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FOREWORD

There have been many formal requests for interpretation of the limited structural design criteria
stated within ASME B30.20, Below-the-Hook Lifting Devices, a safety standard. As a consequence,

mdustrv has for auite some time-expressed-—a need for a comprehensive desion standard for

J 1 r r O
below-the hook lifting devices that would complement the safety requirements of ASME B30.26,
All editions of ASME B30.20 included structural design criteria oriented toward the indupstriall
manufacturing community requiring a minimum design factor of three, based on the yield strength
of the material; recent editions also included design criteria for the fatigue failure mode. However,
members of the construction community expressed the need for design criteria more‘suitable to
their operating conditions, including a lower design factor, and the necessityto ‘address other]
failure modes such as fracture, shear and buckling, and design topics, such as impact and fasteners.

A Design Task Group was created in 1997 to begin work on a design standafd as a companion
document to ASME B30.20. The ASME BTH Standards Committee on the‘Design of Below-the-
Hook Lifting Devices was formed out of the Design Task Group, and- held its organizational
meeting on December 5, 1999.

ASME BTH-1-2005, Design of Below-the-Hook Lifting Devicés; contained five chapters: Scope
and Definitions, Lifter Classifications, Structural Design,-Mechanical Design, and Electricall
Components. This Standard, intended for general industty and construction, sets forth two
design categories for lifters based on the magnitude ahd’ variation of loading; and operating]
and environmental conditions. The two design categories provide different design factors for|
determining allowable static stress limits. Five Seryice Classes, based on load cycles, are provided,
The Service Class establishes allowable stress tange values for lifter structural members and|
design parameters for mechanical components?7ASME BTH-1-2005 was approved by the American|
National Standards Institute on October 18,2005.

A nonmandatory Commentary, whichimmediately follows applicable paragraphs, is included
to provide background for the Standard’s provisions. Users are encouraged to consult it.

This edition of ASME BTH-1 incorporates editorial revisions and two new mechanical design
sections for grip ratio and vacuum-lifting device design. ASME BTH-1-2008 was approved by
the American National Standards Institute on September 17, 2008.
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CORRESPONDENCE WITH THE BTH COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the
consensus of concerned interests. As such, users of this Standard may interact with the Committee

by reguesting interpretations —propbosing revdsions—and-—attendine Committee meetines - Corre
J 1 7 r (] 7 (] (=]

O r
spondence should be addressed to:

Secretary, BTH Standards Committee

The American Society of Mechanical Engineers
Three Park Avenue

New York, NY 10016-5990

Proposing Revisions. Revisions are made periodically to the Standard tovincorporate changes
that appear necessary or desirable, as demonstrated by the experience gained from the application]
of the Standard. Approved revisions will be published periodically,

The Committee welcomes proposals for revisions to this Standard: Such proposals should be
as specific as possible, citing the paragraph number(s), the proposed wording, and a detailed
description of the reasons for the proposal, including any pertinent documentation.

Interpretations. Upon request, the BTH Committee will rtehder an interpretation of any require-
ment of the Standard. Interpretations can only be rendered in response to a written request senf
to the Secretary of the BTH Standards Committee.

The request for interpretation should be clear.afid unambiguous. It is further recommended
that the inquirer submit his/her request in the following format:

Subject: Cite the applicable paragraph number(s) and the topic of the inquiry.

Edition: Cite the applicable_edition of the Standard for which the interpretation is
being requested.

Question: Phrase the question as a request for an interpretation of a specific requirement

suitable for general understanding and use, not as a request for an approval
of a proprietary design or situation. The inquirer may also include any plans
or drawings that are necessary to explain the question; however, they should
not-contain proprietary names or information.

Requests that are fiot in this format may be rewritten in the appropriate format by the Committee
prior to being answered, which may inadvertently change the intent of the original request.

ASME progédures provide for reconsideration of any interpretation when or if additionall
information“that might affect an interpretation is available. Further, persons aggrieved by an
interpretation may appeal to the cognizant ASME Committee or Subcommittee. ASME does not
“approve;” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity.

Attending Committee Meetings. The BTH Standards Committee regularly holds meetings,
which are open to the public. Persons wishing to attend any meeting should contact the Secretary
of the BTH Standards Committee.

i
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ASME BTH-1-2008
SUMMARY OF CHANGES

Following approval by the ASME BTH Standards Committee and ASME, and after public review

ASME BTH-1-2008 was approved by the American National Standards Institute on September
17, 2008.
ASME BTH-1-2008 includes editorial changes, revisions, and corrections identified by a margin
note, (08).
Page Location Change
5 1-5.3 Revised in its entirety
6,7 Commentary to 1-6 Reference to AISE updated to AIST
1-6.1 a, C,, Dy, and ¢ added
8 1-6.2 Revised
9-11 Commentary to 1-7 Revised
19 3-2.3.2 Second paragraph revised
24, 25 3-3.3.1 Revised
Fig. C3-3 Revised
26 3-3.3.5 First paragraph deleted and Commentary
revised
40 Commentary to.4-1:1 Reference to AISE updated to AIST
47, 48 49 Added
4-10 Added
49 Congmentary to 5-2.5 Reference to AISE updated to AIST
50 532 Revised
5-3.3 Revised
5-3.5 Revised
5-3.7 Revised
51 5-4.3 Last sentence revised
5-4.4 Title and last sentence revised
o2 5-7.1 I1tle revised

Copyright ASME International
Provided by IHS under license with ASME

No reproduction or networking permitted without license from IHS

Not for Resale



https://asmenormdoc.com/api2/?name=ASME BTH-1 2008.pdf

ASME BTH-1-2008

DESIGN OF BELOW-THE-HOOK LIFTING DEVICES

Chapter 1

1-1 | PURPOSE

THis Standard sets forth design criteria for
ASME B30.20 below-the-hook lifting devices. This
Stanflard serves as a guide to designers, manufacturers,
purchasers, and users of below-the-hook lifting devices.

Commentary: This Standard has been developed
in regsponse to the need to provide clarification of the
intemt of ASME B30.20 with respect to the structural
design of below-the-hook lifting devices. Since the origi-
nal publication of ASME B30.20 in 1986, users have
requpsted interpretations of the construction (structural
desigin) requirements stated therein. The level of detail
requjred to provide adequate answers to the questions
subrhitted extends beyond that which can be covered
by irterpretations of a B30 safety standard.

1-2 | SCOPE

THis Standard provides minimum structural and
anical design and electrical component selection
critefia for ASME B30.20 below;the-hook lifting devices.
e provisions in this Standard apply to the design
or mpdification of below~the-hook lifting devices. Com-
pliapce with requireiments and criteria that may be
unique to specialized industries and environments is
outs]de of the.scope of this Standard.

Lifting deyices designed to this Standard shall comply
with{ ASMEB30.20, Below-the-Hook Lifting Devices.
ASME:B30.20 includes provisions that apply to the

mar o/ ~ A Tty It ity o Ity 57
maintenance, and operation of below-the-hook lifting
devices.

Commentary: ASME BTH-1 addresses only design

requirements. As such, this Standard should be used in
conjunction with ASME B30.20, which addresses safety
requirements. ASME BTH-1 does not replace
ASME B30.20. The design criteria set forth are minimum
requirements that may be increased at the discretion of
the lifting device manufacturer or a qualified person.

Copyright ASME International
Provided by IHS under license with ASME
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Scope and Definitions

1-3 NEW AND EXISTING DEVICES

The effective date of this Standard shall be|one year
after its date of issuanceq Kifting devices manyifactured
after the effective dateshall conform to the requyirements
of this Standard.

When a lifter is, being modified, its desigr] shall be
reviewed relative-to this Standard, and the nee{d to meet
this Standafdyshall be evaluated by the manufacturer or
a qualifiéd person.

Commentary: It is not the intent of this Standard to
require retrofitting of existing lifting devices.

1-4 GENERAL REQUIREMENTS
1-4.1 Design Responsibility

Lifting devices shall be designed by, or ynder the
direct supervision of, a qualified person.

Commentary: Although always implied, this provi-
sion now explicitly states that the design of below-the-
hook lifting devices is the responsibility of a|qualified
person. This requirement has been established|in recog-
nition of the impact that the performance of a lifting
device has on workplace safety, the complexjty of the
design process, and the level of knowledge and training
required to competently design lifting devices.

1-4.2 Units of Measure

A dual unit format is used. Values are givgn in U.S.
OStOTary Ut d e priTmary Ui dbythe
International System of Units (SI) in parentheses as the
secondary units. The values stated in U.S. Customary
units are to be regarded as the standard. The SI units
in the text have been directly (softly) converted from
U.S. Customary units.

Commentary: The requirements of this Standard
are presented wherever possible in a manner that is
dimensionally independent, thus allowing application of
these requirements using either U.S. Customary units

Not for Resale
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(USCU) or International System of Units (Sl). U.S.
Customary units are the primary units used in this
Standard.

1-4.3 Design Criteria

All below-the-hook lifting devices shall be designed
for specified rated loads, load geometry, Design
Category (see section 2-2), and Service Class (see

static strength. While the use of such methods is not
prohibited, modeling of the device and interpretation of
the results demands suitable expertise to assure the
requirements of this Standard are met without creating
unnecessarily conservative limits for static strength and
fatigue life.

1-4.5 Material

section '-1) Resolutionof loads—intoforces—and-stress

values affecting structural members, mechanical compo-
nents, apd connections shall be performed by an
accepted| analysis method.

Comnpentary: The original ASME B30.20 structural
design requirements defined a lifting device only in
terms of fits rated load. Later editions established fatigue
life requirements by reference to ANSI/AWS D14.1.
ASME BiH—1 now defines the design requirements of a
lifter in ferms of the rated load, the Design Category,
and the $ervice Class to better match the design of the
lifter to ifs intended service. An extended discussion of
the bas|s of the Design Categories and Service
Classes| can be found in Chapters 2 and 3
Commentaries.

1-4.4 Arlalysis Methods

The alJowable stresses and stress ranges defined in
- this Standard are based on the assumption of analysis
. by class]cal strength of material methods (models),
" although| other analysis methods may be used. The anal>
ysis techhiques and models used by the qualified person
shall accyirately represent the loads, material properties,
and device geometry; stress values resulting ffom the
analysis phall be of suitable form to permit correlation
with the(allowable stresses defined in(this Standard.

Commentary: The allowable stresses defined in
Chapterg 3 and 4 have been developed based on the
presumption that the actual‘stresses due to the design
loads will be computed Using classical methods. Such
methods|effectively compute average stresses acting on
a structufal or mechanieal element.

Consideration of-the effects of stress concentrations is
not normally«regUired when determining the static
strength| of @lifter component (see Commentary for
para. 3-5.2). However, the effects of stress concentra-

The design pravisions of this Standard are based on
the use of carbon, high strength low-alloy, or heattr¢ated
constructional alloy steel for structural members and
many mechanical components. Other matérials may be
used, provided the margins of safety and fatigue life are
equal to or greater than those required/by this Stangard.

All ferrous and nonferrous metal used in the fabrica-
tion of lifting device structural members and mechdnical
components shall be identified\by an industry-wigle or
written proprietary specification.

Commentary: The design provisions in Chapters 3
and 4 are based on practices and research for d¢sign
using carbon, high-strength low-alloy, and heat-tr¢ated
constructional alloy steels. Some of the equationg pre-
sented are;empirical and may not be directly appligable
to use with-other materials. Both ferrous and nonfefrous
materials, including the constructional steels, may be
usedrin the mechanical components describgd in
Chapter 4.

Industry-wide specifications are those from orggniza-
tions such as ASTM International (ASTM), the Amgrican
Iron and Steel Institute (AISI), and the Society of
Automotive Engineers (SAE). A proprietary specifidation
is one developed by an individual manufacturer.

1-4.6 Welding

All welding designs and procedures, except fof the
design strength of welds, shall be in accordance |with
the requirements of ANSI/AWS D14.1. The dgsign
strength of welds shall be as defined in para. 3-3.4. When
conflicts exist between ANSI/AWS D14.1 and| this
Standard, the requirements of this Standard $hall
govern.

Commentary: ANSI/AWS D14.1 is cited ap the
basis for weld design and welding procedures.|This
requirement is in agreement with CMAA #70 and those

tions are most important when determining fatigue life.
Lifting devices often are constructed with discontinuities
or geometric stress concentrations, such as pin and bolt
holes, notches, inside corners, and shaft keyways that
act as initiation sites for fatigue cracks.

Analysis of a lifting device with discontinuities using
linear finite element analysis will typically show peak
stresses that indicate failure, where failure is defined as
the point at which the applied load reaches the loss of
function load (or limit state) of the part or device under
consideration. This is particularly true when evaluating

established by ASME B30.20. The allowable stresses for
welds are modified in this Standard to provide the
higher design factors deemed necessary for lifting
devices.

1-4.7 Temperature

The design provisions of this Standard are considered
applicable when the temperature of the lifter structural
or mechanical component under consideration is within
the range of 25°F to 150°F (-4°C to 66°C). When the

Copyright ASME International
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temperature of the component is beyond these limits,
special additional design considerations may be
required. These considerations may include choosing a
material that has better cold-temperature or high-
temperature properties, limiting the design stresses to
a lower percentage of the allowable stresses, or
restricting use of the lifter until the component tempera-
ture falls within the stated limits.

The design provisions for electrical components are

1-5 DEFINITIONS

The paragraph given after the definition of a term
refers to the paragraph where the term is first used.

Commentary: This section presents a list of defini-
tions applicable to the design of below-the-hook lifting
devices. Definitions from the ASME Safety Codes and
Standards Lexicon and other engineering references are
divided

consfdered applicable when ambient temperatures do
not ¢xceed 104°F (40°C). Lifters expected to operate in
amblent temperatures beyond this limit shall have elec-
trical components designed for the higher ambient
temperature.

Cbmmentary: The temperature limits stated are
based on the following. Historically, tension brittle fail-
ures|have occurred during hydrotest in pressure vessels
fabri|cated from low carbon steel at temperatures as
high|as 50°F (10°C). Flaws in steel plate material were
the grimary cause of these failures. With tighter produc-
tion [processes, closer metallurgical control, and better
qualjty checks in current practice, the risk of such failure
is rgduced. Thus, the Committee selected the 25°F
(-4°C) temperature as a reasonable lower limit. This
lower temperature limit is also consistent with recom-
menfations made by AISC (2003).

The Committee selected the upper temperature limit
as a|reasonable maximum temperature of operation in
a summer desert environment. Data from the ASME
Boil¢r & Pressure Vessel Code material design tables
indidate that some carbon steels have already begun to
decline in both yield stress and allowable tension stress
at 2Q0°F (93°C). Some materials decline by ‘as much as
4.6%, but most are less than that amount. A’straight-line
interpolation between the tabulated yalues for materials
at 1Q0°F (38°C) and 200°F (93°C) inthis reference gives
acceptable stress values that have,minimal degradation
at 190°F (66°C).

In|some industrial uses; lifting devices can be sub-
jected to temperatures_ in ‘excess of 1,000°F (540°C). At
thes¢ temperatures, the ‘mechanical properties of most
matgrials are greatlyreduced over those at ambient. If
the ¢xposure is'prolonged and cyclic in nature, the
creep rupture strength of the material, which is lower
than|the simple elevated temperature value, must be
used in determining the design rated load and life of the
devige!

used wherever Innecihlp The defined terms ar
into general terms (para. 1-5.1) that are ©onsidered
broadly applicable to the subject matter and)info groups
of terms that are specific to each(¢haptdr of the
Standard.

1-5.1 Definitions — General

ambient temperature: the temperature of the atiosphere
surrounding the liftirigydevice (para. 1-4.7).

below-the-hook lifting device (lifting device, lifter):|a device,
other than slings,Jhooks, rigging hardware, apd lifting
attachmentsiused for attaching loads tq a hoist
(section 1-1):

cycle, lonit: one sequence of two load reversals that define
a range between maximum and minimpyim load
(para. 1-5.1).

design: the activity in which a qualified persgn creates
devices, machines, structures, or processes to| satisfy a
human need (section 1-1).

design factor: the ratio of the limit state stress{es) of an
element to the permissible internal stress(es) cfeated by
the external force(s) that act upon the |element
(para. 1-6.1).

fatigue: the process of progressive localized pgrmanent
material damage that may result in cracks or complete
fracture after a sufficient number of load cycles
(para. 1-5.2).

fatigue life: the number of load cycles of a spefific type
and magnitude that a member sustains befofe failure
(para. 1-4.5).

hoist: a machinery unit that is used for lifting fand low-
ering (para. 1-5.1).

lifting attachment: a load supporting device atfached to
the r\h}ipr{' hﬂing lifted such as ]iﬁ'ing ]ngQ padeyes/

Oftmportance witenm evatuating the effects of temper-
ature is the temperature of the lifter component rather
than the ambient temperature. A lifter may move briefly
through an area of frigid air without the temperature of
the steel dropping to the point of concern. Likewise, a
lifter that handles very hot items may have some com-
ponents that become heated due to contact.

1-4.8 Pressurized Fluid Systems

Pressurized fluid systems are not covered by this
Standard.

trunnions, and similar appurtenances (para. 1-5.1).

load(s), applied: external force(s) acting on a structural
member or machine element due to the rated load, dead
load, and other forces created by the operation and
geometry of the lifting device (para. 1-5.2).

load, dead: the weights of the parts of the lifting device
(para. 1-5.1).

load, rated: the maximum load for which the lifting device
is designated by the manufacturer (para. 1-4.3).
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manufacturer: the person, company, or agency responsi-
ble for the design, fabrication, or performance of a
below-the-hook lifting device or lifting device compo-
nent (section 1-1).

mechanical component: a combination of one or more
machine elements along with their framework, fasten-
ings, etc., designed, assembled, and arranged to support,
modify, or transmit motion, including, but not limited

1-5.2 Definitions for Chapter 3

block shear: a mode of failure in a bolted or welded
connection that is due to a combination of shear and
tension acting on orthogonal planes around the mini-
mum net failure path of the connecting elements
(para. 3-3.2).

brittle fracture: abrupt cleavage with little or no prior
ductile deformation (para. 1-5.2).

to/ the p1 lowaz ]r\]r\n]z, SCreIAL }ﬂl“]{, ﬂnnphng, n]n{-nh, hr:\]{n’

gear reducer, and adjustable speed transmission
(para. 1-4.3).

modification: any change, addition to, or reconstruction
of a liftef component (section 1-2).

qualified person: a person who, by possession of a recog-
nized depree in an applicable field or certificate of pro-
fessional| standing, or who, by extensive knowledge,
training aind experience, has successfully demonstrated
the abilify to solve or resolve problems relating to the
subject matter and work (section 1-3).

rigging Mprdware: a detachable load supporting device
such as @ shackle, link, eyebolt, ring, swivel, or clevis
(para. 1-§.1).

serviceabifity limit state: limiting condition affecting the
ability of]a structure to preserve its maintainability, dura-
bility, or| function of machinery under normal usage
(para. 1-5.2).

shall: indjicates that the rule is mandatory and must be
followed| (section 1-2).

should: irjdicates that the rule is a recommendation, the
advisability of which depends on the facts in each situa-
tion (parp. 2-2.1).

sling: an assembly to be used for lifting.when connected
to a hoisf or lifting device at the sling’s upper end and
when sypporting a load at the’sling’s lower end
(para. 1-§.1).

stress coricentration: localized stress considerably higher
than avefage (even imuniformly loaded cross sections
thickness):dtie to abrupt changes in geometry
or localized loadidg (para. 3-4.1).

stress, maxifunm: highest algebraic stress per cycle
(para. 1-§.1)

compact section: a structural member cross-section] that
can develop a fully plastic stress distribution befotie the
onset of local buckling (para. 3-2.3.1).

effective length: the equivalent length Kl used in compres-
sion formulas (para. 1-5.2).

effective length factor: the ratio between the effeftive
length and the unbraced length’'of the member meaqured
between the centers of gravity~6f the bracing menpbers
(para. 1-6.1).

effective net tensile ared: portion of the gross tensilel area
that is assumed to carry the design tension load 4t the
member’s connections or at location of holes, cutfouts,
or other reductiohs of cross-sectional area (para. 3r2.1).

effective width: the reduced width of a plate which,[with
an assumed uniform stress distribution, producep the
same-effect on the behavior of a structural member as
the actual plate width with its nonuniform stress distri-
bution (para. 1-6.1).

faying surface: the plane of contact between two plies of
a bolted connection (para. 1-5.2).

gross area: full cross-sectional area of the mefnber
(para. 3-2.1).

limit state: a condition in which a structure or compgnent
becomes unfit for service, such as brittle fracture, plastic
collapse, excessive deformation, durability, fatjgue,
instability, and is judged either to be no longer useful
for its intended function (serviceability limit state) pr to
be unsafe (strength limit state) (para. 1-5.2).

local buckling: the buckling of a compression element
that may precipitate the failure of the whole member
at a stress level below the yield stress of the material
(para. 1-5.2).

noncompact section: a structural member cross-seftion
that can develop the yield stress in compression elethents

stress, minimum: lowest algebraic stress per cycle
(para. 1-5.1).

stress range: algebraic difference between maximum and
minimum stress. Tension stress is considered to have
the opposite algebraic sign from compression stress
(para. 1-4.4).

structural member: a component or rigid assembly of com-
ponents fabricated from structural shape(s), bar(s),
plate(s), forging(s), or casting(s) (para. 1-4.3).

before Iocal buckling occurs, but will not resist inelastic
local buckling at strain levels required for a fully plastic
stress distribution (para. 3-2.3.2).

prismatic member: a member with a gross cross section
that does not vary along its length (para. 1-6.1).

prying force: a force due to the lever action that exists in
connections in which the line of application of the
applied load is eccentric to the axis of the bolt, causing
deformation of the fitting and an amplification of the
axial force in the bolt (para. 3-4.5).
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slip-critical: a type of bolted connection in which shear
is transmitted by means of the friction produced
between the faying surfaces by the clamping action of
the bolts (para. 1-6.1).

strength limit state: limiting condition affecting the safety
of the structure, in which the ultimate load carrying
capacity is reached (para. 1-5.2).

unbraced length: the distance between braced points of

vacuum reservoir: the evacuated portion of a vacuum
system that is to compensate for leakage in the vacuum
system or to provide a vacuum reserve in the event of
vacuum generator failure (para. 4-10.2).

1-5.4 Definitions for Chapter 5

brake: a device, other than a motor, used for retarding
or stopping motion of an apparatus by friction or power
means (section 5-2).

rsaal 1 1ls il . £ s £
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the Bracing members (para. 1-5.2).

odies together (para. 4-9.1).

system: an assembly of components that governs
tarting, stopping, force, speed, and direction
rted to a moving apparatus (para. 1-5.3).

grip fatio: the ratio of the sum of the horizontal forces
on one side of the load to the live weight of the load. time on
For ¢xample, if the total horizontal force on one side of duty cycle = o o % 100

t of the load does not include the weight of the
lifter| (section 4-9).

gripging force: the force that the lifting device ‘eXerts on
the lpad (para. 4-9.1).

Lo bparing life: the basic rating or specification life of a
bearing (para. 4-6.2).

lock-yip: a condition whereby friction/in the drive system
prevents back-driving (para. 4-5:5).

pitch|diameter: the diametef of a sheave measured at the
cent¢rline of the rope (para. 4-2.2).

sheage: a grooved wheel used with a rope to change
direqtion and paint*of application of a pulling force
(para. 1-5.3).

sheade, equalizing: a sheave used to equalize tension in
opp¢sitéparts of a rope. Because of its slight movement,
it is pot termed a running sheave (para. 4-2.3).

control(s): a device used to govern or regulate [the func-
tions of an apparatus (para. 1-5.4).

controller: a device or group of devices|that govern, in
a predetermined manner, the powet deliver¢d to the
motor to which it is connected/(section 5-4).

control panel: an assembly of Components that governs
the flow of power to or frof a motor or other equipment
in response to a signal(s) from a control device(s)
(para. 5-4.8).

control system: an.dssembly or group of devices|that gov-
ern or regulate the operation of an apparatus
(para. 5-3.%).

duty cyele:

and is expressed as a percentage (para. 5-2.1)

EXAMPLE: % min on, 2 min off = % / (% +2) x 100 = 20%

ground (grounded): electrically connected to egrth or to
some conducting body that serves in place of [the earth
(section 5-5).

motot, electric: a rotating machine that transforms electri-
cal energy into mechanical energy (section 5-2).

~

power supply, electrical: the specifications of the required
or supplied electricity, such as type (AC or DC), volts,
amps, cycles, and phase (para. 5-1.3).

rectifier: a device for converting alternating cufrent into
direct current (section 5-4).

sensor(s): a device that responds to a physicalfstimulus
and transmits the resulting signal (section 5-3).

switch: a device for making, breaking, or changing the
connections in an electric circuit (para. 1-5.4).I‘

S 111'1‘-/111/ master—amanyal suatch t]ﬁa{- dominates

sheave, running: a sheave that rotates as the load is lifted
or lowered (para. 1-5.3).

vacuum: pressure less than ambient atmospheric pres-
sure (para. 1-5.3).

vacuum lifting device: a below-the-hook lifting device for
lifting and transporting loads using a holding force by
means of vacuum (section 4-10).

vacuum pad: a device that applies a holding force on the
load by means of vacuum (para. 4-10.1).

he opera-
tion of contactors, relays, or other remotely operated
devices (para. 5-3.1).

1-6 SYMBOLS

The paragraph given after the definition of a symbol
refers to the paragraph where the symbol is first used.
Each symbol is defined where it is first used.

NOTE: Some symbols may have different definitions within this
Standard.
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(08) Commentary: The symbols used in this Standard gh i hgle gliameter, in. (mm) (para. 3-3.3.1)
are generally in conformance with the notation used in p = pin diameter (para. 3-3.3.1)
other design standards that are in wide use in the E = modulus Of elasticity
United States, such as the AISC specification = 29,000 ksi (200000 MPa) for steel
(AISC, 1989) and the crane design specifications pub- (para. 3-2.2)
lished by AIST and CMAA (AIST Technical Report No. 6; Exx = nominal tensile strength of the weld
CMAA #70, respectively). Where notation did not exist, metal, ksi (MPa) (para. 3-3.4.1)
unique symbols are defined herein and have been F, = allowable axial compression stress, ksi
selected to be clear in meaning to the user. (MPa) (para. 3-2.2)
fo = computed axial compressive stresg, ksi
(08) 1-6.1 Symbols for Chapter 3 (MPa) (para. 3-2.4)
) F, = allowable bending stress; ksi (MPa)
2a = length of the nonwelded root face in the (para. 3-2.3.1)
direction of th? thickness of the tension- Fyy, Fy, = allowable bending stress’about the| x or
loaded plate, in. (mm) (para. 3-4.6) y axis, as indifated, ksi (MIPa)
A = cross-sectional area, in.? (mm?) (para. (para. 3-2.3.5)
3_.2'3'1) . fox, foy = computed bending stress about the x or
a = distance from the edge of the pinhole to y axis, asvindicated, ksi (IPa)
the edge of the plate in the direction of (para 323 5) ’
the applied load (pgra. 3-3'3'1). 9 > F, = allowable'critical stress due to combined
{iy = area of the compression flange, in.” (mm®) shear-and normal stresses, ksi (}IPa)
(parfi. 3-2.3.1) ., , (pata. 3-2.5)
4 = tensile stress area, in.” (mm?®) (para. 3-3.2) o Lleritical stress, ksi (MPa) (para. 3-2.3)
4, = total area of theztwo s};ear planes beyond F? ~ Euler stress’ for a prismatic mefber
the pinhole, - (mm?) (.p ara. 3-3.3.1) divided by the design factor, ksi (MPa)
B = factor for bending stress in tees and dou- (para. 3-2.4)
bl? angles (para. 3_2.'3'2) . F./, F./ = Euler stress about the x or y axis, as [indi-
b = width of a compression element, in. (mm) cated, divided by the design factof, ksi
(Table 3-1) . . (MPa) (para. 3-2.4)
b. = actual net width of a pin-connected plate F, = allowable bearing stress, ksi (VIPa)
between the edge of the hole and the edge b (para. 3-3.1) ’
of the plate on a line perpe?ndlcular .to F, = compressive residual stress in flangf, ksi
the line of action of the applied-load, in. (MPa) (Table 3-1)
.3-3.3.1 )
i = (mm)' (para. 3-3.3.1) . . F,, = allowable stress range for the dletail
s = effective width to each side. of the pin- d derati ksi (MPa)
hole, in. (mm) (para. 383.3.1) 1(1n er3 4C2)n51 eration, s a
i . v ara. 3-4.
(¢, = bending coefficient. dependent upon F o= a};I ble tensile str ksi (ViPa)
moment gradient (pata. 3-2.3.2) B ( 0W3 Zel) ensile stress, xs
. . ara. 3-2.
[. = column slenderness ratio separating elas- E o= Ii)l ble tensile st ¢ boltlsub
tic and inelasti¢' buckling (para. 3-2.2) t = a Otwc? : € ens;fe sdretss or a 21 c}slu -
[; = stress category constant for fatigue analy- ]‘ic € Okcf’?l:/ﬂin)e( ens;ogza)n qhear
sis (pafa; 8-4.5) stresses, ksi (MPa) (para. 3-3.2)
d. = coefficient applied to bending term in fi = computed axial tensile stress, ksi (MPa)
int€raction equation for prismatic mem- (para. 3-2.4) .
ber and dependent upon column curva- Fry = threshold value for F, ksi (NPa)
ture caused by applied moments (para. 3-4.5)
(cha. 3 24) E, = Qpprifipﬂ minimum ultimate tehsile
Cyuxs Cy = coefficient applied to bending term in strength, ksi (MPa) (para. 3'2~1)'
interaction equation about the x or y axis, F, = allowable shear stress, ksi (MPa)
as indicated (para. 3-2.4) (para. 3-2.3.6)
C, = strength reduction factor for pin- fo = computed shear stress, ksi (MPa)
connected plates (para. 3-3.3.1) (para. 3-2.5)
D = outside diameter of circular hollow sec- fufy = computed normal stress in the x or y
tion, in. (mm) (Table 3-1) direction, as indicated, ksi (MPa)
d = depth of the section, in. (mm) (para. 3-2.5)
(para. 3-2.3.1); diameter of roller, in. (mm) F, = specified minimum yield stress, ksi
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specified minimum yield stress of the
flange, ksi (MPa) (Table 3-1)

specified minimum yield stress of the
web, ksi (MPa) (Table 3-1)

shear modulus of elasticity

11,200 ksi (77200 MPa) for steel
(para. 3-2.3.2)

clear depth of the plate parallel to the
applied shear force at the section under

number of cycles for the i portion of
a variable amplitude loading spectrum
(para. 3-4.2)

allowable single plane fracture strength
beyond the pinhole, kips (N)
(para. 3-3.3.1)

allowable shear capacity of a bolt in a
slip-critical connection, kips (N)
(para. 3-3.2)

Mj

investigation. For rolled shapes, this
value may be taken as the clear distance
between flanges less the fillet or corner
radius, in. (mm) (para. 3-2.3.6).

minor axis moment of inertia, in.* (mm?*)
(para. 3-2.3.2)

torsional constant, in.* (mm?*) (para.
3-2.3.1)

effective length factor based on the
degree of fixity at each end of the member
(para. 3-2.2)

the actual unbraced length of the mem-
ber, in. (mm) (para. 3-2.2)

distance between cross sections braced
against twist or lateral displacement of
the compression flange, in. (mm)
(para. 3-2.3.2)

maximum laterally unbraced length of a
bending member for which the full plasg
tic bending capacity can be realized, uni*
form moment case (C, = 1.0), in, (inm)
(para. 3-2.3.1)

laterally unbraced length of:a-bending
member above which the limit state will
be lateral-torsional buckling, in. (mm)
(para. 3-2.3.2)

allowable major axisThoment for tees and
double-angle'members loaded in the
plane of symmetry, kip-in. (N-mm)
(para. 3:2.32)

numbér-of slip planes in the connection
(parad 3-3.2)
plastic moment,
(para. 3-2.3.1)
smaller bending moment at the end of
the unbraced length of a beam taken

about the Qh"nng axis of the member

kip-in. (N-mm)

rr

Sgi

SRref

allowable tensile strength thrpugh the
pinhole, kips (N) (para. 3-8.3.1
allowable double plane shear|strength
beyond the pinhole, kips (N)
(para. 3-3.3.1)
distance from-the center of the hole to
the edge of-the/plate in the difection of
the appliedddad, in. (mm) (parp. 3-3.3.1)
radius(of gyration about the axis under
consideration, in. (mm) (parp. 3-2.2),
radius of curvature of the edge of the
plate, in. (mm) (Commentary for
para. 3-3.3.1)
allowable bearing load on| rollers,
kips/in. (N/mm) (para. 3-3.1)
radius of gyration of a section cqmprising
the compression flange plus ong-third of
the compression web area, taen about
an axis in the plane of the web |in. (mm)
(para. 3-2.3.2)
minor axis radius of gyration, [in. (mm)
(para. 3-2.3.1)
stress range for the i portion of variable
amplitude loading spectrum, ksi (MPa)
(para. 3-4.2)
reference stress range to which N,
relates, ksi (MPa) (para. 3-4.2)
major axis section modulus, in.3 (mm?)
(para. 3-2.3.1)
thickness of the plate, in. (mm)
(para. 3-2.3.3); thickness of a compression
element, in. (mm) (Table 3-1)
thickness of the tension-loaded|plate, in.
(mm) (para. 3-4.6)

= thickness of the web, in. (mm) ([fable 3-1)
= leg size of the reinforcing or cantouring

M,

Ny

eq
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kip-in. (N-mm) (para. 3-2.3.2)

larger bending moment at the end of the
unbraced length of a beam taken about
the strong axis of the member, kip-in.
(N-mm) (para. 3-2.3.2)

desired design fatigue life in cycles of the
detail being evaluated (para. 3-4.6)
design factor (para. 3-1.3)

equivalent number of constant amplitude
cycles at stress range, Sgys (para. 3-4.2)
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fillet, if any, in the direction of the thick-
ness of the tension-loaded plate, in. (mm)
(para. 3-4.6)

loss of length of the shear plane in a pin-
connected plate, in. (mm) (Commentary
for para. 3-3.3.1)

major axis plastic modulus, in.®> (mm?)
(para. 3-2.3.1)

shear plane locating angle for pin-
connected plates (para. 3-3.3.1)
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(08) 1-6.2 Symbols for Chapter 4 Sec = corrected fatigue (endurance) limit of shaft
in reversed bending, ksi (MPa)
(para. 4-7.6.2)

Sf = computed fatigue stress, ksi (MPa)
[para. 4-7.6.3(a)]

Sg = portion of the computed tensile stress due
to fluctuating loads, ksi (MPa)

A = effective area of the vacuum pad enclosed
between the pad and the material when the
pad is fully compressed against the mate-
rial surface to be lifted (para. 4-10.1)

C, = basic dynamic load rating to theoretically

endure one million revolutions, per bearing [para. 4-7.6.3(d)]
mam.lfacturer, lb. (N) (para. 4'6'3? o S; = computed axial tensile stress, ksi (MPa)
d = nf:r“::“‘ sjhs.ft diameter—orbearinginside fpara—2=76-3(a1
diameter, in. (mm) (para. 4-6.4) S, = specified minimum ultimate~tehsile
D;|= diametral pitch, in.”" (mm™) (para. 4-5.3) strength, ksi (MPa) [para. 4-7.5()]
F|= face width of smaller gear, in. (mm) Sy = specified minimum yield stréngth, ksi
(para. 4-5.3) (MPa) [para. 4-7.6.3(d)]
F,[= axial component of the actual bearing load, UPC = calculated ultimate vactium pad capacity
Ib (N) (para. 4-6.3) (para. 4-10.1)
Fy|= minimum gripping force on each side of V = surface velocity 6f shaft, ft/min (m}/sec)
the load, 1Ib (N) (para. 4-9.1) (para. 4-6.4)
F,[= radial component of the actual bearing V, = minimum vaedum level specified at the pad
load, Ib (N) (para. 4-6.3) (para. 4-10.1)

VPR = maximam calculated pad rdting

GRpin [= minimum grip ratio (para. 4-9.1) ( 4-10.1)
para4-10.

H|= bearing power factor (para. 4-6.3)

K4 |= fatigue stress amplification factor (para W = bearihg load, Ib (N) (para. 4-6.4)
4_721) p para. X =sdynamic radial load factor per begring
: e o . manufacturer (para. 4-6.3)
o Ksr|= stress amplification factor for torsional ¥, = Lewis form factor (Table 4-1); dynamiclaxial
shear [para. 4-7.6.3(b)] load factor per bearing manufacfurer
Krp|= stress amplification factor for bending (para. 4-6.3)
[para. 4-7.6.3(a)] use = coefficient of static friction (para. 4-9)
Krp | = stress amplification factor for direct tension 0, = specified minimum yield stress, psi (MPa)
[para. 4-7.6.3(a)] (para. 4-5.3)
L|= bearing length, in. (mm) (para. 4-6.4) 7 = computed combined shear stress, ksi (MPa)
Ly [= basic rating life exceeded by 90% of bear- [para. 4-7.5(b)]
ings tested, hr (para. 4-6.2) T,y = portion of the computed shear stres$ not
Lc = allowable tooth load in bending, Ib (N) due to the fluctuating loads, ksi (MPa)
(para. 4-5.3) [para. 4-7.6.3(d)]
N |= rotational speed, rev./thir (para. 4-6.3) 77 = computed combined fatigue shear sfress,

N, [= vacuum pad design-factor based on orienta- ksi (MPa) [para. 4-7.6.3(b)]
7k = portion of the computed shear stresq due

tion of load (paray 4-.10'1) to fluctuating loads, ksi (MPa)
P|= average pressureypsi (MPa) (para. 4-6.4) [para. 47.6.3(d)]

Py]= dynamic équivalent radial load, Ib (N) 7r = computed torsional shear stress, ksi (MPa)

(para. 4<6.3) [para. 4-7.5(b)]

S$|= computed combined axial/bending stress, 7y = computed transverse shear stress, ksi (MPa)
ksi (MPa) [para. 4-7.5(a)] [para. 4-7.5(b)]

S.|=_‘eomputed axial stress, ksi (MPa) [para. 0 = angle of vacuum pad interface surface mea-
4-7.5(a)] sured from horizontal (para. 4-10.1)

Se = portion of the computed tensile stress not
due to fluctuating loads, ksi (MPa) 1-7 REFERENCES

[para. 4-7.6.3(d)] The following is a list of publications referenced in
Sy = computed bending stress, ksi (MPa) [para.  this Standard.

4-7.5(a)] ANSI/AGMA 2001-C95, Fundamental Rating Factors
S¢ = computed combined stress, ksi (MPa) [para. and Calculation Methods for Involute Spur and

4-7.5(0)] Helical Gear Teeth!
S. = fatigue (endurance) limit of polished,

unnotched specimen in reversed bending, ! May also be obtained from the American National Standards

ksi (MPa) (para. 4-7.6.2) Institute (ANSI), 25 West 43rd Street, New York, NY 10036.
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Chapter 2
Lifter Classifications

2-1 GENERAL

A Desjgn Category and Service Class shall be desig-
nated fof each lifter.

2-1.1 Selection

The sdlection of a Design Category (static strength
criteria) qnd Service Class (fatigue life criteria) described
in sectiofis 2-2 and 2-3 shall be based on the operating
conditions (use) and expected life of the lifter.

Commentary: The selections of Design Categories
and Servjce Classes allow the strength and useful life of
the lifter fo be matched to the needs of the user. A quali-
fied pergon or manufacturer must assure that the
Design Cptegory and Service Class specified for a partic-
ular lifte are appropriate for the intended use so as to
provide a design with adequate structural reliability and
expected| service life.

2-1.2 Rgsponsibility

The sellection of Design Category and Service Cldss
shall be fhe responsibility of a qualified person répre-
senting the owner, purchaser, or user of the liftingdevice.
If not specified by the owner, purchaser, or ‘tser, the
Design (ategory and Service Class shall be designated
by the q[alified person responsible for the design.

2-1.3 Idpntification

The Deesign Category and Service Class shall be
marked ¢n the lifter and _appear on quotations, draw-
ings, and documentatiofp.associated with the lifter.

Commentary: , <The purpose of this requirement is
to ensurg that the<désigner, manufacturer, and end user
are awarg of-the*assigned Design Category and Service
Class. T plcally, documents that reqwre the |nd|cated

calculations, and manuals.

2-1.4 Environment

All lifter components are assumed to operate within
the temperature range defined in para. 1-4.7 and normal
atmospheric conditions (free from excessive dust, mois-
ture, and corrosive environments). Lifter components
operating at temperatures outside the range specified
in para. 1-4.7 may require additional consideration.

Commentary. — AMmDbient operating temperaturg lim-
its are intended only to be a guideline. The component
temperature of each part of the lifter must(be-copsid-
ered when the device is operating in an epvironment
outside the limits defined in para. 1-4.7, The effegts of
dust, moisture, and corrosive atmospheric substgdnces
on the integrity and performance.of a lifter cannpt be
specifically defined. These design‘considerations must
be evaluated and accounted\for by the lifting device
manufacturer or qualified(person.

2-2 DESIGN CATEGORY

The design'categories defined in paras. 2-2.1 and[2-2.2
provide for\different design factors that establish the
stress 1imits to be used in the design. The design factors
are given in para. 3-1.3.

Lifters shall be designed to Design Category B, ulnless
a-qualified person determines that Design Categqry A
is appropriate.

Commentary: When selecting a Design Category,
consideration shall be given to all operations thaf will
affect the lifting device design. The discussions df the
Design Categories below and in Commentary for
para. 3-1.3 refer to considerations given to unintended
overloads in development of the design factors. These
comments are in no way to be interpreted as permjtting
a lifting device to be used above its rated load Under
any circumstances other than for load testing in accor-
dance with ASME B30.20 or other applicable safety
standards or regulations.

2-2.1 Design Category A

(a) Design Category A should be designated when
the magmtude and variation of loads apphed to the lifter
e ' ental

conditions are accurately defined or not severe.
(b) Design Category A lifting devices shall be limited
to Service Class 0.

(c) The nominal design factor for Design Category A
shall be in accordance with para. 3-1.3.

Commentary: The design factor specified in
Chapter 3 for Design Category A lifters is based on pre-
sumptions of rare and only minor unintended overload-
ing, mild impact loads during routine use, and a
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maximum impact multiplier of 50%. These load condi-
tions are characteristic of use of the lifter in work envi-
ronments where the weights of the loads being handled
are reasonably well known and the lifting operations are
conducted in a controlled manner. Typical characteris-
tics of the application for this Design Category include
lifts at slow speeds utilizing a well maintained lifting
device under the control of a lift supervisor and experi-
enced crane operator. This Design Category should not

does not necessarily account for all adverse environ-
mental effects.

2-3 SERVICE CLASS

The Service Class of the lifter shall be determined
from Table 2-1 based on the specified fatigue life (load
cycles). The selected Service Class establishes allowable

be usg tion 3-4)
use gre present. o o and design parameters for mechanical-¢components
Dgsign Category A is intended to apply to lifting

devikces used in controlled conditions, as discussed
aboMe. Practical considerations of various work environ-
ments indicate that the high numbers of load cycles that

(sections 4-6 and 4-7).

Table 2-1 Service Class

Service Class

Load Cycles

corrgspond to Service Class 1 and higher commonly

equate to usage conditions under which the design 0 @+ 20,000

factgr of Design Category A is inappropriate. Thus, the 1 20,001 - 100,000

use pf Design Category A is restricted to lifting device 2 100,001 - 500,000
appljcations with low numbers of load cycles (Service 3 500,001 - 2,000,004

Clas$ 0). 4 Over 2,000,000

2-2.2 Design Category B Commentary: Design for fatigue involvef an eco-

(a
the
liften
men|

(b
shall

Design Category B should be designated when
magnitude and variation of loads applied to the
are not predictable, where the loading and environ-
al conditions are severe, or not accurately defined.

The nominal design factor for Design Category B
be in accordance with para. 3-1.3.

Commentary: The design factor specified in
Chapter 3 for Design Category B lifters is based:on pre-
sumlfptions (compared to Design Category A) of a
greater uncertainty in the weight of the load being han-
dled| the possibility of somewhat greater unintended

nomic decision between desired life and cost. The intent
is to provide the owner with the opportunity [for more
economical designs for the cases where duty service is
less severe. A choice of five Service Classes is provided.
The load cycle ranges shown in Table 2-1 are qonsistent
with the requirements of ANSI/AWS D14.1.

Table C2-1 has been included to assist in determining
the required Service Class based on load cycles per day
and service life desired.

Table C2-1 Service Class Life

ovellloads, rougher handling of theload, which will Desired Life, years
resuft in higher impact loads, and-a maximum impact  cycles per Day 1 5 10 20 30
multjplier of 100%. These load conditions are character- s o 0 0 p 1
istic pf use of the lifter in work’environments where the 10 0 0 1 1 7
weights of the loads béing handled may not be well 25 0 1 ] ) 5
known and the lifting. 0perations are conducted in a 50 0 1 2 2 3
mor¢ rapid, production-oriented manner. Typical char- 100 1 2 2 3 3
actefistics of the.application for this Design Category 200 1 2 3 3 4
include roughr usage and lifts in adverse, less controlled 300 2 3 3 4 4
conditions. Design Category B will generally be appro- 750 2 3 4 4 4
1,000 2 3 4 4 4

priatp for_lifters that are to be used in severe environ-
mengsi However, the Design Category B design factor
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Chapter 3
Structural Design

3-1 GENERAL Allowable stresses for design conditions not
3-1.1 Pdrpose zfiiiiiz.sed herein shall be based on the following)design
This chapter sets forth design criteria for prismatic (a) Design factors for Design Categdny-A lifting

structurgl members and connections of a below-the-

devices shall be not less than 2.00 for'limit statps of

hook lifting device. yielding or buckling and 2.40 for limit’states of fragture
and for connection design.

(_:omr_nentary: The member aIIowabh.a stresses (b) Design factors for Desigh/Category B lifting

defined in Chapter 3 have generally been derived based  joyices shall be not less thar8.00 for limit statps of

on the agsumption of the members being prismatic.

yielding or buckling and 8.60 for limit states of fragture

Design of tapered members may require additional and for connection desivn

considefations. References such as AISC (2000), g

Appendix F3, anq Blodgett (1966), Section 4.6, may be Commentary: /,The static strength design provisions

useful for the design of tapered members. defined in Chapter'3 have been derived using a propabi-
: listic analysis\of the static and dynamic loads to which

3-1.2 Ldads lifters may.be subjected and the uncertainties|with
: which the'strength of the lifter members and connec-
Below{the-hook lifting devices shall be designed to 9

resist thelactual applied loads. These loads shall include
the rated|load, the weights of the individual components
of ‘the lilrLer, and other forces created by the operation

tions,.may be calculated. The load and strength uncer-
tainties are related to a design factor N, using eq. (C3-1)
(Cornell, 1969; Shigley and Mischke, 2001).

of the lifter, such as gripping force or lateral loads. Reso- 1+ 8/VE+ V&- B2VAV2

lution offthese loads into member and connection forees Ng = 122 C3-1)
shall be performed by an accepted structural analysis ~F Ve

method.

Commentary: The structural members and
mechan|cal components of a belowgthe-hook lifting
device are to be designed for the forces-imposed by the
lifted loafl (a value normally equalto the rated load), the
weights pf the device’s parts, @@nd”any forces, such as
gripping |or lateral forces, thatyresult from the function
of the delvice. The inclusion.of lateral forces in this para-
graph is [ntended to refér'to calculated lateral forces that
occur as|a result of the intended or expected use of the
lifter. Thip provisieniis not intended to require the use of
an arbitfary lateral load in lifter design. For most
designs|an@dded impact allowance is not required.
This iSSl.re js-discussed further in Commentaries for

The term Vjy is the coefficient of variation of th¢ ele-
ment strength. Values of the coefficient of variatign for
different types of structural members and connedtions
have been determined in an extensive research|pro-
gram sponsored by the American Iron and $teel
Institute (AISI) and published in a series of papers ih the
September 1978 issue (Vol. 104, No. ST9) of the Journal
of the Structural Division of the American Socigty of
Civil Engineers. Maximum values of Vx equal to p.151
for strength limits of yielding or buckling and 0.180 for
strength limits of fracture and for connection dg¢sign
were taken from this research and used for devglop-
ment of the BTH design factors.

The term Vs is the coefficient of variation of the gpec-
trum of loads to which the lifter may be subjected| The

paras. 3-T.3 and 3-5.T.

3-1.3 Static Design Basis

The static strength design of a below-the-hook lifting
device shall be based on the allowable stresses defined
in sections 3-2 and 3-3. The minimum values of the
nominal design factor Ny in the allowable stress equa-
tions shall be as follows:

Ny = 2.00 for Design Category A lifters

= 3.00 for Design Category B lifters
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BTH Committee developed a set of static and dynamic
load spectra based on limited crane loads research and
the experience of the Committee members.

Design Category A lifters are considered to be used at
relatively high percentages of their rated loads. Due to
the level of planning generally associated with the use
of these lifters, the likelihood of lifting a load greater
than the rated load is considered small and such over-
loading is not likely to exceed 5%. The distribution of
lifted loads relative to rated load is considered to be as
shown in Table C3-1.
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Table C3-1 Design Category A Static Load

Spectrum
Percent of Percent
Rated Load of Lifts
80 40
90 55
100 4
105 1

Prior to the first issuance of ASME B30.20 in 1986,
engineers in construction commonly designed lifting
devices using AISC allowable stresses and perhaps an
impact factor typically not greater than 25% of the lifted
load. The AISC specification provides nominal design
factors of 1.67 for yielding and buckling and 2.00 for
fracture and connections. Thus, the prior design
method, which is generally recognized as acceptable for
lifters now classified as Design Category A, provided
f 1.67 to

desian factors with re
=4

A gimilar distribution was developed for dynamic
loading. AISC (1974) reports the results of load tests per-
formed on stiffleg derricks in which dynamic loading to
the derrick was measured. Typical dynamic loads were
on the order of 20% of the lifted load and the upper
bounld dynamic load was about 50% of the lifted load.
Tests on overhead cranes (Madsen, 1941) showed
sompewhat less severe dynamic loading. Given these
publ|shed data and experience-based judgments, a load
spedtrum was established for dynamic loading
(Table C3-2).

TTble C3-2 Design Category A Dynamic Load

Spectrum
Dynaric Load Percent Percent
as Pdrcent of of Lifts of Lifts
Liftgd Load (Standard) (Special Case)

0 25 20

10 45 58

20 20 15

30 7 4

.0 2 2

50 1 1

A second dynamic load spectrum.was developed for
a spegcial case of Design Category(A.ySome manufactur-
ers ¢f heavy equipment such_as power generation
machinery build lifters to bé used for the handling of
theirlequipment. As such, the lifters are used at or near
100% of rated load for.gvery lift, but due to the nature
of those lifts, the dyfamic loading can reasonably be
expected to be soméwhat less than the normal Design
Category A liftexs~The distribution developed for this
specjal case is,shown in Table C3-2.

The range of total loads was developed by computing
the totalload (static plus dynamic) for the combination
of the'spectra shown in Tables C3-1 and C3-2. The

2.08 for member design and 2.00 to 2.50 fof)epnnection
design. The agreement of the computed BTH design
factors with the prior practice was felt to validate the
results.

A similar process was canducted forl Design
Category B. In this applicationy lifters are expected to
serve reliably under more,severe conditions, fincluding
abuse, and may be used to{lift a broader rang¢g of loads.
Thus, the range of both'static and dynamiq loads is
greater for Design Gategory B than for Design|Category
A. The BTH Comimittee developed a set of static and
dynamic load spectra based on the judgment and expe-
rience of the Committee members. Table C8-3 is the
static loadvspectrum; Table C3-4 is the [dynamic
spectrum.

Table C3-3 Design Category B Static Load

Spectrum
Percent of Percent
Rated Load of Lifts
50 40
75 50
100 8
120 2

Table C3-4 Design Category B Dynami¢ Load

appropriate statistical analysis yielded loading coeffi-
cients of variation of 0.156 for the standard design spec-
trum and 0.131 for the special case.

The last term in eq. (C3-1) to be established is the reli-
ability index, 8. The Committee noted that the current
structural steel specification (AISC, 2000) is based on a
value of B = 3. This value was adopted for Design
Category A. Using the values thus established, design
factors (rounded off) of 2.00 for limits of yielding or
buckling and 2.40 for limits of fracture and for connec-
tion design are calculated using eq. (C3-1).

Spectrum
Dynamic Load

as Percent of Percent
Lifted Load of Lifts

0 1

10 17

20 25

30 19

40 13

50 9

650 5

70 4

80 3

90 2

100 1

Again, the total load spectrum was developed and the
statistical analysis performed. The coefficient of varia-
tion for the loading was found to be 0.392.

Due to the greater uncertainty of the loading condi-
tions associated with Design Category B, the Committee
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elected to use a higher value of the reliability index. The
value of 3 used for Design Category A was increased by
10% for Design Category B (8 = 3.3).

Using these values, eq. (C3-1) is used to compute
(rounded off) design factors of 3.00 for limits of yielding
and buckling and 3.40 for limits of fracture and for con-
nection design. In order to maintain the same relation-
ship between member and connection design factors for
both Design Categories, the connection design factor is
specified

Lifters lused in the industrial applications of the types
for which Design Category B is appropriate have tradi-
tionally Qeen proportioned using a design factor of 3, as
has beer required by ASME B30.20 since its inception.
As with|the Design Category A design factor, this
agreemet between the design factor calculated on the
basis of fhe load spectra shown in Tables C3-3 and C3-4
and the ¢lesign factor that has been successfully used
for decades validates the process.

The pfovisions in this Standard address the most
common|types of members and connections used in the
design of below-the-hook lifting devices. In some cases,
it will bel necessary for the qualified person to employ
design methods not specifically addressed herein.
Regardlgss of the method used, the required member
and conrjection design factors must be provided.

The dgsign factors specified in para. 3-1.3 are stated
to be mipimum values. Some lifter applications may
result in|greater dynamic loading that will necessitate
higher désign factors. It is the responsibility of a quali-
fied perspn to determine when higher design factors are
required and to determine the appropriate valuesxin
such cases.

3-1.4 Fatigue Design Basis

Membegrs and connections subject to répeated loading
shall be ¢lesigned so that the maximum stress does not
exceed tlf: values given in sections 3-2 and 3-3 and the
maximuin range of stress does-not exceed the values
given in gection 3-4. Membersahd connections subjected
to fewer|than 20,000 cycles(Service Class 0) need not
be analyfed for fatigue!

3-1.5 Cdyrved Members

The dgsign oficutved members that are subjected to
bending [in the,plane of the curve shall account for the
increase [n\maximum bending stress due to the curva-

beam bending theory, the derivation of the equations by
which the bending stresses of a curved beam may be
computed are based on the fundamental assumption
that plane sections remain plane (Young and Budynas,
2002).

This stress distribution exists in the elastic range only.
Members that are of such proportions and material
properties that allow development of a plastic moment
will have the same maximum bending strength (i.e.,
i i or, et
al, 1971; Boresi and Sidebottom, 1985). Thus, the [peak
bending stresses due to the curvature must.be eyalu-
ated for members subject to cyclic loading and for
which the fatigue life must be assessed; but needl not
be considered for static strength desighfor membgrs in
which the plastic moment can be attained.

Classical design aids such,as{Pable 9.1 in Rofark’s
Formulas for Stress and Str@inAYoung and Budynas,
2002) may be used to satisfyithe requirement defined in
this section.

3-1.6 Allowable Stresses

All structural\members, connections, and connectors
shall be proportioned so the stresses due to the Joads
stipulated\in para. 3-1.2 do not exceed the allowable
stressegrand stress ranges specified in sections 3-2, 3-3,
and3-4. The allowable stresses specified in these segtions
dewnot apply to peak stresses in regions of connections,
provided the requirements of section 3-4 are satisfied.

Commentary: The allowable stresses and sfress
ranges defined in sections 3-2, 3-3, and 3-4 are {o be
compared to average or nominal calculated strgsses
due to the loads defined in para. 3-1.2. It is not intehded
that highly localized peak stresses that may be deter-
mined by computer-aided methods of analysis| and
which may be blunted by confined yielding, mugt be
less than the specified allowable stresses.

3-2 MEMBER DESIGN

Commentary: The requirements for the design of
flexural and compression members make use off the
terms “compact section” and “noncompact sectioh.” A
compact section is capable of developing a fully pjastic
stress distribution before the onset of local bucklipg in

ture, as applicable.

The stress increase due to member curvature need not
be considered for flexural members that can develop
the full plastic moment when evaluating static strength.
This stress increase shall be considered when evaluating
fatigue.

Commentary: Curved members subject to bending
exhibit stresses on the inside (concave side) of the curve
that are higher than would be computed using the con-
ventional bending stress formulas. As with straight

one or more of its compression elements. A non-
compact section is capable of developing the yield
stress in its compression elements before local buckling
occurs, but cannot resist inelastic local buckling at the
strain levels required for a fully plastic stress
distribution.

Compact and noncompact sections are defined by the
width-thickness ratios of their compression elements.
The appropriate limits for various compression ele-
ments common to structural members are given in
Table 3-1. Compression elements that are more slender

16
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than is permitted for noncompact shapes may fail by
local buckling at stress levels below the yield stress.
Refer to Commentary to paras. 3-2.3.6, last paragraph,
and 3-2.6, last paragraph, for comments on slender
elements.

3-2.1 Tension Members

The allowable tensile stress F; shall not exceed the

valup-given-by—ed- on-the-gross-area—northe-value

given by eq. (3-2) on the effective net tensile area.
F= 31
FE N, G-1)
F oo (3-2)
T 1.20N,
whete
F,| = specified minimum ultimate tensile strength
F,| = specified minimum yield stress
Rdfer to para. 3-3.3 for pinned connection design

requjrements.

3-2.2 Compression Members

THe allowable axial compression stress F, on the gross
area|where all of the elements of the section meet the
nondompact provisions of Table 3-1 and when the largest
slendlerness ratio Ki/r is less than C, is

(K1/r)?
{1 rYe ]Fy
F, = - (3-3)
9(Kl/r) 3(Kl/r)3}

Ny 1+ -
d[ 40C. 406
whefe

C = (3-4)

When KI/r exceed§)Cy, the allowable axial compressive
stresp on the gross section is

#E

Fp=———— 3-5
1.15N, (Kl/r)? )

0.50F,, as is commonly used in structural design speci-
fications today (e.g., AISC, 1974; AIST Technical Report
No. 6; CMAA #70; SAE J1078). The slenderness ratio
equal to C; defines the border between elastic and
inelastic buckling.

As is the practice in the above-cited standards, the
design factor with respect to buckling in the inelastic
range [eq. (3-3)] varies from N, to 1.156N,. The design
factor in the elastic range [eq. (3-5)] is a constant 1.15N,

i L] e i actor for
very short compression members is justifigd by the
insensitivity of such members to the bending [that may
occur due to accidental eccentricities. The-higher design
factor for more slender members provides added pro-
tection against the effect of such.bending stresses.

The effective length factor/K\provides a cgnvenient
method of determining the Buckling strength of com-
pression members otherithan pin-ended strutd. General
guidance on the value-of-K for various situatiops can be
found in Chapter €.0f'the AISC Commentaly (AISC,
1989 or AISC, 2000). Extensive coverage of the[topic can
be found in Galambos (1998).

3-2.3 .Flexural Members

3-2:3.1 Strong Axis Bending of Compact Sections.
The’allowable bending stress F, for members with com-
pact sections as defined by Table 3-1 symmetrigal about,
and loaded in, the plane of the minor axis,|with the
flanges continuously connected to the web or webs, and
laterally braced at intervals not exceeding L, as defined
by eq. (3-7) for I-shape members and by eq. (3-8) for
box members is

_ 110F, e
S (3-6)

E 0.67E
L, = 1.76r \/:s (3-7)

’ "\F, " F,d/A;

0.13r,E
. = —M: JA (3-8)
where
A = cross-sectional area

Ay = area of the compression flange
d = depth of the section

whete
E = modulus of elasticity
K = effective length factor based on the degree of
fixity at each end of the member

I = the actual unbraced length of the member

r = radius of gyration about the axis under
consideration

Commentary: The formulas that define the allow-

able axial compression stress are based on the assump-
tion of peak residual compressive stresses equal to

f——torstonalconstant
p = plastic moment
F,Z,<15F,S, for homogeneous sections
y = minor axis radius of gyration

major axis section modulus

Zy = major axis plastic modulus

ﬁ
I

192
=
I

For circular tubes with compact walls as defined by
Table 3-1 or square tubes or square box sections with
compact flanges and webs as defined by Table 3-1 and
with the flanges continuously connected to the webs,
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Table 3-1 Limiting Width-Thickness Ratios for Compression Elements

Width- Limiting Width-Thickness Ratios
Thick-
ness
Description of Element Ratio Compact Noncompact
Flanges of I-shaped rolled beams and channels
in flexure b/t 0.38E/F, 0.83/E/F; [Note (1)]
Flanges of [-shaped hybrid or welded beams in
flexure b/t 0.38/E/Fy 0.95./k. E/F, [Notes\(1),"(®)]
Flanges prgjecting from built-up compression
member b/t 0.64 k. E[F, [Note (3]
Flanges of [-shaped sections in pure compres-
sion, pldtes projecting from compression ele-
ments, dutstanding legs of pairs of angles in b/t 0.56 JE/F,
continugus contact; flanges of channels in
pure comMipression
Legs of single angle struts; legs of double angle
struts with separators; unstiffened elements, b/t 0.45/E/F,
i.e., supported along one edge
Stems of tg¢es d/t 0.75E/F,
Flanges of frectangular box and hollow structural
sections|of uniform thickness subject to bend-
ing or cdmpression; flange cover plates and b/t 1.12,/EfF, 1.40/E/F,
diaphragm plates between lines of fasteners
or welds]
Unsupportéd width of cover plates perforated ==
with a sliccession of access holes [Note (3)] b/t 1.86 VE/Fy
Webs in flgxural compression [Note (4)] h/t, 3.76 JE/F, [Note (5)] 5.70 /E/F, [Note (5)
Webs in cdmbined flexural and axial com- For Ngfa/F, < 0.125 [Note (5)]
pression N
3.76\/E 1= 2,75 Nl
Fy Fy E Ng fo
5.70 F 1-0.74 3
h/ty For Nyfa/F, > 0.125 [Note (5)] Y Y
[Note (5)]
E Nd fa
1.12 /=(2.33 -
Fy Fy
> 1.49 JE/F,
All other upiformly compressed,_stiffehed b/t 1.49 JEJF
elements; i.e., supported along two edges h/ty, ’ y
Circular hollow sections
In axial gompression D/t . 0.11 E/F,
In flexurg 0.07 E/F, 0.31 E/F,
NOTES:
(1 F 3 smaller of (F;— F) or F,,, ksi (MPa)
F, = compressive residual stress in flange
= 10 ksi (69 MPa) for rolled shapes
= 16.5 ksi (114 MPa) for welded shapes
@ =% and0.35 <k <0763
Jhity

(3) Assumes net area of plate at the widest hole.
(4) For hybrid beams, use the yield stress of the flange F .
(5) Valid only when flanges are of equal size.
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the allowable bending stress is given by eq. (3-6) for any
length between points of lateral bracing.

tension flange. For channels bent about the major axis,
the allowable compressive stress is given by eq. (3-17).

When

Commentary: The bending limit state for members
with compact sections and braced at intervals not 3.19EC, L, 17.59EC,
exceeding the spacing defined by eqgs. (3-7) or (3-8) is p—ygas p—y (3-13)
the plastic moment. Generally, structural shapes have a
major axis shape factor (ratio of plastic modulus to sec- F(Ly/r)*|F, _F,
tion modulus) that is 12% or greater (AISC 1989 F, = [1'10_W}5Cb]ﬁd£ﬁd (6-14)
Com : i
compact sections provides a lower bound design factor When
of N} with respect to the plastic moment. L, 1759EC,
= F (3-15)
(08) 312.3.2 Strong Axis and Weak Axis Bending of Non- T Y
compact Sections. The allowable bending stress for 7EC, F,
menpbers with noncompact sections as defined by b= m N, (3-16)
Tabl¢ 3-1, loaded through the shear center, bent about 4
eithdr the major or minor axis, and laterally braced at
intervals not exceeding L, for major axis bending as For any value of L;/#r
defiped by eq. (3-10) for I-shape members and by
eq. (B-11) for box members is given by eq. (3-9). For 0.66EC, _E, (3-17)

channels bent about the strong axis, the allowable bend-
ing dtress is given by eq. (3-16).

by (3-9)

Fb:m

F,S,
Cy = 1.75 + 1.05(M;/M,) + 0.3(M; /Mg £2.3 (3-12)

whe

e M; is the smaller and M, is.the larger bending

monjent at the ends of the unbracéd length, taken about

the $trong axis of the member, and where M;/M; is  where

positive when M; and M, have ‘the same sign (reverse a = 1.0 if the stem is in compression
curvpture bending). C, may be conservatively taken as = 1.25 if the stem is in tension
unity. When the bending,moment at any point within B = +2.3(d/Ly) \/T/]

an unbraced lengthris\larger than that at both ends of G = shear modulus of elasticity

bending.stress in tension is given by eq. (3-9). For an
£ 2]

o = Naaray = N,

where
=.\distance between cross sections braced against
twist or lateral displacement of the fompres-
sion flange

31972EC rr = radius of gyration of a section comptising the
L = [2220I=st (3-10) i 1 i
r T compression flange plus % of the compression
Y web area, taken about an axis in the| plane of
2r,EJJA the web
L = L (3-11)

The allowable major axis moment M for teesfand dou-
ble-angle members loaded in the plane of symmetry is

JELG F,aS,
= Ty ](B+ 1+ B) <22

T Ng L Ny

(3-18)

I, minor axis moment of inertia

The value B is positive when the stem is i tension
and negative when the stem is in compression gnywhere
along the unbraced length.

I_ShCIIJC lllCJ.J.LbCL fUl VVhi\_h thc ullbla\_cd }Cll&th Ul tllc
compression flange falls into the range defined by
eq. (3-13), the allowable bending stress in compression
is the larger of the values given by egs. (3-14) and (3-17).
For an I-shape member for which the unbraced length
of the compression flange falls into the range defined by
eq. (3-15), the allowable bending stress in compression is
the larger of the values given by egs. (3-16) and (3-17).
Equation (3-17) is applicable only to sections with a
compression flange that is solid, approximately rectan-
gular in shape, and that has an area not less than the

19

Commentary: Noncompact shapes that are braced
at intervals not exceeding the spacing defined by
eqgs. (3-10) or (3-11) have a limit state moment that
equates to outer fiber yield. The allowable bending
stress for members with noncompact sections provides
a design factor of Ny with respect to outer fiber yielding.

I-shape members and channels bent about the strong
axis may fail in lateral torsional buckling. Equations
(3-13) through (3-17) define allowable bending compres-
sion stresses that provide a design factor of Ny with
respect to this limit state.
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The allowable moment expression for tees and dou-
ble angle members eq. (3-18) defines the allowable
moment based on the lesser limit state of lateral tor-
sional buckling (Kitipornchai and Trahair, 1980) or yield
(Ellifritt, et al, 1992). The value of a = 1.25 is based on
the discussion in Commentary for para. 3-2.3.4.

3-2.3.3 Strong Axis Bending of Solid Rectangular
Bars. The allowable bending stress for a rectangular

Commentary: Many shapes commonly used in lift-
ing devices have shape factors that are significantly
greater than 1.12. These include doubly symmetric
I- and H-shape members with compact flanges bent
about their weak axes, solid round and square bars, and
solid rectangular sections bent about their weak axes.
The shape factors for these shapes are typically 1.50 or
greater.

The allowable bending stress for these shapes

section of depth d and thickness 7 is given as follows:
When

LLCI<O.08E
£ - Fy

(3-19)

_ 1.25F,

b N, (3-20)

When

0.08E _Lid _19E
F}/ <t—2SF—y (3-21)

(3-22)

L,d\F,1F, _1.25F,
F, = Gy |1.52 - 0.274 i

Y
2 JE|N;~ Ny
When

Lyd 19E
? > F_y (3—23)

1.9EC,

=— 3-24
" Nu(Lod/P) o2

Commentary: The provisions of this section are
taken flom AISC (2005). The ceefficient 1.25 in
eqgs. (3-20) and (3-22) is based\on'the discussion in
Commentary for para. 3-2.3.4.

3-2.3]4 Weak Axis Bending of Compact Sections,
Solid Bars, and Rectangular Sections. For doubly sym-
metric I-|and H-shape members with compact flanges
as defingd by Tablé 3-1 continuously connected to the
web and| bent-about their weak axes, solid round and
square bprs;and solid rectangular sections bent about

eq. (3-25) gives a design Tactor of T.20N; or greater with
respect to a limit state equal to the plastic moment| This
allowable stress results in a condition in\which the
bending stress will not exceed yield under'the maxi-
mum loads defined in the load spectra upon which the
design factors are based. The Design<{Category A spec-
tra define a maximum static loadequal to 105% af the
rated load and a maximum impact equal to 50% gf the
lifted load. Thus, the thearetical maximum bending
stress is 1.25F, (1.05 x 1.50)/2.00 = 0.98F,. The Dgsign
Category B spectra define“a maximum static load ¢qual
to 120% of the rated jead and a maximum impact ¢qual
to 100% of the lifted load. Thus, the theoretical maxi-
mum bending.stress is 1.25F, (1.20 x 2.00)/3.00 = |F,.

3-2.3,5 'Biaxial Bending. Members other than dylin-
drical members subject to biaxial bending with no [axial
load'shall be proportioned to satisfy eq. (3-26). Cylindri-
cal, members subject to biaxial bending with no Jaxial
lpad shall be proportioned to satisfy eq. (3-27).

fb—x+@sl.0

326
Fbx Fby )
2 + 2
RSP 3-27)
Fy

fex O fy, = computed bending stress about the{ x or
y axis, as indicated

Fyy or Fp, = allowable bending stress about the|x or
y axis, as indicated, from para. 3-2.

3-2.3.6 Shear on Bars, Pins, and Unstiffened Plates.
The average shear stress F, on bars, pins, and unstiffiened

plates for which h/t < 2.45,/E/F, shall not exceed

A==

F
F, = — 3-28)
N./3

their weak axes, the allowable bending stress is

_125F,

b N, (3-25)

For rectangular tubes or box shapes with compact
flanges and webs as defined by Table 3-1, with the
flanges continuously connected to the webs, and bent
about their weak axes, the allowable bending stress is
given by eq. (3-6).
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h = clear depth of the plate parallel to the applied
shear force at the section under investigation.
For rolled shapes, this value may be taken as
the clear distance between flanges less the fillet
or corner radius.
t = thickness of the plate

Methods used to determine the strength of plates sub-
jected to shear forces for which h/t > 2.45/E/F, shall
provide a design factor with respect to the limit state

Not for Resale


https://asmenormdoc.com/api2/?name=ASME BTH-1 2008.pdf

ASME BTH-1-2008

of buckling not less than the applicable value given in
para. 3-1.3.

ﬁ + —'f%x +f%y <1.0

3 T (3-36)

Commentary: The allowable shear stress expres- In egs. (3-29) through (3-36),
sion is based on CMAA #70, which specifies the allow- f, = computed axial compressive stress
able shear stress as a function of the shear yield stress. F, = allowable axial compressive stress from para.
The shear yield stress is based on the Energy of Distor- 329
tion Theory (Shigley and Mischke, 2001). The limiting
slenderness ratio of plates in shear is taken from F’/ = 7E
AISC_(2000) : TSN

Experience has shown that the members of below- . .
the-hook lifting devices are not generally composed of fi = computed axial tensile stress

F; = allowable tensile stress from para. 3{2.1

slenfler shear elements. Therefore, provisions for the
design of slender shear elements are not included in the
Stangdard.

3-2.4 Combined Axial and Bending Stresses

Mgembers subject to combined axial compression and
bending stresses shall be proportioned to satisfy the
following requirements:

(a) All members except cylindrical members shall sat-
isfy £gs. (3-29) and (3-30) or (3-31).

where the slenderness ratio Kl/*is"that in the
bending under consideration

plane of

Cu = Gy = Cmy 1.0

Lower values for €,,, C,, or C,;,, may be usqd if justi-
fied by analysis:

Commentary: The design of members qubject to

(b) When f,/F, <0.15, eq. (3-31) is permitted in lieu of . : ) .
i d (3-30 combinediaxial compression and bending myst recog-
egs. [3-29) and ( ). . e
nize.the ' moment amplification that results from P-A
C C effects. The formulas given in this section are taken
fa mxfbx myfby <
E, + 7 + 3 <1.0 (3-29) from AISC (1989) with modifications as necg¢ssary to
(1 - _f>Fbx (1 - _r)Fby account for the design factors given in this Stapdard. An
e Y in-depth discussion of axial-bending interactioh and the
f f o derivation of these formulas may be found in Galambos
1+ <10 (3-30)  (1998).
Fy/Ng = Fpe  Fiy . . o
The interaction formulas for cylindrical members rec-
fi foo S ognize that the maximum bending stresses gbout two
E R, £, <10 (3-31) mutually perpendicular axes do not occur at the same
point. Equations (3-32), (3-33), and (3-34) are pased on
(c) Cylindrical members shall satisfy egs. (3-32) and the assumption that C,,, F,’, and F, have the same

(3-33) or (3-34).
(d) When f,/F, < 0.15, eq. (3-34) is permitted in lieu
of egs. (3-32) and (3-33).

fa Cm\ f%x +f127y

values for both axes. If different values are applicable,
different interaction equations must be uded (e.g.,
API RP 2A-WSD).

3-2.5 Combined Normal and Shear Stresses

A 7 <1.0 (3-32)
2 (1 - —”,) Fy Regions of members subject to combined ngrmal and
F, shear stresses shall be proportioned such that the critical
stress f,, computed with eq. (3-37) does not exceed the
2 2
fa + Vfox + fiy <10 (3-33) allowable stress F., defined in the equation.
Fy/Nqg F, T
F
T fr=~F St fi k=g (%)
Sy IV 0 (3-34)
F a F b
where
(e) Members subject to combined axial tension and F., = allowable critical stress due to combined shear
bending stresses shall be proportioned to satisfy the and normal stresses
following equations. Equation (3-35) applies to all mem- fo = computed shear stress
bers except cylindrical members. Equation (3-36) applies fr = computed normal stress in the x direction
to cylindrical members. fy = computed normal stress in the y direction
fr +Jk +,@< 10 (3-35) Commentary: Equation (3-37) is the Energy of
Fo Fpe Fp ™ Distortion Theory relationship between normal and
21
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shear stresses (Shigley and Mischke, 2001). The allow-
able critical stress is the material yield stress divided by
the applicable design factor, N, For the purpose of this
requirement, the directions x and y are mutually per-
pendicular orientations of normal stresses, not x-axis
and y-axis bending stresses.

3-2.6 Local Buckling

The wi
shall be less than or equal to the values given in Table 3-1
to be fully effective.

Methofls used to determine the strength of slender
compresgion elements shall provide a design factor with
respect tp the limit state of buckling not less than the
applicable value given in para. 3-1.3.

Comnmpentary: Compression element width-thick-
ness ratios are defined for compact and noncompact
sections [in Table 3-1. The limits expressed therein are

As with slender plates subjected to shear, below-the-
hook lifting devices are not generally composed of slen-
der compression elements. Therefore, provisions for the
design of slender compression elements are not
included in this Standard.

3-3 CONNECTION DESIGN

enera

In connection design, bolts shall not be considerpd as
sharing stress in combination with welds) When the
gravity axes of connecting, axially stressed membe}s do
not intersect at one point, provisionshall be made for
bending and shear stresses due {o“eccentricity i the
connection.

The allowable bearing streSs'F, on the contact atea of
milled surfaces, fitted beafing stiffeners, and other|steel
parts in static contact is

based or) Table B5.1 of AISC (2000). Definitions of the
dimensipns used in Table 3-1 for the most common _ L8k 3-38)
compres$ion elements are illustrated in Fig. C3-1. P 1.20N,
Fig. C3-1 Selected Examples of Table,3-1 Requirements
b
b | b ’<—>M
t t b 4
%' ) +_|‘—I>| " /:1\:\ ~ /—|—:\
| \ ] A — ] t A |
; .
[ "3 |y |
— ] h i _ b
h h X o
—> ty " > <—t, sinml
C b 1
Y Y Y I
| E— — — N— N\ —/
(a) Rollgd Beam (b) Welded Beam (c) Structural Tube (d) Structural Tubje
Strong Axis Bending Weak Axis Bending
s b A -
Y .
I
t |
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] E | I — L b | A
» || - t L‘ - '
' t
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|
(e) Welded Box (f) Welded Box (g) Tee
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The allowable bearing load R, in kips per inch of
length (N/mm) on rollers is

__a [h-
Ry = 1.20Nd< 2066

= 1.21if d <25 in. (635 mm)
6.0 if d > 25 in. when using U.S. Customary

(3-39)

The allowable shear stress F, of the bolt is

0.62F,

v = 120N, 4D

The actual shear stress f, shall be based on the gross
area of the bolt if the shear plane passes through the
bolt shank, or the root area if the shear plane passes
through the threaded length of the bolt and the bolt
shear due to the applied loads as defined in para. 3-1.2.

Tnits (F,, Ksi)
30.2if d > 635 mm when using Sl units (F,, MPa)

The allowable bearing stress F,, of the copngcted part
on the projected area of the bolt is

c| = dif d £25in. (635 mm)
= Jd if d > 25 in. (635 mm) _ 240F, (3-42)
d| = diameter of roller ’ " 1.20N,
fl = 13 when using U.S. Customary units (F,, ksi)
. . y where
= 90 when using SI units (F,, MPa) _ L . . .
Fl=1 eld ¢ th y . F, = the specified minimum ultimate¢ tensile
y| = lower yield stress of the parts in contact strength of the tonfiected part
Cbmmentary: Design of bolted and welded con- The allowable tensile’stress F; for a bolt sulpjected to
nectfons follow the same basic procedures as are combined tensiontand shear stresses is
defined in AISC (1989) and ANSI/AWS D14.1. The pri- , 5 5
mary changes are in the levels of allowable stresses that Fi = JF - 2.60f3 (3-43)
have been established to provide design factors of 2.40 . -
or 3.60 with respect to fracture for Design Categories A .T.h elallowabte snearhcapaat}; P.s of a ?Olt n a slip
or B respectively. critica connectlpn in which the faying surfaces|are clean
The allowable bearing stress defined by eq. (3-38) is ang, inpainted is
baseld on AISC (1989) and AISC (2000). A lower allow- 0.26AF,
able|bearing stress may be required between parts that P = m350N, (3-44)
will move relative to one another under load. Equation
(3-39) is based on AISC (2000) and Wilson (1934). As where
used throughout this Standard, the terms milled"sur- As; = tensile stress area
face{ milled, and milling are intended to include surfaces m = number of slip planes in the connection
that have been accurately sawed or finished to a true
plang by any suitable means. The hole diameters for bolts in slip-critica] connec-
THese bearing stress limits applyrorily to bearing  tions shall not be more than Y in. (2 mm) grdater than
between parts in the lifting device,"Bearing between the bolt diameter. If larger holes are necessary, the capac-
partd of the lifter and the item (being handled must be ity of the connection shall be reduced accordingly.

evalliated by a qualified person taking into account the
natufre of the item and its practical sensitivity to local
compressive stress.

3-3.2 Bolted Connections

A
two
ming
a mi
ture of the Connected parts in tension, shear, or block
shear.

The allowable tensile stress F; of the bolt is

boltedtcomnection shall consist of a minimum of
bolts: Bolt spacing and edge distance shall be deter-
d by-an accepted design approach so as to prov1de

Fll

Fe= 130w,

(3-40)

The actual tensile stress f; shall be based on the tensile
stress area of the bolt and the bolt tension due to the
applied loads as defined in para. 3-1.2.

23

The slip resistance of connections in which the faying
surfaces are painted or otherwise coated shall[be deter-
mined by testing.

Bolts in slip-critical connections shall be tightened
during installation to provide an initial tension equal to
at least 70% of the specified minimum tensilg strength
of the bolt. A hardened flat washer shall be used under
the part turned (nut or bolt head) during ingtallation.
Washers shall be used under both the bolt headl and nut

a specified minimum y1eld stress less than 40 ksi
(276 MPa). Only ASTM A 325 or ASTM A 490 bolts shall
be used in slip-critical connections.

Bolted connections subjected to cyclic shear loading
shall be designed as slip-critical connections unless the
shear load is transferred between the connected parts
by means of dowels, keys, or other close-fit elements.

Commentary: A bolted connection is defined for
the purpose of this Standard as a nonpermanent con-
nection in which two or more parts are joined together
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with threaded fasteners in such a manner as to prevent
relative motion. A connection in which a single fastener
is used is considered a pinned connection and shall be
designed as such.

Allowable stresses or allowable loads in bolts are
established as the ultimate tensile strength, the ultimate
shear strength, or slip resistance divided by the appro-
priate design factor. The ultimate shear strength is taken
as 62% of the ultlmate tensile strength (Kulak et al.,
1987). Thi
bolted cqnnections. If the length of a bolted connection
exceeds pbout 15 in. (380 mm), the allowable shear per
bolt shopld be reduced to account for the increasing

The slip resistance of connections in which the bolt
holes are more than %g in. (2 mm) greater than the bolts
exhibit a reduced slip resistance. If larger holes are nec-
essary, the test results reported in Kulak et al., (1987)
can be used to determine the reduced capacity of the
connection.

The slip resistance defined in this Standard is based
on faying surfaces that are free of loose mill scale, paint,
and other coatmgs The slip reS|stance of painted or
type
ne a

and thickness of coatlng It is not practical to_def
general acceptable slip resistance for such cennections.
Testing to determine the slip resistance is required for

inefficiepcy of the connection (Kulak et al., 1987). slip-resistant connections in which the faying surfaces
Equation (3-43) is derived from Kulak et al., (1987), are painted or otherwise coated (Yura,and Frank, 1p85).
eq. 4.1. Actual stresses due to applied loads are to be The design provisions for slip-critical connections are

computefl based on the bolt's gross area, root area, or based on experimental research (Kulak et al., 198}) on
tensile stress area, as applicable. connections made with ASTIMIA 325 and A 490 bolts.
‘The configuration of bolted connections in lifting In the absence of similarresearch results using pther

devices ill likely vary greatly from the standard types
of connegtions used in steel construction. This Standard
does nof attempt to address the many variances with
respect o evaluating the strength of the connected
pieces other than to require that the strength of the con-
nected plieces within the connection provide a design
factor of fat least 1.20N,.

Figure|C3-2 illustrates the special case of block shear
failure of a connected part. The strength of the part is
the sum|of the allowable tensile stress acting on the
indicated tensile area plus the allowable shear stress
acting on the indicated shear area. Although the figure
shows a|bolted connection, this type of failure can also
occur in p welded connection.

Fig. C3-2 Block Shear

Top flange cut back7

Shear area

types and grades of bolts, para. 3-3.2 limits the types of
bolts that may be used'in slip-critical connectiops to
ASTM A 325 and A 490.

3-3.3 Pinned<Connections

Commentary: A pinned connection is defined for
the_purpose of this Standard as a nonpermanent|con-
nection in which two or more parts are joined toggther
imsuch a manner as to allow relative rotation. Evep if a
threaded fastener is used as the pin, the connectipn is
still considered a pinned connection and shalll be
designed as such.

3-3.3.1 Static Strength of the Plates. The strgngth
of a pin-connected plate in the region of the pinhole
shall be taken as the least value of the tensile strgngth
of the effective area on a plane through the center of

| Direction_of the pinhole perpendicular to the line of action gf the
fond”eCt'O“ applied load, the fracture strength beyond the pimhole
oa

on a single plane parallel to the line of action of the
applied load, and the double plane shear strepngth
beyond the pinhole parallel to the line of action df the

“~ 7‘ applied load.
Tensile area The allowable tensile strength through the pinhgle P;
shall be calculated as follows:
P, =C 1,ZUNd7fh/§[ 3-45)

GENERAL NOTE: Failure occurs by tearing out of shaded portion.

A slip-critical connection is a connection that trans-
mits shear load by means of the friction between the
connected parts. Development of this friction, or slip
resistance, is dependent on the installation tension of
the bolts and the coefficient of friction at the faying sur-
faces. Equation (3-44) is based on a mean slip coefficient
of 0.33 and a confidence level of 90% based on a cali-
brated wrench installation (Kulak et al., 1987).
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where
by = effective width to each side of the pinhole

2
C, =1-0275 [1- 2%
Dj;
where

D, = hole diameter
D, = pin diameter

(3-46)

(08)
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The value of C, may be taken as 1.00 for values of
Dp/ Dy, greater than 0.90.

The effective width shall be taken as the smaller of
the values calculated as follows:

The strength equations for the plates are empirical,
based on research (Duerr, 2006). The effective width
limit of the tensile stress area defined by eq. (3-47)
serves to eliminate dishing (out of plane buckling of the
plate) as a failure mode. Otherwise, the strength equa-

bey < 4t < b, (3-47) tions are fitted to the test results. The dimensions used
in the formulas for pin-connected plates are illustrated
Fy |Dy in Fig. C3-3.
by < b, 0.6 TS <b, (3-48)
: Fig€3-3—Pin-C ion (08)
whete
bj = actual width of a pin-connected plate between Direction of

the edge of the hole and the edge of the plate
on a line perpendicular to the line of action of
the applied load

THe width limit of eq. (3-47) does not apply to plates
that pre stiffened or otherwise prevented from buckling

applied load Shear planes
Curved edge N T/ZJ

X T TR
a S |
V /// : : / R

<

out ¢f plane. A 9
THe allowable single plane fracture strength beyond D, YL
. . CL hole
the pinhole P, is \

p, = C, i fyaa(g - Do), 0920 | 0 g
b= S 120N, 2 ) 17o/p, G

whete
R [= distance from the center of the hole to the edge
of the plate in the direction of the applied load

THe allowable double plane shear strength beyond
the pinhole P, is

b _ 070,
v T 120N °

(3-50)
whete

A, = total area of the two shear\planes beyond the
pinhole

A, = 2|a + S (1 —cos ¢) |t (3-51)

whete
a = distance from the edge of the pinhole to the
edge ofthe plate in the direction of the applied

A
Y

{

The ultimate shear strength of steel is ofter] given in
textbooks as 67% to 75% of the ultimate tensile|strength.
Tests have shown values commonly in the range of 80%
to 95% for mild steels (Lyse and Godfrey, 1933; Tolbert,
1970) and about 70% for T-1 steel (Bibber, et |al, 1952).
The ultimate shear strength is taken as 70% of the ulti-
mate tensile strength in eq. (3-50).

The shear plane area defined by eq. (3-51) is[based on
the geometry of a plate with a straight edge bgyond the
hole that is perpendicular to the line of actipn of the
applied load. Note that the term in brackets in feq. (3-51)
is the length of one shear plane. If the edge offthe plate
is curved, as illustrated in Fig. C3-3, the losq of shear
area due to the curvature must be accounted for. If the
curved edge is circular and symmetrical aboyt an axis
defined by the line of action of the applied Ipad, then

loadyand the loss of length of one shear plane Z’ is|given by
eqg. (C3-2), where ris the radius of curvature of|the edge
D
&b = 55 —F (3-52) of the plate.
Dy
z'=r= [P (Pogn o) (C3-2)
Commentary: A pin-connected plate may fail in the - - sin ¢

region of the pinhole in any of four modes. These are
tension on the effective area on a plane through the
center of the pinhole perpendicular to the line of action
of the applied load, fracture on a single plane beyond
the pinhole parallel to the line of action of the applied
load, shear on two planes beyond the pinhole parallel to
the line of action of the applied load, and by out of
plane buckling, commonly called dishing.

Pin-connected plates may be designed with doubler
plates to reinforce the pinhole region. There are two
methods commonly used in practice to determine the
strength contribution of the doubler plates. In one
method, the strength of each plate is computed and the
values summed to arrive at the total strength of the
detail. In the second method, the load is assumed to be
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shared among the individual plates in proportion to
their thicknesses (i.e., uniform bearing between the pin
and the plates is assumed). The method to be used for
design of any particular connection shall be determined
by a qualified person based on a rational evaluation of
the detail.

3-3.3.2 Combined Stresses. If a pinhole is located
at a point where significant stresses are induced from

subject to cyclic loading. Connections in devices
designed for Service Classes 1 through 4 shall be
machined as required to avoid the notches that result
from flame cutting.

3-3.3.4 Bearing Stress. The bearing stress between
the pin and the plate, based on the projected area of the
pin, shall not exceed the value given by eq. (3-53), where
F, is the yield stress of the pin or plate, whichever is

member[behavior such as tension or bending, local
stresses llrom the function as a pinned connection shall
be combjned with the gross member stresses in accor-
dance with paras. 3-2.4 and 3-2.5.

Commentary: |If a pinhole is located at a point

in connections that will rotate under load fér\a’large
number of cycles (Service Class 1 or higher)’shall not
exceed the value given by eq. (3-54).

smaller. The bearing stress between the pin and the‘lalate

1.25F,

where sijgnificant stresses are induced from member Fy = Ny 3-53)
behavior|such as tension or bending, the interaction of

local and gross member stresses must be considered. 0.63F,

As an efample, consider the lifting beam shown in F, E N, 3-54)

Fig. C3-4
Fig. (3-4 Stiffened Plate Lifting Beam

Shackles in
round holes

Flat pldte beam

P

4

Y
L Stiffeners prevent

out-of-plane buckling

Bendinlg of the lifting beam produces tension at the
top of thie plate. The vertical load in the,pinhole pro-
duces shear stresses above the hole. The-critical stress

Commentary:
to control deformation and wear of the plates. It is
strength limit:)) The allowable bearing stress givgn by
eg. (3-53) is.based on the requirement of CMAA[#70.
The allowaple bearing stress for connections thaf will
rotatepunder load for a large number of cycles
[eqw(3-54)] is 50% of the eq. (3-53) allowable bearing
stress.

The bearing stress limitation serves
hot a

3-3.3.5 Pin-to-Hole Clearance. Pin-to-hole cleatance
in connections that will rotate under load or tha{ will
experience load reversal in service for a large number
of cycles (Service Class 1 or higher) shall be as reqpired
to permit proper function of the connection.

in this region is due to the combination/of these shear Commentary: The static strength of a platg in a
and tens|le stresses. pinned connection in the region of the pinhole is a nax-
imum when the pin is a neat fit in the hole. As the ¢lear-

3-3.3.8 Fatigue Loading.{ The average tensile stress ance between the pin and the hole increases| the
on the ngt area through the pinhole shall not exceed the strength of the plate decreases. Research (Duerr, 006)
has shown that the loss of strength is relatively $light

limits defined in para. 343 for Stress Category E.
Pinholps in connections designed for Service Classes
1 through 4 shall’be. drilled, reamed, or otherwise fin-
ished to| providea maximum surface roughness of
500 pin. [12.5gm) around the inside surface of the hole.

for plates in which the hole diameter does not eXceed
110% of the pin diameter. This strength loss in copnec-
tions with large pin-to-hole clearances is accountdgd for
by the C, and ¢ terms.

Pinned connections that must accommodate
:\nglnq of rotation under load or that will rotate

arge
nder

Commentary: The fatigue design requirements in
section 3-4 are generally based on the provisions of
ANSI/AWS D14.1. This specification does not address
pinned connections. AISC (1994) defines the same load-
ing conditions, joint categories, and stress ranges as
ANSI/AWS D14.1, but includes pinned connected plates
and eyebars. This forms the basis for classifying pinned
connections as Stress Category E for fatigue design.

Pinholes in lifting devices used in construction
(Service Class 0) are at times flame cut. Experience
shows that this is acceptable practice for devices not

26

load for a large number of cycles should be detailed
with a small pin-to-hole clearance to minimize wear and
play in service. The clearance to be used will depend on
the actual detail and load conditions. A qualified person
shall determine an acceptable clearance.

3-3.3.6 Pin Design. Shear forces and bending
moments in the pin shall be computed based on the
geometry of the connection. Distribution of the loads
between the plates and the pin may be assumed

(08)
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to be uniform or may account for the effects of local
deformations.

Commentary: Pin design based on the assumption
that the loads from each plate are applied to the pin as
a uniformly distributed load across the thickness of the
plate is a common approach. When the plates are rela-
tively thick, however, this method can yield excessively
conservative results. In such a case, use of a method
that i
platgds may be used (e.g., Melcon and Hoblit, 1953).

When designing a pin for a connection in which dou-
lates are used to reinforce the pinhole region, the
mption of loading to the pin shall be consistent
with|the assumption of how the load is shared among
the rpain (center) plate and the doubler plates.

3-3.4 Welded Connections

Cpmmentary: Structural welding procedures and
conflgurations are based on ANSI/AWS D14.1, except
that design strength of welds are defined in this section
to provide the required design factor.

THe lower bound shear strength of deposited weld
metdl is 60% of the tensile strength (Fisher, et al, 1978).
This|is the basis for the allowable stresses for welds in
AIS( (2000) and ANSI/AWS D14.1 and for the require-
ment in eq. (3-55).

313.4.1 General. For purposes of this section, welds
loadpd parallel to the axis of the weld shall be:designed
for shear forces. Welds loaded perpendicular.to the axis
of the weld shall be designed for tension or compression
forcgs. Welded connection design shallprovide adequate
accegs for depositing the weld metal> The strength of
welds is governed by either the base material or the
depgsited weld material as noeted in the following;:

(a) The design strength of\welds subject to tension or
compression shall be equial to the effective area of the
weld multiplied by the.allowable stress of the base metal
definjed in section.32:

(b) The designstrength of welds subject to shear shall
be equal to tHe ‘effective area of the weld multiplied by
the 3llowablestress F, given by eq. (3-55). Stresses in
the basé-metal shall not exceed the limits defined in
sectipn\3-2.

group in order to determine the allowable capacity of
the combination.

Effective areas and limitations for groove, fillet, plug,
and slot welds are indicated in paras. 3-3.4.2 through
3-3.4.4.

3-3.4.2 Groove Welds. Groove welds may be either
complete-joint-penetration or partial-joint-penetration
type welds. The effective weld area for either type is
i i iplied by the
effective throat thickness.
The effective length of any groove weld\is the length
over which the weld cross-section has/the proper effec-
tive throat thickness. Intermittent groove welds are not
permitted.
The effective throat thickness is the minimumn) distance
from the root of the groove tovthe face of the yeld, less
any reinforcement (usually~the depth of grooye). For a
complete-penetration/groove weld, the effective throat
thickness is the thickness of the thinner patt joined.
In partial-penetration groove welds, the effect{ve throat
thickness ford>or U-grooves and for bevel or Y-grooves
with a minimum angle of 60 deg is the depth qf groove.
For V-groeves from 45 deg to 60 deg, the effect{ve throat
thickness is the depth of groove less % in. (3 jm).
The minimum partial-penetration groove weld effec-
tive'throat thickness is given in Table 3-2. The minimum
throat thickness is determined by the thicker pdrt joined.
However, in no case shall the effective throat thickness
be less than the size required to transmit the dalculated
forces.

Table 3-2 Minimum Effective Throat Thickness of
Partial-Penetration Groove Welds

Minimum Effeqtive Throat
Thickness, [n. (mm)

Material Thickness of Thicker
Part Joined, in. (mm)

To Y, (6) % G

over Y, (6) to % (13) e (9
Over %, (13) to ¥, (19) Y. (6

over ¥, (19) to 1% (38) %6 @)
over 1% (38) to 2Y, (57) % (19)
Over 2%, (57) to 6 (150) Y )
Over 6 (150) % (16)

GENERAL NOTE: The effective throat does not need to|exceed the
thickness of the thinner part joined.

For bevel and V-groove flare welds, the effectjve throat

0.60Exx
v~ "1.20N, (3-55)
where
Exx = nominal tensile strength of the weld metal

(c) Combination of Welds. If two or more of the general
types of welds (paras. 3-3.4.2 through 3-3.4.4) are com-
bined in a single joint, the effective capacity of each shall
be separately computed with reference to the axis of the

thickness is based on the radius of the bar or bend to
which it is attached and the flare weld type. For bevel
welds, the effective throat thickness is % times
the radius of the bar or bend. For V-groove welds, the
effective throat thickness is % times the radius of the
bar or bend.

3-3.4.3 Fillet Welds. Fillet weld size is specified by
leg width, but stress is determined by effective throat
thickness. The effective throat of a fillet weld shall be
the shortest distance from the root to the face of the weld.

27

Copyright ASME International
Provided by IHS under license with ASME

No reproduction or networking permitted without license from IHS Not for Resale


https://asmenormdoc.com/api2/?name=ASME BTH-1 2008.pdf

ASME BTH-1-2008

In general, this effective throat thickness is considered to
be on a 45-deg angle from the leg and have a dimension
equal to 0.707 times the leg width. The effective weld
area of a fillet weld is defined as the effective length of
weld multiplied by the effective throat thickness.

The effective length of a fillet weld shall be the overall
length of the full-size fillet including end returns. When-
ever possible, a fillet weld shall be terminated with end
returns. The minimum length of end returns shall be

Fillet welds shall not be used in skewed T-joints that
have an included angle of less than 60 deg or more
than 135 deg. The edge of the abutting member shall
be beveled, when necessary, to limit the root opening
to % in. (3 mm) maximum.

Fillet welds in holes or slots may be used to transmit
shear in lap joints or to prevent the buckling or separa-
tion of lapped parts and to join components of built-up
members. Fillet welds in holes or slots are not to be

two timds the weld size. These returns shall be in the
same plane as the rest of the weld.

The mfinimum effective length of a fillet weld shall
be four fimes the specified weld size, or the weld size
shall be donsidered not to exceed ¥ of the effective weld
length.

For fil
shall be
the plan
effective
area of t

et welds in holes or slots, the effective length
the length of the centerline of the weld along
e through the center of the weld throat. The
weld area shall not exceed the cross-sectional
e hole or slot.

The mjinimum fillet weld size shall not be less than
the size pequired to transmit calculated forces nor the
size given in Table 3-3. These tabulated sizes do not
apply tg fillet weld reinforcements of partial- or
completg-joint-penetration welds.

Table 3-3 Minimum Sizes of Fillet Welds

Material [Thickness of Thicker Minimum Size of Fillet Weld,
Part Joined, in. (mm) in. (mm)
To 7/, (4) Y 3)
over ¥ (6) to ¥, (13) %6 (5)
Over Y| (13) to ¥, (19) Y. (6
Over ¥ (19) %6 (8)

The mgximum fillet weld size is based on the thickness
of the copnected parts. Along edges of materials of thick-
ness lesq than % in. (6 mm), tHe weld size shall not
exceed the thickness of the material. Along edges where
the matdrial thickness is %.in. (6 mm) or greater, the
weld sizg shall not be greater than the material thickness
minus 4} in. (2 mm).

Intermiittent fillet:welds may be used to transfer calcu-
lated stress acress,a joint or faying surface when the
strength required is less than that developed by a contin-
uous filldt weld of the smallest permitted size and to join
compone i - i
any intermittent fillet shall be not less than four times
the weld size with a minimum of 1% in. (38 mm). Inter-
mittent welds shall be made on both sides of the joint
for at least 25% of its length. The maximum spacing of
intermittent fillet welds is 12 in. (300 mm).

In lap joints, the minimum amount of lap shall be five
times the thickness of the thinner part joined, but not
less than 1 in. (25 mm). Where lap joints occur in plates
or bars that are subject to axial stress, both lapped parts
shall be welded along their ends.
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considered plug or slot welds.

3-3.4.4 Plug and Slot Welds. Plug andslot welds
may be used to transmit shear in lap joints ‘©or,to pr¢vent
buckling of lapped parts and to join component parts
of built up members. The effective shear area of |plug
and slot welds shall be consideredyasithe nominal dross-
sectional area of the hole or slotin the plane of the fgying
surface.
The diameter of the holefor a plug weld shall npt be
less than the thickness\of the part containing it|plus
%6 in. (8 mm) rounded up to the next larger odd Y in.
(2 mm), nor greafer than the minimum diameter|plus
% in. (3 mm).6r)2Y times the thickness of the eld,
whichever.is\greater. The minimum center-to-c¢nter
spacing of‘plug welds shall be four times the diarpeter
of the hole.
The\length of the slot for a slot weld shall not exceed
10\tithes the thickness of the weld. The width of the slot
shall meet the same criteria as the diameter of thelhole
for a plug weld. The ends of the slot shall be semicirfular
or shall have the corners rounded to a radius of not less
than the thickness of the part containing it, except for
those ends that extend to the edge of the part] The
minimum spacing of lines of slot welds in a direction
transverse to their length shall be four times the width
of the slot. The minimum center-to-center spacing in a
longitudinal direction on any line shall be two timgs the
length of the slot.
The thickness of plug or slot welds in material [ in.
(16 mm) or less in thickness shall be equal to the thick-
ness of the material. In material over % in. (16 jmm)
thick, the weld thickness shall be at least one-half the
thickness of the material but not less than % in. (16 mm).

3-4 FATIGUE DESIGN
-4.1 General

When applying the fatigue design provisions defined
in this section, calculated stresses shall be based upon
elastic analysis and stresses shall not be amplified by
stress concentration factors for geometrical
discontinuities.

Commentary: The fatigue design requirements in
this section are derived from AISC (2000) and
AIST Technical Report No. 6 and are appropriate for the
types of steel upon which the provisions of Chapter 3
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are based. The use of other materials may require a dif-
ferent means of evaluating the fatigue life of the lifter.

3-4.2 Lifter Classifications

Lifter classifications shall be as given in Chapter 2.
These classifications are based on use of the lifter atloads
of varying magnitude, as discussed in the Chapter 3
Commentary. In reality, actual use of the lifter may differ,

poss 7 -
suffifient lift data are known or can be assumed, the
equipalent number of constant amplitude cycles can be
detefmined using eq. (3-56).
3
Ny =3 (sSRRf) n; (3-56)
whete
N, = equivalent number of constant amplitude
cycles at stress range Sgys
; = number of cycles for the i portion of a vari-
able amplitude loading spectrum
Ski = stress range for the i portion of a variable
amplitude loading spectrum
Srler = reference stress range to which N, relates.
This is usually, but not necessarily, the maxi-
mum stress range considered.
Commentary: The allowable stress ranges given in
Tablg 3-4 were derived based on the assumption of con:

stan{ amplitude load cycles. Lifting devices, on the ather
hand, are normally subjected to a spectrum of, varying
loads, as discussed in Commentary for para..31:3. Thus,
evalyiation of the fatigue life of a lifting deviee in which
serv|ce stresses for the maximum loading’ (static plus
impact) were compared to the allowable ranges in
Tablg 3-4 would be excessively conservative.

Analyses have been performédjas part of the devel-
opment of this Standard in which the equivalent num-
bers|of constant amplitudé lead cycles were computed
for the load spectra discussed in Commentary for para.
3-1.3 using eq. (3-56).TFhe results showed that the calcu-
lated life durations{due to these spectra are slightly

Table 3-4 Allowable Stress Ranges, ksi (MPa)

greater than the results that are obtained by comparing
service stresses due to rated load static loads to the
allowable stress ranges given in Table 3-4. Thus, assess-
ment of the fatigue life of a lifter may normally be per-
formed using only static stresses calculated from the
rated load.

The fatigue life of a lifting device that will be used in
a manner such that the standard load spectra are not
representative of the expected loading can be evaluated
i - - e+ [echnical
Report No. 6.

3-4.3 Allowable Stress Ranges

The maximum stress range shall be that
Table 3-4.

Tensile stresses in thetbase metal of all loa¢l-bearing
structural elementsgincluding shafts and pins {shall not
exceed the stress fanges for Stress Category A.

given in

Commentary: The maximum stress range
ted for\the various Service Classes an
Categories are based on the values given in |
ANSI/AWS D14.1.

s permit-
H Stress
able 3 of

3-4.4 Stress Categories

The Stress Category can be determined fronj
details given in Table 3-5.

the joint

Commentary: Table 3-5, Fatigue| Design
Parameters is taken from AISC (2000). The joint details
in this table include all of the details shown|in ANSI/
AWS D14.1, Fig. 1, as well as additional detailg, such as
pinned connections, that are of value in lifter design.
This table also has the added benefit of illustrating the
likely locations of fatigue cracks, which will bg of value
to lifting device inspectors.

Stress Category

Service Class

Copyright ASME International

(Ul 1dut 573) 1 Z 2 2]
A 63 (435) 37 (255) 24 (165) 24 (165)
B 49 (340) 29 (200) 18 (125) 16 (110)
B’ 39 (270) 23 (160) 15 (100) 12 (80)
C 35 (240) 21 (145) 13 (90) 10 (70) [Note (1)]
D 28 (190) 16 (110) 10 (70) 7 (50)
E 22 (150) 13 (90) 8 (55) 5 (34)
E 16 (110) 9 (60) 6 (40) 3 (20)
F 15 (100) 12 (80) 9 (60) 8 (55)
NOTE:

(1) Flexural stress range of 12 ksi (80 MPa) permitted at the toe of stiffener welds on flanges.
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3-4.5 Tensile Fatigue in Threaded Fasteners

High strength bolts, common bolts, and threaded rods
subjected to tensile fatigue loading shall be designed so
that the tensile stress calculated on the tensile stress area
due to the combined applied load and prying forces
do not exceed the design stress range computed using
eq. (3-57). The factor Cy shall be taken as 3.9 X 108. The

(d) for Stress Category C” when stresses are in MPa,

0.10 + 1.24(?)

R = <10

0.167
tl”

Use the requirements for Stress Category C if R = 1.0.

threshold stress Fry shall be taken as 7 ksi (48 MPa).
For joints in which the fasteners are pretensioned to

atleast 7
sis of thq
fastenersg
stress ra
Alternatd
assumed
due to 2

% of their minimum tensile strength, an analy-
relative stiffness of the connected parts and
shall be permitted to determine the tensile
hge in the fasteners due to the cyclic loads.
ly, the stress range in the fasteners shall be
to be equal to the stress on the net tensile area
% of the absolute value of the design tensile

load. If the fasteners are not pretensioned to at least 70%

of their 1
be assun

Comn
taken fro
use in eq

3-4.6 Cu

If a m
provided
is desired
stress rarj
Categori

where
FSI’

R =
(a) for|

hinimum tensile strength, then all tension shall
led to be carried exclusively by the fasteners.

hentary: The provisions of para. 3-4.5 are
M Appendix K3.4 of AISC (2000). The values for
. (3-57) are also shown in Table 3-5.

mulative Fatigue Analysis

ore refined component fatigue analysis than
by the four Service Classes given in Chapter 2
, €q. (3-57) may be used to obtain the allowable
1ge for any number of load cycles for the Stress
s given in Table 3-5.

C ex
F, = R(—Af[—q) > Fry (3-57)

allowable stress range for 'the detail under
consideration. Stress range’is the algebraic
difference between the.maximum stress and
the minimum stress,
1, except as follows:

Stress Category C’ when stresses are in ksi,

665" 05922 + 0.72(“
tP tP

Re~=
0.167
tl’

<1.0

22 = length of the nonwelded root face in the
direction of the thickness of the tengion-
loaded plate

Cs = constant from Table 3-5 fof |the Sfress
Category

Cr(q) = 144 x 10" for Stress Categories C, C’| and
C” when stresses are in MPa
ex = 0.167 for Stress Category F
= 0.333 for all Stress Categories except F
Fry = threshold valuefor F;, as given in Table 3-5

N = desired design fatigue life in cycles of the
detail being evaluated. N is the expgcted
numbet of constant amplitude stress fange
cycles’and is to be provided by the owrjer. If
no desired fatigue life is specified, a qualified
person should use the threshold values| Fry,
as the allowable stress range, F,,. For curhula-
tive damage analysis of a varying ampljtude
load spectrum, an equivalent number of con-
stant amplitude cycles can be calculated
using eq. (3-56).

g = 1.0 when stresses are in ksi
= 329 for all Stress Categories except F yhen
stresses are in MPa, except as noted
= 110,000 for Stress Category F when stresses
are in MPa, except as noted
t, = thickness of the tension-loaded plate
w = leg size of the reinforcing or contouring fillet,
if any, in the direction of the thickness qgf the
tension-loaded plate
Commentary: Typically, allowable fatigue sfress

range values for a particular joint detail and Sefvice
Class are selected from a table such as Table 3-4 that
treats the stress range as a step function. These vhlues
are based on the maximum number of cycles for|each

(b) for

(c) for

Copyright ASME International

Stress Category C” when stresses are in MPa,

112 - 1.01{%2) + 124(%
tp tp

R = {0167 <10
4
Stress Category C” when stresses are in ksi,
0.06 + o.72<t9)
R=——"<10

0.167
tp
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Service Class and consider every cycle to be of the
same magnitude, as discussed in Commentary for
para. 3-4.2.

If one desires a design for a number of cycles some-
where between the maximum and minimum of a partic-
ular Service Class and for a known varying amplitude, a
cumulative fatigue approach utilizing eq. (3-57) in
para. 3-4.6 in conjunction with eq. (3-56) in para. 3-4.2
will give a more refined allowable stress range. This can
be particularly useful in evaluating an existing lifting
device for its remaining life.
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The threshold stress range Fry is the level at which a
fatigue failure will not occur. That is, if the service load
stress range does not exceed Fry, then the detail will
perform through an unlimited number of load cycles.

Equation (3-57) and the coefficients given in para.
3-4.6 address the primary fatigue life considerations of
interest in lifting device design. AISC (2000)
Appendix K3.3 provides equations for evaluating other
specific details that may be of use in certain applica-

cyclic loading, unless stated otherwise in this chapter.
The need to use peak stresses, rather than average
stresses, when calculating static strength shall be deter-
mined by a qualified person based on the nature of the
detail and the properties of the material being used.

Commentary: Peak stresses due to discontinuities
do not affect the ultimate strength of a structural ele-
ment unless the material is brittle. [Materials are gener-

tions—A qualified person shall evaluate the need for

fatighie analysis beyond that provided by section 3-4 and ally considered brittle, rather than ductile, if the¢ ultimate

apply such analyses as needed. elongation is 5% or less (Young and Budynag, 2002).]
The types of steel on which this Standard is lbased are
all ductile materials. Thus, static strength may reason-

3-5 | OTHER DESIGN CONSIDERATIONS ably be computed based on average stresses.

351 Impact Factors However, fatigue design./must recognize stress

THe design of below-the-hook lifting devices does not
nornhally require the use of an impact factor. The design
factdrs established in this chapter are based on load
specfra in which peak impact loads are equal to 50% of
the haximum lifted load for Design Category A lifters
and|100% of the maximum lifted load for Design
Category B lifters. In the event that a lifter is expected
to bg subjected to impact loading greater than these
valugs, a qualified person shall include an additional

ranges. Since fatigue-related{cnacks initiate at
stress concentration due 4o either geometric
lurgical discontinuitiesy-:peak stresses created
discontinuities may negéd to be considered in t
of a lifter.

Stress concentration factors useful for desigh may be
found in Peterson’s Stress Concentration Factofs (Pilkey,
1997) and-other similar sources.

points of
pr metal-
by these
he design

imp4ct factor to account for such loads. 3-5.3 Deflection
Cpmmentary: The design requirements defined in It is the responsibility of a qualified person|to deter-
this thapter are based, in part, on upper bound vertical>,* mine when deflection limits should be appli¢d and to

impact factors of 50% of the lifted load for Design
Catepory A and 100% for Design Category B. (The (0ads
used for the development of this Standard.fare dis-
cussged in depth in Commentary for para. 3:1:3.) There-
fore) the design of lifting devices made in accordance
with|[this Standard will not normally require the use of

establish the magnitudes of those limits for the design
of the mechanisms and structural elements jof lifting
devices.

Commentary: The ability of a lifting devicg to fulfill
its intended function may require that it posséss a cer-

an irhpact factor. .T.he wgrdlng of s sectlon.permlts tain minimum stiffness in addition to strepgth. For
the dise of an additional impact factor at the discretion . . . o
e e L. . example, a clamping device will not be able to| maintain
of a|qualified person if it is anticipated that the device its ario if the members of the device flex extessivel
will be used under conditions.that may result in unusual Lndgerrlrl)o;d r Vi x ex Ively
dyngmic loading. . e .
yng 9 Due to the very broad range of lifting deVices that
may fall under the scope of this Standard,|defining

3-5.2 Stress Concentrations

Stfess concentrations due to holes, changes in section,
or similar details shall be accounted for when determin-
ing peak stresses in load-carrying elements subject to

actual deflection limits for different types of devices is
not practical. The intent of this section is sim%ly to call
attention to the need for consideration of deflection in
the design of lifting devices.
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Chapter 4
Mechanical Design

4-1 GENERAL

4-2 SHEAVES

4-1.1 Pdrpose

This chapter sets forth design criteria for machine
elements| of a below-the-hook lifting device.

Commentary: Chapter 4 is focused on the design
of machipe elements and those parts of a lifting device
not covefed by Chapter 3. Chapter 3 is frequently used
in the design of mechanical components to address the
strength|requirements of the framework that joins the
machine|elements together. Mechanical drive systems,
machine|elements and components, and other auxiliary
equipmept are covered in this chapter.

Many |ifting devices operate while suspended from
building |cranes and hoists, and hence need to have a
seamlesfs interface with this equipment. Therefore,
various |design criteria set forth by CMAA #70,
AIST Tedhnical Report No. 6, and ASME HST-4 are the
basis for|many parts of the design criteria established in
this chapter.

4-1.2 Relation to Chapter 3

Mechaical components of the lifting device'that are
stressed py the force(s) created during the lift'or move-
ment of the load shall be sized in accordance with this
chapter and Chapter 3 of this Standard /The most conser-
vative dgsign shall be selected for usé. All other mechan-
ical components shall be designed to the requirements
of this chapter.

Commentary: When“failure of a mechanical com-
ponent cpuld directly #esult in the unintended dropping
or hazardous movement of a load, the requirements of
Chapter B shall bé used to size the component coupled
with thg mechanical requirements of this chapter.
Examples ineluade, but are not limited to, drive systems
on slab fongs that hold the load, fasteners that hold

4-2.1 Sheave Material

Sheaves shall be fabricated of material(specifigd by
the lifting device manufacturer or qualified person.

Commentary: This section applies to sheaveg that
are contained in the envelope of the below-the-hook lift-
ing device. Sheaves that arepart of a separate bgttom
block or crane system are not'covered by this Stangdard.

4-2.2 Running Sheaves

Pitch diametetfor running sheaves should not b¢ less
than 16 times/the nominal diameter of the wire|rope
used. When:the lifting device’s sheaves are reeved into
the sheaves'on the hoist, the pitch diameter and configu-
ration.'6f the hoist shall be considered in the design.

Commentary: The pitch diameter of a sheave has a
direct relationship with wire rope wear and fatigug that
determines the number of cycles that the assembly can
withstand. The Committee recognizes that in some spe-
cial low-head room applications the sheave size|may
need to be smaller to accommodate the limited gpace
available. Extra precaution would need to be establ{shed
in these cases to allow for increased wire rope wear.

For cases where the lifter’'s sheaves are reeved into
the overhead crane’s sheave package, spacing, and| fleet
angle between the two parallel systems need {o be
aligned to ensure proper operation.

4-2.3 Equalizing Sheaves

The pitch diameter of equalizing sheaves shall njot be
less than one-half of the diameter of the running shenves,
nor less than 12 times the wire rope diameter when
using 6 X 37 class wire rope or 15 times the wire|rope

diamatar uhan 11cing £ 10 clac

hooks onto beams, and sheave shafts. There may be
requirements in both Chapters 3 and 4 that need to be
followed when designing a component.

Along with the forces produced by normal operation,
mechanical components of lifting devices should be
designed to resist the forces resulting from operating
irregularities that are common in mechanical systems,
including jams, locked rotor torque, and overloads.

If the design factor of a commercial component is
unknown, the maximum capacity of that component
should be divided by the applicable value of N,.

1 ALIEA-FDA-
CHHRCTCT— Wt 5—o TS WITCTOPE:

4-2.4 Shaft Requirement

Sheave assemblies should be designed based on a
removable shaft.

Commentary: Inspection and maintenance of
sheaves and bearings require that these components be
accessible. A design that requires modification or alter-
ation of the lifter’s structure to perform the inspection
or maintenance of sheaves and bearings puts an undue
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