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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, industry has for quite some time expressed
a neqdtor-acomprehenstvedesienstandardtor-below Here-devices+h vOH emplementthe-safety re-
quirgments of ASME B30.20. All editions of ASME B30.20 have included structural design criteria oriented t¢ward the
indugtrial manufacturing community requiring a minimum design factor of 3, based on the yield strengtli ofithg material;
recerjt editions have also included design criteria for the fatigue failure mode. However, members of the construction
comrpunity expressed the need for design criteria more suitable to their operating conditions, including a lower design
factof, and the necessity to address other failure modes such as fracture, shear, and buckling, ahd design topifs such as
impaft and fasteners.

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

ASME BTH-1-2005, Design of Below-the-Hook Lifting Devices, contained five chapters: Scope and Definiti¢ns, Lifter
Classffications, Structural Design, Mechanical Design, and Electrical Components. This Standard, intended fgr general
indugtry and construction, set forth two design categories for lifters based ofithe magnitude and variation ofloading, and
operating and environmental conditions. The two design categories proyided different design factors for defermining
allowable static stress limits. Five Service Classes based on load cycles-were provided. The Service Class establishes
allowable stress range values for lifter structural members and desigh parameters for mechanical components. ASME
BTH4{1-2005 was approved by the American National Standards, [hstitute (ANSI) on October 18, 2005.

ASME BTH-1-2008 incorporated editorial revisions and twe héw mechanical design sections for grip ratio and vacuum
lifting device design. ASME BTH-1-2008 was approved by ANSI on September 17, 2008.

ASME BTH-1-2011 incorporated revisions throughout’the Standard and the addition of a new mechani¢al design
sectipn for fluid power systems. ASME BTH-1-2011 was approved by ANSI on September 23, 2011.

ASME BTH-1-2014 incorporated into Chapter 4@ section on lifting magnets. Other technical revisions inclfided new
requirements for fluid pressure control and ele¢trical system guarding. Along with these technical changes| the non-
mandatory Commentary for each chapter was'moved to its own respective Nonmandatory Appendix. ASME BTH-1-2014
was fipproved by ANSI on June 24, 2014.

ASME BTH-1-2017 included the addition of Chapter 6: Lifting Magnet Design, an accompanying Nonmandatofy Appen-
dix with commentary for the new chapter, and other revisions. Following the approval by the ASME BTH $tandards
Cominittee, ANSI approved ASME BTH-1-2017 on January 6, 2017.

Thjs revision of ASME BTH41 includes clarification of the requirement to establish the rated load of a lifting|device by
calculation, incorporation.of ASME B30.30-2019 into the rope requirements in Chapter 4, improvements basgd on user
input, revision of Chaptexr 5.title to Electrical Design, and consideration for load blocks and lifting attachments. Following
the approval by the ASME BTH Standards Committee, ANSI approved this edition as an American National Stanglard, with
the new designation ASME BTH-1-2020, on December 9, 2020.
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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,
14 1

proposing

r l Y X B s disa. okt 1A i C Bdan L ddse P S
evisjors—or-a—caseand-attending-Committee-meetings—Correspondence—shotld-be-addressed-te:

Secretary, BTH Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Proposing Revisions. Revisions are made periodically to the Standard to incorporatéchanges that appear

necessary

or desirable, as demonstrated by the experience gained from the application of the Standard. Approved revisigns will be

published periodically.

The Committee welcomes proposals for revisions to this Standard. Such proposals should be as specific ag possible,

citing the paragraph number(s), the proposed wording, and a detailed déscription of the reasons for the
inclufling any pertinent documentation.

proposal,

Interpretations. Upon request, the BTH Standards Committee willxender an interpretation of any requirenjent of the

Standard. Interpretations can only be rendered in response to a written request sent to the Secretary of the BTH
Comipittee.

btandards

Refjuests for interpretation should preferably be submitted-through the online Interpretation Submittal Form. The
formlis accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will feceive an

automnatic e-mail confirming receipt.
If ghe Inquirer is unable to use the online form, h€yshe may mail the request to the Secretary of the BTH

btandards

Cominittee at the above address. The request for.an interpretation should be clear and unambiguous. It is fufther rec-

ommiended that the Inquirer submit his/her«tequest in the following format:

Subjgct: Cite the applicable paragraph number(s) and the topic of the inquiry in one or tywo words.

Editipn: Cite the-applicable edition of the Standard for which the interpretation is being fequested.

Question: Phrase the question as a request for an interpretation of a specific requirement syitable for
general understanding and use, not as a request for an approval of a proprietary|design or
situation. Please provide a condensed and precise question, composed in such a fvay thata
“yes” or “no” reply is acceptable.

Proppsed Reply(ies): Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as heeded. If

entering replies to more than one question, please number the questions an

1 replies.

Background Information: Provide the Committee with any background information that will assist the Conpmittee in

information.

understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietaryinames or

Requests thatare not in the format described above may be rewritten in the appropriate format by the Committee prior

to being answered, which may inadvertently change the intent of the original request.
Moreover, ASME does not act as a consultant for specific engineering problems or for the general appl

ication or

understanding of the Standard requirements. If, based on the inquiry information submitted, it is the opinion of
the Committee that the Inquirer should seek assistance, the inquiry will be returned with the recommendation

that such assistance be obtained.

vii
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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,” “
device, or activity.

» o«

certify,” “rate,” or “endorse” any item, construction, proprietary

Attending Committee Meetings. The BTH Standards Committee regularly holds meetings and/or telephone confer-
ences that are open to the public. Persons wishing to attend any meeting and/or telephone conference should contact the
Secretary of the BTH Standards Committee.
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(20)

ASME BTH-1-2020

Chapter 1
Scope, Definitions, and References

1-1 PURPOSE

Thlis Standard sets forth design criteria for ASME
B30.20, Below-the-Hook Lifting Devices. This Standard
servgs as a guide to designers, manufacturers, purchasers,
and ysers of below-the-hook lifting devices.

1-2 5COPE

Thjs Standard provides minimum structural, mechan-
ical, dnd electrical design criteria for ASME B30.20, Below-
the-Hook Lifting Devices.

Th provisions in this Standard apply to the design or
modification of below-the-hook lifting devices. Compli-
ance| with requirements and criteria that may be
uniqfpie to specialized industries and environments is
outsife the scope of this Standard.

Liffing devices designed to this Standard shall comply
with ASME B30.20, Below-the-Hook Lifting Devices. ASME
B30.20 includes provisions that apply to the marking;
consfruction, installation, inspection, testing, mainte-
nancg, and operation of below-the-hook lifting devices.

ThE provisions defined in this Standard address the
most common and broadly applicable aspects of the
design of below-the-hook lifting deyices. A qualified
pers¢n 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/pr performance consistent with the intent of this
Standard.

1-3 NEW AND EXISTING DEVICES

ThE effectivedateof this Standard shall be one year after
its dgte of isstiance. Lifting devices manufactured after the
effective date 'shall conform to the requirements of this
Standard.,

When-atifteris beingmeodified g 3
reviewed relative to this Standard, and the need to
meet this Standard shall be evaluated by the manufacturer
or a qualified person.

1-4 GENERAL REQUIREMENTS

1-4.1 Design Responsibility

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

1-4.2 Units of Measure

A dual unit format is used. Valuescare’given in U.S.
Customary units as the primary units followed by the
International System of Units (S in parentheses as
the secondary units. The value$stated in U.S. Qustomary
units are to be regarded as the Standard. The SI upits in the
text have been directly\(softly) converted from U.S.
Customary units.

1-4.3 Design Criteria

All below:-thé-hook lifting devices shall be degigned for
specified rated loads, load geometry, Design Cat¢gory (see
section:2-2), and Service Class (see section 2-3]). Resolu-
tion¢of loads into forces and stress values affectling struc-
tural members, mechanical components, and copnections
shall be performed by an accepted analysis method. The
rated load shall not be determined by a load fest only.

1-4.4 Analysis Methods

The allowable stresses and stress ranges defied in this
Standard are based on the assumption of analysjis by clas-
sical strength of material methods (models),|although
other analysis methods may be used. The anallysis tech-
niques and models used by the qualified person ghall accu-
rately represent the loads, material properties, and device
geometry; stress values resulting from the analysis shall
be of suitable form to permit correlation with the allow-
able stresses defined in this Standard.

1-4.5 Material

The design provisions of this Standard are baged on the
use of carbon, high-strength low-alloy, or hegt-treated
constructional alloy steel for structural mentbers and
many mechanical components. Other materials may be

equal to or greater than those required by this Standard.

All ferrous and nonferrous metal used in the fabrication
of lifting device structural members and mechanical
components shall be identified by an industry-wide or

written proprietary specification.

(20)
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1-4.6 Welding

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

Welding of lifters fabricated from metals other than

design: the activity in which a qualified person creates
devices, machines, structures, or processes to satisfy a
human need.

design factor: the ratio of the limit state stress(es) or
strength of an element to the permissible internal
stress(es) or forces created by the external force(s)
that act upon the element.

fatigue: the process of progressive localized permanent

steel shall be performed in accordance with a suitable
welding [specification as determined by a qualified
person, pfovided the quality and inspection requirements
are equallto or greater than those required by this Stan-
dard.

1-4.7 Tgmperature

- The depign provisions of this Standard are considered
applicable when the temperature of the lifter structural or
mechanidal component under consideration is within the
range of 45°F to 150°F (-4°C to 66°C). When the tempera-
ture of th¢ component is beyond these limits, special addi-
ﬁional dejsign considerations may be required. These
considerptions may include choosing a material that
has bettef cold-temperature or high-temperature proper-
ties, limitjng the design stresses to a lower percentage of
the allowfble stresses, or restricting use of the lifter until
the comppnent temperature falls within the stated limits.

The dejsign provisions for electrical components are
consider¢d applicable when ambient temperatures do
not excedd 104°F (40°C). Lifters expected to operate in
ambient femperatures beyond this limit shall have-elec-
trical cojnponents designed for the higherrambient
temperatfire.

1-5 DEFINITIONS

1-5.1 Ddfinitions — General

ambient temperature: the temperature of the atmosphere
surroundjng the lifting device.

applied lgad(s): external‘force(s) acting on a structural
member [or machine element due to the rated load,
dead loagl, and other forces created by the operation
and geonjetry. of'the lifting device.

below-thd-hooeklifting device (lifting device, lifter): a device,

material damage that may result in cracks or complete
fracture after a sufficient number of load cycles;

fatigue life: the number ofload cycles of a specific type and
magnitude that a member sustains before failure.

hoist: amachinery unit that is used for lifting and low¢ring.

lifting attachment: a load-suppoyting device, such as a

lifting lug, padeye, trunnion, or similar appurterjance

that is attached to the lifted\load, is designed fof use

with the specific load to which it is attached, and gither
(a) remains attached ‘to-the load, or
(b) is removed and\not reused.

limit state: a condition in which a structure or compgnent
becomes unfitfor/service, such as brittle fracture, plastic
collapse, excessive deformation, durability, fatigue, or
instabilitys. and is judged either to be no longer yseful
for itsdntended function (serviceability limit state) or
to be\unsafe (strength limit state).

load block: the assembly of hook or shackle, swivel,
bearing, sheaves, pins, and frame suspended by the
hoisting rope or load chain.

load cycle: one sequence of loading defined by a fange
between minimum and maximum stress.

manufacturer: the person, company, or agency respon-
sible for the design, fabrication, or performancqg of a
below-the-hook lifting device or lifting device compdnent.

maximum stress: highest algebraic stress per load gycle.

mechanical component: a combination of one or more
machine elements along with their framework, fastenings,
etc., designed, assembled, and arranged to suplllport,
modify, or transmit motion, including, but not limited
to, the pillow block, screw jack, coupling, clutch, Hrake,
gear reducer, and adjustable-speed transmission.

minimum stress: lowest algebraic stress per load cycle.

modification: any change, addition to, or reconstructjon of

other tharratoad btock; used forattaching a toad to a o1st:
The device may contain components such as slings, hooks,
and rigging hardware that are addressed by ASME B30
volumes or other standards.

brittle fracture: abrupt cleavage with little or no prior
ductile deformation.

dead load: the weights of the parts of the lifting device.

a lifter component.

qualified person: a person who, by possession of a recog-
nized degree in an applicable field or certificate of profes-
sional standing, or who, by extensive knowledge, training,
and experience, has successfully shown the ability to solve
or resolve problems relating to the subject matter and
work.

rated load: the maximum load for which the lifting device
is designated by the manufacturer.
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serviceability limit state: limiting condition affecting the
ability of a structure to preserve its maintainability,
durability, or function of machinery under normal usage.

shall: a word indicating a requirement.
should: a word indicating a recommendation.

strength limit state: limiting condition affecting the safety
of the structure, in which the ultimate load-carrying ca-
pacity is reached.

prismatic member: a member with a gross cross section
that does not vary along its length.

prying force: a force due to the lever action that exists in
connections in which the line of application of the applied
load is eccentric to the axis of the bolt, causing deformation
of the fitting and an amplification of the axial force in the
bolt.

slip-critical: a type of bolted connection in which shear is
transmitted by means of the friction produced between

stres§ concentration: localized stress considerably higher
than pverage (even in uniformly loaded cross sections of
uniform thickness) due to abrupt changes in geometry or
localjzed loading.

stres§ range: algebraic difference between maximum and
minifnum stress. Tension stress is considered to have the
oppogite algebraic sign from compression stress.

strudtural member: a component or rigid assembly of
components fabricated from structural shape(s), bar(s),
plate[s), forging(s), or casting(s).

1-5.7
blocKshear: amode of failure in a bolted or welded connec-
tion that is due to a combination of shear and tension
actinlg on orthogonal planes around the minimum net
failuge path of the connecting elements.

Definitions for Chapter 3

comyact section: a structural member cross section that
can develop a fully plastic stress distribution before the
onset of local buckling.

effective length: the equivalent length Kl used in compres-
sion formulas.

effective length factor: the ratio between the effective
length and the unbraced length of the member measured
betwgen the centers of gravity of the:bracing members.

effective net tensile area: portion ©f the gross tensile area
that |s assumed to carry the design tension load at the
memper’s connections or dtlocations of holes, cutouts,
or other reductions of cross-sectional area.

effective width: the reduced width of a plate that, with an
assutned uniformStress distribution, produces the same
effect on the behavior of a structural member as the actual
plate| width with its nonuniform stress distribution.

faying sutface: the plane of contact between two plies of a
bolted connection.

the faying surfaces by the clamping action of\the bolts.

1-5.3 Definitions for Chapter 4

back-driving: a condition where the load imparfts motion
to the drive system.

coefficient of static friction: thé ) nondimensiongl number
obtained by dividing the‘riction force resisting initial
motion between two bodies by the normal forc¢ pressing
the bodies together;

drive system: an assembly of components that ggverns the
starting, stopping, force, speed, and direction imparted to
a moving apparatus.

equalizing sheave: a sheave used to equalize tension in
opposite parts of a rope. Because of its slight mjovement,
it is,not termed a running sheave.

fluid power: energy transmitted and controlled by means
ofapressurized fluid, either liquid or gas. The terjm applies
to both hydraulics, which uses a pressurized liquid such as
oil or water, and pneumatics, which uses comptessed air
or other gases.

Lo bearing life: the basic rating or specificatiop life of a
bearing.
lock-up: a condition whereby friction in the driye system
prevents back-driving.
pitch diameter: the diameter of a sheave measufed at the
centerline of the rope.
running sheave: a sheave that rotates as the load |s lifted or
lowered.
sheave: a grooved wheel used with a rope to chahge direc-
tion and point of application of a pulling force.

vacuum: pressure less than ambient atmosphegric pres-
sure.

vacuum lifter: a below-the-hook lifting device ffor lifting

gross area: full cross-sectional area of the member.

local buckling: the buckling of a compression element that
may precipitate the failure of the whole member ata stress
level below the yield stress of the material.

noncompact section: a structural member cross section
that can develop the yield stress in compression elements
before local buckling occurs, but will not resist inelastic
local buckling at strain levels required for a fully plastic
stress distribution.

and transporting loads using a holding force by means
of vacuum.

vacuum pad: a device that applies a holding force on the
load by means of vacuum.

1-5.4 Definitions for Chapter 5

brake: a device, other than a motor, used for retarding or
stopping motion of an apparatus by friction or power
means.
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controller: a device or group of devices that govern, in a
predetermined manner, the power delivered to the motor
to which it is connected.

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).

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

effective magnet contact area: the component of a lifting
magnet that is in contact with the load. To be considered
part of the effective magnet contact area, the area must be
part of the magnetic circuit.

electrically controlled permanent magnet: a lifting magnet
that derives holding force from permanent magnet mate-
rial and requires current only during the period of attach-
ment or release [see Figure 1-5.5-1, illustration (a)].

electromagnet core: the material inside of the power coil

control Systenr—darr aabclu‘uly OT group ofdevicesthat
govern of regulate the operation of an apparatus.

duty cyclg:

ti
1me on % 100

duty cycle =
y timeon + time off

and is expressed as a percentage.
EXAMPLE{ 3 min on, 2 min off equals

3

5 X 100 = 60%

electrical power supply: the specifications of the required or
supplied ¢lectricity such as type (AC or DC), volts, amps,
cycles, and phase.

electric notor: a rotating machine that transforms elec-
trical engrgy into mechanical energy.

externally powered electromagnet: a lifting magnet
suspendg¢d from a crane that requires power from a
source exyternal to the crane.

ground (grounded): electrically connected to earth or te
some conlducting body that serves in place of the €arth.

master switch: a manual switch that dominates the opera-
tion of contactors, relays, or other remotely- operated
devices.

rectifier: 3 device for converting altetnating current into
direct cufrent.

sensor(s)]adevice thatrespondstoa physical stimulus and
transmitq the resulting signal,

switch: a|device for making, breaking, or changing the
connectidns in an electric circuit.

1-5.5 Definitions‘for Chapter 6

air gap: the-distance between the surface of the ferrous

designed to absorb the magnetic field and create\flux.

electro-permanent magnet core: the permanenht'magnet
material inside of the power coil that is designgd to
retain residual induction after energizing, thgreby
creating the flux.

encapsulation compound: the matérial that replacds the
volume of air inside of the maghétic assembly. Commonly
used for vibration reduction, heat dissipation, and irfsula-
tion to the environmental.eonditions.

flux density (magnetic-induction): the magnetic|field
induced by a mdgnetic field strength, H, at a given
place. The flux‘density is the flux per unit area nqrmal
to the magnetic circuit.

flux pathithe component of a lifting magnet through which
the flux'must travel to reach the effective magnet cgntact
area,

flux source: the component of a lifting magnet that creates
the flux. The flux source can be either an electromagmet or
a permanent magnet.

hysteresis curve: a four-quadrant graph that shows the
relationship between the flux density, B, and the magnetic
field strength, H, under varying conditions.

intrinsic coercive force: ability of magnet material to resist
demagnetization.

magnet duty cycle: the percentage of time an eldctro-
magnet can be energized, T,, relative to total fycle
time. De-energized time equals T,. If not rated as cqntin-
uous, the magnetduty cycle rating includes informatipn on
maximum continuous energized time and minimumn de-
energized time to prevent overheating.

Te
—%— X 100

magnet duty cycle =
g Y €y T+ T

load and the mngnpfir pn]p surfaces of the magnpf This
gap may be air space caused by an uneven load surface,
rust or scale on the load, paint, oil or coolant, dirt, shop
cloths, paper wrapping, etc. The air gap has a permeability,
Uo, similar to that of free space.

coercivity: demagnetizing force required to reduce the
residual magnetic induction of a permanent magnet, B,,
to zero.

EXAMPLE: 3 min energized, 2 min de-energized equals

i><100=60%
3+2

magnetic circuit: the magnetic circuit consists of a flux source, a
flux path, and the effective magnet contact area. In the “attach”
condition, the flux path includes the load. The magnetic circuit in
general describes a closed-loop circuit that describes the path
from a “north” pole to a “south” pole of the flux source.
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Figure 1-5.5-1 Magnetic Lifters magnetomotive force: the force that creates flux in a
magnetic circuit.

manually controlled permanent magnet: a lifting magnet
that derives holding force from permanent magnet mate-
rial and requires a manual effort during periods of attach-
ment or release [see Figure 1-5.5-1, illustration (b)].

@ maximum energy product: external energy produced by
magnet.

TIOTt put’c. tire pulc cz&hi‘uiLiug puaiLivc umgucLiL field char-
acteristics when measured by a magnetic device|(opposite
of a south pole).

permanent magnet material: a ferromagnétic material that
retains a level of residual inductient when thg external
magnetic field strength is reduced to zero.

permeability: the ratio of the flux density in a mdterial ata
point to the magnetic field strength at that pojnt.

pole: an area of the“magnetic circuit that gxhibits a
constant flux density(of either a positive or negptive atti-

(a) Close Proximity Operated Electrically tude. This can béin either the effective magne¢t contact
Controlled Permanent Magnet area or the flux source.

power coflza solenoid wound around a ferromaghetic elec-
tromagnet or electro-permanent magnet core, jommonly
multiple layers of windings deep. The power c¢il is used
foriéreating a magnetic field in the core.

release mechanism: the component of the lifting magnet
that changes the connection to the load betweep “attach”
and “release.”

reluctance: the ratio between the magnetomotive force
acting around a magnetic circuit and the resulting flux.

residual magnetic induction: the intensity of jmagnetic
induction that is retained inside of a magneti¢ material
when the external magnetic field strength i reduced
to zero, in a closed magnetic circuit scenario.

south pole: the pole exhibiting negative magnetic field
characteristics when measured by a magnetlic device
(opposite of a north pole).

1-6 SYMBOLS
(b) Close-Proximity Operated Manually
Controlled Permanent Magnet Each symbol is defined where it is first usedl.

NOTE: Some symbols may have different definitions within this
Standard.

1-6.1 Symbols for Chapter 3

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

A = cross-sectional area, in.* (mm?)

a = distance from the edge of the pinhole to the
edge of the plate in the direction of the
applied load, in. (mm)

Ay = area of the compression flange, in.? (mm?)

(20)
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tensile stress area, in.? (mm?)

total area of the two shear planes beyond
the pinhole, in.? (mm?)

factor for bending stress in tees and double
angles

width of a compression element, in. (mm)
actual net width of a pin-connected plate
between the edge of the hole and the
edge of the plate on a line perpendicular

’ r_
Fex’Fey

Euler stress about the x- or y-axis, as indi-
cated, divided by the design factor, ksi
(MPa)

allowable bearing stress, ksi (MPa)
allowable stress range for the detail under
consideration, ksi (MPa)

allowable tensile stress, ksi (MPa)
computed axial tensile stress, ksi (MPa)

= allowable tensile stress for a bolt subjected

Exx

el

F

By

7f—

U LIIC lillt' Uf dLLiUll Ur LllC dpplltfh‘l IUdL‘l,
in. (mm)

effective width to each side of the pinhole,
in. (mm)

width of the compression flange, in. (mm)
bending coefficient dependent on moment
gradient

column slenderness ratio separating elastic
and inelastic buckling

stress category constant for fatigue
analysis

lateral-torsional buckling strength coeffi-
cient

coefficientapplied to bending term in inter-
action equation for prismatic member and
dependent on column curvature caused by
applied moments

coefficientapplied to bending term in inter-
action equation about the x- or y-axis, as
indicated

strength reduction factor for pin-
connected plates

outside diameter of circular hollow section,
in. (mm)

depth of the section, in. (mm); diameter of
roller, in. (mm)

hole diameter, in. (mm)

pin diameter, in. (mm)

modulus of elasticity

29,000 ksi (200-000 MPa) for steel
nominal tensile'strength of the weld metal,
ksi (MPa)

allowalile)axial compression stress, ksi
(MPa)

computed axial compressive stress, ksi
(MPa)

dllowable bending stress, ksi (MPa)

N )

~

= threshold value for Fg, ksi (MPa)

1 1 . 1l .
CO COTITOIITEU CEIISIOIT dITU SIIedl St essgs, kSl

(MPa)

specified minimum tensile strength, ksi
(MPa)

allowable shear stress, ksi (MPa)
computed shear stress, ksi (MPa)
computed normdlstress in the x or y dlirec-
tion, as indicated, ksi (MPa)
specified miffimum yield stress, ksi (MPa)
shear modulus of elasticity
11,200 ksi (77 200 MPa) for steel
cleat depth of the plate parallel tp the
applied shear force at the section ynder
investigation. For rolled shapes) this
value may be taken as the clear disfance
between flanges less the fillet or cgrner
radius, in. (mm)
twice the distance from the centpr of
gravity to the following: the insidg face
of the compression flange less thelfillet
or corner radius, for rolled shapey; the
nearest line of fasteners at the compression
flange or the inside faces of the comjpres-
sion flange when welds are used, for puilt-
up sections, in. (mm)
twice the distance from the plastic ngutral
axis to the nearest line of fasteners 3t the
compression flange or the inside face pf the
compression flange when welds are jused,
in. (mm)
major axis moment of inertia, in.* (hm*)
minor axis moment of inertia, in.* (fnm*)
torsional constant, in.* (mm®)
effective length factor based on the dggree
of fixity at each end of the member
the actual unbraced length of the member,

Fpy Fry

: fbx: fby

Fcr

for =
F,/ =

atfowabte bending Stress about the x- o1 -
axis, as indicated, ksi (MPa)

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

allowable critical stress due to combined
shear and normal stresses, ksi (MPa)
computed critical stress, ksi (MPa)

Euler stress for a prismatic member
divided by the design factor, ksi (MPa)

T ()

distance between cross sections braced
against twist or lateral displacement of
the compression flange; for beams not
braced against twist or lateral displace-
ment, the greater of the maximum distance
between supports or the distance between
the two points of applied load that are far-
thest apart, in. (mm)


https://asmenormdoc.com/api2/?name=ASME BTH-1 2020.pdf

ASME BTH-1-2020

L, = maximum laterally unbraced length of a Syc = major axis section modulus with respect to
bending member for which the full the compression side of the member, in?
plastic bending capacity can be realized, (mm?)
uniform moment case (C, = 1.0), in. (mm) Sxe = major axis section modulus with respect to

L, = laterally unbraced length of a bending the tension side of the member, in.> (mm?)
member above which the limit state will t = thickness ofthe plate, in. (mm); thickness of
be lateral-torsional buckling, in. (mm) a compression element, in. (mm)

M = allowable major axis moment for tees and t, = thickness of the tension-loaded plate, in.
double-angle members loaded in the plane (mm)

Ur SyIHIIIICry, }\ip'ill. (I“J‘ llllll) lw — L‘lliL}\lleb Uf Lllt.' Vthb, ill. (llllll)

m = number of slip planes in the connection w = leg size of the reinforcing er.c¢ntouring

M, = smaller bending moment at the end of the fillet, if any, in the direction 0f the|thickness
unbraced length of a beam taken about the of the tension-loaded plate, in. (jmm)
major axis of the member, kip-in. (N-mm) Z, = major axis plastic modulus, in.> |(mm?®)

M, = larger bending moment at the end of the Z" = loss of length of the€ shear plang in a pin-
unbraced length of a beam taken about connected platéin. (mm)
the major axis of the member, kip-in. ¢ = shear plane locating angle |for pin-
(N-mm) connected.plates, deg

M, = plastic moment, kip-in. (N-mm)

M, = moment at yielding of the extreme fiber, 1-6.2 Symbols for Chapter 4
kip-in. (N-mm) B [

N = desired design fatigue life in load cycles of A = effggtive area of the vacuum p.ad enclosed
the detail beine evaluated between the pad and the material when the

. ng pad is fully compressed against thg material

Na = norr.nnal design factor . surface to be lifted, in.? (mm?)

N, = equivalent number of constant-amplitude &= basic dynamic load rating to thegretically
load cycles at stress range, Sgyef ndure one million revolution - bearin

n; = numberofloadcyclesfortheithportionofa endure one on revotutions, pex bearing

. : . manufacturer, 1b (N)
variable-amplitude loading spectrum d = inal shaft di ¢ bearife insid

P, = allowable single plane fracture strength - giznl:erir s;na(mml)ame er of bearing inside

beyond the pinhole, kips (N) : Tt -1
_ . . . D, = diametral pitch, in.”” (mm™")

P = all_o_wable shear_ capaqty of a bolt in"a'slip F = face width of smaller gear, in. (mm)
critical connection, kips (N) F = axial t of the actual bearine load. Ib

P, = al'lowable. tensile strength through the a- ?I)\(Il)a component of the actual bearing foad,
pinhole, kips (N) Fy = minimum force on each side of the 1dad, Ib (N)

P, = allowable double plane‘shear strength ) )
beyond the pinhole, (kips (N) F, = radial component of the actual bearing load, Ib

R = distance from the center of the hole to the Fo= ENt) 1 CF ted by the lifter 1b (N
edge of the plate in the direction of the 1_; _ b(;:ri;upp;)vrvero;:cetg;ea ed by the liffer, Ib (N)
applied loady.in. (mm); variable used in - Dearing p e

) . . . K, = fatigue stress amplification factor
the cumulative fatigue analysis; radius of Ksr = stress amplification factor for torsiohal shear
edge of plate ST~ piurcat :
_ ) . . Krp = stress amplification factor for bendipg
r = radius‘of gyration about the axis under o . .

consideration, in. (mm); radius of curva- Krp = stress amplification factor for direct{tension
ture of the edge ofthe plate, in. (mm) L= bea'rlng l.engt'h, in. (mm) )

. S Lo = basic rating life exceeded by 90% of bearings

R, = allowable bearing load on rollers, kips/in. tested. hr
(N/mm) ’ . .

_ . . L L = allowable tooth load in bending, b (N)

T7 = Taulus Of GyTatiom of & SeCto COMPpTISig N = rotational speed, rpm
the compression flange plus one-third of N, = vacuum pad design factor based on orientation
the compression web area, taken about v p 8
an axis in the plane of the web, in. (mm) of load

r, = minor axis radri)us of gyration i;’l (.rnm) P = average pressure, psi (MPa)

Y-  syration, in. (M P, = dynamic equivalent radial load, Ib (N)
Sri = stress range for the ith portion of variable- ) . . )
. . . S = computed combined axial/bending stress, ksi
amplitude loading spectrum, ksi (MPa) (MPa)
Sgrrer = reference stress range to which N, relates, S, = computed axial stress, ksi (MPa)
ksi (MPa) a : ’ .
S, = major axis section modulus, in.? (mm®) Sav = portion of the computed tensile stress not due

to fluctuating loads, ksi (MPa)
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surface velocity of shaft, ft/min (m/s)
minimum vacuum level specified at the pad, psi
(MPa)

=[maximum calculated pad rating, Ib (N)

bearing load, 1b (N)

dynamic radial load factor per bearing manu-
facturer

Lewis form factor; dynamic axial load factor per
bearing manufacturer

angle of vacuum pad interface surface
measured from horizontal, deg

specified minimum yield stress, psi (MPa)
computed combined shear stress, ksi (MPa)
portion of the computed shear stress not due to
the fluctuating loads, ksi (MPa)

computed combined fatigue shear stress, ksi
(MPa)

portion of the computed shear stress. due to
fluctuating loads, ksi (MPa)

computed torsional shear stress, ksi (MPa)
computed transverse shear stress; ksi (MPa)

1-6.3 Symbols for Chapter 6

NOTE: Cal
in SI units
presented

ulations for magnet desigiraré commonly performed
(m, kg, s). Therefore, £he equations in Chapter 6 are
in SI units.

= cross-sectjonalarea of the magnetic circuit or
segment ‘of-the circuit, m*
= crossésectional area of electromagnet core,
2
m
= _effective magnet contact area, m”

= polar surface area of permanent magnet, m?

meter (H/m)
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Chapter 2
Lifter Classifications

2-1 GENERAL

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

2-1.1 Se

The se
criteria) ¢
in sectior
condition

Lection

ection of a Design Category (static strength
nd Service Class (fatigue life criteria) described
s 2-2 and 2-3 shall be based on the operating
5 (use) and expected life of the lifter.

2-1.2 Rdgsponsibility

The sel
betheres
owner, pu
fied by th
and Serv
person re

2-13 Id
The De|

pction of Design Category and Service Class shall
ponsibility ofa qualified person representing the
rchaser, or user of the lifting device. If not speci-
e owner, purchaser, or user, the Design Category
ce Class shall be designated by the qualified
sponsible for the design.

bntification

5ign Category and Service Class shall be mavked

on the lifter and appear on quotations, drawings;’and

documen

2-1.4 En
Alllifte

fation associated with the lifter.

vironment

I components are assumed te.operate within the

temperal:I:re range defined in pard. 1-4.7 and normal

atmosp

moisture
nents ope
fied in pa

ric conditions (free_from excessive dust,
and corrosive environments). Lifter compo-
rating at tempetatures outside the range speci-
ra. 1-4.7 may require additional consideration.

2-2 DESIGN CATEGORY

The Design Categories defined in paras. 2-2)1;2-2.}
2-2.3 provide for different design factors that establig
stresslimits to be used in the design. The'design facto
given in para. 3-1.3.

Lifters shall be designed to Design Category B, un
qualified person determinestthat Design Category
appropriate or that Desigm.Category C is required
special application.

2-2.1 Design Category A

(a) Design Category A should be designated whe
magnitude.and-variation of loads applied to the liftg
predictable)where the loading and environmental ¢
tions are accurately defined or not severe.

(b)\Design Category A lifting devices shall be limif
Setvice Class 0.

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

2-2.2 Design Category B

(a) Design Category B should be designated whe
magnitude and variation of loads applied to the liftg
not predictable, where the loading and environm
conditions are severe or not accurately defined.

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

2-2.3 Design Category C

(a) Design Category C should be designated fo
design of special-application lifting devices for
the specified design factor is required.

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

,and
h the
Fs are

ess a
Ais
for a

n the
r are
ondi-

ed to

bry A

n the
r are
ental

bry B

r the
vhich

bry C

Table 2-3-1 Service Class

Service Class

Load Cycles

0 0-20,000

1 20,001-100,000

2 100,001-500,000
3 500,001-2,000,000
4 Over 2,000,000

10

2-3 SERVICE CLASS

The Service Class of the lifter shall be determined

from

Table 2-3-1 based on the specified fatigue life (load cycles).
The selected Service Class establishes allowable stress
range values for structural members (section 3-4) and
design parameters for mechanical components

(sections 4-6 and 4-7).
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Chapter 3
Structural Design

3-1 GENERAL (c) Design factors for Design Category C lifting devices

shall be not less than 6.00 for limit states\of yjelding or

3-1.1 Purpose buckling and 7.20 for limit states of fracturp and for
Thjis Chapter sets forth design criteria for prismatic connection design.

strudtural members and connections of a below-the-
hook{lifting device.

3-1.2

BeJow-the-hook lifting devices shall be designed to
resiqt the actual applied loads. These loads shall
include the rated load, the weights of the individual

Loads

3-1.4 Fatigue Design Basis

Members and connectignS,subject to repeatdd loading
shall be designed so that‘the maximum stress| does not
exceed the values given in sections 3-2 and| 3-3, and
the maximum range of stress does not exceed the
values given jin section 3-4. Members and cohnections

components of the lifter, and other forces created by zlllb]ec(:)t)eg t?j fev:(i)r thar; ZOéO?O ;O:d cycles| (Service
the dperation of the lifter, such as gripping force or ass et not be analyzed for fatigue.
lateral loads..The loads used in the d.es.lgn of the structural 3-1.5 Curved Members
and fnechanical components of a lifting magnet shall be
derivied based on the maximum breakaway force of the The design of curved members that are subjected to
magmnet. Resolution of these loads into member and bending in the plane of the curve shall account for the
connction forces shall be performed by an accepted increase in maximum bending stress due to the ¢urvature,
strudtural analysis method. as applicable.

The stress increase due to member curvaturg need not

be considered for flexural members that can dgvelop the
full plastic moment when evaluating static strepgth. This
stress increase shall be considered when eyaluating
fatigue.

and B-3. T'he minimum values of. the rllominal design 3-1.6 Allowable Stresses
factof, Ny, in the allowable stress-equations shall be as

folloyvs: All structural members, connections, and c¢nnectors
Ng| = 2.00 for Design Gategory A lifters shall be proportioned so the stresses due to fthe loads
= 3.00 for Design\Category B lifters stipulated in para. 3-1.2 do not exceed the gllowable
= 6.00 for Design Category C lifters stresses and stress ranges specified in sectfions 3-2,
3-3, and 3-4. The allowable stresses specified in these
3-1.3.2 Otheér Design Conditions. Allowable stresses  sectionsdo notapply to peak stresses inregions ¢f connec-
for design &onditions not addressed herein shall be tions, provided the requirements of section 3-4{are satis-

. or limit states 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 than 3.00 for limit states of yielding or
buckling and 3.60 for limit states of fracture and for
connection design.

11

fied.

The section properties of hollow structural sections
(HSS) and pipe shall be based on the design wall thickness
equal to 0.93 times the nominal wall thickness for electric-
resistance-welded (ERW) shapes and equal to the nominal
wall thickness for submerged-arc-welded (SAW) shapes.
When the manufacturing method is not known or cannot
be reliably determined, the smaller value shall be used.

Copyright ASME International
User=LUIS ALBERTO LOPEZ

Not for Resale
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3-2 MEMBER DESIGN

3-2.1 Tension Members

The allowable tensile stress, F;, shall not exceed the

and loaded in, the plane of the minor axis, with the flanges
continuously connected to the web or webs, and laterally
braced at intervals not exceeding L, as defined by eq. (3-7)
for I-shape members and by eq. (3-8) for box members is

value given by eq. (3-1) on the gross area nor the F = L.10E, (3-6)
value given by eq. (3-2) on the effective net tensile area. b= Ny
E
F=-2L 3-1)
Ny
L6, & <0 3-7)
P~ O E S )
\/Fy Ed/Ag
E
F = u (3-2)
120Ny
0.13ryE
where L, = I JJA (3-8)
F, = specified minimum tensile strength p
F, = specified minimum yield stress
where
Refer tp para. 3-3.3 for pinned connection design re- A = cross-sectional of D )
. Af = area of the compression flange
quiremerits. X
d = depth of the(section

3-2.2 Cqgmpression Members

The allpwable axial compression stress, F,, on the gross
area where all of the elements of the section meet the
provisions of Table 3-2.2-1 and when the largest slender-

ness ratig, Ki/r, is less than C, is
2
1— (Kl/;) ]Fy
2C,
F = < 5 (3-3)
N1+ 9(Kl/r) _ 3(Kl/;’)
40C, 40C;
2
C.= 2n°E (3-4)
P}’

When Kl/r exceeds C,, the allowable axial compressive
stress on|the gross section.is

7r2E

D M S (3-5)
LISNy(Kl/r)?

J = torsional*¢onstant
plastio moment
= FZ; = 1.5F,S, for homogeneous sections
ry = @ihor axis radius of gyration
major axis section modulus
major axis plastic modulus

For circular tubes with compact walls as defing¢d by
Table 3-2.2-1 or square tubes or square box sedtions
with compact flanges and webs as defined by Table
3-2.2-1 and with the flanges continuously connected to
the webs, the allowable bending stress is given By eq.
(3-6) for any length between points of lateral brading.

3-2.3.2 Major Axis and Minor Axis Bending of
Compact Sections With Unbraced Length Greater
Than L, and Noncompact Sections. The allowable
bending stress for members with compact or noncompact
sections as defined by Table 3-2.2-1, loaded through the
shear center, bent about either the major or minor| axis,
and laterally braced at intervals not exceeding L, for ajor
axis bending as defined by eq. (3-10) for I-shape members
and by eq. (3-11) for box members is given by eq. (3-9)). For
channels bent about the major axis, the allowable bending

Wh;r: mbdic? of elasticity stress is given by eq. (3-17).
K = effectivefengthrfactor based om the degree of fiXity 5 i
F, = = (3-9)
at each end of the member Ny
I = the actual unbraced length of the member
r = radius of gyration about the axis under considera-
tion 3
L= |31rTEG (3-10)
3-2.3 Flexural Members ' F,

3-2.3.1 Major Axis Bending of Compact Sections. The
allowable bending stress, F,, for members with compact
sections as defined by Table 3-2.2-1 symmetrical about,

12
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Table 3-2.2-1 Limiting Width-Thickness Ratios for Compression Elements

Limiting Width- Limiting Width-Thickness Ratios for
Thickness Ratios Members Subject to Flexure
Width- for Members
Thick- Subject to Axial
Description of Element ness Ratio Compression Compact Noncompact
Flanges of I-shape rolled beams, channels, b/t 0.56_[E/F, 0.38_[E/F, 1.00_[E/F,
- J - J : \/ J
and tees
Flanges of doubly and singly symmetric - b/t 0.64,[kE/F, 0.38,[E/F, 0.95,/k.E/F; [Notes (1), (2)]
shape built-up sections and plates or
angle legs projecting from built-up I- (Note LL]
shape sections
Platep projecting from rolled I-shape b/t 0.56_[E/E,
segtions; outstanding legs of pairs of 7
angles in continuous contact
Legs pf single angles; legs of double angles b/t 0.45 [E/E, 0.54_[E/E, 091 [E/F,
with separators; unstiffened elements, Y Y 4
i.e} supported along one edge
Flanges of all I-shape sections and b/t 0.38_[E/E, 1.00_[E/¥,
chinnels in flexure about the weak axis 4 A
St f t d/t [E/1]
emk of tees / 0.7, [E/E, 0.844/E/F, 152, [E/]
Flanges of rectangular box and hollow b/t 1_40\/‘E/p 1_12\/‘5/1: 140 [E/F,
structural sections of uniform thickness; i i v
flapge cover plates and diaphragm
pldtes between lines of fasteners or
wdlds
Webg of doubly symmetric I-shape h/t,, 1.49 [E/F. 3.76 [E/E 570 [E/F,
se¢tions and channels VR ) ¢
Webj of singly symmetric I-shape sections he/ty he [E 570 [E/¥,
hp\ Ty E "
P E— <8570 |—
F,
0.54 — — 0.09
My
Webg of rectangular HSS and boxes h/t,, 1.40\/E/Fy 242 [E/F, 5.70 /E/lj
All ofher uniformly compressed stiffened b/t 1.49 [E/F. 1.12_[E/F. 1'49\/’?/17
eldments, i.e., supported along two h/t, A N
edges
Circular hollow sections D/t 0.11E/F, 0.07E/F, 0.31E/H
NOTES:
(1) The following values applyske= “hiz and 0.35 < k. < 0.76.
N7ty
(2) The following values-apply:
F{ = 0.7F, for majox axis bending of compact and noncompact web built-up I-shape members with S,,/S,. 2 0.7;
Fl = F, Sy¢/Sxc 2\0.5F, for major axis bending of compact and noncompact web built-up I-shape members with S,,/S,. < 0.7.
_ 2ryE(JA (reverse curvature bending). C;, may be consgrvatively
T pg (3-11) taken as unity. When the bending moment at pny point
4 within an unbraced length is larger than that at both
ends of this length, C, shall be taken as unity [see
N 3-12) eq. (3-12)].
Cp = 175 + 1.0S(My/Mp) + 03(M;/Mp)” <23 For I-shape members and channels bent about the

where M, is the smaller and M, is the larger bending
moment at the ends of the unbraced length, taken
about the major axis of the member, and where M;/M,
is positive when M; and M, have the same sign

13

major axis and with unbraced lengths that fall in the
ranges defined by either eq. (3-13) or eq. (3-15), the allow-
able bending stressintensionis given by eq. (3-9).Foran-
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
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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, is approximately rectan-
gular in shape, and has an area not less than the tension
flange. For channels bent about the major axis, the allow-

rr = 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

The allowable bending stress for box members for
which the unbraced length exceeds L, as defined by
eq. (3-11) shall be calculated by a suitable method as
determined by a qualified person.

able compressivestressTs givcu ‘uy Tq- (3-17).

19EC, L | 17.59EC,
3.19ECy, S—hS 7.59ECy, (3-13)
Fy rr \/ Fy
E(Ly/r)* |E, F
Bp=[110 - ——|—= < = (3-14)
31.9EC, [Ny Ny
Ly [17.59EC, (3-15)
rr Fy
2 F,
F,=C _TEG, Ty (3-16)
LTB 2= N
Ny(Ly/ 1) i
For any value of L,/ry
0.66EC, E
Fy = b ) @17)

C [ —
M Nu(Lyd/Ap) TN

where
b =| width of the compression flange
Cits =| 1.00 for beams braced againsttwist or lateral
displacement of the compression flange at the
ends of the unbracedTength

2.00(EL, / GJ)
(Ly/ bf)2
braced. dgainst twist or lateral displacement

of thercompression flange at the ends of the
unbraced length

+0.275 < 1.00 for beams not

Theattowabte mmajor—axismmomrent, M, forteeg and
double-angle members loaded in the plane of syminetry
is

3-18)

[E1GJ F,aS,
T
M= B+y1+B g L=
Ny Ly Ny
where

a = 1.0 if the stem is<n’‘compression
= 1.25 if the sten-i$ in tension

B = +2.3(d/Ly) \/j/i
Crurg = 1.00 forrbeams braced against twist or Ijteral

displacement of the compression element ait the
ends’ of the unbraced length

<025 /EL./ G
025VEL / G < 1.00 for beams not bijaced
Lb/bf

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

= |050/EL,/ GJ
Ly / by
against twist or lateral displacement df the
compression flange at the ends of the unbfaced
length if the stem is in compression
G = shear modulus of elasticity

I, = minor axis moment of inertia

< 1.00 for beams not bijaced

The value B is positive when the stem is in tensiop and
negative when the stem is in compression anywhere along
the unbraced length.

Equation (3-18) applies to members with compdct or
noncompact flanges. The bending strength of members
with slender flanges shall be evaluated by suitable mleans.

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

[, ="Tajoraxis monTent of frertia

L, = distance between cross sections braced against
twist or lateral displacement of the compres-
sion flange; for beams not braced against
twist or lateral displacement, the greater of
the maximum distance between supports or
the distance between the two points of
applied load that are farthest apart

depth, d, and thickness, ¢, is given as follows:
If

Lyd .
Lz < 0.08E (3-19)
t E,
1-25Fy
F, = (3-20)
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2 2
If y e 10 327)
0.08E < LZ < 1.9E (3-21) 71% hS
Fy t Fy
where
Fpy or Fp, = allowable bending stress about the x- or y-
Lyd y 125F axis, as indicated, from para. 3-2.3
F, = Crg X Cp|1.52 — 0. 274( > ) , (3-22) fox OF fi, = computed bending stress aboutthe x- ory-
t” JE Nd Nd axis, as indicated
If 3-2.3.6 Shear on Bars, Pins, and Plates.(The average
L_;,d S 1.9E (3-23) shear stress F, on bars, pins, and plates fpr which
£2 E, h/t < 2.45 [E/F, shall not exceed
FJ’
E = (3-28)
v Nd\/g
1.9EC, 1.25Fy
F, = CrTg X (3-24)
Ny(Lpd/t?) — Ny where
h = clear depth of theplate parallel to the applied shear
where force at the seetion under investigation. For rolled
Cits = 1.00 for beams braced against twist or lateral shapes, this value may be taken as fhe clear
displacement of the compression element at the distapce between flanges less the|fillet or
ends of the unbraced length cormet) radius.
= 3.00EL,/ G t = thickness of the plate
Li/xt < 1.00 for beams not braced
b .
against twist or lateral displacement of the Methods used to determine the strength [of plates
compression element at the ends of the sttbjected to shear forces for which h/t > 2.45\/E/Fy shall
unbraced length provide a design factor with respect to the limit state of
buckling not less than the applicable value| given in

3-2.3.4 Minor Axis Bending of Compact Sections,
Bars, and Rectangular Sections. For doubly

(3-25)

para. 3-1.3.

3-2.4 Combined Axial and Bending Stresses

Members subject to combined axial compre
bending stresses shall be proportioned to satis
quirements in (a) and (b). Members subject to
axial tension and bending stresses shall be pro
to satisfy the requirements in (c).

(a) All members except cylindrical membh

ssion and
fy the re-
rombined
portioned

ers shall

Ny satisfy eqs. (3-29) and (3-30) . When f,/F, </ 0.15, eq.
(3-31) is permitted in lieu of eqgs. (3-29) and (3-30).
Fof rectangular-tdbes or box shapes with compact C C
flanges and webs‘as defined by Table 3-2.2-1, with the & mafy + myfby <1.0 _
s continiuously connected to the webs, and bent B 1 - fa F Ja (3-29)
7 [Fbx 1- Fy,
abouf their.minor axes, the allowable bending stress is B Ry’ Y
T Membersothertham L_yll[l'
drlcal members subject to biaxial bending with no f fi 5
a Jox Y <10 (3-30)
axial load shall be proportioned to satisfy eq. (3-26). Cy- F/N + T + I
lindrical members subject to biaxial bending with no axial y/ bx by
load shall be proportioned to satisfy eq. (3-27).
fbx fb)’
Jox | W 3-26 i/
Fpye + Fy <10 ( ) £ % + by <1.0 (3-31)
4 E Fpy Fby

15
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(b) Cylindrical members shall satisfy eqs. (3-32) and _ \/ 2 2 2 _ i
(3-33). When f,/F, < 0.15, eq. (3-34) is permitted in fer S fxfy +f3’ T <k N, (3-37)
lieu of egs. (3-32) and (3-33).
5 5 where
f Cm./fbx +fby F,. = allowable critical stress due to combined shear
T + AN <10 (3-32) and normal stresses
a (1 -2 ]Fb f, = computed shear stress
ke fx = computed normal stress in the x direction
f, = computed normal stress in the y direction
f, . fE + szy 1o (333 3-2.6 Local Buckling
E,/Ny F = The width-thickness ratios of compression-elements
shall be less than or equal to the values givén in
Table 3-2.2-1 to be fully effective.
N Methods used to determine thé strength of slgnder
f \/szx +szy (3-34) compression elements shall provide a design factor
Fa + F—b <10 with respect to the limit state‘of buckling no less|than
a

(c) Mejmbers subject to combined axial tension and
bending ptresses shall be proportioned to satisfy the
following equations. Equation (3-35) applies to all

memberg except cylindrical members. Equation (3-36)
applies t@ cylindrical members.
i
Sy dee (3-35)
FE  Fpy Fby
2 2
Vox T 1o N
i + Y= <1.0 (3+36)
B Fy
In eqs.|(3-29) through (3-36),
F, = 4llowable axial compressive stress from
para. 3-2.2
fa = domputed axial compressive stress
F' = 7’E
ASNy(KT / r)?

]
F, = dllowable tensilé, stress from para. 3-2.1
f: = domputed axial’tensile stress

where the slenderness ratio, Kl/r, is that in the plane of
bending llmder consideration

the applicable value givenin\para. 3-1.3.

3-3 CONNECTION BESIGN

3-3.1 General

In connectioh design, bolts shall not be considergd as
sharing stress in combination with welds. Wheh the
gravity’axes of connecting, axially stressed menpbers
do not'intersect at one point, provision shall be made
for*bending and shear stresses due to eccentricity in
the connection.

The allowable bearing stress, Fy, on the contact aJ
milled surfaces, fitted bearing stiffeners, and other
parts in static contact is

_ 18R
P 120N

ea of
steel

3-38)

The allowable bearing load, R,,, in kips per inch of 1
(N/mm) on rollers is
_f]
C

a P}/
R, =
1.20N;| 20

ength

3-39)

1.2 if d < 25 in. (635 mm)

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

30.2 if d > 635 mm when using SI units (F,,

units

MPa)

Cn = Cpx =Cry =10

Lower values for Cy, Cp,y, and C,,,, may be used if justified
by analysis.

3-2.5 Combined Normal and Shear Stresses

Regions of members subject to combined normal and
shear stresses shall be proportioned such that the critical
stress f., computed with eq. (3-37) does not exceed the
allowable stress F,,. defined in the equation.

16

¢ = dif d <25 in. (635 mm)
= Jd if d > 25 in. (635 mm)

d = diameter of roller

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

F, = lower yield stress of the parts in contact
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(20) 3-3.2 Bolted Connections

A bolted connection shall consist of a minimum of two
bolts. Bolt spacing and edge distance shall be determined
by an accepted design approach so as to provide a
minimum design factor of 1.20N,; with respect to fracture
of the connected parts in tension, shear, or block shear.

The allowable tensile stress, F;, of the bolt is

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

Bolts in slip-critical connections shall be tightened
during installation to provide an initial tension equal
to at least 70% of the specified minimum tensile strength
of the bolt. A hardened flat washer shall be used under the
partturned (nut or bolthead) during installation. Washers

terial has

I = E, (3-40) shall be used under both the bolt head and nut of ASTM
L l.LUl\Jd FS 125 GI dl,‘lt.' A“l‘SG ‘UUILD WllCll Lllt.' LUIIIIELLUL‘I 1114

ThE actual tensile stress, f;, shall be based on the tensile
stresk area of the bolt and the bolt tension due to the
applled loads as defined in para. 3-1.2. The tensile
stresp in the bolt due to preload is not to be considered

in the calculation of f,.
The allowable shear stress, F,, of the bolt is
= 0.62F, (3-41)
1.20Ny

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

Thp allowable bearing stress, F,, of the connected part

on tHe projected area of the bolt is
_ 240F, (345§
P 120Ny
wherje
F,|= specified minimum tensile strehgth of the

connected part

Th allowable tensile stress, F,/, fora bolt subjected to
comlined tension and shear strésses is

F, = \F} < 260f>

Thee allowable shedr-capacity, Ps, of a bolt in a slip-

(3-43)

criti¢al connectipnin which the faying surfaces are
clean and unpainted is
- 0.26A,F, (3-44)
1.20N;

a specified minimum yield stress less than'\4(Q ksi (276
MPa). Only ASTM F3125 Grade A325_or\ASTIM F3125
Grade A490 bolts shall be used in slip-critical conections.
Bolted connections subjected to gyclic shegr loading
shall be designed as slip-critical ‘€onnections ynless the
shear load is transferred betweén the connedted parts
by means of dowels, keys{ or other close-fit elements.

3-3.3 Pinned Connections

3-3.3.1 Static Strength of the Plates. The strength of a
pin-connected plate in the region of the pinhole shall be
taken as theTeast value of the tensile strength offthe effec-
tive area‘en d plane through the center of the pifhole per-
pendictilar to the line of action of the applied|load, the
fracture strength beyond the pinhole on a sirgle plane
parallel to the line of action of the applied |oad, and
the double plane shear strength beyond th¢ pinhole
parallel to the line of action of the applied load.

The allowable tensile strength through the pfnhole, P,,
shall be calculated as follows:

E
P = Cr—utheff (3-45)

1.20Ny

where
begr = effective width to each side of the piphole

D,
Cr=1-0275[1 - —
Dj,
where

Dy, = hole diameter
D, = pin diameter

(3-46)

where
A, = tensile stress area
m = number of slip planes in the connection

The hole diameters for bolts in slip-critical connections
shall not be more than %, in. (2 mm) greater than the bolt
diameter. If larger holes are necessary, the capacity of the
connection shall be reduced accordingly.

17

The value of C,may be taken as 1.0U for vatues of D, /Dy,
greater than 0.90.

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

bof =4t < b, (3-47)
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(3-48)

E, [D
b = b0.6-4 | =1 <p,
E\ b,
where

b, = actual 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

3-3.3.3 Fatigue Loading. The average tensile stress on
the netarea through the pinhole shall not exceed the limits
defined in para. 3-4.3 for Stress Category E.

Pinholes in connections designed for Service Classes 1
through 4 shall be drilled, reamed, or otherwise finished to
provide a maximum surface roughness of 500 pin. (12.5
um) around the inside surface of the hole.

3-3.3.4 BearingStress. The bearing stress between the
pin and the plate, based on the projected area of the pin,

The wiffth limit of eq. (3-47) does not apply to plates
that are dtiffened or otherwise prevented from buckling
out of pldne.

The allpwable single plane fracture strength beyond the
pinhole H, is
E D 0.92b
P, = ¢,—" 1.13(R - —") +092% | (349)
1.20N 2 1+ b,/Dy,
where

R = diktance from the center of the hole to the edge of
thie plate in the direction of the applied load

The allpwable double plane shear strength beyond the
pinhole H, is
, = 070k, (3-50)
1.20Ny
where
A, = total area of the two shear planes beyond the
piinhole
Dy
A, =2la+ 7(1 — cos ) |t (3-51)
D,
¢ =55—L (3-52)
Dy
where

a = distance from'the’edge of the pinhole to the edge of
the plate ifvthe direction of the applied load

¢ = slear plane locating angle for pin-connected
plates;"deg

shall not exceed the value given by eq. (3-53), wherg¢ F), is
the yield stress of the pin or plate, whichever.is smaller.
The bearing stress between the pin andrthe pldte in

connections that will rotate under load for a large
number of load cycles (Service Class_I\or higher)|shall
not exceed the value given by eq,(3-54).
1.2S8F,
B o= ) 3-53)
p
Ny
e 0.63Fy 3-54)
p
Ny
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\oad cycles (Service Class 1 or higher) shall be as
required to permit proper function of the connection.

3-3.3.6 PinDesign. Shear forces and bending morments
in the pin shall be computed based on the geometry ¢f the
connection. Distribution of the loads between the plates
and the pin may be assumed to be uniform or may ac¢ount
for the effects of local deformations.

3-3.4 Welded Connections

3-3.4.1 General. For purposes of this section, fillet or
groove weldsloaded parallel to the axis of the weld shall be
designed for shear forces. Groove welds loaded pefpen-
dicular to the axis of the weld shall be designed for tension
or compression forces. Welded connection design|shall
provide adequate access for depositing the weld rhetal.
The strength of a weld is governed by either the base mate-
rial or the deposited weld material as follows:

(a) The design strength of groove welds subjgct to
tension or compression shall be equal to the effdctive

3-3.3.2 Combined Stresses. If a pinhole is located at a
point where significant stresses are induced from member
behavior such as tension or bending, local stresses from
the function as a pinned connection shall be combined
with the gross member stresses in accordance with
paras. 3-2.4 and 3-2.5.

18

area of the weld multiplied by the allowable stress of
the base metal defined in section 3-2.

(b) The design strength of fillet or partial-joint-
penetration groove welds subject to shear shall be
equal to the effective area of the weld multiplied 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.
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0.60Exx
E} =
1.20N,

(3-55)

where
Exx = nominal tensile strength of the weld metal

(c) The design strength of complete-joint-penetration
groove welds subject to shear shall be based on the
strength of the base metal.

(d inati AGO he geners
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 to
the akis of the group in order to determine the allowable
capagity of the combination.

Effective areas and limitations for groove, fillet, plug,
and $lot welds are indicated in paras. 3-3.4.2 through
3-3.44.

3-3
comy]

anotleld

b.4.2 Groove Welds. Groove welds may be either
lete-joint-penetration or partial-joint-penetration
type.| The effective weld area for either type is defined
as thg effective length of weld multiplied by the effective
throdt thickness.

The effective length of any groove weld is the length
over which the weld cross section has the proper effective
throqt thickness. Intermittent groove welds are not
permitted.

ThE effective throat thickness is the minimum distance
from|the root of the groove to the face of the weld, less any
reinfprcement (usually the depth of the groove). For a
complete-penetration groove weld, the effective throat
thickness is the thickness of the thinner part{joined. In
partipl-penetration groove welds, the effective throat
thickness for J- or U-grooves and, for bevel or V-
grooyes with a minimum angle of 60-deg is the depth
of thle groove. For V-grooves from/45 deg to 60 deg,
the ¢ffective throat thickness-is the depth of the
grooye minus % in. (3 mm):

The minimum partial-penetration groove weld effective
throdt thickness is given\in‘Table 3-3.4.2-1. The minimum
throgt thickness is determined by the thicker part joined.
Howgver, in no case shall the effective throat thickness be
less than thessize required to transmit the calculated
forces.

Fol betel'and V-groove flare welds, the effective throat
thickhesSis based on the radius of the bar or bend to which

equal to 0.707 times the leg width. The effective weld area
of a fillet weld is defined as the effective length of weld
multiplied by the effective throat thickness.

The effective length of a fillet weld shall be the overall
length of the full-size fillet including end returns. When-
ever possible, a fillet weld shall be terminated with end
returns. The minimum length of end returns shall be two
times the weld size. These returns shall be in the same
plane as the rest of the weld.

e TITiT i d shall be
e shall be
tive weld

U C C A C ; U d c WA
four times the specified weld size, or the weld\siz
considered not to exceed one-fourth of the'effe
length.

For fillet welds in holes or slots, the effective lejngth shall
be the length of the centerline of the weld along|the plane
through the center of the weld’thtoat. The effeqtive weld
area shall not exceed the crgss-sectional area of the hole or
slot.

The minimum fillet'weld size shall not be les§ than the
size required to transmit calculated forces nof the size
given in Table 3-3.4.3-1. These tabulated sizes do not
apply to fillet weld reinforcements of pqrtial- or
completesjpint-penetration welds.

The maximum fillet weld size is based on thefthickness
of thesconnected parts. Along edges of materialf of thick-
ness less than Y, in. (6 mm), the weld size shall rfot exceed
the thickness of the material. Along edges wherejthe mate-
rial thickness is %, in. (6 mm) or greater, the weld size shall
not be greater than the material thickness minug % in. (2
mm).

Intermittent fillet welds may be used to trans
lated stress across a joint or faying surface
strength required is less than that developed by
uous fillet weld of the smallest permitted size and to join -
components of built-up members. The effective length of
any intermittent fillet shall not be less than four|times the :
weld size with a minimum of 1% in. (38 mm). Inermittent -
welds shall be made on both sides of the joint fpr at least

fer calcu-
when the ,

Table 3-3.4.2-1 Minimum Effective Throat Thickness of
Partial-Penetration Groove Welds

Minimum Effectiye Throat
Thickness, in.|(mm)

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

itis attached and the flare weld type. For bevel welds, the
effective throat thickness is 5/16 times the radius of the bar
or bend. For V-groove welds, the effective throat thickness
is % times the radius of the bar or bend.

3-3.4.3 Fillet Welds. Fillet weld size is specified by leg
width, but stress is determined by effective throat thick-
ness. The effective throat of a fillet weld shall be the
shortest distance from the root to the face of the weld.
In general, this effective throat thickness is considered
to be on a 45-deg angle from the leg and have a dimension

19

To % (6) s (3)
over % (6) to % (13) %6 (5)
Over % (13) to % (19) . (6)
Over %, (19) to 1Y, (38) 5/16 (8)
Over 1% (38) to 2%, (57) % (10)
Over 2%, (57) to 6 (150) Y (13)
Over 6 (150) % (16)

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

a contin- -
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Table 3-3.4.3-1 Minimum Sizes of Fillet Welds

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

Minimum Size of Fillet
Weld, in. (mm)

To Y (6) % (3)
Over Y, (6) to % (13) %6 (5)
Over % (13) to % (19) Y (6)
Over %, (19) %6 (8)

3-4 FATIGUE DESIGN

3-4.1 General

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

3-4.2 Lifter Classifications

25% of its length. The maximum spacing of intermittent
fillet weldls is 12 in. (300 mm).

In lap jpints, the minimum amount of lap shall be five
times thefthickness of the thinner part joined, but not less
than 1in.[25 mm). Where lap joints occur in plates or bars
that are spibject to axial stress, both lapped parts shall be
welded along their ends.

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

Fillet welds in holes or slots may be used to transmit
shear in 13p joints or to prevent the buckling or separation
of lapped parts and to join components of built-up
members| Fillet welds in holes or slots are not to be consid-
ered plug or slot welds.

3-3.4.4 Plug and Slot Welds. Plug and slot welds may
be used t¢ transmit shear in lap joints or to prevent buck-
ling oflapped parts and to join component parts of built-up
members| The effective shear area of plug and slot welds
shall be cpnsidered as the nominal cross-sectional aréa of
the hole ¢r slot in the plane of the faying surface.

The digmeter of the hole for a plug weld shall not be less
than the ghickness of the part containingitplus % in. (8
mm) rourjded up to the next larger odd-%'in. (2 mm), nor
greater tHan the minimum diameter plds % in. (3 mm) or
21/4 timeg the thickness of the weld;-whichever is greater.
The minithum center-to-centet Spacing of plug welds shall
be four times the diameter-of the hole.

The length of the slot-fora slot weld shall not exceed 10
times the(thickness of.the weld. The width of the slot shall
meetthe 4ame crit€ria as the diameter of the hole fora plug
weld. Th¢ ends.of\the slot shall be semicircular or shall
have the fornets rounded to a radius of not less than the
thickness|of¢the part containing it, except for those ends

Lifter classifications shall be as given in Chapter2:These
classifications are based on use of the liftercat!loads of
varying magnitude, as discussed in Nonmandatory
Appendix C. In reality, actual use of the lifter| may
differ, possibly significantly, froni\the defined|load
spectra. If sufficient lift data are ‘known or cqn be
assumed, the equivalent number of constant-ampliitude
load cycles can be determined\ifsing eq. (3-56).

3
Sgi
Neq:Z( : ]”i

SRref

3-56)

where
N.q = egquivalent number of constant-amplitudg load
cycles at stress range Sgref

ni-= number of load cycles for the ith portiof of a
variable-amplitude loading spectrum

Sgri = stress range for the ith portion of a varfable-
amplitude loading spectrum

Srref = reference stress range to which N, relateg This

is usually, but not necessarily, the maximum

stress range considered.

3-4.3 Allowable Stress Ranges

The maximum stress range shall be that given in
Table 3-4.3-1.
Tensile stresses in the base metal of all load-bepring
structural elements, including shafts and pins, shall not
exceed the stress ranges for Stress Category A.

3-4.4 Stress Categories

The Stress Category can be determined from the|joint
details given in Table 3-4.4-1.

3-4.5 Tensile Fatigue in Threaded Fasteners

that extend to the edge of the part. The minimum spacing
of lines of slot welds in a direction transverse to their
length shall be four times the width of the slot. The
minimum center-to-center spacing in alongitudinal direc-
tion on any line shall be two times the length of the slot.

The thickness of plug or slot welds in material Y in. (16
mm) or less in thickness shall be equal to the thickness of
the material. In material more than % in. (16 mm) thick,
the weld thickness shall be at least one-half the thickness
of the material but not less than % in. (16 mm).

High-strength bolts, common bolts, and threaded rods
subjected to tensile fatigue loading shall be designed so
that the tensile stress calculated on the tensile stress area
due to the combined applied load and prying forces does
not exceed the design stress range computed using
eq. (3-57). The factor Cf shall be taken as 3.9 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
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Table 3-4.3-1 Allowable Stress Ranges, ksi (MPa) 0.06 + 0.72[%]
Stress Category Service Class _ P
(From R = 0167 <10
Table 3-4.4-1) 1 2 3 4 p
A 63 (435) 37 (255) 24 (165) 24 (165) . ,
B 49 (340) 29 (200) 18 (125) 16 (110) (d) for Stress Category C' when stresses are in MPa,
B’ 39 (27 2
(270) 23 (160) 15 (100) 12 (83) 010 4 1.24[1]
C 35 (240) 21 (145) 13 (90) 10 (69) ty
[Note (1)] R = RST5 <10
28 (190) 16 (110) 10 (69) 7 (48) Tp
E 22 (150) 13 (90) 8 (55) 45 (31) _ _
B 16 (110) 9 (60) 6 (40) 2.6 (18) Use the requirements for Stress Category C'if R = 1.0.
F 15 (100) 12 (83) 9 (60) 8 (55) 5 lensth of th ldedrost face in e di
a = length of the nonwelded\reot face in the direc-
G 16 (110 9 (60 7 (48 7 (48
(110) (60) (48) (48) tion of the thickness of.the tension-logded plate
NOTE| (1) Flexural stress range of 12 ksi (83 MPa) permitted at the Cr = constant from Tablé334.4-1 for the Stfess Cate-
toe offstiffener welds on flanges. gory
Crq = 44x 108 for Stress Categories C, C',andl C"” when
stresses are_in ksi
_ 11 : h/ "
shallpe permitted to determine the tensile stress range in = 144 x WQ* for Str?SS Categories C, {, and C
. . when stresses are in MPa
the fasteners due to the cyclic loads. Alternatively, the
. ex = 0467 for Stress Category F
stregs range in the fasteners shall be assumed to be . I
. =<{0.333 for all Stress Categories except F
equal to the stress on the net tensile area due to 20% .
Fi>= allowable stress range for the dethil under

of the absolute value of the design tensile load. If the
fastehers are not pretensioned to at least 70% of their
minimum tensile strength, then all tension shall be
assuIned to be carried exclusively by the fasteners.

3-4.¢ Cumulative Fatigue Analysis

consideration. Stress range is the plgebraic
difference between the maximum sfress and
the minimum stress.
Fry = threshold value for Fg,. as given
Table 3-4.4-1

load in

N = desired design fatigue life in load cydles of the
If 3 more refined component fatigue analysis-than detail being evaluated. N is the expected number
proyided by the four Service Classes @iven in of constant-amplitude stress range cy¢les and is
Chapter 2 is desired, eq. (3-57) may be used'to obtain to be provided by the owner. If nd desired
the gllowable stress range for any number of load fatigue life is specified, a qualified person
cyclep for the Stress Categories given.in Table 3-4.4-1. should use the threshold values, F}y, as the
qu ex allowable stress range, Fy,. For cumulative
E, = R[—] > Prig (3-57) damage analysis of a varying-amplifude load
N spectrum, an equivalent number of [constant-
amplitude load cycles can be calculdted using
wherfe R = 1, except asfollows: eq. (3-56).
(a) for Stress Category C' when stresses are in ksi, q = 1.0 when stresses are in ksi
2a w = 329 for all Stress Categories except F when
065 — 0-59[7] + 0-72[7] stresses are in MPa, except as noted
R P L4 <10 = 110000 for Stress Category F when stresses are
t2'167 in MPa, except as noted
t, = thickness of the tension-loaded plate
(b) for Stress Category C" when stresses are in MPa, w = leg size of the reinforcing or contouring fillet, if

112 — 1.01(2—“} + 1.24(1]
tp tp

0.167
tp

R =

<10

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

21

any, in the direction of the thickness of the
tension-loaded plate

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
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spectrain which peakimpactloads 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.

3-5.2 Stress Concentrations

loading, unless stated otherwise in this chapter. The need
to use peak stresses, rather than average stresses, when
calculating static strength shall be determined by a qual-
ified person based on the nature of the detail and the prop-
erties of the material being used.

3-5.3 Deflection

Itis the responsibility of a qualified person to determine
when deflection limits should be applied and to establish

Stress ¢oncentrations due to holes, changes in section,
or similarfdetails shall be accounted for when determining
peak strepses in load-carrying elements subject to cyclic

the magnitudes of those limits for the design.of the
mechanisms and structural elements of lifting’devices.
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Table 3-4.4-1 Fatigue Design Parameters
Threshold,
Stress Fpy, ksi Potential Crack Site
Description Category | Constant, Cr (MPa) Initiation Illustrative Typical Example
Section 1 — Plain Material Away From Any Welding

1.1 Base metal, except A 250 x 108 24 (165) Away from all welds

noncoated weathering or structural

steel, with rolled or connections ~, C

cleaned surface. Flame-

cut edges with surface

roughness value of 1,000

pin. (25 pm) or less, but T

without re-entrant

corners. (al (b)
1.2 Noncoated weathering B 120 x 108 16 (110) Away from all welds

steel base metal with or structural

rolled or cleaned surface. connections

Flame-cut edges with

surface roughness value

of 1,000 pin. (25 um) or

less, but without re-

entrant corners.
1.3 Member with drilled or B 120 x 108 16 (110) At any external edge

reamed holes. Member or hole perimeter

with re-entrant corners at \

copes, cuts, block-outs, or /q s

other geometrical \ | l} °

discontinuities made to Z

requirements of AISC

(2010) Appendix 3,

except weld access holes. (a) (b) (c)
1.4 Rolled cross sections C 44 x 10° 10 (69) At re-entrant corner

with weld access holes of weld access hole 5 se,

made to requirements of
AISC (2010) Section J1.6
and Appendix 3. Members
with drilled or reamed
holes containing bolts for
attachment of light
bracing where there is a
small longitudinal
component of brace force.

or at any small
hole (may contain
bolt for minor
connections)

020Z-T-HL9 INSVY
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Threshold,
Stress Fry, Kksi Potential Crack Site
Description Cat¢gory | Constant, Cr (MPa) Initiation Illustrative Typical Example
Section 2 — Connected Material In Mechanically Fastened Joints
2.1 Gross area of base metal B 120 x 108 16 (110) Through gross
in lap joints connected by section near hole

high-strength bolts in
joints satisfying all
requirements for slip-
critical connections.

° 3
,0
o

(a) (b) (c)

(Note: figures are for slip-critical bolted ¢onnections)

2.2 Base metal at net section B 120 x 108 16 (110) In net section
of high-strength bolted originating at side
joints, designed based on of hole

bearing resistance, but
fabricated and installed to

all requirements for slip- @

critical connections. (a) (b) (c)

(Note: figures are for bolted connections designefl to bear, meeting the
requirements of slip-critical connegtions)

0202-T-HLd ANSV

2.3 Base metal at the net D 22 x 108 7 (48) In net section

section of other originating at side

mechanically fastened of hole

joints except eyebars and

pin plates.

(a) (b) (c)
(Note: figures are for snug-tightened bolts, rivets, or ofher mechanical fasteners)

2.4 Base metal at net section E 11 x 108 4.5 (31) In net section

of eyebar head or pin originating at side
plate. of hole /%
K -
(a)

{b)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Threshold,
Stress Fpy, ksi Potential Crack Site
Description Category | Constant, Cr (MPa) Initiation Illustrative Typical Example
Section 3 — Welded Joints Joining Components of Built-Up Members
3.1 Base metal and weld B 120 x 108 16 (110) From surface or
metal in members internal
without attachments discontinuities in \ >
built-up of plates or weld away from \ /
shapes connected by end of weld \I
continuous longitudinal \/’ i
complete-joint- o I
penetration groove
welds, back gouged and (a) (b) (c)
welded from second side,
or by continuous fillet
welds.
3.2 Base metal and weld B’ 61 x 10° 12 (83) From surface or
metal in members internal
without attachments discontinuities in
built-up of internal plates weld, including
or shapes connected by weld-attaching
continuous longitudinal backing bars
complete-joint-
penetration groove welds
with backing bars not (a) (b) (c)
removed, or by
continuous partial-joint-
penetration groove
welds.
3.3 Base metal at weld metal D 22 x 10° 7 (48) Erom the weld
termination of termination into
longitudinal welds at the web or flange
weld access holes in
connected built-up
members.
(a) (b)
3.4 Base metal at ends of E 11 »10% 4.5 (31) In connected

longitudinal intermittent
fillet weld segments.

material at start
and stop locations
of any weld
deposit

e
S5&

(a)

(b)

020Z-T-HL9 INSVY
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Threshold,
Stress Fry, Kksi Potential Crack Site
Description Cat¢gory | Constant, Cr (MPa) Initiation Illustrative Typical Example
Section 3 — Welded Joints Joining Components of Built-Up Members (Cont’d)
3.5 Base metal at ends of In flange at toe of end
partial-length welded weld orin flange at
cover plates narrower termination of 73
than the flange having longitudinal weld
square or tapered ends, or in edge of flange
with or without welds with wide cover
across the ends; and cover plates
plates wider than the
flange with welds across (a) (b) (c)
the ends:
Flange thickness < 0.8 in. E 11 x 108 4.5 (31)
(20 mm)
Flange thickness > 0.8 in. E’ 3.9 x 108 2.6 (18)
(20 mm)
3.6 Base metal at ends of E’ 3.9 x 108 2.6 (18) In edge of flange at
partial-length welded end of cover plate
cover plates wider than weld
the flange without welds
across the ends.
Section 4 — Longitudinal Fillet Welded End Connections
4.1 Base metal at junction of Initiating froménd of
axially loaded members any weld ~_, t = thickness ~ { = thickness
with longitudinally termination /
welded end connections. extending into the
Welds shall be on each base metal = T
! ¢ ~ ~
side of the axis of the
member to balance weld (a) (b)
stresses:
t < 0.5 in. (12 mm) E 11 x 108 4{5 (31)
t> 0.5 in. (12 mm) E' 3.9 x 10° 246 (18)

0202-T-HLd ANSV
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description

St
Cat

'ess

gory

Constant, Gy

Threshold,
FTH! Ksi
(MPa)

Potential Crack Site
Initiation

Illustrative Typical Example

Section

5 — Welded Joints T

ransverse to Direction of Stress

5.1 Base metal and weld
metal in or adjacent to
complete-joint-
penetration groove
welded splices inrolled or
welded cross sections
with welds ground
essentially parallel to the
direction of stress and
with soundness
established by
radiographic or
ultrasonic inspection in
accordance with the
requirements of AWS
D14.1/D14.1M, paras.
10.8 through 10.13.

120 x 108

16 (110)

From internal
discontinuities in
filler metal or
along the fusion
boundary

c
: - Finjsyy

(@)

(b)

5.2 Base metal and weld
metal in or adjacent to
complete-joint-
penetration groove
welded splices with welds
ground essentially
parallel to the direction of
stress at transitions in
thickness or width made
on a slope no greater than
1:2.5 and with weld
soundness established by
radiographic or
ultrasonic inspection in
accordance with the
requirements of AWS
D14.1/D14.1M, paras.
10.8 through 10.13.

F, < 90 ksi (620 MPa)
F, > 90 ksi (620 MPa)

120,x 108
61 x 108

16 (110)
12 (83)

From internal
discontinuities in
filler metal or
along fusion
boundary-or at
start,ef\transition
when.k, =2 90 ksi
(620 MPa)

(b)
D ksi (620 MPa)

{B’

= 7

(d)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description

Stress

Threshold,
FTH! Ksi

Potential Crack Site

Category

Constant, Gy

(MPa)

Initiation

Illustrative Typical Example

Section 5 —

Welded Joints Transverse to Direction of Stress (Cont’d)

5.3 Base metal and weld
metal in or adjacent to
complete-joint-
penetration groove
welded splices with welds
ground essentially
parallel to the direction of
stress at transitions in
width made on a radius of
not less than 2 ft (600
mm) with the point of
tangency at the end of the
groove weld and with
weld soundness
established by
radiographic or
ultrasonic inspection in
accordance with the
requirements of AWS
D14.1/D14.1M, paras.
10.8 through 10.13.

120 x 108

16 (110)

From internal
discontinuities in
filler metal or
discontinuities
along the fusion
boundary

/Rzzft(ﬁoo mm)
C
P ./p‘ﬁ.%/]

(a) (b)

i

T

(c)

5.4 Base metal and weld
metal in or adjacent to the
toe of complete-joint-
penetration groove welds
in T or corner joints or
splices, with or without
transitions in thickness
having slopes no greater
than 1:2.5, when weld
reinforcement is not
removed and with weld
soundness established by
radiographic or
ultrasonic inspection in
accordance with the
requirements of AWS
D14.1/D14.1M, paras.
10.8 through 10.13.

44 x 108

10 (69)

From surface
discontinuity at
toe of weld.
extendihg into
base ‘metal or into
weld metal

(a)

:C_/P

(b)

Site for potential crack
initiation due to
bending tensile stress

(c)

(d)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Threshold,
Stress Fpy, ksi Potential Crack Site
Description Category | Constant, Cr (MPa) Initiation Illustrative Typical Example
Section 5 — Welded Joints Transverse to Direction of Stress (Cont'd)
5.5 Base metal and weld

metal at transverse end Site for potential crack I I
connections of tension- inifiation due to ﬁ :
loaded plate elements /7beﬂdmg tensile stress 9‘
using partial-joint- @ (d)
penetration groove welds z}
in butt or T or corner ® G
joints, with reinforcing or ’g
contouring fillets, Fgg >
shall be the smaller of the (a) (b) ¢ (e)
toe crack or root crack
allowable stress range:
Crackinitiating from weld C 44 x 10° 10 (69) Initiating from
toe geometrical

discontinuity at

toe of weld

extending into

base metal
Crackinitiating from weld ' Eq. (3-57) None Initiating at weld
root provided root subject to

tension extendihg
into and through
weld

020Z-T-HL9 INSVY
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Threshold,
Stress Fry, Kksi Potential Crack Site
Description Cat¢gory | Constant, Cr (MPa) Initiation Illustrative Typical Example
Section 5 — Welded Joints Transverse to Direction of Stress (Cont'd)
5.6 Base metal and weld
metal at transverse end
connections of tension-
loaded plate elements )
. . . Potential crack
using a pair of fillet welds X due to bending
on opposite sides of the o tensile stress
plate. Fsg shall be the
smaller of the toe crack or
root crack allowable
stress range:
Crackinitiating from weld C 44 x 108 10 (69) Initiating from
toe geometrical (a)
discontinuity at
toe of weld
extending into
base metal (d)
Crack initiating from weld ! Eq. (3-57) None Initiating at weld
root provided root subject to
tension extending
into and through
weld
5.7 Base metal of tension- C 44 x 10° 10 (69) From geometrical
loaded plate elements and discontinuity-at A

on girders and rolled
beam webs or flanges at
toe of transverse fillet
welds adjacent to welded
transverse stiffeners.

toe of fillet
extending into
base metal

L
(c)

0202-T-HLd ANSV
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description

St
Cat

'ess

gory

Constant, Gy

Threshold,
FTH! Ksi
(MPa)

Potential Crack Site
Initiation

Illustrative Typical Example

Section 6 — Base Metal at Welded Transverse Member Connections

6.1 Base metal at details
attached by complete-
joint-penetration groove
welds subject to
longitudinal loading only
when the detail embodies
a transition radius R with
the weld termination
ground smooth and with
weld soundness
established by
radiographic or
ultrasonic inspection in
accordance with the
requirements of AWS
D14.1/D14.1M, paras.
10.8 through 10.13.

R 2 24 in. (600 mm)

24in. (600 mm) >R = 61in.
(150 mm)

6in. (150 mm) >R = 2 in.
(50 mm)

2 in. (50 mm) > R

120 x 108
44 x 108

22 x 108

11 x 108

16 (110)
10 (69)

7 (48)

45 (31)

Near point of

tangency of radius
at edge of member

Cup

(b)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description

Stress

Threshold,
FTH! Ksi

Potential Crack Site

Category

Constant, Gy

(MPa)

Initiation

Illustrative Typical Example

Section 6 — Bas

e Metal at Welded Transverse Member Connections (Cont’d)

6.2 Base metal at details of
equal thickness attached
by complete-joint-
penetration groove welds
subject to transverse
loading with or without
longitudinal loading
when the detail embodies
atransitionradius, R, with
the weld termination
ground smooth and with
weld soundness
established by
radiographic or
ultrasonic inspection in
accordance with the
requirements of AWS
D14.1/D14.1M, paras.
10.1 through 10.13:

When weld reinforce-
ment is removed:

R = 24 in. (600 mm)

24in. (600 mm) >R =6 in.
(150 mm)

6 in. (150 mm) >R = 2 in.
(50 mm)

2 in. (50 mm) > R

When weld reinforce-
ment is not removed:

R 2 24 in. (600 mm)

24in. (600 mm) >R = 6in.
(150 mm)

6in. (150 mm) >R = 2 in.
(50 mm)

2 in. (50 mm) > R

120 x 108
44 x 108

22 x 108

11 x 108

44 x 108
44 x 108

22ex10°

11 x 108

16 (110)
10 (69)

7 (48)

45 (31)

10 (69)
10 (69)

7 (48)

Near points of
tangency ©f radius
or intheweld or at
fusion-boundary
or member or
attachment

At toe of the weld
along edge of
member or the
attachment

45 (31)

~—y Cup
e
R (c)
(a)

N

Cup

(b)

) A
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description

St
Cat

'ess

gory

Constant, Gy

Threshold,
FTH! Ksi
(MPa)

Potential Crack Site
Initiation

Illustrative Typical Example

Section 6 — Bas

e Metal at Welded Transverse Member Connections (Cont’d)

6.3 Base metal at details of
unequal thickness
attached by complete-
joint-penetration groove
welds subject to
transverse loading with
or without longitudinal
loading when the detail
embodies a transition
radius, R, with the weld
termination ground
smooth and with weld
soundness established by
radiographic or
ultrasonic inspection in
accordance with the
requirements of AWS
D14.1/D14.1M, paras.
10.8 through 10.13:

When weld reinforce-
ment is removed:

R > 2 in. (50 mm)

R < 2 in. (50 mm)

When weld reinforc-
ement is not removed:
Any radius

22 x 108

11 x 108

11 x 108

7 (48)

45 (31)

45 (31)

At toe of wéld*along
edge/of thinner
material

In ‘Weld termination
in small radius

At toe of weld along
edge of thinner
material

(a)

(b)

IR
Gro[,” o S 0
oth

Cp,,

(d)

A

GRIND
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Threshold,
Stress Fry, Kksi Potential Crack Site
Description Cat¢gory | Constant, Cr (MPa) Initiation Illustrative Typical Example
Section 6 — Base Metal at Welded Transverse Member Connections (Cont'd)
6.4 Base metal subject to Initiating in base
longitudinal stress at meta'l at .the weld o’j/e/p ~by Py
transverse members, termination or at
with or without the toe of the weld | S
transverse stress, extending into the
attac.hefi py fillet or . base metal -~y
partial-joint-penetration
groove welds parallel to /
direction of stress when (@) R
the detail embodies a e -
transition radius, R, with i &\ d
weld termination ground
smooth:
R > 2 in. (50 mm) 22 x 10° 7 (48) -,
R < 2 in. (50 mm) E 11 x 108 45 (31)
GRIND
(c) ()
Section 7 — Base Metal at Short Attachments [Note (1)]
7.1 Base metal subject to Initiating in base

longitudinal loading at metal at the weld a2
details with welds termination or ‘at T 7
parallel or transverse to the toe of the.weld
the direction of stress extending.into the
where the detail base(metal (a '» s -
embodies no transition (d)
radius and with detail
length in direction of
stress, a, and thickness of
attachment, b:
a < 2 in. (50 mm) C 44 x 10° 107169)
2 in. (50 mm) < a < lesser D 22 x 10° 7 (48)
of 12b or 4 in. (100 mm)
a>4in. (100 mm) when b E 11 x 108 4.5 (31)
> 0.8 in. (20 mm)
a > lesser of 12b or 4 in. E’ 39% 108 2.6 (18) (e)
(100 mm), when b <0.8in.
(20 mm)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Threshold,
Stress Fpy, ksi Potential Crack Site
Description Category | Constant, Cr (MPa) Initiation Illustrative Typical Example
Section 7 — Base Metal at Short Attachments [Note (1)] (Cont'd)
7.2 Base metal subject to Initiating in base
longitudinal stress at metal at the weld
details attached by fillet termination,
or partial-joint- extending into the
penetration groove base metal
welds, with or without
transverse load on detail,
when the detail embodies <«
atransition radius, R, with (a)
weld termination ground (b)
smooth:
R > 2 in. (50 mm) 22 x 108 7 (48)
R < 2 in. (50 mm) E 11 x 108 4.5 (31)
Section 8 — Miscellaneous
8.1 Base metal at steel C 44 x 10° 10 (69) At toe of weld in base
headed stud anchors metal
attached by fillet or
automatic stud welding.
8.2 Shear on throat of F 150 x 10*° 8 (55) Initiating“at the root
continuous or [eq. (3-57)] of the fillet weld,
intermittent longitudinal extending into the
or transverse fillet welds. weld '
s 3
& <&
(c)
8.3 Base metal at plugorslot E 11 x 108 4.5 (31) Initiating in the base
welds. metal at the end of R R 7 <
the plug or slot SN N
weld, extending e X 7, =
into the base metal
(b)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Threshold,
Stress Fry, Kksi Potential Crack Site
Description Cat¢gory | Constant, Cr (MPa) Initiation Illustrative Typical Example
Section 8 — Miscellaneous (Cont'd)
8.4 Shear on plug or slot F 150 x 10*° 8 (55) Initiating in the weld
welds. [eq. (3-57)] at the faying e, ]
surface, extending < /> @:\ NN
into the weld R 207 7] <>
(b)
8.5 Snug-tightened high- G 3.9 x 108 7 (48) Initiating at the root

strength bolts; common
bolts; threaded anchor
rods and hanger rods with
cut, ground, or rolled
threads. Stress range on
tensile stress area due to
live load plus prying
action when applicable.

of the threads,
extending into the
fastener

(a)

hck Sites

GENERAL NOTE: Adapted from A

NOTE: (1) Attachment as used herjein is defined as any steel detail welded to a member, which.by its mere presence and independent of its loading, causes a disd]
member and thus reduces the fat

gue resistance.

NSI/AISC 360-10, Specification for Structural Steel Buildings,-Table A-3.1, by permission of American Institute of Steel C

nstruction.

pntinuity in the stress flow in the

0202-T-HLd ANSV
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Chapter 4
Mechanical Design

Mgchanical components of the lifting device that are
stresped by the force(s) created during the lift or move-
ment of the load shall be sized in accordance with this
chapter and Chapter 3 of this Standard. The most conser-
vative design shall be selected for use. All other mechan-
ical cpmponents shall be designed to the requirements of
this ¢hapter.

4-2 SHEAVES
4-2.]1 Sheave Material

aves shall be fabricated of material specified by,the
device manufacturer or qualified person.

Running Sheaves

h diameter for running sheaves should not be less
6 times the nominal diameterpof the rope used or as
mended by the rope manufacturer, whichever is
conservative. When the lifting device’s sheaves
arer¢eved into the sheaves ¢nthe hoist, the pitch diameter
and qonfiguration of the‘hoist shall be considered in the
design.

4-2.3 Equalizing-Sheaves

Th pitchtdiameter of equalizing sheaves shall not be
less thancone-half of the diameter of the running sheaves
for wlireet"synthetic rope, nor less than 12 times the wire

4-2.5 Lubrication

Means for lubricating sheave bearings
provided.

shall be

4-2.6 Sheave Design

Sheave grooves shall be/smooth and free from surface
irregularities that could.cause rope damage. The groove
radius of a new sheave~shall be a minimum of $% larger
than the radius of thegope as shown in Figure 4-P.6-1. The
cross-sectional radius of the groove should form a close-
fitting saddlefor the size of the rope used, and tlT; sides of
the grooves/should be tapered outwardly [to assist
entrange of the rope into the groove. Flang¢ corners
should)be rounded, and rims should run true around
theyaxis of rotation.

4-2.7 Sheave Guard

Sheaves shall be guarded to prevent inadveitent rope
jamming or coming out of the sheave. The guard shall be
placed within % in. (3 mm) to the sheave, or a djistance of
3/8 times the rope diameter, whichever is smaller{as shown
in Figure 4-2.7-1.

4-3 ROPE
4-3.1 Relation to Other Standards

Rope reeved through the lifting device and|the hoist
shall conform to the requirements of the hoist.

Figure 4-2.6-1 Sheave Dimensions

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

<«——— Tread diameter —— >

rope diameter when UsSing 6 X 37 Class Wire Tope or 15
times the wire rope diameter when using 6 x 19 class wire
rope or as recommended by the rope manufacturer,
whichever is more conservative.

4-2.4 Shaft Requirement

Sheave assemblies should be designed based on aremo-
vable shaft.

Copyright ASME International

37

%(j [g Wﬁjth
2 7 \]
Note (1)
Rope radius

NOTE: (1) Groove radius = rope radius x 1.06.

User=LUIS ALBERTO LOPEZ
Not for Resale

(20)

(20)


https://asmenormdoc.com/api2/?name=ASME BTH-1 2020.pdf

ASME BTH-1-2020

Figure 4-2.7-1 Sheave Gap

Guard to prevent —»V
rope from coming
out of sheave

Note(1)j

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 system of a
lifting device shall be sized so the maximum load rating

NOTE: (1) [4 in. (3 mm) or a distance of % times the rope diameter,
whichever |s smaller.

4-3.2 Rope Selection

Wire or synthetic rope shall be of a recommended
construction for lifting service. The qualified person
shall congider other factors (i.e., type of end connection,
D/d ratiofsheave bearing friction, etc.) that affect the rope
strength fo ensure the 5:1 design factor is maintained.

4-3.3 Environment

Considerations for the effects of environmental condi-
tions shal] be inaccordance with ASME B30.30, Section 30-
1.6 for wire rope selection and in accordance with ASME
B30.30, Section 30-2.6 for synthetic rope selection.

4-3.4 Fleet Angle

The rope fleet angle for sheaves should be limited to a &
in 12 slope (4 deg, 45 min).

4-3.5 Rope Ends

Wire rgpe end terminations shall be attached in accor-
dance with ASME B30.30, para. 30-1.7%4;"and synthetic
rope terminations shall be attached (injaccordance with
ASME B3p.30, para. 30-2.7.4.

4-3.6 Rope Clips

When gmployed, wire4ape clips shall meet the require-
ments of ASME B30.26( Wire rope clips shall not be used to
terminat¢ syntheticirope unless approved by the rope
manufactiirer orta‘\qualified person.

4-4 DRIVE’SYSTEMS

LI ) ] £ - : - 1.1 d
bl.)CLlllCu Uy LIIT IIIdITUIdLiUIcI 15 TITUT TALCTUCTU naer

worst-case loadings.

4-4.4 Lubrication

Means for lubricating and inspecting drive systemg shall
be provided.

4-4.5 Operator Protection

Motion hazards associated with the operatipn of
mechanical power transmission components shoulld be
minimized by desigmof the equipment or protection
by a guard, devigce, safe distance, or safe locdtion.
Motion hazard.guards should

(a) prevententry of hands, fingers, or other parts pfthe
body into.a point of hazard by reaching through, [over,
under, or around the guard

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

(c) use fasteners notreadily removable by people pther
than authorized persons

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

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

(f) be designed to hold the weight of a 200-1b (9[1-kg)
person without permanent deformation, if used as g step

4-5 GEARING

4-5.1 Gear Design

The lifting device manufacturer or qualified pgrson
shall specify the types of gearing.

4-5.2 Gear Material

Gears and pinions shall be fabricated of material hpving
ndpqnn’rp ernngfh and dnrnhilify to meet the require-

4-4.1 Drive Adjustment

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

ments for the intended Service Class and manufactured
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 (4-1)
NyD;

Lg
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Table 4-5.3-1 Strength Factors for Calculating Load
Capacity (American Standard Tooth Forms)

Strength Factors, Y, for Use With Diametral Pitch

4-5.5 Bevel and Worm Gears

Bevel and worm gearing shall be rated by

the gear

manufacturer with service factors appropriate for the

14Y, deg 20 deg Full 20 deg Stub- specified Service Class of the lifting device. When back-
Nf‘";“belrl C"“;‘p"sl‘te and Del’gh Involute T""tsh Involute driving could be a problem, due consideration shall be
of Teet nvolute ystem ystem given to selecting a worm gear ratio to establish lock-up.
12 0.210 0.245 0.311
13 0.220 0.261 0.324 4-5.6 Split Gears
14 0.226 0.276 0.339
SlJ‘lllL. stdlb blldl‘l llUt ‘UC ube‘l.
15 0.236 0.289 0.348
16| 0.242 0.295 0.361 4-5.7 Lubrication
17 0.251 0.302 0.367
18 0261 0.308 0377 Means shall be provided to allow for.th€ lubri¢ation and
' ’ ’ in ion of gearing.
19 0.273 0314 0.386 spection of gearing
20 0.283 0.320 0.393 4-5.8 Operator Protection
21 0.289 0.327 0.399
22 0.292 0.330 0.405 Exposed gearing shall be'guarded per para. 4-4.5 with
24 0.298 0.336 0415 access provisions fordubrication and inspectign.
26| 0.307 0.346 0.424 4-5.9 Reducers
28 0.314 0.352 0.430
30 0320 0358 0437 Gear reducer cases shall
34 0.327 0371 0.446 (a) beil:tight and sealed with compound gr gaskets
38 0.336 0.383 0.456 (b) have an accessible drain plug
' ' ' (c) have a means for checking oil level
43| 0.346 0.396 0.462
50 0.352 0.408 0.474
4-6 BEARINGS
60 0.358 0.421 0.484
10 0.371 0.446 0.506
15 0.377 0.459 0538 The type of bearings shall be specified by the lifting
30 0.383 0.471 o534 device manufacturer or qualified person.
Rack 0.390 0.484 0.550 4-6.2 L10 Bearing Life
GENERAL NOTE: The strength factors abovetare used in formulas L+n bearing life f i 1 t beari hall ]
contajning diametral pitch. These factors-are*3.1416 times those 10 bearing lite tor rf) mg element bearings spa ?q.ua
used i formulas based on circular pitgh. or exceed the values given in Table 4-6.2-1 for fthe lifting
device Service Class.
4-6.3 Bearing Loadings
where . 9 The basic rating life, L, for a radial bearing i} given by
D{ = diametral pitch, in.”" (mm™) eq. (4-2).
F| = face width of smaller gear, in. (mm) H
L¢| = allowable*tooth load in bending, Ib (N) Lo — 16,667 \| C, (4-2)
Ng4| = desighAfactor (per para. 3-1.3) 10717y ?r
Y| = Lewis form factor as defined in Table 4-5.3-1
0,| =yspecified minimum yield stress, psi (MPa) The basic dynamic load rating C, for a bearing with L,
bearing life from Table 4-6.2-1 is determined by egs. (4-3)

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 on ANSI/AGMA 2001-D04,
Fundamental Rating Factors and Calculation Methods for
Involute Spur and Helical Gear Teeth.

39
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Table 4-6.2-1 L,, Bearing Life

Service Class

L,o Bearing Life, hr

P = average pressure, psi (MPa)
V = surface velocity of shaft, ft/min (m/s)
W = bearing load, Ib (N)

0 2,500 . .
L . 4-6.5 Lubrication
2 20,000 Means shall be provided to lubricate bearings. Bearing
3 30,000 enclosures should be designed to exclude dirt and prevent
4 40,000 leakage of oil or grease.
H 4-7 SHAFTING
c = BTNy "™ (4-3) Shaft Desi
16,667 /H 4-7.1 Shaft Design
Shafting shall be fabricated of material having adequate
strength and durability suitable for<the application. The
B =XE +YE, > F, (4-4) shaft diameter and method of suppert shall be specified by
. the lifting device manufacturet/or qualified person and
where satisfy the conditions of pafas."4-7.2 through 4-7.7.
. C, = pasicdynamicloadratingto theoretically endure
: bne million revolutions, per bearing manufac-  4-7.2 Shaft Alignment
: urer, 1b (N) . . . :
{ F, = hxial component of the actual bearing load, Ib (N) . Alignment ofth.e shatting to gearboxes, couplings, pear
. . ings, and other driye components shall meet or exceqd the
F, = radial component of the actual bearing load, 1b , e
N) component manufacturer’s specifications.
H =B fgr balll bea.rings, 10/3 for roller bearing§ 4-7.3 Operator Protection
Lio = pasic rating life exceeded by 90% of bearings
ested, hr Exposed shafting shall be guarded per para. 4-4.5 with
N = fotational speed, rpm access provisions for lubrication and inspection.
P, = flynamic equivalent radial load, b (N) .
X = flynamic radial load factor per bearing manufac- 4-7.4 Shaft Details
urer _ _ . Shafting, keys, holes, press fits, and fillets shgll be
Y = flynamic axial load factor per bearing manufac- designed for the forces encountered in actual operation
urer under the worst-case loading.
4-6.4 Sleeve and Journal Bearings 4-7.5 Shaft Static Stress
Sleeve prjournal bearings shall not éxgeed pressure and The nominal key size used to transmit torque through a
velocity ratings as defined by eqs. (4-5) through (4-7). The shaft/bore interface shall be determined from
manufactpirers’ values of P, V, dand PV shall be used. Tables 4-7.5-1 and 4-7.5-2 based on the nominal [shaft
W diameter.
Z I (4-5) Static stress on a shaft element shall not exceef the
following values:
(a) axial or bending stress
= 4-8
o 7Nd (46) S=8,+ 8, <028, (4-8)
‘ where
S l \-Ullll.lut\'d \.Ulllb;ll\,d GA;alllbblld;lls Otl \40—‘, ksi
MPa)
TWN (
PV = L (4-7) S, = computed axial stress, ksi (MPa)
¢ S, = computed bending stress, ksi (MPa)
where S, = specified minimum tensile strength, ksi (MPa)
¢ = 12 when using U.S. Customary units

Q.
1

o~
1l

60 000 when using SI units

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

bearing length, in. (mm)

(b) shear stress

S
t=1r+ 17 < 5\% = 0.1155S,

(4-9)
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Table 4-7.5-1 Key Size Versus Shaft Diameter

(ASME B17.1)

Nominal Shaft Diameter, in.

4-7.6 Shaft Fatigue

Over To Nominal Key Size, in. Shafting subjected to fluctuating stresses such as
e e Y bending in rotation or torsion in reversing drives shall
e % L be checked for fatigue. This check is in addition to the
5 7 3, static checks in para. 4-7.5 and need only be performed
7/1 e 11i 1; ¢ at points of geometric discontinuity where stress concen-
N ! ! trations exist such as holes, fillets, keys, and press fits.
*3“ *38 e Appropriate geometric stress concentration.factors for
13/8 11/4 1/8 the discontinuities shall be determined(by-the lifting
17 2% 5/2 device manufacturer or qualified personfrom ajreference
1 3 .
27 27 78 such as Peterson’s Stress Concentration Factord by W. D.
2% 3% % Pilkey and D. F. Pilkey.
3Y, 3%, 7 . e .
33/“ 41/4 18 4-7.6.1 Fatigue Stress Amptlification Fag¢tor. The
o 12 L fatigue stress amplification. factor, K,, based dn Service
4% 57 17 Class shall be selected fromt Table 4-7.6.1-1.
5% 6% 1% e
4-7.6.2 Endurance-Limit. The corrected| bending
endurance limit, S, for the shaft material is
Spe = 0.5S, = 0258, (4-11)
wherle where
. . S =\fatigue (endurance) limit of polished, unnotched
T|= computed combined shear stress, ksi (MPa) & specimen in reversed bending, ksi (MPa)
= com rsional shear stress, ksi (MP . S :
Tr|= computed torsional shear stress, ks ( a) Soc = corrected fatigue (endurance) limit df shaft in
Ty|= computed transverse shear stress, ksi (MPa) reversed bending, ksi (MPa)
(c)| Shaft elements subject to combined axial/bending 4-7.6.3 Fatigue Stress. Fatigue stress of a shaft
and ghear stresses shall be proportioned such that the .
combined stress does not exceed the following valie: element shall not exceed the following values:
& ' (a) Direct axial and/or bending fatigue stress shall not
S, = V$% + 37 <028, (#-10)  exceed
Sec
wherle Sf = (KTD)St + (KTB)Sb < a (4-12)
S. |= computed combined stress; ksi (MPa)
where
Krpg = stress amplification factor for bendirlg
[able 4-7.5-2 Key Size Versus Shaft Diameter Krp = stress amplification factor for direct fension
(DIN.6885-1) Sr = computed fatigue stress, ksi (MPa)
_ 1 1 1 D
Ndminal Shaft Diameter, mm S; = computed axial tensile stress, ksi (MPa)
Over To Nominal Key Size, mm . .
. . . y2 (b) Combined shear fatigue stress shall not|exceed
X
S,
8 10 3x3 7 = (Kep)7 < e (4-13)
f s7)7 <
10 12 4 x 4 KA\/g
2 17 55
17 22 6 x 6
22 30 8 x7
30 38 10 8 Table 4-7.6.1-1 Fatigue Stress Amplification Factors
38 44 12 x 8 Service Class Fatigue Stress Amplification Factor, K,
44 50 14 x 9 0 1.015
50 58 16 x 10 1 1.030
58 65 18 x 11 2 1.060
65 75 20 x 12 3 1.125
75 85 22 x 14 4 1.250
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where
Ksr = stress amplification factor for torsional shear
T = computed combined fatigue shear stress, ksi
(MPa)

(c) Combined axial/bending and shear fatigue stresses
where all are fluctuating shall not exceed

S
S = \/ (KrpS; + KrpSp)* + 3(Kspr)* < f (4-14)
A

4-8.4 Fastener Integrity

Locknuts, double nuts, lock washers, chemical methods,
or other means determined by the lifting device manufac-
turer or a qualified person shall be used to prevent the
fastener from loosening due to vibration. Any loss of
strength in the fastener caused by the locking method
shall be accounted for in the design.

4-8.5 Fastener Installation

(d) Co]nbined tensile and shear fatigue stresses where

only part|of the stresses are fluctuating shall not exceed
2 2
Ss = S&"_KTSR +3T&+KSTTR
f av Sy av Sy (4-15)
S
[ Ky
where

Ky = larger of either K7p or Krp

Savy = portion of the computed tensile stress not due to
uctuating loads, ksi (MPa)

Sg = portion ofthe computed tensile stress due to fluc-
uating loads, ksi (MPa)

S, = gpecified minimum yield stress, ksi (MPa)

T4y = portion of the computed shear stress not due to
uctuating loads, ksi (MPa)

T = portion of the computed shear stress due to fluc-

uating loads, ksi (MPa)

4-7.7 Shaft Displacement

Shafts ghall be sized or supported so as to limitdisplace-
ments unfler load when necessary for proper functioning
of mechahisms or to prevent excessive-wear of compo-
nents.

4-8 FASTENERS

4-8.1 F3

All boltk, nuts, and cdp screws shall have required ASTM
or SAE grade identification markings.

stener Markings

Fasten

Fasteners shall be installed by an accepted methpd as
determined by the lifting device manufacturéror ajqual-
ified person.

4-8.6 Noncritical Fasteners

Fasteners for covers, panels, brackets, or other n¢ncri-
tical components shall be selected by the lifting device
manufacturer or a qualifiediperson to meet the needs
of the application.

4-9 GRIP SUPPORT FORCE

4-9.1 Purpose

This section sets forth requirements for the minijmum
support force for pressure-gripping (friction-type) and
indentation-type lifters. Factors such as type and condi-
tien of gripping surfaces, environmental conditions,|coef-
ficients of friction, dynamic loads, and product
temperature can affect the required support forc¢ and
shall be considered during the design by a qualified
person. In addition, lifters such as bar tongs and vejrtical
axis coil grabs have other special load-handling conditions
(e.g., opening force) that should be considered.

4-9.2 Pressure-Gripping and Indentation Lifter
Support Force

The coefficient of friction, static or dynamic as applica-
ble, shall be determined by a qualified person thijough
testing or from published data. The illustratiops in
Figure 4-9.2-1 show some ways friction forces may be
applied.

Fg > 2.0X Load 4-16)
4-8.2 Fastener Selection
where
prs’ for machine drives or other operational- Fy = minimum force on each side of load, 1b(N)
critical components shall use ASTM F3125 Grade Fs = total support force created by lifter, Ib (N)
A325; SAE Grade 5; ASTM F3125 Grade A490; or SAE Load = weight of lifted load, 1b (N)

Grade 8 bolts, cap screws, or equivalents.

4-8.3 Fastener Stresses

Bolt stress shall not exceed the allowable stress values
established by egs. (3-40) through (3-43) and para. 3-4.5.

42

4-10 VACUUM LIFTING DEVICE DESIGN

4-10.1 Vacuum Pad Capacity

(a) The ultimate pad capacity (UPC), 1b (N), shall be
determined by eq. (4-17).
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Figure 4-9.2-1 Illustration of Holding and Support Forces

FH—> - FH FH—> <—FH

0.5st T_O.SFS 0.5st T_O.SFS
Fy Fr
0.5F; 0.5F;

Load Load Load
(a) Indentation | ifter (b) Pressure-Gripping | ifters
UPC=AYV, .
p (#-17)  4-10.3 Vacuum Indicator

wherje
A|= effective area of the vacuum pad enclosed
between the pad and the material when the
pad is fully compressed against the material
surface to be lifted, in.? (mm?)
V,| = minimum vacuum specified at the pad, psi (MPa)
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 gating (VPR).
VPR = UPC/N, (4-18)
wherje
N, =2+ 2sin 0
0] = angle of vacuum pad interface surface measured
from horizontal, deg

The N, value calculated in eq. (4-18) isforclean, flat, dry,
nonpjorous surfaces and shall be increased as required due
to th¢ surface conditions of interfacing materials as deter-
mined by a qualified personsConsideration should be
giver] to conditions such as surface temperatures, contam-
inatign, torsion and bending loads of the vacuum pad, and
testefl vacuum pad pérformance.

4-10{2 Vacuum'Preservation

The vacuunylifter shall incorporate a method to prevent
the vhcuumrlevel under the pad(s) from decreasing more
than |25%(starting from rated vacuum level) in 5 min

A vacuum indicator shall be viSible to the liftef operator
during use and shall continué\to function during an unin-
tended loss of power. It shallindicate the presence of the
minimum vacuum required for the rated lopd of the
vacuum lifting devige,

4-10.4 Unintended Operation

A qualjfied ‘person shall choose the locgtion and
guardingof operating devices that are used fo release
aload frem alifter in order to inhibit unintentional opera-
tion of the lifter.

4-11 FLUID POWER SYSTEMS

4-11.1 Purpose

This section identifies requirements of flufid power
systems and components for below-the-hopk lifting
devices.

4-11.2 Fluid Power Components

(a) The lifting device manufacturer or qualified person
shall specify system components such as dylinders,
pumps, valves, pipes, hoses, and tubes. Flufjd 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
maximum pressure applied to that compongnt of the
system, provided that the rating is based on|a design
factor equal to or greater than 1.67N,

with
to a clean, dry, and nonporous surface at the rated load.
Consideration should be given to conditions such as
surface temperatures, contamination, torsion and
bending loads of the vacuum pad, tested vacuum pad
performance, and surface conditions of interfacing mate-
rials. Unintended loss of power shall not disconnect the
pad(s) from the vacuum preservation method.

Ut primmary power and tire vacuunr pad(s)attacired

(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 0.50N,. Alternatively,
pneumatic fluid power components may be selected in
accordance with (b) above.

(d) Components whose failure will not result in uncon-
trolled movement of the load may be selected based on the
manufacturer’s rating.
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4-11.3 Power Source/Supply

Where the lifter uses an external fluid power source that
is not part of the below-the-hook ifter, the supply require-
ments, 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

4-11.5 Fluid Pressure Control

The fluid power system shall be equipped with a means
torelease stored energy and to verify that the systemisata
zero-energy state. Hydraulic fluid shall not be discharged
to atmosphere.

The system shall be designed to protect against pres-
sures exceeding the rating of the system or any compo-
nent.

Ifacha
movemer
allow the
sufficient]

ISC ill ﬂuld lJl CoSUIcT LUuld I Cbult ill ullLUlltl Ulle‘l
t of the load, an indicator should be provided to
lifter operator to verify that the fluid pressure is
during all stages of lifter use. Additional indica-
tors may|be necessary to allow monitoring of various
systems.|[The fluid pressure indicator(s), if provided,
shall be dlearly visible or audible.

4-11.6 System Guarding

Fluid power tubing, piping, components, and indidators
should be located or guarded to resist damage resilting
from collision with other objects and whipping ip the
event of failure.
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Cha

pter 5

Electrical Design

5-1 GENERAL

5-1.

Th
comy

(20)

5-1.2

Co
beloy
cablg

5-1.3

Th
ment
speci
maxi
ating
the s

5-2

5-2.]

Co
func
used
prov
lifter
acter]
capa

Purpose

s chapter sets forth design criteria for electrical
onents of a below-the-hook lifting device.

Relation to Other Standards

mponents of electrical equipment used to operate a
V-the-hook lifting device shall conform to the appli-
sections of ANSI/NFPA 70, National Electrical Code.

Power Requirements

e electrical power supply and control power require-
s for operating a lifting device shall be detailed in the
fications. The supply requirements shall include the
mum full-load amperage draw based on the oper-
conditions that will create the largest demand on
ystem.

ELECTRIC MOTORS AND BRAKES

| Motors

htinuous-duty motors shall be @ised when motor
ion is required to lift or held\the load. Motors
for other functions may(be intermittent duty,
ded they can meet the fequired duty cycle of the
without overheating. Motors shall have torque char-
stics suitable for thélifting device application and be
ble of operating atithe specified speed, load, and

M
exce
load

er of starts.

Motor Sizing

tors~shall be sized so the rated motor torque is not
dedwithin the specified working range and/or rated
of the [ifting device.

5-2.3 Temperature Rise

Temperature rise in motors shall be in accordance with
NEMA MG 1 for the class of insulation and enclosure used.
Unless otherwise specified, the lifting device manufac-
turer shall assume 104°F (40°C) ambient temperature.

Copyright ASME International

5-2.4 Insulation

The minimum insulation rating of moters aj
shall be Class B.

5-2.5 Brakes

Electric brakes shall befurnished whenever
load could cause the gearingto back drive and

nd brakes

the lifted

allow unin-
tended movement of-the load. Brakes shall be electric

release spring-set\type. Brake torque sh
minimum of 150% rated motor torque or
back-driving tdrque, whichever is greater.

5-2.6 Voltage Rating

Moter and brake nameplate voltage shall be]
dance with NEMA MG 1 for the specified pow
The installer/user shall ensure the voltage delive

1] hold a
150% of

in accor-

er supply.
red to the

terminals of the lifting device is within the tolerance set by

NEMA.

5-3 OPERATOR INTERFACE

5-3.1 Locating the Operator Interface

A qualified person shall choose a locatio
operator interface in order to produce a safe
tional electrically powered lifting device. T
device specifications shall state the locati
operator interface chosen by a qualified per
the following options:

(a) push buttons or lever attached to the li

(b) pendant station push buttons attached td

(c) pendant station push buttons attached td
or crane

n for the
and func-
he lifting
n of the
son from

ter
the lifter
the hoist

(d) push buttons or master switches located in the

crane cab

(f) automated control system

5-3.2 Unintended Operation

dmitter

A qualified person shall choose the location and
guarding of push buttons, master switches, or other oper-

ating devices that are used to open, drop, or rele
from a lifter. In order to inhibit unintentional op

ase aload
eration of

the lifter, one of the following options should be consid-

ered:
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(a) Use two push buttons in series spaced such that
they require two-handed operation to open, drop, or
release a load from a lifter.

(b) Use one or more limit switches and/or sensors to
confirm a load is lifted or suspended, in series with the
open, drop, or release push button, to inhibit open, drop, or
release motion while the load is lifted.

(c) Use a mechanical guard or cover over the actuation
device that requires two specific operations to activate the

5-4.2 Control Location

Controls mounted on the lifting device shall be located,
guarded, and designed for the environment and impacts
expected.

5-4.3 Control Selection

A qualified person designated by the manufacturer and/
or owner, purchaser, or user of a motor-driven device shall

device.

5-3.3 Operating Levers

Cab-opprated master switches shall be spring return to
neutral (¢ff) position type, except that those for electro-
magnet of vacuum control shall be maintained type.

5-3.4 Control Circuits

Contro
volts AC

circuit voltage of any lifter shall not exceed 150
br 300 volts DC.

5-3.5 PTsh Button Type
L

Push buittons and control levers shall return to the “off”
position when pressure is released by the operator, except
for electjomagnet or vacuum control, which should be
maintaingd type.

5-3.6 Push Button Markings

Eachp
be clear
describin

1sh button, control lever, and master switch shall
y marked with appropriate legend plates
b the resulting motion or function of the lifter.

5-3.7 Sdnsor Protection

Limit switches, sensors, and other contrel devices, if
used, shpll be located, guarded, and)protected to
inhibit inadvertent operation andidamage resulting
from collfsion with other objects.

5-3.8 Indicators

Indicatjon or signal lightsshould be provided to indicate
if power [is “on” or “off.) If provided, the lights shall be
located sp that they. are visible to the lifter operator.
Multiple pulbs may’be provided to avoid confusion due
to a burned-6éut bulb.

h the
may
ncy),

L‘lCtCl lllillC t}lC tleC dlld biLC Ulc LUlltl U‘l tU 1U!:f ube‘l VVi
lifter for proper and safe operation. Control systemnis
be manual, magnetic, static, inverter (variablefreque
electric/electronic, or in combination.

5-4.4 Magnetic Control Contactors

Control systems using magnetic_contactors shall|have
sufficient size and quantity«ef/starting, accelerating,
reversing, and stopping theilifter. Contactors rat¢d by
NEMA shall be sized in aceordance with NEMA ICS 2|Defi-
nite-purpose contactors specifically rated for cran¢ and
hoist duty service,or’IEC contactors may be used for
Service Classes 0,°1, and 2, provided the applichtion
does not excéed the contactor manufacturer’s publjshed
rating. Reversing contactors shall be interlocked.

5-4,5(Static and Inverter Controls

Control systems using static or inverter assemblieg shall
be sized with due consideration of motor, rating, drive
requirements, service class, duty cycle, and applidation
in the control. If magnetic contactors are inclpded
within the static assembly, they shall be rated in dccor-
dance with para. 5-4.4.

5-4.6 Lifting Magnet Controllers

(a) Provisions shall be made for maintaining the
control switch in position per para. 5-3.2 to protect it
from unintended operation.

(b) Loss of the crane or magnet control signal shall not
result in de-energizing the lifting magnet.

(c) All lifting magnet controllers should have vd
and amperage indicators.

Itage

5-4.7 Rectifiers

Direct-current-powered lifters may incorporpte a

5-4 CONTROLLERS AND AUXILIARY EQUIPMENT

5-4.1 Control Considerations

This section covers requirements for selecting and
controlling the direction, speed, acceleration, and stop-
ping of lifting device motors. Other control requirements
such as limit switches, master switches, and push buttons
are covered in section 5-3.

46

single-phase full wave bridge rectifier for diodellogic
circuitry to reduce the number of conductors required
between the lifter and the control. The rectifier shall
be selenium or silicon type, sized to withstand the
stalled current of the motor. Silicon-type rectifiers
shall employ transient suppressors to protect the rectifier
from voltage spikes.
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5-4.8 Electrical Enclosures

Control panels shall be enclosed and shall besuitable for
the environment and type of controls. Enclosure types
shall be in accordance with NEMA ICS 6 classifications.

5-4.9 Branch Circuit Overcurrent Protection

Control systems for motor-powered lifters shall include
branch circuit overcurrent protection as specified in

ANSIrﬁwwmmmmmmmmw—. i Tsti = .
equipment from which the lifter is suspended, or may be

incorporated as part of the lifting device.

5-4.

Elg
that
conta
ating]

|0 System Guarding

ctrical components shall be guarded or located so
persons or objects cannot inadvertently come into
ct with energized components under normal oper-
conditions.

5-5 GROUNDING

5-5.

Eldctrically operated lifting devices shall be grounded in
accofdance with ANSI/NFPA 70.

| General

—

5-5.2 Grounding Method

Special design considerations shall be taken for lifters
with|electronic equipment. Special wiring, shielding,
filterfs, and grounding may need to be considered to
accolint for the effects of electromagnetic interference
(EMI)), radio frequency interference (RFI);.and other
formp of emissions.

5-6 POWER DISCONNECTS

5-6.

Coptrol systems for motot-powered lifters shall include
a power disconnect switch as specified in ANSI/NFPA 70.
This device may be part*of the hoisting equipment from
which the lifter is;suspended, or may be incorporated as
part pf the lifting.device.

| Disconnect for Powered-Lifter

5-6.2 Disconnect for Vacuum Lifter

(a) Hoisting equipment using an externally powered

as the disconnecting means and shall remain in place with
or without the lock installed. Portable means for adding a
lock to the switch or circuit breaker shall not be permitted.

(b) The vacuum lifter disconnect switch, when
required by ANSI/NFPA 70, shall be connected on the
line side (power supply side) of the hoisting equipment
disconnect switch.

(c) Disconnects are not required on externally
powered vacuum lifters operating from a 120 V AC

5-6.3 Disconnect for Magnet

(a) Hoisting equipment with an externally
electromagnet shall have a separate magn
switch of the enclosed type‘/and shall be c
being locked in the open (off) position. The
for locking or adding @deck to the disco
means shall be installedon or at the switch pr circuit
breaker used as the.disconnecting means and shall
remain in place with or without the lock installed. Portable
means for adding-a lock to the switch or circuft breaker
shall not be permitted. Means for discharging the induc-
tive energy of the magnet shall be provided.

(b) The magnetlifter disconnect switch, when required
by ANSI/NFPA 70, shall be connected on the|line side
(power supply side) of the hoisting equipment disconnect
switch. Power supplied to lifting magnets from [JC genera-
tors can be disconnected by disabling the external power
source connected to the generator, or by prpviding a
circuit switch that disconnects excitation power to the
generator and removes all power to the lifting magnet.

(c) Disconnects are not required on externally
powered electromagnets operating from a 120 V AC
single-phase power source.

powered
bt circuit
ipable of
provision
nnecting

5-7 BATTERIES

5-7.1 Battery Condition Indicator

Battery-operated lifters or lifting magnets shgll contain

a device indicating existing battery conditions

5-7.2 Enclosures

batteries
bes.

Battery enclosures or housings for wet cell
shall be vented to prevent accumulation of ga

vacuum lifter shall have a separate vacuum lifter
circuit switch of the enclosed type and shall be capable
of being locked in the open (off) position. The provision
for locking or adding a lock to the disconnecting means
shall be installed on or at the switch or circuit breaker used

47

5-7.3 Battery Alarm

Battery backup systems shall have an audible or visible
signal to warn the lifter operator when the primary power
is being supplied by the backup battery(ies).
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Chapter 6
Lifting Magnet Design

6-1 PURPOSE

This cHapter sets forth requirements for the perfor-
mance characteristics of material handling magnets.
Refer to Chapters 3, 4, and 5 for structural, mechanical,
and electfical design requirements, respectively.

NOTE: Calgulations for magnet design are commonly performed

in SI units [m, kg, s). Therefore, the equations in this chapter are
presented|in SI units.

6-2 DETGN REQUIREMENTS
6-2.1 G

The degign of a material handling magnet shall take into
considerdtion the magnetic induction capabilities of the
magnet fomponents as well as the application for
which th¢ magnet is designed.

The magnet shall be designed with the capability to
generatd a lifting force that meets or exceeds the
safety requirements stated in ASME B30.20 for a given
applicatiqn.

(a) Liffing magnets shall be designed to a miniimwim of
Design Category B (static strength criteria) and the/proper
Service Class (fatigue life criteria) selected for the number
of load cycles.

(b) Liffing magnet suspension devices-should meet the
lifting mdgnet manufacturer’s recommendations. If any
such suspension devices are gsed during breakaway
testing amd are not rated for the maximum breakaway
force of the lifting magnet;-they shall be removable for
the purpgse of load testing-as required by ASME B30.20.

neral

6-2.2 Application-and Environmental Profile

When gelecting'a magnet suitable for a particular appli-
cation, thp magnet designer shall consider as a minimum

(h) operating environment (indoor/outdoor, seyerity
of environmental exposure, ambient tempeérgture
range, any situations existing that may, affecf the
design or operation of the magnet such as radigtion,
EMI, and the presence of caustic fumes and chemigals)

6-3 SELECTION AND DESIGN

6-3.1 Components

At a minimum, a lifting magnet shall consist df the
following components:

(a) effective qnagnet contact area

(b) flux source

(c) flux path

(d) release mechanism

6-3.2 Magnetic Circuit

The selection of components should be considered with
respect to their effect on the magnetic circuit in both the
“attach” condition and the “release” condition.

The magnetic circuit consists of three componentg: the
flux source, the flux path, and the effective magnet cgntact
area. In the “attach” condition, the flux path will influde
the load.

When analyzing the magnetic circuit using the tgchni-
ques below, it should be noted that frequently a lffting
magnet consists of several magnetic circuits.

6-3.3 Effective Magnet Contact Area

The effective magnet contact area combined with the
magnetic induction capabilities shall generate enjough
force to achieve the required design factor [with
respect to the rated load.

The required area can be determined using eq. (6-1).

the fOllOVvius ttents:
(a) rated load

. F
A= CB2 (6-1)
m
(b) load size, shape, and thickness
(c) load temperature where . X
(d) load type [bundles, single/multiple plate, structural Ap = effective magnet contact area, m
shapes, coil (eye vertical/horizontal), tube/pipe, layers, By = flux density, T
slab, billet, rebar, munitions, scrap, etc.] C = 400 000 A/T-m
F = resultant force, N

(e) expected air gap
(f) magnet duty cycle where applicable
(g) load material composition

Copyright ASME International

The effective magnet contact area should consist of a
balanced amount of north pole area and south pole area.

User=LUIS ALBERTO LOPEZ
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The number of poles and the size, shape, and layout of
the poles should take into account the load characteristics
and the items described in para. 6-2.2.

The designer shall determine the appropriate flux
density, B, for the application in order to determine
the required effective magnet contact area, 4,,. By

To determine the flux density, B,,, of the electromagnet
core, refer to the magnetization curve of the material and
determine the flux density value that corresponds to the
magnetic field strength, H, exerted by the power coil. The
total flux provided by the electromagnet flux source can be
computed using eq. (6-5).

combining these two components, the total flux, ¢,,, é = B,A (6-5)

required for the application can be determined using ¢ e

eq. (6-2). where

&, = BAm (6-2) A, = cross-sectional area of electromagnet fore, m”

B, = flux density of electromagnet core) T

whe ¢. = flux from electromagnet flux seurce, Wb

¢, = total flux required for the application, Wb

6-3.4.3 Permanent Magnet Flux-Source

6-3.4 Flux Source

6-3.4.1 General. The total amount of flux provided by
the flux source shall be no less than the value determined
in eq| (6-2). Equations (6-5) and (6-6) give the total flux
provided by an electromagnet flux source and a perma-
nent jmagnet flux source, respectively.

ThE source of the flux (permanent magnet or electro-
magret) shall have amagnetomotive force, F,,,, thatis suffi-
cient{ to generate enough force at the effective magnet
contdct area to achieve the required design factor with
respgct to the rated load.

6-3.4.3.1 General. A permanent lifting magnet uses
permanent magnet(s) as the flux source. Therg are two
types of permanent liftinguragnets: manually ¢ontrolled
and electrically controled (electro-permanent).

6-3.4.3.2 Manually Controlled Permanen
A manually controlled permanent lifting magnet uses
permanent magnet material as the flux soyrce (e.g.,
NdFeB). The“orientation and position of the pprmanent
magnet.material inside of the lifting magnet determine
the state (i.e., “attach” or “release”) of the lifting
magnet and are controlled using mechanical means.

t Magnet.

Thie magnetomotive force can be computed using
eq. (4-3) for an electromagnet or eq. (6-4) for a permanent 6-3.4.3.3 Electrically Controlled Pefmanent
maglet. Magnet. An electrically controlled permanent lifting
E, = NI (63) magnet uses permanent magnet material ag the flux
source (e.g., AINiCo). The permanent magnetl material
is surrounded by a power coil, and the power coil is
E = HL (6-4) used to manipulate the magnetic characteristics of the
m ¢ electro-permanent magnet core. In many] cases, a
whetle second permanent magnet material (e.g.,, NdFeB) is
F,| = magnetomotive force of magnetic circuit, A used in combi.nation with the first. In .this case, the
HJ = coercivity of the permanént magnet material, total flux provided by the flux source will be the. sum
A/m of the flux from the two permanent magnet materials.

I = current in the coil'wire, A The power coil(s) of an electrically controllgd perma-
1] = magnetic length,yh nent magnet should surround the electro-p¢rmanent
M = number of fiichs in the coil magnet core(s). It shall be of a nonmagnetiq material
that is a good electrical conductor such as dopper or
6-3.4.2 Electromagnet Flux Source. An electromagnet aluminur_n' The.conducmr shall be el.eCtricaHy insma‘?ed
uses p constantly energized power coil as the flux source. and the insulation Shal_l tolerate the intended ope_:ratmg
The ¢lectremagnet core of the power coil should be a temperature of the.llft.mg magnet. The power coil shall
matdriyrwith permeability approaching that of pure generate a magnetic field, H, that is sufficienf to bring

the-electro-permanent-magnet-core-to-saturation.

iron, and should have a cross-sectional area that is suffi-
cient to provide the total flux, ¢, required by eq. (6-2).

The power coil shall be of a nonmagnetic metal that is a
good electrical conductor such as copper or aluminum.
The conductor shall be electrically insulated and the insu-
lation shall tolerate the intended operating temperature of
the lifting magnet. The design of the coil(s) of an electro-
magnet shall generate and maintain a magnetic field
strength, H, sufficient to provide the total flux required
by the application.

49

o e T s e 0T

6-3.4.3.4 Permanent Magnet Flux. The total flux
provided by a permanent magnet flux source can be
computed using eq. (6-6).
¢, = B,A, (6-6)
where
A, = polar surface area of permanent magnet, m?
B, = residual magnetic induction of permanent
magnet, T
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¢p = flux from permanent magnet flux source, Wb

6-3.4.3.5 Permanent Magnet Material. Permanent
magnet material shall be capable of providing and main-
taining the required magnetomotive force through the
entire load and magnet operating temperature spectra.
The characteristics of the magnet materials shall be
considered during design. Attention should be paid to
the thermal characteristics as well as the magnetic char-

circuit is the sum of the individual sections as shown in
eq. (6-8).

NOTE: One section of the circuit will include the load in the
“attach” condition.

Rist=Ri+R + ... +R, (6-8)
where
R, = reluctance of an individual section of the

magnetic circuit, A/Wb

acteristicg; irrctuding thefoltowing:

(a) repidual induction, B, (magnetic induction
remaininlg in a saturated magnetic material after the
magnetiz|ng field has been reduced to zero)

(b) codrcive force, H. (demagnetizing force required to
reduce the residual induction, B,, to zero)

(c) intfinsic coercive force, H,; (ability of magnet mate-
rial to resist demagnetization)

(d) maximum energy product, BH,,.x (external energy
produced| by magnet)

This information should be obtained from the hyster-
esis curve of the particular material.

Permanpent magnet materials shall not be employed as a
structural component in any device.

6-3.5 Flux Path

The flux path shall be designed such that the perme-
ability, length, and cross-sectional area provide sufficient
flux to njeet the requirements of the application. In
selecting p material for the flux path, the magnet designer
shall evalfiate material characteristics and select the mate-
rials posgessing the appropriate characteristics. These
include, but are not limited to, magnetic perméability,
yield streps and tensile strength, and retention of physical
properties at intended operating temperatures.

Magnetic characteristics should be obtained from the

4/Wb

. 1 1 el - . .
Riot = WOLAD TCTUCLAIICE O LI TTIdgIIEUC CITCUIL,

hll be
ppli-

The reluctance of all sections of the flux path“sh
such that it allows for the total flux required fot the
cation to travel from the flux source to the effective magnet
contactarea. Use eq. (6-9) to determinie‘the total flux avail-
able to the magnetic circuit. The tétal flux available fo the

magnetic circuit must be greatetthan or equal to the total
flux required for the application.
F
¢, == (6-9)
Rtot
where
¢. = flux available to the magnetic circuit, Wb
6-3.6 Release Mechanism
A1means of attaching and releasing a lifting magnetjfrom
aload shall be provided. The control handle of a marjually

eontrolled permanent magnet shall include a devic¢ that
will hold the handle in both the “attach” and “release”[posi-
tions to prevent inadvertent changes.

6-3.7 Encapsulation Compound

The encapsulation compound shall protect the coils and
permanent magnet material from the effects of mechgnical

ctric

and

magneticfhysteresis curves of materials being considered. shock, moisture, and internally and externally genefated
The reljictance can be related tothe permeability of the heat that may arise through normal operation of the mate-
material py eq. (6-7). rial handling magnet. Consideration should be given to
l characteristics such as temperature rating, thgrmal
R= (6-7) conductivity and expansion, thermal shock, dielg
pA . . PR
constant, dielectric strength, volume resistivity, viscpsity,
where and hardness.
A = crjoss-sectional area of the magnetic circuit or .
sagmentOY the circuit, m? & 6-3.8 Multiple Magnet Systems
I = lepgth-of the magnetic circuit or segment of the Select the appropriate number of magnets required to
Cikcuitm lifetheload-and-maintainthe desiredHoad-orientatio
R = reluctance of the magnetic circuit, A/Wb support. This evaluation is based on load deflection char-
u = permeability of the material, H/m acteristics, load type, rated load of each magnet, magnet

When analyzing the flux path in its entirety, it should be
broken into sections of constant permeability and cross-
sectional area, where the total reluctance of the magnetic
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spacing, and real air gap.

6-3.9 Environmental Considerations

In cases where the load and magnet operating tempera-
tures are extreme, a means of monitoring the magnet
temperature should be provided within the magnet
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control in order to inform the lifter operator of an over-
heating condition that may result in reduced lifting force.

In cases where the load and magnet are subject to
varying levels of moisture, additional precautions shall
be made to protect against electrical grounding.
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NONMANDATORY APPENDIX A
COMMENTARY FOR CHAPTER 1: SCOPE, DEFINITIONS, AND
REFERENCES!

POSE

This Sthndard has been developed in response to the
need to provide clarification of the intent of ASME
B30.20 with respect to the structural design of below-
the-hook|lifting devices. Since the first edition of ASME
B30.20 was published in 1986 (ASME B30.20-1985),
users havle requested interpretations of the construction
(structural design) requirements stated therein. The level
of detail required to provide adequate answers to the
questiond submitted extends beyond that which can be
covered lyy interpretations of a B30 safety standard.

A-2 SC(
ASME

PE

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

The degign of lifting attachments may be addressed by
existing ihdustry design standards. In the absence of such
design standards, a qualified person should determine if
the provikions of ASME BTH-1 are applicable.

A-3 NEW AND EXISTING DEVICES

Itisnot

A-4 GE

knowledge and training required to ¢ompet
design lifting devices.

ently

A-4.2 Units of Measure

The requirements of this Standard are presented yher-
ever possible in a manner that\is dimensionally ind¢pen-
dent, thus allowing application of these requirel;Tents
using either U.S. Customary units or the Internatjional
System of Units (S1)) U.S. Customary units ar¢ the
primary units~ifsed in this Standard, except in
Chapter 6 (se€)Nonmandatory Appendix F).

A-4.3 Design Criteria

The.original ASME B30.20 structural design require-
ments defined a lifting device only in terms of its fated
load. Later editions established fatigue life requirements
by reference to AWS D14.1/D14.1M. ASME BTH-1| now
defines the design requirements of a lifter in terms of
the rated load, Design Category, and Service Class to
better match the design of the lifter to its intepded
service. An extended discussion of the basis of the
Design Categories and Service Classes can be foupd in
Nonmandatory Appendices B and C (commentarig¢s for
Chapters 2 and 3, respectively).

ASME BTH-1 requires that the rated load and fatigye life
be determined by calculations performed in accordance
with the provisions as defined in this Standard. A manu-

the intent of thisStanidard to require retrofitting ~ facturer may verify the rated load and/or fatigug life
of existing lifting devices: through destructive testing, if desired, in additipn to
performing the required calculations.
ERAL REQUIREMENTS .
o A-4.4 Analysis Methods
A-4.1 DesignResponsibility The allowable stresses defined in Chapters 3 and 4 have
beer dcvc‘luycd based-onthe Pt Couulpt;uu thatthe-dctual

Although always 1mplied, this provision 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 recognition of the impact that the
performance of a lifting device has on workplace safety,
the complexity of the design process, and the level of

L This Appendix contains commentary that may assist in the use and
understanding of Chapter 1. Paragraphs in this Appendix correspond
with paragraphs in Chapter 1.

Copyright ASME International
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stresses due to design loads will be computed using clas-
sical methods. Such methods effectively compute average
stresses acting on a structural or mechanical element.
Consideration of the effects of stress concentrations is
not normally required when determining the static
strength of a lifter component (see Nonmandatory
Appendix C, para. C-5.2). However, the effects of stress
concentrations are most important when determining
fatigue life. Lifting devices often are constructed with

User=LUIS ALBERTO LOPEZ
Not for Resale
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discontinuities or geometric stress concentrations such as
pin and bolt holes, notches, inside corners, and shaft
keyways that act as initiation sites for fatigue cracks.
Analysis of a lifting device with discontinuities using
linear finite element analysis will typically show peak
stresses that indicate failure, where failure is defined
as the point at which the applied load reaches the loss
of function (or limit state) of the part or device under
consideration. This is particularly true when evaluating

control, and better quality checks in current practice, the
risk of such failure is reduced. Thus, the Committee selected
the 25°F (-4°C) temperature as a reasonable lower limit. This
lower temperature limit is also consistent with recommen-
dations made by AISC (2006).

The Committee selected the upper temperature limit as
a reasonable maximum temperature of operation in a
summer desert environment. Data from the ASME
Boiler and Pressure Vessel Code material design tables

Statl SLI ClléLll. 'V.V111i1€ LIIC usc Uf bul,ll lllULllUL‘lb ib ot
prohjbited, modeling of the device and interpretation
of th¢ results demand suitable expertise to ensure the re-
quirgments of this Standard are met without creating
unngcessarily conservative limits for static strength

and fatigue life.

A-4.

The design provisions in Chapters 3 and 4 are based on
practices and research for design using carbon, high-
strenpgth low-alloy, and heat-treated constructional
alloy[steels. Some of the equations presented are empirical
and rhay not be directly applicable to use with other mate-
rials.[Both ferrous and nonferrous materials, including the
consfructional steels, may be used in the mechanical
components described in Chapter 4.

Indqustry-wide specifications are those from organiza-
tions|such as ASTM International, American Iron and Steel
Instifute (AISI), and SAE International. A proprietary spec-
ificatjon is one developed by an individual manufacturét

b Material

A-4.6 Welding

AWS D14.1/D14.1M is cited as the basis for'weld design
and yelding procedures. This requirementis in agree-
menf with CMAA Specification No. 70vand those estab-
lished by ASME B30.20. Because of*the requirement
for njondestructive examination( of Class 1 and Class 2
weld|joints, AWS D14.1/D141M was selected over the
mor¢ commonly known( AWS D1.1 (refer to AWS
D14.1/D14.1M, section 10.8). Fabricators that use person-
nel gnd proceduresythat are qualified under earlier
editipns of AWS P14.1/D14.1M, AWS D1.1, or Section
IX of the ASME Boilér and Pressure Vessel Code are qual-
ified|to perfoerm duties under AWS D14.1/D14.1M,
provlded-that they meet any additional requirements
that jare_mandated by AWS D14.1/D14.1M (refer to

begun to
tension

illdiLst‘ Llldl, SUIIIC Cdl ‘UUll DLECID ‘lldVC d‘ll Cdl:ly
decline in both yield stress and allowahls
stress at 200°F (93°C). Some materials“décline by as
much as 4.6%, but most decline less. A straight-]ine inter-
polation between the tabulated values for mdterials at
100°F (38°C) and 200°F (93°C),inthis referencg gives ac-
ceptable stress values that hdye minimal degradation at
150°F (66°C).

In some industrial uses,\ifting devices can be subjected
to temperatures in excess of 1,000°F (540°C)| At these
temperatures, the, mechanical properties of mpst mate-
rials are greatly reduced over those atambient. Ifthe expo-
sure 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 defermining
the design rated load and life of the device.

Of importance when evaluating the effects of{tempera-
ture is the temperature of the lifter component rgther than
the ambient temperature. A lifter may move briefly
through an area of frigid air without the temperature
of the steel dropping to the point of concern. |Likewise,
alifter that handles very hot items may have sonje compo-
nents that become heated due to contact.

A-5 DEFINITIONS

This section presents a list of definitions applicable to
the design of below-the-hook lifting devices. Definitions
from the ASME Safety Codes and Standards Lekicon and
other engineering references are used wherever possible.
The defined terms are divided into general terms
(para. 1-5.1) that are considered broadly app|licable to
the subject matter and groups of terms that arje specific
to each chapter of the Standard.

A-5.1 Definitions — General
The definitions of below-the-hook lifting device (lifting
device, lifter) and lifting attachment are based in part on

AWS D141 /D14 1M nara 91 4) Tha ~lauwrqhla ctraccac
DI4-1/D14AMpara—9-3-4)—The-allowable-stresses
for welds are modified in this Standard to provide the
higher design factors deemed necessary for lifting devices.

A-4.7 Temperature

The temperature limits stated are based on the following.
Historically, tension brittle failures have occurred during
hydrotest in pressure vessels fabricated from low carbon
steel at temperatures as high as 50°F (10°C). Flaws in
steel plate material were the primary cause of these failures.
With tighter production processes, closer metallurgical
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the usage of the devices. A below-the-hook lifting device is
expected to be used with any number of lifted loads,
whereas a lifting attachment is to be used with one lifted
load only and is designed as a part of that lifted load. The
means of connecting the lifting attachment to its load
(bolting, welding, adhesive bonding, etc.) does not enter
into the determination of whether the item is a below-
the-hook lifting device or a lifting attachment. This distinction
is consistent with Interpretation 14-1345 to ASME B30.20.

(20)
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A-6 SYMBOLS

The symbols used in this Standard are generally in
conformance with the notation used in other design stan-
dards that are in wide use in the United States, such as the
AISCspecification (AISC, 1989) and the crane design speci-
fications published by AIST and CMAA (AIST TR-06 and
CMAA Specification No. 70, respectively). Where notation
did not exist, unique symbols are defined herein and have
been selected e clear | i

A-7 REHERENCES

ASME BTH-1 is structured to be a stand-alone standard
to the greatest extent practical. However, some areas are
best suitgd to be covered by reference to established
industry |standards. Section 1-7 lists codes, standards,
and othefr documents that are cited within the main
body of this Standard and provides the names and
addresseg of the publishers of those documents.

Each capter of this Standard has a related Nonmanda-
tory Appgndix that explains, where necessary, the basis of
the provisions of that chapter. All publications cited in
these Nqnmandatory Appendices are listed below.
These reflerences are cited for information only.

29 CFR 1P10.179, Overhead and Gantry Cranes

U.S. Department of Defense, 1998, DOD Handbook MIL-
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Publishey: Superintendent of Documents, U.S. Govern-
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ANSI/AGMA 2004:D04 (reaffirmed March 2016), Funda-
mentall Rating Factors and Calculation Methods for

Involutle Spiir and Helical Gear Teeth

ANSI/NFPA 70-2020, National Electrical Code

ANSI/NFPA 79-2018, Electrical Standard for Industrial
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NONMANDATORY APPENDIX B
COMMENTARY FOR CHAPTER 2: LIFTER CLASSIFICATIONS®

B-1 GENERAL

B-1.1 Selection

The selection of a Design Category and Service Class
allows tHe strength and useful life of the lifter to be
matched[to the needs of the user. A qualified person

or manufacturer must assure that the Design Category

for load testing in accordance with ASME B30.20'otpther

applicable safety standards or regulations.

B-2.1 Design Category A

The design factor specified in Chapter3 for Design|Cate-
gory A lifters is based on presumptions of rare and only
minor unintended overloadingynild impact loads dpring

and Servife Class specified for a particular lifter are appro- routine use, and a maximum:impact multiplier of {50%.
priate forthe intended use so as to provide a design with These load conditions are-characteristic of use df the
adequate|structural reliability and expected service life.  lifter in work envirohments where the weights df the

B-1.3 Identification

The pufrpose of this requirement is to ensure that the
designer,|manufacturer, and end user are aware of the
assigned [Design Category and Service Class. Typically,
documernts that require the indicated markings may
include op-level drawings, quotations, calculations,
and mantyals.

B-1.4 Environment

Ambient operating temperature limits are inténded
only to be a guideline. The component température of
each part of the lifter must be considered when the

loads being handled-are reasonably well known| and
the lifting operations are conducted in a contrplled
manner. Typical”characteristics of the application for
this Design\Category include lifts at slow speeds [ising
a well-maintained lifting device under the contro| of a
lift supervisor and experienced crane operator.| This
Desigh Category should not be used in any environment
where severe conditions or use are present.

Design Category A is intended to apply to lifting dgvices
used in controlled conditions. Practical consideratigns of
various work environments indicate that the|high
numbers of load cycles that correspond to Sefvice
Class 1 and higher commonly equate to usage conditions
under which the design factor of Design Category A isfinap-

device if operating in an environmentioutside the  propriate. Thus, the use of Design Category A is restticted
limits defjned in para. 1-4.7. The effects'of dust, moisture, to lifting device applications with low numbers of load
and corropive atmospheric substanceson the integrity and cycles (Service Class 0).

performgnce of a lifter cannot-be_specifically defined.

These ddsign considerations\must be evaluated and  B-2.2 Design Category B

accounted for by the lifting device manufacturer or qual- The design factor specified in Chapter 3 for Design(Cate-

ified perdon.

B-2 DESIGN CATEGORY

When gelectinig a Design Category, consideration shall

and in Nonmandatory Appendix C, para. C-1.3 refer to
considerations given to unintended overloads in develop-
ment of the design factors. These comments are in no way
to be interpreted as permitting a lifting device to be used
above its rated load under any circumstances other than

L This Appendix contains commentary that may assist in the use and
understanding of Chapter 2. Paragraphs in this Appendix correspond
with paragraphs in Chapter 2.
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gory B lifters is based on presumptions (compargd to
Design Category A) of a greater uncertainty ip the
weight of the load being handled, the possibility of Jome-
what greater unintended overloads, rougher handling of
aind a
6 ad_condi-
tions are characteristic of use of the lifter in work envi-
ronments where the weights of the loads being handled
may not be well known, and the lifting operations are
conducted in a more rapid, production-oriented
manner. Typical characteristics of the application for
this Design Category include rough usage and lifts in
adverse, less controlled conditions. Design Category B
will generally be appropriate for lifters that are to be
used in severe environments. However, the Design

User=LUIS ALBERTO LOPEZ
Not for Resale


https://asmenormdoc.com/api2/?name=ASME BTH-1 2020.pdf

ASME BTH-1-2020

Table B-3-1 Service Class Life

Desired Life, yr

B-2.3 Design Category C

Design Category C is reserved for use in specialized
applications in industries that require lifting device
design based on the larger design factor associated

with this Design Category.

B-3 SERVICE CLASS

Design for fatigue involves an economic

decision

Load 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

00 T 74 3 3 7

300 2 3 3 4 4

750 2 3 4 4 4

1,000 2 3 4 4 4

Categ
all ag

ory B design factor does not necessarily account for
verse environmental effects.

between desired life and cost. The intent 1s t
the owner with the opportunity for more ‘ed
designs for the cases where duty service_is le
A choice of five Service Classes is provided.
cycle ranges shown in Table 2-3+]-are consis
the requirements of AWS D144,/D14.1M.
Table B-3-1 may assist inf\determining the
Service Class based on leoad, cycles per day an
life desired.

b provide
onomical
5S severe.
The load
tent with

required
d service
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NONMANDATORY APPENDIX C
COMMENTARY FOR CHAPTER 3: STRUCTURAL DESIGN*

C-1 GENERAL

C-1.1 Pyrpose

The mé¢mber allowable stresses defined in Chapter 3
have genprally been derived based on the assumption
of the members being prismatic. Design of tapered
members| may require additional considerations. Refer-
ences su¢h as AISC (2000), Appendix F3 and Blodgett
(1966), section 4.6 may be useful for the design of
tapered rhembers.

C-1.2 Lgads

The strjictural members and mechanical components of
a below-the-hook lifting device are to be designed for the
forcesimposed by the lifted load (a value normally equal to
the rated|load), the weight of the device’s parts, and any
forces su¢h as gripping or lateral forces that result from
the functipn of the device. The inclusion of lateral forces in
this paragraph is intended to refer to calculated lateral
forces that occur as a result of the intended or expected
use of thd lifter. This provision is not intended to require
the use offan arbitrary lateral load in lifter design-Formost
designs, gn added impact allowance is not required. This
issue is dliscussed further in paras. C-1.3_anhd C-5.1.

C-1.3 Stptic Design Basis

The stptic strength design-provisions defined in
Chapter B for Design Categoties A and B have been
derived ysing a probabilistie dnalysis of the static and
dynamic[loads to whichAlifters may be subjected and
the unceftainties with which the strength of the lifter
memberg and connections may be calculated. The load
and strepgth uhcertainties are related to a design
factor N{ using-eq. (C-1) (Cornell, 1969; Shigley and
Mischke, 2001).

determined in an extensive research program spongored
by the American Iron and Steel Institute (CAISI] and
published in a series of papers in the September [1978
issue (Vol. 104, No. ST9) of the Journal of‘the Strudtural
Division from the American Society ‘af ‘Civil Engirleers.
Maximum values of Vi equal £0-0:151 for strgngth
limits of yielding or buckling’and 0.180 for strgngth
limits of fracture and for cennettion design were faken
from this research and used for development df the
BTH design factors.

The term Vs is the(Coefficient of variation of the spec-
trum of loads to which the lifter may be subjected. Th¢ BTH
Committee developed a set of static and dynamid load
spectra based on limited crane loads research anfl the
experience_of the Committee members.

Design Category A lifters are considered to be uded at
relatively high percentages of their rated loads. Due fo the
level of planning generally associated with the use of these
lifters, the likelihood of lifting a load greater than the frated
load is considered small and such overloading is not |ikely
to exceed 5%. The distribution of lifted loads relative to
rated load is considered to be as shown in Table C-].3-1.

A similar distribution was developed for dynamic
loading. AISC (1974) reports the results of load [tests
performed on stiffleg derricks in which dynpmic
loading to the derrick was measured. Typical dyrjamic
loads were approximately 20% of the lifted load, and
the upper bound dynamic load was about 50% df the
lifted load. Tests on overhead cranes (Madsen, 1941)
showed somewhat less severe dynamic loading. (:iiven
these published data and experience-based judgnjents,
a load spectrum was established for dynamic loading
(see Table C-1.3-2).

A second dynamic load spectrum was developed|for a
special case of Design Category A. Some manufacturgers of
heavy equipment such as power generation machjnery

1+ pyVE + vE - PR3
1 - pAvE

(53]

The term Vjis the coefficient of variation of the element
strength. Values of the coefficient of variation for different
types of structural members and connections have been

L This Appendix contains commentary that may assist in the use and
understanding of Chapter 3. Paragraphs in this Appendix correspond
with paragraphs in Chapter 3.
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buttdtifterstobeusedforthehandtingof theirequipment.
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 reasonably be expected to be some-
what less than the normal Design Category A lifters. The
distribution developed for this special case is shown in
Table C-1.3-2.

The range of total loads was developed by computing
the total load (static plus dynamic) for the combination of
the spectra shown in Tables C-1.3-1 and C-1.3-2. The

User=LUIS ALBERTO LOPEZ
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Table C-1.3-1 Design Category A Static Load Spectrum

Percent of Rated Load Percent of Lifts

80 40
90 55
100

105 1

cientp of variation of 0.156 for the standard design spec-
trum|and 0.131 for the special case.

ThE last term in eq. (C-1) to be established is the relia-
bility|index, B. The Committee noted that the then-current
strudtural steel specification (AISC, 2000) is based on a
valudg of § = 3. This value was adopted for Design Category
A. Uging the values thus established, design factors
(rounded off) of 2.00 for limits of yielding or buckling
and R.40 for limits of fracture and for connection
design are calculated using eq. (C-1).

Prior to the first edition of ASME B30.20 in 1986, engi-
neerg in construction commonly designed lifting devices

ing AISC allowable stresses and perhaps an impact
factof 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 ¢onnections. Thus, the prior design method, which

is gemerally recognized as acceptable for lifters now clas-
sified as Design Category A, provided design factors with
respgct to the rated load of 1.67 to 2.08 for member design
and 3.00 to 2.50 for connection design. The agreement of
the cpmputed BTH design factors with the prior,practice
was felt to validate the results.

A dimilar process was conducted for Design Category B.
In th]s application, lifters are expected\to serve reliably
unddr more severe conditions,-including abuse, and
may pe used to lift a broader_range of loads. Thus, the
range of both static and dynamic loads is greater for
Design Category B than~fer Design Category A. The
BTH |Committee developed a set of static and dynamic
load [spectra based«h-the judgment and experience of

the (ommittee hembers. Table C-1.3-3 is the static
load [spectrum;~Table C-1.3-4 is the dynamic load spec-
trum

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.

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 (f = 3.3).

Using these values, eq. (C-1) is used to compute

C Ardestgmrfa v rmitsqf yielding
and buckling and 3.40 for limits of fracture and far connec-
tion design. In order to maintain the same'relationship
between member and connection design factors for
both Design Categories, the connection desigy factor is
specified as 3.00 x 1.20 = 3.60x

Lifters used in the industrialsapplications of
for which Design Category B/is appropriate have ftradition-
ally been proportionedwsing a design factor of 3, as has
been required by ASMEB30.20 since its inception. As with
the Design Category A design factor, this agreement
between the deSign factor calculated on th¢ basis of
the load spectra shown in Tables C-1.3-3 and C-1.3-4
and the design factor that has been successfully used
for decades validates the process.

The _provisions in this Standard address
common types of members and connection§ used in
the design of below-the-hook lifting devices| In some
cases, it will be necessary for the qualified person to
employ design methods not specifically agldressed
herein. Regardless of the method used, the|required
member and connection design factors must be jprovided.

The design factors specified in para. 3-1.3 arq stated to
be minimum values. Design Category C is defined to
accommodate the use of ASME BTH-1 in specigl applica-
tions where a higher structural design factor is|required.
Some lifter applications may result in greater] dynamic
loading that will necessitate higher design fadtors. It is
the responsibility of a qualified person to determine
when higher design factors are required and to determine
the appropriate values in such cases.

The equations in section 3-3 for allowable
allowable stresses, except for bearing stress, o
tion elements express the design factor as 1.2
factor of 1.20 provides the required connecti
factor (e.g., Ny=2.00 for Design Category A, thus
a design factor of 2.00 for member design and

the types

the most

loads or
h connec-
ONg. The
bn design
providing
of 1.20 x

Table C-1.3-2 Design Category A Dynamic Load Spectrum

Dynamic Load as Percent Percent of Lifts Percent of Lifts

of Lifted Load (Standard) (Special Case)
0 25 20
10 45 58
20 20 15
30 4
40 2
50 1 1

2:00=220for conmection aesign):

Table C-1.3-3 Design Category B Static Load Spectrum

Percent of Rated Load Percent of Lifts

50 40
75 50
100
120

59


https://asmenormdoc.com/api2/?name=ASME BTH-1 2020.pdf

ASME BTH-1-2020

Table C-1.3-4 Design Category B Dynamic Load Spectrum

Dynamic Load as Percent of Lifted Load Percent of Lifts

shapes with a wall thickness that is near the lower
bound of this tolerance. Consequently, the American Insti-
tute of Steel Construction and the Steel Tube Institute of

0 ! North America recommend that section properties and
10 17 other calculations be based on 0.93 times the nominal
20 25 wall thickness for ERW shapes. Submerged-arc-welded
30 19 (SAW) shapes are produced with a wall thickness that
40 13 is near the nominal thickness, so these products
50 9 require no such reduction.

ouU O

70 4 C-2 MEMBER DESIGN

80 X The requirements for the design of flexural"members
19000 i make use of the terms compact section and nonco

C-1.5 Cuyrved Members

Curved
the insidq
would be
formulas.

members subject to bending exhibit stresses on
(concave side) of the curve that are higher than
computed using the conventional bending stress
As with straight beam bending theory, the deri-
vation of the equations by which the bending stresses of a
curved bgam may be computed is based on the funda-
mental afsumption that plane sections remain plane
(Young et al., 2012).

This stfess distribution exists in the elastic range only.
Members|that are of such proportions and material prop-
erties thdt allow development of a plastic moment will
have the [same maximum bending strength (i.e., plastic
moment) as a straight member (McWhorter et(aly,
1971; Bdresi and Sidebottom, 1985). Thus, the(peak
bending ptresses due to curvature must be evaluated
for mempers subject to cyclic loading and for which
the fatigufe life must be assessed, but needinot be consid-
ered for dtatic strength design for members in which the
plastic mpment can be attained.

Classidal design aids such as\Table 9.1 in Roark’s
Formulas|for Stress and Straim(Young et al,, 2012) may
be used t¢ satisfy the requiremént defined in this section.

C-1.6 Allowable Stresses

The allowable Stresses and stress ranges defined in
sections| 3-2,9343, and 3-4 are to be compared to
average [or.iominal calculated stresses due to the
loads deki i = i i
highly localized peak stresses that may be determined
by computer-aided methods of analysis and that may
be blunted by confined yielding must be less than the
specified allowable stresses.

C-1.7 Member Properties

The manufacturing tolerance for the wall thickness of
hollow shapesis #10%. Manufacturers in the United States
consistently produce electric-resistance-welded (ERW)

60

hpact
section. A compact section is capable of-developing { fully
plastic stress distribution before the‘enset of local puck-
ling in one or more of its compression elemerts. A
noncompact section is capabléevof developing the Jyield
stress in its compression €lements before local budkling
occurs, but cannot resist’inelastic local buckling 4t the
strain levels required for a fully plastic stress distribfition.

Compact and néncompact sections are defined by the
width-thickness ratios of their compression elenjents.
The appropriate limits for various compression elerhents
commontostructural members are given in Table 3-P.2-1.
Compression elements that are more slender than is
permitted for noncompact shapes may fail by local puck-
ling at stress levels below the yield stress. Refer to paras.
€-2.3.6, last paragraph, and C-2.6, last paragraph, for
comments on slender elements.

C-2.2 Compression Members

The formulas that define the allowable axial comjpres-
sion stress are based on the assumption of peak redidual
compressive stresses equal to 0.50F),, as is commonly used
in structural design specifications today (e.g., AISC, 1974;
AIST TR-06; CMAA Specification No. 70; SAE J1078]. The
slenderness ratio equal to C, defines the border betfveen
elastic and inelastic buckling.

As is the practice in the above-cited standardg, the
design factor with respect to buckling in the inelastic
range [eq. (3-3)] varies from N, to 1.15N,. The dpsign
factor in the elastic range [eq. (3-5)] is a conftant
1.15N,; with respect to buckling. The lower design
factor for very short compression members is justified
by the insensitivity of such members to the be

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 strength of compres-
sion members other than pin-ended struts. General
guidance on the value of K for various situations can
be found in Chapter C of the AISC Commentary (AISC,
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1989 or 2010). Extensive coverage of the topic can be
found in Ziemian (2010).

C-2.3 Flexural Members

C-2.3.1 Major Axis Bending of Compact Sections. The
bending limit state for members with compact sections
and braced at intervals not exceeding the spacing
defined by eq. (3-7) or eq. (3-8) is the plastic moment.
Generally, structural shapes have a major axis shape

based on the same finite element analysis buckling
models.

C-2.3.3 Major Axis Bending of Solid Rectangular
Bars. The provisions of this paragraph are based on
AISC (2016). The coefficient 1.25 in egs. (3-20), (3-22),
and (3-24) is based on para. C-2.3.4. The coefficient
Citg in egs. (3-22) and (3-24) accounts for the reduced
buckling strength of beams not braced against twist or
lateral displacement at the ends of the unbraced

factdr (ratio of plastic modulus to section modulus)
that |s 12% or greater (AISC 1989 Commentary). The
allowable stress for members with compact sections
proviides a lower bound design factor of N; with
respgct to the plastic moment.

C

P.3.2 Major Axis and Minor Axis Bending of
Compact Sections With Unbraced Length Greater
Than L, and Noncompact Sections. Noncompact
shapps that are braced at intervals not exceeding the
spacing defined by eq. (3-10) or eq. (3-11) have a limit
statejmoment that equates to outer fiber yield. The allow-
able|bending stress for members with noncompact
sectipns provides a design factor of N; with respect to
outeq fiber yielding.

I-gdhape members and channels bent about the
majdr axis may fail in lateral torsional buckling.
Equdtions (3-13) through (3-17) define allowable
bending compression stresses that provide a design
factof of Ny with respect to this limit state.

Thie allowable bending stress for box members for
which the unbraced length exceeds L, is not defined in
Chapjter 3. A study of box members has shown-that a
mempber of such a length has an impractically low
bendjng strength and, thus, is very unlikely to be used
in a lifting device.

ThE allowable moment expression for tees and double-
angld members [eq. (3-18)] defines the allowable moment
basedl on the lesser limit state of Jdateral torsional buckling
(Kitipornchai and Trahair, 1980) or yield (Ellifritt et al.,
1992)). The value of a =\1.25 is based on para. C-2.3.4.

Eqgpations (3-10) throtigh (3-18) are based on the beha-
vior ¢f beams that are restrained against twist or lateral
displlacement at-the ends of the unbraced length, L,.

equations at proportions where (Lb/bf)/JEI /G] is
greater than about 1.6. Tee-shape beams show reduced
buckling strength at all proportions. The coefficient
Crrg in egs. (3-16), (3-17), and (3-18) accounts for this
reduced buckling strength. The derivation of the Cyrp
equation applicable to I-shape members and a comparison
to experimental data are explained in Duerr (2016). The
derivations of the Cy.rg equations for tee-shape beams are

length. The derivation of the Crg equationcis|based on
the same finite element analysis bucklidg medel as is
developed in Duerr (2016).

C-2.3.4 Minor Axis Bending of Compact Bections,
Solid Bars, and Rectangular.Sections. Many shapes
commonly used in lifting dévices have shape factors
that are significantly gredter than 1.12. These include
doubly symmetric [«and H-shape membjrs with
compact flanges bentiabout their minor ayes, solid
round and square bars, and solid rectangulag sections
bent about their)minor axes. The shape factors for
these shapes.dre typically 1.50 or greater.

The allowable bending stress for thes¢ shapes
[eq. (3:25)] gives a design factor of 1.20N, dr greater
withsrespect to a limit state equal to the plastic
moment. This allowable stress results in a condition in
which the bending stress will not exceed yi¢ld under
the maximum loads defined in the load sgectra on
which the design factors are based. The Design| Category
A spectra define a maximum static load equal t¢ 105% of
the rated load and a maximum impact equal to 50% of the
lifted load. Thus, the theoretical maximum bendjing stress
is 1.25F, (1.05 x 1.50) / 2.00 = 0.98F,. The Desigr| Category
B spectra define a maximum static load equal t¢ 120% of
the rated load and a maximum impact equal to 100% of the
lifted load. Thus, the theoretical maximum bendjing stress
is 1.25F, (1.20 x 2.00)/3.00 = F,.

C-2.3.6 ShearonBars, Pins, and Plates. The pllowable
shear stress expression is based on CMAA Spdcification
No. 70, which specifies the allowable shear stresgas a func-
tion of the shear yield stress. The shear yield stress is
based on the Energy of Distortion Theory (Shigley and
Mischke, 2001). The limiting slendernesg ratio of
plates in shear is taken from AISC (2000).

Experience has shown that members of belowfthe-hook
lifting devices are not generally composed of slenider shear
elements. Therefore, provisions for the design of slender
shear elements are not included in this Standard.

C-2.4 Combined Axial and Bending Stresses

The design of members subject to combined axial
compression and bending must recognize the moment
amplification that results from P-A effects. The formulas
given in this section, which account for the P-A effect, are
taken from AISC (1989) with modifications as necessary to
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Figure C-2.6-1 Selected Examples of Table 3-2.2-1 Requirements
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(c) Structural Tube
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Major Axis Bending

account for the design factors given in thisStandard. An in-
depth disgussion of axial-bending interaction and the deri-
vation of these formulas may be found in Ziemian (2010).

The inferaction formulas for\cylindrical members
recognize that the maximumbending stresses about
two muttpally perpendicularaxes do not occur at the
same point. Equations (3=32), (3-33), and (3-34) are
based on|the assumption that C,, F.’, and F, have the
same valyes for bgth axes. If different values are applica-
ble, differnt interaction equations must be used (e.g., API
RP 2A-W§HD).
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C-2.6 Local Buckling

Compression element width-thickness ratiof are
defined for compact and noncompact sectiops in
Table 3-2.2-1. The limits expressed therein are hased
on Tables B4.1a and B4.1b of AISC (2016). Definitions
of the dimensions used in Table 3-2.2-1 for the jmost
common compression elements are illustrat¢d in
Figure C-2.6-1.

As with slender plates subjected to shear, below-the-
hook lifting devices are not generally composg¢d of
slender compression elements. Therefore, provigions

C-2.5 Combined Normal and Shear Stresses

Equation (3-37) is the Energy of Distortion Theory rela-
tionship between normal and shear stresses (Shigley and
Mischke, 2001). The allowable critical stress is the mate-
rial yield stress divided by the applicable design factor, N.
For the purpose of this requirement, the directions x and y
are mutually perpendicular orientations of normal
stresses, not x-axis and y-axis bending stresses.

Tor the design ol slender compression elements are not
included in this Standard.

C-3 CONNECTION DESIGN
C-3.1 General

Design of bolted and welded connections follows the
same basic procedures as are defined in AISC (1989)
and AWS D14.1/D14.1M. The primary changes are in
the levels of allowable stresses that have been established

(20)
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Figure C-3.2-1 Block Shear

Top flange cut back7

Shear area

Direction of
connection
load

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
pieces other than to require that the strength of the
connected pieces within the connection provides a

Tensile area ———/

GENERAL NOTE: Failure occurs by tearing out of cross-hatched
portion.

to prpvide design factors of 2.40 or 3.60 with respect to
fractyire for Design Category A or B, respectively.

The allowable bearing stress defined by eq. (3-38) is
basefl on AISC (1989 and 2016). A lower allowable
bearing stress may be required between parts that will
mov¢ relative to one another under load. Equation
(3-39) is based on AISC (2016) and Wilson (1934). As
used throughout this Standard, the terms milled
surfdce, milled, and milling are intended to include
surfqces that have been accurately sawed or finished
to a frue plane by any suitable means.

Thlese bearing stress limits apply only to bearing
betwleen parts in the lifting device. Bearing-bétween
partgofthe lifter and the item being handled must be eval-
uated by a qualified person, taking into aceount the nature
of the item and its practical sensitivity to local compres-
sive gtress.

C-3.2 Bolted Connections

A bolted connection is¢defined for the purpose of this
Standlard as a nonpermanent connection in which two
or m¢re parts are joined together with threaded fasteners
in su¢h a manneras.to prevent relative motion. A connec-
tion |n which/a‘single fastener is used is considered a
pinndd connéstion and shall be designed as such.

Allpwable'stresses or allowable loads in bolts are estab-
lishedl as the tensile strength, the shear strength, or slip

L‘lt‘bigll deLUl Uf dl lt.'dbl, 1.261‘V’d.

Figure C-3.2-1 illustrates the special case-efblock shear
failure of a connected part. The strength 6fthe part is the
sum of the allowable tensile stress actinglon the|indicated
tensile area plus the allowable shear; stress acting on the
indicated shear area. Although the figure showf a bolted
connection, this type of failuré ean also occur inja welded
connection.

A slip-critical connection+is a connection that
shear load by means, ofthe friction between the
parts. Development 0f this friction, or slip res
dependent on, the) installation tension of the
the coefficiefit of friction at the faying
Equation/(3-44) is based on a mean slip coe
0.33 and a‘confidence level of 90% based on a
wrefghrinstallation (Kulak et al., 1987).

The slip resistance of connections in which the bolt
loles are more than Y4 in. (2 mm) greater|than the
bolts is reduced. If larger holes are necessary, the test
results reported in Kulak etal. (1987) can be usedl to deter-
mine the reduced capacity of the connection.

The slip resistance defined in this Standard is
faying surfaces that are free of loose mill scale,
other coatings. The slip resistance of painted pr coated
surfaces varies greatly, depending on the type @nd thick-
ness of coating. It is not practical to define a general ac-
ceptable slip resistance for such connections. Testing to
determine the slip resistance is required for sliprresistant
connections in which the faying surfaces are gainted or
otherwise coated (Yura and Frank, 1985).

The design provisions for slip-critical conne¢tions are
based on experimental research (Kulak et al.,[1987) on
connections made with ASTM A325 and ASTTM A490
bolts. In the absence of similar research resuylts using
other types and grades of bolts, para. 3-3.2 limits the
types of bolts that may be used in slip-critical copnections
to ASTM F3125, Grade A325 and ASTM F3125, Grade

transmits
onnected
stance, is
bolts and
urfaces.
ficient of
ralibrated

based on
baint, and

resistance divided by the appropriate design factor. The
shear strength is taken as 62% of the tensile strength
(Kulak et al., 1987). This value is reasonable for relatively
compact bolted connections. If the length of a bolted
connection exceeds about 15 in. (380 mm), the allowable
shear per 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
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C-3.3 Pinned Connections

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.
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Figure C-3.3.1-1 Pin-Connected Plate Notation

Direction of

applied load Shear planes
Curved edge —x T/Z.‘

X SR kR
a . : 1 /~
Y /// ; : % N\ R

-

plane, 7', is given by eq. (C-2), where r is the radius of
curvature of the edge of the plate.

2

2
D,
Z =r— |r°— fsinqb] (C-2)

Pin-connected plates may be designed with doubler
plates to reinforce the pinhole region. There are two
methods commonly used in practice to determine the

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

The strength equations for the plates are empirjcal;
based on| research (Duerr, 2006). The effective width
limit of fhe tensile stress area defined by eq.(3-47)
serves td eliminate dishing (out-of-plane buckling of
the plate)|as a failure mode. Otherwise, the strength equa-
tions are fitted to the test results. The dimensions used in
the formtylas for pin-connected plates are illustrated in
Figure C-B.3.1-1.

The shgar strength of steel is.often given in textbooks as
5% of the tensile 'steeéngth. Tests have shown
monly in the/pange of 80% to 95% for mild

C-3.3.§l\ Static Strength of the Plates. A pin-connected

shear strpngth is taken as 70% of the tensile strength
in eq. (3-p0);
The sheatplane area defined by eq. (3-51) is based on

/ \
D 0 ¢ " strength contribution of the doubler plates,. ] one
P ( CL hole method, the strength of each plate is computed and
Y % the values summed to arrive at the total.strength of
the detail. In the second method, the lpad'is assyimed
to be shared among the individual plates in propdrtion
- be; < Dy, < b > to their thicknesses (i.e., uniform Bearing betweeh the

pin and the plates is assumed). The method to be|used
for design of any particular cefinection shall be deter-
mined by a qualified person.based on a rational evaluation
of the detail.

C-3.3.2 Combined Stresses. If a pinhole is located at a
pointwhere significant stresses are induced from member
behavior such-as tension or bending, the interactipn of
local and gross member stresses must be considered.
As an exaniple, consider the lifting beam shoyn in
Figure €-3.3.2-1.

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

C-3.3.3 Fatigue Loading. The fatigue design require-
ments in section 3-4 are generally based on the provisions
of AWS D14.1/D14.1M. This specification doe$ not
address pinned connections. AISC (1994) definefs the
same loading conditions, joint categories, and sftress
rangesas AWS D14.1/D14.1M, butincludes pin-connpcted
plates and eyebars. This forms the basis for classifying
pinned connections as Stress Category E for fatigue d¢sign.

Pinholes in lifting devices used in construction (Sdrvice
Class 0) are at times flame cut. Experience shows thdt this
is acceptable practice for devices not subject to ¢yclic

Figure C-3.3.2-1 Stiffened Plate Lifting Beam

the geometry of a plate withastraight edge beyord-tire
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 Figure C-3.3.1-1,
the loss of shear area due to the curvature must be
accounted for. If the curved edge is circular and symme-
trical about an axis defined by the line of action of the
applied load, then the loss of length of one shear

Shackles in
round holes

Flat plate beam

Stiffeners prevent
out-of-plane buckling
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loading. Connections in devices designed for Service
Classes 1 through 4 shall be machined as required to
avoid the notches that result from flame cutting.

C-3.3.4 Bearing Stress. 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
eq. (3-53) is based on the requirement of the 2004 and
earlier editions of CMAA Specification No. 70. The allow-
able bearing stress for connections that will rotate under

welds in AISC (2000) and AWS D14.1/D14.1M and for
the requirement in eq. (3-55).

C-4 FATIGUE DESIGN

C-4.1 General

The fatigue design requirements in this section are
derived from AISC (2010) and AIST TR-06 and are appro-
priate for the types of steel on which the provisions of

load for alarge number ofload cycles [eq. (3-54)] is 50% of
the ef). (3-53) allowable bearing stress. Design experience
has dhown that these allowable bearing stresses also
protgct the pin against excessive deformation.

.3.5 Pin-to-Hole Clearance. The static strength ofa
plate|in a pinned connection in the region of the pinhole is
a makimum when the pin is a neat fit in the hole. As the
clearpnce between the pin and the hole increases, the
strenigth of the plate decreases. Research (Duerr, 2006)
has dhown that the loss of strength is relatively slight
for plates in which the hole diameter does not exceed
110% of the pin diameter. This strength loss in connec-
tionsfwith large pin-to-hole clearances is accounted for by

small pin-to-hole clearance to minimize wear and
service. The clearance to be used will depend on the

.3.6 Pin Design. Pin design based on the/assump-
attheloads from each plate are appliedto the pin as
a uniformly distributed load across the_thickness of the
plate|is a common approach. When the plates are relative-
ly thick, however, this method can yield excessively
consgrvative results. In such-a .case, use of a method
that pccounts for the effectsof local deformations of
the plates may be used, {e.g., Melcon and Hoblit, 1953).

When designing a pin-for a connection in which doubler
platds are used to téinforce the pinhole region, the
assumption of leading to the pin shall be consistent
with [the assdmption of how the load is shared among
the main (genter) plate and the doubler plates.

C-3.4 Welded Connections

Chapter 3 are based. The use of other matefials may
require a different means of evaluating.the fdtigue life
of the lifter.

C-4.2 Lifter Classifications

The allowable stress rangesgiven in Table 3-4.3-1 were
derived based on the assumption of constant-gmplitude
load cycles. Lifting devieeés, on the other hand, are
normally subjected_te~a’spectrum of varying|loads, as
discussed in parag, C¥1.3. Thus, evaluation of the fatigue
life of a lifting deyice in which service stresses for the
maximum loading (static plus impact) were ¢ompared
to the allowable ranges in Table 3-4.3-1 would|be exces-
sively conservative.

Analyses have been performed as part of the
ment of this Standard in which the equivalent ngimbers of
constant-amplitude load cycles were computgd for the
load spectra discussed in para. C-1.3 using efy. (3-56).
The results showed that the calculated life glurations
due to these spectra are slightly greater [than the
results that are obtained by comparing servicg¢ stresses
due to rated load static loads to the allowalle stress
ranges given in Table 3-4.3-1. Thus, assessm¢nt 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 repre-
sentative of the expected loading can be evalugdted using
eq. (3-56), which is taken from AIST TR-06.

develop-

C-4.3 Allowable Stress Ranges

The maximum stress ranges permitted for the various
Service Classes and Stress Categories are basgd on the
values given in Table 3 of AWS D14.1/D14.1M.

C-4.4 Stress Categories

Structural steel welding procedures and configurations
are based on AWS D14.1/D14.1M, except that design
strength of welds is defined in this section to provide
the required design factor. Welding procedures for
other metals are to be established by a qualified person.

The lower bound shear strength of deposited weld
metal is 60% of the tensile strength (Fisher et al,,
1978). This is the basis for the allowable stresses for
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Table 3-4.4-1, Fatigue Design Parameters, is taken from
AISC (2010). The joint details in this table include all of the
details shown in AWS D14.1/D14.1M, Figure 1, as well as
additional details, such as pinned connections, that are of
value in lifter design. This table also has the added benefit
of illustrating the likely locations of fatigue cracks, which
will be of value to lifting device inspectors.

(20)
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C-4.5 Tensile Fatigue in Threaded Fasteners

The provisions of para. 3-4.5 are taken from Appendix 3
of AISC (2010). The values for use in eq. (3-57) are also

shown in

Table 3-4.4-1.

C-4.6 Cumulative Fatigue Analysis

Typically, allowable fatigue stress range values for a
particular joint detail and Service Class are selected

from a tﬁmm%ﬁ—ﬁﬁmrhe—%mmm
stress ramge as a step function. These values are based

on the n
Service
the same
Ifoned
where be
ular Serv
cumulativ
tion with
stress rar
an existirj
The thy
fatigue fal
stress ra
perform
Equati
address t
in lifting ¢
equations
ofuseinc
uate the n
section 3

C-5 OTH

haximum number of load cycles for each
lass and consider every load cycle to be of
magnitude, as discussed in para. C-4.2.

esires a design for a number ofload cycles some-
fween the minimum and maximum of a partic-
ce Class and for a known varying amplitude, a
e fatigue approach using eq. (3-57) in conjunc-
eq. (3-56) will give a more refined allowable
ge. This can be particularly useful in evaluating
g lifting device for its remaining life.

eshold stress range, Fry, is the level at which a
ilure will not occur. That is, if the service load
nge does not exceed Fry, then the detail will
hrough an unlimited number of load cycles.

n (3-57) and the coefficients given in para. 3-4.6
e primary fatigue life considerations of interest
levice design. AISC (2010), Appendix 3 provides
for evaluating other specific details that may be
ertain applications. A qualified person shall eval-
eed for fatigue analysis beyond that provided by
4 and apply such analyses as needed.

IER DESIGN CONSIDERATIONS

C-5.1 Impact Factors

The des
in part or
the lifted
Category

ignrequirements definedin Chapter 3 are based
upper bound verticaldmpact factors of 50% of
oad for Design Category A and 100% for Design
B. (The loads used\for the development of this

Standard are discussed in depth in para. C-1.3.) Therefore,
the design of lifting devices made in accordance with this
Standard will not normally require the use of an impact

factor. The wording of this section permits the use
additional impact factor at the discretion of a qua
person if it is anticipated that the device will be

of an
lified
used

under conditions that may result in unusual dynamic

loading.

Peak stresses due to discontinuities do not(affe
ultimate strength of a structural element unless-the i
rial is brittle. [Materials are generally considered b
rather than ductile, if the ultimate elongation is 5% o
(Youngetal., 2012).] The types of st€el on which this
dard is based are all ductile materials! Thus, static str
may reasonably be computedibdsed on average strg

t the
mnate-
rittle,
r less
Stan-
ength
bSSes.

However, fatigue design must recognize stress ranges.

Since fatigue-related cracks start at points of s
concentration due to_either geometric or metallu
discontinuities, peak ‘stresses created by these dis
nuities may need torbe considered in the design of a

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

C-5'3 Deflection

The ability of a lifting device to fulfill its intended
tion may require that it possess a certain minimum

tress
gical
onti-
ifter.
hy be
ilkey

func-
stiff-

ness in addition to strength. For example, a clanjping

device will not be able to maintain its grip i
members of the device flex excessively under load

Due to the very broad range of lifting devices tha
fall under the scope of this Standard, defining a
deflection limits for different types of devices is not
tical. The intent of this section is simply to call attent
the need for consideration of deflection in the des]
lifting devices.

f the

may
ctual
prac-
onto
gn of
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NONMANDATORY APPENDIX D
COMMENTARY FOR CHAPTER 4: MECHANICAL DESIGN'

D-1 GENERAL
D-1.

Chppter 4 is focused on the design of machine elements
and those parts of alifting device not covered by Chapter 3.
Chapter 3 is frequently used in the design of mechanical
components to address the strength requirements of the
frampwork that joins the machine elements together.
Mechanical drive systems, machine elements and compo-

Purpose

When failure of a mechanical component could directly
result in the unintended dropping or hazardous-move-
ment of a load, the requirements of Chaptex 3 shall be
used [to size the component coupled with the'mechanical
requirements of Chapter 4. Examples,inelude, but are not
limited to, drive systems on slab tongs'that hold the load,
fasteners that hold hooks onto béams, and sheave shafts.
Therg may be requirements in'beth Chapters 3 and 4 that
need|to be followed when (designing a component.

Algng with the forces.produced by normal operation,
mechanical components of lifting devices should be
designed to resist the'forces resulting from operating irre-
gularities that-ar¢ common in mechanical systems
inclufling jamis; locked rotor torque, and overloads.

If the désign factor of a commercial component is
unknowny the maximum capac1ty of that component
shou

L This Appendix contains commentary that may assist in the use and
understanding of Chapter 4. Paragraphs in this Appendix correspond
with paragraphs in Chapter 4.

D-2 SHEAVES
D-2.1 Sheave Material

This section applies to sheaves that are contaiped in the
envelope of the below-the-hook lifting devicel Sheaves
that are part of a separate_bottom block |or crane
system are not covered by<this Standard.

D-2.2 Running Sheaves

The pitch diameter of a sheave has a direct relationship
with rope wedrand fatigue that determines the pumber of
cycles that'the assembly can withstand. The Committee
recognizes that in some special low-headroom applica-
tions the sheave size may need to be smaller fo accom-
mogdate the limited space available. Extra precaution
would need to be established in these cased to allow
for increased rope wear.

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

D-2.4 Shaft Requirement

Inspection and maintenance of sheaves and bearings
require that these components be accessible.|A design
that requires modification or alteration of the lifter’s
structure to perform the inspection or maint¢nance of
sheaves and bearings puts an undue hardshjp on the
user and can deter proper care of the equipmpnt.

D-2.5 Lubrication

Lubrication systems, grease lines, self-lubricating bear-
ings, or oil-impregnated bearings are all methodss that will
ensure the lubrication of the bearmgs Partiqular care
bhrication
method since some types of self- lubrlcatlng bearings
cannot withstand severe loading environments.

D-2.6 Sheave Design

The interface between the rope and the sheave has a
direct relationship on the longevity of the rope. To
prevent premature wearing of the rope, the sheave
surfaces need to be smooth and tapered to allow the
rope to easily slip into and seat in the sheave rope

Copyright ASME International
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groove. The Wire Rope Users Manual, 4th edition, Table 12
provides information on sizing the wire rope groove with
respect to the wire rope to allow for a proper seating
surface.

D-2.7 Sheave Guard

Guards that wrap around a large portion of the sheave
need to be placed close to the flange of the sheave. The
guard’s purpose is to prevent the rope from jumping from

Mechanical components of the lifting device that are
stressed by the force(s) created during the lift or move-
ment of the load shall be sized in accordance with
para. 4-1.2.

D-4.5 Operator Protection

The qualified person needs to consider the ASME
B30.20 requirement that the operator perform inspec-
tions prior to each use. The guards and protective

the sheaye. The guard needs to be placed close to the
running [sheave to ensure that the rope cannot get
jammed ¢r lodged between the sheave and the guard.

D-3 RORE

ASME HST-4, ASME B30.2, and ASME B30.30 provide
the basis|of this section, which covers the rope applica-
tions thatfare a wholly attached or integral component of a
below-th¢-hook lifting device.

D-3.1 Relation to Other Standards

This sefction addresses rope requirements for the rare
applicatign when the hoist rope of the crane (hoist) is
reeved ti])rough the lifting device.

D-3.2 R

Users df this Standard may elect to reference the Wire
Rope Userfs Manual or ASME B30.30 as a guideline for prop-
erly seledting rope.

pe Selection

D-4 DRIVE SYSTEMS

Sectior] 4-4 covers generic requirements for a drive
system, while sections 4-5 through 4-8 previde specific
requirenjents for mechanical compopnents of a drive
system.

D-41 D

An adjystment mechanism, such as a chain or belt tigh-
tener, is lecommended teymaintain the design tension in
flexible transmission devices. Loose chains or belts will
experienfe accelerated wear and result in premature
failure of|the system.

rive Adjustment

D-4.3 Cfmmercial Components

devices need to allow the operator to perform these
inspections and not create additional hazards‘whep the
inspections are being performed. ANSI B11:19 profides
the basis of these requirements.

Although guards and personnel protective equipment
are safety equipment, they were ifleorporated int¢ this
design standard. The Committee<believes these ifsues
need to be addressed in the design phase to ernsure
that inspection and maintenance can be adequptely
performed while assuring.that operator safety is nain-
tained.

The requirement for the 200-1b (91-kg) person cpmes
from OSHA (29¢(CFR 1910.179).

D-5 GEARING

D-5.3.Gear Loading

The Lewis equation, as defined by Shigley and Mischke
(2001), provides the basis of eq. (4-1). The Lewis equfation
has been modified to accommodate material yield dtress
and the ASME BTH-1 design factor, Ny, from para. 3-1.3.
Table 4-5.3-1 comes from Avallone and Baumdister
(1987).

D-5.4 Relation to Other Standards

The Committee decided to provide the Lewis formpila to
the qualified person as a simpler method to size gearing.
Based on a review of a large number of gear designg, the
Lewis equation coupled with the design factoy, Ny,
provides conservative results. As an alternative, the|qual-
ified person can use ANSI/AGMA 2001-D04 to proyide a
more refined analytical approach where the desigh pa-
rameters of the lifter are more constrained.

D-5.7 Lubrication

Methodstolubricate gnari‘nginr‘]ndp’hnf arenotlimmited

The use of commercial (off-the-shelf) components is
encouraged to provide more flexibility to the user. A qual-
ified person needs to consider the same operating and
abnormal scenarios used in the design of the structural
components, including environment, shock, and operating
cycles, when incorporating commercial components into
the lifting device. Additional design considerations
include, but are notlimited to, jams and excessive torques.
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to, automatic lubrication systems and manual application.
If manual application is used, the qualified person needs to
provide accessibility to the gears for maintenance.
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D-6 BEARINGS
D-6.2 L,, Bearing Life

Table 4-6.2-1 comes from a compilation of Table 2 of
MIL-HDBK-1038 and several bearing companies. The
resulting table was cross referenced to CMAA Specifica-
tion No. 70 to verify that it does not significantly deviate.

D-6.3 Bearing Loadings

calculation. Table 4-7.6.1-1 is based on CMAA Specifica-
tion No. 70.

D-8 FASTENERS

D-8.5 Fastener Installation

Since fasteners provide little value if they are not prop-
erly torqued, the installation of the fastener is important.
Acceptable installation methods include, but are not

Th equation for bearing life [eq. (4-2)], L1, is based on
the bpsic load rating equation for bearings found in ANSI/
ABMA 9, ANSI/ABMA 11, and Avallone and Baumeister
(198p).

D-6.5 Lubrication

Lu
ings,
woul
care
meth
cann

brication systems, grease lines, self-lubricating bear-
or oil-impregnated bearings are all methods that
 ensure the lubrication of the bearings. Particular
needs to be taken when evaluating the lubrication
od since some types of self-lubricating bearings
bt withstand severe loading environments.

D-7 SHAFTING

D-7.5 Shaft Static Stress

Taples 4-7.5-1 and 4-7.5-2 provide minimum allowable
key dize versus shaft diameter requirements and comé
diredtly from ASME B17.1 and DIN 6885-1.

Th static and shear stress equations representimodi-
ficatipns to those equations found in CMAA Spgecification
No. 7P. Only the nomenclature has been modified to more
close]y follow Chapter 3 of this Standard.

D-7.6 Shaft Fatigue

Stifess concentration factors.need to be conservatively
detefmined to account for\the fluctuating stresses
resulting from the stopping’and starting of the drive
systgm. Since fatigue isithe primary concern in this
sectipn, only the stressamplitudes seen during normal
operating conditions need to be evaluated. Peak stresses
resufting from Tocked rotor or jamming incidents
(abngrmal conditions) are not applicable in the fatigue

limited to, turn-of-the-nut method, torque~wyrenches,
and electronic sensors.

D-9 GRIP SUPPORT FORCE

D-9.2 Pressure-Gripping and. Indentation Lifter

Support Force

The minimum value.6f-F; in eq. (4-16) is baged on the
judgmentand experierice of the BTH Committee members.
It is the responsibility of a qualified person to determine
when a higher,value is required and the approprfiate value
in such cases: Kigure 4-9.2-1 is not intended to |be a free-
body diagram.

D-10.VACUUM LIFTING DEVICE DESIGN

D-10.2 Vacuum Preservation

the use of
, battery
boir, etc.).

This performance-based requirement allows
various vacuum preservation methods (e.g
backup, compressed air storage, vacuum reser

D-11 FLUID POWER SYSTEMS

D-11.2 Fluid Power Components

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

No standards have been found for design factors of
pneumatic components. The value of 0.50N/ is based
on the judgment and experience of the BTH Committee
members.
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NONMANDATORY APPENDIX E
COMMENTARY FOR CHAPTER 5: ELECTRICAL DESIGN®

E-1 GENERAL

E-1.1 Py

The primary focus of Chapter 5 is directed toward lifters
that are aftached to cranes, hoists, and other lifting equip-
ment. Therefore, electrical equipment used on these lifters
is governed by ANSI/NFPA 70. Sometimes a lifter could be
a comporlent part of a machine tool system and could be
subject td the requirements of ANSI/NFPA 79 if specified,
butthe stdndard lifter is notintended to meet the electrical
requirempnts of the machine tool industry.

rpose

E-2 ELECTRIC MOTORS AND BRAKES

E-2.1 Motors

Due to|the variety and complexity of below-the-hook
lifting devices, the method of horsepower calculation
varies wjth the type of lifter and is not specified in
this sectipn. The horsepower selection shall be specified
by a qualified person giving full consideration to the fricx
tional los§es of the lifter, the maximum locked rotor tetque
required,|and the geometry of the speed torque-curve of
the motof applied.

E-2.2 Mptor Sizing

A lifterlmay have varying horsepower requirements as
it moves [through its operating range. The intent of this
provisior] is to ensure that the,motor is properly sized

for the maximum effort required.

E-2.4 Insulation

This prjovision fecognizes that Class A insulation is no
longer used in‘quality motor manufacturing.

E-2.5 Brakes

E-2.6 Voltage Rating

The wiring between the crane hoist and the'lifter[must
be sized to limit voltage drops, as well as durrent-carrying
capacity.

E-3 OPERATOR INTERFACE
E-3.1 Locating the Operator Interface

Below-the-hook liftersfare not stand-alone machines.
They are intended to)be used with cranes, hoists, and
other lifting equipment. When attached to a lifting appa-
ratus, the resulting electrical system must be coordipated
by a qualified person with due consideration for safetly and
performance.

E-3:3.'Operating Levers

These provisions parallel requirements found ip the
electrical sections of other established crane and |hoist
specifications such as CMAA Specification No. 70 and
CMAA Specification No. 74 and are listed in this Starjdard
to maintain compatibility between the crane and l|fter.

E-3.4 Control Circuits

These provisions parallel requirements found ip the
electrical sections of other established crane and |hoist
specifications such as CMAA Specification No. 70 and
CMAA Specification No. 74 and are listed in this Stanndard
to maintain compatibility between the crane and ljfter.

E-3.5 Push Button Type

These provisions parallel requirements found ip the
electrical sections of other established crane and |hoist
specifications such as CMAA Specification No. 70 and
CMAA Specification No. 74 and are listed in this Starrdard

: Back-driving may present a safety problem not obvious
to everyone and is stated to emphasize its importance. The
150% value equals the requirement for hoist brakes as
defined in CMAA Specification No. 70 and AIST TR-06.

L This Appendix contains commentary that may assist in the use and
understanding of Chapter 5. Paragraphs in this Appendix correspond
with paragraphs in Chapter 5.
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to maintain compatibility between the crane and lifter.

E-3.6 Push Button Markings

These provisions parallel requirements found in the
electrical sections of other established crane and hoist
specifications such as CMAA Specification No. 70 and
CMAA Specification No. 74 and are listed in this Standard
to maintain compatibility between the crane and lifter.
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E-4 CONTROLLERS AND AUXILIARY EQUIPMENT

E-4.2 Control Location

Below-the-hook lifting devices are intended to be
suspended from a hoist hook and may be subjected to
unintended abuse and harsh environments depending
on conditions of use. These provisions are intended to
ensure protection of the electrical devices mounted on
the lifter.

E-4.7 Rectifiers

This provision recognizes that a DC motor can be
reversed via a two-wire circuit when diode logic is
applied, and lists specifications for the type and size of
diodes to be used.

E-4.8 Electrical Enclosures

These provisions parallel requirements found in the

E-4.

These provisions parallel requirements found in the
electfical sections of established crane and hoist specifi-
catiops such as CMAA Specification No. 70 and CMAA Spec-
ificatjon No. 74 and are listed in this Standard to maintain
compatibility between the crane and lifter.

i Magnetic Control Contactors

E-4.5 Static and Inverter Controls

These provisions parallel requirements found in the
electfical sections of established crane and hoist specifi-
catiohs such as CMAA Specification No. 70 and CMAA Spec-
ificatjon No. 74 and are listed in this Standard to maintain
compjatibility between the crane and lifter.

electricatsectionsofestablished—crame—amd-hoist specifi-
cations such as CMAA Specification No. 70 and CI\EAA Spec-
ification No. 74 and are listed in this Standard tq maintain
compatibility between the crane and lifter.

E-5 GROUNDING
E-5.1 Grounding Method

This provision recognizes that a high-quality ground
may be required at{the lifter when electroni¢ controls
are employed.
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NONMANDATORY APPENDIX F
COMMENTARY FOR CHAPTER 6: LIFTING MAGNET DESIGN*

F-3 SELECTION AND DESIGN

Calculptions for magnet design are commonly
performef in SI units (m, kg, s). Therefore, the equations
in Chaptdr 6 are presented in SI units.

F-33 E

To detg
applicatid
be emplo
magnetic
materials
must be
required
approach
magnetic
excitatio
coil, pern
area of tf

ective Magnet Contact Area

rmine the required contact area for a particular
n, the designer must first select the materials to
yed in the fabrication of the magnet’s poles. The
induction and permeability characteristics of the
used in the fabrication of the magnet’s poles
sufficient to produce the magnetic induction
or the application. Materials with permeabilities
ing that of pure iron will achieve the greatest
induction levels when the source of magnetic
1 is applied. The source may be an electrical
hanent magnet material, or both. The contact
e magnet is determined based on the level of

flux density (lines of magnetic force) flowing-frox
poles. Flux is a product of the magnetic excitatioy
the limiting permeability of the material in"the mag
circuit. Flux density is expressed in tesla.

F-3.4 Flux Source

F-3.4.3 Permanent MagnetFlux Source. A perm

h the
1 and
netic

hinent

magnet uses permanent magnet material as the primary

magnetic field source. The,release mechanism in a p4
nent magnet design is traditionally achieved in two

(a) Mechanically. Phrough some form of mechs
motion, the fluxfrom the magnetic field source is dir
in such a way‘that the magnetism is contained with
assembly.

(b) Electrically. Apower coil(s) is used eithertore
the polarity of the magnetic field source to dired
magnetism inside of the assembly, or to cancel comp
the' magnetic field source.

rma-
vays.
nical
ected
n the

verse
t the
etely

L This Appendix contains commentary that may assist in the use and

understandi

ing of Chapter 6. Paragraphs in this Appendix correspond

with paragraphs in Chapter 6.
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