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FOREWORD

There have been many formal requests for interpretation of the limited structural design criteria stated within ASMEB30.20, Below-the-Hook LiftingDevices, a safety standard. As a consequence, industry has for quite some time expresseda need for a comprehensive design standard for below-the-hook lifting devices that would complement the safety re-quirements of ASME B30.20. All editions of ASME B30.20 have included structural design criteria oriented toward theindustrialmanufacturing community requiring aminimumdesign factor of 3, based on the yield strength of thematerial;recent editions have also included design criteria for the fatigue failure mode. However, members of the constructioncommunity expressed the need for design criteria more suitable to their operating conditions, including a lower designfactor, and the necessity to address other failure modes such as fracture, shear, and buckling, and design topics such asimpact and fasteners.A Design Task Group was created in 1997 to begin work on a design standard as a companion document to ASMEB30.20. The ASME BTH Standards Committee on the Design of Below-the-Hook Lifting Devices was formed out of theDesign 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 Definitions, LifterClassifications, Structural Design, Mechanical Design, and Electrical Components. This Standard, intended for generalindustry and construction, set forth twodesign categories for lifters based on themagnitude and variation of loading, andoperating and environmental conditions. The two design categories provided different design factors for determiningallowable static stress limits. Five Service Classes based on load cycles were provided. The Service Class establishesallowable stress range values for lifter structural members and design parameters for mechanical components. ASMEBTH-1–2005 was approved by the American National Standards Institute (ANSI) on October 18, 2005.ASMEBTH-1–2008 incorporatededitorial revisions and twonewmechanical design sections for grip ratio andvacuumlifting 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 mechanical designsection for fluid power systems. ASME BTH-1–2011 was approved by ANSI on September 23, 2011.ASME BTH-1–2014 incorporated into Chapter 4 a section on lifting magnets. Other technical revisions included newrequirements for fluid pressure control and electrical system guarding. Along with these technical changes, the non-mandatory Commentary for each chapterwasmoved to its own respectiveNonmandatory Appendix. ASMEBTH-1–2014was approved by ANSI on June 24, 2014.ASMEBTH-1–2017 included theadditionofChapter6: LiftingMagnetDesign, an accompanyingNonmandatoryAppen-dix with commentary for the new chapter, and other revisions. Following the approval by the ASME BTH StandardsCommittee, ANSI approved ASME BTH-1–2017 on January 6, 2017.This revision of ASME BTH-1 includes clarification of the requirement to establish the rated load of a lifting device bycalculation, incorporation of ASME B30.30-2019 into the rope requirements in Chapter 4, improvements based on userinput, revision of Chapter 5 title to Electrical Design, and consideration for load blocks and lifting attachments. Followingthe approval by theASMEBTHStandards Committee, ANSI approved this edition as anAmericanNational Standard,withthe 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 concernedinterests. As such, users of this Standard may interact with the Committee by requesting interpretations, proposingrevisions or a case, and attending Committee meetings. Correspondence should be addressed to:Secretary, BTH Standards CommitteeThe American Society of Mechanical EngineersTwo Park AvenueNew York, NY 10016-5990http://go.asme.org/Inquiry
Proposing Revisions. Revisions are made periodically to the Standard to incorporate changes that appear necessaryor desirable, as demonstrated by the experience gained from the application of the Standard. Approved revisions will bepublished periodically.The Committee welcomes proposals for revisions to this Standard. Such proposals should be as specific as possible,citing the paragraph number(s), the proposed wording, and a detailed description of the reasons for the proposal,including any pertinent documentation.
Interpretations. Upon request, the BTH Standards Committeewill render an interpretation of any requirement of theStandard. Interpretationscanonlyberendered inresponse toawritten request sent to theSecretaryof theBTHStandardsCommittee.Requests for interpretation should preferably be submitted through the online Interpretation Submittal Form. Theform is accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will receive anautomatic e-mail confirming receipt.If the Inquirer is unable to use the online form, he/she may mail the request to the Secretary of the BTH StandardsCommittee at the above address. The request for an interpretation should be clear and unambiguous. It is further rec-ommended that the Inquirer submit his/her request in the following format:Subject: Cite the applicable paragraph number(s) and the topic of the inquiry in one or two words.Edition: Cite the applicable edition of the Standard for which the interpretation is being requested.Question: Phrase the question as a request for an interpretation of a specific requirement suitable forgeneral understanding and use, not as a request for an approval of a proprietary design orsituation. Please provide a condensed andprecise question, composed in such away that a“yes” or “no” reply is acceptable.Proposed Reply(ies): Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. Ifentering replies to more than one question, please number the questions and replies.Background Information: Provide the Committee with any background information that will assist the Committee inunderstanding the inquiry. The Inquirer may also include any plans or drawings that arenecessary to explain the question; however, they should not contain proprietary names orinformation.Requests that arenot in the format describedabovemaybe rewritten in the appropriate formatby theCommitteepriorto 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 application orunderstanding of the Standard requirements. If, based on the inquiry information submitted, it is the opinion ofthe Committee that the Inquirer should seek assistance, the inquiry will be returned with the recommendationthat such assistance be obtained.
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ASMEprocedures provide for reconsideration of any interpretationwhen or if additional information thatmight affectan interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASMECommittee or Subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietarydevice, or activity.
Attending Committee Meetings. The BTH Standards Committee regularly holds meetings and/or telephone confer-ences that are open to the public. Personswishing to attend anymeeting and/or telephone conference should contact theSecretary of the BTH Standards Committee.
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ASME BTH-1–2020
SUMMARY OF CHANGES

Following approval by theASMEBTHCommittee andASME, andafter public review,ASMEBTH-1–2020wasapprovedbythe American National Standards Institute on December 9, 2020.ASME BTH-1–2020 includes the following changes identified by a margin note, (20).
Page Location Change1 1-2 First paragraph revised1 1-4.3 Revised1 1-4.5 Revised2 1-5 (1) Paragraph references deleted from each definition(2) Definition of load block added5 1-6 Paragraph references deleted; fcr revised8 1-7 Updated13 Table 3-2.2-1 Fourth column, eleventh entry and fifth column, sixth entryrevised15 3-2.4 Revised17 3-3.2 Penultimate paragraph revised21 Table 3-4.3-1 Revised23 Table 3-4.4-1 (1) Illustrations in 3.2, 5.3, 6.3 revised(2) Text in 5.1, 5.2, 5.3, 5.4, 6.1, 6.2, 6.3, 7.1, and 8.2 revised37 4-2.2 Revised37 4-2.3 Revised37 4-2.6 Revised37 4-2.7 Revised37 4-3 Revised in its entirety38 4-4.5 First paragraph revised39 4-5.4 Revised42 4-8.2 Revised42 4-10.1 Subparagraph (a) revised45 Chapter 5 Title revised45 5-1.1 Revised52 A-1 Revised52 A-4.2 Revised52 A-4.3 Second paragraph added53 A-5.1 Added54 A-6 Revised54 A-7 Updated58 C-1.3 Last paragraph added60 C-2.2 Revised61 C-2.3.3 Revised
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Page Location Change62 C-2.6 Revised62 C-3.1 Revised63 C-3.2 Last paragraph revised65 C-4.1 Revised65 C-4.2 Last paragraph revised67 D-1.1 Revised67 D-2.2 Revised67 D-2.6 Revised68 D-2.7 Revised68 D-3 (1) Title revised(2) D-3.1 and D-3.2 revised(3) D-3.3 deleted68 D-4.5 First paragraph revised68 D-5.4 Revised70 Nonmandatory Appendix E Title revised70 E-2.5 Revised
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Chapter 1
Scope, Definitions, and References

1-1 PURPOSEThis Standard sets forth design criteria for ASMEB30.20, Below-the-Hook Lifting Devices. This Standardserves as a guide to designers,manufacturers, purchasers,and users of below-the-hook lifting devices.
1-2ð20Þ SCOPEThis Standard provides minimum structural, mechan-ical, and electrical design criteria forASMEB30.20, Below-the-Hook Lifting Devices.The provisions in this Standard apply to the design ormodification of below-the-hook lifting devices. Compli-ance with requirements and criteria that may beunique to specialized industries and environments isoutside the scope of this Standard.Lifting devices designed to this Standard shall complywithASMEB30.20, Below-the-HookLiftingDevices. ASMEB30.20 includes provisions that apply to the marking,construction, installation, inspection, testing, mainte-nance, and operation of below-the-hook lifting devices.The provisions defined in this Standard address themost common and broadly applicable aspects of thedesign of below-the-hook lifting devices. A qualifiedperson shall determine the appropriate methods to beused to address design issues that are not explicitlycovered in the Standard so as to provide design factorsand/or performance consistent with the intent of thisStandard.
1-3 NEW AND EXISTING DEVICESTheeffectivedateof this Standardshall beoneyearafterits date of issuance. Lifting devicesmanufactured after theeffective date shall conform to the requirements of thisStandard.When a lifter is being modified, its design shall bereviewed relative to this Standard, and the need tomeet this Standard shall be evaluatedby themanufactureror a qualified person.
1-4 GENERAL REQUIREMENTS

1-4.1 Design ResponsibilityLifting devices shall be designed by, or under the directsupervision of, a qualified person.

1-4.2 Units of MeasureA dual unit format is used. Values are given in U.S.Customary units as the primary units followed by theInternational System of Units (SI) in parentheses asthe secondary units. The values stated in U.S. Customaryunits are to be regarded as the standard. The SI units in thetext have been directly (softly) converted from U.S.Customary units.
1-4.3 ð20ÞDesign CriteriaAll below-the-hook lifting devices shall be designed forspecified rated loads, load geometry, Design Category (seesection 2-2), and Service Class (see section 2-3). Resolu-tion of loads into forces and stress values affecting struc-tural members, mechanical components, and connectionsshall be performed by an accepted analysis method. Therated load shall not be determined by a load test only.
1-4.4 Analysis MethodsThe allowable stresses and stress ranges defined in thisStandard are based on the assumption of analysis by clas-sical strength of material methods (models), althoughother analysis methods may be used. The analysis tech-niques andmodels usedby thequalifiedperson shall accu-rately represent the loads,material properties, and devicegeometry; stress values resulting from the analysis shallbe of suitable form to permit correlation with the allow-able stresses defined in this Standard.
1-4.5 ð20ÞMaterialThe design provisions of this Standard are based on theuse of carbon, high-strength low-alloy, or heat-treatedconstructional alloy steel for structural members andmany mechanical components. Other materials may beused, provided the design factors and fatigue life areequal to or greater than those required by this Standard.All ferrous and nonferrousmetal used in the fabricationof lifting device structural members and mechanicalcomponents shall be identified by an industry-wide orwritten proprietary specification.
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1-4.6 WeldingAllweldingdesignsandprocedures for lifters fabricatedfromsteel, except for the design strength ofwelds, shall bein accordance with the requirements of AWS D14.1/D14.1M. The design strength of welds shall be asdefined in para. 3-3.4. When conflicts exist betweenAWS D14.1/D14.1M and this Standard, the requirementsof this Standard shall govern.Welding of lifters fabricated from metals other thansteel shall be performed in accordance with a suitablewelding specification as determined by a qualifiedperson, provided the quality and inspection requirementsare equal to or greater than those required by this Stan-dard.
1-4.7 TemperatureThe design provisions of this Standard are consideredapplicablewhen the temperature of the lifter structural ormechanical component under consideration is within therange of 25°F to 150°F (−4°C to 66°C).When the tempera-ture of the component is beyond these limits, special addi-tional design considerations may be required. Theseconsiderations may include choosing a material thathas better cold-temperature or high-temperature proper-ties, limiting the design stresses to a lower percentage ofthe allowable stresses, or restricting use of the lifter untilthe component temperature falls within the stated limits.The design provisions for electrical components areconsidered applicable when ambient temperatures donot exceed 104°F (40°C). Lifters expected to operate inambient temperatures beyond this limit shall have elec-trical components designed for the higher ambienttemperature.
1-5ð20Þ DEFINITIONS

1-5.1 Definitions — General

ambient temperature: the temperature of the atmospheresurrounding the lifting device.
applied load(s): external force(s) acting on a structuralmember or machine element due to the rated load,dead load, and other forces created by the operationand geometry of the lifting device.
below-the-hook liftingdevice (liftingdevice, lifter):adevice,other than a load block, used for attaching a load to a hoist.The devicemay contain components such as slings, hooks,and rigging hardware that are addressed by ASME B30volumes or other standards.
brittle fracture: abrupt cleavage with little or no priorductile deformation.
dead load: the weights of the parts of the lifting device.

design: the activity in which a qualified person createsdevices, machines, structures, or processes to satisfy ahuman need.
design factor: the ratio of the limit state stress(es) orstrength of an element to the permissible internalstress(es) or forces created by the external force(s)that act upon the element.
fatigue: the process of progressive localized permanentmaterial damage that may result in cracks or completefracture after a sufficient number of load cycles.
fatigue life: the number of load cycles of a specific type andmagnitude that a member sustains before failure.
hoist:amachineryunit that is used for lifting and lowering.
lifting attachment: a load-supporting device, such as alifting lug, padeye, trunnion, or similar appurtenancethat is attached to the lifted load, is designed for usewith the specific load to which it is attached, and either

(a) remains attached to the load, or
(b) is removed and not reused.

limit state: a condition in which a structure or componentbecomes unfit for service, such as brittle fracture, plasticcollapse, excessive deformation, durability, fatigue, orinstability, and is judged either to be no longer usefulfor its intended function (serviceability limit state) orto be unsafe (strength limit state).
load block: the assembly of hook or shackle, swivel,bearing, sheaves, pins, and frame suspended by thehoisting rope or load chain.
load cycle: one sequence of loading defined by a rangebetween minimum and maximum stress.
manufacturer: the person, company, or agency respon-sible for the design, fabrication, or performance of abelow-the-hook lifting device or lifting device component.
maximum stress: highest algebraic stress per load cycle.
mechanical component: a combination of one or moremachine elements alongwith their framework, fastenings,etc., designed, assembled, and arranged to support,modify, or transmit motion, including, but not limitedto, the pillow block, screw jack, coupling, clutch, brake,gear reducer, and adjustable-speed transmission.
minimum stress: lowest algebraic stress per load cycle.
modification: any change, addition to, or reconstruction ofa 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 solveor resolve problems relating to the subject matter andwork.
rated load: the maximum load for which the lifting deviceis designated by the manufacturer.
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serviceability limit state: limiting condition affecting theability 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 safetyof the structure, in which the ultimate load-carrying ca-pacity is reached.
stress concentration: localized stress considerably higherthan average (even in uniformly loaded cross sections ofuniform thickness) due to abrupt changes in geometry orlocalized loading.
stress range: algebraic difference between maximum andminimum stress. Tension stress is considered to have theopposite algebraic sign from compression stress.
structural member: a component or rigid assembly ofcomponents fabricated from structural shape(s), bar(s),plate(s), forging(s), or casting(s).
1-5.2 Definitions for Chapter 3

block shear:amodeof failure in aboltedorweldedconnec-tion that is due to a combination of shear and tensionacting on orthogonal planes around the minimum netfailure path of the connecting elements.
compact section: a structural member cross section thatcan develop a fully plastic stress distribution before theonset of local buckling.
effective length: the equivalent length Kl used in compres-sion formulas.
effective length factor: the ratio between the effectivelength and the unbraced length of the member measuredbetween the centers of gravity of the bracing members.
effective net tensile area: portion of the gross tensile areathat is assumed to carry the design tension load at themember’s connections or at locations of holes, cutouts,or other reductions of cross-sectional area.
effective width: the reduced width of a plate that, with anassumed uniform stress distribution, produces the sameeffect on the behavior of a structuralmember as the actualplate width with its nonuniform stress distribution.
faying surface: the plane of contact between two plies of abolted connection.
gross area: full cross-sectional area of the member.
local buckling: the buckling of a compression element thatmayprecipitate the failureof thewholememberat a stresslevel below the yield stress of the material.
noncompact section: a structural member cross sectionthat can develop the yield stress in compression elementsbefore local buckling occurs, but will not resist inelasticlocal buckling at strain levels required for a fully plasticstress distribution.

prismatic member: a member with a gross cross sectionthat does not vary along its length.
prying force: a force due to the lever action that exists inconnections in which the line of application of the appliedload is eccentric to theaxisof thebolt, causingdeformationof the fitting and an amplification of the axial force in thebolt.
slip-critical: a type of bolted connection in which shear istransmitted by means of the friction produced betweenthe faying surfaces by the clamping action of the bolts.
1-5.3 Definitions for Chapter 4

back-driving: a condition where the load imparts motionto the drive system.
coefficient of static friction: the nondimensional numberobtained by dividing the friction force resisting initialmotion between two bodies by the normal force pressingthe bodies together.
drive system: an assembly of components that governs thestarting, stopping, force, speed, and direction imparted toa moving apparatus.
equalizing sheave: a sheave used to equalize tension inopposite parts of a rope. Because of its slight movement,it is not termed a running sheave.
fluid power: energy transmitted and controlled by meansof apressurized fluid, either liquidor gas. The termappliesto both hydraulics,which uses a pressurized liquid such asoil or water, and pneumatics, which uses compressed airor other gases.
L10 bearing life: the basic rating or specification life of abearing.
lock-up: a condition whereby friction in the drive systemprevents back-driving.
pitch diameter: the diameter of a sheave measured at thecenterline of the rope.
running sheave: a sheave that rotates as the load is lifted orlowered.
sheave: a groovedwheel usedwith a rope to change direc-tion and point of application of a pulling force.
vacuum: pressure less than ambient atmospheric pres-sure.
vacuum lifter: a below-the-hook lifting device for liftingand transporting loads using a holding force by meansof vacuum.
vacuum pad: a device that applies a holding force on theload by means of vacuum.
1-5.4 Definitions for Chapter 5

brake: a device, other than a motor, used for retarding orstopping motion of an apparatus by friction or powermeans.
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controller: a device or group of devices that govern, in apredeterminedmanner, the power delivered to themotorto which it is connected.
control panel:anassemblyof components that governs theflow of power to or from a motor or other equipment inresponse to a signal(s) from a control device(s).
control(s): a device used to govern or regulate the func-tions of an apparatus.
control system: an assembly or group of devices thatgovern or regulate the operation of an apparatus.
duty cycle:

=

+

×duty cycle
time on

time on time off
100

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

× =
3

3 2
100 60%

electrical power supply: the specifications of the required orsupplied electricity such as type (AC or DC), volts, amps,cycles, and phase.
electric motor: a rotating machine that transforms elec-trical energy into mechanical energy.
externally powered electromagnet: a lifting magnetsuspended from a crane that requires power from asource external to the crane.
ground (grounded): electrically connected to earth or tosome conducting body that serves in place of the earth.
master switch: a manual switch that dominates the opera-tion of contactors, relays, or other remotely operateddevices.
rectifier: a device for converting alternating current intodirect current.
sensor(s):adevice that responds toaphysical stimulusandtransmits the resulting signal.
switch: a device for making, breaking, or changing theconnections in an electric circuit.
1-5.5 Definitions for Chapter 6

air gap: the distance between the surface of the ferrousload and the magnetic pole surfaces of the magnet. Thisgap may be air space caused by an uneven load surface,rust or scale on the load, paint, oil or coolant, dirt, shopcloths, paperwrapping, etc. Theair gaphas apermeability,
μ0, similar to that of free space.
coercivity: demagnetizing force required to reduce theresidual magnetic induction of a permanent magnet, Br,to zero.

effective magnet contact area: the component of a liftingmagnet that is in contact with the load. To be consideredpart of the effectivemagnet contact area, the areamust bepart of the magnetic circuit.
electrically controlled permanent magnet: a lifting magnetthat 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 coildesigned to absorb the magnetic field and create flux.
electro-permanent magnet core: the permanent magnetmaterial inside of the power coil that is designed toretain residual induction after energizing, therebycreating the flux.
encapsulation compound: the material that replaces thevolume of air inside of the magnetic assembly. Commonlyused for vibration reduction, heat dissipation, and insula-tion to the environmental conditions.
flux density (magnetic induction): the magnetic fieldinduced by a magnetic field strength, H, at a givenplace. The flux density is the flux per unit area normalto the magnetic circuit.
flux path: the component of a liftingmagnet throughwhichthe flux must travel to reach the effective magnet contactarea.
flux source: the component of a lifting magnet that createsthe flux. The flux source can be either an electromagnet ora permanent magnet.
hysteresis curve: a four-quadrant graph that shows therelationship between the flux density, B, and themagneticfield strength, H, under varying conditions.
intrinsic coercive force: ability of magnet material to resistdemagnetization.
magnet duty cycle: the percentage of time an electro-magnet can be energized, Te, relative to total cycletime. De-energized time equals Td. If not rated as contin-uous, themagnetduty cycle rating includes informationonmaximum continuous energized time and minimum de-energized time to prevent overheating.

=

+

×
T

T T
magnet duty cycle 100e

e dEXAMPLE: 3 min energized, 2 min de-energized equals
+

× =
3

3 2
100 60%

magnetic circuit: the magnetic circuit consists of a flux source, aflux path, and the effective magnet contact area. In the “attach”condition, the flux path includes the load. Themagnetic circuit ingeneral describes a closed-loop circuit that describes the pathfrom a “north” pole to a “south” pole of the flux source.
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magnetomotive force: the force that creates flux in amagnetic circuit.
manually controlled permanent magnet: a lifting magnetthat derives holding force from permanent magnet mate-rial and requires amanual effort during periods of attach-ment or release [see Figure 1-5.5-1, illustration (b)].
maximum energy product: external energy produced bymagnet.
northpole: thepoleexhibitingpositivemagnetic fieldchar-acteristicswhenmeasuredby amagnetic device (oppositeof a south pole).
permanentmagnetmaterial:a ferromagneticmaterial thatretains a level of residual induction when the externalmagnetic field strength is reduced to zero.
permeability: the ratio of the flux density in a material at apoint to the magnetic field strength at that point.
pole: an area of the magnetic circuit that exhibits aconstant flux density of either a positive or negative atti-tude. This can be in either the effective magnet contactarea or the flux source.
power coil: a solenoidwoundaround a ferromagnetic elec-tromagnet or electro-permanent magnet core, commonlymultiple layers of windings deep. The power coil is usedfor creating a magnetic field in the core.
release mechanism: the component of the lifting magnetthat changes the connection to the load between “attach”and “release.”
reluctance: the ratio between the magnetomotive forceacting around a magnetic circuit and the resulting flux.
residual magnetic induction: the intensity of magneticinduction that is retained inside of a magnetic materialwhen the external magnetic field strength is reducedto zero, in a closed magnetic circuit scenario.
south pole: the pole exhibiting negative magnetic fieldcharacteristics when measured by a magnetic device(opposite of a north pole).
1-6 ð20ÞSYMBOLSEach symbol is defined where it is first used.NOTE: Some symbols may have different definitions within thisStandard.
1-6.1 Symbols for Chapter 32a = length of the nonwelded root face in thedirection of the thickness of the tension-loaded plate, in. (mm)

A = cross-sectional area, in.2 (mm2)
a = distance from the edge of the pinhole to theedge of the plate in the direction of theapplied load, in. (mm)
Af = area of the compression flange, in.2 (mm2)

Figure 1-5.5-1 Magnetic Lifters
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As = tensile stress area, in.2 (mm2)
Av = total area of the two shear planes beyondthe pinhole, in.2 (mm2)
B = factor for bending stress in tees and doubleangles
b = width of a compression element, in. (mm)
be = actual net width of a pin-connected platebetween the edge of the hole and theedge of the plate on a line perpendicularto the line of action of the applied load,in. (mm)

beff = effective width to each side of the pinhole,in. (mm)
bf = width of the compression flange, in. (mm)
Cb = bending coefficient dependent on momentgradient
Cc = columnslenderness ratio separating elasticand inelastic buckling
Cf = stress category constant for fatigueanalysis

CLTB = lateral-torsional buckling strength coeffi-cient
Cm = coefficient applied tobending term in inter-action equation for prismatic member anddependent on column curvature caused byapplied moments

Cmx, Cmy = coefficient applied tobending term in inter-action equation about the x- or y-axis, asindicated
Cr = strength reduct ion factor for pin-connected plates
D = outside diameter of circular hollow section,in. (mm)
d = depth of the section, in. (mm); diameter ofroller, in. (mm)

Dh = hole diameter, in. (mm)
Dp = pin diameter, in. (mm)
E = modulus of elasticity
x = 29,000 ksi (200 000 MPa) for steel

Exx = nominal tensile strength of the weld metal,ksi (MPa)
Fa = allowable axial compression stress, ksi(MPa)
fa = computed axial compressive stress, ksi(MPa)
Fb = allowable bending stress, ksi (MPa)

Fbx, Fby = allowable bending stress about the x- or y-axis, as indicated, ksi (MPa)
fbx, fby = computed bending stress about the x- or y-axis, as indicated, ksi (MPa)

Fcr = allowable critical stress due to combinedshear and normal stresses, ksi (MPa)
fcr = computed critical stress, ksi (MPa)
Fe′ = Euler stress for a prismatic memberdivided by the design factor, ksi (MPa)

Fex′, Fey′ = Euler stress about the x- or y-axis, as indi-cated, divided by the design factor, ksi(MPa)
Fp = allowable bearing stress, ksi (MPa)
Fsr = allowable stress range for the detail underconsideration, ksi (MPa)
Ft = allowable tensile stress, ksi (MPa)
ft = computed axial tensile stress, ksi (MPa)

Ft′ = allowable tensile stress for a bolt subjectedto combined tension and shear stresses, ksi(MPa)
FTH = threshold value for Fsr, ksi (MPa)
Fu = specified minimum tensile strength, ksi(MPa)
Fv = allowable shear stress, ksi (MPa)
fv = computed shear stress, ksi (MPa)

fx, fy = computed normal stress in the x or y direc-tion, as indicated, ksi (MPa)
Fy = specified minimum yield stress, ksi (MPa)
G = shear modulus of elasticity
x = 11,200 ksi (77 200 MPa) for steel
h = clear depth of the plate parallel to theapplied shear force at the section underinvestigation. For rolled shapes, thisvalue may be taken as the clear distancebetween flanges less the fillet or cornerradius, in. (mm)
hc = twice the distance from the center ofgravity to the following: the inside faceof the compression flange less the filletor corner radius, for rolled shapes; thenearest line of fasteners at the compressionflange or the inside faces of the compres-sion flange when welds are used, for built-up sections, in. (mm)
hp = twice the distance from the plastic neutralaxis to the nearest line of fasteners at thecompression flange or the inside face of thecompression flange when welds are used,in. (mm)
Ix = major axis moment of inertia, in.4 (mm4)
Iy = minor axis moment of inertia, in.4 (mm4)
J = torsional constant, in.4 (mm4)
K = effective length factor based on the degreeof fixity at each end of the member
l = the actual unbraced length of the member,in. (mm)

Lb = distance between cross sections bracedagainst twist or lateral displacement ofthe compression flange; for beams notbraced against twist or lateral displace-ment, the greater of the maximum distancebetween supports or the distance betweenthe two points of applied load that are far-thest apart, in. (mm)
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Lp = maximum laterally unbraced length of abending member for which the fullplastic bending capacity can be realized,uniform moment case (Cb = 1.0), in. (mm)
Lr = laterally unbraced length of a bendingmember above which the limit state willbe lateral-torsional buckling, in. (mm)
M = allowable major axis moment for tees anddouble-angle members loaded in the planeof symmetry, kip-in. (N·mm)
m = number of slip planes in the connection

M1 = smaller bending moment at the end of theunbraced length of a beam taken about themajor axis of the member, kip-in. (N·mm)
M2 = larger bending moment at the end of theunbraced length of a beam taken aboutthe major axis of the member, kip-in.(N·mm)
Mp = plastic moment, kip-in. (N·mm)
My = moment at yielding of the extreme fiber,kip-in. (N·mm)
N = desired design fatigue life in load cycles ofthe detail being evaluated

Nd = nominal design factor
Neq = equivalent number of constant-amplitudeload cycles at stress range, SRref
ni = number of load cycles for the ithportion of avariable-amplitude loading spectrum
Pb = allowable single plane fracture strengthbeyond the pinhole, kips (N)
Ps = allowable shear capacity of a bolt in a slip-critical connection, kips (N)
Pt = allowable tensile strength through thepinhole, kips (N)
Pv = allowable double plane shear strengthbeyond the pinhole, kips (N)
R = distance from the center of the hole to theedge of the plate in the direction of theapplied load, in. (mm); variable used inthe cumulative fatigue analysis; radius ofedge of plate
r = radius of gyration about the axis underconsideration, in. (mm); radius of curva-ture of the edge ofthe plate, in. (mm)

Rp = allowable bearing load on rollers, kips/in.(N/mm)
rT = radius of gyration of a section comprisingthe compression flange plus one-third ofthe compression web area, taken aboutan axis in the plane of the web, in. (mm)
ry = minor axis radius of gyration, in. (mm)

SRi = stress range for the ith portion of variable-amplitude loading spectrum, ksi (MPa)
SRref = reference stress range to whichNeq relates,ksi (MPa)

Sx = major axis section modulus, in.3 (mm3)

Sxc = major axis section modulus with respect tothe compression side of the member, in.3(mm3)
Sxt = major axis section modulus with respect tothe tension side of the member, in.3 (mm3)
t = thicknessof theplate, in. (mm); thicknessofa compression element, in. (mm)

tp = thickness of the tension-loaded plate, in.(mm)
tw = thickness of the web, in. (mm)
w = leg size of the reinforcing or contouringfillet, if any, in the direction of the thicknessof the tension-loaded plate, in. (mm)
Zx = major axis plastic modulus, in.3 (mm3)
Z′ = loss of length of the shear plane in a pin-connected plate, in. (mm)
ϕ = shear plane locating angle for pin-connected plates, deg

1-6.2 Symbols for Chapter 4

A = effective area of the vacuum pad enclosedbetween the pad and the material when thepad is fully compressed against the materialsurface to be lifted, in.2 (mm2)
Cr = basic dynamic load rating to theoreticallyendure one million revolutions, per bearingmanufacturer, lb (N)
d = nominal shaft diameter or bearing insidediameter, in. (mm)

Dt = diametral pitch, in.−1 (mm−1)
F = face width of smaller gear, in. (mm)

Fa = axial component of the actual bearing load, lb(N)
FH = minimum force on each side of the load, lb (N)
Fr = radial component of the actual bearing load, lb(N)
Fs = total support force created by the lifter, lb (N)
H = bearing power factor

KA = fatigue stress amplification factor
KST = stress amplification factor for torsional shear
KTB = stress amplification factor for bending
KTD = stress amplification factor for direct tension

L = bearing length, in. (mm)
L10 = basic rating life exceeded by 90% of bearingstested, hr
LG = allowable tooth load in bending, lb (N)
N = rotational speed, rpm
Nv = vacuum pad design factor based on orientationof load
P = average pressure, psi (MPa)
Pr = dynamic equivalent radial load, lb (N)
S = computed combined axial/bending stress, ksi(MPa)

Sa = computed axial stress, ksi (MPa)
Sav = portion of the computed tensile stress not dueto fluctuating loads, ksi (MPa)
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Sb = computed bending stress, ksi (MPa)
Sc = computed combined stress, ksi (MPa)
Se = fatigue (endurance) l imit of pol ished,unnotched specimen in reversed bending, ksi(MPa)
Sec = corrected fatigue (endurance) limit of shaft inreversed bending, ksi (MPa)
Sf = computed fatigue stress, ksi (MPa)
SR = portion of the computed tensile stress due tofluctuating loads, ksi (MPa)
St = computed axial tensile stress, ksi (MPa)
Su = specified minimum tensile strength, ksi (MPa)
Sy = specified minimum yield stress, ksi (MPa)UPC = calculated ultimate vacuumpad capacity, lb (N)
V = surface velocity of shaft, ft/min (m/s)

Vp = minimum vacuum level specified at the pad, psi(MPa)VPR = maximum calculated pad rating, lb (N)
W = bearing load, lb (N)
X = dynamic radial load factor per bearing manu-facturer
Y = Lewis form factor; dynamic axial load factor perbearing manufacturer
θ = angle of vacuum pad interface surfacemeasured from horizontal, deg
σy = specified minimum yield stress, psi (MPa)
τ = computed combined shear stress, ksi (MPa)

τav = portion of the computed shear stress not due tothe fluctuating loads, ksi (MPa)
τf = computed combined fatigue shear stress, ksi(MPa)
τR = portion of the computed shear stress due tofluctuating loads, ksi (MPa)
τT = computed torsional shear stress, ksi (MPa)
τV = computed transverse shear stress, ksi (MPa)

1-6.3 Symbols for Chapter 6NOTE: Calculations for magnet design are commonly performedin SI units (m, kg, s). Therefore, the equations in Chapter 6 arepresented in SI units.
A = cross-sectional area of themagnetic circuit orsegment of the circuit, m2
Ae = cross-sectional area of electromagnet core,m2
Am = effective magnet contact area, m2
Ap = polar surface area of permanent magnet, m2
Be = flux density of electromagnet core, T

BHmax = maximum energy product, N/m2
Bm = flux density, T
Br = residual magnetic induction of a permanentmagnet, T
C = constant in eq. (6-1)
F = resultant force, N

Fm = magnetomotive force of magnetic circuit, A
Hc = coercivity of the permanent magnet, A/m
Hci = intrinsic coercive force, A/m

I = current in the coil wire, A
L = magnetic length, m
l = length of the magnetic circuit or segment ofthe circuit, m

N = number of turns in the coil
R = reluctance of the magnetic circuit, A/Wb

Rn = reluctance of an individual section of themagnetic circuit, A/Wb
Rtot = total reluctance of themagnetic circuit, A/Wb
ϕc = flux available to magnetic circuit, Wb
ϕe = flux from electromagnet flux source, Wb
ϕm = total flux required for application, Wb
ϕp = flux from permanent magnet flux source, Wb
μ = permeability of the material, henries permeter (H/m)

1-7 ð20ÞREFERENCESThe following is a list of publications referenced in thisStandard:ANSI/AGMA 2001-D04 (reaffirmed March 2016), Funda-mental Rating Factors and Calculation Methods forInvolute Spur and Helical Gear TeethPublisher: American Gear Manufacturers Association(AGMA), 1001 North Fairfax Street, Suite 500, Alexan-dria, VA 22314 (www.agma.org)ANSI/NFPA 70-2020, National Electrical CodePublisher: National Fire Protection Association (NFPA), 1Batterymarch Park, Quincy, MA 02169 (www.nfpa.org)ASME B17.1-1967 (R2013), Keys and KeyseatsASME B30.20-2018, Below-the-Hook Lifting DevicesASME B30.26-2015, Rigging HardwareASME B30.30-2019, RopesPublisher: The American Society of Mechanical Engineers(ASME), Two Park Avenue, New York, NY 10016-5990(www.asme.org)ASTMF3125/F3125M-18, Standard Specification forHighStrength Structural Bolts and Assemblies, Steel andAlloy Steel, Heat Treated, Inch Dimensions 120 ksiand 150 ksi Minimum Tensile Strength, and MetricDimensions 830 MPa and 1040 MPa MinimumTensile StrengthPublisher: American Society for Testing and Materials(ASTM International), 100 Barr Harbor Drive, P.O.Box C700, West Conshohocken, PA 19428-2959(www.astm.org)AWS D14.1/D14.1M-2005, Specification for Welding ofIndustrial and Mill Cranes and Other Material HandlingEquipmentPublisher: AmericanWelding Society (AWS), 8669NW36Street, No. 130, Miami, FL 33166 (www.aws.org)
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DIN 6885-1(1968), Drive Type Fastenings Without TaperAction; Parallel Keys, Keyways, Deep PatternPublisher: Deutsches Institut für Normung, e. V. (DIN),Budapester Straße 31, 10787 Berlin, Germany(www.din.de)NEMA ICS 2-2000 (R2005), Controllers, Contactors, andOverload Relays Rated 600 VoltsNEMA ICS 6-1993 (R2016), Industrial Control andSystems: EnclosuresANSI/NEMA MG 1-2016, Motors and Generators

Publisher: National Electrical Manufacturers Association(NEMA), 1300 North 17th Street, Suite 900, Arlington,VA 22209 (www.nema.org)Pilkey, W. D., and Pilkey, D. F., 2008, Peterson’s Stress
Concentration Factors, 3rd editionPublisher: John Wiley & Sons, Inc., 111 River Street,Hoboken, NJ 07030-5774 (www.wiley.com)Specification for Structural Steel Buildings, 2010Publisher:American Instituteof SteelConstruction (AISC),130 East Randolph, Suite 2000, Chicago, IL 60601(www.aisc.org)
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Chapter 2
Lifter Classifications

2-1 GENERALADesign Category and Service Class shall be designatedfor each lifter.
2-1.1 SelectionThe selection of a Design Category (static strengthcriteria) and Service Class (fatigue life criteria) describedin sections 2-2 and 2-3 shall be based on the operatingconditions (use) and expected life of the lifter.
2-1.2 ResponsibilityThe selection of Design Category and Service Class shallbe the responsibilityof aqualifiedperson representing theowner, purchaser, or user of the lifting device. If not speci-fied by the owner, purchaser, or user, the Design Categoryand Service Class shall be designated by the qualifiedperson responsible for the design.
2-1.3 IdentificationThe Design Category and Service Class shall be markedon the lifter and appear on quotations, drawings, anddocumentation associated with the lifter.
2-1.4 EnvironmentAll lifter components are assumed to operatewithin thetemperature range defined in para. 1-4.7 and normalatmospheric conditions (free from excessive dust,moisture, and corrosive environments). Lifter compo-nents operating at temperatures outside the range speci-fied in para. 1-4.7 may require additional consideration.

2-2 DESIGN CATEGORYTheDesign Categories defined in paras. 2-2.1, 2-2.2, and2-2.3 provide for different design factors that establish thestress limits tobeused in thedesign.Thedesign factorsaregiven in para. 3-1.3.Lifters shall be designed to Design Category B, unless aqualified person determines that Design Category A isappropriate or that Design Category C is required for aspecial application.
2-2.1 Design Category A

(a) Design Category A should be designated when themagnitude and variation of loads applied to the lifter arepredictable, where the loading and environmental condi-tions are accurately defined or not severe.
(b) Design Category A lifting devices shall be limited toService Class 0.
(c) The nominal design factor for Design Category Ashall be in accordance with para. 3-1.3.

2-2.2 Design Category B

(a) Design Category B should be designated when themagnitude and variation of loads applied to the lifter arenot predictable, where the loading and environmentalconditions are severe or not accurately defined.
(b) The nominal design factor for Design Category Bshall be in accordance with para. 3-1.3.

2-2.3 Design Category C

(a) Design Category C should be designated for thedesign of special-application lifting devices for whichthe specified design factor is required.
(b) The nominal design factor for Design Category Cshall be in accordance with para. 3-1.3.

2-3 SERVICE CLASSThe Service Class of the lifter shall be determined fromTable2-3-1basedon thespecified fatigue life (loadcycles).The selected Service Class establishes allowable stressrange values for structural members (section 3-4) anddesign parameters for mechanical components(sections 4-6 and 4-7).
Table 2-3-1 Service Class

Service Class Load Cycles0 0–20,0001 20,001–100,0002 100,001–500,0003 500,001–2,000,0004 Over 2,000,000
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Chapter 3
Structural Design

3-1 GENERAL

3-1.1 PurposeThis Chapter sets forth design criteria for prismaticstructural members and connections of a below-the-hook lifting device.
3-1.2 LoadsBelow-the-hook lifting devices shall be designed toresist the actual applied loads. These loads shallinclude the rated load, the weights of the individualcomponents of the lifter, and other forces created bythe operation of the lifter, such as gripping force orlateral loads. The loads used in the design of the structuraland mechanical components of a lifting magnet shall bederived based on the maximum breakaway force of themagnet. Resolution of these loads into member andconnection forces shall be performed by an acceptedstructural analysis method.
3-1.3 Static Design Basis

3-1.3.1 Nominal Design Factors. The static strengthdesign of a below-the-hook lifting device shall bebased on the allowable stresses defined in sections 3-2and 3-3. The minimum values of the nominal designfactor, Nd, in the allowable stress equations shall be asfollows:
Nd = 2.00 for Design Category A lifters
x = 3.00 for Design Category B lifters
x = 6.00 for Design Category C lifters
3-1.3.2 Other Design Conditions. Allowable stressesfor design conditions not addressed herein shall bebased on the following design factors:
(a) Design factors for Design Category A lifting devicesshall be not less than 2.00 for limit states of yielding orbuckling and 2.40 for limit states of fracture and forconnection design.
(b) Design factors for Design Category B lifting devicesshall be not less than 3.00 for limit states of yielding orbuckling and 3.60 for limit states of fracture and forconnection design.

(c) Design factors for Design Category C lifting devicesshall be not less than 6.00 for limit states of yielding orbuckling and 7.20 for limit states of fracture and forconnection design.
3-1.4 Fatigue Design BasisMembers and connections subject to repeated loadingshall be designed so that the maximum stress does notexceed the values given in sections 3-2 and 3-3, andthe maximum range of stress does not exceed thevalues given in section 3-4. Members and connectionssubjected to fewer than 20,000 load cycles (ServiceClass 0) need not be analyzed for fatigue.
3-1.5 Curved MembersThe design of curved members that are subjected tobending in the plane of the curve shall account for theincrease inmaximumbending stress due to the curvature,as applicable.The stress increase due to member curvature need notbe considered for flexural members that can develop thefull plastic moment when evaluating static strength. Thisstress increase shall be considered when evaluatingfatigue.
3-1.6 Allowable StressesAll structural members, connections, and connectorsshall be proportioned so the stresses due to the loadsstipulated in para. 3-1.2 do not exceed the allowablestresses and stress ranges specified in sections 3-2,3-3, and 3-4. The allowable stresses specified in thesesectionsdonot apply topeak stresses in regionsof connec-tions, provided the requirements of section 3-4 are satis-fied.
3-1.7 Member PropertiesThe section properties of hollow structural sections(HSS) and pipe shall be based on the designwall thicknessequal to 0.93 times the nominalwall thickness for electric-resistance-welded (ERW)shapes andequal to thenominalwall thickness for submerged-arc-welded (SAW) shapes.When the manufacturing method is not known or cannotbe reliably determined, the smaller value shall be used.
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3-2 MEMBER DESIGN

3-2.1 Tension MembersThe allowable tensile stress, Ft, shall not exceed thevalue given by eq. (3-1) on the gross area nor thevalue given by eq. (3-2) on the effective net tensile area.
=F

F
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t

y

d

(3-1)
=F

F

N1.20
t

u

d

(3-2)
where

Fu = specified minimum tensile strength
Fy = specified minimum yield stressRefer to para. 3-3.3 for pinned connection design re-quirements.

3-2.2 Compression MembersThe allowable axial compression stress, Fa, on the grossarea where all of the elements of the section meet theprovisions of Table 3-2.2-1 and when the largest slender-ness ratio, Kl/r, is less than Cc is
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When Kl/r exceeds Cc, the allowable axial compressivestress on the gross section is

=F
E

N Kl r1.15 ( / )
a

d

2

2
(3-5)

where
E = modulus of elasticity
K = effective length factor based on the degree of fixityat each end of the member
l = the actual unbraced length of the member
r = radius of gyration about the axis under considera-tion

3-2.3 Flexural Members

3-2.3.1 Major Axis Bending of Compact Sections. Theallowable bending stress, Fb, for members with compactsections as defined by Table 3-2.2-1 symmetrical about,

and loaded in, the plane of theminor axis, with the flangescontinuously connected to the web or webs, and laterallybraced at intervals not exceedingLp as defined by eq. (3-7)for I-shape members and by eq. (3-8) for box members is
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(3-8)
where

A = cross-sectional area
Af = area of the compression flange
d = depth of the section
J = torsional constant

Mp = plastic moment
x = Fy Zx ≤ 1.5FySx for homogeneous sections
ry = minor axis radius of gyration
Sx = major axis section modulus
Zx = major axis plastic modulusFor circular tubes with compact walls as defined byTable 3-2.2-1 or square tubes or square box sectionswith compact flanges and webs as defined by Table3-2.2-1 and with the flanges continuously connected tothe webs, the allowable bending stress is given by eq.(3-6) for any length between points of lateral bracing.
3-2.3.2 Major Axis and Minor Axis Bending of

Compact Sections With Unbraced Length Greater
Than Lp and Noncompact Sections. The allowablebending stress formembers with compact or noncompactsections as defined by Table 3-2.2-1, loaded through theshear center, bent about either the major or minor axis,and laterally braced at intervals not exceedingLr formajoraxis bending as defined by eq. (3-10) for I-shapemembersandbyeq. (3-11) forboxmembers is givenbyeq. (3-9). Forchannels bent about themajor axis, the allowable bendingstress is given by eq. (3-17).
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= + +C M M M M1.75 1.05( / ) 0.3( / ) 2.3b 1 2 1 2
2 (3-12)

where M1 is the smaller and M2 is the larger bendingmoment at the ends of the unbraced length, takenabout the major axis of the member, and where M1/M2is positive when M1 and M2 have the same sign

(reverse curvature bending). Cb may be conservativelytaken as unity. When the bending moment at any pointwithin an unbraced length is larger than that at bothends of this length, Cb shall be taken as unity [seeeq. (3-12)].For I-shape members and channels bent about themajor axis and with unbraced lengths that fall in therangesdefinedbyeither eq. (3-13) or eq. (3-15), the allow-ablebendingstress in tension is givenbyeq. (3-9). Foran I-shape member for which the unbraced length of thecompression flange falls into the range defined by eq.(3-13), the allowable bending stress in compression is

Table 3-2.2-1 ð20ÞLimiting Width-Thickness Ratios for Compression Elements

Description of Element

Width-
Thick-

ness Ratio

Limiting Width-
Thickness Ratios
for Members
Subject to Axial
Compression

Limiting Width-Thickness Ratios for
Members Subject to Flexure

Compact NoncompactFlanges of I-shape rolled beams, channels,and tees b/t E F0.56 / y E F0.38 / y E F1.00 / yFlanges of doubly and singly symmetric I-shape built-up sections and plates orangle legs projecting from built-up I-shape sections
b/t k E F0.64 /c y[Note (1)] E F0.38 / y k E F0.95 /c L [Notes (1), (2)]

Plates projecting from rolled I-shapesections; outstanding legs of pairs ofangles in continuous contact b/t E F0.56 / y
… …

Legs of single angles; legs of double angleswith separators; unstiffened elements,i.e., supported along one edge b/t E F0.45 / y E F0.54 / y E F0.91 / y

Flanges of all I-shape sections andchannels in flexure about the weak axis b/t … E F0.38 / y E F1.00 / yStems of tees d/t E F0.75 / y E F0.84 / y E F1.52 / yFlanges of rectangular box and hollowstructural sectionsof uniform thickness;flange cover plates and diaphragmplates between lines of fasteners orwelds
b/t E F1.40 / y E F1.12 / y E F1.40 / y

Webs of doubly symmetric I-shapesections and channels h/tw E F1.49 / y E F3.76 / y E F5.70 / yWebs of singly symmetric I-shape sections hc/tw …
i

k

jjjjjj

y
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zzzzzz

5.70
E

F
0.54 0.09

hc

hp

E

Fy

Mp

My

y
2

E F5.70 / y

Webs of rectangular HSS and boxes h/tw E F1.40 / y E F2.42 / y E F5.70 / yAll other uniformly compressed stiffenedelements, i.e., supported along twoedges b/t
h/tw E F1.49 / y E F1.12 / y E F1.49 / y

Circular hollow sections D/t 0.11E/Fy 0.07E/Fy 0.31E/FyNOTES:(1) The following values apply: =k kand 0.35 0.76.c
h t

c

4

/ w(2) The following values apply:
FL = 0.7Fy for major axis bending of compact and noncompact web built-up I-shape members with Sxt/Sxc ≥ 0.7;
FL = Fy Sxt/Sxc ≥ 0.5Fy for major axis bending of compact and noncompact web built-up I-shape members with Sxt/Sxc < 0.7.
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the larger of thevalues givenbyeqs. (3-14) and (3-17). Foran I-shape member for which the unbraced length of thecompression flange falls into the range defined by eq.(3-15), the allowable bending stress in compression isthe larger of the values given by eqs. (3-16) and (3-17).Equation (3-17) is applicable only to sections with acompression flange that is solid, is approximately rectan-gular in shape, and has an area not less than the tensionflange. For channels bent about the major axis, the allow-able compressive stress is given by eq. (3-17).
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For any value of Lb/rT
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where
bf = width of the compression flange

CLTB = 1.00 for beams braced against twist or lateraldisplacement of the compression flange at theends of the unbraced length
=

+ 0.275 1.00
EI GJ

L b

2.00( / )

( / )

x

b f
2

f o r beams no tbraced against twist or lateral displacementof the compression flange at the ends of theunbraced length
Ix = major axis moment of inertia
Lb = distance between cross sections braced againsttwist or lateral displacement of the compres-sion flange; for beams not braced againsttwist or lateral displacement, the greater ofthe maximum distance between supports orthe distance between the two points ofapplied load that are farthest apart

rT = radius of gyration of a section comprising thecompression flange plus one-third of thecompression web area, taken about an axisin the plane of the webThe allowable bending stress for box members forwhich the unbraced length exceeds Lr as defined byeq. (3-11) shall be calculated by a suitable method asdetermined by a qualified person.The allowable major axis moment, M, for tees anddouble-angle members loaded in the plane of symmetryis
= + +M C
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where

a = 1.0 if the stem is in compressionx = 1.25 if the stem is in tension
B = ±2.3(d/Lb) I J/y

CLTB = 1.00 for beams braced against twist or lateraldisplacementof the compressionelementat theends of the unbraced length
x =

1.00
EI GJ

L b

0.25 /

/

x

b f
for beams not bracedagainst twist or lateral displacement of thecompression flange at the ends of the unbracedlength if the stem is in tension

x =
1.00

EI GJ

L b

0.50 /

/

x

b f
for beams not bracedagainst twist or lateral displacement of thecompression flange at the ends of the unbracedlength if the stem is in compression

G = shear modulus of elasticity
Iy = minor axis moment of inertiaThe value B is positive when the stem is in tension andnegativewhen the stem is in compression anywhere alongthe unbraced length.Equation (3-18) applies to members with compact ornoncompact flanges. The bending strength of memberswith slender flanges shall be evaluated by suitable means.

3-2.3.3 MajorAxisBendingof SolidRectangularBars.The allowable bending stress for a rectangular section ofdepth, d, and thickness, t, is given as follows:If
L d
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(3-21)
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L d
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(3-24)
where

CLTB = 1.00 for beams braced against twist or lateraldisplacementof the compressionelementat theends of the unbraced length
x =

1.00
EI GJ

L t

3.00 /

/

x

b
for beams not bracedagainst twist or lateral displacement of thecompression element at the ends of theunbraced length

3-2.3.4 Minor Axis Bending of Compact Sections,
Solid Bars, and Rectangular Sections. For doublysymmetric I- and H-shape members with compactflanges as defined by Table 3-2.2-1 continuouslyconnected to the web and bent about their minor axes,solid round and square bars, and solid rectangularsections bent about their minor axes, the allowablebending stress is

=F
F

N

1.25

b
y

d

(3-25)
For rectangular tubes or box shapes with compactflanges and webs as defined by Table 3-2.2-1, with theflanges continuously connected to the webs, and bentabout their minor axes, the allowable bending stress isgiven by eq. (3-6).
3-2.3.5 Biaxial Bending. Members other than cylin-drical members subject to biaxial bending with noaxial load shall be proportioned to satisfy eq. (3-26). Cy-lindrical members subject to biaxial bending with no axialload shall be proportioned to satisfy eq. (3-27).
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(3-26)
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bx by

b

2 2 (3-27)
where
Fbx or Fby = allowable bending stress about the x- or y-axis, as indicated, from para. 3-2.3
fbx or fby = computedbending stress about the x- or y-axis, as indicated
3-2.3.6 Shear on Bars, Pins, and Plates. The averageshear stress Fv on bars, pins, and plates for which

h t E F/ 2.45 / y shall not exceed
=F

F

N 3
v

y

d

(3-28)
where

h = cleardepthof theplateparallel to theapplied shearforce at the section under investigation. For rolledshapes, this value may be taken as the cleardistance between flanges less the fillet orcorner radius.
t = thickness of the plateMethods used to determine the strength of platessubjected to shear forces for which >h t E F/ 2.45 / y shallprovide a design factor with respect to the limit state ofbuckling not less than the applicable value given inpara. 3-1.3.

3-2.4 ð20ÞCombined Axial and Bending StressesMembers subject to combined axial compression andbending stresses shall be proportioned to satisfy the re-quirements in (a) and (b). Members subject to combinedaxial tension and bending stresses shall be proportionedto satisfy the requirements in (c).
(a) All members except cylindrical members shallsatisfy eqs. (3-29) and (3-30) . When fa/Fa ≤ 0.15, eq.(3-31) is permitted in lieu of eqs. (3-29) and (3-30).
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(b) Cylindrical members shall satisfy eqs. (3-32) and(3-33). When fa/Fa ≤ 0.15, eq. (3-34) is permitted inlieu of eqs. (3-32) and (3-33).
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(c) Members subject to combined axial tension andbending stresses shall be proportioned to satisfy thefollowing equations. Equation (3-35) applies to allmembers except cylindrical members. Equation (3-36)applies to cylindrical members.
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In eqs. (3-29) through (3-36),
Fa = allowable axial compressive stress frompara. 3-2.2
fa = computed axial compressive stress

Fe′ = E

N KI r1.15 ( / )d

2

2

Ft = allowable tensile stress from para. 3-2.1
ft = computed axial tensile stresswhere the slenderness ratio, Kl/r, is that in the plane ofbending under consideration

Cm = Cmx = Cmy = 1.0Lowervalues forCm,Cmx, andCmymaybeused if justifiedby analysis.
3-2.5 Combined Normal and Shear StressesRegions of members subject to combined normal andshear stresses shall be proportioned such that the criticalstress fcr computed with eq. (3-37) does not exceed theallowable stress Fcr defined in the equation.

= + + =f f f f f f F
F

N
3cr x x y y v cr

y

d

2 2 2 (3-37)
where

Fcr = allowable critical stress due to combined shearand normal stresses
fv = computed shear stress
fx = computed normal stress in the x direction
fy = computed normal stress in the y direction

3-2.6 Local BucklingThe width–thickness ratios of compression elementsshall be less than or equal to the values given inTable 3-2.2-1 to be fully effective.Methods used to determine the strength of slendercompression elements shall provide a design factorwith respect to the limit state of buckling no less thanthe applicable value given in para. 3-1.3.
3-3 CONNECTION DESIGN

3-3.1 GeneralIn connection design, bolts shall not be considered assharing stress in combination with welds. When thegravity axes of connecting, axially stressed membersdo not intersect at one point, provision shall be madefor bending and shear stresses due to eccentricity inthe connection.The allowable bearing stress, Fp, on the contact area ofmilled surfaces, fitted bearing stiffeners, and other steelparts in static contact is
=F

F

N

1.8

1.20
p

y

d

(3-38)
The allowable bearing load,Rp, in kips per inch of length(N/mm) on rollers is

=
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1.20 20
p

d

y (3-39)
where

a = 1.2 if d ≤ 25 in. (635 mm)
x = 6.0 if d > 25 in. when using U.S. Customary units(Fy, ksi)
x = 30.2 if d > 635 mm when using SI units (Fy, MPa)
c = d if d ≤ 25 in. (635 mm)
x = d if d > 25 in. (635 mm)
d = diameter of roller
f = 13 when using U.S. Customary units (Fy, ksi)
x = 90 when using SI units (Fy, MPa)

Fy = lower yield stress of the parts in contact
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3-3.2ð20Þ Bolted ConnectionsA bolted connection shall consist of a minimum of twobolts. Bolt spacing and edge distance shall be determinedby an accepted design approach so as to provide aminimum design factor of 1.20Ndwith respect to fractureof the connected parts in tension, shear, or block shear.The allowable tensile stress, Ft, of the bolt is
=F

F

N1.20
t

u

d

(3-40)
The actual tensile stress, ft, shall be based on the tensilestress area of the bolt and the bolt tension due to theapplied loads as defined in para. 3-1.2. The tensilestress in the bolt due to preload is not to be consideredin the calculation of ft.The allowable shear stress, Fv, of the bolt is

=F
F

N

0.62

1.20
v

u

d

(3-41)
The actual shear stress, fv, shall be based on the grossarea of the bolt if the shear plane passes through the boltshank, or the root area if the shear plane passes throughthe threaded lengthof thebolt and thebolt sheardue to theapplied loads as defined in para. 3-1.2.The allowable bearing stress, Fp, of the connected parton the projected area of the bolt is

=F
F

N

2.40

1.20
p

u

d

(3-42)
where

Fu = specified minimum tensile strength of theconnected partThe allowable tensile stress, Ft′, for a bolt subjected tocombined tension and shear stresses is
=F F f2.60t t v

2 2 (3-43)
The allowable shear capacity, Ps, of a bolt in a slip-critical connection in which the faying surfaces areclean and unpainted is

=P m
A F

N

0.26

1.20
s

s u

d

(3-44)
where

As = tensile stress area
m = number of slip planes in the connectionThe hole diameters for bolts in slip-critical connectionsshall not bemore than 1∕16 in. (2mm) greater than the boltdiameter. If larger holes are necessary, the capacity of theconnection shall be reduced accordingly.

The slip resistance of connections in which the fayingsurfaces are painted or otherwise coated shall be deter-mined by testing.Bolts in slip-critical connections shall be tightenedduring installation to provide an initial tension equalto at least 70% of the specified minimum tensile strengthof the bolt. A hardened flat washer shall be used under thepart turned (nutorbolt head)during installation.Washersshall be used under both the bolt head and nut of ASTMF3125 Grade A490 bolts when the connectedmaterial hasa specified minimum yield stress less than 40 ksi (276MPa). Only ASTM F3125 Grade A325 or ASTM F3125GradeA490 bolts shall be used in slip-critical connections.Bolted connections subjected to cyclic shear loadingshall be designed as slip-critical connections unless theshear load is transferred between the connected partsby 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 apin-connected plate in the region of the pinhole shall betaken as the least value of the tensile strength of the effec-tive area on a plane through the center of the pinhole per-pendicular to the line of action of the applied load, thefracture strength beyond the pinhole on a single planeparallel to the line of action of the applied load, andthe double plane shear strength beyond the pinholeparallel to the line of action of the applied load.The allowable tensile strength through the pinhole, Pt,shall be calculated as follows:
=P C

F

N
tb

1.20
2t r

u

d
eff

(3-45)
where

beff = effective width to each side of the pinhole
=C

D

D
1 0.275 1r

p

h

2

2

(3-46)
where

Dh = hole diameter
Dp = pin diameterThe value of Crmay be taken as 1.00 for values ofDp/Dhgreater than 0.90.The effective width shall be taken as the smaller of thevalues calculated as follows:

=b t b4 eeff
(3-47)
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=b b
F

F

D

b
b0.6e
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y

h

e
eeff (3-48)

where
be = actual width of a pin-connected plate between theedge of the hole and the edge of the plate on a lineperpendicular to the line of action of the appliedloadThe width limit of eq. (3-47) does not apply to platesthat are stiffened or otherwise prevented from bucklingout of plane.The allowable single plane fracture strength beyond thepinhole Pb is
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(3-49)
where

R = distance from the center of the hole to the edge ofthe plate in the direction of the applied loadThe allowable double plane shear strength beyond thepinhole Pv is
=P

F

N
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1.20
v

u

d
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(3-50)
where

Av = total area of the two shear planes beyond thepinhole
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55

p
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(3-52)
where

a = distance from the edgeof thepinhole to the edgeofthe plate in the direction of the applied load
ϕ = shear plane locating angle for pin-connectedplates, deg
3-3.3.2 Combined Stresses. If a pinhole is located at apointwhere significant stresses are induced frommemberbehavior such as tension or bending, local stresses fromthe function as a pinned connection shall be combinedwith the gross member stresses in accordance withparas. 3-2.4 and 3-2.5.

3-3.3.3 Fatigue Loading. The average tensile stress onthenet area through thepinhole shall not exceed the limitsdefined in para. 3-4.3 for Stress Category E.Pinholes in connections designed for Service Classes 1through4shall bedrilled, reamed, orotherwise finished toprovide a maximum surface roughness of 500 μin. (12.5μm) around the inside surface of the hole.
3-3.3.4 BearingStress.Thebearing stressbetween thepin and the plate, based on the projected area of the pin,shall not exceed the value given by eq. (3-53), where Fy isthe yield stress of the pin or plate, whichever is smaller.The bearing stress between the pin and the plate inconnections that will rotate under load for a largenumber of load cycles (Service Class 1 or higher) shallnot exceed the value given by eq. (3-54).

=F
F

N

1.25

p
y

d

(3-53)
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(3-54)
3-3.3.5 Pin-to-Hole Clearance. Pin-to-hole clearancein connections that will rotate under load or that willexperience load reversal in service for a large numberof load cycles (Service Class 1 or higher) shall be asrequired to permit proper function of the connection.
3-3.3.6 PinDesign. Shear forces andbendingmomentsin the pin shall be computed based on the geometry of theconnection. Distribution of the loads between the platesand the pinmay be assumed to be uniformormay accountfor the effects of local deformations.

3-3.4 Welded Connections

3-3.4.1 General. For purposes of this section, fillet orgroovewelds loadedparallel to theaxisof theweldshall bedesigned for shear forces. Groove welds loaded perpen-dicular to the axis of theweld shall be designed for tensionor compression forces. Welded connection design shallprovide adequate access for depositing the weld metal.The strengthof aweld is governedbyeither thebasemate-rial or the deposited weld material as follows:
(a) The design strength of groove welds subject totension or compression shall be equal to the effectivearea of the weld multiplied by the allowable stress ofthe base metal defined in section 3-2.
(b) The design strength of fillet or partial-joint-penetration groove welds subject to shear shall beequal to the effective area of the weld multiplied bythe allowable stress Fv given by eq. (3-55). Stresses inthe base metal shall not exceed the limits defined insection 3-2.
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=F
Exx

N

0.60

1.20
v

d
(3-55)

where
Exx = nominal tensile strength of the weld metal
(c) The design strength of complete-joint-penetrationgroove welds subject to shear shall be based on thestrength of the base metal.
(d) Combination ofWelds. If two ormore of the generaltypes of welds (paras. 3-3.4.2 through 3-3.4.4) arecombined in a single joint, the effective capacity ofeach shall be separately computed with reference tothe axis of the group in order to determine the allowablecapacity of the combination.Effective areas and limitations for groove, fillet, plug,and slot welds are indicated in paras. 3-3.4.2 through3-3.4.4.
3-3.4.2 Groove Welds. Groove welds may be eithercomplete-joint-penetration or partial-joint-penetrationtype. The effective weld area for either type is definedas the effective length of weld multiplied by the effectivethroat thickness.The effective length of any groove weld is the lengthoverwhich theweld cross section has the proper effectivethroat thickness. Intermittent groove welds are notpermitted.The effective throat thickness is the minimum distancefrom the root of the groove to the face of theweld, less anyreinforcement (usually the depth of the groove). For acomplete-penetration groove weld, the effective throatthickness is the thickness of the thinner part joined. Inpartial-penetration groove welds, the effective throatthickness for J- or U-grooves and for bevel or V-grooves with a minimum angle of 60 deg is the depthof the groove. For V-grooves from 45 deg to 60 deg,the effective throat thickness is the depth of thegroove minus 1∕8 in. (3 mm).Theminimumpartial-penetrationgrooveweldeffectivethroat thickness is given in Table 3-3.4.2-1. Theminimumthroat thickness is determined by the thicker part joined.However, in no case shall the effective throat thickness beless than the size required to transmit the calculatedforces.For bevel and V-groove flare welds, the effective throatthickness is basedon the radiusof thebarorbend towhichit is attached and the flare weld type. For bevel welds, theeffective throat thickness is 5∕16 times the radius of the baror bend. For V-groovewelds, the effective throat thicknessis 1∕2 times the radius of the bar or bend.
3-3.4.3 Fillet Welds. Fillet weld size is specified by legwidth, but stress is determined by effective throat thick-ness. The effective throat of a fillet weld shall be theshortest distance from the root to the face of the weld.In general, this effective throat thickness is consideredto be on a 45-deg angle from the leg and have a dimension

equal to 0.707 times the legwidth. The effectiveweld areaof a fillet weld is defined as the effective length of weldmultiplied by the effective throat thickness.The effective length of a fillet weld shall be the overalllength of the full-size fillet including end returns. When-ever possible, a fillet weld shall be terminated with endreturns. The minimum length of end returns shall be twotimes the weld size. These returns shall be in the sameplane as the rest of the weld.The minimum effective length of a fillet weld shall befour times the specifiedweld size, or theweld size shall beconsidered not to exceed one-fourth of the effective weldlength.For filletwelds inholesor slots, the effective length shallbe the length of the centerline of the weld along the planethrough the center of the weld throat. The effective weldarea shall not exceed the cross-sectional areaof thehole orslot.The minimum fillet weld size shall not be less than thesize required to transmit calculated forces nor the sizegiven in Table 3-3.4.3-1. These tabulated sizes do notapply to fillet weld reinforcements of partial- orcomplete-joint-penetration welds.The maximum fillet weld size is based on the thicknessof the connected parts. Along edges of materials of thick-ness less than 1∕4 in. (6mm), theweld size shall not exceedthe thickness of thematerial. Along edgeswhere themate-rial thickness is 1∕4 in. (6mm)or greater, theweld size shallnot be greater than thematerial thicknessminus 1∕16 in. (2mm).Intermittent fillet welds may be used to transfer calcu-lated stress across a joint or faying surface when thestrength required is less than that developed by a contin-uous fillet weld of the smallest permitted size and to joincomponents of built-up members. The effective length ofany intermittent fillet shall not be less than four times theweld sizewith aminimumof 11∕2 in. (38mm). Intermittentwelds shall be made on both sides of the joint for at least
Table 3-3.4.2-1 Minimum Effective Throat Thickness of

Partial-Penetration Groove Welds

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

Minimum Effective Throat
Thickness, in. (mm)To 1∕4 (6) 1∕8 (3)Over 1∕4 (6) to 1∕2 (13) 3∕16 (5)Over 1∕2 (13) to 3∕4 (19) 1∕4 (6)Over 3∕4 (19) to 11∕2 (38) 5∕16 (8)Over 11∕2 (38) to 21∕4 (57) 3∕8 (10)Over 21∕4 (57) to 6 (150) 1∕2 (13)Over 6 (150) 5∕8 (16)GENERAL NOTE: The effective throat does not need to exceed thethickness of the thinner part joined.
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25% of its length. The maximum spacing of intermittentfillet welds is 12 in. (300 mm).In lap joints, the minimum amount of lap shall be fivetimes the thickness of the thinner part joined, but not lessthan1 in. (25mm).Where lap joints occur in plates or barsthat are subject to axial stress, both lapped parts shall bewelded along their ends.Fillet welds shall not be used in skewed T-joints thathave an included angle of less than 60 deg or morethan 135 deg. The edge of the abutting member shallbe beveled, when necessary, to limit the root openingto 1∕8 in. (3 mm) maximum.Fillet welds in holes or slots may be used to transmitshear in lap joints or to prevent the buckling or separationof lapped parts and to join components of built-upmembers. Filletwelds inholesor slots arenot tobeconsid-ered plug or slot welds.
3-3.4.4 Plug and Slot Welds. Plug and slot welds maybe used to transmit shear in lap joints or to prevent buck-lingof lappedparts and to join componentpartsof built-upmembers. The effective shear area of plug and slot weldsshall be considered as the nominal cross-sectional area ofthe hole or slot in the plane of the faying surface.The diameter of the hole for a plugweld shall not be lessthan the thickness of the part containing it plus 5∕16 in. (8mm) rounded up to the next larger odd 1∕16 in. (2mm), norgreater than the minimum diameter plus 1∕8 in. (3 mm) or21∕4 times the thickness of the weld, whichever is greater.Theminimumcenter-to-center spacing of plugwelds shallbe four times the diameter of the hole.The length of the slot for a slot weld shall not exceed 10times the thickness of the weld. The width of the slot shallmeet thesamecriteria as thediameterof thehole foraplugweld. The ends of the slot shall be semicircular or shallhave the corners rounded to a radius of not less than thethickness of the part containing it, except for those endsthat extend to the edge of the part. The minimum spacingof lines of slot welds in a direction transverse to theirlength shall be four times the width of the slot. Theminimumcenter-to-center spacing in a longitudinal direc-tion on any line shall be two times the length of the slot.The thickness of plug or slot welds inmaterial 5∕8 in. (16mm) or less in thickness shall be equal to the thickness ofthe material. In material more than 5∕8 in. (16 mm) thick,the weld thickness shall be at least one-half the thicknessof the material but not less than 5∕8 in. (16 mm).

3-4 FATIGUE DESIGN

3-4.1 GeneralWhen applying the fatigue design provisions defined inthis section, calculated stresses shall be based on elasticanalysis and stresses shall not be amplified by stressconcentration factors for geometrical discontinuities.
3-4.2 Lifter ClassificationsLifter classificationsshall beasgiven inChapter2.Theseclassifications are based on use of the lifter at loads ofvarying magnitude, as discussed in NonmandatoryAppendix C. In reality, actual use of the lifter maydiffer, possibly significantly, from the defined loadspectra. If sufficient lift data are known or can beassumed, the equivalent number of constant-amplitudeload cycles can be determined using eq. (3-56).
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where

Neq = equivalent number of constant-amplitude loadcycles at stress range SRref
ni = number of load cycles for the ith portion of avariable-amplitude loading spectrum

SRi = stress range for the ith portion of a variable-amplitude loading spectrum
SRref = reference stress range towhichNeq relates. Thisis usually, but not necessarily, the maximumstress range considered.

3-4.3 Allowable Stress RangesThe maximum stress range shall be that given inTable 3-4.3-1.Tensile stresses in the base metal of all load-bearingstructural elements, including shafts and pins, shall notexceed the stress ranges for Stress Category A.
3-4.4 Stress CategoriesThe Stress Category can be determined from the jointdetails given in Table 3-4.4-1.
3-4.5 Tensile Fatigue in Threaded FastenersHigh-strength bolts, common bolts, and threaded rodssubjected to tensile fatigue loading shall be designed sothat the tensile stress calculated on the tensile stress areadue to the combined applied load and prying forces doesnot exceed the design stress range computed usingeq. (3-57). The factor Cf shall be taken as 3.9 × 108.The threshold stress, FTH, shall be taken as 7 ksi (48MPa).For joints in which the fasteners are pretensioned to atleast70%of theirminimumtensile strength, an analysis ofthe relative stiffness of the connected parts and fasteners

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 1∕4 (6) 1∕8 (3)Over 1∕4 (6) to 1∕2 (13) 3∕16 (5)Over 1∕2 (13) to 3∕4 (19) 1∕4 (6)Over 3∕4 (19) 5∕16 (8)
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shall be permitted to determine the tensile stress range inthe fasteners due to the cyclic loads. Alternatively, thestress range in the fasteners shall be assumed to beequal to the stress on the net tensile area due to 20%of the absolute value of the design tensile load. If thefasteners are not pretensioned to at least 70% of theirminimum tensile strength, then all tension shall beassumed to be carried exclusively by the fasteners.
3-4.6 Cumulative Fatigue AnalysisIf a more refined component fatigue analysis thanprovided by the four Service Classes given inChapter 2 is desired, eq. (3-57) may be used to obtainthe allowable stress range for any number of loadcycles for the Stress Categories given in Table 3-4.4-1.
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C q
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(3-57)

where R = 1, except as follows:
(a) for Stress Category C′ when stresses are in ksi,
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(b) for Stress Category C′ when stresses are in MPa,
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(c) for Stress Category C′′ when stresses are in ksi,
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(d) for Stress Category C′′ when stresses are in MPa,
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Use the requirements for Stress Category C if R = 1.0.
2a = length of the nonwelded root face in the direc-tion of the thickness of the tension-loaded plate
Cf = constant from Table 3-4.4-1 for the Stress Cate-gory

Cf q = 44 × 108 for Stress Categories C, C′, and C′′ whenstresses are in ksi
x = 14.4 × 1011 for Stress Categories C, C′, and C′′when stresses are in MPa

ex = 0.167 for Stress Category F
x = 0.333 for all Stress Categories except F

Fsr = allowable stress range for the detail underconsideration. Stress range is the algebraicdifference between the maximum stress andthe minimum stress.
FTH = threshold value for Fsr as given load inTable 3-4.4-1

N = desired design fatigue life in load cycles of thedetail beingevaluated.N is the expectednumberof constant-amplitude stress range cycles and isto be provided by the owner. If no desiredfatigue life is specified, a qualified personshould use the threshold values, FTH, as theallowable stress range, Fsr. For cumulativedamage analysis of a varying-amplitude loadspectrum, an equivalent number of constant-amplitude load cycles can be calculated usingeq. (3-56).
q = 1.0 when stresses are in ksi
x = 329 for all Stress Categories except F whenstresses are in MPa, except as noted
x = 110000 for Stress Category Fwhen stresses arein MPa, except as noted
tp = thickness of the tension-loaded plate
w = leg size of the reinforcing or contouring fillet, ifany, in the direction of the thickness of thetension-loaded plate

3-5 OTHER DESIGN CONSIDERATIONS

3-5.1 Impact FactorsThe design of below-the-hook lifting devices does notnormally require the use of an impact factor. The designfactors established in this chapter are based on load

Table 3-4.3-1 Allowable Stress Ranges, ksi (MPa)ð20Þ

Stress Category
(From

Table 3-4.4-1)

Service Class

1 2 3 4A 63 (435) 37 (255) 24 (165) 24 (165)B 49 (340) 29 (200) 18 (125) 16 (110)B′ 39 (270) 23 (160) 15 (100) 12 (83)C 35 (240) 21 (145) 13 (90) 10 (69)[Note (1)]D 28 (190) 16 (110) 10 (69) 7 (48)E 22 (150) 13 (90) 8 (55) 4.5 (31)E′ 16 (110) 9 (60) 6 (40) 2.6 (18)F 15 (100) 12 (83) 9 (60) 8 (55)G 16 (110) 9 (60) 7 (48) 7 (48)NOTE: (1) Flexural stress range of 12 ksi (83 MPa) permitted at thetoe of stiffener welds on flanges.
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spectra inwhichpeak impact loads are equal to 50%of themaximum lifted load for Design Category A lifters and100% of the maximum lifted load for Design CategoryB lifters. In the event that a lifter is expected to besubjected to impact loading greater than these values,a qualified person shall include an additional impactfactor to account for such loads.
3-5.2 Stress ConcentrationsStress concentrations due to holes, changes in section,or similar details shall be accounted forwhendeterminingpeak stresses in load-carrying elements subject to cyclic

loading, unless stated otherwise in this chapter. The needto use peak stresses, rather than average stresses, whencalculating static strength shall be determined by a qual-ifiedpersonbasedon thenature of the detail and the prop-erties of the material being used.
3-5.3 DeflectionIt is the responsibility of a qualifiedperson todeterminewhen deflection limits should be applied and to establishthe magnitudes of those limits for the design of themechanisms and structural elements of lifting devices.
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Table 3-4.4-1 Fatigue Design Parameters ð20Þ

Description
Stress
Category Constant, Cf

Threshold,
FTH, ksi
(MPa)

Potential Crack Site
Initiation Illustrative Typical Examples

Section 1 — Plain Material Away From Any Welding
1.1 Base metal, exceptnoncoated weatheringsteel, with rolled orcleaned surface. Flame-cut edges with surfaceroughness value of 1,000μin. (25 μm) or less, butwithout re-entrantcorners.

A 250 × 108 24 (165) Away from all weldsor structuralconnections
(a) (b)

1.2 Noncoated weatheringsteel base metal withrolled or cleaned surface.Flame-cut edges withsurface roughness valueof 1,000 μin. (25 μm) orless, but without re-entrant corners.

B 120 × 108 16 (110) Away from all weldsor structuralconnections

1.3 Member with drilled orreamed holes. Memberwith re-entrant corners atcopes, cuts, block-outs, orother geometricaldiscontinuities made torequirements of AISC(2010) Appendix 3,except weld access holes.

B 120 × 108 16 (110) At any external edgeor hole perimeter

(a) (b) (c)

1.4 Rolled cross sectionswith weld access holesmade to requirements ofAISC (2010) Section J1.6andAppendix 3.Memberswith drilled or reamedholes containing bolts forattachment of lightbracing where there is asmall longitudinalcomponent of brace force.

C 44 × 108 10 (69) At re-entrant cornerofweld access holeor at any smallhole (may containbolt for minorconnections)
(a) (b) (c)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description
Stress
Category Constant, Cf

Threshold,
FTH, ksi
(MPa)

Potential Crack Site
Initiation Illustrative Typical Examples

Section 2 — Connected Material In Mechanically Fastened Joints
2.1 Gross area of base metalin lap joints connected byhigh-strength bolts injoints satisfying allrequirements for slip-critical connections.

B 120 × 108 16 (110) Through grosssection near hole

(a) (b) (c)

(Note: figures are for slip-critical bolted connections)

2.2Basemetal at net sectionof high-strength boltedjoints, designed based onbearing resistance, butfabricated and installed toall requirements for slip-critical connections.

B 120 × 108 16 (110) In net sectionoriginating at sideof hole

(Note: figures are for bolted connections designed to bear, meeting the

requirements of slip-critical connections)

(a) (b) (c)

2.3 Base metal at the netsection of othermechanically fastenedjoints except eyebars andpin plates.
D 22 × 108 7 (48) In net sectionoriginating at sideof hole

(a) (b) (c)

(Note: figures are for snug-tightened bolts, rivets, or other mechanical fasteners)

2.4Basemetal at net sectionof eyebar head or pinplate. E 11 × 108 4.5 (31) In net sectionoriginating at sideof hole
(a) (b)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description
Stress
Category Constant, Cf

Threshold,
FTH, ksi
(MPa)

Potential Crack Site
Initiation Illustrative Typical Examples

Section 3 — Welded Joints Joining Components of Built-Up Members
3.1 Base metal and weldmetal in memberswithout attachmentsbuilt-up of plates orshapes connected bycontinuous longitudinalcomplete-joint-penetration groovewelds, back gouged andwelded from second side,or by continuous filletwelds.

B 120 × 108 16 (110) From surface orinternaldiscontinuities inweld away fromend of weld
(a) (b) (c)

3.2 Base metal and weldmetal in memberswithout attachmentsbuilt-up of internal platesor shapes connected bycontinuous longitudinalcomplete-joint-penetration groove weldswith backing bars notremoved, or bycontinuous partial-joint-penetration groovewelds.

B′ 61 × 108 12 (83) From surface orinternaldiscontinuities inweld, includingweld-attachingbacking bars
(a) (b) (c)

CJP or
   PJP

3.3Basemetal atweldmetaltermination oflongitudinal welds atweld access holes inconnected built-upmembers.
D 22 × 108 7 (48) From the weldtermination intothe web or flange

(b)(a)

3.4 Base metal at ends oflongitudinal intermittentfillet weld segments. E 11 × 108 4.5 (31) In connectedmaterial at startand stop locationsof any welddeposit
(a) (b)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description
Stress
Category Constant, Cf

Threshold,
FTH, ksi
(MPa)

Potential Crack Site
Initiation Illustrative Typical Examples

Section 3 — Welded Joints Joining Components of Built-Up Members (Cont’d)
3.5 Base metal at ends ofpartial-length weldedcover plates narrowerthan the flange havingsquare or tapered ends,with or without weldsacross the ends; andcoverplates wider than theflange with welds acrossthe ends:

In flange at toe of endweld or in flange attermination oflongitudinal weldor in edge of flangewith wide coverplates
tf

(a) (b) (c)

Flange thickness ≤ 0.8 in.(20 mm) E 11 × 108 4.5 (31)Flange thickness > 0.8 in.(20 mm) E′ 3.9 × 108 2.6 (18)
3.6 Base metal at ends ofpartial-length weldedcover plates wider thanthe flange without weldsacross the ends.

E′ 3.9 × 108 2.6 (18) In edge of flange atend of cover plateweld
(a) (b)

No weld

Typ

Section 4 — Longitudinal Fillet Welded End Connections
4.1 Basemetal at junction ofaxially loaded memberswith longitudinallywelded end connections.Welds shall be on eachside of the axis of themember to balance weldstresses:

Initiating fromend ofany weldterminationextending into thebase metal
(a) (b)

t ≤ 0.5 in. (12 mm) E 11 × 108 4.5 (31)
t > 0.5 in. (12 mm) E′ 3.9 × 108 2.6 (18)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description
Stress
Category Constant, Cf

Threshold,
FTH, ksi
(MPa)

Potential Crack Site
Initiation Illustrative Typical Examples

Section 5 — Welded Joints Transverse to Direction of Stress
5.1 Base metal and weldmetal in or adjacent tocomplete-joint-penetration groovewelded splices in rolledorwelded cross sectionswith welds groundessentially parallel to thedirection of stress andwith soundnessestablished byradiographic orultrasonic inspection inaccordance with therequirements of AWSD14.1/D14.1M, paras.10.8 through 10.13.

B 120 × 108 16 (110) From internaldiscontinuities infiller metal oralong the fusionboundary
(a) (b)

5.2 Base metal and weldmetal in or adjacent tocomplete-joint-penetration groovewelded spliceswithweldsground essentiallyparallel to the direction ofstress at transitions inthickness or width madeon a slope no greater than1:2.5 and with weldsoundness established byradiographic orultrasonic inspection inaccordance with therequirements of AWSD14.1/D14.1M, paras.10.8 through 10.13.

From internaldiscontinuities infiller metal oralong fusionboundary or atstart of transitionwhen Fy ≥ 90 ksi(620 MPa) (a) (b)

(c) (d)

Fy $ 90 ksi (620 MPa)

    Cat. B’

Fy < 90 ksi (620 MPa) B 120 × 108 16 (110)
Fy ≥ 90 ksi (620 MPa) B′ 61 × 108 12 (83)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description
Stress
Category Constant, Cf

Threshold,
FTH, ksi
(MPa)

Potential Crack Site
Initiation Illustrative Typical Examples

Section 5 — Welded Joints Transverse to Direction of Stress (Cont’d)
5.3 Base metal and weldmetal in or adjacent tocomplete-joint-penetration groovewelded spliceswithweldsground essentiallyparallel to the direction ofstress at transitions inwidthmade on a radius ofnot less than 2 ft (600mm) with the point oftangency at the end of thegroove weld and withweld soundnessestablished byradiographic orultrasonic inspection inaccordance with therequirements of AWSD14.1/D14.1M, paras.10.8 through 10.13.

B 120 × 108 16 (110) From internaldiscontinuities infiller metal ordiscontinuitiesalong the fusionboundary
(a) (b) (c)

R $ 2 ft (600 mm)

5.4 Base metal and weldmetal in or adjacent to thetoe of complete-joint-penetration groove weldsin T or corner joints orsplices, with or withouttransitions in thicknesshaving slopes no greaterthan 1:2.5, when weldreinforcement is notremoved and with weldsoundness established byradiographic orultrasonic inspection inaccordance with therequirements of AWSD14.1/D14.1M, paras.10.8 through 10.13.

C 44 × 108 10 (69) From surfacediscontinuity attoe of weldextending intobase metal or intoweld metal
(a) (b) (d)(c)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description
Stress
Category Constant, Cf

Threshold,
FTH, ksi
(MPa)

Potential Crack Site
Initiation Illustrative Typical Examples

Section 5 — Welded Joints Transverse to Direction of Stress (Cont’d)
5.5 Base metal and weldmetal at transverse endconnections of tension-loaded plate elementsusing partial-joint-penetration groove weldsin butt or T or cornerjoints, with reinforcing orcontouring fillets, FSRshall be the smaller of thetoe crack or root crackallowable stress range: (a) (b) (c)

(d)

(e)

Crack initiating fromweldtoe C 44 × 108 10 (69) Initiating fromgeometricaldiscontinuity attoe of weldextending intobase metalCrack initiating fromweldroot C′ Eq. (3-57) Noneprovided Initiating at weldroot subject totension extendinginto and throughweld
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description
Stress
Category Constant, Cf

Threshold,
FTH, ksi
(MPa)

Potential Crack Site
Initiation Illustrative Typical Examples

Section 5 — Welded Joints Transverse to Direction of Stress (Cont’d)
5.6 Base metal and weldmetal at transverse endconnections of tension-loaded plate elementsusing a pair of fillet weldson opposite sides of theplate. FSR shall be thesmaller of the toe crack orroot crack allowablestress range:

(a) (b)

(c)

(d)

Crack initiating fromweldtoe C 44 × 108 10 (69) Initiating fromgeometricaldiscontinuity attoe of weldextending intobase metalCrack initiating fromweldroot C′′ Eq. (3-57) Noneprovided Initiating at weldroot subject totension extendinginto and throughweld
5.7 Base metal of tension-loadedplate elements andon girders and rolledbeam webs or flanges attoe of transverse filletwelds adjacent to weldedtransverse stiffeners.

C 44 × 108 10 (69) From geometricaldiscontinuity attoe of filletextending intobase metal
(a) (b)

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

Description
Stress
Category Constant, Cf

Threshold,
FTH, ksi
(MPa)

Potential Crack Site
Initiation Illustrative Typical Examples

Section 6 — Base Metal at Welded Transverse Member Connections
6.1 Base metal at detailsattached by complete-joint-penetration groovewelds subject tolongitudinal loading onlywhen the detail embodiesa transition radius R withthe weld terminationground smooth and withweld soundnessestablished byradiographic orultrasonic inspection inaccordance with therequirements of AWSD14.1/D14.1M, paras.10.8 through 10.13.

Near point oftangency of radiusat edge of member
(a) (b) (c)

R

CJP
CJP

R

R ≥ 24 in. (600 mm) B 120 × 108 16 (110)24 in. (600mm) >R ≥ 6 in.(150 mm) C 44 × 108 10 (69)6 in. (150 mm) > R ≥ 2 in.(50 mm) D 22 × 108 7 (48)2 in. (50 mm) > R E 11 × 108 4.5 (31)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description
Stress
Category Constant, Cf

Threshold,
FTH, ksi
(MPa)

Potential Crack Site
Initiation Illustrative Typical Examples

Section 6 — Base Metal at Welded Transverse Member Connections (Cont’d)
6.2 Base metal at details ofequal thickness attachedby complete-joint-penetration groove weldssubject to transverseloading with or withoutlongitudinal loadingwhen the detail embodiesa transition radius,R, withthe weld terminationground smooth and withweld soundnessestablished byradiographic orultrasonic inspection inaccordance with therequirements of AWSD14.1/D14.1M, paras.10.1 through 10.13:

(a)

(b)

(c) (d)

(e)

When weld reinforce-ment is removed:
R ≥ 24 in. (600 mm) B 120 × 108 16 (110) Near points oftangency of radiusor in theweld or atfusion boundaryor member orattachment
24 in. (600mm) >R ≥ 6 in.(150 mm) C 44 × 108 10 (69)6 in. (150 mm) > R ≥ 2 in.(50 mm) D 22 × 108 7 (48)2 in. (50 mm) > R E 11 × 108 4.5 (31)When weld reinforce-ment is not removed:
R ≥ 24 in. (600 mm) C 44 × 108 10 (69) At toe of the weldalong edge ofmember or theattachment24 in. (600mm) >R ≥ 6 in.(150 mm) C 44 × 108 10 (69)6 in. (150 mm) > R ≥ 2 in.(50 mm) D 22 × 108 7 (48)2 in. (50 mm) > R E 11 × 108 4.5 (31)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description
Stress
Category Constant, Cf

Threshold,
FTH, ksi
(MPa)

Potential Crack Site
Initiation Illustrative Typical Examples

Section 6 — Base Metal at Welded Transverse Member Connections (Cont’d)
6.3 Base metal at details ofunequal thicknessattached by complete-joint-penetration groovewelds subject totransverse loading withor without longitudinalloading when the detailembodies a transitionradius, R, with the weldtermination groundsmooth and with weldsoundness established byradiographic orultrasonic inspection inaccordance with therequirements of AWSD14.1/D14.1M, paras.10.8 through 10.13:

(a)

(b)

(c)

(d)
(e)

When weld reinforce-ment is removed:
R > 2 in. (50 mm) D 22 × 108 7 (48) At toe of weld alongedge of thinnermaterial
R ≤ 2 in. (50 mm) E 11 × 108 4.5 (31) In weld terminationin small radiusWhen weld reinforc-ement is not removed:Any radius E 11 × 108 4.5 (31) At toe of weld alongedge of thinnermaterial
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description
Stress
Category Constant, Cf

Threshold,
FTH, ksi
(MPa)

Potential Crack Site
Initiation Illustrative Typical Examples

Section 6 — Base Metal at Welded Transverse Member Connections (Cont’d)
6.4 Base metal subject tolongitudinal stress attransverse members,with or withouttransverse stress,attached by fillet orpartial-joint-penetrationgroove welds parallel todirection of stress whenthe detail embodies atransition radius, R, withweld termination groundsmooth:

Initiating in basemetal at the weldtermination or atthe toe of the weldextending into thebase metal
(a)

(b)

(c)
(d)

R > 2 in. (50 mm) D 22 × 108 7 (48)
R ≤ 2 in. (50 mm) E 11 × 108 4.5 (31)

Section 7 — Base Metal at Short Attachments [Note (1)]
7.1 Base metal subject tolongitudinal loading atdetails with weldsparallel or transverse tothe direction of stresswhere the detailembodies no transitionradius and with detaillength in direction ofstress, a, and thickness ofattachment, b:

Initiating in basemetal at the weldtermination or atthe toe of the weldextending into thebase metal (a)

(b)

(c)

(d)

(e)

a < 2 in. (50 mm) C 44 × 108 10 (69)2 in. (50 mm) ≤ a ≤ lesserof 12b or 4 in. (100 mm) D 22 × 108 7 (48)
a > 4 in. (100mm)when b> 0.8 in. (20 mm) E 11 × 108 4.5 (31)
a > lesser of 12b or 4 in.(100mm),whenb≤0.8 in.(20 mm) E′ 3.9 × 108 2.6 (18)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description
Stress
Category Constant, Cf

Threshold,
FTH, ksi
(MPa)

Potential Crack Site
Initiation Illustrative Typical Examples

Section 7 — Base Metal at Short Attachments [Note (1)] (Cont’d)
7.2 Base metal subject tolongitudinal stress atdetails attached by filletor partial-joint-penetration groovewelds, with or withouttransverse load on detail,when the detail embodiesa transition radius,R, withweld termination groundsmooth:

Initiating in basemetal at the weldtermination,extending into thebase metal
(b)

(a)

R > 2 in. (50 mm) D 22 × 108 7 (48)
R ≤ 2 in. (50 mm) E 11 × 108 4.5 (31)

Section 8 — Miscellaneous
8.1 Base metal at steelheaded stud anchorsattached by fillet orautomatic stud welding.

C 44 × 108 10 (69) At toe of weld in basemetal
(a) (b)

8.2 Shear on throat ofcontinuous orintermittent longitudinalor transverse fillet welds.
F 150 × 1010[eq. (3-57)] 8 (55) Initiating at the rootof the fillet weld,extending into theweld

(a) (b) (c)

8.3Basemetal at plugor slotwelds. E 11 × 108 4.5 (31) Initiating in the basemetal at the end ofthe plug or slotweld, extendinginto the basemetal
(a) (b)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Description
Stress
Category Constant, Cf

Threshold,
FTH, ksi
(MPa)

Potential Crack Site
Initiation Illustrative Typical Examples

Section 8 — Miscellaneous (Cont’d)
8.4 Shear on plug or slotwelds. F 150 × 1010[eq. (3-57)] 8 (55) Initiating in the weldat the fayingsurface, extendinginto the weld

(a) (b)

8.5 Snug-tightened high-strength bolts; commonbolts; threaded anchorrodsandhanger rodswithcut, ground, or rolledthreads. Stress range ontensile stress area due tolive load plus pryingaction when applicable.

G 3.9 × 108 7 (48) Initiating at the rootof the threads,extending into thefastener

(a)

(b) (c) (d)

GENERAL NOTE: Adapted from ANSI/AISC 360-10, Specification for Structural Steel Buildings, Table A-3.1, by permission of American Institute of Steel Construction.NOTE: (1) Attachment as used herein is defined as any steel detail welded to a member, which by its mere presence and independent of its loading, causes a discontinuity in the stress flow in themember and thus reduces the fatigue resistance.
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Chapter 4
Mechanical Design

4-1 GENERAL

4-1.1 PurposeThis chapter sets forth design criteria for machineelements of a below-the-hook lifting device.
4-1.2 Relation to Chapter 3Mechanical components of the lifting device that arestressed by the force(s) created during the lift or move-ment of the load shall be sized in accordance with thischapter and Chapter 3 of this Standard. The most conser-vative design shall be selected for use. All other mechan-ical components shall be designed to the requirements ofthis chapter.
4-2 SHEAVES

4-2.1 Sheave MaterialSheaves shall be fabricated of material specified by thelifting device manufacturer or qualified person.
4-2.2ð20Þ Running SheavesPitch diameter for running sheaves should not be lessthan 16 times the nominal diameter of the rope used or asrecommended by the rope manufacturer, whichever ismore conservative. When the lifting device’s sheavesare reeved into the sheaveson thehoist, thepitchdiameterand configuration of the hoist shall be considered in thedesign.
4-2.3ð20Þ Equalizing SheavesThe pitch diameter of equalizing sheaves shall not beless than one-half of the diameter of the running sheavesfor wire or synthetic rope, nor less than 12 times the wirerope diameter when using 6 × 37 class wire rope or 15times thewire rope diameterwhen using 6 × 19 classwirerope or as recommended by the rope manufacturer,whichever is more conservative.
4-2.4 Shaft RequirementSheave assemblies shouldbedesignedbasedona remo-vable shaft.

4-2.5 LubricationMeans for lubricating sheave bearings shall beprovided.
4-2.6 ð20ÞSheave DesignSheave grooves shall be smooth and free from surfaceirregularities that could cause rope damage. The grooveradius of a new sheave shall be a minimum of 6% largerthan the radius of the rope as shown in Figure 4-2.6-1. Thecross-sectional radius of the groove should form a close-fitting saddle for the size of the rope used, and the sides ofthe grooves should be tapered outwardly to assistentrance of the rope into the groove. Flange cornersshould be rounded, and rims should run true aroundthe axis of rotation.
4-2.7 ð20ÞSheave GuardSheaves shall be guarded to prevent inadvertent ropejamming or coming out of the sheave. The guard shall beplaced within 1∕8 in. (3 mm) to the sheave, or a distance of3∕8 times the ropediameter,whichever is smaller, as shownin Figure 4-2.7-1.
4-3 ð20ÞROPE

4-3.1 Relation to Other StandardsRope reeved through the lifting device and the hoistshall conform to the requirements of the hoist.
Figure 4-2.6-1 Sheave Dimensions

Width

Note (1)

Rope radius

Outside diameter

Pitch diameter

Tread diameter

NOTE: (1) Groove radius = rope radius × 1.06.
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Figure 4-2.7-1 Sheave Gap

Guard to prevent

  rope from coming

  out of sheave

Note (1)

NOTE: (1) 1∕8 in. (3 mm) or a distance of 3∕8 times the rope diameter,whichever is smaller.
4-3.2 Rope SelectionWire or synthetic rope shall be of a recommendedconstruction for lifting service. The qualified personshall consider other factors (i.e., type of end connection,
D/d ratio, sheave bearing friction, etc.) that affect the ropestrength to ensure the 5:1 design factor is maintained.
4-3.3 EnvironmentConsiderations for the effects of environmental condi-tions shall be inaccordancewithASMEB30.30, Section30-1.6 for wire rope selection and in accordance with ASMEB30.30, Section 30-2.6 for synthetic rope selection.
4-3.4 Fleet AngleThe rope fleet angle for sheaves should be limited to a 1in 12 slope (4 deg, 45 min).
4-3.5 Rope EndsWire rope end terminations shall be attached in accor-dance with ASME B30.30, para. 30-1.7.4, and syntheticrope terminations shall be attached in accordance withASME B30.30, para. 30-2.7.4.
4-3.6 Rope ClipsWhen employed, wire rope clips shall meet the require-ments of ASMEB30.26.Wire rope clips shall not be used toterminate synthetic rope unless approved by the ropemanufacturer or a qualified person.
4-4 DRIVE SYSTEMS

4-4.1 Drive AdjustmentDrive systems that contain belts, chains, or other flex-ible transmission devices should have provisions foradjustment.

4-4.2 Drive DesignThe lifting device manufacturer or qualified personshall specify drive system components such as couplings,belts, pulleys, chains, sprockets, and clutches.
4-4.3 Commercial ComponentsCommercial components used in the drive system of alifting device shall be sized so the maximum load ratingspecified by the manufacturer is not exceeded underworst-case loadings.
4-4.4 LubricationMeans for lubricatingand inspectingdrive systemsshallbe provided.
4-4.5 ð20ÞOperator ProtectionMotion hazards associated with the operation ofmechanical power transmission components should beminimized by design of the equipment or protectionby a guard, device, safe distance, or safe location.Motion hazard guards should

(a) prevent entry of hands, fingers, or other parts of thebody into a point of hazard by reaching through, over,under, or around the guard
(b) not create additional motion hazards between theguard and the moving part
(c) use fastenersnot readily removable bypeople otherthan authorized persons
(d) not cause any additional hazards, if openings areprovided for lubrication, adjustment, or inspection
(e) reduce the likelihood of personal injury due tobreakage of component parts
(f) be designed to hold the weight of a 200-lb (91-kg)person without permanent deformation, if used as a step

4-5 GEARING

4-5.1 Gear DesignThe lifting device manufacturer or qualified personshall specify the types of gearing.
4-5.2 Gear MaterialGears and pinions shall be fabricated ofmaterial havingadequate strength and durability to meet the require-ments for the intended Service Class and manufacturedto AGMA quality class 5 or better.
4-5.3 Gear LoadingThe allowable tooth load in bending, LG, of spur andhelical gears is

=L
FY

N D
G

y

d t

(4-1)
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where
Dt = diametral pitch, in.−1 (mm−1)
F = face width of smaller gear, in. (mm)

LG = allowable tooth load in bending, lb (N)
Nd = design factor (per para. 3-1.3)
Y = Lewis form factor as defined in Table 4-5.3-1
σy = specified minimum yield stress, psi (MPa)

4-5.4ð20Þ Relation to Other StandardsAs an alternative to the Lewis formula in eq. (4-1), spurand helical gearsmay be based on ANSI/AGMA2001-D04,Fundamental Rating Factors and Calculation Methods forInvolute Spur and Helical Gear Teeth.

4-5.5 Bevel and Worm GearsBevel and worm gearing shall be rated by the gearmanufacturer with service factors appropriate for thespecified Service Class of the lifting device. When back-driving could be a problem, due consideration shall begiven to selecting a worm gear ratio to establish lock-up.
4-5.6 Split GearsSplit gears shall not be used.
4-5.7 LubricationMeans shall be provided to allow for the lubrication andinspection of gearing.
4-5.8 Operator ProtectionExposed gearing shall be guarded per para. 4-4.5 withaccess provisions for lubrication and inspection.
4-5.9 ReducersGear reducer cases shall

(a) be oil-tight and sealed with compound or gaskets
(b) have an accessible drain plug
(c) have a means for checking oil level

4-6 BEARINGS

4-6.1 Bearing DesignThe type of bearings shall be specified by the liftingdevice manufacturer or qualified person.
4-6.2 L10 Bearing Life

L10 bearing life for rolling element bearings shall equalor exceed the values given in Table 4-6.2-1 for the liftingdevice Service Class.
4-6.3 Bearing LoadingsThe basic rating life, L10, for a radial bearing is given byeq. (4-2).

=

i

k

jjj
y

{

zzz

i

k

jjjjj

y

{

zzzzz
L

N

C

P

16,667 r

r

H

10
(4-2)

The basic dynamic load rating Cr for a bearing with L10bearing life fromTable 4-6.2-1 is determined by eqs. (4-3)and (4-4).

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

Number
of Teeth

Strength Factors, Y, for Use With Diametral Pitch
141⁄2 deg

Composite and
Involute

20 deg Full
Depth Involute

System

20 deg Stub-
Tooth Involute

System12 0.210 0.245 0.31113 0.220 0.261 0.32414 0.226 0.276 0.33915 0.236 0.289 0.34816 0.242 0.295 0.36117 0.251 0.302 0.36718 0.261 0.308 0.37719 0.273 0.314 0.38620 0.283 0.320 0.39321 0.289 0.327 0.39922 0.292 0.330 0.40524 0.298 0.336 0.41526 0.307 0.346 0.42428 0.314 0.352 0.43030 0.320 0.358 0.43734 0.327 0.371 0.44638 0.336 0.383 0.45643 0.346 0.396 0.46250 0.352 0.408 0.47460 0.358 0.421 0.48475 0.364 0.434 0.496100 0.371 0.446 0.506150 0.377 0.459 0.518300 0.383 0.471 0.534Rack 0.390 0.484 0.550GENERAL NOTE: The strength factors above are used in formulascontaining diametral pitch. These factors are 3.1416 times thoseused in formulas based on circular pitch.
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Table 4-6.2-1 L10 Bearing Life

Service Class L10 Bearing Life, hr0 2,5001 10,0002 20,0003 30,0004 40,000
=C

P L N( )

16,667
r

r
H

H

10
1/

1/
(4-3)

= +P XF YF Fr r a r
(4-4)where

Cr = basicdynamic load rating to theoretically endureone million revolutions, per bearing manufac-turer, lb (N)
Fa = axial component of the actual bearing load, lb (N)
Fr = radial component of the actual bearing load, lb(N)
H = 3 for ball bearings, 10/3 for roller bearings

L10 = basic rating life exceeded by 90% of bearingstested, hr
N = rotational speed, rpm
Pr = dynamic equivalent radial load, lb (N)
X = dynamic radial load factor per bearing manufac-turer
Y = dynamic axial load factor per bearing manufac-turer

4-6.4 Sleeve and Journal BearingsSleeveor journal bearings shall not exceedpressureandvelocity ratings as definedby eqs. (4-5) through (4-7). Themanufacturers’ values of P, V, and PV shall be used.
=P

W

dL

(4-5)
=V

Nd

c

(4-6)
=PV

WN

Lc

(4-7)
where

c = 12 when using U.S. Customary units
x = 60 000 when using SI units
d = nominal shaft diameter or bearing insidediameter, in. (mm)
L = bearing length, in. (mm)

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

4-6.5 LubricationMeans shall be provided to lubricate bearings. Bearingenclosures should be designed to exclude dirt and preventleakage of oil or grease.
4-7 SHAFTING

4-7.1 Shaft DesignShafting shall be fabricated ofmaterial having adequatestrength and durability suitable for the application. Theshaft diameter andmethodof support shall be specifiedbythe lifting device manufacturer or qualified person andsatisfy the conditions of paras. 4-7.2 through 4-7.7.
4-7.2 Shaft AlignmentAlignment of the shafting to gearboxes, couplings, bear-ings, and other drive components shallmeet or exceed thecomponent manufacturer’s specifications.
4-7.3 Operator ProtectionExposed shafting shall be guarded per para. 4-4.5 withaccess provisions for lubrication and inspection.
4-7.4 Shaft DetailsShafting, keys, holes, press fits, and fillets shall bedesigned for the forces encountered in actual operationunder the worst-case loading.
4-7.5 Shaft Static StressThe nominal key size used to transmit torque through ashaft/bore interface shall be determined fromTables 4-7.5-1 and 4-7.5-2 based on the nominal shaftdiameter.Static stress on a shaft element shall not exceed thefollowing values:

(a) axial or bending stress
= +S S S S0.2a b u

(4-8)where
S = computed combined axial/bending stress, ksi(MPa)

Sa = computed axial stress, ksi (MPa)
Sb = computed bending stress, ksi (MPa)
Su = specified minimum tensile strength, ksi (MPa)
(b) shear stress

= + =
S

S
5 3

0.1155T V
u

u
(4-9)

ASME BTH-1–2020

40

-
-
`
,
`
,
`
`
`
,
,
`
`
`
`
,
`
,
`
,
`
,
,
`
`
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BTH-1 
20

20

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


where
τ = computed combined shear stress, ksi (MPa)

τT = computed torsional shear stress, ksi (MPa)
τV = computed transverse shear stress, ksi (MPa)
(c) Shaft elements subject to combined axial/bendingand shear stresses shall be proportioned such that thecombined stress does not exceed the following value:

= +S S S3 0.2c u
2 2 (4-10)where

Sc = computed combined stress, ksi (MPa)

4-7.6 Shaft FatigueShafting subjected to fluctuating stresses such asbending in rotation or torsion in reversing drives shallbe checked for fatigue. This check is in addition to thestatic checks in para. 4-7.5 and need only be performedat points of geometric discontinuity where stress concen-trations exist such as holes, fillets, keys, and press fits.Appropriate geometric stress concentration factors forthe discontinuities shall be determined by the liftingdevice manufacturer or qualified person from a referencesuch as Peterson’s Stress Concentration Factors by W. D.Pilkey and D. F. Pilkey.
4-7.6.1 Fatigue Stress Amplification Factor. Thefatigue stress amplification factor, KA, based on ServiceClass shall be selected from Table 4-7.6.1-1.
4-7.6.2 Endurance Limit. The corrected bendingendurance limit, Sec, for the shaft material is

= =S S S0.5 0.25ec e u
(4-11)where

Se = fatigue (endurance) limit of polished, unnotchedspecimen in reversed bending, ksi (MPa)
Sec = corrected fatigue (endurance) limit of shaft inreversed bending, ksi (MPa)
4-7.6.3 Fatigue Stress. Fatigue stress on a shaftelement shall not exceed the following values:
(a) Direct axial and/or bending fatigue stress shall notexceed

= +S K S K S
S

K
( ) ( )f TD t TB b

ec

A

(4-12)
where

KTB = stress amplification factor for bending
KTD = stress amplification factor for direct tension

Sf = computed fatigue stress, ksi (MPa)
St = computed axial tensile stress, ksi (MPa)

(b) Combined shear fatigue stress shall not exceed
= K

S

K
( )

3
f ST

ec

A

(4-13)

Table 4-7.5-1 Key Size Versus Shaft Diameter
(ASME B17.1)

Nominal Shaft Diameter, in.
Nominal Key Size, in.Over To5∕16 7∕16 3∕327∕16 9∕16 1∕89∕16 7∕8 3∕167∕8 11∕4 1∕411∕4 13∕8 5∕1613∕8 13∕4 3∕813∕4 21∕4 1∕221∕4 23∕4 5∕823∕4 31∕4 3∕431∕4 33∕4 7∕833∕4 41∕2 141∕2 51∕2 11∕451∕2 61∕2 11∕2

Table 4-7.5-2 Key Size Versus Shaft Diameter
(DIN 6885-1)

Nominal Shaft Diameter, mm
Nominal Key Size, mmOver To6 8 2 × 28 10 3 × 310 12 4 × 412 17 5 × 517 22 6 × 622 30 8 × 730 38 10 × 838 44 12 × 844 50 14 × 950 58 16 × 1058 65 18 × 1165 75 20 × 1275 85 22 × 14

Table 4-7.6.1-1 Fatigue Stress Amplification Factors

Service Class Fatigue Stress Amplification Factor, KA0 1.0151 1.0302 1.0603 1.1254 1.250
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where
KST = stress amplification factor for torsional shear
τf = computed combined fatigue shear stress, ksi(MPa)

(c) Combined axial/bending and shear fatigue stresseswhere all are fluctuating shall not exceed
= + +S K S K S K

S

K
( ) 3( )f TD t TB b ST

ec2 2

A

(4-14)
(d) Combined tensile and shear fatigue stresses whereonly part of the stresses are fluctuating shall not exceed

= + + +

i

k

jjjjj
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jjjjj

y

{

zzzzz
S S K S K3f av

S

S
T R av

S

S
ST R

S

K

2 2

ec

y

ec

y

ec

A

(4-15)
where

KT = larger of either KTD or KTB
Sav = portion of the computed tensile stress not due tofluctuating loads, ksi (MPa)
SR = portionof the computed tensile stressdue to fluc-tuating loads, ksi (MPa)
Sy = specified minimum yield stress, ksi (MPa)

τav = portion of the computed shear stress not due tofluctuating loads, ksi (MPa)
τR = portion of the computed shear stress due to fluc-tuating loads, ksi (MPa)

4-7.7 Shaft DisplacementShafts shall be sized or supported so as to limit displace-ments under load when necessary for proper functioningof mechanisms or to prevent excessive wear of compo-nents.
4-8 FASTENERS

4-8.1 Fastener MarkingsAll bolts, nuts, and cap screws shall have requiredASTMor SAE grade identification markings.
4-8.2ð20Þ Fastener SelectionFasteners for machine drives or other operational-critical components shall use ASTM F3125 GradeA325; SAE Grade 5; ASTM F3125 Grade A490; or SAEGrade 8 bolts, cap screws, or equivalents.
4-8.3 Fastener StressesBolt stress shall not exceed the allowable stress valuesestablished by eqs. (3-40) through (3-43) and para. 3-4.5.

4-8.4 Fastener IntegrityLocknuts, double nuts, lockwashers, chemicalmethods,or other means determined by the lifting device manufac-turer or a qualified person shall be used to prevent thefastener from loosening due to vibration. Any loss ofstrength in the fastener caused by the locking methodshall be accounted for in the design.
4-8.5 Fastener InstallationFasteners shall be installed by an accepted method asdetermined by the lifting device manufacturer or a qual-ified person.
4-8.6 Noncritical FastenersFasteners for covers, panels, brackets, or other noncri-tical components shall be selected by the lifting devicemanufacturer or a qualified person to meet the needsof the application.
4-9 GRIP SUPPORT FORCE

4-9.1 PurposeThis section sets forth requirements for the minimumsupport force for pressure-gripping (friction-type) andindentation-type lifters. Factors such as type and condi-tion of gripping surfaces, environmental conditions, coef-ficients of friction, dynamic loads, and producttemperature can affect the required support force andshall be considered during the design by a qualifiedperson. In addition, lifters such as bar tongs and verticalaxis coil grabs haveother special load-handling conditions(e.g., opening force) that should be considered.
4-9.2 Pressure-Gripping and Indentation Lifter

Support ForceThe coefficient of friction, static or dynamic as applica-ble, shall be determined by a qualified person throughtesting or from published data. The illustrations inFigure 4-9.2-1 show some ways friction forces may beapplied.
×F 2.0 LoadS

(4-16)where
FH = minimum force on each side of load, lb (N)
FS = total support force created by lifter, lb (N)Load = weight of lifted load, lb (N)

4-10 VACUUM LIFTING DEVICE DESIGN

4-10.1 ð20ÞVacuum Pad Capacity

(a) The ultimate pad capacity (UPC), lb (N), shall bedetermined by eq. (4-17).
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=AVUPC p (4-17)where
A = effective area of the vacuum pad enclosedbetween the pad and the material when thepad is fully compressed against the materialsurface to be lifted, in.2 (mm2)

Vp = minimum vacuum specified at the pad, psi (MPa)The value of Vp shall consider the altitude where thelifting device will be used.
(b) The UPC shall be reduced to a maximum vacuumpad rating (VPR).

=VPR UPC/N
v

(4-18)where
Nv = 2 + 2 sin θ
θ = angle of vacuum pad interface surface measuredfrom horizontal, degTheNvvalue calculated in eq. (4-18) is for clean, flat, dry,nonporous surfacesand shall be increasedas requireddueto the surface conditions of interfacingmaterials as deter-mined by a qualified person. Consideration should begiven to conditions such as surface temperatures, contam-ination, torsion and bending loads of the vacuum pad, andtested vacuum pad performance.

4-10.2 Vacuum PreservationThe vacuum lifter shall incorporate amethod topreventthe vacuum level under the pad(s) from decreasing morethan 25% (starting from rated vacuum level) in 5 minwithout primary power and the vacuum pad(s) attachedto a clean, dry, and nonporous surface at the rated load.Consideration should be given to conditions such assurface temperatures, contamination, torsion andbending loads of the vacuum pad, tested vacuum padperformance, and surface conditions of interfacing mate-rials. Unintended loss of power shall not disconnect thepad(s) from the vacuum preservation method.

4-10.3 Vacuum IndicatorA vacuum indicator shall be visible to the lifter operatorduring use and shall continue to function during an unin-tended loss of power. It shall indicate the presence of theminimum vacuum required for the rated load of thevacuum lifting device.
4-10.4 Unintended OperationA qualified person shall choose the location andguarding of operating devices that are used to releasea load from a lifter in order to inhibit unintentional opera-tion of the lifter.
4-11 FLUID POWER SYSTEMS

4-11.1 PurposeThis section identifies requirements of fluid powersystems and components for below-the-hook liftingdevices.
4-11.2 Fluid Power Components

(a) The lifting device manufacturer or qualified personshall specify system components such as cylinders,pumps, valves, pipes, hoses, and tubes. Fluid powersystems should be designed so that loss of the lifterpower source(s), fluid loss, or control system failurewill not result in uncontrolled movement of the load.
(b) Each hydraulic fluid power component shall beselected based on the manufacturer’s rating and themaximum pressure applied to that component of thesystem, provided that the rating is based on a designfactor equal to or greater than 1.67Nd.
(c) Each pneumatic fluid power component shall beselected based on the maximum pressure applied tothat component of the system and a rating equal to themanufacturer’s rating divided by 0.50Nd. Alternatively,pneumatic fluid power components may be selected inaccordance with (b) above.
(d) Components whose failure will not result in uncon-trolledmovement of the loadmaybe selectedbasedon themanufacturer’s rating.

Figure 4-9.2-1 Illustration of Holding and Support Forces
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4-11.3 Power Source/SupplyWhere the lifteruses anexternal fluidpower source thatis not part of thebelow-the-hook lifter, the supply require-ments, which shall include the maximum sum of all fluidpowercomponentspossible toactuateatone time, shall bedetailed in the specifications.
4-11.4 Fluid Pressure IndicationIf a change in fluid pressure could result in uncontrolledmovement of the load, an indicator should be provided toallow the lifter operator to verify that the fluid pressure issufficient during all stages of lifter use. Additional indica-tors may be necessary to allow monitoring of varioussystems. The fluid pressure indicator(s), if provided,shall be clearly visible or audible.

4-11.5 Fluid Pressure ControlThe fluid power system shall be equippedwith ameansto releasestoredenergyand toverify that thesystem isat azero-energy state. Hydraulic fluid shall not be dischargedto atmosphere.The system shall be designed to protect against pres-sures exceeding the rating of the system or any compo-nent.
4-11.6 System GuardingFluid power tubing, piping, components, and indicatorsshould be located or guarded to resist damage resultingfrom collision with other objects and whipping in theevent of failure.
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Chapter 5
Electrical Design ð20Þð20Þ

5-1 GENERAL

5-1.1ð20Þ PurposeThis chapter sets forth design criteria for electricalcomponents of a below-the-hook lifting device.
5-1.2 Relation to Other StandardsComponents of electrical equipment used to operate abelow-the-hook lifting device shall conform to the appli-cable sections of ANSI/NFPA 70, National Electrical Code.
5-1.3 Power RequirementsThe electrical power supply and control power require-ments for operating a lifting device shall be detailed in thespecifications. The supply requirements shall include themaximum full-load amperage draw based on the oper-ating conditions that will create the largest demand onthe system.
5-2 ELECTRIC MOTORS AND BRAKES

5-2.1 MotorsContinuous-duty motors shall be used when motorfunction is required to lift or hold the load. Motorsused for other functions may be intermittent duty,provided they can meet the required duty cycle of thelifter without overheating. Motors shall have torque char-acteristics suitable for the lifting device application andbecapable of operating at the specified speed, load, andnumber of starts.
5-2.2 Motor SizingMotors shall be sized so the rated motor torque is notexceededwithin the specifiedworking range and/or ratedload of the lifting device.
5-2.3 Temperature RiseTemperature rise inmotors shall be in accordance withNEMAMG 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.

5-2.4 InsulationThe minimum insulation rating of motors and brakesshall be Class B.
5-2.5 BrakesElectric brakes shall be furnished whenever the liftedload could cause the gearing to back drive and allow unin-tended movement of the load. Brakes shall be electricrelease spring-set type. Brake torque shall hold aminimum of 150% rated motor torque or 150% ofback-driving torque, whichever is greater.
5-2.6 Voltage RatingMotor and brake nameplate voltage shall be in accor-dance with NEMA MG 1 for the specified power supply.The installer/user shall ensure thevoltagedelivered to theterminals of the lifting device iswithin the tolerance set byNEMA.
5-3 OPERATOR INTERFACE

5-3.1 Locating the Operator InterfaceA qualified person shall choose a location for theoperator interface in order to produce a safe and func-tional electrically powered lifting device. The liftingdevice specifications shall state the location of theoperator interface chosen by a qualified person fromthe following options:
(a) push buttons or lever attached to the lifter
(b) pendant station push buttons attached to the lifter
(c) pendant station push buttons attached to the hoistor crane
(d) push buttons or master switches located in thecrane cab
(e) handheld radio control or infrared transmitter
(f) automated control system

5-3.2 Unintended OperationA qualified person shall choose the location andguarding of push buttons, master switches, or other oper-ating devices that are used to open, drop, or release a loadfrom a lifter. In order to inhibit unintentional operation ofthe lifter, one of the following options should be consid-ered:
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(a) Use two push buttons in series spaced such thatthey require two-handed operation to open, drop, orrelease a load from a lifter.
(b) Use one or more limit switches and/or sensors toconfirm a load is lifted or suspended, in series with theopen,drop,or releasepushbutton, to inhibit open,drop, orrelease motion while the load is lifted.
(c) Use a mechanical guard or cover over the actuationdevice that requires two specific operations to activate thedevice.

5-3.3 Operating LeversCab-operated master switches shall be spring return toneutral (off) position type, except that those for electro-magnet or vacuum control shall be maintained type.
5-3.4 Control CircuitsControl circuit voltage of any lifter shall not exceed 150volts AC or 300 volts DC.
5-3.5 Push Button TypePush buttons and control levers shall return to the “off”positionwhenpressure is releasedby theoperator, exceptfor electromagnet or vacuum control, which should bemaintained type.
5-3.6 Push Button MarkingsEachpushbutton, control lever, andmaster switch shallbe clearly marked with appropriate legend platesdescribing the resulting motion or function of the lifter.
5-3.7 Sensor ProtectionLimit switches, sensors, and other control devices, ifused, shall be located, guarded, and protected toinhibit inadvertent operation and damage resultingfrom collision with other objects.
5-3.8 IndicatorsIndicationor signal lights shouldbeprovided to indicateif power is “on” or “off.” If provided, the lights shall belocated so that they are visible to the lifter operator.Multiple bulbs may be provided to avoid confusion dueto a burned-out bulb.
5-4 CONTROLLERS AND AUXILIARY EQUIPMENT

5-4.1 Control ConsiderationsThis section covers requirements for selecting andcontrolling the direction, speed, acceleration, and stop-ping of lifting device motors. Other control requirementssuch as limit switches, master switches, and push buttonsare covered in section 5-3.

5-4.2 Control LocationControls mounted on the lifting device shall be located,guarded, and designed for the environment and impactsexpected.
5-4.3 Control SelectionAqualifiedpersondesignatedby themanufacturerand/orowner, purchaser, oruserof amotor-drivendevice shalldetermine the type and size of control to be used with thelifter for proper and safe operation. Control systems maybemanual, magnetic, static, inverter (variable frequency),electric/electronic, or in combination.
5-4.4 Magnetic Control ContactorsControl systems using magnetic contactors shall havesufficient size and quantity for starting, accelerating,reversing, and stopping the lifter. Contactors rated byNEMA shall be sized in accordance with NEMA ICS 2. Defi-nite-purpose contactors specifically rated for crane andhoist duty service or IEC contactors may be used forService Classes 0, 1, and 2, provided the applicationdoes not exceed the contactor manufacturer’s publishedrating. Reversing contactors shall be interlocked.
5-4.5 Static and Inverter ControlsControl systemsusing staticor inverter assemblies shallbe sized with due consideration of motor, rating, driverequirements, service class, duty cycle, and applicationin the control. If magnetic contactors are includedwithin the static assembly, they shall be rated in accor-dance with para. 5-4.4.
5-4.6 Lifting Magnet Controllers

(a) Provisions shall be made for maintaining thecontrol switch in position per para. 5-3.2 to protect itfrom unintended operation.
(b) Loss of the crane or magnet control signal shall notresult in de-energizing the lifting magnet.
(c) All lifting magnet controllers should have voltageand amperage indicators.

5-4.7 RectifiersDirect-current-powered lifters may incorporate asingle-phase full wave bridge rectifier for diode logiccircuitry to reduce the number of conductors requiredbetween the lifter and the control. The rectifier shallbe selenium or silicon type, sized to withstand thestalled current of the motor. Silicon-type rectifiersshall employ transient suppressors to protect the rectifierfrom voltage spikes.
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5-4.8 Electrical EnclosuresControl panels shall be enclosed and shall besuitable forthe environment and type of controls. Enclosure typesshall be in accordance with NEMA ICS 6 classifications.
5-4.9 Branch Circuit Overcurrent ProtectionControl systems formotor-powered lifters shall includebranch circuit overcurrent protection as specified inANSI/NFPA 70. These devices may be part of the hoistingequipment from which the lifter is suspended, or may beincorporated as part of the lifting device.
5-4.10 System GuardingElectrical components shall be guarded or located sothat persons or objects cannot inadvertently come intocontact with energized components under normal oper-ating conditions.
5-5 GROUNDING

5-5.1 GeneralElectrically operated liftingdevices shall be grounded inaccordance with ANSI/NFPA 70.
5-5.2 Grounding MethodSpecial design considerations shall be taken for lifterswith electronic equipment. Special wiring, shielding,filters, and grounding may need to be considered toaccount for the effects of electromagnetic interference(EMI), radio frequency interference (RFI), and otherforms of emissions.
5-6 POWER DISCONNECTS

5-6.1 Disconnect for Powered LifterControl systems formotor-powered lifters shall includea power disconnect switch as specified in ANSI/NFPA 70.This device may be part of the hoisting equipment fromwhich the lifter is suspended, or may be incorporated aspart of the lifting device.
5-6.2 Disconnect for Vacuum Lifter

(a) Hoisting equipment using an externally poweredvacuum lifter shall have a separate vacuum liftercircuit switch of the enclosed type and shall be capableof being locked in the open (off) position. The provisionfor locking or adding a lock to the disconnecting meansshall be installedonorat the switchor circuit breakerused

as the disconnectingmeans and shall remain in placewithor without the lock installed. Portable means for adding alock to the switchor circuit breaker shall not bepermitted.
(b) The vacuum lifter disconnect switch, whenrequired by ANSI/NFPA 70, shall be connected on theline side (power supply side) of the hoisting equipmentdisconnect switch.
(c) Disconnects are not required on externallypowered vacuum lifters operating from a 120 V ACsingle-phase power source.

5-6.3 Disconnect for Magnet

(a) Hoisting equipment with an externally poweredelectromagnet shall have a separate magnet circuitswitch of the enclosed type and shall be capable ofbeing locked in the open (off) position. The provisionfor locking or adding a lock to the disconnectingmeans shall be installed on or at the switch or circuitbreaker used as the disconnecting means and shallremain inplacewithorwithout the lock installed. Portablemeans for adding a lock to the switch or circuit breakershall not be permitted. Means for discharging the induc-tive energy of the magnet shall be provided.
(b) Themagnet lifter disconnect switch,when requiredby ANSI/NFPA 70, shall be connected on the line side(power supply side) of the hoisting equipment disconnectswitch. Power supplied to liftingmagnets fromDCgenera-tors can be disconnected by disabling the external powersource connected to the generator, or by providing acircuit switch that disconnects excitation power to thegenerator and removes all power to the lifting magnet.
(c) Disconnects are not required on externallypowered electromagnets operating from a 120 V ACsingle-phase power source.

5-7 BATTERIES

5-7.1 Battery Condition IndicatorBattery-operated lifters or lifting magnets shall containa device indicating existing battery conditions.
5-7.2 EnclosuresBattery enclosures or housings for wet cell batteriesshall be vented to prevent accumulation of gases.
5-7.3 Battery AlarmBattery backup systems shall have an audible or visiblesignal towarn the lifter operatorwhen the primary poweris being supplied by the backup battery(ies).
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Chapter 6
Lifting Magnet Design

6-1 PURPOSEThis chapter sets forth requirements for the perfor-mance characteristics of material handling magnets.Refer to Chapters 3, 4, and 5 for structural, mechanical,and electrical design requirements, respectively.NOTE: Calculations for magnet design are commonly performedin SI units (m, kg, s). Therefore, the equations in this chapter arepresented in SI units.
6-2 DESIGN REQUIREMENTS

6-2.1 GeneralThe design of amaterial handlingmagnet shall take intoconsideration the magnetic induction capabilities of themagnet components as well as the application forwhich the magnet is designed.The magnet shall be designed with the capability togenerate a lifting force that meets or exceeds thesafety requirements stated in ASME B30.20 for a givenapplication.
(a) Lifting magnets shall be designed to a minimum ofDesignCategoryB (static strength criteria) and the properService Class (fatigue life criteria) selected for the numberof load cycles.
(b) Lifting magnet suspension devices should meet thelifting magnet manufacturer’s recommendations. If anysuch suspension devices are used during breakawaytesting and are not rated for the maximum breakawayforce of the lifting magnet, they shall be removable forthe purpose of load testing as required by ASME B30.20.

6-2.2 Application and Environmental ProfileWhen selecting amagnet suitable for a particular appli-cation, the magnet designer shall consider as a minimumthe following items:
(a) rated load
(b) load size, shape, and thickness
(c) load temperature
(d) load type [bundles, single/multiple plate, structuralshapes, coil (eye vertical/horizontal), tube/pipe, layers,slab, billet, rebar, munitions, scrap, etc.]
(e) expected air gap
(f) magnet duty cycle where applicable
(g) load material composition

(h) operating environment (indoor/outdoor, severityof environmental exposure, ambient temperaturerange, any situations existing that may affect thedesign or operation of the magnet such as radiation,EMI, and the presence of caustic fumes and chemicals)
6-3 SELECTION AND DESIGN

6-3.1 ComponentsAt a minimum, a lifting magnet shall consist of thefollowing components:
(a) effective magnet contact area
(b) flux source
(c) flux path
(d) release mechanism

6-3.2 Magnetic CircuitThe selection of components should be consideredwithrespect to their effect on the magnetic circuit in both the“attach” condition and the “release” condition.The magnetic circuit consists of three components: theflux source, the flux path, and the effectivemagnet contactarea. In the “attach” condition, the flux path will includethe load.When analyzing the magnetic circuit using the techni-ques below, it should be noted that frequently a liftingmagnet consists of several magnetic circuits.
6-3.3 Effective Magnet Contact AreaThe effective magnet contact area combined with themagnetic induction capabilities shall generate enoughforce to achieve the required design factor withrespect to the rated load.The required area can be determined using eq. (6-1).

=A
F

CB
m

m
2

(6-1)
where

Am = effective magnet contact area, m2
Bm = flux density, T
C = 400 000 A/T-m
F = resultant force, NThe effective magnet contact area should consist of abalanced amount of north pole area and south pole area.
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The number of poles and the size, shape, and layout ofthe poles should take into account the load characteristicsand the items described in para. 6-2.2.The designer shall determine the appropriate fluxdensity, Bm, for the application in order to determinethe required effective magnet contact area, Am. Bycombining these two components, the total flux, ϕm,required for the application can be determined usingeq. (6-2).
= B A

m m m
(6-2)where

ϕm = total flux required for the application, Wb
6-3.4 Flux Source

6-3.4.1 General. The total amount of flux provided bythe flux source shall be no less than the value determinedin eq. (6-2). Equations (6-5) and (6-6) give the total fluxprovided by an electromagnet flux source and a perma-nent magnet flux source, respectively.The source of the flux (permanent magnet or electro-magnet) shall haveamagnetomotive force,Fm, that is suffi-cient to generate enough force at the effective magnetcontact area to achieve the required design factor withrespect to the rated load.The magnetomotive force can be computed usingeq. (6-3) for an electromagnet or eq. (6-4) for a permanentmagnet.
=F NIm

(6-3)
=F H Lm c

(6-4)where
Fm = magnetomotive force of magnetic circuit, A
Hc = coercivity of the permanent magnet material,A/m
I = current in the coil wire, A
L = magnetic length, m
N = number of turns in the coil
6-3.4.2 ElectromagnetFluxSource.Anelectromagnetuses a constantly energized power coil as the flux source.The electromagnet core of the power coil should be amaterial with permeability approaching that of pureiron, and should have a cross-sectional area that is suffi-cient to provide the total flux, ϕm, required by eq. (6-2).The power coil shall be of a nonmagnetic metal that is agood electrical conductor such as copper or aluminum.The conductor shall be electrically insulated and the insu-lation shall tolerate the intendedoperating temperatureofthe lifting magnet. The design of the coil(s) of an electro-magnet shall generate and maintain a magnetic fieldstrength, H, sufficient to provide the total flux requiredby the application.

To determine the flux density, Bm, of the electromagnetcore, refer to the magnetization curve of the material anddetermine the flux density value that corresponds to themagnetic field strength, H, exerted by the power coil. Thetotal fluxprovidedby theelectromagnet flux source canbecomputed using eq. (6-5).
= B A

e e e
(6-5)where

Ae = cross-sectional area of electromagnet core, m2
Be = flux density of electromagnet core, T
ϕe = flux from electromagnet flux source, Wb
6-3.4.3 Permanent Magnet Flux Source

6-3.4.3.1 General. A permanent lifting magnet usespermanent magnet(s) as the flux source. There are twotypes of permanent lifting magnets: manually controlledand electrically controlled (electro-permanent).
6-3.4.3.2 Manually Controlled Permanent Magnet.A manually controlled permanent lifting magnet usespermanent magnet material as the flux source (e.g.,NdFeB). The orientation and position of the permanentmagnet material inside of the lifting magnet determinethe state (i.e., “attach” or “release”) of the liftingmagnet and are controlled using mechanical means.
6-3.4.3.3 Electrically Controlled Permanent

Magnet. An electrically controlled permanent liftingmagnet uses permanent magnet material as the fluxsource (e.g., AlNiCo). The permanent magnet materialis surrounded by a power coil, and the power coil isused to manipulate the magnetic characteristics of theelectro-permanent magnet core. In many cases, asecond permanent magnet material (e.g., NdFeB) isused in combination with the first. In this case, thetotal flux provided by the flux source will be the sumof the flux from the two permanent magnet materials.The power coil(s) of an electrically controlled perma-nent magnet should surround the electro-permanentmagnet core(s). It shall be of a nonmagnetic materialthat is a good electrical conductor such as copper oraluminum. The conductor shall be electrically insulatedand the insulation shall tolerate the intended operatingtemperature of the lifting magnet. The power coil shallgenerate a magnetic field, H, that is sufficient to bringthe electro-permanent magnet core to saturation.
6-3.4.3.4 Permanent Magnet Flux. The total fluxprovided by a permanent magnet flux source can becomputed using eq. (6-6).

= B Ap r p (6-6)where
Ap = polar surface area of permanent magnet, m2
Br = residual magnetic induction of permanentmagnet, T
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ϕp = flux from permanent magnet flux source, Wb
6-3.4.3.5 Permanent Magnet Material. Permanentmagnet material shall be capable of providing and main-taining the required magnetomotive force through theentire load and magnet operating temperature spectra.The characteristics of the magnet materials shall beconsidered during design. Attention should be paid tothe thermal characteristics as well as the magnetic char-acteristics, including the following:

(a) residual induction, Br (magnetic inductionremaining in a saturated magnetic material after themagnetizing field has been reduced to zero)
(b) coercive force,Hc (demagnetizing force required toreduce the residual induction, Br, to zero)
(c) intrinsic coercive force,Hci (ability of magnet mate-rial to resist demagnetization)
(d) maximum energy product, BHmax (external energyproduced by magnet)This information should be obtained from the hyster-esis curve of the particular material.Permanentmagnetmaterials shall not be employed as astructural component in any device.

6-3.5 Flux PathThe flux path shall be designed such that the perme-ability, length, and cross-sectional area provide sufficientflux to meet the requirements of the application. Inselecting a material for the flux path, the magnet designershall evaluatematerial characteristics andselect themate-rials possessing the appropriate characteristics. Theseinclude, but are not limited to, magnetic permeability,yield stress and tensile strength, and retention of physicalproperties at intended operating temperatures.Magnetic characteristics should be obtained from themagnetic hysteresis curves ofmaterials being considered.The reluctance can be related to the permeability of thematerial by eq. (6-7).
=R

l

A

(6-7)
where

A = cross-sectional area of the magnetic circuit orsegment of the circuit, m2
l = length of the magnetic circuit or segment of thecircuit, m
R = reluctance of the magnetic circuit, A/Wb
μ = permeability of the material, H/mWhen analyzing the flux path in its entirety, it should bebroken into sections of constant permeability and cross-sectional area, where the total reluctance of the magnetic

circuit is the sum of the individual sections as shown ineq. (6-8).NOTE: One section of the circuit will include the load in the“attach” condition.
= + + … +R R R Rntot 1 2

(6-8)where
Rn = reluctance of an individual section of themagnetic circuit, A/Wb

Rtot = total reluctance of the magnetic circuit, A/WbThe reluctance of all sections of the flux path shall besuch that it allows for the total flux required for the appli-cation to travel fromthe flux source to theeffectivemagnetcontact area. Use eq. (6-9) to determine the total flux avail-able to the magnetic circuit. The total flux available to themagnetic circuit must be greater than or equal to the totalflux required for the application.
=

F

R
c

m

tot

(6-9)
where

ϕc = flux available to the magnetic circuit, Wb
6-3.6 Release MechanismAmeansof attaching and releasing a liftingmagnet froma load shall be provided. The control handle of a manuallycontrolled permanent magnet shall include a device thatwill hold thehandle inboth the “attach” and “release”posi-tions to prevent inadvertent changes.
6-3.7 Encapsulation CompoundThe encapsulation compound shall protect the coils andpermanentmagnetmaterial fromtheeffectsofmechanicalshock, moisture, and internally and externally generatedheat thatmay arise through normal operation of themate-rial handling magnet. Consideration should be given tocharacteristics such as temperature rating, thermalconductivity and expansion, thermal shock, dielectricconstant, dielectric strength, volume resistivity, viscosity,and hardness.
6-3.8 Multiple Magnet SystemsSelect the appropriate number of magnets required tolift the load andmaintain the desired load orientation andsupport. This evaluation is based on load deflection char-acteristics, load type, rated load of each magnet, magnetspacing, and real air gap.
6-3.9 Environmental ConsiderationsIn caseswhere the load andmagnet operating tempera-tures are extreme, a means of monitoring the magnettemperature should be provided within the magnet

ASME BTH-1–2020

50--`,`,```,,````,`,`,`,,``````-`-`,,`,,`,`,,`---

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BTH-1 
20

20

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


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 tovarying levels of moisture, additional precautions shallbe made to protect against electrical grounding.
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NONMANDATORY APPENDIX A
COMMENTARY FOR CHAPTER 1: SCOPE, DEFINITIONS, AND

REFERENCES1

A-1ð20Þ PURPOSEThis Standard has been developed in response to theneed to provide clarification of the intent of ASMEB30.20 with respect to the structural design of below-the-hook lifting devices. Since the first edition of ASMEB30.20 was published in 1986 (ASME B30.20-1985),users have requested interpretations of the construction(structural design) requirements stated therein. The levelof detail required to provide adequate answers to thequestions submitted extends beyond that which can becovered by interpretations of a B30 safety standard.
A-2 SCOPEASME BTH-1 addresses only design requirements. Assuch, this Standard should be used in conjunction withASME B30.20, which addresses safety requirements.ASME BTH-1 does not replace ASME B30.20. Thedesign criteria set forth are minimum requirementsthat may be increased at the discretion of the liftingdevice manufacturer or a qualified person.The design of lifting attachments may be addressed byexisting industry design standards. In the absence of suchdesign standards, a qualified person should determine ifthe provisions of ASME BTH-1 are applicable.
A-3 NEW AND EXISTING DEVICESIt is not the intent of this Standard to require retrofittingof existing lifting devices.
A-4 GENERAL REQUIREMENTS

A-4.1 Design ResponsibilityAlthough always implied, this provision now explicitlystates that the design of below-the-hook lifting devices isthe responsibility of a qualified person. This requirementhas been established in recognition of the impact that theperformance of a lifting device has on workplace safety,the complexity of the design process, and the level of

knowledge and training required to competentlydesign lifting devices.
A-4.2 ð20ÞUnits of MeasureThe requirements of this Standard are presentedwher-ever possible in a manner that is dimensionally indepen-dent, thus allowing application of these requirementsusing either U.S. Customary units or the InternationalSystem of Units (SI). U.S. Customary units are theprimary units used in this Standard, except inChapter 6 (see Nonmandatory Appendix F).
A-4.3 ð20ÞDesign CriteriaThe original ASME B30.20 structural design require-ments defined a lifting device only in terms of its ratedload. Later editions established fatigue life requirementsby reference to AWS D14.1/D14.1M. ASME BTH-1 nowdefines the design requirements of a lifter in terms ofthe rated load, Design Category, and Service Class tobetter match the design of the lifter to its intendedservice. An extended discussion of the basis of theDesign Categories and Service Classes can be found inNonmandatory Appendices B and C (commentaries forChapters 2 and 3, respectively).ASMEBTH-1 requires that the rated load and fatigue lifebe determined by calculations performed in accordancewith the provisions as defined in this Standard. A manu-facturer may verify the rated load and/or fatigue lifethrough destructive testing, if desired, in addition toperforming the required calculations.
A-4.4 Analysis MethodsThe allowable stresses defined in Chapters 3 and 4 havebeen developed based on the presumption that the actualstresses due to design loads will be computed using clas-sical methods. Such methods effectively compute averagestresses acting on a structural or mechanical element.Consideration of the effects of stress concentrations isnot normally required when determining the staticstrength of a lifter component (see NonmandatoryAppendix C, para. C-5.2). However, the effects of stressconcentrations are most important when determiningfatigue life. Lifting devices often are constructed with1This Appendix contains commentary that may assist in the use andunderstanding of Chapter 1. Paragraphs in this Appendix correspondwith paragraphs in Chapter 1.
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discontinuities or geometric stress concentrations such aspin and bolt holes, notches, inside corners, and shaftkeyways that act as initiation sites for fatigue cracks.Analysis of a lifting device with discontinuities usinglinear finite element analysis will typically show peakstresses that indicate failure, where failure is definedas the point at which the applied load reaches the lossof function (or limit state) of the part or device underconsideration. This is particularly true when evaluatingstatic strength. While the use of such methods is notprohibited, modeling of the device and interpretationof the results demand suitable expertise to ensure the re-quirements of this Standard are met without creatingunnecessarily conservative limits for static strengthand fatigue life.
A-4.5 MaterialThe design provisions in Chapters 3 and 4 are based onpractices and research for design using carbon, high-strength low-alloy, and heat-treated constructionalalloy steels. Someof theequationspresentedareempiricalandmay not be directly applicable to usewith othermate-rials. Both ferrous and nonferrousmaterials, including theconstructional steels, may be used in the mechanicalcomponents described in Chapter 4.Industry-wide specifications are those from organiza-tions such as ASTM International, American Iron and SteelInstitute (AISI), andSAE International. Aproprietary spec-ification is one developed by an individual manufacturer.
A-4.6 WeldingAWSD14.1/D14.1M is cited as the basis forweld designand welding procedures. This requirement is in agree-ment with CMAA Specification No. 70 and those estab-lished by ASME B30.20. Because of the requirementfor nondestructive examination of Class 1 and Class 2weld joints, AWS D14.1/D14.1M was selected over themore commonly known AWS D1.1 (refer to AWSD14.1/D14.1M, section10.8). Fabricators that useperson-nel and procedures that are qualified under earliereditions of AWS D14.1/D14.1M, AWS D1.1, or SectionIX of the ASME Boiler and Pressure Vessel Code are qual-ified to perform duties under AWS D14.1/D14.1M,provided that they meet any additional requirementsthat are mandated by AWS D14.1/D14.1M (refer toAWS D14.1/D14.1M, para. 9.1.4). The allowable stressesfor welds are modified in this Standard to provide thehigherdesign factors deemednecessary for liftingdevices.
A-4.7 TemperatureThe temperature limits stated are based on the following.Historically, tension brittle failures have occurred duringhydrotest in pressure vessels fabricated from low carbonsteel at temperatures as high as 50°F (10°C). Flaws insteel plate material were the primary cause of these failures.With tighter production processes, closer metallurgical

control, and better quality checks in current practice, therisk of such failure is reduced. Thus, the Committee selectedthe25°F (−4°C) temperature as a reasonable lower limit. Thislower temperature limit is also consistent with recommen-dations made by AISC (2006).The Committee selected the upper temperature limit asa reasonable maximum temperature of operation in asummer desert environment. Data from the ASMEBoiler and Pressure Vessel Code material design tablesindicate that some carbon steels have already begun todecline in both yield stress and allowable tensionstress at 200°F (93°C). Some materials decline by asmuch as 4.6%, but most decline less. A straight-line inter-polation between the tabulated values for materials at100°F (38°C) and 200°F (93°C) in this reference gives ac-ceptable stress values that have minimal degradation at150°F (66°C).In some industrial uses, lifting devices can be subjectedto temperatures in excess of 1,000°F (540°C). At thesetemperatures, the mechanical properties of most mate-rials aregreatly reducedover thoseat ambient. If theexpo-sure is prolonged and cyclic in nature, the creep rupturestrength of the material, which is lower than the simpleelevated temperature value, must be used in determiningthe design rated load and life of the device.Of importance when evaluating the effects of tempera-ture is the temperatureof the lifter component rather thanthe ambient temperature. A lifter may move brieflythrough an area of frigid air without the temperatureof the steel dropping to the point of concern. Likewise,a lifter that handles very hot itemsmay have some compo-nents that become heated due to contact.
A-5 DEFINITIONSThis section presents a list of definitions applicable tothe design of below-the-hook lifting devices. Definitionsfrom the ASME Safety Codes and Standards Lexicon andother engineering references are used wherever possible.The defined terms are divided into general terms(para. 1-5.1) that are considered broadly applicable tothe subject matter and groups of terms that are specificto each chapter of the Standard.
A-5.1 ð20ÞDefinitions — GeneralThe definitions of below-the-hook lifting device (lifting
device, lifter) and lifting attachment are based in part onthe usage of the devices. A below-the-hook lifting device isexpected to be used with any number of lifted loads,whereas a lifting attachment is to be used with one liftedload only and is designed as a part of that lifted load. Themeans of connecting the lifting attachment to its load(bolting, welding, adhesive bonding, etc.) does not enterinto the determination of whether the item is a below-the-hook lifting device or a lifting attachment. This distinctionis consistent with Interpretation 14-1345 to ASME B30.20.
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A-6ð20Þ SYMBOLSThe symbols used in this Standard are generally inconformance with the notation used in other design stan-dards that are in wide use in the United States, such as theAISCspecification(AISC,1989)and thecranedesignspeci-fications published by AIST and CMAA (AIST TR-06 andCMAA Specification No. 70, respectively). Where notationdid not exist, unique symbols are defined herein and havebeen selected to be clear in meaning to the user.
A-7ð20Þ REFERENCESASME BTH-1 is structured to be a stand-alone standardto the greatest extent practical. However, some areas arebest suited to be covered by reference to establishedindustry standards. Section 1-7 lists codes, standards,and other documents that are cited within the mainbody of this Standard and provides the names andaddresses of the publishers of those documents.Each chapter of this Standard has a related Nonmanda-tory Appendix that explains, where necessary, the basis ofthe provisions of that chapter. All publications cited inthese Nonmandatory Appendices are listed below.These references are cited for information only.29 CFR 1910.179, Overhead and Gantry CranesU.S. Department of Defense, 1998, DOD Handbook MIL-HDBK-1038, Weight Handling EquipmentPublisher: Superintendent of Documents, U.S. Govern-ment Publishing Office (GPO), 732 N. Capitol Street,NW Washington, DC 20401 (www.gpo.gov)ANSI B11.19-2019 Performance Criteria for SafeguardingPublisher: B11 Standards, Inc., 42293 Young Lane, Lees-burg, VA 20176 (www.b11standards.org)ANSI/ABMA 9-2015 , Load Ratings and Fatigue Life forBall BearingsANSI/ABMA 11-2014 , Load Ratings and Fatigue Life forRoller BearingsPublisher: American Bearing Manufacturers Association(ABMA), 2025 M Street, NW, Suite 800, Washington,DC 20036 (www.americanbearings.org)ANSI/AGMA 2001-D04 (reaffirmed March 2016), Funda-mental Rating Factors and Calculation Methods forInvolute Spur and Helical Gear TeethPublisher: American Gear Manufacturers Association(AGMA), 1001 North Fairfax Street, Suite 500, Alexan-dria, VA 22314 (www.agma.org)AWS D1.1-2015, Structural Welding Code — SteelAWS D14.1/D14.1M-2005, Specification for Welding ofIndustrial and Mill Cranes and Other Material HandlingEquipmentPublisher: AmericanWelding Society (AWS), 8669NW36Street, No. 130, Miami, FL 33166 (www.aws.org)

ANSI/NFPA 70-2020, National Electrical CodeANSI/NFPA 79-2018, Electrical Standard for IndustrialMachineryPublisher: National Fire Protection Association (NFPA), 1Batterymarch Park, Quincy, MA 02169 (www.nfpa.org)API RP 2A-WSD, 2000, Planning, Designing, andConstructing Fixed Offshore Platforms — WorkingStress DesignPublisher: American Petroleum Institute (API), 200Massachusetts Avenue, NW, Suite 1100, Washington,DC 20001 (www.api.org)ASME B17.1-1967 (R2013), Keys and KeyseatsASME B30.2-2016, Overhead and Gantry Cranes (TopRunning Bridge, Single or Multiple Girder, TopRunning Trolley Hoist)ASME B30.20-1985 and 2018, Below-the-Hook LiftingDevicesASME Boiler and Pressure Vessel Code, Section II, Part D,Properties, 2001 Edition, 2002 AddendaASME Boiler and Pressure Vessel Code, Section IX,Welding, Brazing, and Fusing Qualifications, 2019EditionASME HST-4-2016, Performance Standard for OverheadElectric Wire Rope HoistsBibber, L. C., Hodge, J. M., Altman, R. C., and Doty, W. D.,1952,“ANewHigh-Yield-StrengthAlloySteel forWeldedStructures,” Transactions, Vol. 74, Part 3Publisher: The American Society of Mechanical Engineers(ASME), Two Park Avenue, New York, NY 10016-5990(www.asme.org)Avallone, E. A., and Baumeister, T., eds., 1987,Marks’ Stan-
dard Handbook for Mechanical Engineers, 9th editionMelcon,M. A., andHoblit, F.M., 1953,“Developments in theAnalysis of Lugs and Shear Pins,” Product Engineering,Vol. 24, No. 6, pp. 160–170Shigley, J. E., and Mischke, C. R., 2001, Mechanical Engi-
neering Design, 6th editionYoung, W. C., Budynas, R. G., and Sadegh, A. M., 2012,
Roark’s Formulas for Stress and Strain, 8th editionPublisher: McGraw-Hill Co., P.O. Box 182604, Columbus,OH 43272 (www.mcgraw-hill.com)Bjorhovde, R., Galambos, T. V., and Ravindra, M. K., 1978,“LRFD Criteria for Steel Beam-Columns,” Journal of the
Structural Division, Vol. 104, No. ST9Duerr, D., 2006, “Pinned Connection Strength and Beha-vior,” Journal of Structural Engineering, Vol. 132, No. 2Duerr, D., 2016, “Lateral-Torsional Buckling of SuspendedI-Shape Lifting Beams,” Practice Periodical on Structural
Design and Construction, Vol. 21, No. 1Dux, P. F., and Kitipornchai, S., 1990, “Buckling ofSuspended I-Beams,” Journal of Structural Engineering,Vol. 116, No. 7, pp. 1877–1891
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Fisher, J. W., Galambos, T. V., Kulak, G. L., and Ravindra, M.K., 1978, “Load and Resistance Design Criteria forConnectors,” Journal of the Structural Division, Vol.104, No. ST9Galambos, T. V., and Ravindra, M. K., 1978, “Properties ofSteel for Use in LRFD,” Journal of the Structural Division,Vol. 104, No. ST9Kitipornchai, S., and Trahair, N. S., 1980,“Buckling Proper-ties of Monosymmetric I-Beams,” Journal of the Struc-
tural Division, Vol. 109, No. ST5McWhorter, J. C., Wetencamp, H. R., and Sidebottom, O. M.,April 1971, “Finite Deflections of Curved Beams,”
Journal of the Engineering Mechanics Division, Vol.97, No. EM2Ravindra,M.K., andGalambos,T.V., 1978,“LoadandResis-tance Factor Design for Steel,” Journal of the Structural
Division, Vol. 104, No. ST9Yura, J. A., Galambos, T. V., and Ravindra, M. K., 1978, “TheBending Resistance of Steel Beams,” Journal of the
Structural Division, Vol. 104, No. ST9Publisher: American Society of Civil Engineers (ASCE),1801 Alexander Bell Drive, Reston, VA 20191(www.asce.org)Blodgett, O. W., 1966, Design of Welded StructuresPublisher: The James F. Lincoln Arc Welding Foundation,22801 St. Clair Avenue, Cleveland, OH 44117(www.jflf.org)Boresi, A. P., and Sidebottom, O. M., 1985, Advanced
Mechanics of Materials, 4th editionKulak, G. L., Fisher, J. W., and Struik, J. H. A., 1987, Guide to
Design Criteria for Bolted and Riveted Joints, 2nd editionPilkey, W. D., and Pilkey, D. F., 2008, Peterson’s Stress
Concentration Factors, 3rd editionZiemian, R. D., ed., 2010, Guide to Stability Design Criteria
for Metal Structures, 6th editionPublisher: John Wiley & Sons, Inc., 111 River Street,Hoboken, NJ 07030 (www.wiley.com)Cornell, C. A., 1969, “A Probability-Based Structural Code,”
ACI Journal, Vol. 66, No. 12Publisher: American Concrete Institute (ACI), 38800Country Club Drive, Farmington Hills, MI 48331(www.concrete.org)DIN 6885-1 (1968), Drive Type FasteningsWithout TaperAction; Parallel Keys, Keyways, Deep PatternPublisher: Deutsches Institut für Normung, e. V. (DIN)Budapester Straße 31, 10787 Berlin, Germany(www.din.de)Ellifritt,D. S.,Wine,G., Sputo,T., andSamuel, S., 1992,“Flex-ural Strength of WT Sections,” Engineering Journal, Vol.29, No. 2“Engineering FAQs Section 4.4.2” (www.aisc.org, 2006)

Guide for the Analysis of Guy and Stiffleg Derricks, 1974Load andResistance FactorDesign Specification for Struc-tural Steel Buildings, 1994 and 2000Specification for Structural SteelBuildings, 2010and2016Specification for Structural Steel Buildings — AllowableStress Design and Plastic Design, 1989Yura, J. A., andFrank,K.H., 1985,“TestingMethod toDeter-mine the Slip Coefficient for Coatings Used in BoltedConnections,” Engineering Journal, Vol. 22, No. 3Publisher:American Instituteof SteelConstruction (AISC),130 East Randolph, Suite 2000, Chicago, IL 60601(www.aisc.org)Lyse, I., and Godfrey, H. J., 1933, “Shearing Properties andPoisson’s Ratio of Structural and Alloy Steels,” Proceed-
ingsPublisher: American Society for Testing and Materials(ASTM International), 100 Barr Harbor Drive,P.O.Box C700, West Conshohocken, PA 19428-2959(www.astm.org)Madsen, J.,November1941,“ReportofCraneGirderTests,”
Iron and Steel EngineerAIST TR-06, Specification for Electric Overhead TravelingCranes for Steel Mill Service, 2018Publisher: Association for Iron & Steel Technology (AIST),186 Thorn Hil l Road, Warrendale , PA 15086(www.aist.org)SAE J1078-200711, A Recommended Method of Analyti-cally Determining the Competence of Hydraulic Tele-scopic Cantilevered Crane BoomsPublisher: SAE International, 400 Commonwealth Drive,Warrendale, PA 15096 (www.sae.org)Specification No. 70-2015, Specifications for Top RunningBridge and Gantry Type Multiple Girder Electric Over-head Traveling CranesSpecification No. 74-2015, Specifications for Top Runningand Under Running Single Girder Electric TravelingCranes Utilizing Under Running Trolley HoistPublisher: Crane Manufacturers Association of America,Inc. (CMAA), 8720 Red Oak Boulevard, Charlotte, NC28217 (www.mhia.org/cmaa)Tolbert, R. N., 1970, “A Photoelastic Investigation of LugStresses and Failures,” Master’s Thesis, VanderbiltUniversity, Nashville, TNWilson, W. M., 1934, The Bearing Value of Rollers, BulletinNo. 263, University of Illinois Engineering ExperimentStation, Urbana, IL (www.ideals.illinois.edu)Wire Rope Users Manual, 4th edition, 2005Publisher: Wire Rope Technical Board (WRTB), P.O. Box151387, Alexandria, VA 22315-1387 (www.wirerope-technicalboard.org)
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NONMANDATORY APPENDIX B
COMMENTARY FOR CHAPTER 2: LIFTER CLASSIFICATIONS1

B-1 GENERAL

B-1.1 SelectionThe selection of a Design Category and Service Classallows the strength and useful life of the lifter to bematched to the needs of the user. A qualified personor manufacturer must assure that the Design CategoryandServiceClass specified for aparticular lifter are appro-priate for the intended use so as to provide a design withadequate structural reliability and expected service life.
B-1.3 IdentificationThe purpose of this requirement is to ensure that thedesigner, manufacturer, and end user are aware of theassigned Design Category and Service Class. Typically,documents that require the indicated markings mayinclude top-level drawings, quotations, calculations,and manuals.
B-1.4 EnvironmentAmbient operating temperature limits are intendedonly to be a guideline. The component temperature ofeach part of the lifter must be considered when thedevice is operating in an environment outside thelimits defined in para. 1-4.7. The effects of dust, moisture,andcorrosiveatmospheric substanceson the integrityandperformance of a lifter cannot be specifically defined.These design considerations must be evaluated andaccounted for by the lifting device manufacturer or qual-ified person.
B-2 DESIGN CATEGORYWhen selecting a Design Category, consideration shallbe given to all operations that will affect the lifting devicedesign. The discussions of the Design Categories belowand in Nonmandatory Appendix C, para. C-1.3 refer toconsiderations given to unintended overloads in develop-ment of the design factors. These comments are in nowayto be interpreted as permitting a lifting device to be usedabove its rated load under any circumstances other than

for load testing in accordance with ASME B30.20 or otherapplicable safety standards or regulations.
B-2.1 Design Category AThedesign factor specified in Chapter 3 forDesign Cate-gory A lifters is based on presumptions of rare and onlyminor unintended overloading, mild impact loads duringroutine use, and a maximum impact multiplier of 50%.These load conditions are characteristic of use of thelifter in work environments where the weights of theloads being handled are reasonably well known, andthe lifting operations are conducted in a controlledmanner. Typical characteristics of the application forthis Design Category include lifts at slow speeds usinga well-maintained lifting device under the control of alift supervisor and experienced crane operator. ThisDesign Category should not be used in any environmentwhere severe conditions or use are present.Design Category A is intended to apply to lifting devicesused in controlled conditions. Practical considerations ofvarious work environments indicate that the highnumbers of load cycles that correspond to ServiceClass 1 and higher commonly equate to usage conditionsunderwhich thedesign factorofDesignCategoryA is inap-propriate. Thus, the use of Design Category A is restrictedto lifting device applications with low numbers of loadcycles (Service Class 0).
B-2.2 Design Category BThedesign factor specified in Chapter 3 forDesign Cate-gory B lifters is based on presumptions (compared toDesign Category A) of a greater uncertainty in theweight of the load being handled, the possibility of some-what greater unintended overloads, rougher handling ofthe load, which will result in higher impact loads, and amaximum impact multiplier of 100%. These load condi-tions are characteristic of use of the lifter in work envi-ronments where the weights of the loads being handledmay not be well known, and the lifting operations areconducted in a more rapid, production-orientedmanner. Typical characteristics of the application forthis Design Category include rough usage and lifts inadverse, less controlled conditions. Design Category Bwill generally be appropriate for lifters that are to beused in severe environments. However, the Design1This Appendix contains commentary that may assist in the use andunderstanding of Chapter 2. Paragraphs in this Appendix correspondwith paragraphs in Chapter 2.
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Category B design factor does not necessarily account forall adverse environmental effects.

B-2.3 Design Category CDesign Category C is reserved for use in specializedapplications in industries that require lifting devicedesign based on the larger design factor associatedwith this Design Category.
B-3 SERVICE CLASSDesign for fatigue involves an economic decisionbetween desired life and cost. The intent is to providethe owner with the opportunity for more economicaldesigns for the cases where duty service is less severe.A choice of five Service Classes is provided. The loadcycle ranges shown in Table 2-3-1 are consistent withthe requirements of AWS D14.1/D14.1M.Table B-3-1 may assist in determining the requiredService Class based on load cycles per day and servicelife desired.

Table B-3-1 Service Class Life

Load Cycles per Day
Desired Life, yr

1 5 10 20 305 0 0 0 1 110 0 0 1 1 225 0 1 1 2 250 0 1 2 2 3100 1 2 2 3 3200 1 2 3 3 4300 2 3 3 4 4750 2 3 4 4 41,000 2 3 4 4 4
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NONMANDATORY APPENDIX C
COMMENTARY FOR CHAPTER 3: STRUCTURAL DESIGN1

C-1 GENERAL

C-1.1 PurposeThe member allowable stresses defined in Chapter 3have generally been derived based on the assumptionof the members being prismatic. Design of taperedmembers may require additional considerations. Refer-ences such as AISC (2000), Appendix F3 and Blodgett(1966), section 4.6 may be useful for the design oftapered members.
C-1.2 LoadsThe structuralmembers andmechanical components ofa below-the-hook lifting device are to be designed for theforces imposedby the lifted load(avaluenormallyequal tothe rated load), the weight of the device’s parts, and anyforces such as gripping or lateral forces that result fromthe function of the device. The inclusion of lateral forces inthis paragraph is intended to refer to calculated lateralforces that occur as a result of the intended or expecteduse of the lifter. This provision is not intended to requiretheuseof anarbitrary lateral load in lifter design. Formostdesigns, an added impact allowance is not required. Thisissue is discussed further in paras. C-1.3 and C-5.1.
C-1.3ð20Þ Static Design BasisThe static strength design provisions defined inChapter 3 for Design Categories A and B have beenderived using a probabilistic analysis of the static anddynamic loads to which lifters may be subjected andthe uncertainties with which the strength of the liftermembers and connections may be calculated. The loadand strength uncertainties are related to a designfactor Nd using eq. (C-1) (Cornell, 1969; Shigley andMischke, 2001).

=

+ +
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V V V V
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1

1
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2 2 2 2 2

2 2

(C-1)
The termVR is the coefficient of variation of the elementstrength. Values of the coefficient of variation for differenttypes of structural members and connections have been

determined in an extensive research program sponsoredby the American Iron and Steel Institute (AISI) andpublished in a series of papers in the September 1978issue (Vol. 104, No. ST9) of the Journal of the Structural
Division from the American Society of Civil Engineers.Maximum values of VR equal to 0.151 for strengthlimits of yielding or buckling and 0.180 for strengthlimits of fracture and for connection design were takenfrom this research and used for development of theBTH design factors.The term VS is the coefficient of variation of the spec-trumof loads towhich the liftermaybesubjected.TheBTHCommittee developed a set of static and dynamic loadspectra based on limited crane loads research and theexperience of the Committee members.Design Category A lifters are considered to be used atrelatively high percentages of their rated loads. Due to thelevel of planning generally associatedwith the use of theselifters, the likelihood of lifting a load greater than the ratedload is considered small and such overloading is not likelyto exceed 5%. The distribution of lifted loads relative torated load is considered to be as shown in Table C-1.3-1.A similar distribution was developed for dynamicloading. AISC (1974) reports the results of load testsperformed on stiffleg derricks in which dynamicloading to the derrick was measured. Typical dynamicloads were approximately 20% of the lifted load, andthe upper bound dynamic load was about 50% of thelifted load. Tests on overhead cranes (Madsen, 1941)showed somewhat less severe dynamic loading. Giventhese published data and experience-based judgments,a load spectrum was established for dynamic loading(see Table C-1.3-2).A second dynamic load spectrum was developed for aspecial case of Design Category A. Somemanufacturers ofheavy equipment such as power generation machinerybuild lifters to be used for the handling of their equipment.As such, the lifters are used at or near 100% of rated loadfor every lift, but due to the nature of those lifts, thedynamic loading can reasonably be expected to be some-what less than the normal Design Category A lifters. Thedistribution developed for this special case is shown inTable C-1.3-2.The range of total loads was developed by computingthe total load (static plus dynamic) for the combination ofthe spectra shown in Tables C-1.3-1 and C-1.3-2. The1This Appendix contains commentary that may assist in the use andunderstanding of Chapter 3. Paragraphs in this Appendix correspondwith paragraphs in Chapter 3.
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appropriate statistical analysis yielded loading coeffi-cients of variation of 0.156 for the standard design spec-trum and 0.131 for the special case.The last term in eq. (C-1) to be established is the relia-bility index, β. The Committee noted that the then-currentstructural steel specification (AISC, 2000) is based on avalue of β = 3. This value was adopted for Design CategoryA. Using the values thus established, design factors(rounded off) of 2.00 for limits of yielding or bucklingand 2.40 for limits of fracture and for connectiondesign are calculated using eq. (C-1).Prior to the first edition of ASME B30.20 in 1986, engi-neers in construction commonly designed lifting devicesusing AISC allowable stresses and perhaps an impactfactor typically not greater than 25% of the lifted load.The AISC specification provides nominal design factorsof 1.67 for yielding and buckling and 2.00 for fractureand connections. Thus, the prior design method, whichis generally recognized as acceptable for lifters now clas-sified as Design Category A, provided design factors withrespect to the rated load of 1.67 to 2.08 formember designand 2.00 to 2.50 for connection design. The agreement ofthe computed BTH design factors with the prior practicewas felt to validate the results.A similar process was conducted for Design Category B.In this application, lifters are expected to serve reliablyunder more severe conditions, including abuse, andmay be used to lift a broader range of loads. Thus, therange of both static and dynamic loads is greater forDesign Category B than for Design Category A. TheBTH Committee developed a set of static and dynamicload spectra based on the judgment and experience ofthe Committee members. Table C-1.3-3 is the staticload spectrum; Table C-1.3-4 is the dynamic load spec-trum.

Again, the total load spectrum was developed and thestatistical analysis performed. The coefficient of variationfor the loading was found to be 0.392.Due to the greater uncertainty of the loading conditionsassociatedwith Design Category B, the Committee electedto use a higher value of the reliability index. The value of 3used for Design Category A was increased by 10% forDesign Category B (β = 3.3).Using these values, eq. (C-1) is used to compute(rounded off) design factors of 3.00 for limits of yieldingandbuckling and3.40 for limits of fracture and for connec-tion design. In order to maintain the same relationshipbetween member and connection design factors forboth Design Categories, the connection design factor isspecified as 3.00 × 1.20 = 3.60.Lifters used in the industrial applications of the typesforwhichDesignCategoryB is appropriate have tradition-ally been proportioned using a design factor of 3, as hasbeen required by ASMEB30.20 since its inception. Aswiththe Design Category A design factor, this agreementbetween the design factor calculated on the basis ofthe load spectra shown in Tables C-1.3-3 and C-1.3-4and the design factor that has been successfully usedfor decades validates the process.The provisions in this Standard address the mostcommon types of members and connections used inthe design of below-the-hook lifting devices. In somecases, it will be necessary for the qualified person toemploy design methods not specifically addressedherein. Regardless of the method used, the requiredmember and connection design factors must be provided.The design factors specified in para. 3-1.3 are stated tobe minimum values. Design Category C is defined toaccommodate the use of ASME BTH-1 in special applica-tions where a higher structural design factor is required.Some lifter applications may result in greater dynamicloading that will necessitate higher design factors. It isthe responsibility of a qualified person to determinewhen higher design factors are required and to determinethe appropriate values in such cases.The equations in section 3-3 for allowable loads orallowable stresses, except for bearing stress, on connec-tion elements express the design factor as 1.20Nd. Thefactor of 1.20 provides the required connection designfactor (e.g.,Nd=2.00 forDesignCategoryA, thus providinga design factor of 2.00 for member design and of 1.20 ×2.00 = 2.40 for connection design).

Table C-1.3-1 Design Category A Static Load Spectrum

Percent of Rated Load Percent of Lifts80 4090 55100 4105 1

TableC-1.3-2DesignCategoryADynamicLoadSpectrum

Dynamic Load as Percent
of Lifted Load

Percent of Lifts
(Standard)

Percent of Lifts
(Special Case)0 25 2010 45 5820 20 1530 7 440 2 250 1 1

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

Percent of Rated Load Percent of Lifts50 4075 50100 8120 2
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C-1.5 Curved MembersCurvedmembers subject to bending exhibit stresses onthe inside (concave side) of the curve that are higher thanwould be computed using the conventional bending stressformulas. As with straight beam bending theory, the deri-vation of the equations by which the bending stresses of acurved beam may be computed is based on the funda-mental assumption that plane sections remain plane(Young et al., 2012).This stress distribution exists in the elastic range only.Members that are of such proportions and material prop-erties that allow development of a plastic moment willhave the same maximum bending strength (i.e., plasticmoment) as a straight member (McWhorter et al.,1971; Boresi and Sidebottom, 1985). Thus, the peakbending stresses due to curvature must be evaluatedfor members subject to cyclic loading and for whichthe fatigue life must be assessed, but need not be consid-ered for static strength design for members in which theplastic moment can be attained.Classical design aids such as Table 9.1 in Roark’s
Formulas for Stress and Strain (Young et al., 2012) maybe used to satisfy the requirement defined in this section.
C-1.6 Allowable StressesThe allowable stresses and stress ranges defined insections 3-2, 3-3, and 3-4 are to be compared toaverage or nominal calculated stresses due to theloads defined in para. 3-1.2. It is not intended thathighly localized peak stresses that may be determinedby computer-aided methods of analysis and that maybe blunted by confined yielding must be less than thespecified allowable stresses.
C-1.7 Member PropertiesThe manufacturing tolerance for the wall thickness ofhollowshapes is±10%.Manufacturers in theUnitedStatesconsistently produce electric-resistance-welded (ERW)

shapes with a wall thickness that is near the lowerbound of this tolerance. Consequently, the American Insti-tute of Steel Construction and the Steel Tube Institute ofNorth America recommend that section properties andother calculations be based on 0.93 times the nominalwall thickness for ERW shapes. Submerged-arc-welded(SAW) shapes are produced with a wall thickness thatis near the nominal thickness, so these productsrequire no such reduction.
C-2 MEMBER DESIGNThe requirements for the design of flexural membersmake use of the terms compact section and noncompact
section. A compact section is capable of developing a fullyplastic stress distribution before the onset of local buck-ling in one or more of its compression elements. Anoncompact section is capable of developing the yieldstress in its compression elements before local bucklingoccurs, but cannot resist inelastic local buckling at thestrain levels required for a fully plastic stress distribution.Compact and noncompact sections are defined by thewidth–thickness ratios of their compression elements.The appropriate limits for various compression elementscommon to structuralmembers are given inTable 3-2.2-1.Compression elements that are more slender than ispermitted for noncompact shapes may fail by local buck-ling at stress levels below the yield stress. Refer to paras.C-2.3.6, last paragraph, and C-2.6, last paragraph, forcomments on slender elements.
C-2.2 ð20ÞCompression MembersThe formulas that define the allowable axial compres-sion stress are based on the assumption of peak residualcompressivestressesequal to0.50Fy , as is commonlyusedin structural design specifications today (e.g., AISC, 1974;AIST TR-06; CMAA Specification No. 70; SAE J1078). Theslenderness ratio equal to Cc defines the border betweenelastic and inelastic buckling.As is the practice in the above-cited standards, thedesign factor with respect to buckling in the inelasticrange [eq. (3-3)] varies from Nd to 1.15Nd. The designfactor in the elastic range [eq. (3-5)] is a constant1.15Nd with respect to buckling. The lower designfactor for very short compression members is justifiedby the insensitivity of such members to the bendingthat may occur due to accidental eccentricities. Thehigher design factor for more slender members providesadded protection against the effect of such bendingstresses.The effective length factor, K, provides a convenientmethod of determining the buckling strength of compres-sion members other than pin-ended struts. Generalguidance on the value of K for various situations canbe found in Chapter C of the AISC Commentary (AISC,

TableC-1.3-4DesignCategoryBDynamicLoadSpectrum

Dynamic Load as Percent of Lifted Load Percent of Lifts0 110 1720 2530 1940 1350 960 670 480 390 2100 1
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1989 or 2010). Extensive coverage of the topic can befound in Ziemian (2010).
C-2.3 Flexural Members

C-2.3.1 Major Axis Bending of Compact Sections. Thebending limit state for members with compact sectionsand braced at intervals not exceeding the spacingdefined by eq. (3-7) or eq. (3-8) is the plastic moment.Generally, structural shapes have a major axis shapefactor (ratio of plastic modulus to section modulus)that is 12% or greater (AISC 1989 Commentary). Theallowable stress for members with compact sectionsprovides a lower bound design factor of Nd withrespect to the plastic moment.
C-2.3.2 Major Axis and Minor Axis Bending of

Compact Sections With Unbraced Length Greater
Than Lp and Noncompact Sections. Noncompactshapes that are braced at intervals not exceeding thespacing defined by eq. (3-10) or eq. (3-11) have a limitstate moment that equates to outer fiber yield. The allow-able bending stress for members with noncompactsections provides a design factor of Nd with respect toouter fiber yielding.I-shape members and channels bent about themajor axis may fail in lateral torsional buckling.Equations (3-13) through (3-17) define allowablebending compression stresses that provide a designfactor of Nd with respect to this limit state.The allowable bending stress for box members forwhich the unbraced length exceeds Lr is not defined inChapter 3. A study of box members has shown that amember of such a length has an impractically lowbending strength and, thus, is very unlikely to be usedin a lifting device.The allowable moment expression for tees and double-anglemembers [eq. (3-18)] defines the allowablemomentbased on the lesser limit state of lateral 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.Equations (3-10) through (3-18) are based on the beha-vior of beams that are restrained against twist or lateraldisplacement at the ends of the unbraced length, Lb.Suspended beams exhibit different behavior withrespect to lateral torsional buckling (Dux and Kiti-pornchai, 1990). I-shape beams show a buckling strengthless than that predicted by the standard elastic bucklingequations at proportions where L b EI GJ( / )/ /b f x isgreater than about 1.6. Tee-shape beams show reducedbuckling strength at all proportions. The coefficient
CLTB in eqs. (3-16), (3-17), and (3-18) accounts for thisreduced buckling strength. The derivation of the CLTBequationapplicable to I-shapemembersanda comparisonto experimental data are explained in Duerr (2016). Thederivations of the CLTB equations for tee-shape beams are

based on the same finite element analysis bucklingmodels.
C-2.3.3 ð20ÞMajor Axis Bending of Solid Rectangular

Bars. The provisions of this paragraph are based onAISC (2016). The coefficient 1.25 in eqs. (3-20), (3-22),and (3-24) is based on para. C-2.3.4. The coefficient
CLTB in eqs. (3-22) and (3-24) accounts for the reducedbuckling strength of beams not braced against twist orlateral displacement at the ends of the unbracedlength. The derivation of the CLTB equation is based onthe same finite element analysis buckling model as isdeveloped in Duerr (2016).
C-2.3.4 Minor Axis Bending of Compact Sections,

Solid Bars, and Rectangular Sections. Many shapescommonly used in lifting devices have shape factorsthat are significantly greater than 1.12. These includedoubly symmetric I- and H-shape members withcompact flanges bent about their minor axes, solidround and square bars, and solid rectangular sectionsbent about their minor axes. The shape factors forthese shapes are typically 1.50 or greater.The allowable bending stress for these shapes[eq. (3-25)] gives a design factor of 1.20Nd or greaterwith respect to a limit state equal to the plasticmoment. This allowable stress results in a condition inwhich the bending stress will not exceed yield underthe maximum loads defined in the load spectra onwhich the design factors are based. The Design CategoryA spectra define a maximum static load equal to 105% ofthe rated load and amaximum impact equal to 50% of thelifted load. Thus, the theoretical maximum bending stressis 1.25Fy (1.05×1.50) /2.00=0.98Fy. TheDesignCategoryB spectra define a maximum static load equal to 120% ofthe rated loadandamaximumimpact equal to100%of thelifted load. Thus, the theoretical maximum bending stressis 1.25Fy (1.20 × 2.00)/3.00 = Fy.
C-2.3.6 Shear onBars, Pins, andPlates.Theallowableshear stress expression is based on CMAA SpecificationNo.70,whichspecifies theallowable shearstressasa func-tion of the shear yield stress. The shear yield stress isbased on the Energy of Distortion Theory (Shigley andMischke, 2001). The limiting slenderness ratio ofplates in shear is taken from AISC (2000).Experience has shown thatmembers of below-the-hookliftingdevices arenot generally composedof slender shearelements. Therefore, provisions for the design of slendershear elements are not included in this Standard.

C-2.4 Combined Axial and Bending StressesThe design of members subject to combined axialcompression and bending must recognize the momentamplification that results from P−Δ effects. The formulasgiven in this section, which account for the P−Δ effect, aretaken fromAISC (1989)withmodificationsasnecessary to
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account for thedesign factors given in this Standard. An in-depthdiscussionof axial-bending interactionand thederi-vation of these formulas may be found in Ziemian (2010).The interaction formulas for cylindrical membersrecognize that the maximum bending stresses abouttwo mutually perpendicular axes do not occur at thesame point. Equations (3-32), (3-33), and (3-34) arebased on the assumption that Cm, Fe′, and Fb have thesame values for both axes. If different values are applica-ble, different interaction equationsmust be used (e.g., APIRP 2A-WSD).
C-2.5 Combined Normal and Shear StressesEquation (3-37) is the Energy of Distortion Theory rela-tionship between normal and shear stresses (Shigley andMischke, 2001). The allowable critical stress is the mate-rial yield stress divided by the applicable design factor,Nd.For the purpose of this requirement, the directions x and yare mutually perpendicular orientations of normalstresses, not x-axis and y-axis bending stresses.

C-2.6 ð20ÞLocal BucklingCompression element width-thickness ratios aredefined for compact and noncompact sections inTable 3-2.2-1. The limits expressed therein are basedon Tables B4.1a and B4.1b of AISC (2016). Definitionsof the dimensions used in Table 3-2.2-1 for the mostcommon compression elements are illustrated inFigure C-2.6-1.As with slender plates subjected to shear, below-the-hook lifting devices are not generally composed ofslender compression elements. Therefore, provisionsfor the design of slender compression elements are notincluded in this Standard.
C-3 CONNECTION DESIGN

C-3.1 ð20ÞGeneralDesign of bolted and welded connections follows thesame basic procedures as are defined in AISC (1989)and AWS D14.1/D14.1M. The primary changes are inthe levels of allowable stresses that have been established

Figure C-2.6-1 Selected Examples of Table 3-2.2-1 Requirements
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to provide design factors of 2.40 or 3.60 with respect tofracture for Design Category A or B, respectively.The allowable bearing stress defined by eq. (3-38) isbased on AISC (1989 and 2016). A lower allowablebearing stress may be required between parts that willmove relative to one another under load. Equation(3-39) is based on AISC (2016) and Wilson (1934). Asused throughout this Standard, the terms milled
surface, milled, and milling are intended to includesurfaces that have been accurately sawed or finishedto a true plane by any suitable means.These bearing stress limits apply only to bearingbetween parts in the lifting device. Bearing betweenparts of the lifter and the itembeing handledmust be eval-uated by a qualified person, taking into account the natureof the item and its practical sensitivity to local compres-sive stress.
C-3.2ð20Þ Bolted ConnectionsA bolted connection is defined for the purpose of thisStandard as a nonpermanent connection in which twoormore parts are joined together with threaded fastenersin such a manner as to prevent relative motion. A connec-tion in which a single fastener is used is considered a
pinned connection and shall be designed as such.Allowable stresses or allowable loads in bolts are estab-lished as the tensile strength, the shear strength, or slipresistance divided by the appropriate design factor. Theshear strength is taken as 62% of the tensile strength(Kulak et al., 1987). This value is reasonable for relativelycompact bolted connections. If the length of a boltedconnection exceeds about 15 in. (380 mm), the allowableshear per bolt should be reduced to account for theincreasing inefficiency of the connection (Kulak et al.,1987). Equation (3-43) is derived from Kulak et al.(1987), eq. (4-1). Actual stresses due to applied loads

are to be computed based on the bolt’s gross area,root area, or tensile stress area, as applicable.The configuration of bolted connections in liftingdevices will likely vary greatly from the standard typesof connections used in steel construction. This Standarddoes not attempt to address the many variances withrespect to evaluating the strength of the connectedpieces other than to require that the strength of theconnected pieces within the connection provides adesign factor of at least 1.20Nd.Figure C-3.2-1 illustrates the special case of block shearfailure of a connected part. The strength of the part is thesum of the allowable tensile stress acting on the indicatedtensile area plus the allowable shear stress acting on theindicated shear area. Although the figure shows a boltedconnection, this type of failure can also occur in a weldedconnection.A slip-critical connection is a connection that transmitsshear load bymeans of the friction between the connectedparts. Development of this friction, or slip resistance, isdependent on the installation tension of the bolts andthe coefficient of friction at the faying surfaces.Equation (3-44) is based on a mean slip coefficient of0.33 and a confidence level of 90% based on a calibratedwrench installation (Kulak et al., 1987).The slip resistance of connections in which the boltholes are more than 1∕16 in. (2 mm) greater than thebolts is reduced. If larger holes are necessary, the testresults reported inKulaket al. (1987) canbeused todeter-mine the reduced capacity of the connection.The slip resistance defined in this Standard is based onfaying surfaces that are free of loose mill scale, paint, andother coatings. The slip resistance of painted or coatedsurfaces varies greatly, depending on the type and thick-ness of coating. It is not practical to define a general ac-ceptable slip resistance for such connections. Testing todetermine the slip resistance is required for slip-resistantconnections in which the faying surfaces are painted orotherwise coated (Yura and Frank, 1985).The design provisions for slip-critical connections arebased on experimental research (Kulak et al., 1987) onconnections made with ASTM A325 and ASTM A490bolts. In the absence of similar research results usingother types and grades of bolts, para. 3-3.2 limits thetypes of bolts that may be used in slip-critical connectionsto ASTM F3125, Grade A325 and ASTM F3125, GradeA490.
C-3.3 Pinned ConnectionsA pinned connection is defined for the purpose of thisStandard as a nonpermanent connection in which two ormore parts are joined together in such a manner as toallow relative rotation. Even if a threaded fastener isused as the pin, the connection is still considered apinned connection and shall be designed as such.

Figure C-3.2-1 Block Shear

Direction of

  connection

  load

Tensile area

Shear area

Top flange cut back

GENERAL NOTE: Failure occurs by tearing out of cross-hatchedportion.
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C-3.3.1 Static Strength of the Plates. A pin-connectedplate may fail in the region of the pinhole in any of fourmodes. These are tension on the effective area on a planethrough the center of the pinhole perpendicular to the lineof action of the applied load, fracture on a single planebeyond the pinhole parallel to the line of action of theapplied load, shear on two planes beyond the pinholeparallel to the line of action of the applied load, andout-of-plane buckling, commonly called dishing.The strength equations for the plates are empirical,based on research (Duerr, 2006). The effective widthlimit of the tensile stress area defined by eq. (3-47)serves to eliminate dishing (out-of-plane buckling ofthe plate) as a failuremode. Otherwise, the strength equa-tions are fitted to the test results. The dimensions used inthe formulas for pin-connected plates are illustrated inFigure C-3.3.1-1.The shear strength of steel is often given in textbooks as67% to 75% of the tensile strength. Tests have shownvalues commonly in the range of 80% to 95% for mildsteels (Lyse and Godfrey, 1933; Tolbert, 1970) andabout 70% for T-1 steel (Bibber et al., 1952). Theshear strength is taken as 70% of the tensile strengthin eq. (3-50).The shear plane area defined by eq. (3-51) is based onthe geometry of a plate with a straight edge beyond thehole that is perpendicular to the line of action of theapplied load. Note that the term in brackets in eq.(3-51) is the length of one shear plane. If the edge ofthe plate is curved, as illustrated in Figure C-3.3.1-1,the loss of shear area due to the curvature must beaccounted for. If the curved edge is circular and symme-trical about an axis defined by the line of action of theapplied load, then the loss of length of one shear

plane, Z′, is given by eq. (C-2), where r is the radius ofcurvature of the edge of the plate.
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Pin-connected plates may be designed with doublerplates to reinforce the pinhole region. There are twomethods commonly used in practice to determine thestrength contribution of the doubler plates. In onemethod, the strength of each plate is computed andthe values summed to arrive at the total strength ofthe detail. In the second method, the load is assumedto be shared among the individual plates in proportionto their thicknesses (i.e., uniform bearing between thepin and the plates is assumed). The method to be usedfor design of any particular connection shall be deter-minedby aqualified personbased on a rational evaluationof the detail.
C-3.3.2 Combined Stresses. If a pinhole is located at apointwhere significant stresses are induced frommemberbehavior such as tension or bending, the interaction oflocal and gross member stresses must be considered.As an example, consider the lifting beam shown inFigure C-3.3.2-1.Bending of the lifting beam produces tension at the topof the plate. The vertical load in the pinhole producesshear stresses above the hole. The critical stress in thisregion is due to the combination of these shear andtensile stresses.
C-3.3.3 Fatigue Loading. The fatigue design require-ments in section 3-4 are generally based on the provisionsof AWS D14.1/D14.1M. This specification does notaddress pinned connections. AISC (1994) defines thesame loading conditions, joint categories, and stressrangesasAWSD14.1/D14.1M,but includespin-connectedplates and eyebars. This forms the basis for classifyingpinnedconnectionsas StressCategoryE for fatiguedesign.Pinholes in lifting devices used in construction (ServiceClass 0) are at times flame cut. Experience shows that thisis acceptable practice for devices not subject to cyclic

Figure C-3.3.1-1 Pin-Connected Plate Notation
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Figure C-3.3.2-1 Stiffened Plate Lifting Beam
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loading. Connections in devices designed for ServiceClasses 1 through 4 shall be machined as required toavoid the notches that result from flame cutting.
C-3.3.4 Bearing Stress. The bearing stress limitationserves to control deformation and wear of the plates. It isnot a strength limit. The allowable bearing stress given byeq. (3-53) is based on the requirement of the 2004 andearlier editions of CMAA Specification No. 70. The allow-able bearing stress for connections that will rotate underload for a largenumberof load cycles [eq. (3-54)] is 50%ofthe eq. (3-53) allowable bearing stress. Design experiencehas shown that these allowable bearing stresses alsoprotect the pin against excessive deformation.
C-3.3.5 Pin-to-HoleClearance.The static strengthof aplate in a pinned connection in the region of the pinhole isa maximum when the pin is a neat fit in the hole. As theclearance between the pin and the hole increases, thestrength of the plate decreases. Research (Duerr, 2006)has shown that the loss of strength is relatively slightfor plates in which the hole diameter does not exceed110% of the pin diameter. This strength loss in connec-tions with large pin-to-hole clearances is accounted for bythe Cr and ϕ terms.Pinned connections that must accommodate largeangles of rotation under load or that will rotate underload for a large number of load cycles should be detailedwith a small pin-to-hole clearance to minimize wear andplay in service. The clearance tobeusedwill dependon theactual detail and load conditions. A qualified person shalldetermine an acceptable clearance.
C-3.3.6 Pin Design. Pin design based on the assump-tion that the loads fromeach plate are applied to the pin asa uniformly distributed load across the thickness of theplate is a common approach.When the plates are relative-ly thick, however, this method can yield excessivelyconservative results. In such a case, use of a methodthat accounts for the effects of local deformations ofthe plates may be used (e.g., Melcon and Hoblit, 1953).When designing a pin for a connection inwhich doublerplates are used to reinforce the pinhole region, theassumption of loading to the pin shall be consistentwith the assumption of how the load is shared amongthe main (center) plate and the doubler plates.

C-3.4 Welded ConnectionsStructural steel welding procedures and configurationsare based on AWS D14.1/D14.1M, except that designstrength of welds is defined in this section to providethe required design factor. Welding procedures forother metals are to be established by a qualified person.The lower bound shear strength of deposited weldmetal is 60% of the tensile strength (Fisher et al.,1978). This is the basis for the allowable stresses for

welds in AISC (2000) and AWS D14.1/D14.1M and forthe requirement in eq. (3-55).
C-4 FATIGUE DESIGN

C-4.1 ð20ÞGeneralThe fatigue design requirements in this section arederived from AISC (2010) and AIST TR-06 and are appro-priate for the types of steel on which the provisions ofChapter 3 are based. The use of other materials mayrequire a different means of evaluating the fatigue lifeof the lifter.
C-4.2 ð20ÞLifter ClassificationsThe allowable stress ranges given in Table 3-4.3-1werederived based on the assumption of constant-amplitudeload cycles. Lifting devices, on the other hand, arenormally subjected to a spectrum of varying loads, asdiscussed in para. C-1.3. Thus, evaluation of the fatiguelife of a lifting device in which service stresses for themaximum loading (static plus impact) were comparedto the allowable ranges in Table 3-4.3-1 would be exces-sively conservative.Analyses have been performed as part of the develop-ment of this Standard in which the equivalent numbers ofconstant-amplitude load cycles were computed for theload spectra discussed in para. C-1.3 using eq. (3-56).The results showed that the calculated life durationsdue to these spectra are slightly greater than theresults that are obtained by comparing service stressesdue to rated load static loads to the allowable stressranges given in Table 3-4.3-1. Thus, assessment of thefatigue life of a lifter may normally be performed usingonly static stresses calculated from the rated load.The fatigue life of a lifting device that will be used in amanner such that the standard load spectra are not repre-sentative of the expected loading can be evaluated usingeq. (3-56), which is taken from AIST TR-06.
C-4.3 Allowable Stress RangesThe maximum stress ranges permitted for the variousService Classes and Stress Categories are based on thevalues given in Table 3 of AWS D14.1/D14.1M.
C-4.4 Stress CategoriesTable 3-4.4-1, Fatigue Design Parameters, is taken fromAISC (2010). The joint details in this table include all of thedetails shown in AWS D14.1/D14.1M, Figure 1, as well asadditional details, such as pinned connections, that are ofvalue in lifter design. This table also has the added benefitof illustrating the likely locations of fatigue cracks, whichwill be of value to lifting device inspectors.
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C-4.5 Tensile Fatigue in Threaded FastenersThe provisions of para. 3-4.5 are taken fromAppendix 3of AISC (2010). The values for use in eq. (3-57) are alsoshown in Table 3-4.4-1.
C-4.6 Cumulative Fatigue AnalysisTypically, allowable fatigue stress range values for aparticular joint detail and Service Class are selectedfrom a table such as Table 3-4.3-1 that treats thestress range as a step function. These values are basedon the maximum number of load cycles for eachService Class and consider every load cycle to be ofthe same magnitude, as discussed in para. C-4.2.If one desires a design for a number of load cycles some-where between the minimum and maximum of a partic-ular Service Class and for a known varying amplitude, acumulative fatigue approach using eq. (3-57) in conjunc-tion with eq. (3-56) will give a more refined allowablestress range. This can be particularly useful in evaluatingan existing lifting device for its remaining life.The threshold stress range, FTH, is the level at which afatigue failure will not occur. That is, if the service loadstress range does not exceed FTH, then the detail willperform through an unlimited number of load cycles.Equation (3-57) and the coefficients given in para. 3-4.6address the primary fatigue life considerations of interestin lifting device design. AISC (2010), Appendix 3 providesequations for evaluating other specific details that may beof use in certain applications. Aqualifiedperson shall eval-uate the need for fatigue analysis beyond that provided bysection 3-4 and apply such analyses as needed.
C-5 OTHER DESIGN CONSIDERATIONS

C-5.1 Impact FactorsThedesign requirements defined inChapter 3 arebasedin part on upper bound vertical impact factors of 50% ofthe lifted load for Design Category A and 100% for DesignCategory 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 thisStandard will not normally require the use of an impactfactor. The wording of this section permits the use of anadditional impact factor at the discretion of a qualifiedperson if it is anticipated that the device will be usedunder conditions that may result in unusual dynamicloading.
C-5.2 Stress ConcentrationsPeak stresses due to discontinuities do not affect theultimate strength of a structural element unless themate-rial is brittle. [Materials are generally considered brittle,rather than ductile, if the ultimate elongation is 5%or less(Young et al., 2012).] The types of steel onwhich this Stan-dard isbasedare all ductilematerials. Thus, static strengthmay reasonably be computed based on average stresses.However, fatigue design must recognize stress ranges.Since fatigue-related cracks start at points of stressconcentration due to either geometric or metallurgicaldiscontinuities, peak stresses created by these disconti-nuities may need to be considered in the design of a lifter.Stress concentration factors useful for design may befound in Peterson’s Stress Concentration Factors (Pilkeyand Pilkey, 2008) and other similar sources.
C-5.3 DeflectionThe ability of a lifting device to fulfill its intended func-tion may require that it possess a certain minimum stiff-ness in addition to strength. For example, a clampingdevice will not be able to maintain its grip if themembers of the device flex excessively under load.Due to the very broad range of lifting devices that mayfall under the scope of this Standard, defining actualdeflection limits for different types of devices is not prac-tical. The intent of this section is simply to call attention tothe need for consideration of deflection in the design oflifting devices.
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NONMANDATORY APPENDIX D
COMMENTARY FOR CHAPTER 4: MECHANICAL DESIGN1

D-1 GENERAL

D-1.1ð20Þ PurposeChapter 4 is focused on the design of machine elementsand thoseparts of a liftingdevicenot coveredbyChapter3.Chapter 3 is frequently used in the design of mechanicalcomponents to address the strength requirements of theframework that joins the machine elements together.Mechanical drive systems, machine elements and compo-nents, and other auxiliary equipment are covered inChapter 4.Many lifting devices operate while suspended frombuilding cranes andhoists, andhenceneed tohave a seam-less interface with this equipment. Therefore, variousdesign criteria set forth by CMAA Specification No. 70,AIST TR-06, and ASME HST-4 are the basis for manyparts of the design criteria established in Chapter 4.
D-1.2 Relation to Chapter 3When failure of a mechanical component could directlyresult in the unintended dropping or hazardous move-ment of a load, the requirements of Chapter 3 shall beused to size the component coupled with the mechanicalrequirements of Chapter 4. Examples include, but are notlimited to, drive systems on slab tongs that hold the load,fasteners that hold hooks onto beams, and sheave shafts.There may be requirements in both Chapters 3 and 4 thatneed to be followed when designing a component.Along with the forces produced by normal operation,mechanical components of lifting devices should bedesigned to resist the forces resulting fromoperating irre-gularities that are common in mechanical systemsincluding jams, locked rotor torque, and overloads.If the design factor of a commercial component isunknown, the maximum capacity of that componentshould be divided by the applicable value of Nd.

D-2 SHEAVES

D-2.1 Sheave MaterialThis section applies to sheaves that are contained in theenvelope of the below-the-hook lifting device. Sheavesthat are part of a separate bottom block or cranesystem are not covered by this Standard.
D-2.2 ð20ÞRunning SheavesThe pitch diameter of a sheave has a direct relationshipwith ropewear and fatigue that determines the number ofcycles that the assembly can withstand. The Committeerecognizes that in some special low-headroom applica-tions the sheave size may need to be smaller to accom-modate the limited space available. Extra precautionwould need to be established in these cases to allowfor increased rope wear.For cases where the lifter’s sheaves are reeved into theoverhead crane’s sheave package, spacing and fleet anglebetween the two parallel systems need to be aligned toensure proper operation.
D-2.4 Shaft RequirementInspection and maintenance of sheaves and bearingsrequire that these components be accessible. A designthat requires modification or alteration of the lifter’sstructure to perform the inspection or maintenance ofsheaves and bearings puts an undue hardship on theuser and can deter proper care of the equipment.
D-2.5 LubricationLubrication systems, grease lines, self-lubricating bear-ings, or oil-impregnated bearings are all methods thatwillensure the lubrication of the bearings. Particular careshould be taken when evaluating the lubricationmethod since some types of self-lubricating bearingscannot withstand severe loading environments.
D-2.6 ð20ÞSheave DesignThe interface between the rope and the sheave has adirect relationship on the longevity of the rope. Toprevent premature wearing of the rope, the sheavesurfaces need to be smooth and tapered to allow therope to easily slip into and seat in the sheave rope1This Appendix contains commentary that may assist in the use andunderstanding of Chapter 4. Paragraphs in this Appendix correspondwith paragraphs in Chapter 4.
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groove. TheWire Rope UsersManual, 4th edition, Table 12provides information on sizing the wire rope groove withrespect to the wire rope to allow for a proper seatingsurface.
D-2.7ð20Þ Sheave GuardGuards that wrap around a large portion of the sheaveneed to be placed close to the flange of the sheave. Theguard’s purpose is to prevent the rope from jumping fromthe sheave. The guard needs to be placed close to therunning sheave to ensure that the rope cannot getjammed or lodged between the sheave and the guard.
D-3ð20Þ ROPEASME HST-4, ASME B30.2, and ASME B30.30 providethe basis of this section, which covers the rope applica-tions that are awholly attached or integral component of abelow-the-hook lifting device.
D-3.1 Relation to Other StandardsThis section addresses rope requirements for the rareapplication when the hoist rope of the crane (hoist) isreeved through the lifting device.
D-3.2 Rope SelectionUsers of this Standard may elect to reference the Wire
RopeUsersManualorASMEB30.30asaguideline forprop-erly selecting rope.
D-4 DRIVE SYSTEMSSection 4-4 covers generic requirements for a drivesystem, while sections 4-5 through 4-8 provide specificrequirements for mechanical components of a drivesystem.
D-4.1 Drive AdjustmentAn adjustment mechanism, such as a chain or belt tigh-tener, is recommended to maintain the design tension inflexible transmission devices. Loose chains or belts willexperience accelerated wear and result in prematurefailure of the system.
D-4.3 Commercial ComponentsThe use of commercial (off-the-shelf) components isencouraged to providemore flexibility to the user. A qual-ified person needs to consider the same operating andabnormal scenarios used in the design of the structuralcomponents, including environment, shock, andoperatingcycles, when incorporating commercial components intothe lifting device. Additional design considerationsinclude, but are not limited to, jams and excessive torques.

Mechanical components of the lifting device that arestressed by the force(s) created during the lift or move-ment of the load shall be sized in accordance withpara. 4-1.2.
D-4.5 ð20ÞOperator ProtectionThe qualified person needs to consider the ASMEB30.20 requirement that the operator perform inspec-tions prior to each use. The guards and protectivedevices need to allow the operator to perform theseinspections and not create additional hazards when theinspections are being performed. ANSI B11.19 providesthe basis of these requirements.Although guards and personnel protective equipmentare safety equipment, they were incorporated into thisdesign standard. The Committee believes these issuesneed to be addressed in the design phase to ensurethat inspection and maintenance can be adequatelyperformed while assuring that operator safety is main-tained.The requirement for the 200-lb (91-kg) person comesfrom OSHA (29 CFR 1910.179).
D-5 GEARING

D-5.3 Gear LoadingThe Lewis equation, as defined by Shigley and Mischke(2001), provides the basis of eq. (4-1). The Lewis equationhas been modified to accommodate material yield stressand the ASME BTH-1 design factor, Nd, from para. 3-1.3.Table 4-5.3-1 comes from Avallone and Baumeister(1987).
D-5.4 ð20ÞRelation to Other StandardsThe Committee decided to provide the Lewis formula tothe qualified person as a simpler method to size gearing.Based on a review of a large number of gear designs, theLewis equation coupled with the design factor, Nd,provides conservative results. As an alternative, the qual-ified person can use ANSI/AGMA 2001-D04 to provide amore refined analytical approach where the design pa-rameters of the lifter are more constrained.
D-5.7 LubricationMethods to lubricategearing include, but arenot limitedto, automatic lubrication systems andmanual application.Ifmanual application is used, thequalifiedpersonneeds toprovide accessibility to the gears for maintenance.
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D-6 BEARINGS

D-6.2 L10 Bearing LifeTable 4-6.2-1 comes from a compilation of Table 2 ofMIL-HDBK-1038 and several bearing companies. Theresulting table was cross referenced to CMAA Specifica-tion No. 70 to verify that it does not significantly deviate.
D-6.3 Bearing LoadingsThe equation for bearing life [eq. (4-2)], L10, is based onthe basic load rating equation for bearings found in ANSI/ABMA 9, ANSI/ABMA 11, and Avallone and Baumeister(1987).
D-6.5 LubricationLubrication systems, grease lines, self-lubricating bear-ings, or oil-impregnated bearings are all methods thatwould ensure the lubrication of the bearings. Particularcare needs to be taken when evaluating the lubricationmethod since some types of self-lubricating bearingscannot withstand severe loading environments.
D-7 SHAFTING

D-7.5 Shaft Static StressTables 4-7.5-1 and 4-7.5-2 provideminimum allowablekey size versus shaft diameter requirements and comedirectly from ASME B17.1 and DIN 6885-1.The static and shear stress equations represent modi-fications to those equations found in CMAA SpecificationNo. 70. Only the nomenclature has been modified to moreclosely follow Chapter 3 of this Standard.
D-7.6 Shaft FatigueStress concentration factors need to be conservativelydetermined to account for the fluctuating stressesresulting from the stopping and starting of the drivesystem. Since fatigue is the primary concern in thissection, only the stress amplitudes seen during normaloperating conditions need to be evaluated. Peak stressesresulting from locked rotor or jamming incidents(abnormal conditions) are not applicable in the fatigue

calculation. Table 4-7.6.1-1 is based on CMAA Specifica-tion No. 70.
D-8 FASTENERS

D-8.5 Fastener InstallationSince fasteners provide little value if they are not prop-erly torqued, the installation of the fastener is important.Acceptable installation methods include, but are notlimited to, turn-of-the-nut method, torque wrenches,and electronic sensors.
D-9 GRIP SUPPORT FORCE

D-9.2 Pressure-Gripping and Indentation Lifter
Support ForceThe minimum value of Fs in eq. (4-16) is based on thejudgmentandexperienceof theBTHCommitteemembers.It is the responsibility of a qualified person to determinewhen a higher value is required and the appropriate valuein such cases. Figure 4-9.2-1 is not intended to be a free-body diagram.

D-10 VACUUM LIFTING DEVICE DESIGN

D-10.2 Vacuum PreservationThis performance-based requirement allows the use ofvarious vacuum preservation methods (e.g., batterybackup, compressed air storage, vacuum reservoir, etc.).
D-11 FLUID POWER SYSTEMS

D-11.2 Fluid Power ComponentsStandard hydraulic components are designed with adesign factor of 4 (burst pressure/operating pressure).The design factor requirement of 1.67Nd defined inthis section equates to a required design factor of 5 forDesign Category B.No standards have been found for design factors ofpneumatic components. The value of 0.50Nd is basedon the judgment and experience of the BTH Committeemembers.
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NONMANDATORY APPENDIX E
COMMENTARY FOR CHAPTER 5: ELECTRICAL DESIGN1ð20Þð20Þ

E-1 GENERAL

E-1.1 PurposeTheprimary focus of Chapter5 is directed toward liftersthat are attached to cranes, hoists, and other lifting equip-ment. Therefore, electrical equipmentusedon these liftersis governed by ANSI/NFPA 70. Sometimes a lifter could bea component part of a machine tool system and could besubject to the requirements of ANSI/NFPA 79 if specified,but the standard lifter isnot intended tomeet theelectricalrequirements of the machine tool industry.
E-2 ELECTRIC MOTORS AND BRAKES

E-2.1 MotorsDue to the variety and complexity of below-the-hooklifting devices, the method of horsepower calculationvaries with the type of lifter and is not specified inthis section. The horsepower selection shall be specifiedby a qualified person giving full consideration to the fric-tional lossesof the lifter, themaximumlocked rotor torquerequired, and the geometry of the speed torque curve ofthe motor applied.
E-2.2 Motor SizingA lifter may have varying horsepower requirements asit moves through its operating range. The intent of thisprovision is to ensure that the motor is properly sizedfor the maximum effort required.
E-2.4 InsulationThis provision recognizes that Class A insulation is nolonger used in quality motor manufacturing.
E-2.5ð20Þ BrakesBack-drivingmay present a safety problem not obviousto everyoneand is stated to emphasize its importance. The150% value equals the requirement for hoist brakes asdefined in CMAA Specification No. 70 and AIST TR-06.

E-2.6 Voltage RatingThe wiring between the crane hoist and the lifter mustbe sized to limit voltage drops, as well as current-carryingcapacity.
E-3 OPERATOR INTERFACE

E-3.1 Locating the Operator InterfaceBelow-the-hook lifters are not stand-alone machines.They are intended to be used with cranes, hoists, andother lifting equipment. When attached to a lifting appa-ratus, the resulting electrical systemmust be coordinatedbyaqualifiedpersonwithdueconsideration for safety andperformance.
E-3.3 Operating LeversThese provisions parallel requirements found in theelectrical sections of other established crane and hoistspecifications such as CMAA Specification No. 70 andCMAA Specification No. 74 and are listed in this Standardto maintain compatibility between the crane and lifter.
E-3.4 Control CircuitsThese provisions parallel requirements found in theelectrical sections of other established crane and hoistspecifications such as CMAA Specification No. 70 andCMAA Specification No. 74 and are listed in this Standardto maintain compatibility between the crane and lifter.
E-3.5 Push Button TypeThese provisions parallel requirements found in theelectrical sections of other established crane and hoistspecifications such as CMAA Specification No. 70 andCMAA Specification No. 74 and are listed in this Standardto maintain compatibility between the crane and lifter.
E-3.6 Push Button MarkingsThese provisions parallel requirements found in theelectrical sections of other established crane and hoistspecifications such as CMAA Specification No. 70 andCMAA Specification No. 74 and are listed in this Standardto maintain compatibility between the crane and lifter.1This Appendix contains commentary that may assist in the use andunderstanding of Chapter 5. Paragraphs in this Appendix correspondwith paragraphs in Chapter 5.
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E-4 CONTROLLERS AND AUXILIARY EQUIPMENT

E-4.2 Control LocationBelow-the-hook lifting devices are intended to besuspended from a hoist hook and may be subjected tounintended abuse and harsh environments dependingon conditions of use. These provisions are intended toensure protection of the electrical devices mounted onthe lifter.
E-4.4 Magnetic Control ContactorsThese provisions parallel requirements found in theelectrical sections of established crane and hoist specifi-cations suchasCMAASpecificationNo. 70andCMAASpec-ification No. 74 and are listed in this Standard to maintaincompatibility between the crane and lifter.
E-4.5 Static and Inverter ControlsThese provisions parallel requirements found in theelectrical sections of established crane and hoist specifi-cations suchasCMAASpecificationNo. 70andCMAASpec-ification No. 74 and are listed in this Standard to maintaincompatibility between the crane and lifter.

E-4.7 RectifiersThis provision recognizes that a DC motor can bereversed via a two-wire circuit when diode logic isapplied, and lists specifications for the type and size ofdiodes to be used.
E-4.8 Electrical EnclosuresThese provisions parallel requirements found in theelectrical sections of established crane and hoist specifi-cations suchasCMAASpecificationNo. 70andCMAASpec-ification No. 74 and are listed in this Standard to maintaincompatibility between the crane and lifter.
E-5 GROUNDING

E-5.1 Grounding MethodThis provision recognizes that a high-quality groundmay be required at the lifter when electronic controlsare employed.
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NONMANDATORY APPENDIX F
COMMENTARY FOR CHAPTER 6: LIFTING MAGNET DESIGN1

F-3 SELECTION AND DESIGNCalculations for magnet design are commonlyperformed in SI units (m, kg, s). Therefore, the equationsin Chapter 6 are presented in SI units.
F-3.3 Effective Magnet Contact AreaTo determine the required contact area for a particularapplication, the designer must first select the materials tobe employed in the fabrication of the magnet’s poles. Themagnetic inductionandpermeability characteristicsof thematerials used in the fabrication of the magnet’s polesmust be sufficient to produce the magnetic inductionrequired for the application.Materialswith permeabilitiesapproaching that of pure iron will achieve the greatestmagnetic induction levels when the source of magneticexcitation is applied. The source may be an electricalcoil, permanent magnet material, or both. The contactarea of the magnet is determined based on the level of

flux density (lines of magnetic force) flowing from thepoles. Flux is a product of the magnetic excitation andthe limiting permeability of the material in the magneticcircuit. Flux density is expressed in tesla.
F-3.4 Flux Source

F-3.4.3 PermanentMagnet Flux Source. A permanentmagnet uses permanent magnet material as the primarymagnetic field source. The releasemechanism in a perma-nent magnet design is traditionally achieved in two ways.
(a) Mechanically. Through some form of mechanicalmotion, the flux from themagnetic field source is directedin such a way that the magnetism is contained within theassembly.
(b) Electrically.Apowercoil(s) isusedeither to reversethe polarity of the magnetic field source to direct themagnetism inside of the assembly, or to cancel completelythe magnetic field source.

1This Appendix contains commentary that may assist in the use andunderstanding of Chapter 6. Paragraphs in this Appendix correspondwith paragraphs in Chapter 6.
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ASME Services

ASME is committed to developing and delivering technical information. At ASME’s Customer Care, we make every effort to answer yourquestions and expedite your orders. Our representatives are ready to assist you in the following areas:
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Codes & Standards Other ASME Programs Self-Study CoursesCredit Card Orders Payment Inquiries Shipping InformationIMechE Publications Professional Development Subscriptions/Journals/MagazinesMeetings & Conferences Short Courses Symposia VolumesMember Dues Status Publications Technical Papers

How can you reach us? It’s easier than ever!

Thereare fouroptions formaking inquiries* orplacingorders. Simplymail, phone, fax, orE-mail us andaCustomerCare representativewill handleyour request.
Mail Call Toll Free Fax—24 hours E-Mail—24 hours
ASME US & Canada: 800-THE-ASME 973-882-1717 customercare@asme.org150 Clove Road, 6th Floor (800-843-2763) 973-882-5155Little Falls, New Jersey Mexico: 95-800-THE-ASME07424-2139 (95-800-843-2763)

*Customer Care staff are not permitted to answer inquiries about the technical content of this code or standard. Information as to whether or nottechnical inquiries are issued to this code or standard is shownon the copyright page. All technical inquiriesmust be submitted inwriting to thestaff secretary. Additional procedures for inquiries may be listed within.
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