loadl' =L + (L, or S orR)

L = Live load due to occupancy

L,= Roof live load

S = Snow load

R = Nominal load due to initial rainwater or ice exclusive of the ponding
contribution

*0.75 is the reciprocal of 1.33, which representstthiacrease in allowable stress permitted when wind or earthquake is
taken simultaneously with live load.
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ASD, then, is characterized by the use of unfactored service loads in conjunction with a
single factor of safety applied to the resistance. Because of the greater variability and,
hence, unpredictability of the live load and other loads in comparison with the dead load,
a uniform reliability is not possible.

LRFD, as its name implies, uses separate factors for each load and for the resistance
Considerable research and experience were needed to establish the appropriate factor
Because the different factors reflect the degree of uncertainty of different loads and
combinations of loads and the accuracy of predicted strength, a more uniform reliability
is possible.

The LRFD method may be summarized by the formula

2yQ < ¢R, (2-2)

On the left side of the inequality, the required strength is the summation of the various
load effectQ; multiplied by their respective load factgfsThe design strength, on the
right side, is the nominal strength or resistaRgenultiplied by a resistance factr
Values ofg andR, for columns, beams, etc. are provided throughout the LRFD Specifi-
cation and will be covered here, as well.

According to thd_RFD Specification (Section A4.1¥yQ; = the maximum absolute
value of the following combinations

1.4D (A4-1)
1.2D + 1.6 + 0.5, orS orR) (A4-2)
1.2D + 1.6, orS orR) + (0.9_ or 0.8N) (A4-3)
1.2D +1.3W+ 0.8 + 0.5, or S orR) (A4-4)
1.2D+ 1.0E+ 0.8+ 0.2S (A4-5)
0.9D% (1.3Wor 1.(E) (A4-6)

(Exception: The load factor dnin combinations A4-3, A4-4, A4-5 shall equal 1.0 for
garages, areas occupied as places of public assembly, and all areas where the live load
greater than 100 psf).

The load effect®, L, L,, S,R, W, andE are as defined above. The loads should be
taken from the governing building code or fré\8CE 7,Minimum Design Loads in
Buildings and Other Structurggmerican Society of Civil Engineers, 1988Yhere
applicable L should be determined from the reduced live load specified for the given
member in the governing code. Earthquake loads should be frofl$keSeismic
Provisions for Structural Steel Buildingshich appears in Partd¥ this Manual.

LRFD Fundamentals

The following is a brief discussion of the basic concepts of LRFD. A more complete
treatment of the subject is available in themmentary on the LRFD Specification
(Section A4 and A5and in the references cited therein.

LRFD is a method for proportioning structures so that no applicable limit state is
exceeded when the structure is subjected to all appropriate factored load combinations
Strength limit states are related to safety and load carrying capacity (e.g., the limit states
of plastic moment and buckling). Serviceability limit states (e.g., deflections) relate to
performance under normal service conditions. In general, a structural member will have
several limit states. For a beam, for example, they are flexural strength, shear strength
vertical deflection, etc. Each limit state has associated with it a vaRjevatich defines
the boundary of structural usefulness.
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Because the AISC Specification is concerned primarily with safety, strength limit states
are emphasized. The load combinations for determining the required strength were given
in expressions A4-1 through A4-6. (Other load combinations, with different values of
V., are appropriate for serviceability; s€dapter L in the LRFD Specification and
Commentary.)

The AISC load factors (A4-1 through A4-6) are based®BE 7 They were originally
developed by the A58 Load Factor Subcommittee of the American National Standards
Institute, ANSI, U.S. Department of Commerce, 19&hd are based strictly on load
statistics. Being material-independent, they are applicable to all structural materials.
Although others have written design codes similar in format to the LRFD Specification,
the AISC was the first specification group to adopt the ANSI probability-based load
factors.

The AISC load factors recognize that when several loads act in combination, only one
assumes its maximum lifetime value at a time, while the others are at their “arbitrary-
point-in-time” (APT) values. Each combination models the total design loading condition
when a different load is at its maximum:

Load Combination Load at its Lifetime (50-year) Maximum
A4-1 D (during construction; other loads not present)
A4-2 L
A4-3 L, or S orR (a roof load)
A4-4 W (acting in direction of D)
A4-5 E (acting in direction of D)
A4-6 W or E (opposing D)

The other loads, which are APT loads, have mean values considerably lower than the
lifetime maximums. To achieve a uniform reliability, every factored load (lifetime
maximum or APT) is larger than its mean value by an amount depending on its variability.

The AISC resistance factors are based on research recommendations published by
Washington University in St. Louiss@lambos et al., 19Y&nd reviewed by the AISC
Specification Advisory Committee. Test data were analyzed to determine the variability
of each resistance. In general, the resistance factors are less thas @hd=or uniform
reliability, the greater the scatter in the data for a given resistance, the log/citst.

Several representative LRFRPfactors for steel members (referenced to the corre-
sponding chapters in the LRFD Specification) are:

@ = 0.90 for tensile yieldingChapter D)
@ = 0.75 for tensile fractur@Chapter D)
@.= 0.85 for compressiofChapter E)
@=0.90 for flexurgChapter F)

@,= 0.90 for shear yielding (Chapter F)

Resistance factors for other member and connection limit states are given in the LRFD
Specification.

The following sections (A through I) summarize and explain the corresponding
chapters of the LRFD Specification.
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A. GENERAL PROVISIONS

In the LRFD Specification, Sections A4 and Adefine Load and Resistance Factor
Design. The remainder @hapter Acontains general provisions which are essentially
the same as in the earlier ASD editions of the Specification.

Reference is made to tiimde of Standard Practice for Steel Buildings and Bridges
(adopted in 1992 by AISC), which appears with a Commentary in Part 6 of this LRFD
Manual. The Code defines the practices and commonly accepted standards in the
structural steel fabricating industry. In the absence of other instructions in the contract
documents, these trade practices govern the fabrication and erection of structural steel.

The types of construction recognized by the AISC Specification have not changed,
except that both “simple framing” (formerly Type 2) and “semi-rigid framing” (formerly
Type 3) have been combined into one category, Type PR (partially restrained). “Rigid
framing” (formerly Type 1) is now Type FR (fully restrained). Type FR construction is
permitted unconditionally. Type PR is allowed only upon evidence that the connections
to be used are capable of furnishing, as a minimum, a predictable portion of full end
restraint. Type PR construction may necessitate some inelastic, but self-limiting, defor-
mation of a structural steel part. When specifying Type PR construction, the designer
should take into account the effects of reduced connection stiffness on the stability of the
structure, lateral deflections, and second order bending moments.

Semi-rigid connections, once common, are again becoming popular. They offer
economies in connection fabrication (compared with FR connections) and reduced
member size (compared with simple framing). For information on connections, please
refer to Volume Il of this LRFD Manual.

The yield stresses of the grades of structural steel approved for use range from 36 ks
for the common A36 steel to 100 ksi for A514 steel. Not all rolled shapes and plate
thicknesses are available for every yield stress. Availability tables for structural shapes,
plates and bars are at the beginningaft 1of this LRFD Manual.

A36, for many years the dominant structural steel for buildings, is being replaced by
the more economical 50 ksi steels. ASTM designations for structural steels with 50 ksi
yield stress are: A572 for most applications, A529 for thin-plate members only, and A242
and A588 weathering steels for atmospheric corrosion resistance. A more complete
explanation is provided byable 1-1 in Part bf this Manual. However, A36 is still
normally specified for connection material, where no appreciable savings can be realized
from higher strength steels.

Complete and accurate drawings and specifications are necessary for all stages of ste
construction. The requirements for design documents are set f&#cilon A7 of the
LRFD SpecificatiorandSection 3 of the AISCode of Standard Practic#vhen beam
end reactions are not shown on the drawings, the structural steel detailer will refer to the
appropriate tables iRart 4of the LRFD Manual. These tables, which are for uniform
loads, may significantly underestimate the effects of the concentrated loads. The record.
ing of beam end reactions on design drawings, which is recommended in all cases, is
therefore, absolutely essential when there are concentrated loads. Beam reactions
column loads, etc., shown on design drawings should be the required strengths calculate
from the factored load combinations and should be so noted.

Loads and Load Combinations
LRFD Specification Sections A4 (Loads and Load Combinatand5 (Design Basis)
describe the basic criteria of LRFD. This information was discussed above under
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Introduction to LRFD To illustrate the application of load factors, the AISC load
combinations will be repeated here with design examples.
The required strength is the maximum absolute value of the combinations

1.4D (A4-1)
1.2D + 1.6. + 0.5(, or S orR) (A4-2)
1.2D + 1.6, orS orR) + (0.9_ or 0.8N) (A4-3)
1.2D0 +1.3N+0.5L+ 0.5, orSorR) (A4-4)
1.2D +1.0E+ 0.8 + 0.5 (A4-5)
0.9D +(1.3Wor 1.(E) (A4-6)

(The load factor oh in combinations A4-3, A4-4 and A4-5 shall equal 1.0 for garages,
areas occupied as placed of public assembly, and all areas where the live load is greater
than 100 psf).

In the combinations the loads or load effects (i.e., forces or moments) are:

D = dead load due to the weight of the structural elements and the permanent fea-
tures on the structure

L = live load due to occupancy and moveable equipment (reduced as permitted by
the governing code)

L, = roof live load

W= wind load

S = snow load

E = earthquake load

R = nominal load due to initial rainwater or ice exclusive of the ponding contribution

The loads are to be taken from the governing building code. In the absence of a code, one
may useASCE 7Minimum Design Loads for Buildings and Other Structfeserican

Society of Civil Engineers, 198&arthquake loads should be determined frorAtBE

Seismic Provisions for Structural Steel Buildingsiart 6of this Manual.

Whether the loads themselves or the load effects are combined, the results are the same,
provided the principle of superposition is valid. This is usually true because deflections
are small and the stress-strain behavior is linear elastic; consequently, second order effects
can usually be neglected. (The analysis of second order effects is coverexpiar C
of the LRFD Specificatiof) The linear elastic assumption, although not correct at the
strength limit states, is valid under normal in-service loads and is permissible as a design
assumption under the LRFD Specification. In fact,3pecification (in Section A.5.1)
allows the designer the option of elastic or plastic analysis using the factored loads.
However, to simplify this presentation, it is assumed that the more prevalent elastic
analysis option has been selected.

EXAMPLE A-1

Given: Roof beam$§V16x31, spaced'70 center-to-center, support a superim-
posed dead load of 40 psf. Code specified roof loads are 30 psf
downward (due to roof live load, show, or rain) and 20 psf upward or
downward (due to wind). Determine the critical loading for LRFD.

Solution: D = 31 plf + 40 psk 7.0 ft = 311 plf
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L =0
(L, orSorR) = 30 psfx 7.0 ft = 210 plf
W = 20 psfx 7.0 ft = 140 plf
E =0
Load
Combinations  Factored Loads
A4-1 1.4(311 plf) =435 plf
A4-2 1.2(311 plf) + 0 + 0.5(210 plf) = 478 plf
A4-3 1.2(311 plf) + 1.6 (210 plf) +
0.8(140 plf) =821 plf
A4-4 1.2(311 plf) + 1.3(140 plf) + 0 +
0.5(210 plf) = 660 plf
A4-5 1.2(311 plf) + 0 + 0 + 0.2(210 plf) =415 plf
A4-6a 0.9 (311 plf) + 1.3 (140 plf) =462 plf
A4-6b 0.9(311 plf)- 1.3(140 plf) = 98 plf

The critical factored load combination for design is the third, with a
total factored load of 821 pilf.

EXAMPLE A-2
Given: The axial loads on a building column resulting from the code-specified
service loads have been calculated as: 100 kips from dead load, 150
kips from (reduced) floor live load, 30 kips from the roofd@r S or
R), 60 kips due to wind, and 50 kips due to earthquake. Determine the
required strength of this column.
Solution: Load
Combination Factored Axial Load
A4-1 1.4(100 kips) = 140 kips
A4-2 1.2(100 kips) + 1.6(150 kips) +
0.5(30 kips) = 375 kips
A4d-3a 1.2(100 kips) + 1.6(30 kips) +
0.5(150 kips) = 243 kips
A4-3b 1.2(100 kips) + 1.6(30 kips) +
0.8(60 kips) = 216 kips
Ad-4 1.2(100 kips) + 1.3(60 kips) +
0.5(150 kips) + 0.5(30 kips) = 288 kips
A4d-5a 1.2(100 kips) + 1.0(50 kips) +
0.5(150 kips) + 0.2(30 kips) = 251 kips
A4-5b 1.2(100 kips) 41.0(50 kips) +
0.5(150 kips) + 0.2(30 kips) = 151 kips
A4d-6a 0.9(100 kips) + 1.3(60 kips) = 168 kips
A4-6b 0.9(100 kips) 4.3(60 kips) = 12 kips
A4-6¢ 0.9(100 kips) + 1.0(50 kips) = 140 kips
A4-6d 0.9(100 kips) 4.0(50 kips) = 40 Kkips
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The required strength of the column is 375 kips based on the second
combination of factored axial loads. As none of the results above are
negative, net tension need not be considered in the design of this
column.

B.

Gross, Net, and Effective Net Areas for Tension Members

The concept of effective net area, which in earlier editions of the Specification was
applied only to bolted members, has been extended to cover members connected by
welding as well. As in the past, when tensile forces are transmitted directly to all elements
of the member, the net area is used to determine stresses. However, when the tensile forces
are transmitted through some, but not all, of the cross-sectional elements of the member,
a reduced effective net aréais used instead. According &ection B3 of the LRFD
Specification

A.=AU (B3-1)
where

A = area as defined below
U = reduction coefficient
=1-(x/L)<0.9, or as defined in (c) or (d) (B3-2)
X = connection eccentricity. (See Commentary on the LRFD Specification, Section
B3 andFigure C-B3.1)
L =length of connection in the direction of loading

a. When the forces are transmitted only by bolts

A=A,
= net area of member, in.

b. When the forces are transmitted by longitudinal welds only or in combination with
transverse welds

A=A

= gross area of member,an.
c. When the forces are transmitted only by transverse welds

A = area of directly connected elements’ in.
Uu=1.0

d. When the forces are transmitted to a plate by longitudinal welds along both edges
at the end of the plate

A = area of plate, iA.
I =w

Forl = 2w U=1.00
Forav>1>15w U=0.87
Forl.aw>I=>w U=0.75
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where

| =weld length
w = plate width (distance between welds), in.

In computing the net area for tension and shear, the width of a bolt hole is t&kein.as
greater than the nominal dimension of the hole, which, for standard hélgénidarger
than the diameter of the bolt. Chains of holes, treated as in the past, are covengidim
B2 of the LRFD Specificatian

Gross, Net, and Effective Net Areas for Flexural Members
Gross areas are used for elements in compression, in beams and columns. According t
Section B10 of the LRFD Specificatiothe properties of beams and other flexural
members are based on the gross section (with no deduction for holes in the tension flange
if

0.75K A, = 0.9F A, (B10-1)
where

A, = gross flange area, .

Aq, = net flange area (deducting bolt holes}, in.
F, = specified minimum yield stress, ksi

F. = minimum tensile strength, ksi

Otherwise, an effective tension flange afgas used to calculate flexural properties

_5F
Afe_ EEyAfn (810'3)
Local Buckling

Steel sections are classified as either compact, noncompact, or slender element section

« If the flanges are continuously connected to the web and the width-thickness ratios
of all the compression elements do not exdgethen the section is compact.

« If the width-thickness ratio of at least one of its compression elements eXgeeds
but does not excedyq, the section is noncompact.

« If the width-thickness ratio of any compression element exceetigd element is
called a slender compression element.

Columns with compact and noncompact cross sections are covetdgahpter E of
the LRFD SpecificationColumn cross sections with slender elements require the special
design procedure iAppendix B5.3 of the Specification

Beams with compact sections are coveredhypter F of the LRFD Specification
All other cross sections in bending must be designed in accordancéppitimdices
B5.3, F1 and/o6.

In general, reference to the appendices of the Specification is required for the design
of members controlled by local buckling. In slender element sections, local buckling,
occurring prior to initial yielding, will limit the strength of the member. Noncompact
sections will yield first, but local buckling will precede the development of a fully plastic
stress distribution. In actual practice, such cases are not common and can be easil
avoided by designing so that:
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Table B-1.

Limiting Width-Thickness Ratios for Compression Elements*

Limiting Width-Thickness Ratio, ~ Ap

Width-
Beam Element Thickness Ratio General For Fy =50 ksi
Flanges of | shapes and channels b/t 65 /VFy 9.2
Flanges of square and rectangular
box beams b/t 190 /VFy 26.9
Webs in flexural compression h/tw 640 /VF, 90.5
Webs in combined flexural and axial
compression h/tw 253 /VFy** 35.8
) Limiting Width-Thickness Ratio, A,
Width-
Column Element Thickness Ratio General For Fy =50 ksi
Flanges of | shapes and channels
and plates projecting from
compression elements b/t 95 /VFy 13.4
Webs in axial compression h/tw 253 /VFy 35.8

*For the complete table, see LRFD Specification, Section B5, Table B5.1.
**This is a simplified, conservative version of the corresponding entry in Table B5.1 of the LRFD Specification.

« for beams, the width-thickness ratios of all compression elerments
« for columns, the width-thickness ratios of all elemetis.

Table B-1 which is an abridged version @fble B5.1 in the LRFD Specificatipn
should be useful for this purpose. The formulaaféor beam elements angfor column
elements are tabulated, together with the corresponding numerical values for 50 ksi steel.
The definitions of “width” for use in determining the width-thickness ratios of the
elements of various structural shapes are statéedtion B5 of the LRFD Specification
They are shown graphically Figure B-1 Compact section criteria fo¥ shapes and
other I-shaped cross sections are listed iPtheerties Tables in Parof LRFD Manual.

Limiting Slenderness Ratios
For members whose design is based on compressive force, the slendern&sg ratio
preferably should not exceed 200.

For members whose design is based on tensile force, the slenderness rratio
preferably should not exceed 300. The above limitation does not apply to rods in tension.

K = effective length factor, defined Bection Chelow
| = distance between points of lateral suppeur(l,), in.
r = radius of gyrationr( orry), in.
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C. FRAMES AND OTHER STRUCTURES

Second Order Effects

As stated irSection C1 of the LRFD Specificatipan analysis of second order effects

is required; i.e., the additional moments due to the axial loads acting on the deformed
structure must be considered. In lieu of a second order analysi4,fone required
flexural strength, theRFD Specification (in Section C1) presents the following simpli-
fied method:

My = BiM + BMy, (C1-1)

The components of the total factored moment, determined from a first order elastic
analysis (neglecting second order effects) are divided into two gidyy@s)dM,.. Each

group is in turn multiplied by a magnification fac&ror B, and the results are added to
approximate the actual second order factored moign{The method, as explained
here, is valid where the moment connections are Type FR, fully restrained. The analysis
for Type PR, or partially restrained, moment connections is beyond the scope of this
section.)

Beam-columns are generally columns in frames, which are either bMgedd) or
unbraced M, # 0). M,; is the moment in the member assuming there is no lateral
translation of the framé¥l, is the moment due to lateral translatidfy, includes the
moments resulting from the gravity loads, as determined manually or by computer, using
one of the customary (elastic, first order) methods. The moments from the lateral loads
are classified ally; i.e., due to lateral translation. If both the frame and its vertical loads
are symmetrid\l, from the vertical loads is zero. However, if either the vertical loads or
the frame is asymmetric and the frame is not braced, lateral translation ocddrszatid
The procedure for obtainingNh this case involves:

b, b
= VZ b= VZ b:bf
bf bf bf
| e—— | ———— [—
h h h
—— —— | —
bf b
h, t
t h
b:bf—\gt
h=h,-3t

Fig. B-1. Definitions of widths (b and h) for useTable B-1
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a. applying fictitious horizontal reactions at each floor level to prevent lateral transla-
tion, and

b. using the reverse of these reactions as the “sway forces” for determining

In generalM, for an unbraced frame is the sum of the moments due to the lateral loads
and these “sway forces,” as illustrated-igure C-1

The magnification factors applied ¥, andM; are, respectivelB; andB,. As shown
in Figure C-2 B, accounts for the secondd®® member effect in all frames (including

sway-inhibited) and, covers theéPA story effect in unbraced frames. The expressions
for B, and B follow:

Ca
Bj=—=>1.0 C1-2
"T(1-R/Ry) (c1-2)

where

R, = the factored axial compressive force on the member, kips

P, = R as listed infable C-1as a function of the slenderness r&tid r, with effec-
tive length factoK = 1.0 and considerinlg r in the plane of bending only

| = unbraced length of the member, in.

r =radius of gyration of its cross section, in.

C.,= a coefficient to be taken as follows:

P, P,
/ | VLR R,
A 2 V2| R R,
v, /s VR R,
Original _ Nonsway Sway
Frame = Frame * Frame
for M, for M,
Fig. C-1. Frame models for jyland M;.
‘P
o ﬁl//l:Mm+P5
t;Ble
(@) Column in Braced Frame (b) Column in Unbraced Frame

Fig. C-2. lllustrations of secondary effects.
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Table C-1.
Values of Pe/Agfor Use in Equation C1-2 and C1-5 for Steel of Any Yield Stress

Note: Multiply tabulated values by Ag (the gross cross-sectional area of the member) to obtain Pe

Pe/Ag Pe/Ag Pe/Ag Pe/Ag Pe/Ag Pe/Ag
Ki/r| (ksi) |KI/r| (ksi) |KI/r| (si) |KI/r| (ksi) |KI/r| (ksiy |KI/r| (ksi)

21 | 649.02 | 51 | 110.04 | 81| 43.62 | 111 | 23.23 | 141 | 1440 | 171 | 9.79
22 | 591.36 | 52 | 105.85 | 82| 4257 | 112 | 22.82 | 142 | 14.19 | 172 | 9.67
23 | 541.06 | 53 | 101.89 | 83 | 41.55 | 113 | 22.42 | 143 | 14.00 | 173 | 9.56
24 | 496.91 | 54 98.15 | 84| 40.56 | 114 | 22.02 | 144 | 13.80 | 174 | 9.45
25 | 457.95 | 55 94.62 85| 39.62 | 115 | 21.64 | 145| 13.61 | 175 | 9.35
26 | 423.40 | 56 91.27 86 | 38.70 | 116 | 21.27 | 146 | 13.43 | 176 | 9.24
27 | 392.62 | 57 88.08 | 87| 37.81 | 117 | 20.91 | 147 | 1325 | 177 | 9.14
28 | 365.07 | 58 85.08 | 88| 36.96 | 118 | 20.56 | 148 | 13.07 | 178 | 9.03
29 | 340.33 | 59 82.22 89| 36.13 | 119 | 20.21 | 149 | 12.89 | 179 | 8.93
30 | 318.02 | 60 79.51 90 | 35.34 | 120 | 19.88 | 150 | 12.72 | 180 | 8.83
31 | 29783 | 61 76.92 91| 3456 | 121 | 19.55 | 151 | 1255 | 181 | 8.74
32 | 27951 | 62 7446 | 92| 33.82 | 122 | 19.23 | 152 | 12.39 | 182 | 8.64
33 | 262.83 | 63 72.11 93 | 33.09 | 123 | 1892 | 153 | 12.23 || 183 | 8.55
34 | 24759 | 64 69.88 | 94| 32.39 | 124 | 18.61 | 154 | 12.07 | 184 | 8.45
35 | 233.65| 65 67.74 | 95| 31.71 | 125 | 18.32 | 155| 1191 | 185 | 8.36
36 | 220.85 | 66 65.71 96 | 31.06 | 126 | 18.03 | 156 | 11.76 | 186 | 8.27
37 | 209.07 | 67 63.76 | 97| 30.42 | 127 | 17.75 | 157 | 11.61 | 187 | 8.18
38 | 198.21 | 68 6190 | 98| 29.80 | 128 | 17.47 | 158 | 11.47 | 188 | 8.10
39 | 188.18 | 69 60.12 99 | 29.20 | 129 | 17.20 | 159 | 11.32 | 189 | 8.01
40 | 178.89 | 70 58.41 | 100 | 28.62 | 130 | 16.94 | 160 | 11.18 | 190 | 7.93
41 | 170.27 | 71 56.78 | 101 | 28.06 | 131 | 16.68 | 161 | 11.04 | 191 | 7.85
42 | 162.26 | 72 55.21 | 102 | 27.51 | 132 | 16.43 | 162 | 1091 | 192 | 7.76
43 | 154.80 | 73 53.71 | 103 | 26.98 | 133 | 16.18 | 163 | 10.77 | 193 | 7.68
44 | 147.84 | 74 52.57 | 104 | 26.46 | 134 | 15.94 | 164 | 10.64 | 194 | 7.60
45 | 141.34 | 75 50.88 | 105 | 25.96 | 135 | 15.70 | 165 | 10.51 | 195| 7.53
46 | 135.26 | 76 4955 | 106 | 25.47 || 136 | 15.47 | 166 | 10.39 | 196 | 7.45
47 | 129.57 | 77 48.27 | 107 | 25.00 || 137 | 1525 | 167 | 10.26 | 197 | 7.38
48 | 124.23 | 78 47.04 | 108 | 2454 || 138 | 15.03 | 168 | 10.14 | 198 | 7.30
49 | 119.21 | 79 45.86 | 109 | 24.09 | 139 | 14.81 | 169 | 10.02 | 199 | 7.23
50 | 114.49 | 80 4472 | 110 | 23.65 | 140 | 14.60 | 170 9.90 | 200 | 7.16

™®E

Note: Pe/Ag= (T/r)z

a. For compression members not subject to transverse loading between their support
in the plane of bending,

Cn=0.6 —0.4M,/ M) (C1-3)

whereM, / M, is the ratio of the smaller to larger moment at the ends of that portion
of the member unbraced in the plane of bending under considefdtioi, is
positive when the member is bending in reverse curvature, negative when bending
in single curvature.

b. For compression members subjected to transverse loading between their supports
the value ofC,, can be determined by rational analysis, or the following values may
be used:
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C. FRAMES AND OTHER STRUCTURES 2-17

for members with ends restrained against rotation . . . . . . . C,=0.85
for members with ends unrestrained against rotation . . . . . . Chn= 1.0

Two alternative equations are given Byrin the LRFD Specification

1
Bp=—————— C1-4
IR (C1-4)

sH 0L H

1
_IR
R

B, = (C1-5)

1

where

>R, =required axial strength of all columns in a story, i.e., the total factored gravity
load above that level, kips

Ay, = translational deflection of the story under consideration, in.

>H = sum of all story horizontal forces producifg, kips

L = story height, in.

2P, = the summation ofg¥or all rigid-frame columns in a stor, is determined
from Table C-] considering the actual slenderness rtidr of each col-
umn in its plane of bending

K = effective length factor (see below)

Of the two expressions f@,, the first (Equation C1-4) is better suited for design office
practice. The quantity\, / L) is the story drift index. For many structures, particularly
tall buildings, a maximum drift index is one of the design criteria. Using this value in
Equation C1-4 will facilitate the evaluation Bf.

In general, two values &; are obtained for each story of a building, one for each of
the major directionsB, is evaluated separately for every column; two valuds; afe
needed for biaxial bending. Using Equations C1-1 through C1-5, the appréfyiated
M,y are determined for each column.

Effective Length
As in previous editions of the AISC Specification, the effective lengtkl a$ used
(instead of the actual unbraced lenytio account for the influence of end-conditions in
the design of compression members. A number of acceptable methods have been utilized
to evaluateK, the effective length factor. They are discussedértion C2 of the
Commentary on the LRFD Specificatiddne method will be shown here.

Table C-2, which is als@able C-C2.1 in the Commentaig taken from the Structural
Stability Research Council (SSRGJide to Stability Design Criteria for Metal Struc-
tures It relatesK to the rotational and translational restraints at the ends of the column.
Theoretical values foK are given, as well as the recommendations of the SSRC. The
basic case is d, the classical pin-ended column, for whieli.0. TheoreticaK values
for the other cases are determined by the distances between points of inflection. The more
conservative SSRC recommendations reflect the fact that perfect fixity can never be
attained in actual structures.
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2-18
Table C-2.
Effective Length Factors ( K) for Columns
Buckled shape of column is shown @ ) (© (@ (e i

by dashed line L

N
_DF

~o
‘_______Dk

g .- T T~

N
ai_———""'__“o/\ﬁk

3

3 ~\~‘-\___

R

. ~§~\\\“\

Theoretical K value 0.5 0.7 1.0 1.0 2.0 2.0
Recommended design value when 0.65 0.80 1.2 1.0 2.10 2.0
ideal conditions are approximated

End condition code Rotation fixed and translation fixed

”ﬁ%‘ Rotation free and translation fixed
@ Rotation fixed and translation free

Rotation free and translation free

Like its predecessors, th&kFD Specification (in Section C2) distinguishes between
columns in braced and unbraced frames. In braced frames, sidesway is inhibited by
attachment to diagonal bracing or shear walls. Casksandd in Table C-2represent
columnsin braced framds< 1.0. ThedLRFD Specification requires that for compression
members in braced framds,‘shall be taken as unity, unless structural analysis shows
that a smaller value may be used.” Common practice is to assume conserkatiiet/
for columns in braced frames and compression members in trusses.

The other cases ifable C-2c, e,andf, are in unbraced frames (sidesway uninhibited);

K =1.0. The SSRC recommendations given in Table C-2 are appropriate for design.

“Leaning” Columns
The concept of the “leaning” column, although not related exclusively to LRFD, is new

to the 1993 LRFD Specification. A leaning column is one which is pin ended and does
not participate in providing lateral stability to the structure. As a result it relies on the

columns in other parts of the structure for stability. In analyzing and designing unbraced
frames, the effects of the leaning columns must be considered (as requizedtion

C2.2 of the LRFD SpecificatiQnFor further information the reader is referred to:

(1) Part 3of this Manual.
(2) theCommentary on the LRFD Specification, Section C2, and

(3) a paper on this subje¢téschwindner, 1993
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D. TENSION MEMBERS 2-19

D. TENSION MEMBERS

Design Tensile Strength
The design philosophy for tension members is the same in the LRFD and ASD
Specifications:

a. The limit state of yielding in the gross section is intended to prevent excessive
elongation of the member. Usually, the portion of the total member length occupied
by fastener holes is small. The effect of early yielding at the reduced cross sections
on the total member elongation is negligible. Use of the area of the gross section is
appropriate.

b. The second limit state involves fracture at the section with the minimum effective
net area.

The design strength of tension membe®B, as given inSection D1 of the LRFD
Specification, is the lesser of the following:

a. For yielding in the gross section,

@ =0.90
R=FA, (D1-1)

b. For fracture in the net section,

@=0.75
P =FA (D1-2)
where

A, = effective net area, ih(see Section B, above)
A, = gross area of member,3n.

F, = specified minimum yield stress, ksi

F. = specified minimum tensile strength, ksi

R, = nominal axial strength, kips

For 50 ksi steelds, = 50 ksi and minimurf, = 65 ksi. Accordingly
a. For yielding in the gross section,
@R, =0.9% 50 ksix Ay =45.0 ksix Aq (2-3)
b. For fracture in the net section,
@R, =0.75% 65 ksix A, = 48.8 ksix A, (2-4)

The limit state of block shear rupture may govern the design tensile strength. For
information on block shear, s&ection J4.3 of the LRFD Specification aadrt 8 (in
\Volume II) of this LRFD Manual.
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EXAMPLE D-1
Given: Determine the design strength oiA8x24 as a tension member in
50 ksi steel. How much dead load can it support?
Solution: If there are no holes in the memb&r= A, andEquation 2-3joverns
@P, = 45.0 ksix A; =45.0 ksix 7.08 in? = 319 kips
Assuming that dead load is the only load, the governing load combi-
nation fromSection A is 1.B. Then, the required tensile strength
R =1.4R, <@R, =319 kips
R,< 319 kips/1.4 =228 kips maximum dead load that can be supported
by the member.
EXAMPLE D-2
Given: RepeatExample D-1for a W8x24 in 50 ksi steel with four 1-in.
diameter holes, two per flange, along the member (i.e., not at its ends)
for miscellaneous attachments. $égure D-1(a)
Solution: a. For yielding in the gross section

@R, = 319 kips, as in Example D-1.

b. For fracture in the net section
A = A=Ay~ 4 X(hoe + Y167iN.) X
=7.08in? - 4x (1 +¥ein.) x 0.400 in.
=5.38in?
@R, = 48.8 ksix A,
= 48.8 ksix 5.38 in? = 263 Kips < 319 kips
Fracture in the net section governs.
R =1.4R, <@R =263 kips
R <263 kips / 1.4 = 188 kips

X=y=0.695 in.
W8x24 &
o (= e )
WT4x12
WT4x12
CE— CH—_
(€)) (b)

Fig. D-1
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Note: If the holes had been at the end connection of the tension

member, théJ reduction coefficient would apply in the calculation of
an effective net area.

EXAMPLE D-3

Given:

Solution:

RepeaExample D-Zfor holes at a bolted end-connection. There are a

total of eight 1-in. diameter holes, as showirigure D-1(a) on two
planes, 4 in. center-to-center.

a. For yielding in the gross sectig®, = 319 kips, as in Example D-1.
b. For fracture in the net section, accordingEmuation B3-1 in
Section Babove, the effective net area
A.=AU=AU
where

A, =5.38in? as in Example D-2

U=1-7,L=4in*

According toCommentary Figure C-B3.1(a) for aW8x24 in this
case is taken as that foNar4x12. From the properties oViT4x12
given inPart 1of this Manualx =y = 0.695 in. Se€igure D-1(b)

0.695in._

u=1 2in. - 0.826

Thus
A. =5.38in?x0.826 = 4.45iR.
@R, = 48.8 ksix A,
= 48.8 ksix 4.45 in? = 217 kips < 319 kips

Fracture in the net section governs. Again, assuming that dead load is

the only load,

R = 1.4B < @P, = 217 kips

R, <217 kips /1.4 =155 kips maximum dead load that can be supported

by the member.

Built-Up Members, Eyebars, and Pin-Connected Members
SeeSection D2 and D3 in the LRFD Specification

*n lieu of calculatingJ, theCommentary on the LRFD Specification (Section pajmits the use of more conservative
values ofU listed therein.
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E. COLUMNS AND OTHER COMPRESSION MEMBERS

Effective Length
For a discussion of the effective lengghfor columns, refer to Section @&bove.

Design Compressive Strength

Although the column strength equations have been revised for compatibility with LRFD
and recent research on column behavior, the philosophy and procedures of column desig
in LRFD are similar with those in ASD. The direct design of columnsWitnd other

rolled shapes is facilitated by the column strength tablesiin3 of this LRFD Manual,
which show the design compressive strengt as a function oKL (the effective
unbraced length in feet). Columns with cross sections not tabulated (e.g., built-up
columns) can be designed iteratively, as in the past, with the aid of tables listing design
stresses versud / r, the slenderness ratio. Such tables are given iAfhendix of the

LRFD Specificatiorfor 36 and 50 ksi structural steels, and beldab(e E-1) for 50 ksi

steel.

There are two equations governing column strength, based on the limit state of flexural
buckling, one for inelastic buckling (Equation E2-2) and the other (Equation E2-3) for
elastic, or Euler, buckling. Equation E2-2 is an empirical relationship for the inelastic
range, while Equation E2-3 is the familiar Euler formula multiplied by 0.877. Both
equations include the effects of residual stresses and initial out-of-straightness. The
boundary between inelastic and elastic instabilify. is 1.5, where the parameter

KI /R
A= \/ 2 (E2-4)

For axially loaded columns with all elements having width-thickness ratigs(in
Section B5.1 of the LRFD Specification), the design compressive streiggféh =

where
@ =0.85
R = Ak (E2-1)
A, = gross area of member,an.
a. ForA;<1.5

R, =(0.658")F, (E2-2)

As is done in th&€ommentary on Section E2, this equation can be expressed in
exponential form

R = [exp(-0.419X)]F, (C-E2-1)
where exp(x) =€
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Table E-1.
Design Stress for Compression Members of 50 ksi Specified
Minimum Yield Stress Steel, @¢ = 0.85*
K K K K K
r Fer (Ksi) r Fer (Ksi) r Fer (Ksi) r Fer (Ksi) r Fer (ksi)
1 42.50 41 37.59 81 26.31 121 14.57 161 8.23
2 42.49 42 37.36 82 26.00 122 14.33 162 8.13
3 42.47 43 37.13 83 25.68 123 14.10 163 8.03
4 42.45 44 36.89 84 25.37 124 13.88 164 7.93
5 42.42 45 36.65 85 25.06 125 13.66 165 7.84
6 42.39 46 36.41 86 24.75 126 13.44 166 7.74
7 42.35 47 36.16 87 24.44 127 13.23 167 7.65
8 42.30 48 35.91 88 24.13 128 13.02 168 7.56
9 42.25 49 35.66 89 23.82 129 12.82 169 7.47
10 42.19 50 35.40 90 2351 130 12.62 170 7.38
11 42.13 51 35.14 91 23.20 131 12.43 171 7.30
12 42.05 52 34.88 92 22.89 132 12.25 172 7.21
13 41.98 53 34.61 93 22.58 133 12.06 173 7.13
14 41.90 54 34.34 94 22.28 134 11.88 174 7.05
15 41.81 55 34.07 95 21.97 135 11.71 175 6.97
16 4171 56 33.79 96 21.67 136 11.54 176 6.89
17 4161 57 3351 97 21.36 137 11.37 177 6.81
18 4151 58 33.23 98 21.06 138 11.20 178 6.73
19 41.39 59 32.95 99 20.76 139 11.04 179 6.66
20 41.28 60 32.67 100 20.46 140 10.89 180 6.59
21 41.15 61 32.38 101 20.16 141 10.73 181 6.51
22 41.02 62 32.09 102 19.86 142 10.58 182 6.44
23 40.89 63 31.80 103 19.57 143 10.43 183 6.37
24 40.75 64 31.50 104 19.28 144 10.29 184 6.30
25 40.60 65 3121 105 18.98 145 10.15 185 6.23
26 40.45 66 30.91 106 18.69 146 10.01 186 6.17
27 40.29 67 30.61 107 18.40 147 9.87 187 6.10
28 40.13 68 30.31 108 18.12 148 9.74 188 6.04
29 39.97 69 30.01 109 17.83 149 9.61 189 5.97
30 39.79 70 29.70 110 17.55 150 9.48 190 5.91
31 39.62 71 29.40 111 17.27 151 9.36 191 5.85
32 39.43 72 20.09 112 16.99 152 9.23 192 5.79
33 39.25 73 28.79 113 16.71 153 9.11 193 5.73
34 39.06 74 28.48 114 16.42 154 9.00 194 5.67
35 38.86 75 28.17 115 16.13 155 8.88 195 5.61
36 38.66 76 27.86 116 15.86 156 8.77 196 5.55
37 38.45 77 27.55 117 15.59 157 8.66 197 5.50
38 38.24 78 27.24 118 15.32 158 8.55 198 5.44
39 38.03 79 26.93 119 15.07 159 8.44 199 5.39
40 37.81 80 26.62 120 14.82 160 8.33 200 5.33
* When element width-to-thickness ratio exceeds Ar, see Appendix B5.3 of LRFD Specification
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b. ForA.> 1.5
.87
R (E2-3)
0% 0O
where

F, = specified minimum yield stress, ksi

E = modulus of elasticity, ksi

K = effective length factor

| = unbraced length of member, in.

r = governing radius of gyration about plane of buckling, in.

For 50 ksi steel

_KI 17/ 50Ksi _ Kl Kl _
The boundary between inelastic and elastic buckhpg (L.5) for 50 ksi steel is

KTI =75.7 x1.5=113.5

The column strength equations in term&bf r for 50 ksi steel become

&R = (@R )A (2-6)
whereq. = 0.85
a. ForKl /r<113.5
R, ={exp[-7.3 x10°(KI / r)3} x 50 ksi 2-7)
b. ForKl/r<113.5
R :2&173205 ksi (2-8)

Based on Equations 2-7 and 278ble E-1 gives the design stresses for 50 ksi steel
columns for the full range of slenderness ratios. Determining the design strength of a
given 50 ksi steel column merely involves using Equation 2-6 in connection with
Table E-1. The appropriate design stregf.j from Table E-1 is multiplied by the
cross-sectional area to obtain the design strepgth

EXAMPLE E-1

Given: Design a 25-ft high, free standing A6 3£ 50 ksi) steel pipe column
to support a water tank with a weight of 75 kips at full capacity. See
Figure E-1

Solution: For a live load of 75 kips, the required column strength (from Section

A)is R =1.6R=1.6x 75 kips = 120 kips.
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FromTable C-2, case, recommende# = 2.1.KL = 2.1x 25.0 ft =
52.5 ft.

Try a standard 12-in. diameter pipe= 14.6 in?, | = 279 in%:

r =VITA =V279n. 71461 = 4.37 in.

Kl _ 52,5 ftx 12 in./ft
r- 4.37in

FromTable E-1 @.R, = 10.3 ksi

=144.2

The design compressive strength

@R = (@R )A;= 10.3 ksix 14.6 in?
= 150 kips > 120 kips requiredo.k.

To complete the design, bending due to lateral loads (i.e., wind and
earthquake) should also be considered.Sa¢ions FandH.

EXAMPLE E-2

Given:

Solution:

Determine the adequacy of/14x120 building column.

50 ksi steelK = 1.0; story height = 12.0 ft; required strength based on
the maximum total factored load is 1,300 kips.

Kdl=K,L,=1.0x12.0ft=12.0 ft
Because, <r,,

K,L, 12.0ftx 12 in./ft _
r,  3.74in. 385

From Table E-1¢p.F, = 38.14 ksi

%D i
Omaximum=
ar o

Design compressive strength
@P = (@R)A, = 38.14 ksix 35.3 in?
= 1,346 kips > 1,300 kips requirea.k.

L=250f

Fig. E-1
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EXAMPLE E-3  Select the most economiaaltL4 column for the case showrHigures

E-2 andE-3.
—I— —I— —I—
Lower Intermedlate Upper
Level Level Level

Fig. E-2. Plan views.

Upper Rias

=

0"

12

Intermediate

"=

0"

12

Lower

==

1L
Fig. E-3. Elevation.
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Given: 50 ksi steelK = 1.0; required strength based on the maximum total
factored load is 1,300 kips. The column is braced in both directions at
the upper and lower levels, and in the weak direction at the intermediate

level.
Solution: Try aW14x120 (as inExample E-}.
Kel,  1.0x24.0ftx12in/ft _
Iy - 6.24 in. =46.2
Kyly _1.0x12.0ftx 12 in./ft _
ry - 3.74in. =385
Kl Kyl

= max =——X=46.2
r ry

FromTable E-1 @R, = 36.35 ksi

RequiredA, = %%kklzls: 35.8in?> 35.3 in? provided

W14x120 n.g.
By inspectionW14x132 iso.k.
UseW14x132

Flexural-Torsional Buckling

As stated inSection E3 of the LRFD Specificaticand Commentary, torsional and
flexural-torsional buckling generally do not govern the design of doubly symmetric rolled
shapes in compression. For other cross section§esgien EaandAppendix E3 of the
LRFD Specification

Built-Up and Pin-Connected Members
These members are covered, respectivelysétion E4 and E5 of the LRFD
Specification.

F. BEAMS AND OTHER FLEXURAL MEMBERS
Chapter F of the LRFD Specificati@movers compact beams. Compactness criteria are
given inTable B5.1 of the LRFD Specificati@nd are summarized irable B-1 above.
To prevent torsion, wide-flange shapes must be loaded in either plane of symmetry,
channels must be loaded through the shear center parallel to the web, or restraint against
twisting must be provided at load points and points of support. Torsion combined with
flexure and axial force combined with flexure are covere@hapter H of the LRFD
Specification.

This section explains the provisions of the LRFD Specification for compact rolled
beams. For other compact and noncompact flexural members, réferdodix F of the
Specification; plate girders areAppendix G

Flexure
To understand the provisions of the LRFD Specification regarding flexural design, it is
helpful to review briefly some aspects of elementary beam theory.
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Under working loads (and until initial yielding) the distributions of flexural strains and
stresses over the cross-section of a beam are linear. As shbwniia F-1 they vary
from maximum compression at the extreme fibers on one side (the top) to zero at the
neutral, or centroidal, axis to maximum tension at the extreme fibers on the other side
(the bottom).

The relationship between moment and maximum bending stress (tension or compres:
sion) at a given cross section is

M = Sf, (2-9)
where
M= bending moment due to the applied loads, kip-in.

S = elastic section modulus, in the direction of bending, in.
I

c
f, = maximum bending stress, ksi
I = moment of inertia of the cross section about its centroidal aXis, in.
¢ = distance from the elastic neutral axis to the extreme fiber, in.

Similarly, at initial yielding
M, = Sk (2-10)
where
M, = bending moment coinciding with first yielding, kip-in.

If additional load is applied, the strains continue to increase; the stresses, however, are
limited to K. Yielding proceeds from the outer fibers inward until a plastic hinge is
developed, as shown ifigure F-1 At full plastification of the cross section

M, =ZF, (2-11)
where

= plastic moment, kip-in
Z = plastic section modulus, in the direction of bending, in.

Due to the presence of residual stresses (prior to loading, as a consequence of the rollin
operation), yielding begins at an applied stressRof-{). Equation 2-10should be
modified to

STRAINS STRESSES

% I Y& Y& ’ 1 ) DD

|

L Cross Working Initial P/astlc
BEAM Section Load Yielding Hinge

Compression Tension

Fig. F-1. Flexural strains and stresses.
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M =SE -F) (2-12)
where

F =the maximum compressive residual stress in either flange, ksi
=10 ksi for rolled shapes, 16.5 ksi for welded shapes

The definition of plastic moment Eaquation 2-11s still valid, because it is not affected
by residual stresses.

Design for Flexure
a. AssumindgC, = 1.0

Compact sections will not experience local buckling before the formation of a plastic
hinge. The occurrence of lateral-torsional buckling of the member depends on the
unbraced length,. As implied by the term lateral-torsional buckling, overall instability
of a beam requires that twisting of the member occur simultaneously with lateral buckling
of the compression flangk, is the distance between points braced to prevent twist of
the cross section. Many beams can be considered continuously braced; e.g., beams
supporting a metal deck, if the deck is intermittently welded to the compression flange.
Compact wide flange and channel members bending about their major (or x) axes can
develop their full plastic momeM,, without buckling ifL, < L,. If L, =L,, the nominal
flexural strength iV, the moment at first yielding adjusted for residual stresses. The
nominal moment capacity,) for L, <L, <L, is M, <M, <M,. Compact shapes bent
about their minor (or y) axes will not buckle before developpgegardless dfy,.

Flexural design strength, governed by the limit state of lateral-torsional buckling, is
@M,, where@, = 0.90 and\,, the nominal flexural strength is as follows:

M= M, = ZF, for bending about the major axidif< L, (2-13)

M= M, = Z,F, for bending about the minor axis regardlesk,of (2-14)

L, = 300, 42.4x, for 50 ksi steel (2-15)
v

M,=M, = S((Fy -k ) (2_16)

= S(F - 10 ksi) for rolled shapes bending about the major axkisfL,

M, for bending about the major axisl.jf<L, <L,, is determined by linear interpolation
between Equations 2-13 and 2-16; i.e.,

b~ I—pD
M =M, — (M, — M,) 0 (2-17)
r LpD

The definition for the limiting laterally unbraced lendth is given in theLRFD
Specification (in Equations F1-6, 8, anda®d will not be repeated here. For bending
about the major axis If, > L,,

M, =M < M, (2-18)

The case ok, > L, is beyond the scope of this section. The reader is referred to Section
F1.2b of LRFD Specification (specifically Equation F1-@#here the critical moment
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Table F-1.
Values of Cp for Simply Supported Beams Braced at Ends of Span
Load Lateral Bracing Along Span Cp
Concentrated at center None 1.32
At centerline only 1.67
Uniform None 1.14
At centerline only 1.30

M, is controlled by lateral-torsional buckling). This case is also covered incthe
graphs in Part 6f this LRFD Manual.

b. All values ofC,
Gy is the bending coefficient. A new expression@giis given in thd.RFD Specifi-
cation. (It is more accurate than the one previously shown.)

12.5Mhax

C,=
® T 2. 5Mha + 3M, + 4Mg + 3M,

(F1-3)

whereM is the absolute value of a moment in the unbraced beam segment as follows:

Mmae the maximum

M,, at the quarter point

Mg, at the centerline

M., at the three-quarter point

The purpose o€, is to account for the influence of moment gradient on lateral-tor-
sional buckling. The flexural strength equations v@ith= 1.0 are based on a uniform
moment along a laterally unsupported beam segment causing single curvature buckling
of the member. Other loadings are less severe, resulting in higher flexural strengths;
C,=1.0. Typical values dE, are given irfifable F-1. For unbraced cantilevetg= 1.0.

Cy, can conservatively be taken as 1.0 for all cases.

For all values o€, the flexural design strengggM,, whereg, = 0.90, is given in the

LRFD Specificatiorin terms of a nominal flexural strength, Marying as follows:

M, =M, =ZF (2-13)
for bending about the major axis if £ L,
M, = C,M, =C,S(F, — 10 ks) <M, (2-19)

for bending about the major axis if £L,.
For bending about the major axid if <L, <L,, linear interpolation is used

-L
M, =C, %ﬂp -(M,—M,) %ib_—l_p%s M, (F1-2)
0 r~Lp

M, =M, < C,M, and M, (2-20)

If L, >L,,
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The determination oM, for a givenL, can best be done graphically, as illustrated in
Figure F-2 The required parameters for edttshape are given in thieeam design table
in Part 4of the LRFD Manual, an excerpt of which is shown hereifeage F-2 If C, =

1.0, the coordinates for constructing the graphlagéV,), and (., M,). ForC, > 1.0, the
key coordinates are.{, C, M) and (,, C, M,). Note thatM, cannot exceed the plastic
momentM,. L, then, can be derived graphically as the upper lintit, &r whichM, =

M,. If Ly, > L, the beam graphs in Parofithe LRFD Manual can be used to determine
M.

EXAMPLE F-1

Given: Select the required shape for a 30-foot simple floor beam with full
lateral support carrying a dead load (including its own weight) of 1.5
kips per linear foot and a live load of 3.0 kips per linear foot. Assume
50 ksi steel and:

a. There is no member depth limitation

b. The deepest member i$\d.8
Solution: The governing load combination $ection Ais A4-2:

1.2D+1.8 +05( orSorR=1.2x 1.5klf +1.6x 3.0kIf +0
= 6.6 KIf

2
RequirecM, =" = 0.0kt X8(30'0 %~ 743 kip-t

Flexural design strengthM, > 743 kip-ft

M, for G,=1.0

M, for G,>1.0

N M, for C,=1.0

'S M,, for C>1.0

Lp L

Fig. F-2. Determination of nominal flexural strength.M
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Table F-2.
Excerpt from Load Factor Design Selection Table
(LRFD Manual, Part 4)
For Fy =50 ksi
(pr/J oMy
Zx (in.%) Shape (kip-ft) (kip-ft) Lp (M) Lr(f)
224 W24x84 840 588 6.9 18.6
221 W21x93 829 576 6.5 19.4
212 W14x120 795 570 13.2 46.2
211 W18x97 791 564 9.4 27.4
200 W24x76 750 528 6.8 18.0
198 W16x100 743 525 8.9 29.3
196 W21x83 735 513 6.5 18.5
192 W14x109 720 519 13.2 43.2
186 W18x86 698 498 9.3 26.1
186 W12x120 698 489 111 50.0
177 W24%68 664 462 6.6 17.4
175 W16x89 656 465 8.8 27.3
Note: Flexural design strength @pMn = @pMp, as tabulated is valid for Lp < Lm. If Cp= 1.0, Lm = Lp; otherwise,
Lm> Lp. @p=10.90.

a. InTable F-2 the most economical beams ardatdface print. Of
the boldfaced beams, the lightest one wittl, = @,M, = 743 kip-ft
is aW24x76

b. By inspection offable F-2 the lightestW18 with g,M, = @M, =
743 kip-ft is aw18x97.

EXAMPLE F-2

Given:

Solution:

Determine the flexural design strength of a 30-ft long simply supported
W24x76 girder (of 50 ksi steel) with a concentrated load and lateral
support, both at midspan.

FromTable F-1 G, = 1.67
L, =30.0 ft/2 =15.0 ft
FromEquation F1-2
0 b — L,H0
(poMn = Cb m)oMp - ((ﬂ)Mp - (poMl’) L DDS (poMp
0 r p|:||:|

FromTable F-2for aW24x76:

@M, = 750 kip-ft
@M, = 528 kip-ft
L, =6.8ft
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L, =18.0ft

15.0 ft -6.8 i

M, = 1.67[750 kip-ft - (750~ 528 kip-Tt
® E( it = 9Kt g ott-6.8 i

= 981 kip-ft > 750 kip-ft
Use@, M, =@, M, = 750 Kip-ft

In this case, even though the unbraced lengthL,, the design
flexural strength ig,M, because€, > 1.0.

Design for Shear

The design shear strength is defined by the equatio@edtion F2 of the LRFD
Specification. Shear in wide-flange and channel sections is resisted by the area of the
web (A,), which is taken as the overall depttimes the web thickness For webs of

50 ksi steel without transverse stiffeners, the design shear stqgvigthhereq, = 0.90,

and the nominal shear strengfrare as follows:

FortE < 59 (including all rolledwW and channel shapes),

W

V, =30.0 ksix dt,

@M= 27.0 ksix dt, (2-21)
For 59< —< 74,
tw
59
\VA —I’>00k5|><d1;,v><h/tW
_ . 59
@M = 27.0 ksix dt,, % vim (2-22)
ForH >74,
tw
_ 132,000
dt, ks
Vo = hrz duks
118,000
dt, ks 2-23
QM = ity ty ksi (2-23)
h d v h

tw
Fig. F-3. Definitions of d, h, ang,for W and channel shapes.
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Shear strength is governed by the following limit stefesiation 2-2by yielding of the
web; Equation 2-22 by inelastic buckling of the web; arthuation 2-23by elastic
buckling.

EXAMPLE F-3
Given: Check the adequacy o#30x99 beam of 50 ksi steel to carry a load
resulting in maximum shears of 100 kips due to dead load and 150 kips
due to live load.
Solution: Required shear strengthve= 1.2D + 1.6L
=1.2x 100 kips + 1.6 ®A50 kips
= 360 kips

Design shear strength@\, = 27.0 ksix dt,,
= 27.0 ksix 29.65 in.x 0.520 in.
=416 kips > 360 kips required.k.

Web Openings
SeeSection F4 of the LRFD SpecificatiamdCommentaryand the references given in
the Commentary.

H. ME