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FOREWORD

There have been many formal requests for interpretation of the limited structural design criteria
stated within ASME B30 20, Below the-Hook L1ft1ng Devices, a safety standard As a consequence

industry has forpg
below-the-hook

All editions of A§

manufacturing ¢
of the material;
However, memb

suitable to their d

other failure mo
fasteners.

A Design Task]

document to AS

Hook Lifting Dg
meeting on Deceg
ASME BTH-1+

and Definitions
Components. Th
categories for lift

mental condition
allowable static s

Class establishes
for mechanical ¢

dards Institute (J
ASME BTH-1

for grip ratio an
September 17, 2
ASME BTH-1-
mechanical desig
on September 23
ASME BTH-1-
revisions includg
Along with thesg
to its own respe
June 24, 2014.
This revision
accompanying N
sions. Following

1ft1ng dev1ces that would complement the safety requlrements of ASME B30 20
ME B30.20 have included structural design criteria oriented toward the industrial
bmmunity requiring a minimum design factor of 3, based on the yield strength
fecent editions have also included design criteria for the fatigue failure mode.
brs of the construction community expressed the need for design criteria more
perating conditions, including a lower design factor, and the necessity to address

les such as fracture, shear, and buckling, and design topics such as impact and

Group was created in 1997 to begin work on a design standard as a companien
ME B30.20. The ASME BTH Standards Committee on the Design of Below:the-
vices was formed out of the Design Task Group and held its organizational
mber 5, 1999.
2005, Design of Below-the-Hook Lifting Devices, contained five chapters: Scope
Lifter Classifications, Structural Design, Mechanical Design,<and Electrical
s Standard, intended for general industry and construction, sétforth two design
prs based on the magnitude and variation of loading, and operating and environ-
s. The two design categories provided different design(factors for determining
tress limits. Five Service Classes based on load cycles were provided. The Service
allowable stress range values for lifter structural meémbers and design parameters
pmponents. ASME BTH-1-2005 was approved by ‘the American National Stan-
ANSI) on October 18, 2005.
2008 incorporated editorial revisions and\two new mechanical design sections
 vacuum lifting device design. ASME.BTH-1-2008 was approved by ANSI on
08.
2011 incorporated revisions throtighout the Standard and the addition of a new
n section for fluid power systems. ASME BTH-1-2011 was approved by ANSI
2011.
2014 incorporated into Chapter 4 a section on lifting magnets. Other technical
d new requirements fot) fluid pressure control and electrical system guarding.
technical changes, the nonmandatory Commentary for each chapter was moved
tive Nonmandatory Appendix. ASME BTH-1-2014 was approved by ANSI on

f ASME BTH-1 includes the addition of Chapter 6: Lifting Magnet Design, an
onmandatory Appendix with commentary for the new chapter, and other revi-
the_approval by the ASME BTH Standards Committee, ANSI approved this

edition as an A:Inerican National Standard, with the new designation ASME BTH-1-2017, on

January 6, 2017.
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CORRESPONDENCE WITH THE BTH COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the

consensus of conferned interests. As such, users of this Standard may interact with the Committee
by requesting inferpretations, proposing revisions, and attending Committee meetings. Corre-
spondence should be addressed to:

Secretary, BTH Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990

http:/ /go.asme.org/Inquiry

Proposing Revisions. Revisions are made periodically to the Standard to incorporate chariges
that appear necegsary or desirable, as demonstrated by the experience gained from the application
of the Standard. |Approved revisions will be published periodically.

The Committep welcomes proposals for revisions to this Standard. Such propesals should be
as specific as popsible, 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 Committee will render an interpretation of
any requirement|of the Standard. Interpretations can only be rendered: irt response to a written
request sent to the Secretary of the BTH Standards Committee.

Requests for interpretation should preferably be submitted throtgh the online Interpretation
Submittal Form. [The form is accessible at http://go.asme.org/InterpretationRequest. Upon sub-
mittal of the form, the Inquirer will receive an automatic 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 Standlards Committee at the above address: The request for an interpretation should
be clear and unambiguous. It is further recommended-that the Inquirer submit his/her request
in the following format:

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

Edition: Cite the applicable edition of the Standard for which the interpreta-
tion isbeing requested.

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

reqilirement suitable for general understanding and use, not as a
réquest for an approval of a proprietary design or situation. Please
provide a condensed and precise question, composed in such a way
that a “yes” or “no” reply is acceptable.

Proposed Reply(fes): Provide a proposed reply(ies) in the form of “Yes” or “No,” with

nvp]aﬂaﬁnn asneeded 1f oﬂ{-nring rnp]inc tomorethan one qnacHr\n/

please number the questions and replies.

Background Information: Provide the Committee with any background information that will
assist the Committee in understanding the inquiry. The Inquirer may
also include any plans or drawings that are necessary to explain the
question; however, they should not contain proprietary names or
information.

Requests that are not in the format described above may be rewritten in the appropriate format
by the Committee prior to being answered, which may inadvertently change the intent of the

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

Attending Committee Meetings. The BTH Standards Committee regularly holds meetings
and/or telephone conferences that are open to the public. Persons wishing to attend any meeting
and/or telephone conference should contact the Secretary of the BTH Standards Committee.
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ASME BTH-1-2017
SUMMARY OF CHANGES

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

ASME BTH-1-2(T7 was approved by the American Nafional Standards Instifute on January

6, 2017.

ASME BTH-1-20
note, (17).

Page
2-5

Location

1-5.1

1-5.3

1-5.4

155
Fig. 1-5.5-1
1-6.1

17 includes editorial changes, revisions, and corrections identified by a margin

Change

(1) Definitions of applied load(s), dead load,
load cycle, maximum stress, minimum
stress, and rated load added

(2) Definitions of cycle, load; load(s),
applied; load, dead; load, rated; rigging
hardware; sling; stress, maxitiym; and
stress, minimum deleted

(3) Definitions of shall and Should and
location where desigiy factor is first
used revised

(1) Definitions of‘equalizing sheave and
running sheave added

(2) Definitions’ of sheave, equalizing and
sheage, running deleted

(3) Location where back-driving, Ly
bearing life, and vacuum pad are first
used revised

(1) Definitions of electrical power supply,
electric motor, externally powered
electromagnet, and master switch added

(2) Definitions of electromagnet, externally
powered; motor, electric; power supply,
electrical; and switch, master deleted

(3) Location where brake, control system,
rectifier, and sensor(s) are first used
revised

Added

Added
(1) LUnits for g r)f and ro) and

1-6.2

1-6.3
1-7

ix

nomenclature for h, I, M, , Sy, and
S,: added

(2) Nomenclature for F,, F;, and F,
deleted

(3) Nomenclature for n; revised

(1) Units for A and 6 added
(2) Nomenclature for S, and S, revised

Added

References updated
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2-2 Revised
2-2.3 Added
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Table 3-2.2-1 Revised in its entirety
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sentence added
(2) Nomenclature for F, revised
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4-5.4 Reference updated
4-7.5 Nomenclature for S, revised
4-7.6 Reference updated
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revised
4-9.2 First paragraph revised
Fig. 4-9.2-1 In illustration (b), second graphic added
4-104 Added
4-12 Deleted
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5-4.6 Subparagraph (c) added
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ASME BTH-1-2017

DESIGN OF BELOW-THE-HOOK LIFTING DEVICES

Chapter 1

L

1-1 PURPOSE

This Standard sets
ASME B30.20, Below-thd
Standard serves as a guids
purchasers, and users of b

1-2 SCOPE

This Standard provids
mechanical design and e
criteria for ASME B30.2
Devices.

The provisions in this §
or modification of below-
pliance with requireme
unique to specialized ing
outside the scope of this §

Lifting devices designed
with ASME B30.20, Beloj
ASME B30.20 includes §
marking, construction, in:
maintenance, and operati
devices.

The provisions defined
most common and broad
design of below-the-hook
person shall determine tH
used to address design i
covered in the Standard s
and/or performance cons
Standard.

forth design criteria for
-Hook Lifting Devices. This
to designers, manufacturers,
blow-the-hook lifting devices.

s minimum structural and
ectrical component selection
0, Below-the-Hook Lifting

tandard apply to the design
e-hook lifting devices. Com-
ts and criteria that may be
ustries and environments is
btandard.

to this Standard shall comply
w-the-Hook Lifting Devices.
rovisions that apply to the
tallation, inspection, testing,
on of below-the-hook lifting

in this Standard addfess the
ly applicable aspects of the

lifting devices.SA "qualified
e appropriate-methods to be
ssues that ‘are’ not explicitly
b as to ptovide design factors
istentiwith the intent of this

dbcope, Definitions, and References

1-4 GENERAL REQUIREMENTS

1-4.1 Design Responsibility

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

1-4.2 Units of Measure

A dual unit format is used. Valties are given in U.S.
Customary units as the primarynuhits followed by the
International System of Units (SI) in parentheses as the
secondary units. The values,stated in U.S. Customary
units are to be regarded, as the standard. The SI units
in the text have been(directly (softly) converted from
U.S. Customary units.

1-4.3 Design.Criteria

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

1-4.4 Analysis Methods

The allowable stresses and stress ranges defined in
this Standard are based on the assumption of analysis
by classical strength of material methods (models),
although other analysis methods may be used. The anal-
ysis techniques and models used by the qualified person
shall accurately represent the loads, material properties,

and device geometry; stress values resulting from the
analucic chall ha

£ switable foprn to apnt o] b g

1-3 NEW AND EXISTING DEVICES

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

of this Standard.

When a lifter is being modified, its design shall be

reviewed relative to this Standard, and the need to meet
this Standard shall be evaluated by the manufacturer or
a qualified person.

oty STS—Shcoe—0

with the allowable stresses defined in this Standard.

tHta o C—TO O Pt CoTTeation:

1-4.5 Material

The design provisions of this Standard are based on
the use of carbon, high-strength low-alloy, or heat-
treated constructional alloy steel for structural members
and many mechanical components. Other materials may
be used, provided the margins of safety and fatigue
life are equal to or greater than those required by this
Standard.
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All ferrous and nonferrous metal used in the fabrica-
tion of lifting device structural members and mechanical
components shall be identified by an industry-wide or
written proprietary specification.

1-4.6 Welding

All welding designs and procedures for lifters fabri-
cated from steel, except for the design strength of welds,
shall be in accordance with the requirements of

hardware that are addressed by ASME B30 volumes or
other standards (section 1-1).

brittle fracture: abrupt cleavage with little or no prior
ductile deformation (para. 1-5.1).

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

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

AWS D14.1/D14.1M. The design strength of welds shall
be as defined in para. 3-3.4. When conflicts exist between
AWS D14.1/D14.1M and thip Standard, the require-

ments of this Standard shall govern.

Welding of lifters fabricated from metals other than
steel shall be performed in adcordance with a suitable
welding specification as determined by a qualified per-

son, provided the quality and
are equal to or greater than
Standard.

1-4.7 Temperature

The design provisions of this
applicable when the temperat
or mechanical component und
the range of 25°F to 150°F (4
temperature of the componer]
special additional design
required. These consideration:
material that has better col
temperature properties, limiti
a lower percentage of the
restricting use of the lifter unti

inspection requirements
those required by this

Standard are considered
ire of the lifter structural
br consideration is within
4°C to 66°C). When the
t is beyond these limits,
onsiderations may be
may include choosing a
[-temperature or high-
hg the design stresses to
allowable stresses, or
the component tempera-

ture falls within the stated linpits.

The design provisions for ¢
considered applicable when 4
not exceed 104°F (40°C). Lifte
ambient temperatures beyond
trical components designed
temperature.

1-5 DEFINITIONS

The paragraph given after
refers to the paragraph where|

lectrical components are
mbient temperatures do
's expected to operate in
this limit shall have eleg=
for the higher ambignt

the defimition of a term
theterm is first used.

1-5.1 Definitions — General

human need (section 1-1).

design factor: the ratio of the limit state stress(es) or
strength of an element to the permissible internal
stress(es) or forces created by the external force(s) that
act upon the element (section 1-2).

fatigue: the process of progressive localized permanent
material damage that may result in cracks or complete
fracture after a sufficient number of load eycles
(para. 1-5.1).

fatigue life: the number of load cycles of a specific type
and magnitude that a member sustairns before failure
(para. 1-4.5).

hoist: a machinery unit that is\used for lifting and
lowering (para. 1-5.1).

lifting attachment: a load-supporting device that is bolted
or permanently attached te'the lifted load, such as lifting
lugs, padeyes, trunnieis, and similar appurtenances
(Nonmandatory Appendix A, section A-2).

limit state: a condition in which a structure or component
becomes unfit-for service, such as brittle fracture, plastic
collapse,exeessive deformation, durability, fatigue, or
instability, and is judged either to be no longer useful
for its intended function (serviceability limit state) or to
be unsafe (strength limit state) (para. 1-5.1).

Joad cycle: one sequence of loading defined by a range
between minimum and maximum stress (para. 1-5.1).

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

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

mechanical component: a combination of one or more

ambient temperature: the tempe
surrounding the lifting device

rature of the atmosphere
(para. 1-4.7).

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

below-the-hook lifting device (lifting device, lifter): a device
used for attaching a load to a hoist. The device may
contain components such as slings, hooks, and rigging

Machine elements atong with their Tamework, fasten-
ings, etc., designed, assembled, and arranged to support,
modify, or transmit motion, including, but not limited
to, the pillow block, screw jack, coupling, clutch, brake,
gear reducer, and adjustable-speed transmission
(para. 1-4.3).

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

modification: any change, addition to, or reconstruction
of a lifter component (section 1-2).
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qualified person: a person who, by possession of a recog-
nized degree in an applicable field or certificate of pro-
fessional standing, or who, by extensive knowledge,
training, and experience, has successfully demonstrated
the ability to solve or resolve problems relating to the

subject matter and work (section 1-2).

rated load: the maximum load for which the lifting device
is designated by the manufacturer (para. 1-4.3).

the actual plate width with its nonuniform stress
distribution (para. 1-6.1).

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

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

local buckling: the buckling of a compression element
that may precipitate the failure of the whole member

serviceability limit state: li
ability of a structure to pre
bility, or function of ma
(para. 1-5.1).

shall: a word indicating a

should: a word
(para. 2-2.1).

strength limit state: limiting
of the structure, in whic
capacity is reached (para.

indic

stress concentration: localiz
than average (even in un
of uniform thickness) due {
or localized loading (pard

stress range: algebraic diffe
minimum stress. Tension
the opposite algebraic si
(para. 1-4.4).

structural member: a compo
ponents fabricated from
plate(s), forging(s), or cas

1-5.2 Definitions for Cha|

block shear: a mode of f
connection that is due to|
tension acting on orth

1k Skl fLoots £

Hing-conditon—ratfecting—the
erve its maintainability, dura-
hinery under normal usage

requirement (section 1-2).

hting a recommendation

condition affecting the safety
h the ultimate load-carrying
1-5.1).

pd stress considerably higher

formly loaded cross sections

o abrupt changes in geometry
3-4.1).

rence between maximum and
stress is considered to have
gn from compression stress

hent or rigid assembly of com-
structural shape(s), bar(s),
ing(s) (para. 1-4.3).

ter 3

ilure in a bolted or welded
a combination of shear and
bgonal planes around_the

minimum net failure path of the connecting elemehts

(para. 3-3.2).

compact section: a structur|
can develop a fully plastid
onset of local buckling (p

effective length: the equ

compression formulas (p4

hl member crossssection that
stress distribiition before the
hra. 3-2.3.1)

ivalent\dength K! used in
ra. 1-5:2).

effective length factor: the

ratio between the effective

at a stress level below the yield stress of the material
(para. 1-5.2).

noncompact section: a structural member cross section
that can develop the yield stress in compression elements
before local buckling occurs, but will not resist inelastie
local buckling at strain levels required for a fully plastic
stress distribution (para. 3-2.3.2).

prismatic member: a member with a gross cress‘section
that does not vary along its length (para. 16.1).

prying force: a force due to the lever action' that exists in
connections in which the line of application of the
applied load is eccentric to the axis of the bolt, causing
deformation of the fitting and<an amplification of the
axial force in the bolt (para:.3+4.5).

slip-critical: a type of bolted connection in which shear
is transmitted by mieans of the friction produced
between the faying\surfaces by the clamping action of
the bolts (para: 146.1).

1-5.3 Defiuitions for Chapter 4

back-driving: a condition where the load imparts motion
to the drive system (para. 1-5.3).

coefficient of static friction: the nondimensional number
obtained by dividing the friction force resisting initial
motion between two bodies by the normal force pressing
the bodies together (para. 4-9.2).

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

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

fluid power: energy transmitted and controlled by means

an

length and the unbraced length of the member measured
between the centers of gravity of the bracing members

(para. 1-6.1).

effective net tensile area: portion of the gross tensile area
that is assumed to carry the design tension load at the
member’s connections or at locations of holes, cutouts,
or other reductions of cross-sectional area (para. 3-2.1).

effective width: the reduced width of a plate that, with
an assumed uniform stress distribution, produces the
same effect on the behavior of a structural member as

of a pressurized fluid, either liguid or gas. The term
applies to both hydraulics, which uses a pressurized
liquid such as oil or water, and pneumatics, which uses
compressed air or other gases (section 4-11).

Ly bearing life: the basic rating or specification life of a
bearing (para. 1-6.2).

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

pitch diameter: the diameter of a sheave measured at the
centerline of the rope (para. 4-2.2).
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running sheave: a sheave that rotates as the load is lifted
or lowered (para. 1-5.3).

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

(para. 1-5.3).

vacuum: pressure less than ambient atmospheric

pressure (para. 1-5.3).

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

rectifier: a device for converting alternating current into
direct current (para. 5-4.7).

sensor(s): a device that responds to a physical stimulus
and transmits the resulting signal (para. 5-3.2).

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

1-5.5 Definitions for Chapter 6

17

and transporting loads using
of vacuum (section 4-10).

vacuum pad: a device that appl

L holding 1Torce by means

es a holding force on the

load by means of vacuum (pafra. 1-6.2).

1-5.4 Definitions for Chapter

brake: a device, other than a 1
or stopping motion of an appa
means (para. 1-5.1).

controller: a device or group g
a predetermined manner, the

5

notor, used for retarding
Fatus by friction or power

f devices that govern, in
power delivered to the

motor to which it is connectedl (section 5-4).

control panel: an assembly of

omponents that governs

the flow of power to or from a notor or other equipment

in response to a signal(s) f1
(para. 5-4.8).

control(s): a device used to
functions of an apparatus (pa

control system: an assembly (
govern or regulate the ope
(para. 4-11.2).

duty cycle:

tiny

duty cycle = Time on|

and is expressed as a percentd

EXAMPLE: 3 min on, 2 min off eq

3
m x 100
electrical power supply: the sped
or supplied electricity such af

amps, cycles, and phase (para|

electric motor: a rotating m

om a control device(s)

covern or regulate the
ra. 1-5.4).

r group of devices that
Fation of an apparatus

e on
[ time off 100
ge (para. 5-2.1).

Lals
= 600/0

ifications of.the required
type (AC or DC), volts,
5-1.3).

nchine that transforms

air gap: the distance between the surface of the terrous
load and the magnetic pole surfaces of the magnet. This
gap may be air space caused by an uneven load surface,
rust or scale on the load, paint, oil or coolant, dirt, shop
cloths, paper wrapping, etc. The air gap has a permeabil-
ity, uo, similar to that of free space (para. 6-2.2).

coercivity: demagnetizing force required to reduce thé
residual magnetic induction of a permanent magnet B,
to zero (para. 1-6.3).

effective magnet contact area: the component, of a lifting
magnet that is in contact with the load. To be considered
part of the effective magnet contact aréd, the area must
be part of the magnetic circuit (para\J+5.5).

electrically controlled permanent magnet: a lifting magnet
that derives holding force from‘permanent magnet mate-
rial and requires current-o1ily during the period of
attachment or release (para. 6-3.4.3.3) [see Fig. 1-5.5-1,
illustration (a)].

electromagnet core: theé material inside of the power coil
designed to absorb the magnetic field and create flux
(para. 1-6.3):

electro-petmanent magnet core: the permanent magnet
material inside of the power coil that is designed to
retain residual induction after energizing, thereby creat-
ing the flux (para. 1-5.5).

encapsulation compound: the material that replaces the
volume of air inside of the magnetic assembly. Com-
monly used for vibration reduction, heat dissipation,
and insulation to the environmental conditions (para.
6-3.7).

flux density (magnetic induction): the magnetic field
induced by a magnetic field strength, H, at a given place.
The flux density is the flux per unit area normal to the
magnetic circuit (para. 1-5.5).

electrical energy into mechani

1 L ds Idilla AV
dal Cllclsy WOCLuuIt J=4 ).

externally powered electromagnet: a lifting magnet
suspended from a crane that requires power from a
source external to the crane (para. 5-6.3).

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

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

Jhux pati; the component of a Hiting magnet through
which the flux must travel to reach the effective magnet
contact area (para. 1-5.5).

flux source: the component of a lifting magnet that creates
the flux. The flux source can be either an electromagnet
or a permanent magnet (para. 1-5.5).

hysteresis curve: a four-quadrant graph that shows the
relationship between the flux density, B, and the mag-
netic field strength, H, under varying conditions
(para. 6-3.4.3.5).
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Fig. 1-5.5-1 Magnetic Lifters

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

3% X 100 = 60%
magnetic circuit: the magnetic circuit consists of a flux
source, a flux path, and the effective magnet contact
area. In the “attach” condition, the flux path includes
the load. The magnetic circuit in general describes a
closed-loop circuit that describes the path from a “north”

(a) Close Proximit
Controlled Pdrmanent Magnet

Operated Electrically

:

(b) Close Proximi{y Operated-Manually
Controlled Pdrmanent‘Magnet

o
.

pole to a “south” pole of the flux source (para. 1-5.5).

magnetomotive force: the force that creates flux in a mag-
netic circuit (para. 1-5.5).

manually controlled permanent magnet: a lifting magnet
that derives holding force from permanent magnet mate-
rial and requires a manual effort during periods’ of
attachment or release (para. 6-3.4.3.3) [see Fig.<145.5-1,
illustration (b)].

maximum energy product: external energy(produced by
magnet (para. 1-6.3).

north pole: the pole exhibiting positive magnetic field
characteristics when measured, by a magnetic device
(opposite of a south pole) (para. 1-5.5).

permanent magnet materigl; a ferromagnetic material that
retains a level of residual induction when the external
magnetic field strength is reduced to zero (para. 1-5.5).

permeability: the ratio of the flux density in a material
at a point:to)the magnetic field strength at that point
(para. 1:5.5).

pole” an' area of the magnetic circuit that exhibits a con-
stant flux density of either a positive or negative attitude.
This can be in either the effective magnet contact area
or the flux source (para. 1-5.5).

power coil: a solenoid wound around a ferromagnetic
electromagnet or electro-permanent magnet core, com-
monly multiple layers of windings deep. The power
coil is used for creating a magnetic field in the core
(para. 1-5.5).

release mechanism: the component of the lifting magnet
that changes the connection to the load between “attach”
and “release” (para. 6-3.1).

reluctance: the ratio between the mngnni—nmnh" e force

intrinsic COErCiU@fO?’CE: abili Y of magt ret-matertal-toresist
demagnetization (para. 1-6.3).

magnet duty cycle: the percentage of time an electromag-
net can be energized, T,, relative to total cycle time. De-
energized time equals T,. If not rated as continuous,
the magnet duty cycle rating includes information on
maximum continuous energized time and minimum de-
energized time to prevent overheating (para. 6-2.2).

T,
magnet duty cycle = T+T, x 100

acting around a magnetic circuit and the resulting flux
(para. 1-6.3).

residual magnetic induction: the intensity of magnetic
induction that is retained inside of a magnetic material
when the external magnetic field strength is reduced to
zero, in a closed magnetic circuit scenario (para. 1-5.5).

south pole: the pole exhibiting negative magnetic field
characteristics when measured by a magnetic device
(opposite of a north pole) (para. 1-5.5).
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1-6 SYMBOLS

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

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

1-6.1 Symbols for Chapter 3

Exx

depth of the section, in. (mm)
(para. 3-2.3.1); diameter of roller, in. (mm)
(para. 3-3.1)

hole diameter, in. (mm) (para. 3-3.3.1)
pin diameter, in. (mm) (para. 3-3.3.1)
modulus of elasticity

29,000 ksi (200000 MPa) for steel
(para. 3-2.2)

nominal tensile strength of the weld

21 = length of the n(lmwelded root face in the
direction of the|thickness of the tension-
loaded plate, i1}. (mm) (para. 3-4.6)

A = cross-sectiondl area, in.? (mm?)
(para. 3-2.3.1)
a = distance from the edge of the pinhole to

the edge of the| plate in the direction of
the applied loadl, in. (mm) (para. 3-3.3.1)
As = area of the compression flange, in.” (mm?)
(para. 3-2.3.1)
A, = tensile stress ar¢a, in.? (mm?) (para. 3-3.2)
A, = total area of the|two shear planes beyond
the pinhole, in.f (mm?) (para. 3-3.3.1)

B = factor for bending stress in tees and
double angles (para. 3-2.3.2)

b = width of a compression element, in. (mm)
(Table 3-2.2-1)

b, = actual net width of a pin-connected plate

between the edge of the hole and the edge
of the plate on { line perpendicular to the
line of action of the applied load, in. (mm)
(para. 3-3.3.1)
beg = effective width to each side of the
pinhole, in. (min) (para. 3-3.3.1)
by = width of thg compression flange,
in. (mm) (para.|3-2.3.2)
C, = bending coefficient dependent on
moment gradient (para. 3-2.3.2)
C. = column slend¢rness ratio separatiiig
elastic and inelgstic buckling (para:3-2.2)
Cr = stress categony constant for fatigue

Cn = coefficient appliedto bending term in
interaction elnnfinn for priqmatir

F,

fa
Fy

FbX/ Fby

Jox: fi by

FCV

metal, ksi (MPa) (para. 3-3.4.1)
allowable axial compression stress, ksi
(MPa) (para. 3-2.2)

computed axial compressive stress, ksi
(MPa) (para. 3-2.4)

allowable bending stress, ksi (MPa)
(para. 3-2.3.1)

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

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

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

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

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

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

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

(para. 3-4.6)
allowable tensile stress, ksi (MPa)
(para. 3-2.1)
computed axial tensile stress, ksi (MPa)
(para. 3-2.4)

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

threshold value for F., ksi (MPa)

member and dependent on column cur-
vature caused by applied moments
(para. 3-2.4)
Cuzs Cy = coefficient applied to bending term in

interaction equation about the x- or y-
axis, as indicated (para. 3-2.4)

C, = strength reduction factor for pin-
connected plates (para. 3-3.3.1)

D = outside diameter of circular hollow
section, in. (mm) (Table 3-2.2-1)

fo
foty

(para. 3-4.5)

specified minimum tensile strength, ksi
(MPa) (para. 3-2.1)

allowable shear stress, ksi (MPa)
(para. 3-2.3.6)

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

computed normal stress in the x or y
direction, as indicated, ksi (MPa)
(para. 3-2.5)
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specified minimum yield stress,
ksi (MPa) (para. 3-2.1)

= shear modulus of elasticity
= 11,200 ksi (77200 MPa) for steel

(para. 3-2.3.2)

clear depth of the plate parallel to the
applied shear force at the section under
investigation. For rolled shapes, this
value may be taken as the clear distance

M,

plane of symmetry, kip-in. (N-mm)
(para. 3-2.3.2)

number of slip planes in the connection
(para. 3-3.2)

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

larger bending moment at the end of the

between flgnges less the fillet or corner
radius, in. [mm) (para. 3-2.3.6)

twice the glistance from the center of
gravity to the following: the inside face
of the compression flange less the fillet
or corner gadius, for rolled shapes; the
nearest ling of fasteners at the compres-
sion flange|or the inside faces of the com-
pression flqnge when welds are used, for
built-up se¢tions, in. (mm) (Table 3-2.2-1)
twice the distance from the plastic neu-
tral axis to| the nearest line of fasteners
at the compression flange or the inside
face of thq compression flange when
welds are ysed, in. (mm) (Table 3-2.2-1)
major axis moment of inertia, in.* (mm?)
(para. 3-2.32)

minor axis jnoment of inertia, in.* (mm?)
(para. 3-2.32)

torsional | constant, in.* (mm?)
(para. 3-2.31)

effective length factor based on the
degree of fikity at each end of the member
(para. 3-2.2
the actua] unbraced length of the
member, in). (mm) (para. 3-2.2)

distance bg¢tween cross sections braced
against twist or lateral displacement’ of
the comprg¢ssion flange; for béams not
braced agajnst twist or lateral\displace-
ment, the greater of the iaximum dis-
tance betwpen supports.or the distance
between thle two pgints of applied load
that are [farthest”apart, in. (mm)
(para. 3-2.32)

maximum latérally unbraced length of a

Ny
e

n;

unbraced length of a beam taken about
the major axis of the member, kip-in.
(N'-mm) (para. 3-2.3.2)

plastic moment, kip-in. (N-mm)
(para. 3-2.3.1)

moment at yielding of the extreme fiber,
kip-in. (N-mm) (Table 3-2.2-1)

desired design fatigue life in load eycles
of the detail being evaluated(para. 3-4.6)

= nominal design factor (patra.-3-1.3)

equivalent number, Xof constant-
amplitude load cygles-at stress range,
Srref (para. 3-4.2)

number of load'¢ycles for the ith portion
of a variable*amplitude loading spec-
trum (para.\3-4.2)

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

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

allowable tensile strength through the
pinhole, kips (N) (para. 3-3.3.1)
allowable double plane shear strength
beyond the pinhole, kips (N)
(para. 3-3.3.1)

distance from the center of the hole to
the edge of the plate in the direction of
the applied load, in. (mm) (para. 3-3.3.1);
variable used in the cumulative fatigue
analysis (para. 3-4.6); radius of edge of
plate (Table 3-4.4-1)

radius of gyration about the axis under
consideration, in. (mm) (para. 3-2.2);
radius of curvature of the edge of

the ‘n]nh:-, in (mm) (T\Tnﬂmnnr]nh’\ry

bending member for which the full
plastic bending capacity can be realized,
uniform moment case (C, = 1.0), in.
(mm) (para. 3-2.3.1)

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

allowable major axis moment for tees and
double-angle members loaded in the

rr

r
Appendix C, para. C-3.3.1)
allowable bearing load on rollers,
kips/in. (N/mm) (para. 3-3.1)
radius of gyration of a section comprising
the compression flange plus one-third of
the compression web area, taken about
an axis in the plane of the web, in. (mm)
(para. 3-2.3.2)
minor axis radius of gyration, in. (mm)
(para. 3-2.3.1)
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stress range for the ith portion of vari- K4 = fatigue stress amplification factor

able-amplitude loading spectrum, ksi (para. 4-7.6.1)

(MPa) (para. 3-4.2) Ksr = stress amplification factor for torsional

reference stress range to which N, shear [para. 4-7.6.3(b)]

relates, ksi (MPa) (para. 3-4.2) Krp = stress amplification factor for bending

major axis section modulus, in3 (mm? [para. 4-7.6.3(a)]

(para. 3-2.3.1) Krp = stress amplification factor for direct tension

major axis section modulus with respect [para. 4-7.6.3(a)]

to the compression side of the member, L = bearing length, in. (mm) (para. 4-6.4)

in.® (mm®) (Tabfe 3-2.2-1) Lip = basic rating life exceeded by 90% of bear-

major axis sectijon modulus with respect ings tested, hr (para. 4-6.2)

to the tension pide of the member, in.? L; = allowable tooth load in bending, 1b (N)

(mm?®) (Table 3{2.2-1) (para. 4-5.3)

thickness of |the plate, in. (mm) N = rotational speed, rpm (para. 4-6.3)

(para. 3-2.3.3); thickness of a compression N, = vacuum pad design factor based on

element, in. (mm) (Table 3-2.2-1) orientation of load (para. 4-10.1)

thickness of tle tension-loaded plate, P = average pressure, psi (MPa) (para. 4-6.4)

in. (mm) (para.|3-4.6) P, = dynamic equivalent radial load;Ib*(N)

thickness of| the web, in. (mm) (para. 4-6.3)

(Table 3-2.2-1) S = computed combined axial/beriding stress,

leg size of the feinforcing or contouring ksi (MPa) [para. 4-7.5(a)]

fillet, if any, in the direction of the thick- S. = computed axial stress; ksi (MPa)

ness of the tension-loaded plate, in. (mm) [para. 4-7.5(a)]

(para. 3-4.6) Sw = portion of the computed tensile stress not

major axis plagtic modulus, in.’ (mm®) due to fluctuating loads, ksi (MPa)

(para. 3-2.3.1) [para. 4-7.6.3(d)]

loss of lefggth of the shear Sy = computed, bending stress, ksi (MPa)

plane in a |pin-connected plate, [para. 4:7.5(a)]

in. (mm) (Nonmandatory Appendix C, S. = compitted combined stress, ksi (MPa)

para. C-3.3.1) [para, 4-7.5(0)]

shear plane lpcating angle for pin- S, =-fatigue (endurance) limit of polished,

connected platgs, deg (para. 3-3.3.1) unnotched specimen in reversed bending,
ksi (MPa) (para. 4-7.6.2)

Sz = corrected fatigue (endurance) limit of shaft
effective area of the vacuum pad enclosed in reversed bending, ksi (MPa)
between the pad gnd the material when the (para. 4-7.6.2)
pad is fully compressed against the S = computed fatigue stress, ksi (MPa)
material surface|to be lifted, in.? (mfm?) [para. 4-7.6.3(a)]

(para. 4-10.1) Sg = portion of the computed tensile stress due
basic dynamic logd rating to theotetically to fluctuating loads, ksi (MPa)
endure one millioph revolutions,pér bearing [para. 4-7.6.3(d)]

manufacturer, Ib (N) (para. 4:6:3) S; = computed axial tensile stress, ksi (MPa)
nominal shaft digmeter 8 bearing inside [para. 4-7.6.3(a)]

diameter, in. (mn}) (pata\4-6.4) S, = specified minimum tensile strength, ksi
diametral pitch, ih.-L @m™) (para. 4-5.3) (MPa) [para. 4-7.5(a)]

face width of dmaller gear in—(mm) ‘;y = specified minimnum yield stress, ksi (MPa)
(para. 4-5.3) [para. 4-7.6.3(d)]

axial component of the actual bearing load, UPC = calculated ultimate vacuum pad capacity
Ib (N) (para. 4-6.3) (para. 4-10.1)

minimum force on each side of the load, V = surface velocity of shaft, ft/min (m/s)
Ib (N) (para. 4-9.2) (para. 4-6.4)

radial component of the actual bearing V, = minimum vacuum level specified at the pad
load, 1b (N) (para. 4-6.3) (para. 4-10.1)

total support force created by the lifter, VPR = maximum calculated pad rating
Ib (N) (para. 4-9.2) (para. 4-10.1)

bearing power factor (para. 4-6.3) W = bearing load, Ib (N) (para. 4-6.4)
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dynamic radial load factor per bearing
manufacturer (para. 4-6.3)

Lewis form factor (Table 4-5.3-1); dynamic
axial load factor per bearing manufacturer

(para. 4-6.3)

angle of vacuum pad interface surface mea-
sured from horizontal, deg (para. 4-10.1)
specified minimum yield stress, psi (MPa)

(para. 4-5.3)

computed cofnbined shear stress, Kst (MPa)

[para. 4-7.5(b
portion of th
due to the fl
[para. 4-7.6.3
computed co
ksi (MPa) [p4
portion of th|
to fluctua
[para. 4-7.6.3
computed toj
[para. 4-7.5(b
computed tra
[para. 4-7.5(b

1-6.3 Symbols for Chapt

NOTE: Calculations for magng
in SI units (m, kg, s). Therefo
presented in SI units.

A
A,
Aﬂl

A

cross-section
or segment of
cross-section
m? (para. 6-3
effective
(para. 6-3.3)

polar surfacd
m? (para. 6-3
flux density
(para. 6-3.4.2
maximum

(para. 6-3.4.3
flux density,

[t}

e computed shear stress not
uctuating loads, ksi (MPa)
d)]

mbined fatigue shear stress,
ra. 4-7.6.3(b)]

b computed shear stress due
ing loads, ksi (MPa)
d)]

sional shear stress, ksi (MPa)

[t

hsverse shear stress, ksi (MPa)

—_—

br 6

t design are commonly performed
e, the equations in Chapter 6 are

11 area of the magnetic circuit
f the circuit, m* (para. 6-3.5)
1 area of electromagnet core,
4.2)
agnet contact area, m?
area of permanent magnet,
4.3.4)

of electromagnet core, -T
energy product, ) N/m?
5)
[ (para. 6-3.3)

residual magmetic inductienof a permanent

magnet, T (p
constant in e
resultant forg

hra. 6-3.4.3.4)
. (6.1)-(para. 6-3.3)

e, IN-(para. 6-3.3)

magnetomotp]n force of mngnnh'n circuit,
A (para. 6-3.4.1)

coercivity of the permanent magnet, A/m
(para. 6-3.4.1)

intrinsic

R = reluctance of the magnetic circuit, A/Wb
(para. 6-3.5)
R,, = reluctance of an individual section of the
magnetic circuit, A/Wb (para. 6-3.5)
Ryt = total reluctance of the magnetic circuit,
A /WD (para. 6-3.5)
¢. = flux available to magnetic circuit, Wb
(para. 6-3.5)
¢, = flux from electromagnet flux source, Wb
(para. 6-3.0)
¢ = total flux required for application, Wb
(para. 6-3.3)
b, = flux from permanent magnet flux source,
Wb (para. 6-3.4.3.4)
u = permeability of the material, henries jer

meter (H/m) (para. 6-3.5)
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Chapter 2
Lifter Classifications

2-1 GENERAL

A Design Category 3
designated for each lifter.

2-1.1 Selection

The selection of a Des
criteria) and Service Class
in sections 2-2 and 2-3 sh
conditions (use) and expsg

2-1.2 Responsibility

The selection of Desigy
shall be the responsib]
representing the owner, p
device. If not specified by

nd Service Class shall be

gn Category (static strength
fatigue life criteria) described
hll be based on the operating
cted life of the lifter.

Category and Service Class
lity of a qualified person
irchaser, or user of the lifting
the owner, purchaser, or user,

the Design Category and Service Class shall be

designated by the qualifig
design.

2-1.3 Identification

The Design Category
marked on the lifter a
drawings, and documenta

2-1.4 Environment

All lifter components a
the temperature range def
atmospheric conditions
moisture, and corrosi
components operating at t
specified in para. 1-4.
consideration.

2-2 DESIGN CATEGORY

d person responsible for the

and Service Class shall be
nd appear on quotations,
tion associated with the lifter.

e assumed to operate within
ned in para. 1-4.7 and nérmal
(free from excessivie dust,
ve environments),/ Lifter
bmperatures outside the range
/ may require additional

T W W\

Table 2-3-1 Service Class

Service Class Load Cycles

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

W N -

2-2.1 Design Category A

(a) Design Category A should be designated when
the magnitude and variation of 1dads applied to the lifter
are predictable, where the lpading and environmental
conditions are accurately, defined or not severe.

(b) Design Category A liffing devices shall be limited
to Service Class 0.

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

2-2.2 Design Category B

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

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

2-2.3 Design Category C

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

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

@an

The Design Categories

1 £ I 5.0
CLIIICA 11T Pdldb. L=L.l, Z74.2,

and 2-2.3 provide for different design factors that estab-
lish the stress limits to be used in the design. The design

factors are given in para.

3-1.3.

Lifters shall be designed to Design Category B, unless

a qualified person determines that Design Category A
is appropriate or that Design Category C is required for
a special application.

2-3 SERVICE CLASS

The Service Class of the lifter shall be determined
from Table 2-3-1 based on the specified fatigue life (load
cycles). The selected Service Class establishes allowable
stress range values for structural members (section 3-4)
and design parameters for mechanical components
(sections 4-6 and 4-7).
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Chapter 3
Structural Design

exceed the values given in sections 3-2 and 3-3. and the

3-1.1 Purpose

This chapter sets forth des
structural members and conj
hook lifting device.

3-1.2 Loads

Below-the-hook lifting devi
resist the actual applied loads.

gn criteria for prismatic
nections of a below-the-

ces shall be designed to
These loads shall include

the rated load, the weights of tlie individual components

of the lifter, and other forces
of the lifter, such as gripping f
loads used in the design of the
components of a lifting magn
on the maximum breakawa
Resolution of these loads into
forces shall be performed by
analysis method.

3-1.3 Static Design Basis

created by the operation
orce or lateral loads. The
tructural and mechanical
bt shall be derived based
y force of the magnet.
member and connection
an accepted structural

3-1.3.1 Nominal Design Fagtors. The static strength

design of a below-the-hook lif
on the allowable stresses defin
The minimum values of the n|
in the allowable stress equatid
N; = 2.00 for Design Cate
= 3.00 for Design Cate

= 6.00 for Design Cate

3-1.3.2 Other Design Condi
for design conditions not ad
based on the following desigr
(a) Design factors for De

ing device shall be based
bd in sections 3-2 and 3-3.
ominal design factor, Ny,
ns shall be as follows:
bory A lifters

bory B lifters

bory C lifters

ions. Allowable stresses
dressed herein shall be
factors:

bign Category A lifting

devices shall be not less thap 2.00 for<limiit states of

yielding or buckling and 2.40
and for connection design.
(b) Design factors for De

or limit‘states of fracture

bign-Category B lifting

200 £ liaid—ciat £
oo O THmMItT—STateS—or

maximum range of stress does not exceed the values
given in section 3-4. Members and connections subjected
to fewer than 20,000 load cycles (Service Class 0) need
not be analyzed for fatigue.

3-1.5 Curved Members

The design of curved members that are subjected to
bending in the plane of the curve shall account forthe
increase in maximum bending stress du€ to the
curvature, as applicable.

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

3-1.6 Allowable Stresses

All structural membets, connections, and connectors
shall be proportioned;so the stresses due to the loads
stipulated in para=3-1.2 do not exceed the allowable
stresses and stress ranges specified in sections 3-2, 3-3,
and 3-4. The'allowable stresses specified in these sections
do not apply to peak stresses in regions of connections,
provided-the requirements of section 3-4 are satisfied.

3-1.7 Member Properties

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

3-2 MEMBER DESIGN

17

devices shall be not less thatt

yielding or buckling and 3.60 for limit states of fracture

and for connection design.

(c) Design factors for Design Category C lifting
devices shall be not less than 6.00 for limit states of
yielding or buckling and 7.20 for limit states of fracture

and for connection design.

3-1.4 Fatigue Design Basis

Members and connections subject to repeated loading
shall be designed so that the maximum stress does not

12

3-2.1 Tension Members

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

F
Ff=ﬁi

u

Fe= 120N,

17
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F u

F, =

ASME BTH-1-2017

specified minimum tensile strength
specified minimum yield stress

Refer to para. 3-3.3 for pinned connection design

requirements.

3-2.2 Compression Members

The allowable axial compression stress, F,, on the gross

d = depth of the section

] = torsional constant
M, = plastic moment
= F,Z, < 15F,S, for homogeneous sections
r, = minor axis radius of gyration
Sy = major axis section modulus
Z, = major axis plastic modulus

For circular tubes with compact walls as defined by

area where all of the ele
provisions of Table 3-2.2-1
ness ratio, Kl/r, is less tha

TS Of the Section meet the
and when the largest slender-
h C, is

2
[ |- & ] E,
202
F a = 3 (3_3)
PKifr)  3(Ki/fr)
Nd[l Tlac T Tac }

27°E
Ce S F, (3-4)
When KI/r exceeds C,, the allowable axial compressive

stress on the gross sectior

F, =

= modulus of elasti
effective length f
fixity at each end
the actual unbrac
radius of gyrat
consideration

3-2.3 Flexural Members

5N, (KIfr)?

is

2
7 E (3-5)

City

\ctor based on the degree of
of the member

bd length of the member

ion about the axis under

3-2.3.1 Major Axis Bending of Compact Sections,

The allowable bending s
compact sections as define
about, and loaded in, the
the flanges continuously d
and laterally braced at i
defined by eq. (3-7) for I-sh

for box members is

tress, F,, for membefs\with
H by Table 3-2.2-1 syinmetrical
plane of the minoriaxis, with
onnected to theweb or webs,
htervals not.exceeding L, as
ape members and by eq. (3-8)

Fy =

110F,

(2 AY

Tabte-3-2-2=torsquaretubes orsquare boxsectiomswithr
compact flanges and webs as defined by Table 3-2.2-1
and with the flanges continuously connected to the
webs, the allowable bending stress is given by eq. (3-6)
for any length between points of lateral bracing.

3-2.3.2 Major Axis and Minor Axis Bending of
Compact Sections With Unbraced Length Greater Than
L, and Noncompact Sections. The allowableybending
stress for members with compact or noneompact sec-
tions as defined by Table 3-2.2-1, loaded-through the
shear center, bent about either the major, or minor axis,
and laterally braced at intervals riot ‘exceeding L, for
major axis bending as defined by ‘eq. (3-10) for I-shape
members and by eq. (3-11) for'hox members is given by
eqg. (3-9). For channels bent about the major axis, the
allowable bending stress is. given by eq. (3-17).

Fy= ot 39
=N (3-9)
2
Ly — /31911;TECb (3_10)
y
2r,EJJA
L, = 2EIA (3-11)

F,S,
Cp = 1.75 + 1.05(M; /M) + 0.3(M;/M,)> < 2.3 (3-12)

where M; is the smaller and M, is the larger bending
moment at the ends of the unbraced length, taken about
the major axis of the member, and where M;/M, is
positive when M; and M, have the same sign (reverse
curvature bending). C, may be conservatively taken as
unity. When the bending moment at any point within
an unbraced length is larger than that at both ends of
this length, C, shall be taken as unity [see eq. (3-12)].

For I-shape members and channels bent about the
oot £o11 2

an

E
L, = 1.76r, |=<
P "\E,

0.13r,E

P

where
= cross-sectional a

=
|

W)

Ny

0.67E
F,d/A

(3-7)

(3-8)

rea

= area of the compression flange

13

major-axis—and—with—tmbracedtengths—thatfatin—the
ranges defined by either eq. (3-13) or eq. (3-15), the
allowable bending stress in tension is given by eq. (3-9).
For an I-shape member for which the unbraced length
of the compression flange falls into the range defined by
eqg. (3-13), the allowable bending stress in compression is
the larger of the values given by egs. (3-14) and (3-17).
For an I-shape member for which the unbraced length
of the compression flange falls into the range defined by
eg. (3-15), the allowable bending stress in compression is
the larger of the values given by egs. (3-16) and (3-17).
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Table 3-2.2-1 Limiting Width-Thickness Ratios for Compression Elements

Limiting Width-
Width—| Thickness Ratios Limiting Width-Thickness Ratios for Members Subject
Thick- for Members to Flexure
ness Subject to Axial
Description of Element Ratio Compression Compact Noncompact
Flanges of I-shape rolled beams, channels, and
tees byt 0.56 JE/F, 0.38/E/F, 1.00,/E/F,
Flanges of doubly and singly symmetric |-shape N, ToTE
built-up sections and plates or angle legs pro- "’[_'\]O;é a)]y 0.38E/F, 0.95./k. E/F, [Notes (1), (2)]
jecting from built-up I-shape sectigns b/t
Plates projecting from rolled I-shape |sections;
outstanding legs of pairs of angleq in continu- | b/t 0.56 JE/F,
ous contact
Legs of single angles; legs of doublelangles with
separators; unstiffened elements, |.e., sup- b/t 0.45JE/F, 0.54/E/F, 0.91E/F,
ported along one edge
Flanges of all I-shape sections and channels in
flexure about the weak axis b/t 0.38E/F, 1.00VE/A,
Stems of tees d/t 0.75E/F, 0.84/E/F, 1.03JE/F,
Flanges of rectangular box and holloy structural
sections of uniform thickness; flange cover
: . . 1.40 JE/F,
plates and diaphragm plates betwgen lines of b/t 1.40E/Fy 112 JE/F, 1K
fasteners or welds
Webs of doubly symmetric I-shape s¢ctions and h/t, 1.49 JETF, 3.76\/?5, 5.70 JETF,
channels
Webs of singly symmetric I-shape seftions h[\/f
hy\ F, E
ho/tu m, 3S 5'70\/% 5.70 JEJF,
(0.54 My —0.09)
Webs of rectangular HSS and boxes h/t 1.40 JE/F, 2.42 JE[F, 5.70JE/F,
All other uniformly compressed stiffehed b/t == =
elements, i.e., supported along twp edges ht,, 1.49E/F, 1.49E/Fy
Circular hollow sections D/t 0.11E/F/ 0.07E/F, 0.31E/F,

NOTES:

(1) The following values apply:

ke = —2
/h/t,
(2) The following values apply:
F 0.7F, for major axis ben
f Fy Sxt/Sxc = 0.5F, for ma

and 0.35 < k. < 0.7§

Hing of compactand noncompact web built-up I-shape members with S,/S,. > 0.7;
or axis befiding of compact and noncompact web built-up I-shape members with S,;/S,. < 0.7.

Equation (3-17) is applicable

OTty tO Sections withr a

compression flange that is solid, is approximately
rectangular in shape, and has an area not less than the
tension flange. For channels bent about the major axis,
the allowable compressive stress is given by eq. (3-17).

[3.19EC, L,
<—<
F, ey

F(Ly/r)*|F, F
Fb —_ |:110 - WECb

17.59EC,
Fy

(3-13)

(3-14)

14

1T2EC[,

Fy = Cir

For any value of L,/rr

0.66EC,

= —_ <
Fb CLTB Nd(Lbd/Af) =

F
P
Nq (Ly/ 1)

(3-15)
ﬁi (3-16)
Fy (3-17)

Ny
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where Equation (3-18) applies to members with compact or
by = width of the compression flange noncompact flanges. The bending strength of members
Cirg = 1.00 for beams braced against twist or lateral ~ with slender flanges shall be evaluated by suitable
displacement of the compression flange at the  means.
ends of the unbraced length . . . .
3-2.3.3 Major Axis Bending of Solid Rectangular (17)
_ 200(EL/G]) +0275<1.00 for beams not Bars. The allowable bending stress for a rectangular
(Ly/ bf)2 section of depth, d, and thickness, ¢, is given as follows:
braced against twist or lateral displacement of If
the compression flange at the ends of the
unbraced length Lyd _ 0.08E
: : L < (3-19)
I, = major axis momgnt of inertia 2 F,
L, = distance between| cross sections braced against
twist or lateral displacement of the compres- _ 1255, (3-20)
sion flange; for beams not braced against twist ! Ny
or lateral displacgment, the greater of the maxi-
mum distance befween supports or the distance If
between the two points of applied load that are
0.08E Ly _19E
farthest apart 7 - <F (3-21)
rr = radius of gyratioh of a section comprising the Y f Y
compression flange plus one-third of the com- LaNEE
pression web arep, taken about an axis in the F, = Cirg X Cp [1.52 - 0.274 (%)Ey}ﬁy
plane of the web ! ’
_125F, 622
The allowable bending| stress for box members for TN
which the unbraced length exceeds L, as defined by
eq. (3-11) shall be calculated by a suitable method as If
determined by a qualified person. Ld 19F
The allowable major axis moment, M, for tees and Lz F_ (3-23)
double-angle memberq loaded in the plane of t v
symmetry is 1.9EC
i By = Cim x 0 d/b < 1'12\]5F i (3-24)
B w VEIL,G4J 5 FyaSx a(Lod /t d
M = CLTBE T, = (B + /1 +B)£Td (3-18)
where
where Crrg = 1.00 for beams braced against twist or lateral
a = 1.0 if the stem is|in compression displacement of the compression element at
= 1.25 if the stem is in tension the ends of the unbraced length
B = £2.3(d/Ly)J1,/] 3.00 /EL,/GJ
Cirg = 1.00 for beams byraced against twist of lateral = Ly/t <100 for beams not braced
displacement of the compression elethent at the against twist or lateral displacement of the
ends of the unbrpced length compression element at the ends of the
25 braced length
_ [0 JEL/G £ 1.00 for beéams not braced unbraced feng
. Lb/bf, 1 1Gisol f th 3-2.3.4 Minor Axis Bending of Compact Sections,
against twist or)laterat displacement of the g4 ;4 Bars, and Rectangular Sections. For doubly
compression flange at-the ends of the unbraced . .
. e ) symmetric I- and H-shape members with compact
length if the sterh is.in tension f defined b .
anges as defined by Table 3-2.2-1 continuously con-
_ /050y EL/G] < 1.00 for beams not braced  nected to the web and bent about their minor axes, solid
. Ly/ bf. . round and square bars, and solid rectangular sections
against twist or lateral displacement of the  pent about their minor axes, the allowable bending
compression flange at the ends of the unbraced  gtress is
length if the stem is in compression
G = shear modulus of elasticity 125 F,
. . 7 b= (3-25)
I, = minor axis moment of inertia Ny

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

15

For rectangular tubes or box shapes with compact
flanges and webs as defined by Table 3-2.2-1, with the
flanges continuously connected to the webs, and bent
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about their minor axes, the allowable bending stress is

given by eq. (3-6).
3-2.3.5 Biaxial Bending.

Members other than

cylindrical members subject to biaxial bending with no
axial load shall be proportioned to satisfy eq. (3-26).
Cylindrical members subject to biaxial bending with no
axial load shall be proportioned to satisfy eq. (3-27).

f Jox fbv
R th<10 (3-31)
(c) Cylindrical members shall satisfy eqs. (3-32) and
(3-33) or eq. (3-34).
(d) When f,/F, < 0.15, eq. (3-34) is permitted in lieu
of egs. (3-32) and (3-33).

fi N Cm\/f%*f +f%y

jFCbX i’:’j TO 13-26) T, (1 — T ) ., =L0 (3-32)
FF
Jf %:( +f 'Z'y [c2 2
5 W @27 o urfy o (3-33)
F,/N; F,
where
Fye or Fy, = allowable bendling stress about the x- or f_a + W bt f %!/ <10 (34)
y-axis, as indi¢ated, from para. 3-2.3 I F, =
fox Of fr, = computed berjding stress about the x-

or y-axis, as if

3-2.3.6 Shearon Bars, Pins
shear stress F, on bars, pin
h/t < 2.45,/E/Fy shall not exced

H
F, = —
Ny
where
h = clear depth of the pla

shear force at the sec

For rolled shapes, thi

the clear distance betw

or corner radius.

t = thickness of the plate

Methods used to determir

subjected to shear forces for wj

provide a design factor with

of buckling not less than the
para. 3-1.3.

dicated

and Plates. Theaverage
b, and plates for which
d

(3-28)

‘/ﬁ

e parallel to the applied
ion under investigation.
b value may be taken as
reen flanges less the fillet

e the strength of plates
hich 7/t > 2.45\/% shall
respect to the limit state
pplicable value given in

3-2.4 Combined Axial and Bgnding Stresses

Members subject to combin
bending stresses shall be prd
following requirements:

bd axial compression and
portioned to satisfy the

(a) All members except cy

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

egs. (3-29) and (3-30).
ﬁl m"(fb"(

m fbl/
Y

=+ +
Fﬂ a
(1 - f_>Fh\

ex

-

fa
F,/Ny

fbx
Fbx

<10 3-29
fi )F (3-29)
by
F“J
NP (3-30)
By~
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(e) Members subject to combined axial tension and
bending stresses shall be proportioned totsatisfy the
following equations. Equation (3-35%), applies to all
members except cylindrical members:yEquation (3-36)
applies to cylindrical members.

S| o Sl
<10 3-35
F R @, (3-39)
2 + 2
i—%—vf = w10 (3-36)
t b

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

F, = allowable axial compressive stress from
para. 3-2.2
f. = computed axial compressive stress
> _ 7E
© LI5N(KI/r?
F, = allowable tensile stress from para. 3-2.1
fi = computed axial tensile stress

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

Con

Cux = Cmy =10

jnd;_jeal membe;s Shal I oWer Values fef (: E Jd-C L px
77 X7 Gret Sy iy DCHSCaTIT

justified by analysis.

3-2.5 Combined Normal and Shear Stresses

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

F,
= fi-ffy+fi+3fs<F, = ﬁ;

Ser (3-37)
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stress due to combined shear

and normal stresses

fo
fx
fy

3-2.6 Local Buckling

computed shear stress
computed normal stress in the x direction
computed normal stress in the y direction

The width—thickness ratios of compression elements

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

Ey

Fe= 130N,

(3-40)

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

calculation of fl

shall be less than or eq
Table 3-2.2-1 to be fully e

Methods used to deter
compression elements sha
respect to the limit state
applicable value given in

3-3 CONNECTION DESI
3-3.1 General

In connection design, b
sharing stress in combin
gravity axes of connecting]
not intersect at one point
bending and shear stress|
connection.

The allowable bearing
of milled surfaces, fitted
steel parts in static contad

F, 3

The allowable bearing
length (N/mm) on rollers

= 1.2if d <25 in. (4
6.0 if d > 25 in.
units (F,, ksi)

30.2if d> 635 mm|

¢ = difd<25in. (63
= Jdifd>25in. (4
d = diameter of rolle

1S
[ Fy_
PN\ "20 )€

ual to the values given in
fective.

mine the strength of slender
1 provide a design factor with
of buckling no less than the
para. 3-1.3.

GN

Its shall not be considered as
htion with welds. When the
axially stressed members do
provision shall be made for
ps due to eccentricity in the

tress, Fp, on the contact area

bearing stiffeners, and other

t is
1.8F,

1.20N, (3-38)

lc.)ad, Ry, in kips per inch of
(3-39)

35 mm)
when using U.S €ustomary

when usingSTunits (F,, MPa)
b mm)
35 min)

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

0.62F,
v = 120N, (3-41)

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

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

2408, 340
7~ 120N, (5-42)
where

F, = specified minimum tensile strength of the con-

nected part

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

F = [F? - 2.60f2

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

(3-43)

_026AF, -
s = " 20N, (3-44)
where
A, = tensile stress area
m = number of slip planes in the connection

The hole diameters for bolts in slip-critical
connections shall not be more than % in. (2 mm) greater

13 when using U

F

S Customarvunits (F_ kai)
- £ 5

J
90 when using SI units (F,, MPa)
y = lower yield stress of the parts in contact

3-3.2 Bolted Connections

A bolted connection shall consist of a minimum of

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

17

thq].l thc bult dialllctcl. If 1cu6c1 hU}.CD dIrtcT llC\.CDDaL)’, thc
capacity of the connection shall be reduced accordingly.

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

Bolts in slip-critical connections shall be tightened
during installation to provide an initial tension equal to
at least 70% of the specified minimum tensile strength
of the bolt. A hardened flat washer shall be used under
the part turned (nut or bolt head) during installation.
Washers shall be used under both the bolt head and nut
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of ASTM A490 bolts when the connected material has
a specified minimum yield stress less than 40 ksi
(276 MPa). Only ASTM A325 or ASTM A490 bolts shall
be used in slip-critical connections.

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

The allowable single plane fracture strength beyond
the pinhole P, is

b C L, L3R Dy 0.92b,
b= =T120N,| 2

+ m}t (3-4:9)

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

3-3.3 Pinned Connections

3-3.3.1 Static Strength of
of a pin-connected plate in t
shall be taken as the least val
of the effective area on a pla
the pinhole perpendicular to
applied load, the fracture stre
on a single plane parallel to
applied load, and the doub
beyond the pinhole parallel t
applied load.

The allowable tensile stren
P,, shall be calculated as follo

P, =C —F
ET 1120
where
beg = effective width to ea

C, =1-0275

where
Dy = hole diameter
D, pin diameter

The value of C, may be tal
D,/Dy, greater than 0.90.

The effective width shall b
the values calculated as folloy

he Plates. The strength
he region of the pinhole
ie of the tensile strength
he through the center of
the line of action of the
hgth beyond the pinhole
the line of action of the
[e plane shear strength
the line of action of the

bth through the pinhole,
vs:

\]_dztbeff (3-45)

th side of the pinhole

2
)1-D
Dj

(3-46)

cen as 1.00 for valueg of

taken as the smaller of
y'S:

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

p, = 270y 3-50
v = 120N/ (3-50)

where
A, = total area of the two shear planes beyond/the

pinhole
Dy

Av=2a+7(1—cos P) |t (3-51)
= 552t 3-52
¢=5p (3-52)

where

a = distance from the edge of the pinhole to the edge
of the plate in the direction of the applied load
shear plane locating angle for pin-connected
plates, deg

¢

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

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

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

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

beit = 4t K b, (3-47)
Fy h
b = b 0.6 7| T2 be (3-48)
YN
where
b, = actual width of a pin-connected plate between

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

the applied load

The width limit of eq. (3-47) does not apply to plates

that are stiffened or otherwise
out of plane.

prevented from buckling

18

F, is the yield stress of the pin or plate, whichever is
smaller. The bearing stress between the pin and the plate
in connections that will rotate under load for a large
number of load cycles (Service Class 1 or higher) shall
not exceed the value given by eq. (3-54).

_ 1.25F,

=N (3-53)
o 063F, 50
P N 1
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3-3.3.5 Pin-to-Hole Clearance. Pin-to-hole clearance
in connections that will rotate under load or that will
experience load reversal in service for a large number
of load cycles (Service Class 1 or higher) shall be as
required to permit proper function of the connection.

3-3.3.6 Pin Design.

Shear forces and bending

moments in the pin shall be computed based on the
geometry of the connection. Distribution of the loads

between the plates an

the pin may be assumed

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

Minimum Effective Throat
Thickness, in. (mm)

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

to be uniform or may ad|
deformations.

3-3.4 Welded Connectiorn

3-3.4.1 General. For
or groove welds loaded p
shall be designed for shea
perpendicular to the axis
for tension or compressid
design shall provide adeq
weld metal. The strength
the base material or the
follows:

(a) The design strength
tension or compression s
area of the weld multipli
the base metal defined in

(b) The design streng]
penetration groove welds
to the effective area of the
able stress F, given by e
metal shall not exceed the

F, =

where
Exx = nominal tensile

(c) The design strength
groove welds subject to

strength of the base metal.

(d) Combination of Welds
types of welds (paras. ]
combined in a single joint
shall be separately compy

count for the effects of local

S

purposes of this section, fillet
hrallel to the axis of the weld
F forces. Groove welds loaded
bf the weld shall be designed
n forces. Welded connection
Liate access for depositing the
f a weld is governed by either
deposited weld material as

) of groove welds subject to
hall be equal to the effective
bd by the allowable stress of
section 3-2.

th of fillet or partial-joint-
subject to shear shall be equal
weld multiplied by the allow-
. (3-55). Stresses in the base
limits defined in section 3-2.

0.60Exx

1.20N, (3-55)

strength of the weld metal

of complete-joint-penetration
hear shall be basédyon the

If two or more®f the general
-3.4.2 through 3-3.4.4) are
the effective capacity of each
ted with feference to the axis

of the combination.

of the group in order to detlermine the allowable capacity

To Y, (6) Y 3

over Y, (6) to ¥ (13) 16 (5)
Over % (13) to %, (19) Y4 (6)

over ¥, (19) to 1% (38) %6 (8)
over 1% (38) to 2Y, (57) % (10)
over 414\3/) 06 (1OoU) 12k13)
Over 6 (150) % (16)

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

effective throat thickness. Intermittent groove weldsare
not permitted.

The effective throat thickness is the minimumdistance
from the root of the groove to the face ofithe’ weld, less
any reinforcement (usually the depth ofthe groove). For
a complete-penetration groove weld, the effective throat
thickness is the thickness of the‘thinner part joined.
In partial-penetration groove welds, the effective throat
thickness for J- or U-grooves:and for bevel or V-grooves
with a minimum angle 0f.60 deg is the depth of the
groove. For V-grooves frorm 45 deg to 60 deg, the effective
throat thickness is the-depth of the groove minus % in.
(3 mm).

The minimétm partial-penetration groove weld
effective thrGat thickness is given in Table 3-3.4.2-1. The
minimum throat thickness is determined by the thicker
partjoined. However, in no case shall the effective throat
thickness be less than the size required to transmit the
calculated forces.

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

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

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

3-3.4.4.
3-3.4.2 Groove Welds.

Groove welds may be either

complete-joint-penetration or partial-joint-penetration
type. The effective weld area for either type is defined
as the effective length of weld multiplied by the effective
throat thickness.

The effective length of any groove weld is the length
over which the weld cross section has the proper

19

Il L 6C1 T Cll, thio Cffc\.t;.v < tl‘llUC{t th;.\.l\]. TS5 ;.D UL lD;dCl Cd tU
be on a 45-deg angle from the leg and have a dimension
equal to 0.707 times the leg width. The effective weld
area of a fillet weld is defined as the effective length of
weld multiplied by the effective throat thickness.

The effective length of a fillet weld shall be the overall
length of the full-size fillet including end returns. When-
ever possible, a fillet weld shall be terminated with end
returns. The minimum length of end returns shall be
two times the weld size. These returns shall be in the
same plane as the rest of the weld.
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Table 3-3.4.3-1 Minimum Sizes of Fillet Welds

Material Thickness of Thicker

Minimum Size of Fillet Weld,

Part Joined, in. (mm) in. (mm)
To Y, (6) Y% )
Over %, (6) to %, (13) %6 (5)
Over % (13) to ¥, (19) AG)
Over %, (19) e (8)

3-3.4.4 Plug and Slot Welds. Plug and slot welds
may be used to transmit shear in lap joints or to prevent
buckling of lapped parts and to join component parts
of built-up members. The effective shear area of plug
and slot welds shall be considered as the nominal cross-
sectional area of the hole or slot in the plane of the faying
surface.
The diameter of the hole for a plug weld shall not be
less than the thickness of the part containing it plus

The minimum effective len
be four times the specified wi
shall be considered not to e
effective weld length.

For fillet welds in holes or
shall be the length of the cen
the plane through the center
effective weld area shall not d
area of the hole or slot.

The minimum fillet weld sj
the size required to transmit
size given in Table 3-3.4.3-1.
not apply to fillet weld reinf
complete-joint-penetration wej

The maximum fillet weld siz
of the connected parts. Alor

pth of a fillet weld shall
bld size, or the weld size
kceed one-fourth of the

lots, the effective length
erline of the weld along
of the weld throat. The
xceed the cross-sectional

ze shall not be less than
Falculated forces nor the
[hese tabulated sizes do
orcements of partial- or
|ds.

b is based on the thickness
g edges of materials of

thickness less than % in. (6 mm), the weld size shall not

exceed the thickness of the ma
the material thickness is % if

erial. Along edges where
. (6 mm) or greater, the

weld size shall not be greater tlan the material thickness

minus % in. (2 mm).
Intermittent fillet welds 1
calculated stress across a join

hay be used to transfer
or faying surface when

the strength required is less t
continuous fillet weld of the s

han that developed by a
allest permitted size and

to join components of built-up members. The effective
length of any intermittent fillet shall not be less than
four times the weld size with a minimum of 1%(in.
(38 mm). Intermittent welds shall be made on botlisides
of the joint for at least 25% of |ts length. The maximum
spacing of intermittent fillet welds is 12 in~300 mm).

In lap joints, the minimum amount of lap.shall be five
times the thickness of the thifiner paft/joined, but not
less than 1 in. (25 mm). Wherq lap jéints occur in plates
or bars that are subject to axial stress, both lapped parts
shall be welded along their ends

716 In. (8 mm) rounded up to the next larger odd 7 n.
(2 mm), nor greater than the minimum diameter plus
% in. (3 mm) or 2% times the thickness of the weld,
whichever is greater. The minimum center-to-center
spacing of plug welds shall be four times the diameter
of the hole.

The length of the slot for a slot weld shall not exceed:
10 times the thickness of the weld. The width of the'slot
shall meet the same criteria as the diameter of the-hole
for a plug weld. The ends of the slot shall be semieircular
or shall have the corners rounded to a radilts of not less
than the thickness of the part containing ‘it, except for
those ends that extend to the edge of the part. The
minimum spacing of lines of slot‘welds in a direction
transverse to their length shall befour times the width
of the slot. The minimum center-to-center spacing in a
longitudinal direction on any-line shall be two times the
length of the slot.

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

3<4 FATIGUE DESIGN

3-4.1 General

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

3-4.2 Lifter Classifications

Lifter classifications shall be as given in Chapter 2.

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

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

20

These classifications are based on use of the lifter at loads
of varying magnitude, as discussed in Nonmandatory
Appendix C. In reality, actual use of the lifter may differ,
possibly significantly, from the defined load spectra. If
sufficient lift data are known or can be assumed, the
equivalent number of constant-amplitude load cycles
can be determined using eq. (3-56).

SRi 3
Ny = 2|l=—|n
(SRref)

eq (3'5 6)
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Table 3-4.3-1 Allowable Stress Ranges, ksi (MPa)

Service Class

Stress Category

(From Table 3-4.4-1) 1 2 3 4
A 63 (435) 37 (255) 24 (165) 24 (165)
B 49 (340) 29 (200) 18 (125) 16 (110)
B’ 39 (270) 23 (160) 15 (100) 12 (80)
C 35 (240) 21 (145) 13 (90) 10 (70) [Note (1)]
D 28 (190) 16 (110) 10 (70) 7 (48)
E 22 (150) 13 (90) 8 (55) 5 (34)
E’ 16 (110) 9 (60) 6 (40) 3 (20)
F 15 (100) 12 (80) 9 (60) 8 (55)
G 16 (110) 9 (60) 7 (48) 7 (48)
NOTE:

(1) Flexural s

where
N, = equivalent number of constant-amplitude
load cycles at dtress range Sgyes
n; = number of load cycles for the ith portion of
a variable-amplitude loading spectrum
Sgi = stress range foy the ith portion of a variable-

amplitude loading spectrum

Srref = reference stresg range to which N,, relates.
This is usually, [but not necessarily, the maxi-
mum stress rafjge considered.

3-4.3 Allowable Stress Rpnges

The maximum stress fange shall be that given in
Table 3-4.3-1.

Tensile stresses in the Hase metal of all load-bearing
structural elements, including shafts and pins, shall not
exceed the stress ranges fpr Stress Category A.

3-4.4 Stress Categories

The Stress Category can/be determined from the/joint
details given in Table 3-44-1.

3-4.5 Tensile Fatigue in Threaded Fasteners

High-strength bolts, conpmon bolts, afid threaded rods
subjected to tensile fatigu¢ loading shall be designed so
that the tensile stress calcullated on'the tensile stress area
due to the combined applied-load and prying forces

does not exceed the design stsess range computed using
2.0 108 T

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

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

3-4.6 Cumulative Fatigue Analysis

If a more refined componeft fatigue analysis than
provided by the four ServiceClasses given in Chapter 2
is desired, eq. (3-57) may bé\used to obtain the allowable
stress range for any number of load cycles for the Stress
Categories given in Table 3-4.4-1.

C ex
F, = R(J—q) > Fryy

L (3-57)

wheré R = 1, except as follows:
(n)for Stress Category C” when stresses are in ksi,
0.65 - 0.59(3—“) + 0.72(?

4
0.167
t."

R = ’”>s1.0

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

112 - 1.01(2—“) + 1.24(9

L 7
0.167
tﬂ

R = ”>s1.0

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

an

eq. (3-57). The factor Cy shetrbe-takenas3- +0°—Fhe
threshold stress, Fry, shall be taken as 7 ksi (48 MPa).

For joints in which the fasteners are pretensioned to
at least 70% of their minimum tensile strength, an
analysis of the relative stiffness of the connected parts
and fasteners shall be permitted to determine the tensile
stress range in the fasteners due to the cyclic loads.
Alternatively, the stress range in the fasteners shall be
assumed to be equal to the stress on the net tensile area
due to 20% of the absolute value of the design tensile
load. If the fasteners are not pretensioned to at least 70%

21

0.06 + 0.72<Q)
tp

R = <1.0

0.167
tP

(d) for Stress Category C” when stresses are in MPa,
0.10 + 1.24<tE

_ P)
R=—pg— <10
P
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Use the requirements for Stress Category C if R = 1.0.

2a

Cr

Crq

ex

length of the nonwelded root face in the direc-
tion of the thickness of the tension-loaded
plate

constant from Table 3-4.4-1 for the Stress
Category

44 x 10® for Stress Categories C, C’, and C”
when stresses are in ksi

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

3-5 OTHER DESIGN CONSIDERATIONS

3-5.1 Impact Factors
The design of below-the-hook lifting devices does not

normally rpqnirp the 11se of an imparf factor The dpcign

14.4 x 10" for Strdss Categories C, T, and
C” when stresses aje in MPa

0.167 for Stress Cat¢gory F

0.333 for all Stress Categories except F
allowable stress rajge for the detail under
consideration. Streds range is the algebraic
difference between fthe maximum stress and
the minimum stresg.
threshold value fpr F,, as given load in
Table 3-4.4-1
desired design fatigue life in load cycles of
the detail being evalluated. N is the expected
number of constanf-amplitude stress range
cycles and is to be provided by the owner. If
no desired fatigue life is specified, a qualified
person should use the threshold values, Fry,
as the allowable|stress range, F,. For
cumulative damagle analysis of a varying-
amplitude load spedtrum, an equivalent num-
ber of constant-ampglitude load cycles can be
calculated using eq| (3-56).

1.0 when stresses afe in ksi

329 for all Stress Chtegories except F when
stresses are in MPa/ except as noted

110 000 for Stress (Jategory F when stresses
are in MPa, except hs noted

thickness of the tenfion-loaded plate

factors established in this chapter are based on load
spectra in which peak impact loads are equal to 50% of
the maximum lifted load for Design Category A lifters
and 100% of the maximum lifted load for Design
Category B lifters. In the event that a lifter is expected
to be subjected to impact loading greater than these
values, a qualified person shall include an additional
impact factor to account for such loads.

3-5.2 Stress Concentrations

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

3-5.3 Deflection

It is thecresponsibility of a qualified person to
determjnéwhen deflection limits should be applied and
to establish the magnitudes of those limits for the design
of_the mechanisms and structural elements of lifting
devices.

22
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Table 3-4.4-1 Fatigue Design Parameters

Stress Threshold,
Cate- Constant, Fru, Potential Crack
Description gory G ksi (MPa) Site Initiation Illustrative Typical Examples
Section 1 — Plain Material Away From Any Welding

1.1 Base metal, except noncoated weath- A 250 x 108 24 (165) | Away from all

ering steel, with rolled or cleangd sur- welds or

face. Flame-cut edges with surfpce structural

roughness value of 1,000 p.in. connections

(25 wm) or less, but without T

re-entrant corners.
1.2 Noncoated weathering steel Hase B 120 x 108 16 (110) | Away from all —
metal with rolled or cleaned surfdce. welds or structural
Flame-cut edges with surface roughness connections (a)
value of 1,000 pin. (25 wm) or leps, but
without re-entrant corners.
1.3 Member with drilled or reamed B 120 x 108 16 (110) | At any external

holes. Member with re-entrant forners edge or hole

at copes, cuts, block-outs, or other perimeter

geometrical discontinuities made to

requirements of AISC (2010)

Appendix 3, except weld acces$ holes.
1.4 Rolled cross sections with weld C 44 x 108 10 (69) At re-entrant cor-

access holes made to requiremgnts of ner of weld

AISC (2010) Section J1.6 and Appen- access hole or

dix 3. Members with drilled or feamed at any\small

holes containing bolts for attachment heole_(may

of light bracing where there is & small contain bolt for

longitudinal component of bracp force. minor connec- (a) (b)

tions)

Copyright © American-Institute of Steel Construction, Inc. Reprinted with permission. All rights reserved.
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Stress Threshold,
Cate- Constant, Fru, Potential Crack
Description gory G ksi (MPa) Site Initiation Illustrative Typical Examples
Section 2 — Connected Material In Mechanically Fastened Joints

2.1 Gross area of base metal in lap B 120 x 108 16 (110) | Through gross sec-

joints connected by high-strength tion near hole

bolts in joints satisfying all require-

ments for slip-critical connections.

(a)
(Note: figures are for slip-critical boltgd connections)

2.2 Base metal at net section of high- B 120 x 108 16 (110) | In net section orig- S soe),,

strength bolted joints, designed based inating at side ”"”efemaﬁfﬁ

on bearing resistance, but fabricated of hole S

and installed to all requiremen{s for

slip-critical connections.

(a) (b) (c)
(Note: figures-are for bolted connections designed to|bear, meeting th
requirements of slip-critical connectiohs)

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

other mechanically fastened joipts inating at side

except eyebars and pin plates. of hole

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

2.4 Base metal at net section of ¢yebar E 11 x 108 4.5 (31) Ih.net section orig-

head or pin plate.

inating at side
of hole

Copyright«€© "Affierican Institute of Steel Construction, Inc. Reprinted with permission. All rights reserved.
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Stress Threshold,
Cate- Constant, Fru, Potential Crack
Description gory G ksi (MPa) Site Initiation Illustrative Typical Examples
Section 3 — Welded Joints Joining Components of Built-Up Members
3.1 Base metal and weld metal in mem- B 120 x 108 16 (110) | From surface or
bers without attachments built-up of internal dis-
plates or shapes connected by contin- continuities in A RCYS
uous longitudinal complete-joint- weld away from
penetration groove welds, back| end of weld T ARG
gouged and welded from second side,
or by continuous fillet welds. (a)
3.2 Base metal and weld metal il mem- B’ 61 x 108 12 (83) From surface or
bers without attachments built-up of internal dis-
internal plates or shapes conngcted continuities in
by continuous longitudinal comjplete- weld, including
joint-penetration groove welds pith weld-attaching
backing bars not removed, or by con- backing bars
tinuous partial-joint-penetration fa)
groove welds.
3.3 Base metal at weld metal termina- D 22 x 108 7 (48) From the weld
tion of longitudinal welds at wdgld termination into
access holes in connected builf-up the web or
members. flange
(a)
3.4 Base metal at ends of longitudinal E 11 x 108 4.5 31) | In connected mate- 20
intermittent fillet weld segmentk. rial at start and
stop locations
of any weld
deposit
(a)
3.5 Base metal at ends of partial{length lavftange at toe of
welded cover plates narrower than the end weld or in
flange having square or tapereq ends, flange at termi-
with or without welds across the nation of longi-
ends; and cover plates wider tHan the tudinal weld or
flange with welds across the erds: in edge of
flange with wide (a)
Flange thickness < 0.8 in. (20 im) E 11 x 10° 4.5 31) cover plates
Flange thickness > 0.8 in. (20 hm) E 3.9, X 108 2.6 (18)

€opyright © American Institute of Steel Construction, Inc. Reprinted with permission. All rights reserved.



https://asmenormdoc.com/api2/?name=ASME BTH-1 2017.pdf

9T

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

Stress Threshold,
Cate- Constant, Frys Potential Crack
Description gory G ksi (MPa) Site Initiation Illustrative Typical Examples
Section 3 — Welded Joints Joining Components of Built-Up Members (Cont’d)
3.6 Base metal at ends of partial{length E 3.9 X 10 7.6 (18) | In edge of flange No weld
welded cover plates wider than|the at end of cover
flange without welds across thg ends. plate weld

Section 4 — Longitudinal Fillet Welded End Connections

4.1 Base metal at junction of axidlly Initiating from end
loaded members with longitudihally of any weld -~ t = thickpes$ -~
welded end connections. Weldq shall termination
be on each side of the axis of {he extending into ~
member to balance weld stressgs: the base metal ~_,
t<0.5in. (12 mm) E 10 x 108 4.5 (31) (a)
t>0.5in. (12 mm) E |3.9x%x108 2.6 (18)
Section 5 — Welded Joints Transverse to Directian of Stress
5.1 Base metal and weld metal ir] or B 120 x 108 16 (110) | From internal dis-
adjacent to complete-joint-pendtration continuities in
groove welded splices in rolled|or filler metal or XCJPW},,-M
welded cross sections with welfls along the fusion
ground essentially parallel to thle direc- boundary

tion of stress and with soundng¢ss

established by radiographic or pltra-
sonic inspection in accordance |with (a)
the requirements of subclause .12 or
6.13 of AWS D1.1/D1.1M.

Copyright © American Institute of Steel Construction, Inc. Reprinted with permission. All rights reserved.
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Stress Threshold,
Cate- Constant, Fru, Potential Crack
Description gory G ksi (MPa) Site Initiation Illustrative Typical Examples
Sectiom5—Wetdedjoints Transverse toDirectiomrof-Stress(Cont*d)
5.2 Base metal and weld metal ir] or From internal dis-
adjacent to complete-joint-pendtration continuities in
groove welded splices with welHs filler metal or
ground essentially parallel to thie direc- along fusion
tion of stress at transitions in thick- boundary or at
ness or width made on a slopefno start of transi-
greater than 1:2.5 and with weld tion when
soundness established by radiq- Fy 2 90 ksi
graphic or ultrasonic inspectior] in (620 MPa) (a) (b)
accordance with the requirements of F, =90 ksi (620 MPa)
subclause 6.12 or 6.13 of Cat. B
AWS D1.1/D1.1M:
F, < 90 ksi (620 MPa) B |120 x10® | 16 (110)
F, 2 90 ksi (620 MPa) B 61 x 108 12 (83)
5.3 Base metal with £, > 90 ksi B 120 x 108 16 (110) | From internal dis-

(620 MPa) and weld metal in of
cent to complete-joint-penetrati
groove welded splices with wel
ground essentially parallel to th
tion of stress at transitions in

I adja-
pbn

Hs

e direc-
idth

made on a radius of not less than 2 ft

(600 mm) with the point of tan
at the end of the groove weld 4
with weld soundness establish
radiographic or ultrasonic inspe
in accordance with the requirer]
of subclause 6.12 or 6.13 of
AWS D1.1/D1.1M.

Eency
nd

d by
ction
ents

continuities in
filler metal or
discontinuities
along the fusion
boundary

R= 2 ft (600 mm)

c
L Cup. Finigy

(a)

F, =90 ksi (620 MPa)
Cat. B’

(b)

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

Stress Threshold,
Cate- Constant, Fru, Potential Crack
Description gory G ksi (MPa) Site Initiation Illustrative Typical Examples
Section 5 — Welded Joints Transverse to Direction of Stress (Cont’d)
5.4 Base metal and weld metal in or C 44 x 108 10 (69) From surface dis-
adjacent to the toe of complete-joint- continuity at
penetration T or corner joints o Toe of weld e
splices, with or without transitigns in extending into
thickness having slopes no gregter base metal or
than 1:2.5, when weld reinforcgment into weld metal
is not removed and with weld qound-

ness established by radiograph|c or
ultrasonic inspection in accordgnce
with the requirements of subclduse
6.12 or 6.13 of AWS D1.1/D1.1M.

(a) {b)

5.5 Base metal and weld metal af trans-
verse end connections of tensign-
loaded plate elements using pdrtial-
joint-penetration groove welds in butt
or T or corner joints, with reinfdrcing
or contouring fillets, Fsp shall bg the
smaller of the toe crack or root|crack
allowable stress range:

:PJP

Crack initiating from weld toe C 44 x 108 10 (69) Initiating from geo-
metr.icaF dis- () (b)
continuity at
toe of weld
extending, into
base metal
Crack initiating from weld root (og Eq. (3-57) None InitiatingJat weld
provided reot subject to
tension
extending into
and through
weld
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Stress Threshold,
Cate- Constant, Fru, Potential Crack
Description gory Cr ksi (MPa) Site Initiation Illustrative Typical Examples
Section 5 — Welded Joints Transverse to Direction of Stress (Cont’d)
5.6 Base metal and weld metal af trans-
verse end connections of tensign-
loaded plate elements using a pair of Potential crack
fillet welds on opposite sides df the due fo bending
plate. Fsg shall be the smaller df the
toe crack or root crack allowable
stress range:
Crack initiating from weld toe C 44 x 108 10 (69) Initiating from
geometrical (a)
discontinuity at
toe of weld
extending into
base metal
Crack initiating from weld root c” Eq. (3-57) None Initiating at
provided weld root sub-
ject to tension
extending into
and through
weld
.7 Base metal of tension-loaded|plate C 44 x 108 10 (69) From geometrical
elements and on girders and rdlled discontinuity at
beam webs or flanges at toe off trans- toe of fillet
verse fillet welds adjacent to wglded extending into
transverse stiffeners. base metal

Copyright © American_Institute of Steel Construction, Inc. Reprinted with permission. All rights reserved.
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Table 3-4 4-1 Fatigue Design Parameters (Cont’d)

Stress Threshold,
Cate- Constant, Frus Potential Crack
Description gory G ksi (MPa) Site Initiation Illustrative Typical Examples
Section 6 — Base Metal at Welded Transverse Member Connections
6.1 Base metal at details attachegl by Near point of
complete-joint-penetration groope tangency of
welds subject to longitudinal ldading radius at edge
only when the detail embodies|a tran- of member
sition radius R with the weld tegrmina- = “
tion ground smooth and with weld e
soundness established by radiq- -~
graphic or ultrasonic inspection in \
accordance with the requirements of R
subclause 6.12 or 6.13 of AWS|D1.1/ tal (b)
D1.1M:
R > 24 in. (600 mm) B 120 x 10% | 16 (110)
24 in. (600 mm) > R > 6 in. (130 mm) C 44 x 10® 10 (69)
6 in. (150 mm) > R > 2 in. (50 mm) D 22 x 108 7 (48)
2in. (50 mm) > R E 11 x 108 4.5 (31)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Stress Threshold,
Cate- Constant, Fru, Potential Crack
Description gory f', ksi (MPa) Site Initiation |||||c|'r:|'i\(_L'[y_Pj,r_a,LExamp_es
Section 6 — Base Metal at Welded Transverse Member Connections (Cont’d)
6.2 Base metal at details of equa] thick-
ness attached by complete-join}-
penetration groove welds subject to
transverse loading with or withut
longitudinal loading when the detail
embodies a transition radius, R, with
the weld termination ground smooth -~ Cup
and with weld soundness estaRlished W
by radiographic or ultrasonic ingpec-
tion in accordance with the reqgpire- ~
ments of subclause 6.12 or 6.13 of \
AWS D1.1/D1.1M: ¢ K
When weld reinforcement is rerhoved: Near points of
R > 24 in. (600 mm) B 120 x 108 16 (110) tangency of SN Cr
24 in. (600 mm) > R = 6 in. (140 mm) C 44 x 108 10 (69) radius or in the
6 in. (150 mm) > R =2 in. (50 [mm) D 22 x 108 7 (48) weld or at
2 in. (50 mm) > R E 11 x 108 4.5 31) fusion bound- T
ary or member \R
or attachment b)
When weld reinforcement is no At toe of the“weld
removed: along edge of
R > 24 in. (600 mm) C 44 x 108 16 (110) member or the
24 in. (600 mm) > R > 6 in. (130 mm) C 44 x 108 10 (69) atfachment
6 in. (150 mm) > R > 2 in. (50 fmm) D 22 x 108 7 (48)
2in. (50 mm) > R E 11 x 108 4.5 (31)
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Stress Threshold,
Cate- Constant, Fru, Potential Crack
Description gory G ksi (MPa) Site Initiation Illustrative Typical Examples
Section 6 — Base Metal at Welded Transverse Member Connections (Cont’d)
6.3 Base metal at details of unequal

thickness attached by complete-joint-
penetration groove welds subject to
transverse loading with or without
longitudinal loading when the getaH
embodies a transition radius, & with o
the weld termination ground smooth round&/’?oo[ﬁ T
and with weld soundness estaljlished
by radiographic or ultrasonic ingpec-
tion in accordance with the reqpire- \ T
ments of subclause 6.12 or 6.13 of R
AWS D1.1/D1.1M: (a)
When weld reinforcement is refoved: CJPW//;Q%
R> 2 in. (50 mm) D |22x10® 7 (48) | At toe of weld “oment

along edge of

thinner material ~,
R < 2in. (50 mm) E 11 x 108 4.5 31) | In weld termina- \R

tior! in small (b)
When weld reinforcement is no radius
removed: E 11 x 108 4.5 31) | At toe of weld
Any radius along edge of

thinner material

6.4 Base metal subject to longituflinal Initiating in base o

stress at transverse members, With or metal at the e i P
without transverse stress, attached by weld termjnaz
fillet or partial-joint-penetration| groove tion or at the ~_
welds parallel to direction of stress toe of(the weld
when the detail embodies a trgnsition extending into R /
radius, R, with weld terminatiof the.base metal fa) e .
ground smooth: = ”
R>2in. (50 mm) D 22 x 10° 7 (48) -~
R <2 in. (50 mm) E 11 x 108 4531

GRIND

(c)

Copyright ©-Ameérican Institute of Steel Construction, Inc. Reprinted with permission. All rights reserved.



https://asmenormdoc.com/api2/?name=ASME BTH-1 2017.pdf

€e

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

Stress Threshold,
Cate- Constant, Fruy Potential Crack
Description gory (o ksi (MPa) Site Initiation Illustrative Typical Examples
Section 7 — Base Metal at Short Attachments [Note (1)]
7.1 Base metal subject to longitudinal Initiating in base -,
loading at details with welds pgratet metal at ”.“’
or transverse to the direction of stress weld termina- %
where the detail embodies no fransi- tion or at the @ b T
tion radius and with detail length in toe of the weld
direction of stress, a, and thickhess of extending into
attachment, b: the base metal
a<2in. (50 mm) C 44 x 108 10 (69)
2 in. (50 mm) < a < lesser of 1pPb or D 22 x 10° 7 (48)
4 in. (100 mm)
a > 12b or 4 in. (100 mm), whén E 11 x 10° 4.5 (31)
b<1in. (25 mm)
a > lesser of 12b or 4 in. (100 [mm), E 3.9 x 10° 2.6 (18) a
when b > 1 in. (25 mm)
7.2 Base metal subject to longituflinal Initiating in base
stress at details attached by fillet or metal at the
partial-joint-penetration groove |welds, weld termina-
with or without transverse load|on tion, extending
detail, when the detail embodig¢s a into the base
transition radius, R, with weld termina- metal
tion ground smooth:
R> 2 in. (50 mm) D 22 x 108 7 (48)
R<2in. (50 mm) E 11 x 108 4.5 (31)
Section 8 — Miscellaneous
8.1 Base metal at steel headed sfud C 44 x 108 10 (69) At toe of weld in
anchors attached by fillet or aufomatic base metal
stud welding.
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Table 3-4.4-1 Fatigue Design Parameters (Cont’d)

Stress Threshold,
Cate- Constant, Fru, Potential Crack
Description gory G ksi (MPa) Site Initiation Illustrative Typical Examples
Section 8 — Miscellaneous (Cont’d)
8.2 Shear on throat of continuous or F 150 x 10° 8 (55) Initiating at the
intermittent longitudinal or tranfverse root of the Tillet —
fillet welds. weld, extending <<
into the weld
(b)
8.3 Base metal at plug or slot welds. E 11 x 108 4.5 (31) | Initiating in the
base metal at
the end of the c

plug or slot
weld, extending
into the base

metal
8.4 Shear on plug or slot welds. F 150 x 10 8 (55) Initiating in the
[eq. (3-57)] weld at the fay-
ing surface,
extending into
the weld
8.5 Snug-tightened high-strength |bolts; G 3.9 x 10® 7 (48) Initiating at the
common bolts; threaded anchof rods root of the
and hanger rods with cut, groupd, or threads,
rolled threads. Stress range on|tensile extending into
stress area due to live load plus pry- the fastener,

ing action when applicable.

Crack Sites (b)

(a)

NOTE:
(1) Attachment as used herein is
the member and thus reduce

defined as any steel detail welded to a member, which by its mere presence and independent of its loading, causes a dis
the fatigue resistance.

Copyright © American.nstitute of Steel Construction, Inc. Reprinted with permission. All rights reserved.
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4-1 GENERAL

ASME BTH-1-2017

Chapter 4
Mechanical Design

Fig. 4-2,6-1 Sheave Dimensions

4-1.1 Purpose

This chapter sets forth
elements of a below-the-h

4-1.2 Relation to Chapte

Mechanical components
stressed by the force(s
movement of the load shal
this chapter and Chapter
conservative design shall
mechanical component
requirements of this chap

4-2 SHEAVES

4-2.1 Sheave Material

Sheaves shall be fabric
the lifting device manufa

4-2.2 Running Sheaves

Pitch diameter for runn
than 16 times the nomin
used. When the lifting de
the sheaves on the hoi
configuration of the hois
design.

4-2.3 Equalizing Sheave§

The pitch diameter of e
less than one-half of the di{
nor less than 12 times t}
using 6 X 37 class wire rg
diameter when using 6 X

4-2.4 Shaft Requirement

design criteria for machine
ook lifting device.

3

of the lifting device that are
created during the lift or
1 be sized in accordance with
3 of this Standard. The most
be selected for use. All other
5 shall be designed to the
er.

wted of material specified by
turer or qualified person.

ng sheaves should not be less
Wl diameter of the wire rope
yice’s sheaves are reeved into
6t, the pitch diameter and
t shall be considered in the

jualizing sheaves shall not be
meter of the running sheaves,
le wire rope-diameter when
pe or 15 times the wire rope
19 classiwitre rope.

Sheave assemblies sho

<«— Pitch diameter —————>

<«—— Tread diameter —— >

l«—— Outside diameter 4>‘

)
% A
& :¥ Width
] 7 Y
Note (1)
Rope.radius
NOTE:

(1) Groove radius = rope radius x 1406.

Fig:4-2.7-1 Sheave Gap
Guard to prévent —»W Y

rope ftom €¢oming
Note (’I)j

out-of sheave

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

6% larger than the radius of the wire rope as shown
in Fig. 4-2.6-1. The cross-sectional radius of the groove
should form a close-fitting saddle for the size of the wire
rope used, and the sides of the grooves should be tapered

removable shaft.

4-2.5 Lubrication

dd be desioned basedon—a
O

Means for lubricating sheave bearings shall be

provided.
4-2.6 Sheave Design

Sheave grooves shall be
irregularities that could c

smooth and free from surface
ause wire rope damage. The

groove radius of a new sheave shall be a minimum of

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

4-2.7 Sheave Guard

Sheaves shall be guarded to prevent inadvertent wire
rope jamming or coming out of the sheave. The guard
shall be placed within % in. (3 mm) to the sheave, or a
distance of % times the wire rope diameter, whichever
is smaller, as shown in Fig. 4-2.7-1.
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4-3 WIRE ROPE

ASME BTH-1-2017

4-3.1 Relation to Other Standards

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

4-3.2 Rope Selection

Wire rope shall be of a recommended construction for
lifting service. The qualified person shall consider other

4-4.4 Lubrication

Means for lubricating and inspecting drive systems
shall be provided.

4-4.5 Operator Protection

All motion hazards associated with the operation of
mechanical power transmission components shall be
eliminated by design of the equipment or protection by a
guard, device, safe distance, or safe location. All motion

factors (i.e., type of end co
bearing friction, etc.) that affe
to ensure the 5:1 safety factor
4-3.3 Environment

Wire rope material selectior
the environment in which it ij
4-3.4 Fleet Angle

The wire rope fleet angle for
toa1lin 12 slope (4 deg, 45 n
4-3.5 Rope Ends

Wire rope ends shall be atta
in a manner to prevent disengd
of the lifting device.

4-3.6 Rope Clips
Wire rope clips shall be d

bt ImWAl bt ')
CUIVUTL, /0 TdlIU, SITCdv e
Lt the wire rope strength
is maintained.

shall be appropriate for
to be used.

theaves should be limited
in).

ched to the lifting device
gement during operation

rop-forged steel of the

single-saddle (U-bolt) or doub
cast iron clips shall not be use

le-saddle type. Malleable
. For spacing, number of

clips, and torque values, refer {o the clip manufacturer’s
recommendations. Wire rope clips attached with U-bolts

shall have the U-bolt over the

and live rope resting in the c
tightened evenly to the recom
initial load is applied to the wi
be retightened to the red
compensate for any decreas
caused by the load.

4-4 DRIVE SYSTEMS
4-4.1 Drive Adjustment

Drive systems that contai
flexible transmission devices s
adjustment.

ead end of the wire rope
ip saddle. Clips shall be
mended torque. After the
re rope, the clip nuts shall
ommended torque to
P in wire rope diametef

n belts; ehains, or other
hould have provisions for

hazard guards shall

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

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

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

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

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

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

4-5 GEARING
4-5.1 Gear Design
The lifting device(@anufacturer or qualified person
shall specify the types of gearing.
4-5.2 Gear Material

Gears.and pinions shall be fabricated of material
having ‘adequate strength and durability to meet the
requirements for the intended Service Class and
manufactured to AGMA quality class 5 or better.

4-5.3 Gear Loading

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

4-4.2 Drive Design

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

4-4.3 Commercial Components

Commercial components used in the drive system of
a lifting device shall be sized so the maximum load
rating specified by the manufacturer is not exceeded

under worst-case loadings.

36

L. = o,FY i1
G — Nth ( = )
where
D; = diametral pitch, in.”! (mm™)
F = face width of smaller gear, in. (mm)
L 11 1.1 i a1 = 1 - 11 VA NEAY
L — 4dllUwdult tUULUL 1U4dU 11T UCllullls, 1D \l\l}
N; = design factor (per para. 3-1.3)
Y = Lewis form factor as defined in Table 4-5.3-1

specified minimum yield stress, psi (MPa)

4-5.4 Relation to Other Standards

As an alternative to the Lewis formula in eq. (4-1),
spur and helical gears may be based on
ANSI/AGMA 2001-D04 (reaffirmed January 2010),
Fundamental Rating Factors and Calculation Methods
for Involute Spur and Helical Gear Teeth.

@7
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Talble 4-5.3-1 Strength Factors for Calculating Load Capacity

(American Standard Tooth Forms)
Strength Factors, Y, for Use With Diametral Pitch
20 deg 20 deg
14Y, deg Full Depth Stub-Tooth
Number Composite and Involute Involute
of Teeth Involute System System
12 0.210 0.245 0.311
13 0.220 0.261 0.324
14 0.226 0.276 0.339
15 0.236 0.289 0.348
16 0.242 0.295 0.361
17 0.251 0.302 0.367
18 0.261 0.308 0.377
19 0.273 0.314 0.386
20 0.283 0.320 0.393
21 0.289 0.327 0.399
22 0.292 0.330 0.405
24 0.298 0.336 0.415
26 0.307 0.346 0.424
28 0.314 0:352 0.430
30 0.320 0.358 0.437
34 0.327 0.371 0.446
38 0.336 0.383 0.456
43 0.346 0.396 0.462
50 0.352 0.408 0.474
60 0.358 0.421 0.484
75 0.364 0.434 0.496
100 0371 0.446 0.506
150 0377 0.459 0.518
300 0.383 0.471 0.534
Rack 0.390 0.484 0.550
GENERAL NOTE: _ ‘FHe strength factors above are used in formulas containing diametral pitch. These factors
are 3.1416 tines'those used in formulas based on circular pitch.
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Table 4-6.2-1 L,, Bearing Life

Service Class

L,o Bearing Life, hr

0

W N -

2,500
10,000
20,000
30,000
40,000

4-5.5 Bevel and Worm Gears

Bevel and worm gearing shall be rated by the gear

manufacturer with service fa

tors appropriate for the

specified Service Class of the lifting device. When

back-driving could be a prol
shall be given to selecting a wq
lock-up.
4-5.6 Split Gears

Split gears shall not be useq

4-5.7 Lubrication
Means shall be provided to
and inspection of gearing.
4-5.8 Operator Protection
Exposed gearing shall be gu
access provisions for lubricati
4-5.9 Reducers

Gear reducer cases shall

(a) be oil-tight and sealed w
(b) have an accessible drain
(c) have a means for checkil

4-6 BEARINGS
4-6.1 Bearing Design

The type of bearings shall 4
device manufacturer or qualif

blem, due consideration
rm gear ratio to establish

allow for the lubrication

hirded per para. 4-4.5 with
bn and inspection.

ith compound or gaskets

plug
hg oil level

e specified\by the lifting
jed persert.

4-6.2 L., Bearing Life

The basic dynamic load rating C, for a bearing with
Ly bearing life from Table 4-6.2-1 is determined by
egs. (4-3) and (4-4).

1
C = Pr(LloNzH (1-3)
16,667H
P, = XF, + YF, > F, (4-4)
where
C, = basic dynamic load rating to theoretically
endure one million‘tevolutions, per bearing
manufacturer, 1b (IN)
F, = axial component:of the actual bearing load,
Ib (N)
F, = radial compénent of the actual bearing load,
Ib (N)
H = 3 for ball bearings, 10/3 for roller bearings
Lyp = Dbasic rating life exceeded by 90% of bearings
tested, hr
N «="Trotational speed, rpm
Pp = dynamic equivalent radial load, 1b (N)
X = dynamic radial load factor per bearing
manufacturer
Y = dynamic axial load factor per bearing
manufacturer
4-6.4 Sleeve and Journal Bearings

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

Lyo bearing life for rolling element bearings shall equal
or exceed the values given in Table 4-6.2-1 for the lifting

device Service Class.

4-6.3 Bearing Loadings

The basic rating life, Lo, for
by eq. (4-2).

16,667\(C\!
Ly = P

N

a radial bearing is given

(4-2)

P=_r (4-5)
v = Td (4-6)
Cc
TWN
PV = S 4-7)
where
¢ = 12 when using U.S. Customary units

= 60 000 when using SI units
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d = nominal shaft diameter or bearing inside (b) shear stress
diameter, in. (mm)

L = bearing length, in. (mm) T=T.4T, Si = 0.1155S, (4-9)

P = average pressure, psi (MPa) 53

V' = surface velocity of shaft, ft/min (m/s)

W = bearing load, Ib (N) where . .

’ 7 = computed combined shear stress, ksi (MPa)
o e 70 = computed torsional shear stress, ksi (MPa)

4-6.5 Lubrication 7y = computed transverse shear stress, ksi (MPa)

Means shall be providedrtottubricate-bearings—Bearing
enclosures should be de signed to exclude dlrt and (C) Shaft elements Subject to Combined aXial/bending

prevent leakage of oil or

4-7 SHAFTING

4-7.1 Shaft Design

Shafting shall be fab
adequate strength and

brease.

Ficated of material having
durability suitable for the

application. The shaft diafneter and method of support

shall be specified by the 1
qualified person and
paras. 4-7.2 through 4-7.7

4-7.2 Shaft Alignment

fting device manufacturer or
satisfy the conditions of

Alignment of the shafting to gearboxes, couplings,

bearings, and other driv
exceed the component mg

4-7.3 Operator Protection

Exposed shafting shall b
access provisions for lubr

4-7.4 Shaft Details

Shafting, keys, holes, g
designed for the forces en
under the worst-case load

4-7.5 Shaft Static Stress]

The nominal key size us
a shaft/bore interface
Tables 4-7.5-1 and 4-7.5-2
diameter.

Static stress on a shaft

e components shall meet or
nufacturer’s specifications.

e guarded per para. 4-4.5 with
cation and inspection.

ress fits, and fillets shall be
fountered in actual operation
ing.

ed to transmit ferque through
shall be determined from
based eoh“the nominal shaft

element shall not exceed the

following values:

and shear stresses shall be proportioned such that the
combined stress does not exceed the following value:

S.= [§*+37<025,
where

S, = computed combined stress, ksi (MRa)

(4409

4-7.6 Shaft Fatigue

Shafting subjected to fluctuating(stresses such as
bending in rotation or torsion in-eyersing drives shall
be checked for fatigue. This check/is in addition to the
static checks in para. 4-7.5 and need only be performed
at points of geometric discontinuity where stress
concentrations exist suclvas holes, fillets, keys, and press
fits. Appropriate geometric stress concentration factors
for the discontinuities shall be determined by the lifting
device manufacturer or qualified person from a
reference suychas Peterson’s Stress Concentration Factors
by W. D. Pilkey and D. F. Pilkey.

4-7.6.1 Fatigue Stress Amplification Factor. The
fatigue stress amplification factor, K4, based on Service
Class shall be selected from Table 4-7.6.1-1.

4-7.6.2 Endurance Limit. The corrected bending
endurance limit, S, for the shaft material is

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

reversed bending, ksi (MPa)

t)]

(a) axial or bending stress

S =25,+5,<02S,

ksi (MPa)

(4-8)

computed combined axial/bending stress,

= computed axial stress, ksi (MPa)
computed bending stress, ksi (MPa)
specified minimum tensile strength, ksi (MPa)

39

4-7.6.3 Fatigue Stress. Fatigue stress on a shaft
element shall not exceed the following values:
(a) Direct axial and/or bending fatigue stress shall
not exceed

S
S = (Kpp)S; + (Kyp)S, < K_A (4-12)
where
Krp = stress amplification factor for bending
Krp = stress amplification factor for direct tension

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

S = computed fatigue stress, ksi (MPa)
S; = computed axial tensile stress, ksi (MPa)

(b) Combined shear fatigue stress shall not exceed

. . . . . S
Nominal Shaft Diameter, in Nominal Key 7= (Kep) < ec (4-13)
Over To Size, in. A
16 i 52
7 9 1 where
16 716 /s e .
%o A 3 Ker = stress amplification factor for torsional shear
A 1Y, Y 77 = computed combined fatigue shear stress,
1Y, 1% %o ksi (MPa)
1% 1%, % . . . .
5 1 { (c) Combined axial/bending and shear fatigue
i 2/ /> stresses where all are fluctuating shall not exceed
2, 2%, % &
2%, 3Y, Y, S
3;/4 33/4 7 Sp= [ (KppS, + KypSy)* + 3(Kgpn)? < K—A (4-14)
3% 4/ 1
4/ 57> 17 (d) Combined tensile and shear fatigue stresses where
5Y, 6Y, 1Y,
2 2 2

Table 4-7.5-2 Key Size

rsus Shaft Diameter

(DIN 6885-1)

Nominal Shaft Diameter, mm Nominal Key
Over To Size, mm
6 8 2% 2
8 10 3x%x3
10 12 4 X 4
12 17 5%X5

17 22 6 X6

22 30 8 X7

30 38 10 X 8
38 44 12 %X 8
44 50 14 X9
50 58 164X\10
58 65 18" 11
65 75 20 X 12
75 85 22 X 14

only part of the stresses are fluctuating shall not exceed

Sec 2 Sec 2 Sec
Sf = ng,s—y + KrSg| +3 T””S_y +Kgprr SK—A (4-15)

K7 = larger of either Kpp or Krp

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

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

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

Tw = pottion of the computed shear stress not due
to-fluctuating loads, ksi (MPa)

Tk =/portion of the computed shear stress due to
fluctuating loads, ksi (MPa)

4-7.7 Shaft Displacement

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

4-8 FASTENERS
4-8.1 Fastener Markings

All bolts, nuts, and cap screws shall have required

Table 4-7.6.1-1 Fatigue Stress Amplification
Factors

Service Class

Fatigue Stress
Amplification Factor, K,

0

MW N e

1.015
1.030
1.060
1.125
1.250

40

ACSTN o3 SAE orada s damtifio i ool i oc
s =

A
O TIvi OO SaatTatha o halia 55

4-8.2 Fastener Selection

Fasteners for machine drives or other operational-
critical components shall use ASTM A325, SAE Grade 5,
ASTM A490, or SAE Grade 8 bolts, cap screws, or
equivalents.

4-8.3 Fastener Stresses

Bolt stress shall not exceed the allowable stress values
established by egs. (3-40) through (3-43) and para. 3-4.5.
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Fig. 4-9.2-1 Illustration of Holding and Support Forces 17)
F;—/—» -~ FH FH*> <—FH
0.5F3JA 0.5Fg 0.5st tO.SFS
Fy le Fy
0.5F, 0.5F,
Load Load Load
(a) Indentatipntifter ('u; Pressure Gl;pp;llg Hfters

4-8.4 Fastener Integrity

Locknuts, double nu

s, lock washers, chemical

methods, or other meanjs determined by the lifting

device manufacturer or a

to prevent the fastener fro
Any loss of strength in the
method shall be accounte

4-8.5 Fastener Installatign

jualified person shall be used
m loosening due to vibration.
fastener caused by the locking
 for in the design.

Fasteners shall be instdlled by an accepted method
as determined by the lifting device manufacturer or a

qualified person.

4-8.6 Noncritical Fastendrs

Fasteners for covers,

panels, brackets, or other

noncritical components shall be selected by the lifting

device manufacturer or a
needs of the application.

4-9 GRIP SUPPORT FO
4-9.1 Purpose

This section sets forth r¢
support force for pressurg
indentation-type lifters. Fa

qualified person to meet the

RCE

quirements for the minimum
-gripping (friction-type) and
ctors such as type and condi~

tion of gripping surfaceq, environmental conditions,
coefficients of friction, dyrjamic loads, and produet tem-
perature can affect the required support forcesand shall

be considered during the

design by a qualified person.

In addition, lifters such as bar tongs, ‘and vertical axis

coil grabs have other spe
(e.g., opening force) that s

4-9.2 Pressure-Gripping
Support Force

fial load-handling conditions
hould beConsidered.

Pnd Indentation Lifter

Fs = total support force created by lifter, Ib (N)
Load = weight of lifted load, 1b (IN)

4-10 VACUUM LIFTING DEVICE DESIGN

4-10.1 Vacuum Pad Capacity

(a) The ultimate pad capacity (UPE€) shall be
determined by eq. (4-17).

NOTE: Consistent units or unit conversions-shall be used.

UPC = 4V (4-17)

where
= effective area of the vacuum pad enclosed
between theplad and the material when the pad
is fully conipressed against the material surface
to be lifted
V, = minimum vacuum specified at the pad

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

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

VPR = UPC/N, (4-18)
where
N, = 2+2sin 6
# = angle of vacuum pad interface surface

measured from horizontal

The N, value calculated in eq. (4-18) is for clean, flat,
dry, nonporous surfaces and shall be increased as
required due to the surface conditions of interfacing

materials as determined by a qualified person.
Con 1o o 1d ba oivzan

£ PEW= TSP 2ol oo
to—eoRaItIonsS—Sue—as

The coefficient of friction, static or dynamic as applica-
ble, shall be determined by a qualified person through
testing or from published data. The illustrations in
Fig. 4-9.2-1 demonstrate some ways friction forces may

be applied.
Fs>2.0 x Load (4-16)
where
Fyg = minimum force on each side of load, 1b (N)

41

tdapaty 13
constacratioR—Snotheoe-—givent

surface temperatures, contamination, torsion and
bending loads of the vacuum pad, and tested vacuum
pad performance.

4-10.2 Vacuum Preservation

The vacuum lifter shall incorporate a method to pre-
vent the vacuum level under the pad(s) from decreasing
more than 25% (starting from rated vacuum level) in
5 min without primary power and the vacuum pad(s)
attached to a clean, dry, and nonporous surface at the
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rated load. Consideration should be given to conditions
such as surface temperatures, contamination, torsion
and bending loads of the vacuum pad, tested vacuum
pad performance, and surface conditions of interfacing
materials. Unintended loss of power shall not disconnect

the pad(s) from the vacuum preservation method.

4-10.3 Vacuum Indicator

A vacuum indicator shall be visible to the lifter

operator during use and sh

manufacturer’s rating divided by 0.50N,. Alternatively,
pneumatic fluid power components may be selected in
accordance with para. (b) above.

(d) Components whose failure will not result in
uncontrolled movement of the load may be selected
based on the manufacturer’s rating.

4-11.3 Power Source/Supply

Where the lifter uses an external fluid power source

[ continue to runction

during an unintended loss of fJower. It shall indicate the
presence of the minimum vacuum required for the rated
load of the vacuum lifting deyice.

4-10.4 Unintended Operatior

A qualified person shall dhoose the location and

guarding of operating deviceq
a load from a lifter in order
operation of the lifter.

that are used to release
to inhibit unintentional

4-11 FLUID POWER SYSTEMS

4-11.1 Purpose

This section identifies requirements of fluid power

systems and components foj
devices.

4-11.2 Fluid Power Compone
(a) The lifting device ma

below-the-hook lifting

nts

hufacturer or qualified

person shall specify systefn components such as

cylinders, pumps, valves, pipe
power systems should be deq
lifter power source(s), fluid los
will not result in uncontrolled

(b) Each hydraulic fluid pqg
selected based on the manuf
maximum pressure applied t
system, provided that the rat
factor equal to or greater thar

(c) Each pneumatic fluid p
selected based on the maxin]
that component of the system

5, hoses, and tubes. Fluid
igned so that loss of the
, or control system failure
movement of the load.
wer component shall be
acturer’s rating and the
b that component of the
ng is based on a design
1.67N,.

wer componenteshall be
um pressure_applied to
and a rating\equal to the

that is not part of the below-the-hook lifter, the supply
requirements, which shall include the maximum sum
of all fluid power components possible to actuate at one
time, shall be detailed in the specifications.

4-11.4 Fluid Pressure Indication

If a change in fluid pressure could resuly in
uncontrolled movement of the load, an indicator shoidd
be provided to allow the lifter operator to vefify that
the fluid pressure is sufficient during all stages-of lifter
use. Additional indicators may be necessary to allow
monitoring of various systems. Thé fluid pressure
indicator(s), if provided, shall be‘clearly visible or
audible.

4-11.5 Fluid Pressure Control

The fluid power system ‘shall be equipped with a
means to release stored\energy and to verify that the
system is at a zero-énergy state. Hydraulic fluid shall
not be discharged to atmosphere.

The system shall be designed to protect against pres-
sures exceeding the rating of the system or any
component:

4-11.6" System Guarding

Fluid power tubing, piping, components, and
indicators should be located or guarded to resist damage
resulting from collision with other objects and whipping
in the event of failure.

PARAGRAPH 4-12 DELETED
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Chapter 5
Electrical Components

5-2.5 Brakes

5-1.1 Purpose

This chapter sets forth
components of a below-th

5-1.2 Relation to Other $

Components of electric
a below-the-hook lifting
applicable sections of
Electrical Code.

5-1.3 Power Requiremen

The electrical power
requirements for operat
detailed in the specificati
shall include the maximy
based on the operating c
largest demand on the sy

5-2 ELECTRIC MOTORS
5-2.1 Motors

Continuous-duty motoz
function is required to lift
for other functions may bj

election criteria for electrical
e-hook lifting device.

ptandards

1l equipment used to operate
device shall conform to the
ANSI/NFPA 70, National

s

supply and control power
ng a lifting device shall be
ns. The supply requirements
im full-load amperage draw
nditions that will create the
tem.

AND BRAKES

s shall be used when motor
por hold the load. Motors used
e intermittent duty, provided

they can meet the requiredl duty cycle of the lifter with-

out overheating. Motors sh
suitable for the lifting dev
of operating at the specif
of starts.

5-2.2 Motor Sizing

Motors shall be sized so
exceeded within the speq
rated load of the lifting d

all have torque characteristics
ce application and be eapable
ed speed, load, and ntumber

the rated motor torque is not
ified sworking range and/or
Pvice”

Electric brakes shall be furnished whenever the lifted
load could cause the gearing to back drive and allow
unintended movement of the load. Brakes shall be
electric release spring-set type. Brake torque shall hold
a minimum of 150% rated motor torque or 150% of back<
driving torque, whichever is greater.

5-2.6 Voltage Rating

Motor and brake nameplate voltage-Shall be in
accordance with NEMA MG 1 for the¢specified power
supply. The installer /user shall ensure(the voltage deliv-
ered to the terminals of the lifting device is within the
tolerance set by NEMA.

5-3 OPERATOR INTERFACE
5-3.1 Locating the Operator Interface

A qualified person shall choose a location for the
operator intexface in order to produce a safe and
functional,electrically powered lifting device. The lifting
device specifications shall state the location of the
operator’interface chosen by a qualified person from the
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 hoist
or crane

(d) push buttons or master switches located in the
crane cab

(e) handheld radio control or infrared transmitter

(f) automated control system

5-3.2 Unintended Operation

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

oneratina devices that ara ucad o onen dron—orrelease
Fatha-devicesthat-are-used+ per —o¥-Frereas

5-2.3 Temperature Rise

Temperature rise in motors shall be in accordance with
NEMA MG 1 for the class of insulation and enclosure
used. Unless otherwise specified, the lifting device man-

ufacturer shall assume 104°F

temperature.

5-2.4 Insulation

(40°C) ambient

The minimum insulation rating of motors and brakes

shall be Class B.

43

-t

a load from a lifter. In order to inhibit unintentional
operation of the lifter, one of the following options
should be considered:

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

(b) Use one or more limit switches and/or sensors to
confirm a load is lifted or suspended, in series with the
open, drop, or release push button, to inhibit open, drop,
or release motion while the load is lifted.
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(c) Use amechanical guard or cover over the actuation
device that requires two specific operations to activate

the device.

5-3.3 Operating Levers

Cab-operated master switches shall be spring return
to neutral (off) position type, except that those for elec-
tromagnet or vacuum control shall be maintained type.

Control systems may be manual, magnetic, static,
inverter (variable frequency), electric/electronic, or in
combination.

5-4.4 Magnetic Control Contactors

Control systems using magnetic contactors shall have
sufficient size and quantity for starting, accelerating,
reversing, and stopping the lifter. Contactors rated by
NEMA shall be sized in accordance with NEMA ICS 2.

5-3.4 Control Circuits

Control circuit voltage of a
150 volts AC or 300 volts DC.

5-3.5 Push Button Type

Push buttons and control ]
“off” position when pressure is
except for electromagnet or
should be maintained type.

5-3.6 Push Button Markings

Each push button, control
shall be clearly marked with 4
describing the resulting motio

5-3.7 Sensor Protection

Limit switches, sensors, and
used, shall be located, guarded
inadvertent operation and
collision with other objects.

5-3.8 Indicators

Indication or signal lightg
indicate if power is “on” or “o
shall be located so that they
operator. Multiple bulbs may 1
fusion due to a burned-out by

5-4 CONTROLLERS AND AU
5-4.1 Control Considerations

This section covers requird
controlling the direction, sy
stopping of lifting device
requirements such as limit sy
and push buttons are covered

Ly lifter shall not exceed

bvers shall return to the
released by the operator,
vacuum control, which

ever, and master switch
ppropriate legend plates
h or function of the lifter.

other control devices, if
, and protected to inhibit
Hamage resulting from

should be provided to
f.” If provided, the lights
are visible to the lifter
e provided to avoid con-
Ib.

XILIARY EQUIPMENT

ments for setecting and
eed, accelerdtion, and
motorsi/Other control
Vitchés;\master switches,
in.section 5-3.

Definite-purpose contactors specifically rated for crane
and hoist duty service or IEC contactors may be used
for Service Classes 0, 1, and 2, provided the application
does not exceed the contactor manufacturer’s published
rating. Reversing contactors shall be interlocked.

5-4.,5 Static and Inverter Controls

Control systems using static or inverter assenibliés
shall be sized with due consideration of motof,-sating,
drive requirements, service class, duty, cycle, and
application in the control. If magnetic contactors are
included within the static assembly, théy shall be rated
in accordance with para. 5-4.4.

5-4.6 Lifting Magnet Controllers

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

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

(c) All liftingsmagnet controllers should have voltage
and amperage indicators.

5-4.7 . Rectifiers

Direct-current-powered lifters may incorporate a
single-phase full wave bridge rectifier for diode logic
circuitry to reduce the number of conductors required
between the lifter and the control. The rectifier shall be
selenium or silicon type, sized to withstand the stalled
current of the motor. Silicon-type rectifiers shall employ
transient suppressors to protect the rectifier from voltage
spikes.

5-4.8 Electrical Enclosures

Control panels shall be enclosed and shall be
suitable for the environment and type of controls

17

5-4.2 Control Location

Controls mounted on the

lifting device shall be

located, guarded, and designed for the environment and

impacts expected.

5-4.3 Control Selection

A qualified person designated by the manufacturer

and/or owner, purchaser, or user of a motor-driven
device shall determine the type and size of control to
be used with the lifter for proper and safe operation.

44

Enclosure types shall be in accordance with
NEMA ICS 6 classifications.

5-4.9 Branch Circuit Overcurrent Protection

Control systems for motor-powered lifters shall
include branch circuit overcurrent protection as
specified in ANSI/NFPA 70. These devices may be part
of the hoisting equipment from which the lifter is
suspended, or may be incorporated as part of the lifting
device.



https://asmenormdoc.com/api2/?name=ASME BTH-1 2017.pdf

(e)]

1

5-4.10 System Guarding

ASME BTH-1-2017

Electrical components shall be guarded or located so
that persons or objects cannot inadvertently come into

contact with energized
operating conditions.

5-5 GROUNDING
5-5.1 General

components under normal

(c) Disconnects are not required on externally pow-
ered vacuum lifters operating from a 120 V AC single-
phase power source.

5-6.3 Disconnect for Magnet

() Hoisting equipment with an externally powered
electromagnet shall have a separate magnet circuit
switch of the enclosed type and shall be capable of being
locked in the open (off) position. The provision for lock-

Electrically operated lift
in accordance with ANSI

5-5.2 Grounding Method

Special design consider3

ing devices shall be grounded
NEFPA 70.

tions shall be taken for lifters

with electronic equipment. Special wiring, shielding,

filters, and grounding m
account for the effects of]
(EMI), radio frequency i
forms of emissions.

5-6 POWER DISCONNE

5-6.1 Disconnect for Pow

hy need to be considered to
electromagnetic interference
hterference (RFI), and other

TS

ered Lifter

Control systems for

notor-powered lifters shall

include a power disconhect switch as specified in
ANSI/NFPA 70. This device may be part of the hoisting

equipment from which t

lifter is suspended, or may

be incorporated as part of the lifting device.

5-6.2 Disconnect for Vactium Lifter

(a) Hoisting equipment|using an externally powered
vacuum lifter shall have aseparate vacuum lifter circuit
switch of the enclosed typ¢ and shall be capable of being

locked in the open (off) p

ing or adding a lock to t
be installed on or at the s
as the disconnecting mea|
with or without the lock

adding a lock to the swit
be permitted.

(b) The vacuum lifte
required by ANSI/NFPA
line side (power supply si
disconnect switch.

ition. The provision for lock-
e disconnecting means shall
witch or circuit breaker used
hs and shall remain in-place
installed. Portable means for
h or circuit breaker.shall not

F disconnect switch, when
70, shall.be_connected on the
He) of the\hoisting equipment

ing or adding a lock to the disconnecting means shall
be installed on or at the switch or circuit breaker used
as the disconnecting means and shall remain in place
with or without the lock installed. Portable means for
adding a lock to the switch or circuit breaker shall not
be permitted. Means for discharging the inductive
energy of the magnet shall be provided.

(b) The magnet lifter disconnect switchy when
required by ANSI/NFPA 70, shall be connected on the
line side (power supply side) of the hoisting-equipment
disconnect switch. Power supplied toxlifting magnets
from DC generators can be disconnected by disabling
the external power source connected to the generator, or
by providing a circuit switch that disconnects excitation
power to the generator and\removes all power to the
lifting magnet.

(c) Disconnects are mét required on externally pow-
ered electromagnets operating from a 120 V AC single-
phase power soutce.

5-7 BATTERIES

5-7.1Battery Condition Indicator

Battery-operated lifters or lifting magnets shall
contain a device indicating existing battery conditions.
5-7.2 Enclosures

Battery enclosures or housings for wet cell batteries
shall be vented to prevent accumulation of gases.

5-7.3 Battery Alarm

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

operation of the magnet such as radiation. EMI, and the

This chapter sets forth requlrements for the perform-

ance characteristics of materia

handling magnets. Refer

to Chapters 3, 4, and 5 for stqjuctural, mechanical, and

electrical design requirements

NOTE: Calculations for magnet deg
in SI units (m, kg, s). Therefore, the
presented in SI units.

6-2 DESIGN REQUIREMENT
6-2.1 General

The design of a material haj
into consideration the magne
of the magnet components as ¥

which the magnet is designed,.

The magnet shall be design
generate a lifting force that m
requirements stated in AS
application.

(a) Lifting magnets shall be
of Design Category B (static
proper Service Class (fatigue
the number of load cycles.

(b) Lifting magnet suspens;

respectively.

ign are commonly performed
equations in this chapter are

hdling magnet shall take
fic induction capabilities
vell as the application for

ed with the capability to
bets or exceeds the safety
ME B30.20 for a given

designed to a minimum
trength criteria) and the

life criteria) selected for

on devices should meet

the lifting magnet manufactu

r’s recommendations. If

any such suspension devices afe used during breakaway

testing and are not rated for

e maximum breakaway

force of the lifting magnet, th¢y shall be removable for

the purpose of load testing as

quired by ASME B30,20.

6-2.2 Application and Environmental Profile

When selecting a magnet $uitable fora-particular

application, the magnet desig
imum the following items:
(a) rated load

(b) load size, shape, and thickness

presence of caustic fumes and chemicals)

6-3 SELECTION AND DESIGN

6-3.1 Components

At a minimum, a lifting magnet shall consist of thé
following components:

(a) effective magnet contact area

(b) flux source

(c) flux path

(d) release mechanism

6-3.2 Magnetic Circuit

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

The magnetic circuit, consists of three components:
the flux source, the fluX"path, and the effective magnet
contact area. In the {"attach” condition, the flux path will
include the load-

When analyzing the magnetic circuit using the tech-
niques below;'it should be noted that frequently a lifting
magnet{ consists of several magnetic circuits.

6-3.3. Effective Magnet Contact Area

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

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

F

(c) load temperature

m = > (6-1)
1 shall consider as a min- CBu
where
A, = effective magnet contact area, m?
B, = flux density, 1
C = 400000 A/T-m
F = resultant force, N

(d) load type [bundles, single/multiple plate, struc-
tural shapes, 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, severity
of environmental exposure, ambient temperature range,
any situations existing that may affect the design or

46

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

The number of poles and the size, shape, and layout
of the poles should take into account the load character-
istics and the items described in para. 6-2.2.

The designer shall determine the appropriate flux
density, B, for the application in order to determine
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the required effective magnet contact area, A,,. By com-
bining these two components, the total flux, ¢, required

for the application can be

b = BuAn

where

determined using eq. (6-2).

(6-2)

¢, = total flux required for the application, Wb

6-3.4 Flux Source

where
A, = cross-sectional area of electromagnet core, m?
B, = flux density of electromagnet core, T
¢, = flux from electromagnet flux source, Wb

6-3.4.3 Permanent Magnet Flux Source

6-3.4.3.1 General. A permanent lifting magnet
uses permanent magnet(s) as the flux source. There are
two types of permanent lifting magnets: manually con-

6-3.4.1 General. The
by the flux source shall be

otal amount of flux provided
no less than the value deter-

mined in eq. (6-2). Equations (6-5) and (6-6) give the

total flux provided by an ¢
a permanent magnet flux
The source of the flux (]
magnet) shall have a mag
sufficient to generate enoy
net contact area to achiey
with respect to the rated
The magnetomotive fq

lectromagnet flux source and
source, respectively.
pbermanent magnet or electro-
rnetomotive force, F,, that is
gh force at the effective mag-
e the required design factor
oad.

rce can be computed using

eq. (6-3) for an electromaget or eq. (6-4) for a permanent

magnet.
Ey
Fy

where
F,, = magnetomotive
H, = coercivity of the
A/m

I = current in the co
L = magnetic length
N = number of turns

6-3.4.2 Electromagnet
net uses a constantly ene
source. The electromagnet]
be amaterial with permeal
iron, and should have a cr

(6-3)

(6-4)

orce of magnetic circuit, A
permanent magnet material,

il wire, A
m
in the coil

Flux Source. An electromag-
rgized power coil as the flux
core of the power coil should
ility approaching thatof pure
bss-sectional area that’is suffi-

cient to provide the total flux, ¢, required by eq. (6-2).

The power coil shall be
a good electrical conducto
The conductor shall be ¢
insulation shall tolerate thd

f a nonmagmnetic metal that is
such as copper or aluminum.
lectrically/insulated and the
intended operating tempera-

ture of the lifting magnet

. The“design of the coil(s) of

trolled and electrically controlled (electro-permanent).

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

6-3.4.3.3 Electrically Controlled~Permanent
Magnet. An electrically controlled permanent lifting
magnet uses permanent magnet naterial as the flux
source (e.g., AINiCo). The pernfanent magnet material
is surrounded by a power coil, and the power coil is
used to manipulate the magnetic characteristics of the
electro-permanent magnet core. In many cases, a second
permanent magnet material (e.g., NdFeB) is used in com-
bination with the first. In this case, the total flux pro-
vided by the fluxgsource will be the sum of the flux from
the two permanent magnet materials.

The powgricoil(s) of an electrically controlled perma-
nent magnet should surround the electro-permanent
maghet-core(s). It shall be of a nonmagnetic material
thatds a good electrical conductor such as copper or
aluminum. The conductor shall be electrically insulated
and the insulation shall tolerate the intended operating
temperature of the lifting magnet. The power coil shall
generate a magnetic field, H, that is sufficient to bring
the electro-permanent magnet core to saturation.

6-3.4.3.4 Permanent Magnet Flux. The total flux
provided by a permanent magnet flux source can be
computed using eq. (6-6).

an electromagnet shall gererateamd TraintaiT a ag-
netic field strength, H, sufficient to provide the total flux
required by the application.

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

¢ = B.A, (6-5)

47

#, = BA, (6-6)
where
A, = polar surface area of permanent magnet, m°
B, = residual magnetic induction of permanent
magnet, T
b = flux from permanent magnet flux source, Wb

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

(a) residual induction, B, (magnetic induction
remaining in a saturated magnetic material after the
magnetizing field has been reduced to zero)

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

(c) intrinsic coercive force, H,; (ability of magnet mate-

rial to resist demagnetization)

where
R, = reluctance of an individual section of the
magnetic circuit, A/Wb
Ryt = total reluctance of the magnetic circuit,

A/Wb

The reluctance of all sections of the flux path shall be
such that it allows for the total flux required for the
application to travel from the flux source to the effective

(d) maximum energy produ
produced by magnet)

This information should be g
sis curve of the particular ma

Permanent magnet materia
as a structural component in

6-3.5 Flux Path

The flux path shall be desig
ability, length, and cross-sectio
flux to meet the requiremen
selecting a material for the
designer shall evaluate matg
select the materials possessing
teristics. These include, but arg
permeability, yield stress and t
tion of physical properties
temperatures.

Magnetic characteristics shq
magnetic hysteresis curvg
considered.

The reluctance can be relati
the material by eq. (6-7).

R = —
wl

cross-sectional area o
segment of the circuit

I = length of the magnetid
circuit, m

R = reluctance of the magj

u = permeability of the m|

When analyzing the flux pa
be broken into sections of cd

[t, BHax (external energy

btained from the hystere-
erial.

s shall not be employed
iny device.

hed such that the perme-
hal area provide sufficient
s of the application. In
flux path, the magnet
rial characteristics and
r the appropriate charac-
not limited to, magnetic
bnsile strength, and reten-
at intended operating

uld be obtained from the
s of materials being

d to the permeability of

(6-7)

[ the magnetic circuit-or
m2

circuit or segment\of the

hetic circuit,\A/ Wb
hterial, H/m

h irLits entirety, it should
nstant permeability and

lllaéllct \.Ullta\_t dItTd. UDC C\i. (U n) tU dctcllllillc ll:}lc tuta}
flux available to the magnetic circuit. The total flux avail-
able to the magnetic circuit must be greater than or equal
to the total flux required for the application.

F"l
%= R

(6-9)

where
¢. = flux available to the magnetic circuit, /Wb

6-3.6 Release Mechanism

A means of attaching and releasing lifting magnet
from a load shall be provided. The ¢ontrol handle of a
manually controlled permanent magnet shall include a
device that will hold the handleiin both the “attach”
and “release” positions to prevent inadvertent changes.

6-3.7 Encapsulation Compound

The encapsulationgcompound shall protect the coils
and permanent magnet material from the effects of
mechanical she€k, moisture, and internally and exter-
nally generated heat that may arise through normal
operation.of’ the material handling magnet. Consider-
ation should be given to characteristics such as tempera-
turerating, thermal conductivity and expansion, thermal
shock, dielectric constant, dielectric strength, volume
resistivity, viscosity, and hardness.

6-3.8 Multiple Magnet Systems

Select the appropriate number of magnets required
to lift the load and maintain the desired load orientation
and support. This evaluation is based on load deflection
characteristics, load type, rated load of each magnet,
magnet spacing, and real air gap.

6-3.9 Environmental Considerations

In caseswhere the load and mngno{- npprnfing fpmppr-

cross-sectional area, where the total reluctance of the
magnetic circuit is the sum of the individual sections as

shown in eq. (6-8).

NOTE: One section of the circuit
“attach” condition.

Riot = R1 + Ry + ... + R,

will include the load in the

(6-8)
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atures are extreme, a means of monitoring the magnet
temperature should be provided within the magnet con-
trol in order to inform the lifter operator of an overheat-
ing condition that may result in reduced lifting force.

In cases where the load and magnet are subject to
varying levels of moisture, additional precautions shall
be made to protect against electrical grounding.



https://asmenormdoc.com/api2/?name=ASME BTH-1 2017.pdf

ASME BTH-1-2017

NONMANDATORY APPENDIX A
COMMENTARY FOR CHAPTER 1: SCOPE, DEFINITIONS, AND
REFERENCES'

A-1 PURPOSE

This Standard has been
need to provide clarj
ASME B30.20 with respe
below-the-hook lifting dey
ASME B30.20 in 1986, usd
tions of the construction|
ments stated therein. Th
provide adequate answer|
extends beyond that which
tions of a B30 safety stan

A-2 SCOPE

ASME BTH-1 addresses
such, this Standard shoulg
ASME B30.20, which ad
ASME BTH-1 does not rep

be increased at the discret

developed in response to the
fication of the intent of
t to the structural design of
rices. Since the first edition of
s have requested interpreta-
(structural design) require-
e level of detail required to
5 to the questions submitted
can be covered by interpreta-
lard.

only design requirements. As
|l be used in conjunction with
Hresses safety requirements.
ace ASME B30.20. The design

n of the lifting device manu-

criteria set forth are minFum requirements that may
s

facturer or a qualified pe
The design of lifting at
by existing industry desig
such design standards, a g
mine if the provisions of

A-3 NEW AND EXISTIN(

It is not the intent of thi
ting of existing lifting dey

A-4 GENERAL REQUIRE
A-4.1 Design Responsibi

on.
fachments may be addressed
h standards. In the absence of
ualified person should deter-
ASME BTH-1 are applicable.

b DEVICES

5 Standard to requireretrofit-
ices.

MENTS
ity

Although always implig

d,\this provision now explic-

A-4.2 Units of Measure

The requirements of this Standard are presented wher-
ever possible in a manner that is dimensionally indepen-
dent, thus allowing application of these requirements
using either U.S. Customary units or the International
System of Units (SI). U.S. Customary units are,the pri-
mary units used in this Standard, except in Chapter 6.

A-4.3 Design Criteria

The original ASME B30.20 structuralydesign require-
ments defined a lifting device only.in terms of its rated
load. Later editions establishedfatigue life requirements
by reference to AWS D14.1/P14.1M. ASME BTH-1 now
defines the design requiremients of a lifter in terms of
the rated load, Design &ategory, and Service Class to
better match the design of the lifter to its intended
service. An extended discussion of the basis of the
Design Categories and Service Classes can be found in
Nonmandatory*Appendices B and C (commentaries for
Chapters 2.and 3, respectively).

A-4.4Analysis Methods

The allowable stresses defined in Chapters 3 and 4
have been developed based on the presumption that the
actual stresses due to design loads will be computed
using classical methods. Such methods effectively com-
pute average stresses acting on a structural or mechani-
cal element.

Consideration of the effects of stress concentrations
is not normally required when determining the static
strength of a lifter component (see Nonmandatory
Appendix C, para. C-5.2). However, the effects of stress
concentrations are most important when determining
fatigue life. Lifting devices often are constructed with

discontinuities or geometric stress concentrations such
e o1 Lo

an

itly states that the design of below-the-hook lifting
devices is the responsibility of a qualified person. This
requirement has been established in recognition of the
impact that the performance of a lifting device has on
workplace safety, the complexity of the design process,
and the level of knowledge and training required to
competently design lifting devices.

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

as-pitranc-boltholes, notehesinsidecornersand-shaft
keyways that act as initiation sites for fatigue cracks.
Analysis of a lifting device with discontinuities using
linear finite element analysis will typically show peak
stresses that indicate failure, where failure is defined as
the point at which the applied load reaches the loss of
function (or limit state) of the part or device under
consideration. This is particularly true when evaluating
static strength. While the use of such methods is not
prohibited, modeling of the device and interpretation
of the results demand suitable expertise to ensure the
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requirements of this Standard are met without creating
unnecessarily conservative limits for static strength and
fatigue life.

A-4.5 Material

The design provisions in Chapters 3 and 4 are based
on practices and research for design using carbon, high-
strength low-alloy, and heat-treated constructional alloy
steels. Some of the equations presented are empirical

200°F (93°C). Some materials decline by as much as
4.6%, but most decline less. A straight-line interpolation
between the tabulated values for materials at
100°F (38°C) and 200°F (93°C) in this reference gives
acceptable stress values that have minimal degradation
at 150°F (66°C).

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

and may not be directly app
materials. Both ferrous and
including the constructional s
mechanical components descr

Industry-wide specifications
tions such as ASTM Internati
Steel Institute (AISI), and SAE
tary specification is one dev
manufacturer.

A-4.6 Welding

AWS D14.1/D14.1M is cite
design and welding procedurd
agreement with CMAA Specif
established by ASME B30.20. B
for nondestructive examinatig
weld joints, AWS D14.1/D14.
more commonly known AWS |
D14.1M, section 10.8). Fabric
and procedures that are qualif
of AWS D14.1/D14.1M, AWS
ASME Boiler and Pressure Ve{
perform duties under AWS |
that they meet any additional r¢
dated by AWS D14.1/D14.1N
D14.1M, para. 9.1.4). The allow]
modified in this Standard to
factors deemed necessary for

A-4.7 Temperature

The temperature limits state
ing. Historically, tension britt
during hydrotest in pressure v¢
carbon steel at temperatures
Flaws in steel plate material W
these failures. With tighter prq
metallurgical control, and bet

icable TO use with other
nonferrous materials,
eels, may be used in the
bed in Chapter 4.

are those from organiza-
pbnal, American Iron and
International. A proprie-
bloped by an individual

d as the basis for weld
s. This requirement is in
ication No. 70 and those
pcause of the requirement
n of Class 1 and Class 2
M was selected over the
D1.1 (refer to AWS D14.1/
htors that use personnel
ed under earlier editions
[D1.1, or Section IX of the
sel Code are qualified to
D14.1/D14.1M, provided
bquirements that are man-
1 (refer to AWS D14.1/
hble stresses for welds are
rovide the higher design
ifting devices.

1 are based on the follow-
e failures have~occurred
pssels fabricated from low
as high as~50°F (10°C).
rere the primary cause of
duction processes, closer
er~quality checks in cur-

materials are greatly reduced over those at ambient. If
the exposure is prolonged and cyclic in nature, the creep
rupture strength of the material, which is lower than
the simple elevated temperature value, must be used in
determining the design rated load and life of the device.

Of importance when evaluating the effects of tempera-
ture is the temperature of the lifter component rather
than the ambient temperature. A lifter may move briefly
through an area of frigid air without the temperature
of the steel dropping to the point of concern..Likewise,
a lifter that handles very hot items may have some com-
ponents that become heated due to contatt!

A-5 DEFINITIONS

This section presents a list of definitions applicable to
the design of below-the-hookJlifting devices. Definitions
from the ASME Safety Codésand Standards Lexicon and
other engineering refereces are used wherever possible.
The defined terms(are divided into general terms
(para. 1-5.1) that are considered broadly applicable to
the subject matter and groups of terms that are specific
to each chapter of the Standard.

A-6 .SYMBOLS

The symbols used in this Standard are generally in
eonformance with the notation used in other design
standards that are in wide use in the United States, such
as the AISC specification (AISC, 1989) and the crane
design specifications published by AIST and
CMAA (AIST Technical Report No. 6 and CMAA
Specification No. 70, respectively). Where notation did
not exist, unique symbols are defined herein and have
been selected to be clear in meaning to the user.

A-7 REFERENCES

ACNAL RTLY 1 2 L L P N N 4 u| 1 L
ZXOIVID DI 1S stractareaToO ot a—stanc—aront——statr

17

rent practice, the risk of such

£o41 : | Jd Tl
TaITOTrC IS TCUOCCO T ITITUS;

the Committee selected the 25°F (—4°C) temperature as
a reasonable lower limit. This lower temperature limit
is also consistent with recommendations made by
AISC (2006).

The Committee selected the upper temperature limit
as a reasonable maximum temperature of operation in a
summer desert environment. Data from the ASME Boiler
and Pressure Vessel Code material design tables indicate
that some carbon steels have already begun to decline
in both yield stress and allowable tension stress at
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dard to the greatest extent practical. However, some
areas are best suited to be covered by reference to estab-
lished industry standards. Section 1-7 lists codes, stan-
dards, and other documents that are cited within the
main body of this Standard and provides the names and
addresses of the publishers of those documents.

Each chapter of this Standard has a related
Nonmandatory Appendix that explains, where neces-
sary, the basis of the provisions of that chapter. All publi-
cations cited in these Nonmandatory Appendices are
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NONMANDATORY APPENDIX B
COMMENTARY FOR CHAPTER 2: LIFTER CLASSIFICATIONS'

B-2.1 Design Category A

B-1.1 Selection

The selection of a Desig]
allows the strength and

n Category and Service Class
iseful life of the lifter to be

matched to the needs of the user. A qualified person or

manufacturer must assure]
Service Class specified fo1
priate for the intended use
adequate structural reliab

B-1.3 Identification

The purpose of this req
designer, manufacturer, a
assigned Design Category
documents that require
include top-level drawin|
and manuals.

B-1.4 Environment

Ambient operating tem
only to be a guideline. Th

that the Design Category and

a particular lifter are appro-
so as to provide a design with
lity and expected service life.

lirement is to ensure that the
nd end user are aware of the
and Service Class. Typically,
he indicated markings may
s, quotations, calculations,

perature limits are intended
e component temperature of

each part of the lifter must be considered when the

device is operating in an ¢
defined in para. 1-4.7. Thej
corrosive atmospheric sul
performance of a lifter ca
These design considerat
accounted for by the lifting
ified person.

B-2 DESIGN CATEGORY|

When selecting a Desigr

hvironment outside the limits
effects of dust, moisture, and
stances on the integrity and
nnot be specifically defined.
ons must be evaluated and
device manufacturer orqual-

Categoryrconsideration shall

be given to all operations t

at willdffect the lifting device

design. The discussions of the Design Categories below
and in Nonmandatory Agpendix C, para. C-1.3 refer to

The design factor specified in Chapter 3 for Design
Category A lifters is based on presumptions of rare and
only minor unintended overloading, mild impact loads
during routine use, and a maximum impact multiplier
of 50%. These load conditions are characteristic of use
of the lifter in work environments where the weiglits of
the loads being handled are reasonably well\known,
and the lifting operations are conducted in‘acontrolled
manner. Typical characteristics of the application for this
Design Category include lifts at slowyspeeds using a
well-maintained lifting device under the control of a lift
supervisor and experienced crane gperator. This Design
Category should not be usediin‘any environment where
severe conditions or use are)present.

Design Category A is,intended to apply to lifting
devices used in contrelled conditions. Practical consider-
ations of various work environments indicate that the
high numbers ofdoad cycles that correspond to Service
Class 1 and higher commonly equate to usage conditions
under which the design factor of Design Category A is
inappropriate. Thus, the use of Design Category A is
restricted to lifting device applications with low num-
bers of load cycles (Service Class 0).

B-2.2 Design Category B

The design factor specified in Chapter 3 for Design
Category B lifters is based on presumptions (compared
to Design Category A) of a greater uncertainty in the
weight of the load being handled, the possibility of
somewhat greater unintended overloads, rougher han-
dling of the load, which will result in higher impact
loads, and a maximum impact multiplier of 100%. These
load conditions are characteristic of use of the lifter in

considerations given to utintended-everloadsin-devel
opment of the design factors. These comments are in no
way to be interpreted as permitting a lifting device to
be used above its rated load under any circumstances
other than for load testing in accordance with
ASME B30.20 or other applicable safety standards or
regulations.

! This Appendix contains commentary that may assist in the use
and understanding of Chapter 2. Paragraphs in this Appendix
correspond with paragraphs in Chapter 2.
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work environments where the weights of the loads being
handled may not be well known, and the lifting opera-
tions are conducted in a more rapid, production-oriented
manner. Typical characteristics of the application for
this Design Category include rough usage and lifts in
adverse, less controlled conditions. Design Category B
will generally be appropriate for lifters that are to be
used in severe environments. However, the Design
Category B design factor does not necessarily account
for all adverse environmental effects.
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Table B-3-1 Service Class Life
Load Cycles Desired Life, yr

per Day 1 5 10 20 30
5 0 0 0 1 1
10 0 0 1 1 2
25 0 1 1 2 2
50 0 1 2 2 3
100 1 2 2 3 3
200 1 2 3 3 4
300 2 3 3 4 4
750 2 3 4 4 4
1,000 2 3 4 4 4

B-2.3 Design Category C

Design Category C is resery
applications in industries th
design based on the larger des
this Design Category.

B-3 SERVICE CLASS

Design for fatigue involvg
between desired life and cost
the owner with the opportur]
designs for the cases where d
A choice of five Service Clasq
cycle ranges shown in Table
the requirements of AWS D14

Table B-3-1 may assist in d
Service Class based on load c}
life desired.

ed for use in specialized
ht require lifting device
gn factor associated with

s an economic decision
The intent is to provide
ity for more economical
ity service is less severe.
es is provided. The load
D-3-1 are consistent with
1/D14.1M.

etermining the required
cles per day and service
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NONMANDATORY APPENDIX C
COMMENTARY FOR CHAPTER 3: STRUCTURAL DESIGN'

Steel Institute (AISI) and published in a series of papers

C-1.1 Purpose

The member allowable
have generally been deriy

stresses defined in Chapter 3
ed based on the assumption

of the members being pristhatic. Design of tapered mem-

bers may require addition
such as AISC (2000), App

al considerations. References
endix F3 and Blodgett (1966),

section 4.6 may be usefdl for the design of tapered

members.

C-1.2 Loads

The structural members
of a below-the-hook liftir
for the forces imposed byj
mally equal to the rated 1o
parts, and any forces suck
that result from the functig
of lateral forces in this pa
calculated lateral forces
intended or expected use
not intended to require t
load in lifter design. For ny
allowance is not required.
in paras. C-1.3 and C-5.1.

C-1.3 Static Design Basis

The static strength dg
Chapter 3 for Design Cal
derived using a probabili
dynamic loads to which
the uncertainties with wh
members and connections
and strength uncertaintieq

and mechanical components
g device are to be designed
the lifted load (a value nor-
pd), the weight of the device’s

as gripping or lateral forces
n of the device. The inclusion

graph is intended to refer to
hat occur as a result of the
of the lifter. This provision is
e use of an arbitrary lateral
ost designs, an added impact
This issue is discussed further

sign provisions defined in
tegories A and B have been
tic analysis of the static-and
lifters may be subjected and
ich the strengthcof\the lifter
may be calculated. The load
are related\to.a design factor

N, using eq. (C-1) (Cornell, 1969; Shigley and Mischke,

in the September 1978 issue (Vol. 104, No. ST9) of the
Journal of the Structural Division from the American
Society of Civil Engineers. Maximum values of V equal
to 0.151 for strength limits of yielding or buckling and
0.180 for strength limits of fracture and for connection
design were taken from this research and used for deyvel-
opment of the BTH design factors.

The term Vi is the coefficient of variation of‘the spec-
trum of loads to which the lifter may be subjected. The
BTH Committee developed a set of stati;and dynamic
load spectra based on limited crane lpads research and
the experience of the Committee miembers.

Design Category A lifters are‘considered to be used
at relatively high percentages of their rated loads. Due
to the level of planning generally associated with the
use of these lifters, the likelihood of lifting a load greater
than the rated load is(considered small and such over-
loading is not likely to exceed 5%. The distribution of
lifted loads relative to rated load is considered to be as
shown in Table:C-1.3-1.

A similar.distribution was developed for dynamic
loadingNAISC (1974) reports the results of load tests
perfornied on stiffleg derricks in which dynamic loading
to the derrick was measured. Typical dynamic loads
were approximately 20% of the lifted load, and the upper
bound dynamic load was about 50% of the lifted load.
Tests on overhead cranes (Madsen, 1941) showed some-
what less severe dynamic loading. Given these pub-
lished 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
a special case of Design Category A. Some manufactur-
ers of heavy equipment such as power generation

2001). machinery build lifters to be used for the handling of
o2 p2121,2 their equipment. As such, the lifters are used at or near
N; = Lt 'Bﬁ RYYs - fVRVS e 100%-of rated-load-foreverylift-but-due-to-the-nature

d 1- B2V% =1 ~ J

The term Vj is the coefficient of variation of the

element strength. Values of the coefficient of variation
for different types of structural members and
connections have been determined in an extensive
research program sponsored by the American Iron and

! This Appendix contains commentary that may assist in the use
and understanding of Chapter 3. Paragraphs in this Appendix
correspond with paragraphs in Chapter 3.
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of those lifts, the dynamic loading can reasonably be
expected to be somewhat less than the normal Design
Category A lifters. The distribution developed for this
special case is shown in Table C-1.3-2.

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