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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,

industrz has for auite some time oxpressed—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 B30.20,
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 toj
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 Devic€s; 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 and" 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?ASME BTH-1-2005 was approved by the American
National Standards Institute on October 18,,2005.

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

ASME BTH-1-2008 incorporated 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 Instituté.on September 17, 2008.

This edition of ASME-BTH-1-2011 incorporates revisions throughout the Standard and the
addition of a new mechanical design section for fluid power systems. ASME BTH-1-2011 was
approved by the Amierican National Standards Institute on September 23, 2011.

\%
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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 requesting interpretations, proposing revisions, and attending Committee meetings. Corre-
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 to incorporate 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), thé.proposed wording, and a detailed
description of the reasons for the proposal, including any*pertinent documentation.

Proposing a Case. Cases may be issued for the purpose of providing alternative rules when
justified, to permit early implementation of an approved revision when the need is urgent, or to
provide rules not covered by existing provisions. Cases are effective immediately upon
ASME approval and shall be posted on the: ASME Committee Web page.

Requests for Cases shall provide a Statenient of Need and Background Information. The request
should identify the Standard, the paragraph, figure or table number(s), and be written as a
Question and Reply in the same format-as existing Cases. Requests for Cases should also indicate
the applicable edition(s) of the Standard to which the proposed Case applies.

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

The request for interpretation should be clear and 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 approvall
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 Prnprinfnry names or information

Requests that are not 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 procedures provide for reconsideration of any interpretation when or if additional
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.

s
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ASME BTH-1-2011
SUMMARY OF CHANGES

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

BTH-1-2011 was approved by the American National Standards Institute on September 23, 2011.

Revisions introduced within the 2011 edition of ASME BTH-1 are identified by a margin note, (11).

Page Location Change
1-5 1-2 New fourth and sixth paragraphs‘added
1-4 Paragraph 1-4.8 deleted
1-5.1 Revised
1-5.2 Revised
1-5.3 Revised
1-54 Revised
6-8 1-6.1 Revised
9-11 1-7 References updated
19, 20 3-2.3.2 Revised
21 3-2.3.6 Editorially revised
25 3-3.3.1 Equations (3-47) and (3-48) revised
44 4-5.4 References updated
48 4-9 Revised
49, 50 4-10.2 Revised
4-103 Revised
411 Added
51 5-1.3 Revised
52 5-3 Title revised
53 5-3.8 Added
5-4.6 Revised in its entirety
54 5-6.3 Revised in its entirety
5-7.3 Revised
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ASME BTH-1-2011

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
submitted extends beyond that which can be covered
by interpretations of a B30 safety standard.

SCOPE

THis Standard provides minimunstructural and
anical design and electrical(component selection

THe provisions in this Standard apply to the design
or mpdification of below~the-hook lifting devices. Com-
pliapce with requiremtents and criteria that may be
unique to specialized industries and environments is
outs]de of thescope of this Standard.

Lifting deviCes designed to this Standard shall comply
with{ ASME*B30.20, Below-the-Hook Lifting Devices.
AS E B530.20 1nc1udes prov151ons that apply to the
maintenance, and operatlon of below the hook hftmg
devices.

The provisions defined in this Standard address the
most common and broadly applicable aspects of the
design of below-the-hook lifting devices. The qualified
person shall determine the appropriate methods to be
used to address design issues that are not explicitly
covered in the standard so as to provide design factors
and/or performance consistent with the intent of this
Standard.

Scope, Definitions, and References

1

Commentary: ASME BTH"1, addresses only design
requirements. As such, this Standard should be used in
conjunction with ASME B30,20, which addresges safety
requirements. ASMEBTH-1 does not| replace
ASME B30.20. The design criteria set forth are minimum
requirements thatimay be increased at the disgretion of
the lifting device\manufacturer or a qualified pprson.

The designof lifting attachments may be gddressed
by existing industry design standards. In the absence of
such désign standards, a qualified person should deter-
ming:ifithe provisions of BTH-1 are applicable.

1-3 NEW AND EXISTING DEVICES

The effective date of this Standard shall be|one year
after its date of issuance. Lifting devices manfifactured
after the effective date shall conform to the requirements
of this Standard.

When a lifter is being modified, its desigr] shall be
reviewed relative to this Standard, and the need to meet
this Standard shall be evaluated by the manufgcturer or
a qualified 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

nder the

direct superv151on of, a quahfled 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 complexity of the
design process, and the level of knowledge and training
required to competently design lifting devices.

Copyright © 2012 by the American Society of Mechanical Engineers.
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1-4.2 Units of Measure

A dual unit format is used. Values are given in U.S.
Customary units as the primary units followed by the
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.

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

Comr]uentary: The requirements of this Standard
are presgnted wherever possible in a manner that is
dimensidnally independent, thus allowing application of
these requirements using either U.S. Customary units

(USCU) lor International System of Units (Sl). U.S.
Customary units are the primary units used in this
Standard.

1-4.3 Désign Criteria

All below-the-hook lifting devices shall be designed
for spedified rated loads, load geometry, Design
Categorly (see section 2-2), and Service Class (see
section 2}3). Resolution of loads into forces and stress
values affecting structural members, mechanical compo-
nents, apd connections shall be performed by an
accepted| analysis method.

Commentary: The original ASME B30.20 structural
design rpquirements defined a lifting device only in
terms of fits rated load. Later editions established fatigue
life requirements by reference to ANSI/AWS DJ14.T.
ASME BiH-‘I 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 A

The alJowable stre§sés' and stress ranges defined in
this Standard are based on the assumption of analysis
by class]cal strerigth of material methods (models),
although/ other analysis methods may be used. The anal-
ysis technigues and models used by the qualified person

alysis Methods

Annl\’/eie of a Hﬂing devicewith discontinuities |sing

linear finite element analysis will typically show [peak
stresses that indicate failure, where failure is-defingd as
the point at which the applied load reachés the lgss of
function load (or limit state) of the part or device ynder
consideration. This is particularly true’when evaluating
static strength. While the use of-such methods i§ not
prohibited, modeling of the deyicé.and interpretatipn of
the results demands suitableexpertise to ensurg the
requirements of this Standard are met without crefating
unnecessarily conservative-limits for static strength) and
fatigue life.

1-4.5 Material

The design provisions of this Standard are basgdd on
the us€of carbon, high strength low-alloy, or heat tr¢ated
constructional alloy steel for structural memberg and
miany mechanical components. Other materials mgy be
dsed, provided the margins of safety and fatigue life are
equal to or greater than those required by this Stanflard.

All ferrous and nonferrous metal used in the fabrica-
tion of lifting device structural members and mechgnical
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
used in the mechanical components describgd in
Chapter 4.

Industry-wide specifications are those from orggniza-
tions such as ASTM International (ASTM), the Amgrican

shall accuratety Tepresent the toads,; atertal properties;
and device geometry; stress values resulting from the
analysis shall be of suitable form to permit correlation
with the allowable stresses defined in this Standard.

Commentary: The allowable stresses defined in
Chapters 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 structural or mechanical element.

2

fron and Steel Institute (ATST), and the Society of
Automotive Engineers (SAE). A proprietary specification
is one developed by an individual manufacturer.

1-4.6 Welding

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

Commentary: ANSI/AWS D14.1 is cited as the
basis for weld design and welding procedures. This
requirement is in agreement with CMAA #70 and those
established by ASME B30.20. The allowable stresses for
welds are modified in this Standard to provide the

these temperatures, the mechanical properties of most
materials are greatly reduced over those at ambient. If
the exposure 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
device.

Of importance when evaluating the effects of temper-
ature is the temperature of the lifter component rather

h|g or desian factors deemed necessary for liftina
) Y )

deviges.

1-4.7 Temperature

THe design provisions of this Standard are considered
appljcable when the temperature of the lifter structural
or mechanical component under consideration is within
the fange of 25°F to 150°F (—4°C to 66°C). When the
temperature of the component is beyond these limits,
spedial additional design considerations may be
requjred. 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
restrfcting use of the lifter until the component tempera-
ture [falls within the stated limits.

THe design provisions for electrical components are
consfdered applicable when ambient temperatures do
not ¢xceed 104°F (40°C). Lifters expected to operate in
amblent temperatures beyond this limit shall have elees
tricdl components designed for the higher ampient
temperature.

Cpmmentary: The temperature limits\stated are
based on the following. Historically, tension brittle fail-
ures|have occurred during hydrotest.in‘\pressure vessels
fabr|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 Jprocesses, closer metallurgical control, and better
qualjty checks in current\practice, the risk of such failure
is rgduced. Thus, theiCommittee selected the 25°F
(-4°C) temperaturelas 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

than the amhient temperature A lifter may maove br|ef|y
through an area of frigid air without the tempg¢rature of
the steel dropping to the point of concern Likewise, a
lifter that handles very hot items may(have sgme com-

ponents that become heated due to tontact.

1-5 DEFINITIONS

The paragraph given.after the definition ¢f a term
refers to the paragrapfUwhere the term is firsf used.

Commentary: )" This section presents a list|of defini-
tions applicable to the design of below-the-hqok lifting
devices. Definitions from the ASME Safety Cpdes and
Standards\Lexicon and other engineering referpnces are
used wherever possible. The defined terms ane divided
into general terms (para. 1-5.1) that are copsidered
broadly applicable to the subject matter and info groups
of terms that are specific to each chaptdr of the
Standard.

1-5.1 Definitions — General

ambient temperature: the temperature of the atqnosphere
surrounding the lifting device (para. 1-4.7).

below-the-hook lifting device (lifting device, lifter)] a device
used for attaching a load to a hoist. The dejice may
contain components such as slings, hooks, anfl rigging
hardware that are addressed by ASME B30 vqlumes or
other standards (section 1-1).

cycle, load: one sequence of two load reversals that define
a range between maximum and minimpym 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

Boiler and Pressure Vessel Code material design tables
indicate that some carbon steels have already begun to
decline in both yield stress and allowable tension stress
at 200°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 values for materials
at 100°F (38°C) and 200°F (93°C) in this reference gives
acceptable stress values that have minimal degradation
at 150°F (66°C).

In some industrial uses, lifting devices can be sub-
jected to temperatures in excess of 1,000°F (540°C). At

3

element to the permissible internal stress(es) created by
the external force(s) that acts upon the element
(para. 1-6.1).

fatigue: the process of progressive localized permanent
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 specific type
and magnitude that a member sustains before failure
(para. 1-4.5).
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hoist: a machinery unit that is used for lifting and
lowering (para. 1-5.1).

lifting attachment: a load supporting device that is bolted
or permanently attached to the lifted load, such as lifting
lugs, padeyes, trunnions, and similar appurtenances
(para. 1-2).

limit state: a condition in which a structure or component
becomes unfit for service, such as brittle fracture, plastic

sling: an assembly to be used for lifting when connected
to a hoist or lifting device at the sling’s upper end and
when supporting a load at the sling’s lower end
(para. 1-5.1).

strength limit state: limiting condition affecting the safety
of the structure, in which the ultimate load carrying
capacity is reached (para. 1-5.1).

stress concentration: localized stress considerably higher

collapsefextessive deformation, durabitity, fatigue;
instability, and is judged either to be no longer useful
for its infended function (serviceability limit state) or to
be unsaf¢ (strength limit state) (para. 1-5.1).

load(s), applied: external force(s) acting on a structural
member pr machine element due to the rated load, dead
load, anfl 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 designiated by the manufacturer (para. 1-4.3).

manufactlirer: the person, company, or agency responsi-
ble for the design, fabrication, or performance of a
below-the-hook lifting device or lifting device
compongnt (section 1-1).

mechanidal component: a combination of one or more
machine|elements along with their framework, fasten-
ings, etc.) designed, assembled, and arranged to support;
modify, ¢r transmit motion, including, but not limjited
to, the pilllow block, screw jack, coupling, clutch, brake,
gear reducer, and adjustable speed tranSmission
(para. 1-4.3).

modification: any change, addition to, pr\réconstruction
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 whd, by extensive knowledge,
training aind experience; has successfully demonstrated
the abilify to solve of resolve problems relating to the
subject matter and“work (section 1-3).

rigging hprdwareya detachable load supporting device
such as @ shackle, link, eyebolt, ring, swivel, or clevis

tharrav Erage (Cverr TIT uuifuuuly toaded—tross—seqtions
of uniform thickness) due to abrupt changes in georhetry
or localized loading (para. 3-4.1).

stress, maximum: highest algebraic stress per
(para. 1-5.1).

ycle

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

stress range: algebraic differénce between maximung and
minimum stress. Tensien stress is considered to [have
the opposite algebrdic 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).

1-5.2~DPefinitions for Chapter 3

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

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

prior

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

effective length: the equivalent length KI usgd in
compression 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 of the bracing menmbers
(para. 1-6.1).

effective net tensile area: portion of the gross tensilel area

(para. 1-§.1Y.

serviceability limit state: limiting condition affecting the
ability of a structure to preserve its maintainability, dura-
bility, or function of machinery under normal usage
(para. 1-5.1).

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

should: indicates that the rule is a recommendation, the
advisability of which depends on the facts in each
situation (para. 2-2.1).

4

thatTsassumed to carry the desigm tersion toad at the
member’s connections or at location of holes, cutouts,
or other reductions of cross-sectional area (para. 3-2.1).

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

faying surface: the plane of contact between two plies of
a bolted connection (para. 1-5.2).
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gross area: full cross-sectional area of the member
(para. 3-2.1).

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 section
that can develop the yield stress in compression elements

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

lock-up: a condition whereby friction in the drive system
prevents back-driving (para. 4-5.5).

pitch diameter: the diameter of a sheave measured at the
centerline of the rope (para. 4-2.2).

sheave: a grooved wheel used with a rope to change
direction and point of application of a pulling force

befO < }U\.Cl‘l Lu\_}\}il 16 OULLlurLs, uut \A4 i}.} J.lUt LCDJ..Dt illC}.(}lDtiL
locallbuckling at strain levels required for a fully plastic
stresp distribution (para. 3-2.3.2).

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

prying force: a force due to the lever action that exists in
conrjections in which the line of application of the
appljed 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).

slip-qritical: 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 Rolts (para. 1-6.1).

unbrficed length: the distance between braced points of
a mgmber, measured between the centers of gravity of
the HQracing members; for beams not braced against twist
or 13teral displacement, maximum span between
supports or points of applied load (para. 1-5.2).

1-5.3 Definitions for Chapter 4

back{riving: a condition where the load imparts motion
to the drive system (para. 4-5.5).

coefficient of static friction: the nondimensional number
obtajned by dividing the friction'\force resisting initial
motion between two bodies by thenormal force pressing
the Bodies together (para. 4<9.1).

drivel system: an assembly Jof components that governs
the $tarting, stopping, force, speed, and direction
impgrted to a mowing apparatus (para. 1-5.3).

Sfluidpower: energy transmitted and controlled by means
of a|pressuriZzed fluid, either liquid or gas. The term
appljes to both hydraulics, which uses a pressurized
liquid such as oil or water, and pneumatics, which uses

(para. 1-5.3).

sheave, equalizing: a sheave used to equalize tpnsion in
opposite parts of a rope. Because of its §light movement,
it is not termed a running sheave (para. 4-2.3).

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

vacuum: pressure lessythan ambient atmpspheric
pressure (para. 1-5.3).

vacuum lifter: a below=the-hook lifting device for lifting
and transporting-leads using a holding force by means
of vacuum (séetion 4-10).

vacuum pag:a device that applies a holding force on the
load byrmeans of vacuum (para. 4-10.1).

1-5.4" Definitions for Chapter 5

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

control(s): a device used to govern or regiilate the
functions of an apparatus (para. 1-5.4).

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

control system: an assembly or group of devfices that
govern or regulate the operation of an apparatus
(para. 5-3.1).

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

duty cycle:

time on
time on + time off

%X 100

duty cycle =

COMPTESSed aiT Or Other gases (Sectiom 4=11):

grip ratio: the ratio of the sum of the horizontal forces
on one side of the load to the live weight of the load.
For example, if the total horizontal force on one side of
the load is 100,000 Ib and the live load is 50,000 lb, the
grip ratio is 2. For purposes of this calculation, the
weight of the load does not include the weight of the
lifter (section 4-9).

gripping force: the force that the lifting device exerts on
the load (para. 4-9.1).

5

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

EXAMPLE: 3 min on, 2 min off equals

3 0,

373 % 100 = 60%
electromagnet, externally powered: a lifting magnet,
suspended from a crane, that requires power from a

source external to the crane (para. 5-6.3).
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ground (grounded): electrically connected to earth or to
some conducting body that serves in place of the earth
(section 5-5).

motor, electric: a rotating machine that transforms
electrical 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).

actual net width of a pin-connected plate
between the edge of the hole and the edge
of the plate on a line perpendicular to
the line of action of the applied load, in.
(mm) (para. 3-3.3.1)

effective width to each side of the pin-
hole, in. (mm) (para. 3-3.3.1)

width of the compression flange, in.
(mm) (para. 3-2.3.2)

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

sensor(s):|a device that responds to a physical stimulus
and trangmits the resulting signal (section 5-3).

switch: a|device for making, breaking, or changing the
connecti¢ns in an electric circuit (para. 1-5.4).

switch, master: a manual switch that dominates the
operatign of contactors, relays, or other remotely
operated| devices (para. 5-3.1).

1-6 SYMBOLS

The pdragraph 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: Spme symbols may have different definitions within this
Standard.

Commentary: The symbols used in this Standard
are genefally in conformance with the notation used_in
other dgsign standards that are in wide use in(the
United |[States, such as the AISC specification
(AISC, 1989) and the crane design specifications
published by AIST and CMAA (AIST Technical Report
No. 6 anfl CMAA #70, respectively). Where, notation did
not exist| unique symbols are defined herein and have
been sel¢cted to be clear in meaning.to the user.

1-6.1 Symbols for Chapter3

2a = length ofthe' nonwelded root face in the
direction, of the thickness of the tension-
loaded . plate, in. (mm) (para. 3-4.6)

A = cfebstsectional area, in.? (mm?)
{para. 3-2.3.1)

av=-distance from the edge of the pinhole to
4l |

Exx

bending coefficient dependent lipon
moment gradient (para. 3-2.3.2)
column slenderness ratio separgting
elastic and inelastic buckling (para. $-2.2)
stress category constant for fatigue
analysis (para. 3-4.5)
lateral-torsional “uckling strepgth
coefficient (pata~3-2.3.2)
coefficientCapplied to bending term in
interaction equation for prismatic
member and dependent upon Co:ﬂ::mn
cufvature caused by applied monpents
(para. 3-2.4)
coefficient applied to bending term in
interaction equation about the x or yjaxis,
as indicated (para. 3-2.4)
strength reduction factor for [pin-
connected plates (para. 3-3.3.1)
outside diameter of circular holllow
section, in. (mm) (Table 3-1)
depth of the section, in. (mm)
(para. 3-2.3.1); diameter of roller, in. (mm)
(para. 3-3.1)
hole diameter, in. (mm) (para. 3-3.3.1)
pin diameter (para. 3-3.3.1)
modulus of elasticity

29,000 ksi (200000 MPa) for hteel
(para. 3-2.2)
nominal tensile strength of the weld
metal, ksi (MPa) (para. 3-3.4.1)
allowable axial compression stresg, ksi
(MPa) (para. 3-2.2)
computed axial compressive stresg, ksi
(MPa) (para. 3-2.4)
allowable bending stress, ksi (MPa)
(para. 3-2.3.1)

ITC C\Asc Uf thc tJ}CltC ill thc dllc\.t]‘.ull Uf
the applied load (para. 3-3.3.1)
Ay = area of the compression flange, in.2 (mm?
(para. 3-2.3.1)
A; = tensile stress area, in.? (mm?) (para. 3-3.2)
A, = total area of the two shear planes beyond
the pinhole, in.2 (mm?) (para. 3-3.3.1)
B = factor for bending stress in tees and
double angles (para. 3-2.3.2)
b = width of a compression element, in. (mm)
(Table 3-1)

6

FbX/ Pby

Jox fi by

Fo

Jer

allowable bending stress about the x or
y axis, as indicated, ksi (MPa)
(para. 3-2.3.5)

computed bending stress about the x or
y axis, as indicated, ksi (MPa)
(para. 3-2.3.5)

allowable critical stress due to combined
shear and normal stresses, ksi (MPa)
(para. 3-2.5)

critical stress, ksi (MPa) (para. 3-2.5)
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Euler stress for a prismatic member
divided by the design factor, ksi (MPa)
(para. 3-2.4)

Euler stress about the x or y axis, as
indicated, divided by the design factor,
ksi (MPa) (para. 3-2.4)

allowable bearing stress, ksi (MPa)
(para. 3-3.1)

compressive residual stress in flange, ksi

distance between cross sections braced
against twist or lateral displacement of
the compression flange; for beams not
braced against twist or lateral displace-
ment, maximum span between supports
or points of applied load, in. (mm)
(para. 3-2.3.2)

maximum laterally unbraced length of a
bending member for which the full

fo
fuoJy

Fy

yw

(MPa) (Table 3-1)
allowable stress range for the detail

under consideration, ksi (MPa)
(para. 3-4.6)
allowable tensile stress, ksi (MPa)

(para. 3-2.1)

allowable tensile stress for a bolt
subjected to combined tension and shear
stresses, ksi (MPa) (para. 3-3.2)
computed axial tensile stress, ksi (MPa)
(para. 3-2.4)

threshold value for F,,, ksi (MPa)
(para. 3-4.5)

specified minimum ultimate tensile
strength, ksi (MPa) (para. 3-2.1)
allowable shear stress, ksi (MPa)
(para. 3-2.3.6)

computed shear stress, ksi (MPa)
(para. 3-2.5)

computed normal stress in the x-or'y
direction, as indicated, ksi, (MPa)
(para. 3-2.5)

specified minimum yield
ksi (MPa) (para. 3-2.1)
specified minimum<yield stress of the
flange, ksi (MPa)(Table 3-1)

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

stress,

= shear modulds 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
investigation. For rolled shapes, this
value may be taken as the clear distance
between flanges less the fillet or corner

= design factor (para. 3-1.3)
= equivalent number of constant amplitude

plastic bending capacity can,be realized,
uniform moment case (Jy =|1.0), in.
(mm) (para. 3-2.3.1)
laterally unbraced length of a[ bending
member above which the limit state will
be lateral-torsional buckling, fin. (mm)
(para. 3-2.3,2)
allowable'niajor axis moment foy tees and
doublezangle members load¢d in the
plane~of symmetry, kip-in.[(N-mm)
(para. 3-2.3.2)
number of slip planes in the cgnnection
(para. 3-3.2)
plastic moment,
(para. 3-2.3.1)
smaller bending moment at tle end of
the unbraced length of a beqm taken
about the strong axis of the member,
kip-in. (N-mm) (para. 3-2.3.2)
larger bending moment at the gnd of the
unbraced length of a beam talen about
the strong axis of the membef, kip-in.
(N-mm) (para. 3-2.3.2)
desired design fatigue life in cygles of the
detail being evaluated (para. 3{4.6)

kip-in. |(N-mm)

cycles at stress range, Sgys (parp. 3-4.2)

number of cycles for the i™ portion of
a variable amplitude loading ppectrum
(para. 3-4.2)
allowable single plane fracturq strength
beyond the pinhole, kips (N)
(para. 3-3.3.1)
allowable shear capacity of a [polt in a
slip-critical connection, kips (N)

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
member, in. (mm) (para. 3-2.2)

7

(para. 3-3.2)

allowable tensile strength through the
pinhole, kips (N) (para. 3-3.3.1)
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 direction of
the applied load, in. (mm) (para. 3-3.3.1)
variable used in the cumulative fatigue
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analysis (para. 3-4.6); radius of edge of
plate (Table 3-5)

= radius of gyration about the axis under
consideration, in. (mm) (para. 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)

Fy

minimum gripping force on each side of
the load, 1b (N) (para. 4-9.1)

radial component of the actual bearing
load, 1b (N) (para. 4-6.3)

= minimum grip ratio (para. 4-9.1)

bearing power factor (para. 4-6.3)

fatigue stress amplification factor
(para. 4-7.6.1)

stress amplification factor for torsional

Ri

= radius of gyration of a section comprising
the compression flange plus one-third of
the compression web area, taken 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® (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) (Table 3-1)

= leg size of the reinforcing or contouring
fillet, if any, in the direction of the thick-
ness of the tension-loaded plate, in.{(mm)
(para. 3-4.6)

= major axis plastic modulus, in.’ (mm?)
(para. 3-2.3.1)

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

= shear plane(locating angle for pin-
connected gplates (para. 3-3.3.1)

mbols for Chapter 4

effective area of the vacuum pad enclosed
bétween the pad and the material when the
pad is fully compressed against the

C, = basic dynamic load rating to theoretically

endure one million revolutions, per bearing
manufacturer, Ib (N) (para. 4-6.3)

nominal shaft diameter or bearing inside
diameter, in. (mm) (para. 4-6.4)

diametral pitch, in.”! (mm™) (para. 4-5.3)
face width of smaller gear, in. (mm)
(para. 4-5.3)

axial component of the actual bearing load,
Ib (N) (para. 4-6.3)

= bearing length, in. (mm) (para. 4-6.4)
= allowable tooth load’in bending, If

= rotationalspeed, rev./min (para. 4-6.]
= vacdum pad design factor based on

shear [para. 4-7.6.3(b)]
stress amplification factor for ‘bending
[para. 4-7.6.3(a)]
stress amplification factor fordirect temsion
[para. 4-7.6.3(a)]

(N)
(para. 4-5.3)
basic rating-life exceeded by 90y of
bearings tested, hr (para. 4-6.2)

~

orientation of load (para. 4-10.1)
average pressure, psi (MPa) (para. 4-¢.4)

=) dynamic equivalent radial load, 1§ (N)

(para. 4-6.3)
computed combined axial/bending stress,
ksi (MPa) [para. 4-7.5(a)]
computed axial stress, ksi (MPa)
[para. 4-7.5(a)]
portion of the computed tensile stress not
due to fluctuating loads, ksi (MPa)
[para. 4-7.6.3(d)]
computed bending stress, ksi (MPa)
[para. 4-7.5(a)]
computed combined stress, ksi (MPa)
[para. 4-7.5(c)]
fatigue (endurance) limit of polished,
unnotched specimen in reversed benfling,
ksi (MPa) (para. 4-7.6.2)
corrected fatigue (endurance) limit of shaft
in reversed bending, ksi (MPa)
(para. 4-7.6.2)
computed fatigue stress, ksi (}yIPa)
[para. 4-7.6.3(a)]

due

to fluctuating loads, ksi (MPa)
[para. 4-7.6.3(d)]

computed axial tensile stress, ksi (MPa)
[para. 4-7.6.3(a)]

specified minimum ultimate tensile
strength, ksi (MPa) [para. 4-7.5(a)]
specified minimum yield strength,
ksi (MPa) [para. 4-7.6.3(d)]

calculated ultimate vacuum pad capacity

(para. 4-10.1)
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V = surface velocity of shaft, ft/min (m/sec)
(para. 4-6.4)
V, = minimum vacuum level specified at the pad
(para. 4-10.1)
VPR = maximum
(para. 4-10.1)
bearing load, 1b (N) (para. 4-6.4)
= dynamic radial load factor per bearing
manufacturer (para. 4-6.3)

calculated pad rating

<=
[

ASME B17.1-1967 (R2008), Keys and Keyseats

ASME B30.20-2010, Below-the-Hook Lifting Devices

Publisher: The American Society of Mechanical
Engineers (ASME), Three Park Avenue, New York,
NY 10016-5990; Order Department: 22 Law Drive, P.O.
Box 2900, Fairfield, NJ 07007-2900 (www.asme.org)

ASTM A325, Standard Specification for Structural Bolts,
Steel, Heat Treated, 120/105 ksi Minimum Tensile

Strenath

Y = Lewisform Iactor (lable 4-1); dynamic axial
load factor per bearing manufacturer
(para. 4-6.3)

usp = coefficient of static friction (para. 4-9.1)

o, = specified minimum yield stress, psi (MPa)
(para. 4-5.3)

7 = computed combined shear stress, ksi (MPa)
[para. 4-7.5(b)]

T = portion of the computed shear stress not
due to the fluctuating loads, ksi (MPa)
[para. 4-7.6.3(d)]

77 = computed combined fatigue shear stress,
ksi (MPa) [para. 4-7.6.3(b)]

7k = portion of the computed shear stress due
to fluctuating loads, ksi (MPa)
[para. 4-7.6.3(d)]

7r = computed torsional shear stress, ksi (MPa)
[para. 4-7.5(b)]

7y = computed transverse shear stress, ksi (MPa)
[para. 4-7.5(b)]

0 = angle of vacuum pad interface surface mea-
sured from horizontal (para. 4-10.1)
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Chapter 2
Lifter Classifications

2-1 GENERAL

specified in para. 1-4.7 may require additional

A Dedign Category and Service Class shall be
designated for each lifter.

2-1.1 Selection

The sdlection of a Design Category (static strength
criteria) gnd 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 liftef to be matched to the needs of the user. A
qualified|person or manufacturer must assure that the
Design Category and Service Class specified for a
particular lifter are appropriate for the intended use so
as to pfovide a design with adequate structural
reliability] and expected service life.

2-1.2 Ré¢sponsibility

The sellection of Design Category and Service Cldss
shall bel the responsibility of a qualified petson
represenfing the owner, purchaser, or user of thelifting
device. If not specified by the owner, purchaset; or user,
the Desfgn Category and Service Class shall be
designated by the qualified person resppnsible for the
design.

2-1.3 Idpntification

The Deesign Category_dnd Service Class shall be
marked|on the liftexand appear on quotations,
drawings, and docunfentation associated with the lifter.

Commentary:. “/The purpose of this requirement is
to ensurg that the designer, manufacturer, and end user
are awarg of-the assigned Design Category and Service

d Y cyu U dlt U

- 3
markings may include top level drawings, quotations,
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,
moisture, and corrosive environments). Lifter
components operating at temperatures outside the range

12

consideration.

Commentary: Ambient operating tempergture
limits are intended only to be a duideline.| The
component temperature of each part of the lifter jnust
be considered when the deviceis“operating in an
environment outside the limits ‘defined in para. 1-4.7.
The effects of dust, moisture,@ad corrosive atmospheric
substances on the integrity“and performance of allifter
cannot be specifically-/defined. These dejsign
considerations must bbe evaluated and accounted fpr by
the lifting device mafufacturer 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 limits to be used in the design. The design factors
are given in para. 3-1.3.

Lifters shall be designed to Design Category B, upnless
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 testiag in
accordance with ASME B30.20 or other applicable dafety
standards or regulations.

2-2.1 Design Category A

= = be—destgrated—when
the magnitude and variation of loads applied to the lifter
are predictable, where the loading and environmental
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

(
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presumptions of rare and only minor unintended
overloading, mild impact loads during routine use, and
a maximum impact multiplier of 50%. These load
conditions are characteristic of use of the lifter in work
environments where the weights of the loads being
handled are reasonably well known and the lifting
operations are conducted in a controlled manner.
Typical characteristics of the application for this Design
Category include lifts at slow speeds utilizing a well
mai

Table 2-1 Service Class

Service Class Load Cycles

0 0-20,000
20,001-100,000
100,001-500,000
500,001-2,000,000
Over 2,000,000

M~ WN -

tained Iifﬁnc device underthe control of a lift
supdrvisor and experienced crane operator. This Design
Catepory should not be used in any environment where
sevefe conditions or use are present.

Dgsign Category A is intended to apply to lifting
devices used in controlled conditions, as discussed
aboye. Practical considerations of various work
envifonments indicate that the high numbers of load
cyclgs that correspond to Service Class 1 and higher
commonly equate to usage conditions under which the
desipn factor of Design Category A is inappropriate.
Thug, the use of Design Category A is restricted to lifting
devite applications with low numbers of load cycles
(Seryice Class 0).

2-2.2 Design Category B

(a) Design Category B should be designated when
the magnitude and variation of loads applied to the
liftef are not predictable, where the loading and
envifonmental conditions are severe, or not accurately:
defirned.

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

Commentary: The design factor'specified in
Chapter 3 for Design Category B lifters is based on
presjumptions (compared to Design.Category A) of a
gredter uncertainty in the weight’ of the load being
handlled, the possibility ~of somewhat greater
unintended overloads, roagher handling of the load,
whigh will result in_higher impact loads, and a
maxfmum impact multiplier of 100%. These load
conditions are characteristic of use of the lifter in work
environments where the weights of the loads being
hanglled may~not be well known and the lifting
operptions are/conducted in a more rapid, production-
oriepted_-manner. Typical characteristics of the
application for this Design Category include rough
Usadeard , ey . ; s
Design Category B will generally be appropriate for

adve e O olied ona O
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Table C2-1 Service Class Life

Desired Life,\Years

Cycles per Day 1 5 10 20 30
5 0 0 0 1 1

10 0 0 1 1 2

25 0 1 1 2 2

50 0 1 2 2 3

100 1 2 2 3 3

200 1 2 3 3 4

300 2 3 3 4 4

750 2 3 4 4 4
1,000 2 3 4 4 4
lifters’"that are to be used in severe envirgnments.
However, the Design Category B design factor|does not
necessarily account for all adverse envirgnmental

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
stress range values for structural members (seftion 3-4)
and design parameters for mechanical components
(sections 4-6 and 4-7).

Commentary: Design for fatigue involveg an eco-
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 donsistent
with the requirements of ANSI/AWS D14.1.

ermining
s per day

and service life desired.

(
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Chapter 3
Structural Design

3-1 GENERAL

Allowable stresses for design conditions not

3-1.1 Pyrpose

This chapter sets forth design criteria for prismatic
structural members and connections of a below-the-
hook lifting device.

Commentary: The member allowable stresses
defined ip Chapter 3 have generally been derived based
on the agsumption of the members being prismatic.
Design of tapered members may require additional
considefations. References such as AISC (2000),
Appendix F3, and Blodgett (1966), Section 4.6, may be
useful fof the design of tapered members.

3-1.2 Ldads

Belowithe-hook lifting devices shall be designed to
resist thelactual applied loads. These loads shall include
the rated|load, the weights of the individual components
of the lifter, and other forces created by the operation
of the lifter, such as gripping force or lateral loads.
Resolutign of these loads into member and connection
forces shall be performed by an accepted structural
analysis method.

Commentary: The structural members and
mechanj|cal components of a belowgthe-hook lifting
device are to be designed for the forcessimposed by the
lifted loagl (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 de¢vice. The inclusion of lateral forces in this
paragraph is intended«o refer to calculated lateral
forces thht occur as a‘result of the intended or expected
use of thg lifter. This.provision is not intended to require
the use ¢f an arhitrary lateral load in lifter design. For
most dpsighs; an added impact allowance is
not reqpiired. This issue is discussed further in

addressed herein shall be based on the following.design
factors:

(a) Design factors for Design Categony A lifting
devices shall be not less than 2.00 for'limit statps of
yielding or buckling and 2.40 for limit’states of fracture
and for connection design.

(b) Design factors for Design’Category B lifting
devices shall be not less thanv3.00 for limit statps of
yielding or buckling and 8.60 for limit states of fragture
and for connection desigm:

Commentary: “/The static strength design provisions
defined in Chapter 3 have been derived using a
probabilistic_ahalysis of the static and dynamic loads to
which lifters'may be subjected and the uncertaipties
with which the strength of the lifter memberg and
connections may be calculated. The load and strength
uncertainties are related to a design factor Ny Using
€g. (C3-1) (Cornell, 1969; Shigley and Mischke, 200

P

N B Va+ Vs - B2VRVE

C3-1)
! 1- B2V4

The term Vj is the coefficient of variation of the
element strength. Values of the coefficient of variation
for different types of structural members|and
connections have been determined in an extensive
research program sponsored by the American lror} and
Steel Institute (AISI) and published in a series of papers
in the September 1978 issue (Vol. 104, No. ST9) df the
Journal of the Structural Division of the Ametfican
Society of Civil Engineers. Maximum values of Vi ¢qual
to 0.151 for strength limits of yielding or buckling and
0.180 for strength limits of fracture and for conngction
design were taken from this research and usef for
development of the BTH design factors.

The term Vs is the coefficient of variation of the

Commentaries for paras. 3-1.3 and 3-5.1.

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, N4, in the allowable stress
equations shall be as follows:

Ny = 2.00 for Design Category A lifters

= 3.00 for Design Category B lifters

spectrum of loads to which the lifter may be subjected.
The 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
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Table C3-1 Design Category A
Static Load Spectrum

Table C3-3 Design Category B
Static Load Spectrum

Percent of Percent Percent of Percent
Rated Load of Lifts Rated Load of Lifts
80 40 50 40
90 55 75 50
100 4 100 8
105 1 120 2

Table C3-2 Design Category A
Dynamic Load Spectrum

Dynaic Load Percent Percent
as Pdrcent of of Lifts of Lifts
Liftdd Load (Standard) (Special Case)

0 25 20

10 45 58

20 20 15

30 7 4

10 2 2

50 1 1

lifted loads relative to rated load is considered to be as
shown in Table C3-1.

A gimilar distribution was developed for dynamic
loadjing. AISC (1974) reports the results of load tests
perf¢rmed on stiffleg derricks in which dynamic loading
to the derrick was measured. Typical dynamic loads
werg¢ on the order of 20% of the lifted load and\the
uppégr bound dynamic load was about 50% of the-lifted
load] Tests on overhead cranes (Madsen, 1944) '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).

A second dynamic load spectrum was developed
for p special case of Design Category A. Some
manfufacturers of heavy(equipment such as power
gengration machinery huild lifters to be used for the
handling of their egliipment. As such, the lifters are
used at or near 100% of rated load for every lift, but due
to tHe nature of.those lifts, the dynamic loading can
reaspnably hé-expected to be somewhat less than the
normal Desigh Category A lifters. The distribution
devedlopéedsfor this special case is shown in Table C3-2.

THe rahge of total loads was developed by computing

Table C3-4 Design Category B
Dynamic Load Spectrum

Dynamic Load

as Percent of Percent
Lifted Load of Lifts

0 1

10 17

20 25

30 19

40 13

50 9

60 6

70 4

80 3

90 2

100 1

or buckling and 2.40 for limits of fracturg and for
connection design are calculated using eq. (C3{1).

Prior to the first issuance of ASME B30.20 in 1986,
engineers in construction commonly designgd lifting
devices using AISC allowable stresses and pgrhaps 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
design factors with respect to the rated load ¢f 1.67 to
2.08 for member design and 2.00 to 2.50 for cpnnection
design. The agreement of the computed BTH design
factors with the prior practice was felt to validate the
results.

A similar process was conducted forl Design
Category B. In this application, lifters are expected to
serve reliably under more severe conditions, fincluding

the total load (static plus dynamic) for the combination
of the spectra shown in Tables C3-1 and C3-2. The
appropriate statistical analysis yielded loading
coefficients of variation of 0.156 for the standard design
spectrum and 0.131 for the special case.

The last term in eq. (C3-1) to be established is the
reliability index, 8. The Committee noted that the
current structural steel specification (AISC, 2000) is
based on a value of 8 = 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

abuse, and may be used to lift a broader range of loads.
Thus, the range of both static and dynamic loads is
greater for Design Category B than for Design Category
A. The BTH Committee developed a set of static and
dynamic load spectra based on the judgment and
experience of the Committee members. Table C3-3 is
the static load spectrum; Table C3-4 is the dynamic
spectrum.

Again, the total load spectrum was developed and
the statistical analysis performed. The coefficient of
variation for the loading was found to be 0.392.
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Due to the greater uncertainty of the loading
conditions associated with Design Category B, the
Committee 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
connection design. In order to maintain the same
relationship-between member and i i
factors for both Design Categories, the connection
design fdctor is specified as 3.00 x 1.20 = 3.60.

Lifters used in the industrial applications of the types
for whidh Design Category B is appropriate have
traditionglly been proportioned using a design factor of
3, as hap been required by ASME B30.20 since its
inception. As with the Design Category A design factor,
this agrepment between the design factor calculated on
the basig of the load spectra shown in Tables C3-3 and
C3-4 and the design factor that has been successfully
used for [decades validates the process.

The ptovisions 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 miphimum values. Some lifter applications may
result in|greater dynamic loading that will necessitate
higher design factors. It is the responsibility of:a
qualified person to determine when higher désign
factors afe required and to determine the appropfriate
values in|such cases.

3-1.4 Fatigue Design Basis

Members and connections subject to’repeated loading
shall be ¢lesigned so that the maxithum stress does not
exceed tlf values given in seetions 3-2 and 3-3 and the
maximuin range of stress ‘doés not exceed the values
given in gection 3-4. Members and connections subjected
to fewer|than 20,000(cycles (Service Class 0) need not
be analyfed for fafigue.

3-1.5 Cdrved ‘Members

The dgsign-of curved members that are subjected to

that are higher than would be computed using the
conventional bending stress formulas. As with straight
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.

will have the same maximum bending strength|(i.e.,
plastic moment) as a straight member (McWhorfer et
al., 1971; Boresi and Sidebottom, 1985). Thus; the [peak
bending stresses due to the curvature must be
evaluated for members subject to cyclic/loading and for
which the fatigue life must be assessed, but need not
be considered for static strength design for membegrs in
which the plastic moment can be’ attained.

Classical design aids such'as Table 9.1 in Rofark’s
Formulas for Stress and, Strain (Young and Budynas,
2002) may be used to‘satisfy the requirement definjed in
this section.

3-1.6 Allowahle Stresses

All structural members, connections, and connectors
shall he proportioned so the stresses due to the Joads
stiptlated in para. 3-1.2 do not exceed the allowable
stresses and stress ranges specified in sections 3-2, 3-3,
and 3-4. The allowable stresses specified in these sections
do not apply to peak stresses in regions of connectjions,
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 intended
that highly localized peak stresses that may be
determined by computer-aided methods of analysis,
and which may be blunted by confined yielding, must
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 sectiop.” A

bending i the plane of the curve shall accoumt for the
increase in maximum bending stress due to the
curvature, 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

compact section is capable of developing a fully plastic
stress distribution before the onset of local buckling in
one or more of its compression elements. A
noncompact 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
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elements common to structural members are given in
Table 3-1. Compression elements that are more slender
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

to 0.50F,, as is commonly used in structural design
specifications 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,
with respect to buckling The lower design factor for

THe allowable tensile stress, F;, shall not exceed the
valug given by eq. (3-1) on the gross area nor the value
giveh by eq. (3-2) on the effective net tensile area.

F=l (3-1)
TN,
Fo= 3-2
t T 120Ny 3-2)
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

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

(KIJr 2
[1 EY: ]Fy
Fo = — (33)
IKIfr)  3(KHh) }
N1 -
d[ " aoc, e

C=\\JF (B-4)

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

#E

= 3-5
1.15N, (Kl/r)? 35)

a

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
protection against the effect of such’bending stresses.
The effective length factor, K, provides a convenient
method of determining, the’ buckling strgngth of
compression membersiother than pin-endgd struts.
General guidance ontthe value of K for| various
situations can befound in Chapter C of the AISC
Commentary (AISC, 1989 or AISC, 2000). E[xtensive
coverage of the topic can be found in Galambgs (1998).

3-2.3 .Flexural Members

3-2:3.1 Strong Axis Bending of Compact Sections.
Ihe’ allowable bending stress, Fj, for memHfers with
compact sections as defined by Table 3-1 syrhmetrical
about, and loaded in, the plane of the minor gxis, with
the flanges continuously connected to the wel 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,

b= N (3-6)

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

y E,“F,d/A;

0.13r,E
) = A 9
where
A = cross-sectional area

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

wherte
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
allowable axial compression stress are based on the
assumption of peak residual compressive stresses equal

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
o

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 0.38E/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 tges d/t 0.75E/F,
Flanges of [rectangular box and hollow structural
sections|of uniform thickness subject to bend-
ing or cdmpression; flange cover plates and b/t 1.12,/EfE, 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 1.86E/F,
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 o
570 [=1|1-0.74 —
Fy Fy
h/ty For Nyfa/F, > 0.125 [Note (5)]
[Note (5)]
E Nd fa
1.12 /=(2.33 -
Fy Fy
> 1.49 JE/F,
All other upiformly compressed,_stiffened b/t 1.49 JEJF
elementy; i.e., supported along two edges h/ty, ’ y
Circular hollow sections
In axial gompression D/t ces 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 o

nly 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.

Commentary: The bending limit state for members
with compact sections and braced at intervals not
exceeding the spacing defined by eq. (3-7) or (3-8) is the
plastic moment. Generally, structural shapes have a
major axis shape factor (ratio of plastic modulus to sec-
tion modulus) that is 12% or greater (AISC 1989
Co

rectangular in shape, and that has an area not less than
the tension flange. For channels bent about the major
axis, the allowable compressive stress is given by

compact sections provides a lower bound design factor
of N}, with respect to the plastic moment.

3t2.3.2 Strong Axis and Weak Axis Bending of
Compact Sections With Unbraced Length Greater than L,
and [Noncompact Sections. The allowable bending
stresp for members with compact or noncompact sec-
tiong as defined by Table 3-1, loaded through the shear
cent¢r, bent about either the major or minor axis, and
laterplly braced at intervals not exceeding L, for major
axis pending as defined by eq. (3-10) for I-shape mem-
bers|and by eq. (3-11) for box members is given by
eq. (B-9). For channels bent about the strong axis, the
allowable bending stress is given by eq. (3-17).

F

—_Y¥ _
F, = N, (3-9)
2
L - 13.1973EC, 31
Fy
2r,EJJA
L, = 2B (3-11)

F,S,
Cp = 1.75 + 1.05(M;/M,) + 0.3(M;/M,Y¥ <23 (3-12)

whefe M is the smaller and M, (s the larger bending
monjent at the ends of the unbraced length, taken about
the $trong axis of the member, and where M;/M,; is
positive when M; and Mz have the same sign (reverse
curvpture bending). Ciiinay be conservatively taken as
unity. When the bending moment at any point within
an unbraced length'is larger than that at both ends of
this length, Cywshall be taken as unity [see eq. (3-12)].
For I-shape members and channels bent about the
strorjg axisiand with unbraced lengths that fall in the
rangesidefined by either eq. (3-13) or (3-15), the allowable

ben I (2 _Q\

eq. (3-17).
B19EC, L, [17.59EC,
<2< (3-13)
Fy fr Ey
E(Ly/r)*|F, F
b =10 BB IE By (-14)
T STICCy [INg 1V4
L, [17.59EC,
—> (3-15)
't F,
2
Fy = Cipp —2C " Ey (3-16)
p = 0B — =~ 5517 -
Na(@y/r,)? Na
For any value of L;77r
£F ¢ O66EC, _F, 317
TR Ng(Led/Ap T Ny
where
bg = width of the compression flange
Crgs = 1.00 for beams braced against twist pr lateral

displacement of the compression flarjge at the
ends of the unbraced length

= M < 1.00 for beams not braced against

v/ by

twist or lateral displacement of the fompres-

sion flange at the ends of the unbraced length

= distance between cross sections braceld against

twist or lateral displacement of the fompres-

sion flange for beams not braced agafnst twist

or lateral displacement, maximym span
between supports or points of applidd load

rr = radius of gyration of a section comptising the

compression flange plus one-third of|the com-

pression web area, taken about an axis in the

plane of the web

The allowable major axis moment, M, for|tees and
double-angle members loaded in the plane of
symmetry is

ing-stress—intensionis—givenbyeq—3-9)—Foran
I-shape member for which the unbraced length of the
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 eqs. (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

19

AL w VEI}/G] (o 1 o2 FyaEx (3-18)
VL TN, L, TSN,
where
a = 1.0 if the stem is in compression
= 1.25 if the stem is in tension
B = +2.3(d/Ly)J1,/]

Crrg = 1.00 for beams braced against twist or lateral
displacement of the compression element at the
ends of the unbraced length

= M + 0.25 < 1.00 for beams not braced
Ly/bs
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against twist or lateral displacement of the
compression flange at the ends of the unbraced

length if the stem is in tension

1.75JI
= —X/] + 0.20 < 1.00 for beams not braced
Lb/bf

against twist or lateral displacement of the
compression flange at the ends of the unbraced
length if the stem is in compression

G = shear modulus of elasticity

F =G| 152 - 07a (B B (125K g )
b= Co | 1520274 |~ 1IN S TN, (3-22)
Lyd 19E
t_2 > P_y (3-23)
1.9EC,
(3-24)

"7 NaLod/P)

Iy = |minor axis moment of inertia

The vqlue, B, is positive when the stem is in tension
and negative when the stem is in compression anywhere
along th¢ unbraced length.

at interyals not exceeding the spacing defined by
eq. (3-10) or (3-11) have a limit state moment that
equates|to outer fiber yield. The allowable bending
stress fof members with noncompact sections provides
a design [factor of Ny with respect to outer fiber yielding.

I-shapg 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 strgsses that provide a design factor of Ny with
respect tp this limit state.

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
torsiona| 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.

Equations (3-10) through (3-18) are based-gn'the
behavior|of beams that are restrained against twist or
lateral displacement at the ends of the unbraced length,
L. Susppnded beams exhibit differentsbehavior with
respect tp lateral torsional buckling (Dux and Kitiporn-
chai, 199p). I-shape beams show a buckling strength less
than thaft predicted by the standard elastic buckling
equations at  proportions Jwhere (L, /bs) JI/J
is greater than about 3. Teetshape beams show reduced
buckling |strength at all proportions. The coefficient C; 15
in eqgs. {3-16), (3-17);yand (3-18) accounts for this
reduced puckling strendth.

Coml-:{entary: Noncompact shapes that are braced

3-2.3{3 Strong Axis Bending of Solid Rectangular
Bars. Thé allowable bending stress for a rectangular

Commentary: The provisions of this sectioh are
taken from AISC (2005). The coefficient, 1.255 in
egs. (3-20) and (3-22) is based on the discussipn in
Commentary for para. 3-2.3.4.

3-2.3.4 Weak Axis Bending of Compact Sectfons,
Solid Bars, and Rectangular/Sections. For doubly
symmetric I- and H-shape'\mémbers with conpact
flanges as defined by Table-3-1 continuously conngcted
to the web and bent about their weak axes, solid rpund
and square bars, and,'solid rectangular sections|bent
about their weak<xes, the allowable bending streps is

_125F,

, N 3-25)

For rectangular tubes or box shapes with corﬂ:pact
flanges and webs as defined by Table 3-1, with the
tlanges continuously connected to the webs, and|bent
about their weak axes, the allowable bending str¢ss is
given by eq. (3-6).

Commentary: Many shapes commonly usgd in
lifting devices have shape factors that are signifigantly
greater than 1.12. These include doubly symmletric
I- and H-shape members with compact flanges |pent
about their weak axes, solid round and square barg, and
solid rectangular sections bent about their weak pxes.
The shape factors for these shapes are typically 1.50 or
greater.

The allowable bending stress for these sh@apes
eq. (3-25) gives a design factor of 1.20N, 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 undern the
maximum loads defined in the load spectra upon which
the design factors are based. The Design Categgry A

section of depth, @, and thickness, f, is given as follows:

Lyd 0.08E
?g T, (3-19)
_ 1.25F, 320
b= N (3-20)
Lyd
0.08E _Lid _19E (3.21)

F

y 2

spectra define a maximum static foad equal to 105% of
the rated load and a maximum impact equal to 50% of
the lifted load. Thus, the theoretical maximum bending
stress is 1.25F, (1.05 x 1.50) / 2.00 = 0.98F,. The Design
Category B spectra define a maximum static load equal
to 120% of the rated load and a maximum impact equal
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
cylindrical members subject to biaxial bending with no
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axial load shall be proportioned to satisfy eq. (3-26).
Cylindrical members subject to biaxial bending with no
axial load shall be proportioned to satisfy eq. (3-27).

&+@S1.0

fa mefhx Cmy fby

— + + <1.0 (3-29)
F, a a
(1 - f_/)Fbx (1 - f_,>Fb}/
ex ey
fa fbx fhy
Fy/Nd + F_bx + F_by <10 (3-30)
fo Jo S g (3-31)

+
F,  Fp Fby

3-26
Fpe F by ( )
2 + 2
Pt 1y (3-27)
Ey
fex|or fp, = computed bending stress about the x or
y axis, as indicated
Fy pr Fp, = allowable bending stress about the x or

y axis, as indicated, from para. 3-2.3

312.3.6 Shearon Bars, Pins, and Plates. The average
sheaf stress F, on bars, pins, and plates for which
h/t & 2.45,/E/Fy shall not exceed

F

F, = —% 3-28
NoJ3 (3-28)

whete
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

Mpthods used to determine the strength of plates
subjected to shear forces for which h/t > 2.45 /E/F, shall
provjide a design factor with respect to the limit state
ckling not less than the applicable Yalue given in

stre

(c) Cylindrical members shall satisfy eqs:($-32) and
(3-33) or (3-34).
(d) When f,/F, < 0.15, eq. (3-34) is permittdd in lieu
of egs. (3-32) and (3-33).

fa Cm\/f%x+f121y<10

F—,a + W (3—32)
L& | Fy
F.
LS oty 1.0 (3-33)
Fy/Nd Fb -
2)( + 2
f; + —Vf”Ff[’y <10 (3-34)
a b

(¢) Members subject to combined axial terjsion and
bending stresses shall be proportioned to satisfy the
following equations. Equation (3-35) appljes to all
members except cylindrical members. Equation (3-36)
applies to cylindrical members.

£+&+@S1.0

3.35

F 'y (3-35)
2 + 2

i—f + _M <1.0 (3-36)

t b

In egs. (3-29) through (3-36),

F, = allowable axial compressive str¢ss from
para. 3-2.2
fa = computed axial compressive stress
E = 7E
© 1.15Ny(KI/r)?
F; = allowable tensile stress from para. 3{2.1
fi = computed axial tensile stress

3-2.4 Combined Axial and Bending Stresses

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

(a) All members except cylindrical members shall
satisfy egs. (3-29) and (3-30) or (3-31).

(b) When f,/F, <0.15, eq. (3-31) is permitted in lieu of
eqs. (3-29) and (3-30).

where the slenderness ratio, Ki/r, is that in the plane of
bending under consideration

Cy = Cyx = Cpy = 1.0

Lower values for C,,, Cy,, or Cy, may be used if
justified by analysis.

Commentary: The design of members subject to
combined axial compression and bending must
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recognize the moment amplification that results from
P-A effects. The formulas given in this section are taken
from AISC (1989) with modifications as necessary to
account for the design factors given in this Standard. An
in-depth discussion of axial-bending interaction and the
derivation of these formulas may be found in Galambos
(1998).

The interaction formulas for cylindrical members rec-
ognize that the maximum bending stresses about two
mutua”y pnrr\nnr’limllnr axes do not occur at the same
point. Equations (3-32), (3-33), and (3-34) are based on
the assymption that C,,, F.’, and F, have the same
values fqr both axes. If different values are applicable,
different interaction equations must be used (e.g.,
API RP 2A-WSD).

3-2.5 Cgmbined Normal and Shear Stresses

Regior}s of members subject to combined normal and
shear str¢sses shall be proportioned such that the critical
stress f,, komputed with eq. (3-37) does not exceed the
allowabl¢ stress F., defined in the equation.

E,
/f%—fxfy+f}2/+3§SFC,=m

for = (3-37)

where
F o =

fo
fx
fy

Commentary: Equation (3-37) is the Energy of
Distortign Theory relationship between normal and
shear s{resses (Shigley and Mischke$\ 2001). The
allowable critical stress is the material'yield stress
divided py the applicable design factor, N4. For the
purpose jof this requirement, the directions x and y are
mutually|perpendicular orientations of normal stresses,
not x-axis and y-axis bending stresses.

hllowable critical stress due to combined shear
hind normal stresses

fomputed shear stress

fomputed normal stress in the x direction
romputed normal stress in the y direction

3-2.6 Ldcal Buckling

The wjdth-thickness ratios of compression elements
shall be lpss thari:orequal to the values given in Table 3-1
to be fully effective.

Methofls\ised to determine the strength of slender

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

3-3 CONNECTION DESIGN
3-3.1 General

In connection design, bolts shall not be considerpd as
sharing stress in combination with welds.CWhen the
gravity axes of connecting, axially stressed' membe}s do
not intersect at one point, provision shall be made for
bending and shear stresses due to‘eCcentricity ip the
connection.

The allowable bearing stress, F,; on the contact]
of milled surfaces, fitted bearing stiffeners, and
steel parts in static conta€t-is

area
bther

1.8F,

F p = TO]\]d 3-38)

The allowable“bearing load, R, in kips per inth of
length (N /mm) on rollers is

A
Ry = 1.20Nd< 20/>C 339)

where

= 12if d <25 in. (635 mm)

6.0 if d > 25 in. when using U.S. Custo
units (F,, ksi)

= 30.2ifd > 635 mm when using Sl units (F,, MPa)
d if d <25 in. (635 mm)

Jd if d > 25 in. (635 mm)

diameter of roller

13 when using U.S. Customary units (F,,
90 when using SI units (F,, MPa)

F, = lower yield stress of the parts in contact

mary

o
nnn

ksi)

Commentary: Design of bolted and welded
connections follows the same basic procedures ap are
defined in AISC (1989) and ANSI/AWS D14.1.[The
primary changes are in the levels of allowable str¢sses
that have been established to provide design factqrs of
2.40 or 3.60 with respect to fracture for Dgsign
Categories A or B, respectively.

compression elements shall provide a design tactor with
respect to the limit state of buckling not less than the
applicable value given in para. 3-1.3.

Commentary: Compression element width—
thickness ratios are defined for compact and non-
compact sections in Table 3-1. The limits expressed
therein are based on Table B5.1 of AISC (2000). Defini-
tions of the dimensions used in Table 3-1 for the most
common compression elements are illustrated in

22

The allowable bearing stress defined by eq. (3-38) is
based on AISC (1989) and AISC (2000). A lower
allowable bearing stress may be required between parts
that will move relative to one another under load.
Equation (3-39) is based on AISC (2000) and Wilson
(1934). As used throughout this Standard, the terms
milled surface, milled, and milling are intended to
include surfaces that have been accurately sawed or
finished to a true plane by any suitable means.

These bearing stress limits apply only to bearing
between parts in the lifting device. Bearing between

Fig. C3-1.
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Fig. C3-1 Selected Examples of Table 3-1 Requirements

(a)]Rolled Beam

(b) Welded Beam

b
| : — (1) —
] R e A |
A ]rl ; - t A |
he t
Y ) |
_ —_f—-— - —- —] b |
i hA * —> <1, = S5 |
c b
Y Y[ Y Y I
_J \ S )

{d) Structural Tube
Weak Axis Bending

(c) Structural Tube
Strong Axis Bending

s b -
Y
A A A
t
h e 1 b
>H<—t, Iy le
Y Y

(e) Welded Box
Strong Axis Bending

partg of the lifter and the item being.,handled must be
evalliated by a qualified person takihg: into account the
nature of the item and its practical’sensitivity to local
compressive stress.

3-3.2 Bolted Connections

A |bolted connection-shall consist of a minimum of
two|bolts. Bolt spacing and edge distance shall be
detefmined by.air’accepted design approach so as to

(ff Welded Box
Weak Axis Bending

(g) Tee

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

The allowable bearing stress, Fp,, of the conngcted part
on the projected area of the bolt is

2.40F,

provlide a mihintum design factor of 1.20N,; with respect F,= =t (3-42)
to frpcturéief the connected parts in tension, shear, or 120Ny
block sheéar.
T le allowzable tensile cl—rocc’ 7:" of the bolt is
where
__k F, = the specified minimum ultimate tensile
F=—t (3-40)
1.20N, strength of the connected part

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.

The allowable shear stress, F,, of the bolt is

0.62F,

F, = 1.20N;

(3-41)

The allowable tensile stress, F/, for a bolt subjected
to combined tension and shear stresses is

F = JF} - 2.60f2

(3-43)
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The allowable shear capacity, Ps, of a bolt in a slip-
critical connection in which the faying surfaces are clean
and unpainted is

Fig. C3-2 Block Shear

Top flange cut back7

0.26AF, Direction_of
s = mTONd (3-44) connection
load
where Shear area é
A, = tensile stress area .
m = pumberofslipplanesin the connection 4
rr

during irjstallation to provide an initial tension equal to
at least 0% of the specified minimum tensile strength
of the bojt. A hardened flat washer shall be used under
the part fturned (nut or bolt head) during installation.
Washers phall be used under both the bolt head and nut
of ASTM A490 bolts when the connected material has
a speciffed minimum yield stress less than 40 ksi
(276 MPg). Only ASTM A325 or ASTM A490 bolts shall
be used }n slip-critical connections.

Bolted| connections subjected to cyclic shear loading
shall be ¢lesigned as slip-critical connections unless the
shear lodd is transferred between the connected paits
by meanp of dowels, keys, or other close-fit elemerits.

Commentary: A bolted connection is defined for
the purpose of this Standard as a nonpermanent
connectfon in which two or more parts.are joined
together with threaded fasteners in su¢ha*manner as to
prevent felative motion. A connectidn jn which a single
fastenerls used is considered a pinned connection and
shall be @lesigned as such.

Allowdble stresses or allowable loads in bolts are
establishpd as the ultimateé:tensile strength, the ultimate
shear s{rength, or slip resistance divided by the
approprigte design facter. The ultimate shear strength is
taken as|62% of £&he- ultimate tensile strength (Kulak et
al., 1987)| This«alue is reasonable for relatively compact
bolted cqannéections. If the length of a bolted connection
exceeds pbout 15 in. (380 mm), the allowable shear per

Tensile area 7/

GENERAL NOTE: Failure occurs by tearing“out-of shaded porfion.

pieces other than to reguire that the strength off the
connected pieces within the connection provide a
design factor of at-least 1.20N,,.
Figure C3-2 illustrates the special case of block $hear
failure of a connécted part. The strength of the phrt is
the sum ofthe allowable tensile stress acting on the
indicated‘\ténsile area plus the allowable shear stress
acting @n the indicated shear area. Although the fijgure
shows"a bolted connection, this type of failure can also
oceur in a welded connection.
A slip-critical connection is a connection|that
transmits shear load by means of the friction betyveen
the connected parts. Development of this friction, or slip
resistance, is dependent on the installation tensipn of
the bolts and the coefficient of friction at the faying
surfaces. Equation (3-44) is based on a mean slip
coefficient of 0.33 and a confidence level of 90% hased
on a calibrated wrench installation (Kulak et al., 1987).
The slip resistance of connections in which thq bolt
holes are more than %g in. (2 mm) greater than the |bolts
exhibit a reduced slip resistance. If larger holep are
necessary, the test results reported in Kulak et al. (1987)
can be used to determine the reduced capacity df the
connection.
The slip resistance defined in this Standard is Qased
on faying surfaces that are free of loose mill scale, paint,
and other coatings. The slip resistance of paintéd or
coated surfaces varies greatly, depending on the|type
and thickness of coating. It is not practical to defjne a

bolt should be reduced to account for the increasing
inefficiency of the connection (Kulak et al., 1987).
Equation (3-43) is derived from Kulak et al. (1987),
eq. (4-1). Actual stresses due to applied loads are to be
computed based on the bolt's gross area, root area, or
tensile stress area, as applicable.

The configuration of bolted connections in lifting
devices will likely vary greatly from the standard types
of connections used in steel construction. This Standard
does not attempt to address the many variances with
respect to evaluating the strength of the connected

24

general acceptable slip resistance for such connections.
Testing to determine the slip resistance is required for
slip-resistant connections in which the faying surfaces
are painted or otherwise coated (Yura and Frank, 1985).

The design provisions for slip-critical connections are
based on experimental research (Kulak et al., 1987) on
connections made with ASTM A325 and A490 bolts.
In the absence of similar research results using other
types and grades of bolts, para. 3-3.2 limits the types of
bolts that may be used in slip-critical connections to
ASTM A325 and A490.

(
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3-3.3 Pinned Connections

Commentary: A pinned connection is defined for
the purpose of this Standard as a nonpermanent
connection in which two or more parts are joined
together in such a manner as to allow relative rotation.
Even if a threaded fastener is used as the pin, the
connection is still considered a pinned connection and
shall be designed as such.

where
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

0.70F,

v = TN (3-50)

313.3.1 Static Strength of the Plates. The strength
of a|pin-connected plate in the region of the pinhole
shall be taken as the least value of the tensile strength
of the effective area on a plane through the center of
the pinhole perpendicular to the line of action of the
appljed load, the fracture strength beyond the pinhole
on g single plane parallel to the line of action of the
applied load, and the double plane shear strength
beyqgnd the pinhole parallel to the line of action of the
appljed load.

THe allowable tensile strength through the pinhole,
P,, shall be calculated as follows:

Fy
= C, —e2tbyy

Py " 1.20N,

(3-45)

whete
byg = effective width to each side of the pinhole

2
C, =1-0275 [1- 2%
Dj,
whete

D) = hole diameter
D) = pin diameter

(3-46)

THe value of C, may be taken ,asih00 for values of
D,/ID;, greater than 0.90.

THe effective width shall be taken as the smaller of
the values calculated as follews:

By 4t <b, (3-47)
b = b06t [Psy 3-48
eff — Vel Py bg = Ve ( - )
whete
b{ =“actual width of a pin-connected plate between

the edge of the hole and the edge of the plate

where
A, = total area of the two shear planesbgyond the
pinhole
Dy
Av=2a+7(1—cos b) |t (3-51)
where

a = distance from~the edge of the pinhdle to the
edge of the plate in the direction of the applied

load, and
— s 3-52
¢ = D, (3-52)
Commentary: A pin-connected plate may ffail in the

region of the pinhole in any of four modes. These are
tension on the effective area on a plane thrpugh the
center of the pinhole perpendicular to the line|of action
of the applied load, fracture on a single plang beyond
the pinhole parallel to the line of action of thp 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.

The strength equations for the plates are gmpirical,
based on research (Duerr, 2006). The effective width
limit of the tensile stress area defined by €q. (3-47)
serves to eliminate dishing (out of plane buckling of the
plate) as a failure mode. Otherwise, the [strength
equations are fitted to the test results. The dimmensions
used in the formulas for pin-connected p|ates are
illustrated in Fig. C3-3.

The ultimate shear strength of steel is ofter
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-

given in

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 are stiffened or otherwise prevented from buckling
out of plane.

The allowable single plane fracture strength beyond
the pinhole Py is

D h
2]

P 0.920, ; 349
b Mo e

F,
=C, TONd[Lm(R -

25

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 beyond the
hole that is perpendicular to the line of action of the
applied load. Note that the term in brackets in eq. (3-51)
is the length of one shear plane. If the edge of the plate
is curved, as illustrated in Fig. C3-3, the loss of shear
area due to the curvature must be accounted for. If the
curved edge is circular and symmetrical about an axis
defined by the line of action of the applied load, then
the loss of length of one shear plane, Z’, is given by
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Fig. C3-3 Pin-Connected Plate Notation

Direction of

Fig. C3-4 Stiffened Plate Lifting Beam

Shackles in
round holes

Flat plate beam

<

applied load Shear planes
Curved edge \ T/ZJ

A ,f"fj-/] T A A
. HVANE
a /,’ ! | \\\ o} 4 0]
Y / ! | y( \ R Y Y
A 0 - 7———STITfeners prevent
Dy, Y CL hole out-of-plane buckling
Y
3-3.3.3 Fatigue Loading. The average-tensile gtress
b, D, b, on the net area through the pinholeshall not exceefl the
~<—>< ><—> limits defined in para. 3-4.3 for Stress Category E
Pinholes in connections designed for Service Clagses 1
/l/ through 4 shall be drilled, reameéd, or otherwise finjshed
to provide a maximum_surface roughness of 500( win.
(12.5 pm) around theinside surface of the hole.
eq. (C3-2), where, r, is the radius of curvature of the
edge of the plate. Commentary: ¢ The fatigue design requiremerts in
section 3-4 are\generally based on the provisiohs of
, 2 (Dp .\ ANSI/AWS.DT4.1. This specification does not adgress
Zi=r- Jr- (7 sin ¢) (€3-2)  pinned connections. AISC (1994) defines the dame
loading, conditions, joint categories, and stress ranges
Pin-copnected plates may be designed with doubler as ANSI/AWS D14.1, but includes pinned conngcted
plates td reinforce the pinhole region. There are two plates and eyebars. This forms the basis for classifying
methodg commonly used in practice to determine the . ¢Binned connections as Stress Category E for fafigue
strengthl contribution of the doubler plates. In one -\ “design.
method, fthe strength of each plate is computed and the Pinholes in lifting devices used in construgtion
values simmed to arrive at the total strength of(the  (Service Class 0) are at times flame cut. Experignce
detail. Infthe second method, the load is assuméd-to be =~ shows that this is acceptable practice for devices not
shared gmong the individual plates in proporstion to ~ subject to cyclic loading. Connections in deyices
their thicknesses (i.e., uniform bearing between the pin designed for Service Classes 1 through 4 shall be
and the plates is assumed). The method'to ‘be used for machined as required to avoid the notches that result

design o
by a qua

the detail.

3-3.3
at a poii]
member

any particular connection shall’be determined
ified person based on a_ratienal evaluation of

2 Combined Stresses. If a pinhole is located
t where significant stresses are induced from
behavior stich as tension or bending, local

stresses from theAinction as a pinned connection shall

be comb
dance w

from flame cutting.

3-3.3.4 Bearing Stress. The bearing stress bet
the pin and the plate, based on the projected area
pin, shall not exceed the value given by eq. (3-53), W
F, is the yield stress of the pin or plate, whichey
smaller. The bearing stress between the pin and the
in connections that will rotate under load for a

veen
f the
rhere
er is
plate
large

Commentary:

ned with“the gross member stresses in accor-  number of cycles (Service Class 1 or higher) shall not
th payas. 3-2.4 and 3-2.5. exceed the value given by eq. (3-54).
If a pinhole is located at a point o by (3-53)
where significant stresses are induced from member b Ny
behavior such as tension or bending, the interaction of
local and gross member stresses must be considered. F = 0.63F, (3-54)
As an example, consider the lifting beam shown in s Ny

Fig. C3-4.

Bending of the lifting beam produces tension at the
top of the plate. The vertical load in the pinhole
produces shear stresses above the hole. The critical
stress in this region is due to the combination of these
shear and tensile stresses.

Commentary: The bearing stress limitation serves
to control deformation and wear of the plates. It is not a
strength limit. The allowable bearing stress given by
eg. (3-53) is based on the requirement of CMAA #70.
The allowable bearing stress for connections that will
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rotate under load for a large number of cycles
[eq. (3-54)] is 50% of the eq. (3-53) allowable bearing
stress.

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

This is the basis for the allowable stresses for welds
in AISC (2000) and ANSI/AWS D14.1, and for the
requirement in eq. (3-55).

3-3.4.1 General. For purposes of this section, welds
loaded 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
forces. Welded connection design shall provide adequate

Cpmmentary: The static strength of a plate in a
pinned connection in the region of the pinhole is a
max|mum when the pin is a neat fit in the hole. As the
cleafance between the pin and the hole increases, the
strerjgth of the plate decreases. Research (Duerr, 2006)
has fhown that the loss of strength is relatively slight
for glates in which the hole diameter does not exceed
110% of the pin diameter. This strength loss in
conmections with large pin-to-hole clearances is
accolunted for by the C, and ¢ terms.

Pipned connections that must accommodate large
angles of rotation under load or that will rotate under
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 4ctual detail and load conditions. A qualified person
shallldetermine an acceptable clearance.

3(3.3.6 Pin Design. Shear forces and bending
monpents in the pin shall be computed based on -the
geometry of the connection. Distribution of the (oads
between the plates and the pin may be assumed
to b¢ uniform or may account for the effects’ of local
defofmations.

C
that
aun

bmmentary: Pin design based on the assumption
the loads from each plate are‘applied to the pin as
formly distributed load across the thickness of the
plat¢ is a common appreaeh. When the plates are
relafively thick, however; this method can yield
excepsively conservative.résults. In such a case, use of a
method that aceounts for the effects of local
deformations of the'plates may be used (e.g., Melcon
and Hoblit, 1953):

When designhing a pin for a connection in which
doubler plates are used to reinforce the pinhole region,
the 4ssumption of loading to the pin shall be consistent

access for depositing the weld metal. Thepstrength of
welds is governed by either the base materjal or the
deposited weld material as noted in the following:

(a) The design strength of welds subject to tension or
compression shall be equal to theeffective afea of the
weld multiplied by the allowablestress of the bpse metal
defined in section 3-2.

(b) The design strength.0f' welds subject to shear shall
be equal to the effectiviearea of the weld mulfiplied by
the allowable stress F, given by eq. (3-55). Stresses in
the base metal shall not exceed the limits defined in
section 3-2.

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
combined in a single joint, the effective capacity of each
shall be separately computed with reference tp the axis
of the group in order to determine the allowablg¢ capacity
of the combination.

Effective areas and limitations for groove, fi
and slot welds are indicated in paras. 3-3.4.2
3-3.44.

let, plug,
through

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 eithgr type is
defined as the effective length of weld multiplied by the
effective throat thickness.

The effective length of any groove weld is the length
over which the weld cross-section has thp proper
effective throat thickness. Intermittent groove ywelds are

with Hhe—assumption-ef-how-thelead
the main (center) plate and the doubler plates.

H harad omaanc
ro-Strarct—armong

3-3.4 Welded Connections

Commentary: Structural welding procedures and
configurations 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
metal is 60% of the tensile strength (Fisher et al., 1978).

27

not-vermittad
hot-permtttec

The effective throat thickness is the minimum distance
from the root of the groove to the face of the weld, less
any reinforcement (usually the depth of groove). For a
complete-penetration groove weld, the effective throat
thickness is the thickness of the thinner part joined.
In partial-penetration groove welds, the effective throat
thickness for J- or U-grooves and for bevel or V-grooves
with a minimum angle of 60 deg is the depth of groove.
For V-grooves from 45 deg to 60 deg, the effective throat
thickness is the depth of groove less % in. (3 mm).

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

Table 3-3 Minimum Sizes of Fillet Welds

Material Thickness of Thicker Minimum Size of Fillet Weld,
Material Thickness of Thicker Minimum Effective Throat Part Joined, in. (mm) in. (mm)

Part Joined, in. (mm) Thickness, in. (mm) To ¥, (6) Y. (3)
To ¥, (6) % 3) Over ', (6) to %, (13) 6 (5)
over ¥, (6) to ¥ (13) e (5) Over %5 (13) to %, (19) AG)
Over ¥, (13) to ¥, (19) Y, (6) Over %, (19) %16 (8)
Over %, (19) to 1% (38) e (8)
Over 1% (38) to 2V, (57) % (10)
Over 21/4( 706 (1507 12\13‘)
Over 6 (15p) % (16)
GENERAL NOTE: The effective throat does not need to exceed the
thickness ¢f the thinner part joined.

The nfinimum partial-penetration groove weld
effectivd throat thickness is given in Table 3-2. The
minimurh throat thickness is determined by the thicker
partjoingd. However, in no case shall the effective throat
thicknesg be less than the size required to transmit the
calculatef forces.

For beyel and V-groove flare welds, the effective throat
thicknesg is based on the radius of the bar or bend to
which itis attached and the flare weld type. For bevel
welds, fhe effective throat thickness is %, times
the radiys of the bar or bend. For V-groove welds, the
effective |throat thickness is % times the radius of the
bar or bgnd.

3-3.4.
leg widt
thicknesg
the short
In gener3
be on a 4
equal to
area of a

B Fillet Welds. Fillet weld size is specified b
h, but stress is determined by effective threat
. The effective throat of a fillet weld-shall be
pst distance from the root to the face ofthe weld.
1, this effective throat thickness is‘corisidered to
b-deg angle from the leg and have a dimension
0.707 times the leg width.(The effective weld
fillet weld is defined as(the effective length of
tiplied by the effective)throat thickness.

shall be considered not to exceed one-fourth of the
effective weld length.

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

The minimum fillet weld size shall not be less than
the size required to transmit calculated forces nor the
size given in Table 3-3. These tabulated sizes do not
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apply to fillet weld reinforcements. of partiall- or

complete-joint-penetration welds:

The maximum fillet weld size is based on the thicl
of the connected parts. Along’edges of materig
thickness less than % in. (6mm), the weld size sha
exceed the thickness of the'material. Along edges W
the material thickness‘is % in. (6 mm) or greates
weld size shall notbe greater than the material thicl
minus % in. (Z\mm).

Intermittent fillet welds may be used to traj
calculated stress across a joint or faying surface ¥
the strength required is less than that developed
contintious fillet weld of the smallest permitted siz
tojoin components of built-up members. The effe
length of any intermittent fillet shall be not less
four times the weld size with a minimum of 1
(38 mm). Intermittent welds shall be made on both
of the joint for at least 25% of its length. The maxi

kness
Is of
1 not
rhere
. the
kness

hsfer
when
by a
b and
ctive
than
) in.
sides
mum

spacing of intermittent fillet welds is 12 in. (300 npm).

In lap joints, the minimum amount of lap shall b
times the thickness of the thinner part joined, bu
less than 1 in. (25 mm). Where lap joints occur in
or bars that are subject to axial stress, both lapped
shall be welded along their ends.

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

b five
t not
lates
parts

that
more
shall
ning

Fillet welds in holes or slots may be used to trafsmit

shear in lap joints or to prevent the bucklin
separation of lapped parts and to join componer]

g or
ts of

built-up members. Fillet welds in holes or slots are not

to be considered plug or slot welds.

3-3.4.4 Plug and Slot Welds. Plug and slot welds
may be used to transmit shear in lap joints or to prevent
buckling of lapped parts and to join component parts
of built up members. The effective shear area of plug
and slot welds shall be considered as the nominal cross-
sectional area of the hole or slot in the plane of the faying
surface.

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

Stress Category

Service Class

(From Table 3-5) 1 2 3 4
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:

THe diameter of the hole for a plug weld shall not be
less [than the thickness of the part containing it plus
%6 i1 (8 mm) rounded up to the next larger odd Y6 in.
(2 mim), nor greater than the minimum diameter plus
% inl (3 mm) or 2% times the thickness of the weld,
whighever is greater. The minimum center-to-center
spacjng of plug welds shall be four times the diameter
of the hole.

THe length of the slot for a slot weld shall not exceed
10 times the thickness of the weld. The width of the slot
shall meet the same criteria as the diameter of the hole
for a|plug weld. The ends of the slot shall be semicircular
or shall have the corners rounded to a radius of not less
than| the thickness of the part containing it, except for
thos¢ ends that extend to the edge of the part."The
minimum spacing of lines of slot welds in. a~direction
trangverse to their length shall be four times the width
of the slot. The minimum center-to-center spacing in a
longjtudinal direction on any line shall’be two times the
length of the slot.

THe thickness of plug or slot'weélds in material % in.
(16 mm) or less in thicknes$ shall be equal to the
thici]ness of the material In.material over % in. (16 mm)
thicl, the weld thicknéss.shall be at least one-half the
thicness of the matérial but not less than % in. (16 mm).

3-4 | FATIGUE DESIGN

3-4.1 General
Whenrapplying the fatigue design provisions defined

(1) Flexural stress range of 12 ksi (80 MPa) permitted at the toe of stiffener welds on flanges.

3-4.2 Lifter Classifications

Lifter classifications shall be as given in Chapter 2.
These classificationsare’based on use of the liftdr at loads
of varying magnitude, as discussed in the (thapter 3
CommentaryyIn reality, actual use of the lifter mpay differ,
possibly significantly, from the defined load dpectra. If
sufficientift data are known or can be assumed, the
equivalent number of constant amplitude cycles can be
determined using eq. (3-56).

SRi ’
Ny =3 (s ) n; (3-56)
Rref,
where
N, = equivalent number of constant aplitude
cycles at stress range Sy
n; = number of cycles for the i portion fof a vari-
able amplitude loading spectrum
Sgi = stress range for the i portion of d variable
amplitude loading spectrum
Srref = reference stress range to which N}, relates.
This is usually, but not necessarily, the maxi-
mum stress range considered.
Commentary: The allowable stress range$ given in

Table 3-4 were derived based on the assumption of
constant amplitude load cycles. Lifting devices, on the
other hand, are normally subjected to a spectrym of var-
ying loads, as discussed in Commentary for para. 3-1.3.
Thus, evaluation of the fatigue life of a lifting |device in
which service stresses for the maximum loading (static

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
are based. The use of other materials may require a
different means of evaluating the fatigue life of the lifter.

plus impact) were compared to the allowable ranges in
Table 3-4 would be excessively conservative.

Analyses have been performed as part of the
development of this Standard in which the equivalent
numbers of constant amplitude load cycles were
computed for the load spectra discussed in
Commentary for para. 3-1.3 using eq. (3-56). The results
showed that the calculated life durations due to these
spectra are slightly greater than the results that are
obtained by comparing service stresses due to rated
load static loads to the allowable stress ranges given in
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Table 3-4. Thus, assessment of the fatigue life of a lifter
may normally be performed 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
using eq. (3-56), which is taken from AIST Technical
Report No. 6.

of their minimum tensile strength, then all tension shall
be assumed to be carried exclusively by the fasteners.

Commentary: The provisions of para. 3-4.5 are

taken from Appendix K3.4 of AISC (2000). The values for
use in eq. (3-57) are also shown in Table 3-5.

3-4.6 Cumulative Fatigue Analysis

3-4.3 Allowable Stress Ranges

The mlaximum stress range shall be that given in
Table 3-4.

Tensild stresses in the base metal of all load-bearing
structurall elements, including shafts and pins, shall not
exceed the stress ranges for Stress Category A.

Commentary: The maximum stress ranges
permitteld for the various Service Classes and Stress
Categorigs are based on the values given in Table 3 of
ANSI/AWS D14.1.

3-4.4 Sfrress Categories

The St
details g

ess Category can be determined from the joint
ven in Table 3-5.

Commentary: Table 3-5, Fatigue Design
Parametgrs is taken from AISC (2000). The joint details
in this tgble include all of the details shown in ANSI/
AWS D14.1, Fig. 1, as well as additional details, such as
pinned gonnections, that are of value in lifter design.
This tablg also has the added benefit of.illustrating the
likely locptions of fatigue cracks, which will be of value

to lifting |device inspectors.

3-4.5 Tensile Fatigue in Threaded Fasteners

High sfrength bolts e0immon bolts, and threaded rods
subjected to tensile fatigue loading shall be designed so
that the tpnsile stfess'calculated on the tensile stress area
due to the combined applied load and prying forces
do not exceed.the design stress range computed using

If d 1IITUICT lcfil lcd \.Ulllt]Ul ICI l;. faltisuc dl lﬂ})’ DiD thal'l
provided by the four Service Classes given in Chapter 2
is desired, eq. (3-57) may be used to obtain the allowable
stress range for any number of load cycles for the §tress
Categories given in Table 3-5.

C ex
F, = R(—Lq) . 3-57)
N
Where R = 1, except as follows:
(a) for Stress Category C” when stresses are in ksi,
{65 - 0.59(%—”) + 0.72<i—")
A\ r i
R= 0167 <10
p
(b) for Stress Category C’” when stresses are in MPa,

112 - 1.01(2—”> + 1.24(2)
R = tp tp

t[l167 <10
p

(c) for Stress Category C” when stresses are in [ksi,

0.06 + 0.72(9>
tl’

R=—m7<10
p
(d) for Stress Category C” when stresses are in MPa,
0.10 + 1.24(?)
_ P
R = {0167 <10
p
Use the requirements for Stress Category Cif R = 1.0.

eq. (3-57)The factor, F shall be taken as39 x 108 The
threshold stress, Fry, shall be taken as 7 ksi (48 MPa).
For joints in which the fasteners are pretensioned to
at least 70% of their minimum tensile strength, an
analysis of the relative stiffness of the connected parts
and fasteners shall be permitted to determine the tensile
stress range in the fasteners due to the cyclic loads.
Alternately, the stress range in the fasteners shall be
assumed to be equal to the stress on the net tensile area
due to 20% of the absolute value of the design tensile
load. If the fasteners are not pretensioned to at least 70%

30

2a = length of the nonwelded root face i the
direction of the thickness of the tengion-
1 Ph PN | 1ok
toaded-plate

Cr = constant from Table 3-5 for the Stress
Category

Cr(q) = 14.4 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
F,, = allowable stress range for the detail under

consideration. Stress range is the algebraic
difference between the maximum stress and
the minimum stress.

(
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threshold value for F;, as given in Table 3-5
desired design fatigue life in cycles of the
detail being evaluated. N is the expected
number of constant amplitude stress range
cycles and is to be provided by the owner. If
no desired fatigue life is specified, a qualified
person should use the threshold values, Fry,
as the allowable stress range, F;,. For
cumulative damage analysis of a varying

Fry

spectra in which peak impact loads are equal to 50% of
the maximum 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 be subjected to impact loading greater than these
values, a qualified person shall include an additional
impact factor to account for such loads.

Commentary: The design requirements defined in

amplitude load spectrum, an equivalent
number of constant amplitude cycles can be
calculated using eq. (3-56).

1.0 when stresses are in ksi

329 for all Stress Categories except F when
stresses are in MPa, except as noted
110,000 for Stress Category F when stresses
are in MPa, except as noted

thickness of the tension-loaded plate

leg size of the reinforcing or contouring fillet,
if any, in the direction of the thickness of the
tension-loaded plate

=

Cpmmentary: Typically, allowable fatigue stress
rangde values for a particular joint detail and Service
Clas$ are selected from a table such as Table 3-4 that
treatp the stress range as a step function. These values
are lfased on the maximum number of cycles for each
SerVice Class and consider every cycle to be of the
samp magnitude, as discussed in Commentary fot
para| 3-4.2.

If lone desires a design for a number ofcycles
somgwhere between the maximum and minitAum of a
part|cular Service Class and for a knowan-varying
amplitude, a cumulative fatigue approach utilizing
eg. (B-57) in para. 3-4.6 in conjunction\with eq. (3-56) in
paral. 3-4.2 will give a more refined.allowable stress
rangg. This can be particularly juseful in evaluating an
existing lifting device for its remaining life.

The threshold stress range,-Fry, is the level at which a
fatigpe failure will not aoccur! That is, if the service load
stregs range does naot'‘exceed Fry, then the detail will
perform through an{unlimited number of load cycles.

for fatigue analysis beyond that provided by section 3-4
and apply such analyses as needed.

3-5 OTHER DESIGN CONSIDERATIONS

3-5.1 Impact Factors

The design of below-the-hook lifting devices does not
normally require the use of an impact factor. The design
factors established in this chapter are based on load

31

this chapter are based, in part, on upper bounld vertical
impact factors of 50% of the lifted load_folr Design
Category A and 100% for Design Categery)B. (The loads
used for the development of thisVStandard are
discussed in depth in Commentary for parp. 3-1.3.)
Therefore, the design of lifting devices made in
accordance with this Standard-will not normally require
the use of an impact factaf, The wording of thjs section
permits the use of an<«additional impact factor at the
discretion of a qualified ‘person if it is anticipated that
the device will be,used under conditions that mpay result
in unusual dynamic loading.

3-5.2 Stréss Concentrations

Stress concentrations due to holes, changes ih section,
orgsimilar details shall be accounted for when
determining peak stresses in load-carrying elements
subject to cyclic loading, unless stated otherwise in this
chapter. The need to use peak stresses, rather than
average stresses, when calculating static strerjgth shall
be determined by a qualified person based on the nature
of the detail and the properties of the matetial being
used.

Commentary: Peak stresses due to discdntinuities
do not affect the ultimate strength of a sfructural
element unless the material is brittle. [Mat{rials are
generally considered brittle, rather than ductile, if the
ultimate elongation is 5% or less (Young and [Budynas,
2002).] The types of steel on which this Stgndard is
based are all ductile materials. Thus, static strength may
reasonably be computed based on average strgsses.

However, fatigue design must recognize stress
ranges. Since fatigue-related cracks initiate at|points of
stress concentration due to either geonpetric or
eated by
eded in the

design of a lifter.

Stress concentration factors useful for design may be
found in Peterson’s Stress Concentration Factors (Pilkey,
2008) and other similar sources.

3-5.3 Deflection

It is the responsibility of a qualified person to
determine when deflection limits should be applied and
to establish the magnitudes of those limits for the design

(
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of the mechanisms and structural elements of lifting
devices.

Commentary: The ability of a lifting device to fulfill
its intended function may require that it possess a
certain minimum stiffness in addition to strength. For
example, a clamping device will not be able to maintain
its grip if the members of the device flex excessively
under load.

Due tqthe-very-broadrangeoftitingdevices-that
may falllunder the scope of this Standard, defining
actual ddflection limits for different types of devices is
not practical. The intent of this section is simply to call
attention|to the need for consideration of deflection in
the design of lifting devices.

32
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Chapter 4
Mechanical Design

4-1 GENERAL If the design factor of a commercial component is
unknown, the maximum capacity of that component
4-1.1 Purpose should be divided by the applicable value 'of M.

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

Cpmmentary: Chapter 4 is focused on the design
of mlachine elements and those parts of a lifting device
not ¢overed by Chapter 3. Chapter 3 is frequently used
in the design of mechanical components to address the
strenjgth requirements of the framework that joins the
machine elements together. Mechanical drive systems,
machine elements and components, and other auxiliary
equipment are covered in this chapter.

Many lifting devices operate while suspended from
building cranes and hoists, and hence need to have a
seamless interface with this equipment. Therefore,
varipus design criteria set forth by CMAA #70,
AIST| Technical Report No. 6, and ASME HST-4 are the
basig for many parts of the design criteria established:in
this ¢hapter.

4-1.2 Relation to Chapter 3

Mgchanical components of the liftifig device that are
stregsed by the force(s) created during the lift or
movpment of the load shall be sized in accordance with
this rhapter and Chapter 3 ¢f this Standard. The most
consprvative design shall be)selected for use. All other
mechanical components shall be designed to the
requjrements of this-chapter.

Commentary: When failure of a mechanical
comfponenticould directly result in the unintended
drogping~or hazardous movement of a load, the
reqyirements of Chapter 3 shall be used to size the

4-2 SHEAVES
4-2.1 Sheave Material

Sheaves shall be fabricated of material spcified by
the lifting device manufacturer or qualified pprson.

Commentary: %_This section applies to sheaves that
are contained in-the envelope of the below-the-hook
lifting devicé. Sheaves that are part of a separate
bottom hkiock or crane system are not covered by this
Standard.

4-22 Running Sheaves

Pitch diameter for running sheaves should njot be less
than 16 times the nominal diameter of the Wire rope
used. When the lifting device’s sheaves are repved into
the sheaves on the hoist, the pitch diampter and
configuration of the hoist shall be consider¢d in the
design.

Commentary: The pitch diameter of a shepve has a
direct relationship with wire rope wear and fatigue that
determines the number of cycles that the assgmbly can
withstand. The Committee recognizes that|/in some
special low-head room applications the sheave|size may
need to be smaller to accommodate the limifed space
available. Extra precaution would need to be egtablished
in these cases to allow for increased wire rope|wear.

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

component coupled with the mechanical requirements
of this chapter. Examples include, but are not limited to,
drive systems on slab tongs that hold the load, fasteners
that hold 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.

41

4-2.3 Equalizing Sheaves

The pitch diameter of equalizing sheaves shall not be
less than one-half of the diameter of the running sheaves,
nor less than 12 times the wire rope diameter when
using 6 X 37 class wire rope or 15 times the wire rope
diameter when using 6 X 19 class wire rope.

4-2.4 Shaft Requirement

Sheave assemblies should be designed based on a
removable shaft.

(
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Fig. 4-1 Sheave Dimensions

l<«————— Outside diameter
<«——  Pitch diameter —— >
<«———— Tread diameter — >

Fig. 4-2 Sheave Gap
Guard to prevent —»W A *

rope from coming
Note (1)J

out of sheave

Note (1) l
Rope radius
NOTE:

(1) Groove radius = rope radius x 1.06.

Commentary: Inspection and maintenance of
sheaves pnd bearings require that these components be
accessiljle. A design that requires modification or
alteratign of the lifter's structure to perform the
inspection or maintenance of sheaves and bearings puts
an undup hardship on the user and can deter proper
care of the equipment.

4-2.5 Lubrication

Meansg for lubricating sheave bearings shall be
provided.
Commentary: Lubrication systems, grease lines,

self-lubrfcating bearings, or oil-impregnated bearings

are all mlethods that will ensure the lubrication\of the
bearings. Particular care should be taken' when
evaluatinlg the lubrication method since some types of

self-lubtficating bearings cannot withstand severe
loading gnvironments.

4-2.6 SHeave Design

Sheav¢ grooves shall be smooth and free from surface
irregularjties that could &ause wire rope damage. The
groove radius of a néw)sheave shall be a minimum of
6% larget than the ¥adius of the wire rope as shown in
Fig. 4-1. The cross*sectional radius of the groove should
form a close4fitting saddle for the size of the wire rope
used, anfl the sides of the grooves should be tapered

J %
Pan r% A
z¢ / @ Width ‘

NOTE:
(1) % in. (3 mm) or a distance of 3; times the rope diametef,
whichever is smaller.

sizing the wire rope groove with/respect to the|wire
rope to allow for a proper seating surface.

4-2.7 Sheave Guard

Sheaves shall be guarded to prevent inadvertent|wire
rope jamming ¢r\coming out of the sheave. The guard
shall be placed Within % in. (3 mm) or a distanke of
3/8 times the wire rope diameter, whichever is smialler,
to the sheave, as shown in Fig. 4-2.

Commentary: Guards that wrap around a large
partion of the sheave need to be placed close tp the
flange of the sheave. The guard’s purpose is to prévent
the wire rope from jumping from the sheave. The dquard
needs to be placed close to the running sheaye to
ensure that the wire rope cannot get jammed or lodged
between the sheave and the guard.

4-3 WIRE ROPE

Commentary: ASME HST-4 and ASME B30.2) pro-
vide the basis of this section, which covers the wire|rope
applications that are a wholly attached or intg¢gral
component of a below-the-hook lifting device.

4-3.1 Relation to Other Standards

Wire rope reeved through the lifting device angl the
hoist shall conform to the requirements of the hoist.

outwardly to assist entrance of the wire rope into the
groove. Flange corners should be rounded, and rims
should run true around the axis of rotation.

Commentary: The interface between the wire rope
and the sheave has a direct relationship on the longevity
of the wire rope. To prevent premature wearing of the
wire rope, the sheave surfaces need to be smooth and
tapered to allow the wire rope to easily slip into and
seat in the sheave rope groove. The Wire Rope Users
Manual, 3rd edition, Table 12, provides information on

Commentary: This section addresses wire rope
requirements for the rare application when the hoist
rope of the crane (hoist) is reeved through the lifting
device.

4-3.2 Rope Selection

Wire rope shall be of a recommended construction for
lifting service. The qualified person shall consider other
factors (i.e., type of end connection, D/d ratio, sheave

Copyright © 2012 by the American Society of Mechanical Engineers.
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bearing friction, etc.) that affect the wire rope strength
to ensure the 5:1 safety factor is maintained.

Commentary: Users of this Standard may elect to
reference the Wire Rope Users Manual as a guideline
for properly selecting wire rope.

4-3.3 Environment

. I b | 1 dos 1 111 ek L
W 1T J.UIJC 1IIdITIIAdl STITCULIUIT S1idll UT Clt)lJlUlJllClLC 1UIL

the gnvironment in which it is to be used.

Cpmmentary: The Committee left open the use of
synthetic or other nonmetallic rope for special
appllications that occur in hazardous or abnormal
induktrial environments.

4-3.4 Fleet Angle
THe wire rope fleet angle for sheaves should be limited
to a [l in 12 slope (4 deg, 45 min).
4-3.
Wi

ina
of t

b Rope Ends

re rope ends shall be attached to the lifting device
anner to prevent disengagement during operation
lifting device.

4-3.

Wire rope clips shall be drop-forged steel of thé
single-saddle (U-bolt) or double-saddle type. Malleable
cast jron clips shall not be used. For spacing, number of
clips} and torque values, refer to the clip manufacturer’s
recommendations. Wire rope clips attached-with U-bolts
shall have the U-bolt over the dead end of‘the wire rope
and [live rope resting in the clip saddle. Clips shall be
tightened evenly to the recommended torque. After the
initigl load is applied to the wire rope, the clip nuts shall
be fjetightened to the récommended torque to
compensate for any decrease in wire rope diameter
causgd by the load.

Rope Clips

4-4 | DRIVE SYSTEMS
Commentary: Section 4-4 covers generic
reqyirements for a drive system, while sections 4-5

through~ 4-8 provide specific requirements for

Loose chains or belts will experience accelerated wear
and result in premature failure of the system.

4-4.2 Drive Design

The lifting device manufacturer or qualified person
shall specify drive system components such as
couplings, belts, pulleys, chains, sprockets, and clutches.

4-4.3 Commercial Components

Commercial components used in the drive.4
a lifting device shall be sized so the thaxin
rating specified by the manufacturer is not
under worst case loadings.

ystem of
um load
exceeded

The use oficommercial (off{the-shelf)
de more
eeds to
cenarios
onents,
cycles,
into the
include,
es.
that are
e lift or
hnce with

Commentary:
components is encouraged in order to prov
flexibility to the user. A'qualified person
consider the same operating and abnormal
used in the desigp~of the structural com
including environment, shock and operatin
when incorpgrating commercial component
lifting devige Additional design consideration
but are not limited to, jams and excessive torq

Mechanical components of the lifting devic
stressed by the force(s) created during t
mavement of the load shall be sized in accord
para. 4-1.2.

4-4.4 Lubrication

Means for lubricating and inspecting driv
shall be provided.

systems

4-4.5 Operator Protection

All motion hazards associated with the opgration of
mechanical power transmission componentq shall be
eliminated by design of the equipment or proteftion by a
guard, device, safe distance, or safe location. Alll motion
hazard guards shall

(a) prevent entry of hands, fingers, or othet parts of
the body into a point of hazard by reaching|through,
over, under, or around the guard

(b) not create additional motion hazards befween the
guard and the moving part

(c) utilize fasteners not readily removable }
other than authorized persons

y people

mechanical components ot a drive system.

4-4.1 Drive Adjustment

Drive systems that contain belts, chains, or other
flexible transmission devices should have provisions for
adjustment.

Commentary: An adjustment mechanism, such as
a chain or belt tightener, is recommended to maintain
the design tension in flexible transmission devices.

43

{d) not cause any additional hazards, if openings are
provided for lubrication, adjustment, or inspection

(e) reduce the likelihood of personal injury due to
breakage of component parts

(f) be designed to hold the weight of a 200-1b (91-kg)
person without permanent deformation, if used as a step

Commentary: The qualified person needs to con-
sider the ASME B30.20 requirement that the operator
perform inspections prior to each use. The guards and
protective devices need to allow the operator to perform

(
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these inspections and not create additional hazards
when the inspections are being performed. ANSI B15.1
provides the basis of these requirements.

Although guards and personnel protective equipment
are safety equipment, they were incorporated into this
design standard. The Committee believes these issues
need to be addressed in the design phase to ensure that
inspection and maintenance can be adequately
performed while assuring that operator safety is
maintained

method to size gearing. Based on a review of a large
number of gear designs, the Lewis Equation coupled
with the design factor, N, provides conservative results.
As an alternative, the qualified person can use
ANSI/AGMA 2001-C95 to provide a more refined
analytical approach where the design parameters of the
lifter are more constrained.

4-5.5 Bevel and Worm Gears

The refuirement for the 200-lb (91-kg) person comes
from OSHA (29 CFR 1910.179).

4-5 GEARING
4-5.1 Gear Design

The lifting device manufacturer or qualified person
shall speify the types of gearing.
4-5.2 Gear Material

Gears|and pinions shall be fabricated of material
having ddequate strength and durability to meet the
requirerpents for the intended Service Class and
manufacfured to AGMA quality class 5 or better.

4-5.3 Gear Loading

The allowable tooth load in bending, Lg, of spur and
helical gears is

o, FY

Lg = N,D, (4-H
where
D; = (diametral pitch, in.”! (mm™)
F = fface width of smaller gear, in~(im)
L; = pllowable tooth load in bending, 1b (N)
N; = [design factor (per para.3-1.3)
Y = [Lewis form factor as definied in Table 4-1
o, = ppecified minimum(yield stress, psi (MPa)
Commentary: The\lewis Equation, as defined by
Shigley [and Mischke {2001), provides the basis of
eq. (4-1). The Lewis Equation has been modified to

accommodate ‘material yield stress and the BTH-1
design fpctar, Ny, from para. 3-1.3 of this Standard.
Table 4-1 comes from Avallone and Baumeister (1987).

Bevel and worm gearing shall be rated by, the|gear
manufacturer with service factors appropriate*for the
specified Service Class of the lifting device. When
back-driving could be a problem, due consideration
shall be given to selecting a worm gear ratio to estaplish
lock-up.

4-5.6 Split Gears
Split gears shall not be“tised.

4-5.7 Lubrication

Means shall be provided to allow for the lubrichtion
and inspectiaf) of gearing.

Commentary: Methods to lubricate gearing
include, but are not limited to, automatic lubrication
systems and manual application. If manual application
isssused, the qualified person needs to prdgvide
accessibility to the gears for maintenance.

4-5.8 Operator Protection

Exposed gearing shall be guarded per para. 4-4.5|with
access provisions for lubrication and inspection.
4-5.9 Reducers

Gear reducer cases shall
(a) be oil-tight and sealed with compound or gapkets
(b) have an accessible drain plug

(c) have a means for checking oil level

4-6 BEARINGS
4-6.1 Bearing Design
The type of bearings shall be specified by the lifting

4-5.4 Relation to Other Standards

As an alternative to the Lewis formula in eq. (4-1),
spur and helical gears may be based upon
ANSI/AGMA 2001-C95, Fundamental Rating Factors
and Calculation Methods for Involute Spur and Helical
Gear Teeth.

Commentary: The Committee decided to provide
the Lewis formula to the qualified person as a simpler
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device-manufactureror qn:]iﬁar‘ porcr\n

4-6.2 Ly Life

Ly bearing life for rolling element bearings shall equal
or exceed the values given in Table 4-2 for the lifting
device Service Class.

Commentary: Table 4-2 comes from a compilation
of Table 2 of MIL-HDBK-1038 and several bearing
companies. The resulting table was cross referenced to
CMAA #70 to verify that it does not significantly deviate.
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Table 4-1 Strength Factors for Calculating Load Capacity
(American Standard Tooth Forms)

Strength Factors, Y, for Use With Diametral Pitch

20-deg 20deg
14Y, deg Full Depth Stub-Tooth

Number Composite and Involute Involute
of Teeth Involute System System
12 0.210 0.245 0,311
13 0.220 0.261 Q0324
14 0.226 0.276 0.339
15 0.236 0.289 0.348
16 0.242 0.295 0.361
17 0.251 0.302 0.367
18 0.261 0.308 0.377
19 0.273 0.314 0.386
20 0.283 0.320 0.393
21 0.289 0.327 0.399
22 0.292 0.330 0.405
24 0.298 0.336 0.415
26 0.307 0:346 0.424
28 0.314 0.352 0.430
30 0.320 0.358 0.437
34 0.327 0.371 0.446
38 0.336 0.383 0.456
43 0.346 0.396 0.462
50 0.352 0.408 0.474
60 0.358 0.421 0.484
75 0,364 0.434 0.496
100 0.371 0.446 0.506
150 0:377 0.459 0.518
300 0.383 0.471 0.534
Rack 0.390 0.484 0.550

GENERAL NOTE:. \ThHe strength factors above are used in formulas containing diametral pitch. These factors
are 3.1416 times those used in formulas based on circular pitch.

Table 4-2 L, Life

Service Class L,o Bearing Life, hr
0 2,500
1 10,000
2 20,000
3 30,000
4 40,000
45
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4-6.3 Bearing Loadings
The basic rating life, Ly, for a radial bearing is given

by eq. (4-2).
16,667\(C,\"!
LlO = N Fr

The basic dynamic load rating C, for a bearing with

(4-2)

(SH

nominal shaft diameter or bearing inside
diameter, in. (mm)

bearing length, in. (mm)

average pressure, psi (MPa)

surface velocity of shaft, ft/min (m/s)
bearing load, 1b (N)

SE< o

4-6.5 Lubrication

Means shall be provided to lubricate bearings. Bearing

Ly bearifig Tife from Table -2 1s determined by €qs. (3-3)
and (4-4).

1
C, = P’(Ll—oNzH (4-3)
16,667H
P, = XF, + YF, > F, (4-4)
where
C, =|basic dynamic load rating to theoretically
endure one million revolutions, per bearing
manufacturer, 1b (N)
F, =|axial component of the actual bearing load,
Ib (N)
F, =|radial component of the actual bearing load,
Ib (N)
H =3 for ball bearings, 10/3 for roller bearings
Ly = |basic rating life exceeded by 90% of bearings
tested, hr
N =|rotational speed, rev./min
P, =|dynamic equivalent radial load, Ib (N)
X =|dynamic radial load factor per beaging
manufacturer
Y =|dynamic axial load factor per{ beéaring
manufacturer
Commentary: The equation.for bearing life
[eq. (4-2)], Lqo, is based on the basic lead rating equation

for bearings found in ANSI/ABMA 9, ANSI/ABMA 11,
and Avallone and Baumeister-(1987).

4-6.4 Sleeve and Journal-Bearings

Sleeve|or journal bearings shall not exceed pressure
and velqcity ratihgs as defined by egs. (4-5) through
(4-7). The manufacturers’ values of P, V, and PV shall
be used.

enclosures should be designed to exclude dirt and
prevent leakage of oil or grease.

Commentary: Lubrication systems; grease lines,
self-lubricating bearings, or oil-impregnated beafings
are all methods that would ensure ‘thelubrication gf the
bearings. Particular care needs/to be taken when
evaluating the lubrication methiod since some types of
self-lubricating bearings“cannot withstand sgvere
loading environments.

4-7 SHAFTING

4-7.1 Shaft.Design

Shafting shall be fabricated of material haying
adequate strength and durability suitable fof the
application. The shaft diameter and method of support
shall be specified by the lifting device manufactuger or
qualified person and satisfy the conditiorfs of
paras. 4-7.2 through 4-7.7.

4-7.2 Shaft Alignment

Alignment of the shafting to gearboxes, couplings,
bearings, and other drive components shall mefet or
exceed the component manufacturer’s specifications.

4-7.3 Operator Protection

Exposed shafting shall be guarded per para. 4-4.5|with

access provisions for lubrication and inspection.

4-7.4 Shaft Details

Shafting, keys, holes, press fits, and fillets shqll be
designed for the forces encountered in actual operption
under the worst case loading.

(4-8)

P=- (4-5) 4-7.5 Shaft Static Stress
The nominal key size used to transmit torque through
_ mNd (4-6) a shaft/bore interface shall be determined from
¢ Tables 4-3a and 4-3b based on the nominal shaft
ZWN diameter.
PV = —~ (4-7) Static stress on a shaft element shall not exceed the
following values:
where (a) axial or bending stress
¢ = 12 when using U.S. Customary units
= 60,000 when using SI units 5= 5+5<025,
46

(

Copyright © 2012 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME BTH-1 2011.pdf

ASME BTH-1-2011

Table 4-3a Key Size Versus Shaft Diameter
(ASME B17.1)

Nominal Shaft Diameter, in.

Table 4-4 Fatigue Stress Amplification Factors

Fatigue Stress

Service Class Amplification Factor, K,

Nominal Key
Over To Size, in. 0 1.015
1 1.030
5/16 7/16 3/3‘2 2 1.060
7 9 1 .
/16 /s /s 3 1.125
9 7 3 .
fis % fis 4 1.250
s 1%, a
1, 1% i
1% 17, 7
1%, 2Y, % . . . .
2Y, 2%, % (c) Shaft elements subject to combined axial}bending
2%, 3%, % and shear stresses shall be proportioned such that the
3% 3% A combined stress does not exceed thefollowing value:
3% 4% 1
A 5% 1% s A2
51/2 61/2 11/2 Sc = S +9D < OZSu (4—10)
where
S, = computed combined stress, ksi (MPa
Table 4-3b Ke{[ﬁ::%\s,g?lf)’ Shaft Diameter Commentary? Tables 4-3a and 4-3b|provide
minimum allowable key size versus shaft giameter
Nomjnal Shaft Diameter, mm Nominal Key requireménts’and comes directly from ASME B17.1 and
Over To Size, mm DIN 6885'1'_ .
p s > % 2 The_static and shear stress equations represent
8 10 3 % 3 modifications to those equations found in CMAA #70.
10 12 4 X4 Only the nomenclature has been modified|to more
12 17 5 x5 closely follow Chapter 3 of this Standard.
17 22 6 X 6
22 30 8 X7 .
30 38 108 4-7.6 Shaft Fatigue
38 a4 L2 x 8 Shafting subjected to fluctuating stresseg such as
44 50 14 x 9 . . . . . .
bending in rotation or torsion in reversing drjves shall
50 58 16 x 10 . . .. e
58 65 18 x 11 be checked for fatigue. This check is in addition to the
65 75 20 x 12 static checks in para. 4-7.5 and need only be pprformed
75 85 22 X 14 at points of geometric discontinuity whefe stress
concentrations exist, such as holes, fillets, keys, pnd press
fits. Appropriate geometric stress concentratign factors
for the discontinuities shall be determined by the lifting
whete device manufacturer or qualified person from a
_ . . . reference such as Peterson’s Stress Concentratiqn Factors
S| = computed eéombined axial/bending stress, by W. D. Pilke
ksi (MP4) y B Y
S| = computed axial stress, ksi (MPa .
S“ _ P ted bendi ¢ 1(( . l\j[P Commentary:  Stress concentration factors need to
b= Coml.m.l € en ng s reés, si ( .a) be conservatively determined to accoun{i for the
Sul = spgaﬁed minimum ultimate tensile strength, fluctuating stresses resulting from the stopping and
ksi (MPa) starting-of the drive system.-Sincefatigue-is-the primary
concern in this section, the stress amplitudes seen
(b) shear stress during normal operating conditions need only to be
evaluated. Peak stresses resulting from locked rotor or
F= 47 <% — 011555 (4-9) jamming incidents (abnormal conditions) are not
= =0. y

T V55

7 = computed combined shear stress, ksi (MPa)
77 = computed torsional shear stress, ksi (MPa)
7y = computed transverse shear stress, ksi (MPa)

applicable in the fatigue calculation. Table 4-4 is based
on CMAA #70.

4-7.6.1 Fatigue Stress Amplification Factor. The
fatigue stress amplification factor, K4, based on Service
Class shall be selected from Table 4-4.
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4-7.6.2 Endurance Limit. The corrected bending
endurance limit, S,., for the shaft material is

S, = 0.5S, = 0.25S, (4-11)
where
S, = fatigue (endurance) limit of polished,
unnotched specimen in reversed bending,
ksi (MPa)
Sec =
reversed bending, ksi (MPa)

4-7.6{3 Fatigue Stress. Fatigue stress on a shaft
element ghall not exceed the following values:
(a) Difect axial and/or bending fatigue stress shall
not exce¢d

S = (Kip)S; + (Kp)Sy, < IS<—L: (4-12)
where
Krp =| stress amplification factor for bending
Krp =| stress amplification factor for direct tension
Sr =| computed fatigue stress, ksi (MPa)
S; =| computed axial tensile stress, ksi (MPa)

(b) Combined shear fatigue stress shall not exceed

SEE
7= (Ksp)7< (4-13)
'f ST KA \/5
where
Ksr =| stress amplification factor for torsional shear

7 =| computed combined fatigue shearstress,
ksi (MPa)

(c) Cqmbined axial/bending and shear fatigue
stresses yhere all are fluctuating shalknot exceed

SBC
S = \/ (KppS; + KpgSpF B 3(Kspr)? < X, (4-14)

(d) Combined tensileand shear fatigue stresses where

4-7.7 Shaft Displacement

Shafts shall be sized or supported so as to limit
displacements under load when necessary for proper
functioning of mechanisms or to prevent excessive wear
of components.

4-8 FASTENERS

; 4-8.1 Fastener Markings

All bolts, nuts, and cap screws shall have, reqpiired
ASTM or SAE grade identification markings:

4-8.2 Fastener Selection

Fasteners for machine drives ot 6ther operatjonal
critical components shall use ASTM"A325, SAE (rade
5, ASTM A490, or SAE Gradé-§ bolts, cap screws, or
equivalents.

4-8.3 Fastener Stresses

Bolt stress shall not éxceed the allowable stress vhlues
established by eqs<(3-40) through (3-43) and para. §-4.5.

4-8.4 Fastener Integrity

Locknuts, double nuts, lock washers, cherpical
methdds, or other means determined by the lifting
device manufacturer or a qualified person shall be jused
toprevent the fastener from loosening due to vibrdtion.
Any loss of strength in the fastener caused by the logking
method shall be accounted for in the design.

4-8.5 Fastener Installation

Fasteners shall be installed by an accepted mgthod
as determined by the lifting device manufacturer| or a
qualified person.

Commentary: Since fasteners provide little value if
they are not properly torqued, the installation gf the
fastener is important. Acceptable installation methods
include, but are not limited to, turn-of-the-nut method,
torque wrenches, and electronic sensors.

4-8.6 Noncritical Fasteners

Fasteners for covers, panels, brackets, or qther
noncritical components shall be selected by the lifting

only par{ of the stressesyare fluctuating shall not exceed
S (s 2, ks )2 3( S )2 <2 (g15)
= = + KpoR | + Twe T KstTR| S7— -
f] o) Sy av S}/ K,
where
Kr = larger of either Krp and Krp
Sw = portion of the computed tensile stress not due
to fluctuating loads, ksi (MPa)
Sg = portion of the computed tensile stress due to

fluctuating loads, ksi (MPa)
S, = specified minimum yield strength, ksi (MPa)
portion of the computed shear stress not due
to fluctuating loads, ksi (MPa)
7r = portion of the computed shear stress due to
fluctuating loads, ksi (MPa)
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needs of the application.

4-9 GRIP RATIO

This section sets forth requirements for the grip ratio
for pressure-gripping lifters (friction-type). Factors
such as type and condition of gripping surfaces,
environmental conditions, coefficients of friction,
dynamic loads, and product temperature can affect the
required grip ratio and should be considered during the
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design by a qualified person. In addition, lifters such as
bar tongs and vertical axis coil grabs have other special
load handling conditions (e.g., opening force) that
should be considered.

Commentary: Design of other types of lifting
devices, such as indentation-type lifters, is not covered
in this section.

where
N, = 2+ 2sin 6
0 = angle of vacuum pad interface surface

measured from horizontal

The N, value calculated in eq. (4-19) is for clean, flat,
dry, nonporous surfaces, and shall be increased as
required due to the surface conditions of interfacing
materials as determined by a qualified person.

4-9.1 Pressure-Gripping Lifter Grip Ratio and

Minimum Gripping Force

The coefficient of static friction, usr, shall be
detefmined by a qualified person through testing or

from| published data.
GRuin = 0.65/ pugr > 2 (4-16)
where
GRmin = minimum grip ratio
lusr = coefficient of static friction
Fy = GRyin X load (4-17)
where
Hy = minimum gripping force on each side of load,
Ib (N)
load = weight of lifted load, 1Ib (N)

Commentary: The values of 0.65 and 2 in eq. (4-16)
are based on the judgment and experience of the~-BTH
Committee members. It is the responsibijlity~of a
qualified person to determine when alternate values are
requjred and the appropriate values in such cases.

4-1Q VACUUM LIFTING DEVICE\DESIGN

4-10.1 Vacuum Pad Capacity

(a) The ultimate pad-eapacity (UPC) shall be
detefmined by eq. (4:18):

Consideratior—should—begiverrto—condittons such as
surface temperatures, contamination, torsion and
bending loading of the vacuum pad, and tested vacuum
pad performance.

4-10.2 Vacuum Preservation

The vacuum lifter shall in¢osporate a methqd to pre-
vent the vacuum level under the pad(s) from dpcreasing
more than 25% (starting\from rated vacuum|level) in
5 minutes without_pfimary power and thel vacuum
pad(s) attached tg a{clean, dry, and nonporoys surface
at the rated load(Consideration should be givén to con-
ditions suchlds surface temperatures, contathination,
torsion, and.bending loads of the vacuum pdd, tested
vacuuin, pad performance, and surface conditions of
intetfaging materials. Unintended loss of power shall
nobdisconnect the pad(s) from the vacuum prefervation
method.

Commentary: This performance-based require-
ment allows the use of various vacuum preservation
methods (e.g., battery backup, compressed aif storage,
vacuum reservoir, etc.).

4-10.3 Vacuum Indicator

A vacuum indicator shall be visible to the lifter
operator during use and shall continue to [function
during an unintended loss of power. It shall inglicate the
presence of the minimum vacuum required for|the rated
load of the vacuum lifting device.

NOTE: Consistent units or unit conversions shall be used. 4-11 FLUID POWER SYSTEMS
UPC = AV, (4-18)  4-11.1 Purpose
h This section identifies requirements of flujd power
- d ts for below-the-hodk lifti
A|=yeffective area of the vacuum pad enclosed iyst'ems and components for below-the-hogk Ltting
between the pad and the material when the pad R ’
is fully compressed against the material surface  4.11 2 Fluid Power Components
to be lifted . . .
V, = minimum vacuum specified at the pad (a) The lifting device manufacturer or qualified

The value of V), shall consider the altitude where the
lifting device will be used.

(b) The UPC shall be reduced to a maximum vacuum
pad rating (VPR).

VPR = UPC/N, (4-19)
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person shall specify system components such as
cylinders, pumps, valves, pipes, hoses, and tubes. Fluid
power systems should be designed so that loss of the
lifter power source(s), fluid loss, or control system failure
will not result in uncontrolled movement of the load.
(b) Each hydraulic fluid power component shall be
selected based on the manufacturer’s rating and the
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maximum pressure applied to that component of the
system, provided that the rating is based on a design
factor equal to or greater than 1.67 N,.

(c) Each pneumatic fluid power component shall be
selected based on the maximum pressure applied to
that component of the system and a rating equal to the
manufacturer’s rating divided by 0.50 N,. Alternately,
pneumatic fluid power components may be selected in
accordance with para. 4-11.2(b).

requirements, which shall include the maximum sum
of all fluid power components possible to actuate at one
time, shall be detailed in the specifications.

4-11.4 Fluid Pressure Indication

If a change in fluid pressure could result in
uncontrolled movement of the load, an indicator should
be provided to allow the lifter operator to verify that

(d) Cdmponents whose failure will not result in
uncontr¢lled movement of the load may be selected
based or| the manufacturer’s rating.

Commentary: Standard hydraulic components
are desfjgned with a design factor of 4 (burst
pressurg/operating pressure). The design factor
requiremient of 1.67 N, defined in this section equates
to a required design factor of 5 for Design Category B.

4-11.3 Rower Source/Supply

Where| the lifter uses an external fluid power source
that is n¢t part of the below-the-hook lifter, the supply

the fluid pressure is sufficient during all stages (of [lifter
use. Additional indicators may be necessary'to 3llow
monitoring of various systems. The fluid-pregsure
indicator(s) shall be clearly visible or audible.

4-11.5 System Guarding

Fluid power tubing, piping, components,|and
indicators should be locatéd-or guarded to resist dainage
resulting from collision with other objects and whipgping
in the event of failure.
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