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FOREWORD

The Committee on Cranes for Nuclear Power Plants was first established in 1976. In 1980, the scope of the committee

was revised, and its name was changed to the Committee on Cranes for Nuclear Facilities. In 1983, the Nuclear Under

hung
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and testifg of underhung and monorail equipment used in nuclear facilities. ASME NUM-1 is the result of the-sub
mittee’s fork.

Com-

The firpt edition of ASME NUM-1 was approved by the American National Standards Institute (ANSI),on Octobdr 28,
1996. The second edition of ASME NUM-1 was approved by ANSI on May 3, 2000. The third edition of ASME NUM-1 was
approved by ANSI on August 17, 2004. The fourth edition of ASME NUM-1 was approved by ANSI onsDecember 22, 3009.

The fifth|edition of ASME NUM-1 was approved by ANSI on June 16, 2016.
This Standard, or portions thereof, can be applied to cranes, monorails, and hoists at facilities other than nuclear w
enhanced equipment safety may be required and can be provided by means of single failure:proof features, addit
safety feqtures, increased design factors, or a seismic design.
ASME NUM-1-2023 has been reformatted and updated. The Standard comprises the following three Parts, which ¢
the topick and equipment listed below:
Part GR, General Requirements (applicable to all equipment)
- Environmental Conditions of Service
- Pgrformance Requirements
- Caatings and Finishes
- Quality Assurance
- Definitions
- Ré¢ferenced Codes and Standards
Part CM, Cranes and Monorails
- Stfuctural Requirements, Cranes and Monorails (Types I and II)
- Mepchanical Requirements, Cranes and Monorails/(Type I)
- Electrical Requirements, Cranes and Monorails (Type I)
- Pnpeumatic Requirements, Cranes and Monorails (Type I)
- Mhprking, Cranes and Monorails (Types‘and II)
- Inkpection and Tests, Cranes and_Menorails (Types I and II)
Part HJI, Hoists and Trolleys
- Pawered Wire Rope Hoists (Type 1A)
- Pqwered Wire Rope Hoist§ ((Type IB)
- Pqwered Chain Hoists (Type IB)
- Hand-Chain Hoists (Type IB)
- Unpder-Running Trolleys (Type IB)
- Coammon NDE E€riteria for Hoists and Trolleys
The Standard now.applies only to the enhanced safety and seismic Type I cranes and monorails, seismic Type II 1
and mongrails, aridenthanced safety Type I hoist and trolley units. Hoists having single failure-prooffeatures are iden

here
onal

over

anes
ified

as Type IA, withithose having additional safety features and increased design factors identified as Type IB. This Standard
now sepdrately’and more clearly addresses the criteria for powered wire rope hoists (Type IA), powered wire rope hoists

(Type 1B} poweredchainhe he IB) man hainhe B) an

be 111

standard equipment, which is not used for handling critical loads and is not required to withstand a seismic event, is no

longer addressed in this Standard since such equipment is covered by other industry standards.
The 2023 edition of ASME NUM-1 was approved by ANSI on December 4, 2023.
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CORRESPONDENCE WITH THE CNF COMMITTEE

General. ASME codes and standards are developed and maintained by committees with the intent to represent the
consensus of concerned interests. Users of ASME codes and standards may correspond with the committees to propose
revision§OT TASES; TEPUTLEITAtd, OT TEqUEStIMter pretations. Correspondence for this Stammdard shroutd-besent tothe staff
secretary noted on the committee’s web page, accessible at https://go.asme.org/CNFcommittee.

Revisigns and Errata. The committee processes revisions to this Standard on a continuous basis to incorpgrate
changes that appear necessary or desirable as demonstrated by the experience gained from the application of the
Standard} Approved revisions will be published in the next edition of the Standard.

In addjtion, the committee may post errata on the committee web page. Errata become effective on the date posted.
Users can register on the committee web page to receive e-mail notifications of posted errata,

This Standard is always open for comment, and the committee welcomes proposals for tevisions. Such proppsals
should b¢ as specific as possible, citing the paragraph number, the proposed wording, anda'detailed description df the
reasons for the proposal, including any pertinent background information and supporting documentation.

Cases
(a) The most common applications for cases are
(1) to permit early implementation of a revision based on an urgent neéed
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potential.additional requirements prior to incorporftion
directly into the Standard
(4) to permit the use of a new material or process
(b) Uskrs are cautioned that not all jurisdictions or owners atitomatically accept cases. Cases are not to be considered
as approying, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom fof manufacturers, constructors, or owners to ehoose any method of design or any form of construction that
conformq to the Standard.
(c) Aproposed case shall be written as a question@and reply in the same format as existing cases. The proposal shal| also
include the following information:
(1) p statement of need and background, information
(2) the urgency of the case (e.g., the:case concerns a project that is underway or imminent)
(3) the Standard and the paragraph, figure, or table number
(4) the editions of the Standard-to which the proposed case applies
(d) A dase is effective for use when the public review process has been completed and it is approved by the cognjzant
supervisgry board. Approved-cases are posted on the committee web page.

Interpnetations. Upaomrequest, the committee will issue an interpretation of any requirement of this Standar¢l. An
interpretation can be(issued only in response to a request submitted through the online Inquiry Submittal Forjm at
https://do.asme.org/interpretationRequest. Upon submitting the form, the inquirer will receive an automatic e-
mail confirming\réceipt.

ASME dloesmnotact as a consultant for specific engineering problems or for the general application or understanding of
the Standard-réquirements. If, based on the information submitted, it is the opinion of the committee that the inqlirer
should seekassista g, trrereque wittbeTetu Somur ETECU ETTdatio arst asSTSta ebeubtaimedIquirers
can track the status of their requests at https://go.asme.org/Interpretations.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
committee or subcommittee. ASME does not “approve,” “
device, or activity.

Interpretations are published in the ASME Interpretations Database at https://go.asme.org/Interpretations as they are
issued.

» o«

certify,” “rate,” or “endorse” any item, construction, proprietary
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Committee Meetings. The CNF Standards Committee regularly holds meetings that are open to the public. Persons
wishing to attend any meeting should contact the secretary of the committee. Information on future committee meetings
can be found on the committee web page at https://go.asme.org/CNFcommittee.
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PART GR
GENERAL REQUIREMENTS

GR
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.1 GENERAL

sign of equipment covered by this Standard shall be

cordance with the Standard’s requirements but not

Esarily with its recommendations. The word shall is

to denote a requirement; the word should is used to

te a recommendation; and the word may is used to

te permission, which is neither a requirement nor a

mmendation.

is Standard is comprised of three major parts:
Part GR: general requirements applicable to all

bment

Part CM: requirements applicable to cranes and

brails

Part HT: requirements applicable to hoistsand trol-

Part CM provides criteria for the crane and monorail

stru
whid
Both
Part
troll

GR

TH
equi
reqy
featuy

(a]

ctures and is used in conjunction with Part HT,
h provides criteria for the hoi$t-and trolley units.
parts require inclusion of-the/general criteria of

GR for the specified craneymonorail, hoist, and
by configurations.

.2 SCOPE

is Standard ¢overs the following lifting and handling

bment configurations used in nuclear facilities that
ire enhanced safety features or seismic design
res,or.both:

underhung cranes

Section GR-1
Introduction

Subsection GR-6.2 provides graphical depicti
various crane, mononrdil,"hoist, and trolley confi
addressed in this, Standard.

The above cranes, whether single or multiple g
covered by this Standard. For multiple-girder cr
both top:funning bridge and top-running tr
ASME NOG-1.

GR-1.2.1 Equipment Types Covered

The handling equipment used in a nuclear
categorized as Type I, Type II, or Type III. This
addresses Type I and Type II cranes and mond
Type I hoists and trolleys. Type II hoists and trol
meet the requirements of general industry stand
the additional requirements noted in para. G
Type III cranes, hoists, monorails, and troll
meet the requirements of general industry sf
Paragraphs GR-1.2.1.1 through GR-1.2.1.3 d
three categories of equipment.

GR-1.2.1.1 Type | Equipment. Type I equip
crane, monorail, hoist, or trolley with enhanc
designs and features for handling a criti
Design and construction of Type I equipment
such that it will remain in place and support th
load during and after a safe shutdown earthqu
event; however, Type | equipment does not h
operational after this event.

There are two subtypes of Type I equipment.

PART GR, GENERAL REQUIREMENTS

ns of the
burations

irder, are
hines with
lley, see

Facility is
Standard
rails and
leys shall
ards and
R-1.2.1.2.
bys shall
andards.
pfine the

nent is a
bd safety
ral load.
shall be
e critical
ke (SSE)
hive to be

(a) TypelA equipmentshall incorporate sing

-failure-

(b

b . AT | A b PR 1
wup 1u1uuus Ul lusc dallyu sdlltly CIdlics VWILID UIluclt

hung trolleys
(c) traveling wall cranes
(d) jib cranes
(e) monorail systems

0

overhead hoists

(g) hoists with integral trolleys
(h) separate underhung trolleys

proof designs and features. The design shall be

such that

any credible failure of a single component will notresultin

the loss of capability to stop and hold a critica

I load.

(b) Type 1B equipment shall incorporate enhanced
safety designs and features. This includes increased

design factors and redundant components that

minimize

the potential for failure that would result in the loss of

capability to stop and hold a critical load.
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Table GR-1.2.1.1-1

Major Enhanced Safety Design Differences for Various Type IA and Type IB Hoist Configurations

Type IA Powered

Type IB Powered

Type IB Powered

Type IB Hand-Chain

Design of Wire Rope Hoists Wire Rope Hoists Chain Hoists Hoists
Hoisting Single-failure-proof No single-failure-proof No single-failure-proof No single-failure-proof
machinery features for hoist features but increased features but increased features but increased

configuration

drivetrain (see
subsection HT-2.2)

design factors (see
subsection HT-3.2)

design factors (see
subsection HT-4.2)

design factors (see
subsection HT-5.2)

Reeving Two separate (redundant)  Single load path with either Single load path providing  Single load path providing
arrangenrent toad-paths—soeitherpath single-or—dottbtereeving trae-verticatHift{see trae—vertieatHift{se
supports the load (see (see para. HT-3.3.1) para. HT-4.3.1) para. HT-5.3.1)
para. HT-2.3.1)
Rope or chain 4:1 (25% of breaking 10:1 (10% of breaking 10:1 (10% of breaking 10:1 (10% of breaking
design factor strength) for each load strength) (see para. strength) (see strength)\(see
path [see para. HT-3.3.3) para. HT-4.3.3) para.\HT-5.3.3)
HT-2.3.3(b)]
Two-bloclkdesign Design accommodates two- Designed to prevent two- Design accommodates two- Desigh accommodates [two-
considefation blocking [see para. blocking with power limit blocking (see blocking (see
HT-2.3(a)] switch (see para. para. HT-4.3.1) para. HT-5.3.1)
HT-3.3.7(a)
Holding bfake Redundant hoist brakes: Redundant hoist holding Redundanthoistbrakes:ione Single brake thatis designed
arranggment either three brakes, two brakes, each designed for holding brake designed for double the load

see

brakes if there is one on
drum, or two brakes if
controlled braking
provided with power off
(see para. HT-2.3.8)

double the load (see
para. HT-3.3.6)

for doublesthedoad and a
second braking means
(see para/HT-4.3.4)

para. HT-5.3.4)

GENERAL INOTE: This Standard does not address Type IA powered chain hoists or Type 1A hand-chain hoists. Such equipment configuratiohs are

not typically considered for use in a nuclear facility.

See Taple GR-1.2.1.1-1 for the major enhanced safety
design djfferences between various Type IA and Type
1B hoist [configurations addressed in this Standard:

All trolleys addressed in this Standard, whether used
with a Type IA hoist or a Type IB hoist, are Type IB'trolleys
with incrjeased design factors.

GR-1.2.1.2 Type Il Equipment. Type\Ilequipment is a
crane, mpnorail, hoist, or trolley not*used in handling a
critical lopd. Design and construetion of Type Il equipment
shall be such that during or-after a seismic event, no
portion pf the equipment will become dislodged in a
way thalt will adversely affect any safety-related
system when such a system is required for unit safety
or could|result im potential off-site exposure in excess
of the limit determined by the purchaser. The crane or
monorail neédynot support the load nor be operational
during ofr after such a seismic event.

GR-1.3 APPLICATIONS

This Standard applies to the design, manufacfure,
testing, inspection, shipment, storage, and erecti¢n of
the cranes, monorails, hoists, and trolleys listed hdrein.
This Standard provides guidance on how to ideptify
the type of crane or monorail system configurdtion
and the appropriate hoist and trolley configuration.

GR-1.4 RESPONSIBILITY

This Standard classifies equipment into three typ¢s, as
noted in para. GR-1.2.1. The classification basis shall be the
equipment location and usage at a nuclear facility.

The owner shall be responsible for determining and
specifying the equipment type. The owner shall al§o be
responsible for determining and specifying the envjron-
mental conditions of service, performance requiremlents,

GR-1.2.1.3 Type lll Equipment. Type IIl equipment is a
crane, hoist, or monorail not used to handle a critical load.
No seismic considerations are necessary and no single
failure-proof features are required. This Standard does
not address Type IIl equipment. This equipment shall
comply with the requirements of general industry stan-
dards.

Type and category of coatings and finishes, and degree of
quality assurance.

Facilities other than nuclear may use this Standard
either in part or in its entirety. Determining the extent
to which this Standard is used is the responsibility of
those referencing it.
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Section GR-2
Environmental Conditions of Service

GR-2.1 GENERAL

The owner shall specify environmental conditions for
equipment operation and storage so that the manufac-
turefr can design the equipment to withstand the
effedts of those conditions.

Where the ability of the equipment to withstand the
envifonmental conditions is limited or unknown, the
manpfacturer shall identify the limitations and lack of
infoymation. The manufacturer shall provide the basis
for afceptance of the equipment in the specified environ-
mentfal conditions.

GR-2.1.1 Clearances

THe crane, monorail, hoist, or trolley design shall
proyide clearance between the equipment and the
building and surrounding obstructions.

(a)) Vertical Clearance. The clearance between the
highest point of a moving crane or monorail component
and the lowest overhead obstruction shall be at least 3-in.
afterjtaking into account variables that affect the elevation
of the overhead structure relative to the equipment,
inclyding, but not limited to, external leads such as
snow and wind.

(b) Horizontal Clearance. The clearance between the
side§ and ends of traveling cranes,yib booms, or hoist
and frolley units and the building columns and other
obstfuctions shall be at least2 in. Measure the clearance
with|the crane centered on(the runway rails and the hoist
and frolley unit centered on the operating flange.

(c] Overall The equipment must clear the obstructions
when operationalvdriables, including but not limited to
maximum wheel\float, crane skew, rail alignment, civil
instqllation télérances, and thermal expansion, are consid-
ered

GR-2.1X2 Hazardous |l ocations

GR-2.2 RADIATION

(a) The owner shall specify the expected acchmulated
radiation dosage exposure to the craneyhoist, mgnorail, or
trolley over the life of the facility.

(b) The manufacturer shall identify components whose
normal life could be reduced by the effects of the|specified
radiation. The manufactur€r/shall provide this list to the
owner.

(c) For components-whose failure due to exposure to
the specified radiation could result in loss of [load, the
manufacturey’ shall

(1) deSigh the components to withstand the speci-
fied radiation, or
(2)videntify the replacement period for thg compo-
nents

{d) The manufacturer shall note where ingufficient
data are available to determine radiation effects on
components and provide recommended inspe¢tion and
replacement strategies to the owner for thes¢ compo-
nents.

(e) The manufacturer shall specify and provide to the
owner the inspection requirements for conjponents
affected by radiation.

GR-2.3 TEMPERATURE AND HUMIDITY

(a) The owner shall specify the following tenjperature
requirements in the area where the crane, hoist, monorail,
or trolley will operate:

(1) maximum operating temperature
(2) minimum operating temperature
(3) ambient temperature for motors
(4) maximum construction temperature
(5) minimum construction temperature
(6) humidity conditions

(b) The manufacturer shall design the crane, hoist,

Cranes, hoists, and trolleys installed in hazardous loca-
tions as defined by NFPA 70 (latest issue) or other special
codes may require modifications or additional safety
precautions not covered by this Standard. The design
of cranes, hoists, and trolleys in hazardous locations
shall meet the requirements for those locations.

monorall, or trolley to withstand the elfects of the speci-
fied temperatures and humidity or shall specify the limita-
tions of the equipment’s design concerning these
conditions.

(c) The manufacturer shall specify the inspection re-
quirements for components affected by temperature
and humidity and shall provide this information to the
owner.
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GR-2.4 PRESSURE

(a) The owner shall specify the following pressure re-
quirements in the area where the crane, hoist, monorail, or
trolley will operate:

(1) normal operating pressure
(2) any test or abnormal event pressures, including
the rate of change of pressures

(b) The manufacturer shall design the crane, hoist,
monorail-e olleyto-withstand-the-effects-of-the-speci
fied pressures or shall specify the limitations of the equip-
ment’s design concerning these pressure conditions.

(c) Where there are changes in pressure, the design
shall include vented enclosures.

(d) Thle manufacturer shall specify the inspection re-
quiremehts for components affected by pressure and
shall proyide this information to the owner.

GR-2.5 CHEMICALS

(a) Spray Systems

(1) Where cranes, hoists, or monorails are subject to
spray systems, the owner shall specify the chemistry of the
spray and any material restrictions of the hoist, crane,
or trolley due to the effects of the spray.
here a corrosive spray is present, the possibi-
lity of hydlrogen generation exists. The manufacturer shall
minimiz¢ the use of exposed aluminum, magnesium,
galvaniz¢d steel, and zinc. If these materials are used,
the manyfacturer shall provide the owner with a list of
affected fomponents, the amounts of the material used;
and the location of each component.

(3) The manufacturer shall design the cranefhoist,
monorail or trolley to withstand the effects of{the speci-
fied spra} and shall not use the specified restricted mate-
rials. B¢fore construction of the equipment, the
manufag¢turer shall specify any limitations of the
design cpncerning the spray conditien and the use of
any restificted materials.

(b) Liquid Immersion

(1) If the hoist load block and wire rope are to be
immersgd in a liquid, ¢he'owner should identify the
immersipn liquid and the manufacturer should select
lubricants and component materials compatible with
the imnjersiofinliquid. The manufacturer should
address fompatibilities between lubricants used in the
manufacfureof wire rope and the immersion liquid.

ASME NUM-1-2023

(2) Designrequirements shall address liquid entrap-
ment in components such as sealed bearings, load blocks,
and the wire rope to prevent degradation of lubricants and
to protect the components from corrosion.

(3) The manufacturer shall lubricate load blocks and
wire ropes that are to be immersed in liquid with a lubri-
cant that meets the specified lubrication requirements.
The manufacturer shall specify any limitations of the
equipment design concerning the water chemistry and
UDIICation TequITements.

(c) Inspection and Maintenance Consideratigns| The
manufacturer shall specify the inspection and majinte-
nance requirements, including the bases for these require-
ments, for components that may be affeected by the oWner-
specified chemicals (spray systems orliquid immergion)
and provide this information to the*owner.

GR-2.6 WIND

The manufacturer shall-design the crane, hoist, njono-
rail, or trolley to operate under any specified operpting
wind conditions.

The manufacturer shall design the crane, hoist, njono-
rail, or trolleyto withstand the effects of specified sfored
wind conditions or tornado wind conditions while stogwed.

GR-2:7" SEISMIC CONDITIONS

fa) The owner shall specify the SSE parameterg for
Type I and Type Il equipment.
(b) The manufacturer shall design Type I and Type II
equipment to withstand the effects of the seismic cpndi-
tions specified in Parts CM and HT.

GR-2.8 DRAINAGE

When required by environmental conditions) box
sections shall include drain holes to prevent moigture
from accumulating. Where internal full-depth diaphragms
extend from the top flange to the bottom flange, the
compartment formed by a pair of diaphragms phall
include drain holes. The design shall include Holes
provided in the bottom flange of the box girdef for
draining each compartment formed by the diaphragms
within the whole box girder.
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Section GR-3
Performance Requirements

PART GR, GENERAL REQUIREMENTS

.1 GENERAL

This Section addresses performance requirements
pe I and Type Il equipment. The owner may supple-
these requirements to define special performance
rements for a specific nuclear facility.

The owner shall specify the service class, capacity,
s, and dimensions required of the Type I and Type II
ipment.

.2 SERVICE CLASS

e owner shall specify the crane, monorail, or hoist
ce class necessary to meet the application. The
r shall state any specific requirements deviating
the selected service class description.

.2.1 Crane and Monorail Service Class

le GR-3.2.1-1 lists the service classes for cranes and
rails excluding the hoist and hoists with integkal

y.

.2.2 Electrically Operated Hoist Service Class

hoists.

.2.3 Air-Operated Hoist Service Class

le GR-3.2.3-1 lists the-service classes for air-oper-
air-powered hoistss

GR-3.3 EQUIPMENT CAPACITY
(a) Equipmentcapacity is the maximum rated load that
the equipment handles. The owner shall specify the equip-

menf capacity.

(b) Ifmore than one trolley hoist will or may.o
a crane bridge or monorail, the owner shall sy
crane bridge or monorail that will handle
severe loading conditions.

GR-3.4 OPERATIONAL CHARACTERISTICS
GR-3.4.1 Speeds

The owner shall speeify the operational spee
crane, trolley, and<electric- and air-operated hoi
speeds depend ow'the nature of the load, load cl
weight of lead; position of the operator, load pd
accuracysand type of drive. The selected speeds s

perate on
ecify the
he most

ds of the
ts. These
parances,
sitioning
hall allow

for controlled handling of the equipment and the load.

(aj-Table GR-3.4.1-1 provides suggested n
operating speeds for electric wire rope hoists.

(b) Table GR-3.4.1-2 provides suggested n
speeds for air hoists.

(c) Table GR-3.4.1-3 provides suggested @
speeds for crane bridges and trolleys.

(d) Table GR-3.4.1-4 provides suggested d
speeds for electric chain hoists.

(e) The suggested maximum jib rotation spe
rpm to 1.0 rpm.

GR-3.4.2 Hoist Hand-Chain Pull and Ove
Characteristics

Table GR-3.4.2-1 provides the typical hoist hs
pull and overhaul characteristics. The owner sh
that the characteristics for the selected hoist ar
for the application

GR-3.5 VERTICAL LIFT CONSIDERATIONS

The owner shall determine and specify whe

laximum
laximum
perating
perating

ed is 0.5

rhaul

nd-chain
all verify
b suitable

ther true

vertical lift is required.
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Table GR-3.2.1-1
Service Classes for Cranes and Monorails

Service Conditions

Lift
Frequency/ Average Lift Average Load

Class Service Class hr Height, ft Capacity Typical Operating Conditions
A Infrequent or 1 or fewer Full Range No restriction Precision handling at slow speed; long idle periods
standby
Light 2-5 10 No restriction Generally slow operation
C Mdderate 5-10 15 Not more than ~ No more than half the lifts at rated capacity
50%
Hepvy 10-20 15 50%-75% General fast operation; no more than 65% at pated’ capdcity
Seyere 20 or more  No restriction  75%-90%
F Coptinuous 20 or more  No restriction No restriction Service conditions are severe; may includée.custom-designed
evere specialty cranes for critical tasks
Table GR-3.2.2-1
Service Classes for Electrically Operated Hoists
Operational Time)Ratings at k = 0.65 [Note (1)]
Uniformly Distributed Work
Periods Infrequent Work Peridds
Maximum
Maximum Maximum On Time, Maximujm
On Time, Number of Cold Start, Number|of
Class Service Conditions min, (%.hr) Starts/hr min Starts/Rhr
H1 Copstruction and maintenance use; frequentrated load; idle for 7.5 (12.5) 75 15 100
| -6 months between periods of operation
H2 Rapdom load distribution; rated loads infrequent 7.5 (12.5) 75 15 100
H3 Rahdom load distribution 15 (25) 150 30 200
H4 High volume of heavy loads; manual or automatic cyeling of 30 (50) 300 30 300
ighter loads; infrequent near-capacity loads
H5 Approaches continuous operations; user shall specify exact 60 (100) 600 N/A N/A [Note|(2)]
etails of operation, including weight ofiattachments [Note (2)]
NOTES:
(1) k = m¢an effective load factor.
(2) N/A =|not applicable since there are-no infrequent work periods in Class H5 service.
Table GR-3.2.3-1
Service Classes for Air-Operated
Wire Rope and Chain Hoists
Class Service Conditions
A4 450% rated load up to continuous runtime
gr
o000, tadl 2| £ C00, i
o-rated-toad—tp-t o—FHHTEHR
A5 Typically >50% rated load with >50% runtime



https://asmenormdoc.com/api2/?name=ASME NUM-1 2023.pdf

ASME NUM-1-2023

Table GR-3.4.1-1
Recommended Electric Wire Rope Hoist Speeds

PART GR, GENERAL REQUIREMENTS

Table GR-3.4.1-4
Recommended Electric Chain Hoist Speeds

Rated Load,

Hoist Duty Class and Hoist Speed, ft/min

Rated Load, ton [Note (1)] Chain, ft/min

ton [Note (1)] H1 and H2 H3 H4 Ye 16-64

<3 10-15 12-30 25-50 Yito 1 7-64

3-5 10-15 12-30 20-40 1% to 3 4-40

>5-7.5 10-15 12-25 15-30 >3 4-24

>7.5-10 7-10 10-20 15-30 NOTE: (1) Ton = 2,000 Ib.

>10-15 7-10 TO-15 TO-20

>15-20 5-10 10-15 10-15

>20-80 5-10 8-15 10-15

>30-40 4-8 6-12 6-12 Table GR-3.4.2-1

~40 4-8 5-10 5.10 Typical Hoist Hand-Chain Pull

and Overhaul Characteristics

GENERAL NOTES:

(a) Fpr class H5 units, speeds can be determined only after the quan- Hand-Chain|Overhaul
tity of material to be handled and the time allotted to complete the Hand-Chain Pall Force to Lift Lopd 1 ft
work have been established. [Note {2)}, 1b [Note (4)], Ib

(b) Fpr trolleys of an I-beam hoist unit, it is recommended to use a Rated Load, Separate Integral Separate Integral
trolley in Table GR-3.4.1-3, where hoist classes H1, H2, H3, H4, ton From With From With
and H5 are basically equivalent to the crane and monorail classes, [Note (1)] Trolley Trolley Trolley Trolley
A B, C D, andE. Up to 025 _<15-50 15-25 10-50 25-25

NOTH: (1) Ton = 2,000 lb. >0.25 to 0.5 20-65 25-50 15-60 20-60

>0.5 to.d 45-85 45-70 25-60 30-55
>1 t61.50 40-105 40-80 35-90 40-85
Table GR-3.4.1-2 >1(5;to 2 55-115 55-95 40-80 50-85
Recommended Air Hoist Speeds #2to3 40-110 40-85 65-180 60-175
>3 to 4 55-140 55-95 70-180 100-175
Rated Load, ton [Note (1)] Wire Rope, ft/min Chain, ft/min s4t05 45-105 50-80 125-260 155-250
<3 20 19 >51t0 6 55-140 60-95 125-260  [|155-250
3-5 18 10 >6 to 8 45-165 45-90 130-500 220-500
>5-10 18 5 >8 to 10 55-135 55-100 210-500  [255-500
>10-20 10 >10 to 12 60-175 65-105 105-500  [175-500
NOTH: (1) Ton = 2,000 lb. >12 to 16 70-180 65-95 230-710 230-710
>16 to 20 70-190 89-90 290-770 290-760
>20 to 24 100-205 100-110 350-770 350-760
>24 to 25 90-165 345-420
Table GR;3.4.1-3 >25 to 30 90-120 380-510
Recommended Crane Bridge and Trolley Speeds 230 to 40 g5_135 460-770
Bridge and Trolley Speed, ft/min >40 110-135 460-770
Rated Load, ton [Note(1)] ClassesAandB ClassC Class D GENERAL NOTE: This table indicates the characteristiqs of hoists
0-10 10-15 12-30  25-50 generally available. Those values including a dash (elg., 15-50)
>10520 10-15 12-30  20-40 denote typical ranges.
=720-50 4-8 5-10 5-10 NOTES:

GENERAE-NOFE—For-ChassE-umits-speeds-cambe-determimed-onty—— (-1 Lon = 2,000 Ib. — :

(2) Standard lifts are 8 ft, 0 in. Weights are predicated on standard

after the quantity of material to be handled and the time allotted to
complete the work have been established.

NOTE: (1) Ton = 2,000 Ib.

3)

lifts. Other lifts are available. The corresponding hand-chain drop
is normally 2 ft, 0 in. less than the reach.

Values refer to each hand chain when two or more hand chains are
required.
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Section GR-4
Coatings and Finishes

GR-4.1 COATING SERVICE LEVELS

The owner shall specify coating service Level I or Level

IT as defihed below.
(a) Coating service Level I is for use in areas where
coating fpilure could adversely affect the operation of

post-accifent fluid systems and thereby impair safe shut-
down. With few exceptions, coating service Level I applies
to coatipgs inside a nuclear power plant’s primary
containmnjent.

(b) Copting service Level II is for use in areas where
coating fdilure could impair, but not prevent, normal oper-
ating performance. The function of coating service Level I
coatings |s to provide corrosion protection and facilitate
decontamination in those areas outside primary contain-
ment subject to radiation exposure and radionuclide
contamination. Coating service Level II also applies to
coatings [in non-radiation areas.

GR-4.2 SPECIFIC REQUIREMENTS FOR COATING
SERVICE LEVELS

GR-4.2.]1 Requirements for Coating Service Level |

(a) Coting requirements for coating service Level |
shall be ih accordance with ASTM D51444which requires
a quality|assurance program.

(b) Inppection and testing of coatings for coating
service Level I shall be in accordance with ASTM D5144.

(c) Thg owner shall specify.specific coating inspections
dependent upon the coating\system used. Refer to ASTM
D5161 fof selecting and specifying appropriate inspection
requirenjents.

GR-4.2.2 Requirements for Coating Service Levelll

(a) Thie owtier shall specify coating requirements for
coating sg¢rvice Level II. The owner may invoke applicable

GR-4.2.3 Additional Requirements Applicabl¢ to
AUl Coatings

The following paragraphs describe additional reqpuire-
ments for coatings and finishes:
(a) Ifnotspecified by the owner,themanufacturerfshall
determine the type of coating to meet the specified epvir-
onmental conditions of servieedand coating service Jevel.
Specifically, the selected cpatings shall be suitable fof any
specified radiation, temperature, and chemical immefsion
or chemical spray environment.
(b) Welding through coatings shall not be allqwed
unless
(1) the eoating system is specifically designed and
formulated as a weldable system, and
(2) the coating manufacturer provides documenta-
tion,to“attest to this capability

The owner shall approve the use of these coatings.
(c) Before assembly, the manufacturer shall |coat
surfaces exposed to the environment that will be inafces-
sible after assembly, such as wheel wells and hubs|
(d) Coating of interior or enclosed surfaces of the
equipment, such as inside a welded box section, i$ not
required unless specified by the owner.
(e) The manufacturer shall not apply the spedified
coating system to friction-type joints joined by high-
strength bolts. The manufacturer may coat these surfaces
with organic or inorganic zinc coating systems not prohib-
ited by subsection GR-2.5.
(f) For shipping and storage, the manufacturer [shall
protect machined mating surfaces and other surfaces
not normally protected by the specified coating syptem
(such as hooks, hook nuts, wheel treads, rails, ggars,
shafts, pinions, couplings, drum grooves, shgave
grooves, and brake wheels) with an appropriate preser-
vative.
(1) The manufacturer shall specify which pres¢rva-

sections of ASTM D5144.

(b) Quality assurance requirements for coating service
Level II shall only apply as specified by the owner.

(c) Inspection and testing requirements for coating
service Level II shall only apply as specified by the owner.

tives the owner must remove for proper operation of the
equipment.

(2) The owner may remove other preservatives after
installation of the equipment.

(g9) The manufacturer shall not force-cure or force-dry
the coating system unless recommended by the coating
manufacturer.

(h) Fillers, sealants, and caulking compounds shall be
compatible with the coating system.
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(i) The manufacturer may furnish finished components
with conventional coatings unless otherwise specified by
the owner. Examples of such finished components include
motors, brakes, gear reducers, limit switches, electrical
dials and gauges, control enclosures, brake rectifier cabi-
nets, control masters, safety switches, auxiliary heaters,
push-button stations, transformers, manual magnetic
disconnects, light fixtures, reactors, resistor banks,
protective guards, cross-shaft bearing blocks, unitized

PART GR, GENERAL REQUIREMENTS

(m) The manufacturer shall remove surface contami-
nants such as grease and oil detected after blasting to
produce the surface conditions required by the appro-
priate Steel Structures Painting Council (SSPC) surface
preparation.

(1) If there is visible deterioration of the surface
beyond the specified SSPC preparation, the manufacturer
shall prepare the surface again.

(2) The manufacturer shall prepare surfaces using

hoist S, INterior of control CaBll’leES, festoon Erolley cable the orlglnal preparaflon meEliods, excepE n_small areas

spacpr systems, cab interiors, and radio control equip-
ment.

(j)| For coating service Level I applications, the equip-
menf manufacturer shall supply the estimated surface
area|of exposed parts provided with conventional coat-
ings.

(k) The manufacturer shall preventalllabels and name-
platds affixed to components from being obscured during
the qoating process.

(I} The manufacturer shall supply items such as
fast¢ners and conduits with the specified coating
system, either galvanized or plated. Galvanizing or
plating shall be subject to the requirements of
subsection GR-2.5. When specifically requested by the
owner, the manufacturer shall provide a list of galvanized
or plated parts.

requiring repair or touch up in which conyentional
blasting is not desirable. These areas may) be prepared
the second time by one of the following methods,
listed in descending order of effectiveness:

(-a) Vacuum blastto cleanatrabrasive finjsh with a
minimum 2.0 mm profile. The minimum blasting air pres-
sure shall be 50 psi at the’ blasting nozzle.

(-b) Clean the surface using a grinding wheel,
sanding disk, or otHer device to provide a hinimum
2.0 mm profile in;aceordance with SSPC SP-3. The manu-
facturer should use a needle gun to roughen thie surface
after grindingy

(-¢),"Hand-sand or wire-brush the surfacejto obtain
as clean a surface as possible in accordance with SSPC
SP-2.
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Section GR-5
Quality Assurance

GR-5.1 REQUIREMENTS

GR-5.1.1 Type | Equipment
(a) T

quality assurance program of the manufacturer

from sugpliers of structural, mechanical, and electrical
compongnts used on Type I equipment in addition to
those lisked in Table CM-2.1.5.1-2 and the applicable
table of Part HT, as noted below.
(1) Trable HT-2.9.1-1 for Type IA powered wire rope
hoists
(2) Trable HT-3.8.1-1 for Type IB powered wire rope
hoists
(3)
hoists
(4) Table HT-5.6.1-1 for Type IB hand-chain hoists
(5) TFable HT-6.6.1-1 for Type IBindependent or inte=
gral undg¢r-running trolleys

able HT-4.8.1-1 for Type IB powered chain

GR-5.1.

(a) Thie quality assurance program of the'manufacturer
of Type Ilequipment shall meet ASME NQA=*1 or shall meet
the qualfty assurance requirements Specified by the

Type Il Equipment

GR-5.

The owner shall define, in its purchase documents, the
requirements for the collection, storage, and maintenance
of documentation applicable to procurement, design,
manufacture, shipment, receipt, storage, installation,
and startup of cranes covered by this Standard. The
owner’s quality assurance program shall define which
of these quality assurance documents are permanent
records.

10

Paragraph GR-5.2.2 provides additional recommgnda-
tions for quality documentation the owner niay ‘fequire.
As a minimum, the following documentation shdll be
included in the owner’s purchase decuments fdr all
cranes:
(a) Design and Manufacturing Doeumentation
(1) assembly and outline-drawings
(2) electrical schematicsyarid wiring diagrams
(3) system calculatients (mechanical, elect]
structural)
(4) acceptance test plans and procedures
(5) softwareltest plans for controls
(6) operating instructions
(7) maintenance instructions
(8) (software programs
(b) Anstallation Documentation
{1) records of high-strength bolt torquing
(2) data sheets or logs on equipment installgtion,
inspection, and alignment
(3) lubrication records
(4) documentation of testing performed after iy
lation and prior to equipment acceptance
(5) results of end-to-end electrical tests
(6) final system adjustment data
(7) acceptance test plan, procedures, and resuylts
(8) load test
(9) load summary reports

ical,

stal-

GR-5.2.1 Recommendation for the Manufactyrer

The manufacturer should establish a system fof the
collection and temporary storage of records recqived
and generated during the design, manufacture, and phip-
ment of the equipment. The manufacturer should sybmit
these records to the owner or to the owner’s desigrnated

representative.

ords
and

Submitted to the Owner for Design
Manufacture

In addition to the minimum documentation listed in
subsection GR-5.2, the owner may request the following
additional records from the manufacturer:

(a) as-built drawings, including a complete list of
equipment and material.

(b) suppler deviation requests and approvals.
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(c) shop no-load test report for the crane or hoist.

(d) software test plans for controls.

(e) control logic diagrams.

(f) hard copy and soft copy with license of installed
programmable logic controller (PLC) software and
programs.

(g) National Electrical Manufacturers Association
(NEMA) routine test reports for hoist motors.

(h) material test reports per Tables CM-2.1.5.1-2,

PART GR, GENERAL REQUIREMENTS

GR-5.2.4 Recommendation for the Constructor
and Erector

The owner may specify that the constructor organiza-
tion and erector organization establish a system for the
collection, storage, and submittal of quality assurance
records to the owner. The owner may specify submittal
of the following records:

(a) records of high-strength bolt torquing

[h) NDE ranartc and nreacqo durac
HT-I9.1-1, HT-3.8.1-1, HI-4.8.1-1, HI-5.6.1-1, and TP PR EPOseRETPrOCERaes
HT-d.6.1-1 (c) weld repair procedures and results
(i] nondestructive examination (NDE) reports per (d) weld fit-up reports

Tablps CM-2.1.5.1-2, HT-2.9.1-1, HT-3.8.1-1, HT-4.8.1-1,

HT-§.6.1-1, and HT-6.6.1-1.
(j] radiographic film per tables per Tables
CM-p.1.5.1-2, HT-2.9.1-1, HT-3.8.1-1, HT-4.8.1-1,

HT-§.6.1-1, and HT-6.6.1-1.

(k) certificates of conformance per Table CM-2.1.5.1-1.

()] welding procedures and welder certificates.

(m) weld filler material certificates of conformance,
inclyding heat or lot numbers.

(n) fastener material for structural connection material
test feports.

(o] breaking strength report for each hoist wire rope.

(p)} breaking strength report for each hoist load chain.

(q) hook load test reports.

(r] operating instructions outlining the step-by-step
procedures for system start-up, operation, and shutdown.
Instrjuctions should include a brief description of all equip+
menf and its basic operating features and control philo-
sophiy.

(s] maintenance instructions listing precedures,
posdible breakdowns, repairs, and troubleshooting
guides.

(t] training manuals for operations‘and maintenance.

GR

5.2.3 Recommendation When Using an
Intermediate Storage Facility

THe owner may specifynthat an intermediate storage
facility establishes a systém for the collection, storage,
and [submittal of ‘quality assurance records to the
owner in accordance with ASME NQA-1.

(e) weld location diagrams

(f) welding procedures

(g) welding procedure qualification

(h) welding filler material réports, including
lot numbers

(i) welding material cohtrol procedures

(j) welder qualification

(k) data sheets ‘0r-logs on equipment ins
inspection, and alignment

(1) erection procedures

(m) lubrication records

(n) doeumentation of testing performed afte
tion, and*prior to equipment acceptance

(o) results of end-to-end electrical tests

{p) instrument calibration results, includingt
ment

(q) as-built drawings approved by the owns

(r) field audit reports

(s) field quality assurance manuals and dail

(t) final inspection reports

(u) nonconformance reports

(v) final system adjustment data

(w) acceptance test procedures and results

(x) load test

heat and

allation,

installa-

st equip-

—

 reports

11
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Section GR-6
Definitions

GR-6.1 PEFINITIONS

acceptange criteria: specified limits placed on character-
istics of an item, process, or service defined in codes, stan-
dards, or] other required documents.

auxiliary|girder: a girder arranged parallel to the main
girder fof supporting the platform motor base, operator’s
cab, control panels, etc., to reduce the torsional forces such
load woyld otherwise impose on the main girder.

block, lopd: the assembly of hook or shackle, swivel,
bearing, fheaves, sprockets, pins, and frame suspended
by the hpist rope or load chain. This shall include any
appurtenfances reeved in the hoisting rope or load chain.

brake: a flevice other than a motor used for retarding or
stopping|motion by means of friction or power.

brake, holding: a friction brake for a hoist that is automa-
tically apgplied and prevents motion when power is off.

brake, mgchanical load: an automatic type of friction brake
used for [controlling loads in a lowering direction. This
unidirectional device requires torque from the motor
or handfchain wheel to lower a load but doestnot
impose any additional load on the motor or hand-chain
wheel when lifting a load. This may also be used as a
holding Brake if designed as such by the manufacturer.

brake, pdrking: a brake for bridge and\trolley automati-
cally or thanually applied in an attempt to prevent hori-
zontal mption by restraining wheel'rotation.

braking,|control: a method of controlling speed by
removing energy from thesmoving body or by imparting
energy i} the opposite-direction.

braking, flynamic: aumethod of controlling speed by using
the motdr as a generator, with the energy dissipated in
resistors

braking forque: torque on a drive system created by the

certification: the act of determining, verifying)| and
attesting in writing to the qualifications ofpersohnel,
processes, procedures, or items in accordancewith speci-
fied requirements.

chain, hand: the chain grasped by a.person to apply force
required for lifting or lowering metion.

chain, load: the load-bearing«chain in a hoist.

clearance: the distance frém any part of the crane tp the
point of nearest obstruction.

controller, spring-retturn: a controller that, when relepsed,
will return automatically to a neutral position.

crane: a machine for lifting and lowering a load| and
moving it horizontally, with the hoisting mechanisjn an
integral ‘part of the machine. Cranes, whether fixgd or
mobilej-are driven manually, by power, or a combination
of\ both.

grane, gantry: a crane similar to an overhead craneg that
rigidly supports the bridge that carries the trolley on} two
or more legs running on fixed rails or other runwdy.

crane, jib: a fixed crane, usually mounted on a wdll or
building column, consisting of a rotating horiz¢ntal
boom (either cantilevered or supported by tie rods)
carrying a trolley or hoist.

crane, jib, free-standing pillar: ajib crane that may be base-
mounted or insert-mounted. The jib boom may be fixpd or
have partial or full 360-deg rotation (specified degree of
overlap or continuous) and can be manually or ppwer
operated (see Figure GR-6.2.4-2).

crane, jib, mast-type: a jib crane that may be top-brfced,
under-braced, or fully cantilevered. The jib boom may be
fixed or have partial or full 360-deg rotation (spedified
degree of overlap or continuous) and can be manpally
or power operated (see Figure GR-6.2.4-3).

application of a brake and dynamic motor braking.

camber: the slight upward vertical curve given to bridge
and runway girders to compensate partially for deflection
due to hook load and weight of the crane.

capacity, rated: see load, rated.

carrier: a unit that travels on the bottom flange of a mono-
rail track, jib boom, or bridge girder to transport a load.
Also called trolley.

crane, jib, wall-mounted: a Jib crane that may be top-
braced, under-braced, or full cantilever type. The jib
boom may be fixed or have partial rotation; can be manu-
ally or power operated; and may be a patented shape, a
structural shape, a reinforced patented or structural
shape, or a fabricated section (see Figure GR-6.2.4-1).

crane, top-running, double-girder with top-running trolley:
a crane that has end trucks that operate on fixed rails or
tracks attached to the top flange or surface of runway
girders and that uses a trolley hoist unit or units that


https://asmenormdoc.com/api2/?name=ASME NUM-1 2023.pdf

ASME NUM-1-2023

operate on fixed rails or tracks attached to the top flange or
surface of the bridge girders. See ASME NOG-1 for require-
ments.

crane, top-running, double-girder with underhung trolley: a
crane that has end trucks that operate on fixed rails or
tracks attached to the top flange or surface of runway
girders, and that uses an underhung, trolley-suspended
hoist. Overhead hoists of the underhung type may be
rigidly suspended or trolley-suspended from the bridge

PART GR, GENERAL REQUIREMENTS

drop section: a mechanism that permits a section of track
or tracks to be lifted or lowered out of alignment with the
stationary track or tracks. Also called lift section.

drum: a cylindrical member around which rope is wound
for lifting or lowering the load.

electric baffle: conductors wired to cut off electric power to
approaching motor-driven equipment if track switches,
drop sections, and other movable track devices are not

proberhs set for nassacae of eauinment
| J O 1 | 3

girders. The trolley operates on the bottom flange of
the bridge girders, which may be a patented shape, a struc-
turalshape, a reinforced patented or structural shape, or a
fabricated section (see Figure GR-6.2.2-2).

cran
that

flan
GR-4

b, top-running, single-girder: a crane with end trucks
operate on fixed rails or tracks attached to the top
be or surface of runway girders (see Figure
.2.2-1).

crang, top-running, single-girder, gantry: a crane with both
ends|of the bridge rigidly supported on legs, with the legs
supported on end trucks operating on fixed rails or tracks
(see|Figure GR-6.2.2-4).

b, top-running, single-girder, semi-gantry: a crane with
nd of the bridge supported by an end truck operating
on a fixed rail or track attached to the top flange or surface
of a runway girder. The other end of the bridge is rigidly
supported on aleg, with the leg supported on an end truck
operpting on a fixed rail or track at a different level (see
Figure GR-6.2.2-3).

cranle, traveling wall: a crane with a vertical.frame
supgorted on trucks that operate on tracks orrails by
manjial or powered operation. It also has.a-jib boom
that| can be single or multiple girders_top-braced,
undg¢r-braced, or full cantilever; and is usually fixed
(non-rotating) to the vertical framexThe jib may be a
patented shape, a structural shape, areinforced patented
or sgructural shape, or as/fabricated section (see
Figure GR-6.2.3-1).

crang, underhung: a cranewith a single- or multiple-girder
movpble bridge carsying a movable or fixed hoisting
mechanism and travieling on the lower flanges of an over-
head runway (see:Figures GR-6.2.1-1 through GR-6.2.1-3).

crang, underhiing, semi-gantry: a crane with one end of the
bridge supported by wheels operating on the bottom
flange\of a runway track and the other end of the

cran
one ¢

P
end stop: a device located at the end of the tracktp prevent
the carrier from running off the end of-the trafgk.

d wheels
Vs move-

end truck: an assembly consisting of the frame ar
that supports the crane girder or girdérs and allo
ment along the runway.

equalizer: a device that compensates for unequal
stretch of a rope or chain:

length or

b transfer
trolley or
ked.

a bridge

fork: a mechanical deVice for use on interlockin
equipment to mechanically prevent passage of a
carrier when the elements are not securely log

gantry leg: ghé.structural member that supports
girder or énd tie from the sill.

girder:the principal horizontal beam of the cra
supperting the trolley that is supported by en

he bridge
| trucks.

hand-chain drop: the distance to the lowest po|nt of the

hand chain measured from a known reference

hand-chain overhaul: the number of feet the hqnd chain

must travel to raise the load hook 1 ft.

hand-chain pull: the average force measured i
exerted by the operator on the hoist hand ch
the rated load.

I pounds
in to lift

hanger rod: steel rods that are used together with other
fittings to suspend the track from the supporting struc-
ture.

hazardous locations: locations where fire or d
hazards may exist. Locations are classified d¢pending
on the properties of the flammable vapors| liquids,
gases, or combustible dusts or fibers present and the like-
lihood that a flammable or combustible concenfration or
quantity is present (see NFPA 70).

xplosion

headroom: the distance measured with the load Hook at its
upper limit of travel from the saddle of the load hpok to the
position listed in (a) through (e) as appropriatle.

bridge rigidly supported on a leg, with the leg supported
onatop running end truck operating on a fixed rail or track
(see Figure GR-6.2.1-4).

cross shaft: the shaft extending across the bridge, used to
transmit torque from motor to bridge drive wheels.

deflection: displacement due to bending or twisting in a
vertical or lateral plane caused by the imposed live and
dead loads.

13

(a) saddle of the top hook for hook-suspended hoists

(b) centerline of the suspension holes for lug-
suspended hoists

(c) bottom of the beam for trolley-suspended hoists

(d) supporting surface for base-mounted and deck-
mounted hoists

(e) uppermost point of hoist for wall-mounted and
ceiling-mounted hoists
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hoist: a machinery unit that is used for lifting or lowering a
freely suspended (unguided) load.

hoist, air-operated chain: an air-powered hoist using chain
as the lifting medium (see Figure GR-6.2.7-5).

hoist, air-operated wire rope: an air-powered hoist using
wire rope as the lifting medium (see Figure GR-6.2.7-4).

hoist, auxiliary: supplemental hoisting unit usually of
lighter capacity and higher speed than the main hoist.

ASME NUM-1-2023

lifts shall be used in the calculations to determine the cred-
ible critical load to be considered for the crane in the crane
design load combinations that include seismic loadings.
The owner shall specify the credible critical load.

load, critical: any lifted load whose uncontrolled move-
ment or release could adversely affect any safety-
related system when such a system is required for unit
safety or could result in potential off-site exposure in
excess of the limit determined by the owner.

hoist, elegtric chain: an electric-powered hoist using chain
as the liffing medium (see Figure GR-6.2.7-3).

hoist, ele
wire rop

hoist, hagpd-chain: a suspended machinery unit used for
lifting or] lowering a freely suspended (unguided) load
by use off a hand-chain manual operation (see Figure
GR-6.2.742).

hoist, underhung: trolley hoists or hoists suspended from
trolleys tfaveling on the lower flanges of beams or similar
hoists that are hook- or lug-suspended.

Ctric wire rope: an electric-powered hoist using
b as the lifting medium (see Figure GR-6.2.7-1).

roach: the minimum horizontal distance between
r of the runway rail and the hook.

hook app
the centd

hook latc
opening

h: amechanical device to close (bridge) the throat
bf a hook.

1: examination or measurement to verify that an
ctivity conforms to specified requirements.

inspectio
item or 3

interlocKing mechanism: a mechanical device to lock
together[the adjacent ends of two cranes or a crane,to
afixed transfer section or spur track to permit the tradsfer
of carriefs from one crane or track to the other,

L10 bearfng life: the minimum expected life,.in"hours, of
90% of g group of bearings that are operated at a given
speed and loading.

lift: the mfaximum safe vertical distance-through which the
hook, mafgnet, or bucket can move-between its upper and
lower linpits of travel.

lift sectiop: see drop section.

lift, true pertical: lift in“which the load hook travels in a
vertical path with neherizontal displacement between the
lower linpit of liffvand the upper limit of lift.

load: the
hook.

total'superimposed weight on the load block or

load, dead (DL): the weight of all effective parts*of the
bridge structure, machinery parts, and fixed ;equipment
supported by the structure.

load,
nag-
hting

load hang-up: the event in which the load.block or the
or both, stops during hoisting or travetsing due to 3
ging or entanglement with heavy orfixed objects, cre
a sudden and potentially severe overload.

load hook: the hook used to‘cemnnect the load to the hoist.

and
load,
brab,

load, lifted: the combinatiefi of the weight of the load
the lifting devices used\for handling and holding the
such as the load block; lifting beam, bucket, magnet,

and other supplemiental devices.

load, live: aload that moves relative to the structure under
consideration.

load, rated: the maximum load designated by the njanu-
facturer or qualified person for which the equipmgnt is
designed and built. Also called rated capacity.

load, seismic lifted: the maximum lifted load unde} the
evaluated seismic conditions where the crane or monlorail
structure and hoist and trolley unit must remain in glace.
This lifted load is not a critical load; therefore, retajning
the load itself is not required during the seismic eyent.

load, trolley: the weight of the trolley and the equipment

attached to the trolley.
with
d on

load, wheel: the load, without impact, on any wheel
the trolley and lifted load (rated capacity) positiong
the bridge to give maximum loading.

manufacturer: one who constructs or fabricates an itgm to

meet prescribed design requirements.

monorail: a single run of overhead track on which trdlleys
travel, including curves, switches, transfer devices, ar}d lift
and drop sections.

monorail system: a machine for lifting and lowering ajload

load-carrying part: any part of the equipment for which
the load on the hook influences induced stress.

load chain: the load suspension chain in the hoist
consisting of a series of interwoven links that are
formed and welded.

load, credible critical: combinations of lifted loads and
plant seismic events that have probabilities of occurrence
equal to or more than 10™” times per calendar year. The
critical loads handled by the crane and their durations of
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and moving it horizontally, suspended from a single track

(see Figures GR-6.2.5-1 through GR-6.2.5-6).

non-coasting mechanical drive: a drive that results in
decelerating a trolley or bridge when power is not avail-
able. The braking effort will be established automatically
when power to the drive is interrupted.

nondestructive examination (NDE): methods for deter-
mining the integrity of structural materials without physi-
cally damaging the material; methods of inspection
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include visual, radiographic, ultrasonic, magnetic particle,
and liquid penetrant.

normal walking speed: a walking speed assumed to be 150
ft/min.

overload: any load greater than the rated load.

owner: the organization legally responsible for the

construction or operation, or both, of a nuclear facility
including, but not limited to, one who has applied for

PART GR, GENERAL REQUIREMENTS

single failure-proof features: those features that are
included in the crane design such that any credible
failure of a single component will not result in the loss
of capability to stop and hold the critical load within
facility-acceptable excursion limits.

slew drive: the mechanism (including motor and gearing)
used to rotate a jib boom about a vertical axis.

span: the horizontal distance, center-to-center, between

FURSALSA L Fails
J

or bfen granted a construction permit or operating
licenfse by the regulatory authority having lawful jurisdic-
tion.

part§: number of lines of hoisting rope or chain supporting
the lpad block or hook. Also called lines.

pushtbutton station: an electrical control device consisting
of pysh-button-operated contacts in an enclosure used by
the gperator to control the powered motions of the crane,
carrier, hoist, and other auxiliary equipment.

quallfied person: a person who, by possession of a recog-
nized degree in an applicable field or certificate of profes-
siongl standing, or by extensive knowledge, training, and
expefrience, has successfully demonstrated the ability to
solve or resolve problems relating to the subject matter

and work.

qual
essa

ty assurance: all planned and systematic actions nec-
'y to provide adequate confidence that a structure,

system, or component will perform satisfactorily in
service.
rail §weep: a device attached to the crane and located in

fron
obst

of the crane’s leading wheels to push aside loose
ructions.

reach: the distance from the saddle of the load hook at its
lowdr limit of lift to the upper point\ef the headroom
meagurement. Reach is equal to lift plus headroom.

reeving: a system in which a rope-er chain travels around
drums, sheaves, or sprockets:

runway: an assembly of rdils, beams, girders, brackets, and
framework on whichhe crane travels.

run
para

ay conductorshthe main conductors mounted on or
lel to thesrunway that supply current to the crane.

safety lug: a\meéchanical device fixed securely to the end
truck onrolley yoke that limits the fall of the crane or
carrier\in case of wheel or axle failure.

sprocket, load: a hoist component that transmits’notion to
the load chain. Other names for this component are load
wheel, load sheave, pocket wheel, or chaifl whegl.

static control: a method of switching electricdl circuits
without the use of contacts.

switch: a device for making,breaking, or changing connec-
tions in an electric or pnetmatic circuit (valve).

switch, cross-track: a track switch containing ong straight
section of track, pivotéd at the center, that can he rotated
to align it with other crossing tracks to allow passpge of the
carrier through the junction without changing the direc-
tion of the carrier motion.

switchytrack: a device with a moving section of frack that
can‘be’moved to permit passage of a carrier from one
ineoming fixed track to one outgoing fixed tragk.

1 to lift or
chadoor

track opener: a section of monorail track arrange
swing out of line to make an opening through wh
may pass.

tractor drive: a motor-driven unit supported by wheels
and propelled by drive wheel or wheels bearipg on the
underside of the track.

ism that
monorail

trolley: the unit carrying the hoisting mechar
travels on the bridge rails or bottom flange of a
track or bridge girder to transport the load.

trolley: the unit that travels on the lower or uppef flange of
the bridge girder and carries the hoist. Also callgd carrier.

trolley, underrunning: a trolley that is suspended from the
underside of one or more girders; it may be intpgral to a
hoist or furnished as a separate unit to which g hoist or
load could be attached.

truck: a unit consisting of a crane, wheels, beaifings, and
axles that supports the bridge girders, the end fies of an
overhead crane, or the sill of a gantry crane.

shall: a word indicating a requirement.

sheave: a wheel or pulley used with a rope or chain to
change direction and point of application of a pulling force.

sheave, running: a sheave that rotates as the load block
raises or lowers.

should: a word indicating a recommendation.
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two-blocking: the act of hoisting beyond the intended
upper limit in which the load block comes into physical
contact with the head block (upper block) or its
supporting structure, preventing further upward move-
ment of the load block and creating a sudden and poten-
tially severe overload.

Type I equipment: a crane, monorail, or hoist used to
handle a critical load. The design and construction of
Type I equipment is such that it will remain in place
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and support the critical load during and after a seismic
event but does not have to be operational after this
event. The design of Type I equipment shall include
either single failure-proof features (Type IA) or enhanced
safety features (Type IB).

Type IA equipment: a Type I crane, monorail, or hoist that
includes single failure-proof features so that any credible
failure of a single component will not result in the loss of
capability to stop and hold the critical load.

ASME NUM-1-2023

(d) top-running single-girder gantry crane (see
Figure GR-6.2.2-4)

GR-6.2.3 Traveling Wall Cranes

Traveling wall cranes may have single- or multiple-
girder booms.

On single-girder booms, overhead hoists of the under-
hung type may be rigidly suspended or trolley-suspended
from the jib boom. If the trolley is suspended, the trolley

Type IB efjuipment: a Type I crane, monorail, or hoist with
enhancefl safety features, including increased design
factors and redundant components that minimize the
potential for failure that would result in the loss of
capability to stop and hold the critical load.

Type Il equipment: a crane, hoist, or monorail not used to
handle a ¢ritical load. The design and construction of Type
II equipnpent is such that it will remain in place during a
seismic gvent; however, the crane need not support the
load nor |be operational during and after such an event.
Single faflure-proof features are not required.

Type 11l equipment: a crane, hoist, or monorail not used to
handle acritical load; no seismic considerations are nec-
essary, ahd no single failure-proof features are required.

upper block: a fixed block located on a trolley that, through
a system|of sheaves, bearings, pins, and frames, supports
the load plock and its load.

GR-6.2 FIGURES OF CRANES

GR-6.2.1 Underhung Cranes

Underhung cranes may be single or multipl€ girder.

(a) uderhung single-girder crane (se€ Figure
GR-6.2.141)

(b) urlderhung multiple-girder crane (see Figures
GR-6.2.1{2 and GR-6.2.1-3)

(c) underhung semi-gantry trane (see Figure
GR-6.2.1{4)

GR-6.2.2 Top-Running Cranes

Top-rynning cranesshave overhead hoists of the under-
hung tyge that may be rigidly suspended or trolley-
suspendgd from thie bridge girders. The trolley operates
on the bofttorrflange of the bridge girders, which may be a
patented|shape, structural shape, reinforced patented or

will operate on the bottom flange of the jib boom,

On multiple-girder booms, overhead hoists, of the
underhung type may be rigidly suspended)or trdlley-
suspended from the jib boom girders. Ifithe trolley is
suspended, the trolley may operateron the boftom
flange of the boom girders or on fixed rails or frack
attached to the top flange or<surface of the bjoom
girders (see Figure GR-6.2.3-1)

GR-6.2.4 Jib Cranes

Jib cranes may have overhead hoists of the underhung
type that may be{igidly suspended or trolley-suspepded
from the jib bgom. If trolley-suspended, the trolley will
operate on.thé bottom flange of the jib boom.

(a) wall-mounted jib cranes (see Figure GR-6.2.4

(b) freestanding pillar jib cranes (see Fi
GR:6:2.4-2)

(c) mast-type jib cranes (see Figure GR-6.2.4-3)

-1)
bure

GR-6.2.5 Monorail Systems

Monorail systems incorporate single-track mongd
and include curves, switches, transfer devices, lif§ and
drop sections, and associated equipment [see
Figures GR-6.2.5-1 through GR-6.2.5-6). Equipient
installed on these monorails may be manually operpted,
power-operated, or operate automatically. Operation may
be controlled from the floor, a cab, a pulpit, or remgtely.
For monorail systems, the trolley operates on the bottom
flange of the track. The monorail track may be a patgnted
shape, structural shape, reinforced patented or strudtural
shape, or fabricated section.

rails

GR-6.2.6 Under-Running Trolleys

Under-running trolleys may be suspended from
multiple girders or a single girder. Trolleys may be
either integral with a hoist or furnished as sepqrate

structural shape, or fabricated section.

(a) top-running single-girder crane (see Figure
GR-6.2.2-1)

(b) top-running double-girder crane (see Figure
GR-6.2.2-2)

(c) top-running single-girder semi-gantry crane (see
Figure GR-6.2.2-3)
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units to which a hoist or load could be attached (see
Figure GR-6.2.6-1).

(a) plain (push) type

(b) hand-chain-operated

(c) motor-operated
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GR-6.2.7 Overhead Hoists

Overhead hoists fall into one of the following five cate-
gories:

(a) electric wire rope hoist (see Figure GR-6.2.7-1)

(b) hand-chain hoist (see Figure GR-6.2.7-2)

(c) electric chain hoist (see Figure GR-6.2.7-3)

(d) air-operated wire rope hoist (see Figure
GR-6.2.7-4)

(e) niv-nppr:\fnr‘ chain haoist (cpn Fignrn GR-62 7-"{)

PART GR, GENERAL REQUIREMENTS

(b) Hand-chain hoists use one of the following suspen-
sion types. See Figure GR-6.2.7.1-2.
(1) clevis
(2) hook
(3) trolley
(c) Both electric- and air-operated chain hoists use one
of the following suspension types. See Figure GR-6.2.7.1-3.
(1) hook or clevis

(2) lug

GR-6.2.7.1 Hoist Suspension Types. Hoists suspension
vari¢s based on the type of hoist and application. The
suspgnsion types listed below are typical for the applica-
tion flisted.

(a) Both electric- and air-operated wire rope hoists use
one [of the following suspension types. See Figure
GR-4.2.7.1-1.

(1) lug

2) hook

3) trolley

(4) base- or deck-mounted
(5) wall-mounted

(6) ceiling-mounted

Figure GR<6.2.1-1
Underhung Singte-Girder Crane

/Crane bridge

[3) Trolley

L] |

Carrier stop——"g

unway

V///4

Ve

'm', l"
[
|
|
Push-button station / F'
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Figure GR-6.2.1-2
Underhung Double-Girder Crane With Underhung Trolley

/ Crane bridge
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Figure GR-6.2.1-3
Underhung Double-Girder Crane With Top-Running Trolley

Crane bridge
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\ Runway ~)\

=
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Figure GR-6.2.1-4
Underhung Single-Girder Semi-Gantry Crane

/— Bridge girder /— Runway

~— Carrier stop

Gantry leg

Figure GR:6.2:2-1
Top-Running Single-Girder Crane
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Figure GR-6.2.2-2
Top-Running Double-Girder Crane

Figure GR-6.2.2-3
Top-Running Single-Girder Semi-Gantry Crane
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Figure GR-6.2.2-4
Top-Running Single-Girder Gantry Crane
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Figure GR-6.2.3-1
Traveling Wall Crane With Single-Girder Boom

(a) Isometric View

Boom extension
Boom length
\T -
g=1
N
Boom tread
{ / elevation
(@@ 4
J 9 9
Boom depth
Hook upper
Trolley and hoist elevation
—
—
1N
' money travel Lift
¢ Columns
Reach

(b) Side View @—‘—
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Figure GR-6.2.4-1
Wall-Mounted Jib Cranes

PART GR, GENERAL REQUIREMENTS

=@

(a) Top-Braced Wall-Mounted Jib Crane

2 €3
)
L

(b) Under-Braced Wall-Mounted Jib Crane

) I

1]

Yot

C

)

L

(c) Full-Cantilevered Wall-Mounted Jib Crane
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Figure GR-6.2.4-2
Free-Standing Pillar Jib Cranes
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Yoot

(a) Base-Mounted Pillar Jib Crane

I (W)

Yoot
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]

(b) Insert-Mounted Pillar Jib Crane
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Figure GR-6.2.4-3
Mast-Type Jib Cranes
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Figure GR-6.2.5-1
Basic Monorail System

<
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Figure GR-6.2.5-2
Two-Way Switch Monorail System

Figuré.GR-6.2.5-3
Three-Way Switch Monorail System

27


https://asmenormdoc.com/api2/?name=ASME NUM-1 2023.pdf

PART GR, GENERAL REQUIREMENTS ASME NUM-1-2023

Figure GR-6.2.5-4
Cross-Track Switch Monorail System

Figure GR-6.2:5-5
Interlocking-Mechanism:Monorail System

/@ Interlock

o
J

Bridge girder

Bridge girder -—/
Runy ¥
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Figure GR-6.2.5-6
Monorail System With Lift-Drop Sections

Hoist

/— Fixed track

HMM\_F

Movable track

W{ Carrier
)

Figure GR-6.2.6-1
Hand-Chain-Operated Under-Running Trolley

———

il

Trolley stops

T
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Figure GR-6.2.7-1
Electric Wire Rope Hoist

Figure GR-6.2.7-2 Q) Figure GR-6.2.7-3
Hand-Chain Hoist \o Electric Chain Hoist
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Figure GR-6.2.7-4
Air-Operated Wire Rope Hoist
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Figure GR-6.2.7-5
Air-Operated Chain Hoist
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Figure GR-6.2.7.1-1
Electric- and Air-Operated Wire Rope Hoist Suspension Types
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GENERAL NOTE: Illustrations shown are not intended to confine the use of single or double reeving. Each of the mountings may be used with

either type of reeving.

33


https://asmenormdoc.com/api2/?name=ASME NUM-1 2023.pdf

PART GR, GENERAL REQUIREMENTS

Figure GR-6.2.7.1-2
Hand-Chain Hoist Suspension Types
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Figure GR-6.2.7.1-3
Electric- and Air-Operated Chain Hoist Suspension Types
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Section GR-7
Referenced Codes and Standards

GR-7.1

This S
tions. W
prevail. T
in this Stz
applies.

GENERAL

andard references portions of other specifica-
here conflict occurs, this Standard shall
he following is a list of publications referenced
ndard. Unless otherwise noted, the latest edition

AISC Mapual of Steel Construction: Allowable Stress
Design (9th ed.) (1989). American Institute of Steel
Constrpction.

AISE Starjdard No. 1. D-C MILL Motors. Association of Iron
and Stgel Engineers.

Annual Book of ASTM Standards (2007). ASTM Interna-
tional.

ANSI/AGQMA 2001-D04 (R2010). Fundamental Rating
Factorys and Calculation Methods for Involute Spur
and Hdlical Gear Teeth. American Gear Manufacturers
Association.

ANSI/AGMA 9005-E02. Industrial Gear Lubrication.
Ameri¢an Gear Manufacturers Association.

ASCE/SE] 7-10. Minimum Design Loads in Buildings,ahd
Other Ptructures. American Society of Civil Engiheers.

ASME B30.10-2019. Hooks. The American Society of
Mechahical Engineers.

ASME B30.16-2022. Overhead Underhung-and Stationary
Hoists] The American Society of Mechanical Engineers.

ASME B30.17-2020. Cranes and Monevrails (With Under-
hung Trolley or Bridge). The.American Society of
Mechahical Engineers.

ASME H$T-1-2017. Perforimance Standard for Electric
Chain Hoists. The Ametican Society of Mechanical Engi-
neers.

ASME HS[I'-2-2018.Performance Standard for Hand Chain
Manuallly Opetated Chain Hoists. The American Society
of Medhanical Engineers.

ASME HST-4=2021. Performance Standard for Overhead
Electric Wire R
Mechanical Engineers.

ASME HST-5-2020. Performance Standard for Air Chain
Hoists. The American Society of Mechanical Engineers.

ASME HST-6-2020. Performance Standard for Air Wire
Rope Hoists. The American Society of Mechanical Engi-
neers.

ASME NOG-1-2020. Rules for Construction of Overhead
and Gantry Cranes (Top Running Bridge, Multiple
Girder). The American Society of Mechanical Engineers.
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ASME NQA-1-2022. Quality Assurance Requirements for
Nuclear Facility Applications. The American Socidty of
Mechanical Engineers.

ASTM A36/A36M-12. Standard Specification for Cafrbon
Structural Steel. ASTM International;

ASTM A48/A48M-03 (2012). Specifiecation for Gray
Castings. ASTM International,

ASTM A53/A53M. Standard. Specification for Pipe,
Black and Hot-Dipped, Zinc-Coated, Welded and S
less. ASTM International

ASTM A242/A242M~Standard Specification for High-
Strength Low-@Alloy Structural Steel. ASTM Intgrna-
tional.

ASTM A275/A275M-98. Standard Test Methoq
Magnetic  Particle Examination of Steel Forg
ASTM International.

ASTM"“A325-10. Specification for Structural Bolts, §
Heat Treated, 120/105 ksi Minimum Tensile Stre
ASTM International.

ASTM A333/A333M. Standard Specification for Searpless
and Welded Steel Pipe for Low-Temperature Service.
ASTM International.

ASTM A370-10. Standard Test Methods for Mechahical
Testing of Steel Products. ASTM International.

ASTM A388/A388M-10. Standard Practice for Ultragonic
Examination of Steel Forgings. ASTM Internationjl.

ASTM A390. Standard Specification for Zinc-Colated
(Galvanized) Steel Poultry Fence Fabric (Hexagonal
and Straight Line). ASTM International.

ASTM A435/A435M-90. Standard Specification for
Straight-Beam Ultrasonic Examination of Steel Plates.
ASTM International.

ASTM A490-12. Specification for Heat-Treated Steel Sgruc-

Iron

teel,
bam-

for
ngs.

teel,
hgth.

tural Bolts, 150 ksi Minimum Tensile Strength. ASTM
International.

ASTM A500/A500M. Standard Specification for (old-
------ Melded-and-Seamle bo ce tural

Tubing in Rounds and Shapes. ASTM International.

ASTM A501/A501M. Standard Specification for Hot-
Formed Welded and Seamless Carbon Steel Structural
Tubing. ASTM International.

ASTM A516/A516M. Standard Specification for Pressure

Vessel Plates, Carbon Steel, for Moderate- and Lower-

Temperature Service. ASTM International.
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ASTM A537/A537M. Standard Specification for Pressure
Vessel Plates, Heat-Treated, Carbon-Manganese-Silicon
Steel. ASTM International.

ASTM A572/A572M. Standard Specification for High-
Strength Low-Alloy Columbium-Vanadium Structural
Steel. ASTM International.

ASTM A588/A588M. Standard Specification for High-
Strength Low-Alloy Structural Steel, up to 50 ksi
[345 MPa] Minimum Yield Point, With Atmospheric
Cdrrosion Resistance. nternational.

ASTM A618/A618M-21. Standard Specification for Hot-
Fgrmed Welded and Seamless High Strength Low-
Alloy Structural Tubing. ASTM International.

ASTM A633/A633M-18. Standard Specification for
N¢rmalized High-Strength Low-Alloy Structural
Plates. ASTM International.

ASTM A709/A709M. Standard Specification for Structural
Stgel for Bridges. ASTM International.

ASTM A737/A737M. Standard Specification for Pressure
Vgssel Plates, High-Strength, Low-Alloy Steel. ASTM
Infernational.

ASTM A913/A913M. Standard Specification for High-
Stfength Low-Alloy Steel Shapes of Structural
Qyality, Produced by Quenching and Self-Tempering
Prpcess (QST). ASTM International.

ASTM A992/A992M. Standard Specification for Steel for
Structural Shapes for Use in Building Framing. ASTM
Infernational.

ASTM B8-99. Specification for Concentric-Lay-Stranded
Cdpper Conductors, Hard, Medium-Hard, or_Soft.
AYTM International.

ASTM B174-02. Specification for Bunch-Stranded-Copper
Cdnductors for Electrical Conductors. ASTM Interna-

ASTM D5161-04. Standard Guide for Specifying Inspection
Rqquirements for Coating and Lining Work (Metal
Substrates). ASTM International.
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ASTM E23. Standard Test Methods for Notched Bar Impact
Testing of Metallic Materials. ASTM International.

ASTM E114-10. Standard Practice for Ultrasonic
PulseEcho Straight-Beam Contact Testing. ASTM Inter-
national.

ASTM E165-02. Standard Test Method for Liquid Pene-
trant Examination. ASTM International.

ASTM E208-06. Standard Test Method for Conducting
Drop-Weight Test to Determine Nil-Ductility Transition

eels. nternational.

ASTM E380-93. Standard Practice for Use ofithg¢ Interna-
tional System of Units (SI) (The Modennizdd Metric
System). ASTM International.

ASTM E709-21. Standard Guide for Magnetig
Examination. ASTM International.

AWS D1.1/D1.1M:2020 with\2022 errata. S
Welding Code — Steel. American Welding S

AWS D14.1:2005-AMDI1\\Specification for W
Industrial and Mill Grahes and Other Material
Equipment. American Welding Society.

CMAA 74-2000. Specifications for Top Running and Under
Running_Single Girder Electric Overhead Cranes
Utilizing Under Running Trolley Hoist. Crane Manufac-
turers Association of America.

CMAAY74-2020. Single Girder Cranes. Crane
turers Association of America.

NEMAICS 1-2022. Industrial Control and Systems, General
Requirements. National Electrical Manufacturjers Asso-
ciation.

NEMA ICS 6-1993 (R2016). Industrial Conjtrol and
Systems: Enclosures. National Electrical Manjfacturers
Association.

NEMA MG-1. Motors and Generators. National
Manufacturers Association.

NFPA 70 (2023). National Electrical Code. National Fire
Protection Association.

Systems and Specifications: Steel Structures
Manual, Vol. 2 (2000). The Society for Protec
ings.

Wire Rope User’s Manual (4th ed.) (2009). W
Technical Board.
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PART CM
CRANES AND MONORAILS

CM-1.1

(a) As
the critel
(1)
designs ¢
installed
IA or Ty
of Part C
(2)
handle a
to remai
electrical
monorai
industry
seismic
crane of
with gen|
inplaced
of Part C
(
(

Section CM-1
Introduction, Cranes and Monorails (Types | and )

GENERAL

stated in Section GR-1, this Standard provides

ia for Type I and Type II cranes and monorails.
[he Type I crane or monorail has enhanced safety

nd features for handling a critical load. Hoists
on a Type I crane or monorail shall be Type

be IB as addressed under Part HT. All sections
M apply to Type I cranes and monorails.
The Type Il crane or monorail is not used to

critical load but is designed and constructed
in place during a seismic event. The mechanical,
and pneumatic components of a Type Il crane or
shall be designed in accordance with generat
standards but shall remain in place during'a

bvent. Hoisting equipment used on a, Type II

monorail shall be designed in aé¢cordance

eral industry standards but shall also remain
uring a seismic event. Only the follewing sections
M apply to Type Il cranes and-monorails:

1) Section CM-2, Structural

p) Section CM-6, Marking

(-¢) Section CM-7, Inspection and Tests
(b) Thiis Standard does«not“cover Type III cranes and

monorai
with gen

s. Type III crahes and monorails shall comply
bral industryistandards.

(c) The specific Type I and'Type II crane and mon

configurations addressed(n,Part CM are as follows:

(1) underhung cranes

(2) top-running bridge and gantry cranes
underhung trolleys

(3) traveling) wall cranes

(4) jib.cranes

(5) ;meonorail systems

The requirements of Part CM apply to all the a

equipnient configurations unless a requirement is

orail

with

bove
indi-

cated as applying to one or more specific equipment

configurations.

(d) The cranes and monorails of Part CM shall
comply with the following general requiremen
Part GR:

also
Es of

(1) Section GR-2, Environmental Conditiops of

Service

(2) Section GR-3, Performance Requirements

(3) Section GR-4, Coatings and Finishes

(4) Section GR-5, Quality Assurance

Additional information and criteria are provid

Section GR-1, definitions are provided in Section
and a list of referenced codes and standards is proy
in Section GR-7.

d in
ER-6,
ided

38


https://asmenormdoc.com/api2/?name=ASME NUM-1 2023.pdf

ASME NUM-1-2023

PART CM, CRANES AND MONORAILS

Section CM-2
Structural Requirements, Cranes and Monorails (Types | and Il)

CM

2.1 GENERAL REQUIREMENTS FOR ALL
CRANES AND MONORAILS

This Section covers the design, design criteria, mate-
rials|and fabrication procedures for the structural compo-
nents that apply to all Type I and Type II cranes and
monprails.

CM

Lgads acting on the structure are divided into the
follopving six categories and shall be considered during
design:

(a) principal loads, including dead loads, lifted loads,
and |nertia forces

(b} additional loads, including operating wind loads
and pkewing

(c] extraordinary loads, including stored wind loads
and rollision forces

(d} extreme loads, including tornado wind loads, earth
quake safe shutdown load, seismic lifted loads, and
extreme overload

(e] torsional forces and moments

(f)| abnormal event load

Tast loads are specified in para. CM-7.1:7.4.

CM-2.1.1.1 Principal Loads

(a) Dead Load, DL. The dead load; DL, is the weight of all
effeqtive parts of the bridge Structure, machinery parts,
and fixed equipment supported by the structure.

(b} Trolley Load, TL. The trolley load, TL, is the weight of
the grolley and the equipment attached to the trolley.

(c] Lifted Load/LL. The lifted load, LL, is the combina-
tion pf the weight of the load and the lifting devices used
for handling and holding the load, such as the load block,
liftig beam, bucket, magnet, grab, and other supple-
menfal-devices.

(d VerticalInertiaEoreces fnr Motorized-Cranes—and.
J

2.1.1 Load Categories

10%-20% based on the travel speed of the cranéfor mono-
rail as determined using the following:

travel speed)ft/min <
2,000

DLF=1.1 < 10§ +

(2) Hoist Load Factor, HEE~The hoistload faftor, HLF,
applies to the motion of thé lifted load in the vertical direc-
tion and covers inertia-forces, mass forces dyie to the
sudden lifting of theload, and uncertainties |allowing
for other influences. The hoist load factor ig 0.5% of
the hoisting speled in feet per minute, but not [less than
15% or moreithan 50%, except for bucket an¢l magnet
cranes, for'\which the impact value shall be [taken as
50% of\the rated capacity of the bucket or maghet hoist.

HLF = 0.15 < 0.005 X hoist speed < 0.5

(e) Inertia Forces From Motorized Drives, IFD. Inertia
forces occur during acceleration or deceleratioh of hori-
zontal drive motions and depend on the driving and
braking torques applied by the drive units anld brakes
during each cycle.

The inertia forces from motorized drives, IF}, shall be
7.8% of the acceleration or deceleration rate (i feet per
seconds squared) but not less than 2.5%. The Jresulting
drive inertia force is based on 250% of the nomipal accel-
eration or deceleration rate produced by either|the drive
motor or brake. This percentage shall be applied to both
the live and dead loads, exclusive of the end trficks. The
live load shall be located in the same position|as when
calculating the vertical moment. The moment pf inertia
of the entire girder section about its vertical gxis shall
be used to determine the stresses due to laterpl forces.
The inertia forces during acceleration and degeleration
shall be calculated in each case with the trolley in the
worst position for the component being analyzed.

1FD

Hoists. Vertical inertia forces include forces due to the
motion of the crane and crane components (dead load
forces) and forces due to raising or lowering of a load
(hoistload forces). These forces shall be included by multi-
plication of the simplified factors defined below with the
applicable dead loads and lifted loads.

(1) Dead Load Factor, DLF. The dead load factor, DLF,
covers only the dead loads of the crane, trolley, and their
associated equipment. The dead load factor is between

= (2.50/32.5) X acceleration or deceleration rate, ft/sec2

> 0.025

= 0.078 X acceleration or deceleration rate, ft/sec2 > 0.025

CM-2.1.1.2 Additional Loads

(a) Operating Wind Load, WLO. Lateral load due to
wind, called the operating wind load, WLO, shall be consid-
ered as an operating load of 5 lb/ft* of effective area.
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Figure CM-2.1.1.2-1
Wheel-Skewing Forces
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bumper effect shall be calculated in the same manner,
taking into account the value of the load. The kinetic
energy, KE, released on the collision of two cranes
with the moving masses of M; and M, and a 40%
maximum traveling speed of Vy; and V, shall be deter-
mined from eq. (CM-2-1).

MM, 0.4V + 0.4Vp)
2(M + Mp)

KE = (CM-2-1)

ops e

3 4 5 6 7 8
RATIO = SPAN
~ WHEEL BASE

GENERAL NOTE: The figure, from CMAA 74-2020, para. 3.3.2.2.2, is
reprinted |courtesy of the Crane Manufacturers Association of
America.

Where njultiple surfaces are exposed to wind, such as
crane girder and auxiliary girder, and the horizontal
distance [between surfaces is greater than the depth of
er on the windward side, consideration shall
be given|to increasing the effective area exposed to the
wind. Fdr single surfaces, such as cabs, the effective
area shall be 1.2 times the projected area to account
for negatlive pressure on the far side of the enclosure.
(b) Folces Due to Skewing, SK. When wheels rollalong a
rail, the horizontal forces normal to the rail ‘and those
tending tp skew the structure shall be taken into consid-
eration. The horizontal forces due to skewing, SK, shall be
obtained|by multiplying the vertical load"exerted on each
wheel by|coefficient Sg, which depénds on the ratio of the
span to the wheelbase (see Figire CM-2.1.1.2-1). The
wheelbage is the distance betweéen the outermost wheels.

CM-2.1.1.3 Extraordinary Loads

(a) Stqred Wind Lead, WLS. The stored wind load, WLS,
is the maximum wifid that a crane is designed to withstand
during oyt-of-service conditions. The speed and test pres-
sure vafyywith the height of the crane above the

The bumper forces shall be distributed in accordance
with the bumper characteristics and freedom efmotipn of
the structure with the trolley in its worst position. SHould
the crane application require that maximum decelerftion
rates or stopping forces, or both,belimited dye to
suspended load or building structure)considerations, or
if bumper impact velocities greater than 40% of
maximum crane velocity areto’ be provided for, such
conditions shall be defimed at the time of the drane
purchase.

CM-2.1.1.4 Extreme Loads

(a) Tornade\Wind Loads, WLT. Tornado wind lpads,
WLT, are ot applicable to cranes and monofails
unless speécifically required by the owner. The yind
speed,varies with the height of the crane abovg the
surrounding ground level, geographical location) and
dégree of exposure. Additional tornado-generfted
loads that should be considered are pressure drog and
tornado missiles.

(b) Earthquake Safe Shutdown Load, E, The sitd SSE
parameters shall be used in the seismic analysis of the
crane or monorail to determine the earthquake safe ghut-
down load, E,, following the guidance of para. CM-2.1.3.

(c) Seismic Lifted Load, SSE. For cranes and monojails,
the seismic lifted load for an SSE (LLgs) is the maximum
lifted load under the evaluated seismic conditions where
the crane or monorail structure must remain in placel The
owner shall specify the seismic lifted load.

(1) ForTypelequipment,the seismiclifted loadshall
be equal to the maximum critical load.
(2) Depending upon the facility-specific applicqtion,
the requirement that Type II equipment remain in place
during a seismic event may not require consideration of a
seismic lifted load. The owner shall specify the seismic

lifted load, if any, that shall be required.
(d)Extreme-Overload EOL-An-extreme-overload JEOL
J v 4 g 7 'y

surrounding-grounrdtevelgeographieattoeation—and
degree of exposure to prevailing winds (see ASCE/SEI
7-10).

(b) Collision Forces, CF. Special loading of the crane
structure resulting from the bumper stops shall be calcu-
lated with the crane at 0.4 times the rated speed, assuming
the bumper system is capable of absorbing the energy
within its design scope. Loads suspended from lifting
equipment and free oscillating loads need not be taken
into consideration. Where the load cannot swing, the

is an overload that could be imposed on a crane or mono-
rail structure from a Type IB hoist whose overload-
limiting device cannot be set below 150% of the
maximum critical load (MCL) rating. The owner shall
specify the EOL, if any, that shall be required.
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Table CM-2.1.2-1
Load Designations

PART CM, CRANES AND MONORAILS

DLFr = trolley load factors

(b) Case 2: Additional Loads. A crane or monorail in

Load Load Designation o : . )
Trolley dead load L regular use under principal loading and additional loading
Bridge dead load DL DL(DLFB) + TL(DLFT) + LL(I + HLF)
Lifted load LL + IFD + WLO + SK
Inertia forces from drives IFD
Forces due to skewing SK (c) Case 3: Extraordinary Loads
OperTITg wind WO (1) A crane or monorail cnh}'prfnd to_out-of-service
Storefl wind load WLS wind
Tornddo wind load WLT DL + TL +WLS
Colli f CF . N
S:fEISl}Tth(zJI;;isearthquake load E (2) A crane or monorail in collisten
E S
Maxithum seismic lifted load LLgs DL+ TL + LLECF
Extreme overload FOL (d) Case 4: Extreme Loads
(1) A crane or monorail subjected to tornpdo wind
load

CM-2.1.1.5 Torsional Forces and Moments DL + TL + WLT

(a) Moment Due to the Starting and Stopping of Bridge ) ) i .
Motdrs. The twisting moment due to the starting and stop- h(ZJf ﬁ ae (l)r rr(lio.norall subjected to an SSEs subject
ping|of bridge motors shall be considered as the starting to the fo ygng loads:
torqyie of the bridge motor at 200% of full-load torque DL + (TL + LLgg) + Eg+WLO
multiplied by the gear ratio between the motor and
crosy shaft. . . DL+TL + Eg+WLO

(b) Moment Due to Vertical Loads. The torsional
monjent due to vertical forces acting eccentrically to (3) A crane or monorail whose structure|could be
the yertical neutral axis of the girder shall be considered subjected to an extreme overload as a result of d substan-

as those vertical forces multiplied by the horizental
distgnce between the centerline of the forces,and the
sheafr center of the girder.

(c] MomentDue to Lateral Loads. The torsional moment
due fo the lateral forces acting eccentrically to the hori-
zontpl neutral axis of the girder shall\be considered as
thosg horizontal forces multiplied.by the vertical distance
between the centerline of the forees and the shear center

tially higher overload limit setting of a Type IB hoist
DL+ TL+EOL

CM-2.1.3 Seismic Analysis for Cranes and
Monorails

CM-2.1.3.1 Methods of Analysis. A dynamiq analysis
method (e.g., response-spectrum or time-history

of the girder. method) or an equivalent static analysis shall be used
CM-2.1.1.6 Abnorma(EventLoad Anabnormalevent to establish the response of the equipment to p seismic
load)A,, is aload causéd-by failure of plant equipment that event.
impqses jet or missile Ioads on the crane. The owner shall CM-2.1.3.2 Seismic Input Data. The seismic ipput data
be r¢sponsible_for-the effects of, and shall establish the for the equipment seismic analysis shall be prqvided by
critefia for, these loads. the owner. The seismic input shall be specified as broa-
. . dened floor response spectra or time histories| of accel-
CM-2.1:2>Loading Conditions eration, displacements, or velocities defined at an
Thetoadsdescribedimpara €M=2-t-taretistedim Tabte appropriatelevelin-the-structure-supporting-the crane

CM-2.1.2-1. The various load combinations, using the load
designations shown, shall be calculated for the design
cases listed herein.

(a) Case 1: Principal Loads. A crane or monorail in
regular use under principal loading (stress level 1)

DL(DLFg) + TL(DLEy) + LL(1 + HLF) + IFD

where
DLFg = bridge load factors

41

or monorail.

CM-2.1.3.3 Load Pendulum Effects. Pendulum effects
of the suspended load shall be considered. In most facil-
ities, the horizontal load due to pendulum effects will be
negligible because the load displacement is small. Where
displacement is significant, consider obstacle-avoidance
measures.
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CM-2.1.3.4 Dynamic Analysis

CM-2.1.3.4.1 Response-Spectrum Method. The
crane or monorail shall be considered to respond as a
linear elastic system when using the response-spectrum
method. The undamped natural modes and frequencies
shall be computed using a model acceptable under the
requirements of para. CM-2.1.3.4. These outputs shall
serve as the basis for mode-by-mode computation of

the resp
o Tequired to account for Nigner Irequencies 1 plant opera-
three cofnponents of seismic input.

CM-2.1.3.4.2 Time-History Analysis. Time histories
of structpiral response at the appropriate level may be
used for|analysis of the crane or monorail. The time
historied shall be provided by the owner. Procedures
for assenpbling the mathematical model shall be in accor-
dance wjth para. CM-2.1.3.4. The effects of the three
compongnts of ground motion shall be combined in accor-
dance with the following requirements:
representative maximum values of the struc-
tural responses to each of the three components of earth-
quake m@tion shall be combined by taking the square root
of the squares of the maximum representative
values ofthe codirectional responses caused by each of the
three copponents of earthquake motion at a particular
point of the structure or mathematical model.

(b) The maximum value of a particular response of
interest for design of a given element may be obtained
through|a step-by-step method. The time-history
responses from each of the three components of the earth-
quake mlotions may be obtained separately and then
combined algebraically at each time step, or the response
at each tifne step may be calculated directly, owing-to the
simulta)jeous action of the three components. The
maximufn response is determined by Scanning the
combinefl time-history solution. When'‘this method is
used, the earthquake motions spécified in the three
different|directions shall be stati$tically independent.

CM-2.1.3.4.3 Mathematical Model

(a) Thle crane or morgrail shall be represented by a
generalifed three-dimensional system of nodes. The
model’s geometry Shall reflect the overall size, length,
connectivity, and.stiffness of the various structural
memberp. Arappropriate element representation of

each meEber shall be used to describe all components fundamental frequency of the crane
that contribute significantly to the Stiiness of the equip- - - -2-3)

ment.

(b) For cranes using pin-connected wheel trucks,
pinned connections shall be specified for line elements
that represent the attachment of the end trucks to the
bridge girders or gantry legs. Where various connected
structural members of the crane do not have intersecting
centroidal axes, stiff line elements shall be used to repre-
sent the offset. These elements shall have stiffness values

ASME NUM-1-2023

that are an order of magnitude higher than the stiffest
structural member of the crane.

(c) A simplified finite element representation of the
trolley structure using stiff line elements may be used
for the crane or monorail dynamic model, provided it
can be shown by rational analyses that the actual
trolley structure responding as an uncoupled system
has natural frequencies above 33 Hz. The model used
for seismic analysis should be evaluated and revised if

tions induce such frequencies.

CM-2.1.3.4.4 Location and Number(of-Dynamic
Degrees of Freedom. Dynamic degrees of\freedom [shall
be assigned to a sufficient number ef‘hode point§ and
in such locations that the real mass and stiffness distfibu-
tion of the equipment are simulated: Structural menjbers
subject to concentrated loadsshall be provided with addi-
tional nodes at the points where a concentrated load pr its
equivalent mass is positiened. Crane or monorail compo-
nents to be modeled as mass points (concentrated lgads)
shallinclude, but not be limited to, upper and lower blpcks,
gear cases, motorsy brakes, heavy electrical control gabi-
nets, cab, wheel assemblies, and trunnion pins. The [total
number of masses or degrees of freedom selected shll be
consideredadequate when additional degrees of freqdom
do npt@esult in more than a 10% increase in respopses.
Dynamic coupling shall be accounted for.

CM-2.1.3.4.5 Decoupling Criteria for the Runway.
The crane or monorail and runway shall be evalyated
to determine if the equipment should be represegnted
as a separate model or as a model coupled with the
runway. For the equipment to be considered decoypled
from the runway, the criterion of (a) or (b) shall be|met.

(a) If R,, < 0.01, decoupling can be done for an Rx
(b) 1f0.01 = R, 0.1, decoupling can be done if Rq< 0.8
or if Ry > 1.25.
(c) IfR;,20.2 0r 0.8 < R <1.25, an approximate njodel
of the runway system shall be included with the mjodel.
R,, and Ry are defined as

R = total mass of the crane (CM-2-2)

mass of the runway system

frequency of the dominant runway motion

The owner shall determine the mass and frequency
characteristics of the runway.

CM-2.1.3.4.6 Boundary Conditions

(a) The crane or monorail shall be provided with
devices so that they remain on their respective
runways during and after a seismic event. Characteristics
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ofthese devices that influence the dynamic behavior of the
crane or monorail shall be included as boundary condi-
tions in the model of the equipment. The restraint devices
shall be considered to be in contact with the resisting
structure in establishing boundary conditions used in
the analysis for the crane or monorail. The restraint
device and resisting structure shall be designed for the
maximum load resulting from the boundary condition
considered. The crane or monorail shall be modeled

ing, or holding mechanisms exist. The configurations
shown in Table CM-2.1.3.4.6-1 were developed to show
lard configurations. Other configurations are also ac-
ble.

The crane or monorail boundary conditions at pivot
poings (such as hinges at jib crane connections) need to be
bled in computer analysis as rotationally fixed about
the rptation of the hinge. If left free to rotate, the crane or
brail will be unstable, and the results of the analyses
be unrealistic. By fixing the rotation around the pin,
the sfresses in the crane or monorail will be conservative.
During an actual seismic event, however, the crane or
monprail will tend to rotate about these pivot points.
It is the responsibility of the owner to determine if uncon-
trolled movement about the pivot point is acceptable (i.e.,
the ¢rane or monorail movement will not impact and
damgge equipment). If uncontrolled movement is not ac-
ceptqble, the owner shall specify that restraint devices:be
provided that will limit or dampen the movement.

(c] The crane or monorail boundary conditions.at the
point of interface with the building structure‘shall be
determined by the person performing the ¢rane or mono-
rail gnalysis. The boundary conditions shall take into
consjderation the method of attachment and flexibility
of cdnnections.

CM-2.1.3.4.7 Trolley Locations and Hoist Positions.
crane or monorail shall’be analyzed under the
wing loading conditions:

seismic lifted leadv6n hook (if specified)

no load on hook

THe analysis procedure shall use the bridge, jib, trolley,
and hoist in as ' many different positions as necessary to
envelop the worst-case loading situation. Since this Stan-
dard| en¢empasses many different cranes and monorails,
whidh may be fabricated and installed in many different

The

follo
(a]
(b]

PART CM, CRANES AND MONORAILS

CM-2.1.3.4.9 Number of Modes Required for Seismic
Analysis. It is not generally necessary to include the
contributions of all modes to the seismic response of
the crane or monorail. A modal participation factor
shall be used with the modal frequencies to select signif-
icant modes. Since high-frequency modes may respond
strongly in some cases, it is not sufficient to limit the
modal analysis to the first several modes computed. Addi-
tional modes shall be computed until the inclusion of addi-
increase

in response.

CM-2.1.3.4.10 Combination of Modal Responses. In

med that
he worst

combining the dynamicresponses, it shall be assy
the dynamic responses have the siginthat yields
case for the combination being, considered.

(a) With No Closely SpacedModes. When the
the modal dynamic analysis’show that the crane
rail modes are not elesely spaced, the equjpment’s
response to each ef.the three components of seismic
input shall be combined by taking the squarg root of
the sum of the squares.

(b) WithClosely Spaced Modes. When the resylts of the
modal dynamic analysis show that some or &ll of the
modeshare closely spaced (two consecutive modes are
defined as closely spaced if their frequencies differ
frorh each other by 10% or less of the lower fr¢quency),
modal responses for each of the three compopents for
seismic input shall be combined using one of the following
three methods:

(1) Grouping Method. Closely spaced modef shall be
divided into groups that include all modes with|frequen-
cies between the lowest frequency in the group and a
frequency 10% higher [see Note]. The repregentative
maximum value of a particular response of inferest for
the design of a given element of a nuclear power plant
structure, system, or the crane or monorail aftributed
to each such group of modes shall first be obfained by
taking the sum of the absolute values of the corresponding
peak values of the response of the element attrfibuted to
individual modes in that group. The repregentative
maximum value of this particular response aftributed
to all the significant modes of the structure, system, or
the crane or monorail shall then be obtained by taking
the square root of the sum of the squares of corresponding
representative maximum values of the response of the
element attributed to each closely spaced proup of

results of
0TI Mono-

configurations, it is the responsibility of the manufacturer
to determine the worst-case configurations.

CM-2.1.3.4.8 Crane or Monorail Damping Values.
The response of each mode shall be determined from
the amplified response spectra for the appropriate
values of structural damping. A damping value of 7%
of critical damping shall be used for the crane or monorail
when the SSE is used in the analysis.
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modes and the remaining modal responses for the
modes that are not closely spaced. Mathematically, this
is expressed as follows:

1/2
N

R=|Y R{+
k=1

P j

) i IR 1gR gl

q=1I=i m=i

(CM-2-4)

where [ # m and
i = number of the mode where a group starts
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GENERAL
(a) The h

Conngction tL

strugture (typ)

Figure CM-2.1.3.4.6-1
Boundary Conditions for Wheel-to-Rail Interface

0,

§
AN N

>
N

A Wall
connection

Hoist A
0 centroid
Y

Floor k’ Hoi
. oist
connection ——> .
centroid 0x
fo

X
(a) Floor-Mounted Jib

(b)*Wall-Mounted Jib

V4
0,
Ver

Hoist

Hoist 9 centroid
. X
centroid
X
X
(c) Monorail (d) Underhung Single Girder

NOTES:

ist is medé€led as a lumped mass at its centroid.

(b) The membersiaré modeled at their centroidal axis.

(c) Then

des ‘shown illustrate wheel-to-rail boundary conditions. Additional nodes are required to complete the mathematical mod|
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Table CM-2.1.3.4.6-1
Boundary Conditions for Wheel-to-Rail Interface

PART CM, CRANES AND MONORAILS

(3) Double-Sum Method

Restraint Condition N N 1/2
Translation | Rotation R = Z Z IRLR € (CM-2-8)
sISks
Node X Y z Ox 6y 6, k=1s=1
Floor jib
A Fixed Fixed Fixed Fixed Fixed Fixed where N, R, and Ry, are as defined in (1) and
Wall jib R = peakvalue of the response of the element attrib-
A Eived  Fived  Eived Eived Eived  Eived uted to the sth mode
Monjrail €, = correlation coefficient between moded k and s
A Fixed Fixed Fixed Fixed Fixed Fixed
Undprhung
A Fixed Fixed Fixed Free Free Free ~1
. . / /
B F.ree Fixed foed Free  Free  Free S (a)k — 0)5) (CM-2-9)
C Fixed Free Fixed Free Free Free ks ﬁ,w - ﬁ/w
D Free Free Fixed Free Free Free ( Kk S S)
E Fixed Fixed Fixed Fixed Fixed Fixed
GENERAL NOTE: The nodes are shown in Figure CM-2.1.3.4.6-1.
2
ﬂé =p o+ —— (CM-2-10)
L0k
Jj = number of the mode where the group ends
N = number of significant modes considered in 1/2
o ,_ 2 (CM-2-11)
the modal response combination WD = w1l - ﬂk

R = representative maximum value of a parti-
cular response of a given element to a
given component of an earthquake

P = number of groups of closely spaced mode$;
excluding individual, separated modes

Ry = peak value of the response of the element
due to the kth mode
Ry, Rynq = modal responses

(2) 10% Method

1/2

N
R=|Y RE+25)[RR|| (CM-2-5)
k=1

wherei#jand N, R-and Ry are as defined in (1). The second
summation shall\be done on all i and j modes whose
freqpenciesdare closely spaced to each other. Let w;
and ; be«the frequencies of the ith and jth modes. To
veriffy which modes are closely spaced, the following equa-
tion |shall be applied:

ty = duration of the earthquake

S, = damping ratio in the kth mode
B’ = modified damping ratio of the kth mdde

Bs" = modified damping ratio of the sth mofde

wr = undamped natural frequency of the kth mode
w,’ = damped natural frequency of the kth mode
ws; = undamped natural frequency of the sth mode
ws = damped natural frequency of the sth fjnode

NOTE: Groups shall be formed starting from the lowest
frequency and working toward successively higher frpquencies.
No one frequency shall be in more than one group.

(c) Combination of Three Components of Edrthquake
Motion. The representative maximum values of the struc-
tural responses of each of the three directiongl compo-
nents of earthquake motion shall be combined by
taking the square root of the sum of the squares of the
maximum m representative values of the codirectional
responses caused by each of the three comp¢nents of
earthquake motion at each node of the crane orjmonorail

(CM-2-6)

where

(CM-2-7)

mathematical model.

CM-2.1.3.5 Equivalent Static Analysis. In cases where
a dynamic analysis is not necessary because the crane or
monorail model is very simple (as in the case of a single-
span monorail or simple jib crane), an equivalent static
analysis can be performed.

CM-2.1.3.5.1 Mathematical Model. The crane or
monorail shall be represented by a generalized three-
dimensional system of nodes. The model’s geometry
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shall reflect the overall size, length, connectivity, and stiff-
ness of the various structural members. An appropriate
element representation of each member shall be used to
describe all components that contribute significantly to
the stiffness of the crane or monorail.

CM-2.1.3.5.2 Decoupling Criteria for the Runway.
See para. CM-2.1.3.4.5.

CM-2.1.3.5.3 Trolley Locations and Hoist Positions.

ASME NUM-1-2023

The runway shall be straight, parallel, level, and at the
same elevation within the tolerances given in
Figure CM-2.1.4-1 or Figure CM-2.1.4-2. The crane manu-
facturer shall design the crane to operate properly within
the runway tolerances given in Figures CM-2.1.4-1 and
CM-2.1.4-2.

CM-2.1.5 Materials and Connections
CM-2.1.5.1 Base Materials. The base materials listed

See paray UCM-2.1.5.4.7.

CM-
See para

CM-2.1.3.6 Number of Modes Required for Seismic
Analysis| Only the fundamental frequency of the crane
or monofrail in each direction of earthquake is used.
For fundpmental frequencies less than or equal to the
frequency at which the maximum spectral acceleration
occurs, the maximum spectral acceleration shall be
used. Fofr fundamental frequencies greater than the
frequencly at which the maximum spectral acceleration
occurs, the actual spectral acceleration depicted on the
response{spectra curve shall be used. The maximum spec-
tral acceleration may conservatively be used without
calculatign of the fundamental frequency.

.1.3.5.4 Crane or Monorail Damping Values.
CM-2.1.3.4.8.

CM-2.1.3.7 Combination of Modal Responses. Since
only one mode is calculated in each direction, an increase
factor of 1.5 shall be used on the acceleration to account for
other mddes.

CM-2.1.3.8 Combination of Three Components-of
Earthquake Motion. The representative maximum
values of the structural responses of each ofthe three
directiorfal components of earthquake motjon-shall be
combinefl by taking the square root of the sum of the
squares pf the maximum representative‘values of the
codirect]onal responses caused by each of the three
compongnts of earthquake motionjyat each node of the
crane or [monorail mathematical model.

CM-2.1.4 Tolerances

Dimej
maximu
exceeded

sions on the)clearance drawings are the
m dimensions of the crane and shall not be
by thé&.manufacturer. Height and end dimen-
sions shall be-shown in relationship to the operating
surface gndeenterline of the beam or rail. Cumulative

in Table CM-2.1.5.1-1 are considered acceptable foy.struc-
tural components. The manufacturer shall list'all skruc-
tural materials used for the owner and shall prqvide
the material tests and certifications as requirgd in
Table CM-2.1.5.1-2. Structural materials not list¢d in
Table CM-2.1.5.1-1 may be acceptable‘with approvpl by
the owner.

CM-2.1.5.2 Fastener Materials

(a) The bolts used forsjoining structural components
shall be in accordancé\with para. CM-2.1.6.1.5.
(b) The fastenet, finish and tolerances shall be suifable

for the type of{connection in which they are empldyed.

CM-2.1.5:3 Welding Materials. All welding matgrials
shall comply with the requirements of AWS D1]|1 or
AWS D14.1 as applicable.

CM-2.1.5.4 Connections

CM-2.1.5.4.1 Welded Connections. Welded cofnec-
tions shall comply with the requirements of AWS |D1.1
or AWS D14.1 as applicable.

CM-2.1.5.4.2 Bolted Connections

CM-2.1.5.4.2.1 Structural Joints Using ASTM
A325 or ASTM A490 Bolts. Structural joints using

ASTM A325 or ASTM A490 bolts shall be designed and
installed in accordance with the “Specification for Sgruc-
tural Joints Using ASTM A325 and A490 Bolts” included in
the AISC Manual of Steel Construction: Allowable Stress
Design. Boltholes shall not be burned. Standard holes|shall
have a maximum diameter % in. in excess of the norhinal
bolt diameter. Holes for alignment (bound) bolts shall be
reamed to close tolerances as required. Slotted bolt holes
shall not be used for connections of end trucks.

measurements of crane components are permitted.
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Figure CM-2.1.4-1

Building Runway Alignment Tolerance for Patent Track

PART CM, CRANES AND MONORAILS

GENH

[

Item Figure Overall
Tolerance
/ - - \;
Crane span T L <|t 5‘:
(8] ~ =~ H
measured at " Ile A=1gin.in any
crane wheel = = £ support.span
contact surface % < S
S ¥Ys |=
/— Support pt. (Typical)
_ A A - —
=] c | = e
&5 £:8 3
j 0 + 2 g \J ~
Span < <= a2 JV S 1o
(3 or more #* ‘E" a B=1gin.in any
runways) & | — - — 2 S 0, ’ support span
Q . E
@ S
9% Z
(T
S

Straightness

C="Ygin.in any
support span

|- é_

Elevation D=1gin.in any]
support span
+E
. } -E 1,
Rall-to:rall Nom. tread line I } E = /g in. betweeh
elevation

adjacent rails

RAL NOTE: The.figure, from CMAA 74-2000, is reprinted courtesy of the Crane Manufacturers Association of America.
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Table CM-2.1.5.1-1

PART CM, CRANES AND MONORAILS

Yield Tensile
ASTM Grade Strength,  Strength,
Specification or Class Form Size [Note (1)] ksi ksi
A36/A36M Plates, shapes, and bars Plates and bars < 8 in. and shapes [for shapes, see Note (2)] 36 min. 58-80
A53/A53M B Pipe Diameters < 26 in. 35 min. 60 min.
A242/A242M Plates, shapes, and bars Plates and bars < ¥, in. and shapes with flange or leg 50 min. 70 min.
thickness < 1% in.
A242)A242M Plates, shapes, and bars Plates and bars > %, in. and < 1% in. and shapes with flange 46 min. ~ 67 min.
thickness > 1% in. and < 2 in.
A242fA242M Plates, shapes, and bars Plates and bars > 11/2 in. and < 4 in. and shapes with flange 42 min 43 min.
thickness > 2 in.
A333fA333M 3 and 7 Pipe Diameters < 26 in. 35 min. 65 min.
A333fA333M 4 and 6 Pipe Diameters < 26 in. 35 min. 0 min.
A500fA500M B Rectangular tubing Wall < % in. and periphery < 64 in. [Note (3)] 46 min. 48 min.
A501fA501M Tubing Square and rectangular with sides < 10 in.and wall< 1in. 36 min. %8 min.
and round < 24 in. diameter and wall < Iuin.
A516fA516M 65 Plates Thickness < 8 in. 35 min.  §5-85
A516fA516M 70 Plates Thickness < 8 in. 38 min. 70-90
A537fA537M 1 Plates Thickness < 2% in. 50 min. 70-90
A537fJA537M 1 Plates Thickness > 2% in. and < 4 i 45 min. 5-85
A537fA537M 2 Plates Thickness < 2% in. 60 min. 0-100
A537fA537M 2 Plates Thickness > 2% in. and\s% in. 55 min. 15-95
A537fA537M 2 Plates Thickness > 4 in. and % 6 in. 46 min. 70-90
A537fA537M 3 Plates Thickness < 2%\ 55 min. 0-100
A537fJA537M 3 Plates Thickness > 2% in. and < 4 in. 50 min. 15-95
A537fA537M 3 Plates Thickness(>)4 in. and < 6 in. 40 min. 70-90
A572fA572M 42 Plates, shapes, and bars Plates and bars < 6 in. and shapes 42 min. 0 min.
A572fA572M 50 Plates, shapes, and bars Plates’and bars < 4 in. and shapes 50 min. 65 min.
A572fYA572M 55 Plates, shapes, and bars Plates and bars < 2 in. and shapes 55 min. 70 min.
A572fA572M 60 Plates, shapes, and bar's Plates and bars < 1% in. and shapes with flange or leg 60 min. 15 min.
thickness < 2 in.
A572fA572M 65 Plates, shapes, and bars Plates and bars < 1%, in. and shapes with flange or leg 65 min. 0 min.
thickness < 2 in.
A588fA588M Plates, shapes, and bars Plates and bars < 4 in. and shapes 50 min. 70 min.
A588fA5838M Plates, shdpes, and bars Plates and bars > 4 in. and < 5 in. 46 min. 47 min.
A588fA588M ... Plates,-shapes, and bars Plates and bars > 5 in. and < 8 in. 42 min. 43 min.
A618fA618M IA, IB, Tubing Wall < 3/4 in. 50 min. 70 min.
and d1
A618[A618M 1A, IB,)" Tubing Wall > % in. and < 1% in. 46 min. 7 min.
and 1
A618fA618M ¢\ 1 Tubing All tubing 50 min. 65 min.
A633[A633M\ A Plates Thickness < 4 in. 42 min. $3-83
A633JA633M Cand D Plates Thickness < 2% in. 50 min. 70-90
A633/A633M Cand D Plates Thickness > 2 in. and < 4 in. 46 min. 65-85
A633/A633M E Plates Thickness < 4 in. 60 min.  80-100
A633/A633M E Plates Thickness > 4 in. and < 6 in. 55 min.  75-95
A709/A709M 36 Plates, shapes, and bars Plates and bars < 4 in. and shapes [for shapes, see Note (2)] 36 min. 58-80
A709/A709M 50 Plates, shapes, and bars Plates and bars < 4 in. and shapes 50 min. 65 min.
A709/A709M 50W Plates, shapes, and bars Plates and bars < 4 in. and shapes 50 min. 70 min.
A737/A737M B Plates Thickness < 2% in. 50 min.  70-90
A737/A737M C Plates Thickness < 2% in. 60 min.  80-100
A913/A913M 50 Shapes All shapes 50 min. 65 min.
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Table CM-2.1.5.1-1
Acceptable Materials and Reference Properties for Structural Components (Cont’d)

Yield Tensile
ASTM Grade Strength, Strength,

Specification or Class Form Size [Note (1)] ksi ksi

A913/A913M 60 Shapes All shapes 60 min. 75 min.

A913/A913M 65 Shapes All shapes 65 min. 80 min.

A913/A913M 70 Shapes All shapes 70 min. 90 min.

A992/A992M ... Shapes All shapes [Note (5)] 50-65 65 min.

[Note (4)]
A992/A99PM .. Patented shape track
[Note (4]

GENERAL NOTE: The data in this table are from the Annual Book of ASTM Standards (2007).

NOTES:

(1) For additional material information, see the referenced ASTM specification.

(2) For wide flange shapes with flange thickness over 3 in., the 80 ksi maximum tensile strength does not apply.

(3) The ejception from fracture toughness requirements in Table CM-2.1.5.1-2, Note (3) does not apply te this material.

(4) Mechahical properties, standard sizes, design, and selection criteria for patented shape track are ufider'the auspices of the indiyidual
manufpcturers. Patented shape track is comprised of an upper T-section (compression member)_of standard structural steel pnd a
lower [load-carrying T-section (tension member) of high-strength alloy steel. The two sections are welded continuously from both
sides, web-to-web. Patented shape track is also used for crane bridge girders and jib crane ‘booms with under-running trolldys or
hoists [with integral trolleys.

(5) The yigld strength to tensile strength ratio shall not exceed 0.85.

Table CM-2.1.5.1-2
Required Inspection or. Tests
Weld Filler
Certificate of Material
Material Conformance NDE of Surface Impact Certificate of
Test From Item Welds uT MT or Test Conformance Weldpr
Ikems Reports  Manufacturer [Note (1)] [Note (2)] PT [Note (3)] Typical Value Certificafions

Primary lodd-bearing X X X

structural welds

Fastener mfpterial for X X

structural interconnec-
tions (inqluding seismic
restraint§ and safety
lugs)

Crane or mqnorail structure X X

Bridge seispic restraints X X X X X

Safety lugs X X X X X

Hinges or p|ns on jib cranes X X X

[Note (4)]
Tension rods for jibs or X X X
monorailp [Note (4)]
Legend:
MT = magiietic particle testing
NDE destrueth FrHrerE

PT = dye penetrant testing
UT = ultrasonic testing

NOTES:

(1) See para. CM-7.1.2.1.1.

(2) See para. CM-7.1.2.1.3.

(3) Impact testing required for materials greater than % in. thickness. See para. CM-7.1.2.1.2.

(4) If the item is designed with double the design margin, material test reports are not required.
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Table CM-2.1.6.1.1-1
Allowable Stresses
(Members Not Controlled by Buckling)

Loading
Condition (All

Stress Type

PART CM, CRANES AND MONORAILS

CM-2.1.6.1.2 Compression Members Controlled by
Buckling

(a) For compression members with an equivalent slen-
derness ratio

Expressed in Compression E < C, (CM-2-12)
Terms of o)) Tension [Note (1)] Shear Bearing
Principal 0.60 0.60 0.36 0.80 h
where
Additional 0.66 0.66 0.40 0.90 . . .
C = column slenderness ratio separating elastic and
Extraprdinary 0.75 0.75 0.45 1.00 c. . . v e
inelastic buckling
Extreme 0.90 0.90 0.50 n/a _
= |2a’E
NOTH: (1) The allowable stress is for a gross compact section. See
para. |CM-2.1.6.1.2 for members controlled by buckling. %y

CM-2.1.5.4.2.2 Structural Joints Using Bolts
Other than ASTM A325 or ASTM A490. Structural
joints using bolts other than ASTM A325 or ASTM
A490 shall be bearing type and shall comply with the
requirement for non-high-strength bolts specified in
the {Specification for Structural Steel for Buildings —
Allowable Stress Design and Plastic Design” included in
the AISC Manual of Steel Construction: Allowable
Streps Design. All bolts shall be torqued to a pre-
tendion load on the bolt of 60% to 70% of the
minimum yield strength for the bolt materials. Standard
hole$ shall have a maximum diameter %4 in. in excess\of
the pominal bolt diameter. Holes for alignment (bound)
boltq shall be reamed to close tolerances as required.

CM-2.1.5.4.2.3 Gauge and Edge Distances. The
minimum gauge between centers of -bolt holes and
minjmum and maximum edge distances from the
center of a bolt hole to any edge (shall be as stipulated
in the “Specification for Structural Steel for Buildings
— Allowable Stress Design _and Plastic Design” included
in the AISC Manual of Steel.Construction: Allowable Stress
Design.

CM-2.1.5.4:2.4 Field Connections. All field
conrlections of structural components shall be bolted
unlegs otherwise approved by the owner. The manufac-
turer shalkproevide sufficient information on drawings or
in inktallation manuals on the requirements for all field
conrjections.

= modulus of elasticity, psi
effective length factor,

= unbraced length of compression memHer, in.
= radius of gyration,6f member, in.
= yield point, psi

Q 5 ~xIm
I

The allowable axial compression stress, g, is

%
o =|1- a (_] (CM-2-13)
2C DF
where
DF = design factor
The required design factor shall be equal to
BImIG]
pDF=nNI2 4 3| /| LA (CM-2-14)
C, 8| C,
where

N = modifying coefficient for each loading dondition.
Values of N can be found in Table CM-2{1.6.1.2-1.

(b) For compression members with an equivalent slen-
derness ratio

ki

(CM-2-15)

CM-2.1.6 Design Criteria

CM-2.1.6.1 Basic Allowable Stresses for Structural
Steel Members

CM-2.1.6.1.1 Members Not Controlled by Buckling.
For members not controlled by buckling, the basic allow-
able stressesin structural steel members of the crane shall
not exceed the values in Table CM-2.1.6.1.1-1.

= >C

The allowable axial compression stress shall not exceed
the value

_ 1aE
=" 2 (CM-2-16)

2
23N ( K )
’
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Table CM-2.1.6.1.2-1
Modifying Coefficient, N

ASME NUM-1-2023

Table CM-2.1.6.1.5-1
Bolt Allowable Stresses

Loading Condition Modifying Coefficient, N

Stress Type

Loading Condition (Expressed

Principal 1.2 in Terms of Ultimate Strength) Tension Shear
Additional 1.2 Principal 0.33 0.17
Extraordinary 0.9 Additional 0.33 0.17
Extreme 1.67 Extraordinary 0.44 0.23
Extreme 0.50 0.26
CM-2.1.6.1.3 Bending Stress. The allowable bending o by Oby
stress foxf each loading condition shall be determined by P + o <10 (CM{-18)
dividing fhe appropriate value from the AISC Manual of a ubx aby
g;fd Copstruction: Allowable St.ress D_e51gn_, Part 5, When (0/0,) <0.15, the followingequation may bejused
apter|F, by 1.12N (where N is defined in Table L
CM-2.1.6[1.2-1). in lieu of egs. (CM-2-17) and {CM-2-18):
. . o, Obx , Cby
CM-R.1.6.1.4 Welds. Basic allowable stresses in —+ — . =<10 (CM{2-19)
welds sHall be as specified in AWS D14.1. Allowable % Cabxg \aby
stresses for all types of welds may be increased for extra- |
ordinaryf load combinations by a factor of 1.33 and In egs. (CM-2:1) through (CM-2-19), the subscripts x

increased for extreme load combinations by a factor of
1.50.

CM-2.1.6.1.5 Bolts

(a) ASITM A325 or ASTM A490 Bolts. Allowable working
stresses for operational (principal load case) or construc-
tion loadls (additional load case) shall be in accordance
with thq “Specification for Structural Joints Using
ASTM AB25 and ASTM A490 Bolts” included in(the
AISC Mapual of Steel Construction: Allowablé\Stress
Design. Allowable working stresses for other loadings
shall be s follows:

(1) Bearing-Type Joints. Allowable working stresses
for bearing-type joints may be increased by a factor of 1.33
for extragrdinary loadings and 1.50 for extreme loadings.

(2) Friction-Type Joints. Allowable working stresses
for frictign-type joints shall notybe increased for extraor-
dinary of extreme loadings.

(b) Bojts Other Than-ASTM A325 or ASTM A490. Allow-
able strlesses shall\be in accordance with Table
CM-2.1.6|1.5-1.

CM-2.]

CM-
Members subjected to both axial compression and
bending stresses shall satisfy the following requirements:

.6.2_Combined Stresses

oL CrnxCbx i CinyOby
@ (,_-o) i = (CM-2-17)
O abx 1- gy Caby

b X% 2 1 Axialc . | Bandl _ 1 Jins of .
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and y, combined with subscripts b, m, and e, indicat|
axis of bending about which a particular stress or d
property.applies, and

e the
psign

Cn, =, coefficient whose value shall be given i (a)
through (c)

o, = allowable axial stress (see para. CM-2.1.6.[L.1)
0. = allowablebendingstress (see para.CM-2.1.4.1.1)
It is to be noted that

04 = Ogp in paras. CM-2.1.6.1.1 and CM-2.1.6.1.9
Oap = 04 as given in para. CM-2.1.6.1.1 only

120%E
e = 2 (cM{-20)
()
;
where

E = modulus of elasticity, psi

k = effective length factor in the plane of bendjng

| = actual unbraced length in the plane of bending, in.
N = loading condition factor given in Thble

CM-2.1.6.1.2-1

o = computed axial stress, psi

op = computed compressive bending stress at the

section under consideration, psi

(a) For compression members in frames subje
joint translation, C,, = 0.85.

ct to
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(b) For rotationally restrained compression members
in frames braced against joint translation and not subject
to transverse loading between their supports in the plane
of bending

C, =06 — 0.4(ﬁ] > 04 (CM-2-21)
M,

PART CM, CRANES AND MONORAILS

CM-2.1.6.2.3 Local Bending of Flanges due to Wheel
Loads

(a) Each wheel load shall be considered as a concen-
trated load applied at the center of the wheel contact area
with the flange. See Figure CM-2.1.6.2.3-1.

(b) Local flange bending stresses, o, in the lateral (x)
and longitudinal (y) directions at certain critical points

where may be calculated using eqs. (CM-2-23) through
M AMr—=—ratic-of thesmallertolargermoments-at-the (CM-2-41), Other suitable formulas or analysis may be
ends of the portion of the member unbraced adopted in lieu of eqgs. (CM-2-23) through (€M}2-41) to
in the plane of bending under consideration. address the local flange bending stresses:
M, /M, is positive when the member is bent (1) Underside of flange at flange-torweb tfansition,
in reverse curvature and negative when it is point 0
bent in a single curvature.
p
(c] For compression members in frames braced against ox0 = Cxot_Z (CM-2-23)
joint{translation in the plane of loading and subjected to /
trangverse loading between their supports, the value of C,,
may [be determined by analysis; however, in lieu of such p
analysis, the following values may be used: %0 = Cyo— (CM-2-24)
1) For members whose ends are restrained against ta
rotafion in the plane of bending, C,, = 0.85. ) .
2) For mEmbers whosegends are unrestrained (2) U'nder51'de of flange directly beneath wheel
against rotation in the plane of bending, C,, = 1.0. contaQQyoint, point 1
CM-2.1.6.2.2 Axial Tension and Bending. Members p
subject to both axial tension and bending stresses shall be 01 = Cy1— (CM-2-25)
proplortioned at all points along their length to satisfy the fa
following equation:
Ot L Obx W <10 (CM-2-22) p
%at  %bx by %1 Cylt_z (CM-2-26)
a
where . (3) Topside of flange at flange-to-web tiansition,
o4px = allowable bending stress abeut the member’s point 2
x-axis, psi
Oapy = alloyvable. bending stréss-about the member’s Gy = — 00 (CM-2-27)
y-axis, psi
d,: = allowable axial tension stress as determined
from Table CM:-2.1.6.1.1-1, psi
ohx = computed Bending stress about the member’s 2= 790 (CM-2-28)
x-axis, psi . .
opy = computed bending stress about the member’s CM-Z(T)6 g(;fz;apered flange sections (se¢ Figure
y-axis, psi e
5, = computed axial tension stress, psi
Cyo = — 1.096 + 1.0951 + 0.192¢ 604 (CM-2-29)
THhe r‘nmpnfnd hnnding r‘nmprnccivn stress nricing from
an independent load source relative to the axial tension
Cyo = —0.981 — 14792 + 1.120¢"32% (CM-2-31)
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C —7.704 (CM-2-32)

y1 = 1.810 — 1.1504 + 1.060e

w=t- 53+ ()

for standard “S” section, where

(CM-2-33)

ASME NUM-1-2023

NOTE: If 1/2 b - a < centerline distance between adjacent wheels,
then the load P is equal to the maximum single wheel load
without considering the effect of the adjacent wheel. Conversely,
if Y, b - a > centerline distance between adjacent wheels, then the
loading of the two adjacent wheels shall be combined into a
single load.

(c) The localized stresses due to local bending effects
imposed by wheel loads calculated at points 0 and 1 are to
be combined with the stresses due to case 2 loading speci-

tr = pfiblished flange thickness for standard o fied in para. CM-2.1.2.
sqction, in. When calculating the combined stress, the flange
bending stresses shall be diminished to/75% of the
(5) For parallel flange (see Figures CM-2.1.6.2.3-3 value calculated per (b) above.
and CM-2.1.6.2.3-4) The combined stress value, o, obtained by the mdthod
prescribed in (g) shall not exceed. the-allowable cdse 2
cole —2.110 + 19772 + 0.0076e6'53’1 (CM-2-34) stress level of 0.660,, where o,<=-yfeld strength of the
x0 material.
(d) In the case of welded.plate girders only, the Joca-
lized stresses on the top sid@of the flange at the flange-to-
C,1 ¥ 10.108 — 7.4081 — 10.108¢ ™ 13644 (CM-2-35) web transition (point 2) shall be combined with the
stresses due to, the case 2 loading specifiejd in
para. CM-2.1.2.
3.01514 P The combined/stress value, g, in the weld at pojint 2
Cyg = 0.050 = 0.5804 + 0.148¢ (CM-2:36) obtained by the method prescribed in (g) beIO\I/)v Khall
not exceed the allowable weld stress specifidd in
para. GM-2.1.5.4.1, nor shall the stress range if the
Cyi|= 2.230 — 1.4902 + 1.39018:334 (CM-2-37)  weld\exceed the value specified in Table CM-2.1.6.4.1-1
for joint category E.
(6) [For single-web symmetrical sections (see (e) The local flange bending criteria|per
Figures ¢M-2.1.6.2.3-2 and CM-2.1.6.2.3-3) para. CM-2.1.6.2.3 shall be met in addition tq the
2 general criteria of paras. CM-2.1.2 and CM-2.1.6.1.
A= (CM-2-38) (f) Attransfer points, consideration should be given to
b—t, lower flange stresses that are not calculable by the
B . formulae presented in para. CM-2.1.6.2.3.
(7) for other cases (see Figure CM-2i1.6:2.3-4) (9) threastate ofcgmbined plane stresses exist}, the
. reference stress, o,, can be calculated from the following
A= m (CM-2-39) equation:
2 i
where op = \/qxz + ayz—ﬁxa}, + 3Txy2 < ay (CM2-40)
a = distance from edge-of flange to point of wheel load
. . where
dpplication for_center of wheel contact, in. o = allowable stress. psi
b = dverall lefigth of flange (from edge of flange to all — S D N .
ddge of frange), in. Oy = normal stress in the x d¥rect{on, psi
b’ = distdnce from centerline of web to edge of flange, O _ normal stres.s in the y dllrect1on, pst
A Ty, = shear stress in plane, psi

Cy = coefficient in the x direction for a given location
C, = coefficient in the y direction for a given location
P = load per wheel including HLF, 1b.

t, = flange thickness at point of load application, in.

tr = published flange thickness for standard “S”
section, in.

web thickness, in.

ratio of the load with respect to the free end of the
flange

54

For welds, the maximum combined stress, o,, shall be
calculated as follows:

1 1
6, = ;(ox +0) = ;\/(ax - D'y)z + 4Txy2 < oy (CM-2-41)

See Nonmandatory Appendix A, subsection A-2 for a
lower flange bending calculation example.
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Figure CM-2.1.6.2.3-1
Local Bending of Flanges due to Wheel Loads

R

Figure CM-2.1.6.2.3-3
Local Loading on Parallel Flanges
of a Wide Flange W-Shaped Beam

GENERAL NOTE: Figure 3.3.2.6-1 from CMAA 74-2020 is reprinted
courtgsy of the Crane Manufacturers Association of America.

Figure CM-2.1.6.2.3-2
Local Loading on Tapered Flanges
of a Standard S-Shaped Beam

N E——
N~
o [~
X
P y/ P
te

W &
ﬁ a= t+

g
— - *tw
I — _ | Point 2
P p
) |
I —
|z s 3
Point 2 —~lal==— Point 1 "] A
Pt. 1
Pointo_/ = tw/2
b

GENERALNOTE: Figure 3.3.2.6-3 from CMAA 74-2020 i reprinted
courtesy of the Crane Manufacturers Association of Amgrica.

Figure CM-2.1.6.2.3-4
Local Loading on Parallel Flanges
of the Lower Chord of a Box Girder

P
Point 2 \ Point|1
N 1
N B )
Point0— | —aj~

— D4 -— d

GENERAL NOTE: Figure 3.3.2.6-2 from CMAA 74-2020 is reprinted
courtesy of the Crane Manufacturers Association of America.

2 = = bt/ =

GENERAL NOTE: Figure 3.3.2.6-4 from CMAA 74-2020 is reprinted
courtesy of the Crane Manufacturers Association of America.
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Table CM-2.1.6.2.4-1 where
Bolt Shear and Tension Factor, R A, = tensile stress area, in.2
Loading Condition Bolt Shear and Tension Factor, R Tp = specified pre._tenSion load of th.e bolt, Ib .
— o, = average tensile stress due to a direct load applied
Principal 1 . . .
to all the bolts in a connection, psi
Additional 1
Extraordinary 1.33 In friction-type joints, the allowable shear stress shall
Extreme 1.50 not be increased due to environmental conditions.
CM-2.1.6.2.5 Shear and Bending Stresses. The
maximum combined shear stress due to(sllear
D . )
CM-2.1.6.2.4 Shear and Tension of Bolts bending, and direct stresses shall not exceed the.allowable
(a) Bollts subject to combined shear and tension shall values for shear as given in para. CM-2.1.6{1}1:
be so prdportioned that the tension stress, in pounds per .
square irlch, produced by forces applied to the connected CM-2.1.6.3 Buckling
parts, shall not exceed the allowable tension value, 0. CM-2.1.6.3.1 Local Buckling.or Crippling of|Flat
(1) For A325 bolts in bearing-type joints Plates. The structural design of the crane to avoid
local buckling of plates shall\¢cenform to ASME N(OG-1,
bt = SS,000R — 1.87 < 44,000R (CM-2-42)  paras. 4331 through 4332:1
. : . ;s CM-2.1.6.3.2 Proportion for Fabricated Box Girfers.
2) For A49 1 -
(2) for 0 bolts in bearing-type joints The ratio of I/h shall‘not exceed 25, the ratio of 1/b, [shall
not exceed 60, and the ratio of b/t shall not exceeq
b+ = 68,000R — 1.87 < 54,000R (CM-2-43) :
I _ o _ N (2.62 x 10")K,, . 2 (cMp-47)
(3) For other bolting materials in bearing-type joints o DEB
oyt = 0.60)R — 1.67 (CM-2-44) For‘A36 steel, eq. (CM-2-47) is equal to 30.99 {the square
root of [K,/(2/DFB)]} where
where b = unsupported plate width between longituflinal
R = Holt shear and tension factor given in stiffeners, webs, or cover plate, in.
Table CM-2.1.6.2.4-1 b, = distance between the web plates af the
o, = ield stress, psi (the proof stress may be @sed) compression flange, in.
T = ghear stress produced by the same forg€s;applied d = depth of the girder, in.
tp the connected parts, psi. The shear stress shall DFB = design factor for buckling based on operpting
rfot exceed the value for the shear.given in para. conditions (see Table CM-2.1.6.3.2-1)
(M-2.1.6.1.5. h = depth of web, in.
K, = buckling coefficient compression [see
Table CM-2.1.6.3.2-2)
(b) For bolts used in friction‘type joints, the shear I = span, in.
stress, f,, allowed in paral CM-2.1.6.1.5 shall be t = thickness of web plate, in.
reduced 50 that 0, = proportional limit (assumed at 0,/1.32)
(1) for A325 bolts
Table CM-2.1.6.3.2-1
oA Design Factor for Buckling, DFB
7~< 15,000| 1 — (CM-2-45) X —
a T, Loading Condition DFB [Note (1)]
Dwin_i?nl o IR f\.')(rlg 1) = 1./1[\
(2) for A490 bolts in bearing-type joints Additional 2+03(B-1)=140
Extraordinary 1.5 +0.125(f - 1) 2 1.25
Extreme 1.35 + 0.075(8 - 1) =2 1.20
(CM-2-46)

oA
7 < 20,000[1 - T—"]
T

NOTE: (1) B = stress ratio.
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Table CM-2.1.6.3.2-2
Value of the Buckling Coefficients, K, and K., for Plates Supported at Their Four Edges

PART CM, CRANES AND MONORAILS

a
No. Case o= K, or K,
1 | Simple uniform compression: -> | az1 |K,=4
_ . > bl |
01 = 02 > 1 —> - 5
- -« | g<1 _ 1
o, |<_a_>| K, = <a+ a)
2 Nonuniform compression: —> %1 > <~ | a>1 - 84
—_> - o
0<pB=<1 : / 5 - b| |« p+11
Oy = P04 - - 2
1 21
P _>| a<l | K = ( _> .
| a o @t a p+ 11
3 ||Purebending: f=-1orbending with 01 - - | a>% | K,=239
tension preponderant: :: b :;
B=<-1 - - 2 1.87 2
a<% | K, =1587 + - + 8.6a
oy = fo, |<— a —>| ° o?
4 ||Bending with compression o1 —-> - Ko (1 + BK' - BK" + 104(1 + B)
preponderant: -1 < <0 :: b :: where
- - K’ = value of K, for =0 ifj Case No. 2
0y = Poy |<— a —>| K" = value of K, for puile bending
(Case No. 3)
5 ||Pure shear ~ < <=
Y| @21 |k = (5.34 + iz]ﬁ
* b + a
>0 o> a<l s34
| -—a K, = [4 + ”—2)\/3

GENE
plate
table,

spac
not ¢
it ex
is gr|

whe

~

Vverss

further appropriate analysis should be made.

CM-2.1.6.3.3 Spacing of Transverse Stiffener./The

ng of the transverse stiffeners, a, in inches, shall
xceed the amount given by eq. (CM;2*4) nor shall
ceed 72 in. or the depth of the web,“#, whichever
pater.

L 11,068t (CM-2-48)

Nere

e
= spacing coefficient (see Table CM-2.1.6.3.3-1)
= thickness ©f\the web plate, in.
= shear stress in plate, psi

CM-2.1.6.3.4 Stiffness of Longitudinal and Trans-
 Stiffeners. The required stiffness of the longitudinal

RALNOTE: The definitions of K, and K, are in the table and depend onthe ratio a = a/b of the two sides of the plates, the manner i
s supported along its edges (simply supported), and the type ofleading sustained by the plate. For other cases than those covd

The total vertical deflection of the girde)
constructional loading for the construction |
the trolley, P., + Pg4, not including impact or d
of the girder, shall not exceed %, of the span|

The total vertical or lateral deflection of t}
during environmental loading shall be limi
that displacements do not cause the girder
its attachments to become dislodged or to leave {

CM-2.1.6.3.6 Girder Camber. Girders
cambered an amount equal to the dead load d
plus one-half of the deflection caused by the
plus trolley: [camber = A(Pg,) + 0.5(Pp, + Pad)]

CM-2.1.6.4 Fatigue Requirements. If the owt
mines that more than 20,000 full-load cycles are
the owner shall specify the cycles and load

h which the

red by this

r during
oad plus
ead load

e girder
ted such
r any of
he crane.

shall be
eflection,
ive load,

er deter-
required,
Class per

stiffemer—amdthe tramsverse stiffeners sitatt-beimaccor-
dance with CMAA 74.

CM-2.1.6.3.5 Girder Deflection. The total vertical

deflection of the girder during operational loading for

ther

ated live load plus the trolley, Py, + P4, not including

impact or dead load of the girder, shall not exceed 1/1,000 of
the span.
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e appro-

priate service level shall be used but shall not exceed the

basic allowable operating stresses specified
CM-2.1.6.1.

in para.
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Table CM-2.1.6.3.3-1
Spacing Coefficient, C

Loading Condition Spacing Coefficient, C

Operating 1

Construction 1

ASME NUM-1-2023

CM-2.1.7.2 Operator’s Cab (When Specified)
CM-2.1.7.2.1 General

(a) The general arrangement ofthe cab and the location
of the control and protective equipment shall be such that
all operating control devices are within convenient reach

ithin
e in

Severe environment 0.75 of the operator when facing the area to be served by the
Extreme 0.6 load block or when facing the direction of travel of the cab.
The operator’s cab shall be open type for indoor service
umntess otherwise specified:
(b) The cab shall be clear of all fixed structures
its area of possible movement. Clearances. shall
accordance with the latest edition of ASME B30.17.
The cab shall be located so as not to interfere with the
CM-p.1.6.4.1 Allowable Stress Range, Repeated hook approach.

Loads. Members and fasteners subject to repeated
loads shall be designed so that the stress range
(maximym stress minus minimum stress) does not
exceed allowable values for various categories listed in
Table CM-2.1.6.4.1-1. The minimum stress is considered
negative |fit is opposite in sign to the maximum stress. The
categorig¢s are described in Table CM-2.1.6.4.1-2, with
joint copfiguration illustrations shown in Figure
CM-2.1.4.4.1-1. The allowable stress range shall be
based onfthe condition best approximated by the descrip-
tion and [illustration.

CM-2.1.6.5 Hardness. The minimum Brinell hardness
(BHN) ofthe lower load-carrying (tension) flange shall be
195 for patented track systems. For A36 material, the
normal Qardness produced by normal mill processing
shall be sufficient.

CM-2.1.6.6 Stability. The crane shall be stablé\under
all loading conditions. A factor of safety of 1.5-shall be
provided against the combination of lodds producing
maximurh overturning forces.

(c) The arrangement of equipmeént-in the cab shoulld be
approved by the owner.

(d) Cabs shall be designed fer'maximum operator
bility. The arrangementloef‘the cab should allow the
operator a full view of the load block in all positiops. A
visibility diagram shall be furnished to the ownef for
approval when réquested.

(e) The operator’s cab shall have a clear height, [with
equipment.installed, of not less than 7 ft, except where
dimensignal'interferences or other design considerafions
requirgthe use of a smaller cab. Cab heights ofless thaln 7 ft
shallbeapproved by the owner, and in no case shall b¢ less
than 5 ft.

Provision shall be made in the operator’s cab for pllace-
ment of the necessary equipment, wiring, and fittings. All
cabs should be provided with a swiveled seat unless other-
wise specified.

(f) There shall be means of egress from cab-opefated
cranes to permit departure under emergency condifions
from any cab location.

visi-

CM-2.1.7.2.2 Materials. Materials for construction of
[s of

CM-2.1.7 Component Design the og&rz;ti)gs cab shall meet the requiremen
ara. CM-2.1.5.
CM-2.1.7.1 Footwalks, Handrails, Platforms, Stairs, P .
and Ladders CM-2.1.7.2.3 Design. The operator’s cab shalll be
designed for dead and live loads as specified by the
CM-2.1.7.1.1 General. Platforms and footwalks shall  gwner. Structural design shall be in accordance [with
be provifed as required for access and maintenance. para. CM-2.1.6.
Dimensidqns and elearances for footwalks, handrails, plat-
forms, stirs, and ladders shall be in accordance with the CM-2.1.7.2.4 Construction
latest ed{tiQIrOf ASME B30.17. CM-2.1.7.2.4.1 General. Cabs shall be constrycted
CM-2-1: 7.2 DesignFootwatks, randratts, ptat T accordarce witir ASME-B30:17
forms, stairs, and ladders shall be designed for the appro- CM-2.1.7.2.4.2 Enclosed Cabs. Enclosed cabs shall

priate dead load and the live loads as specified in ASME
B30.17. Structural design shall be in accordance with
para. CM-2.1.6.
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have watertight plate roofs that slope to the rear; sliding,
hinged, or drop windows on the three sides; and sliding or
hinged doors. Steel plates for enclosing sides, when used,
shall not be less than Y in. thick. The window sash shall be
equipped with clear, shatterproof glass installed from the
inside so that if the glass is dislodged, it will fall into the
cab.
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Table CM-2.1.6.4.1-1
Allowable Stress Ranges

Allowable Stress Range, F,, kips/in.z,
by Joint Category [Notes (1), (2)]

PART CM, CRANES AND MONORAILS

CM-2.2.2 Component Design

CM-2.2.2.1 Girders, Beams, or Tracks. Girders may be
standard rolled beams, patented shape track, or plate
girders. Where necessary, auxiliary girders shall be
used to support overhanging loads to minimize torsional
moments on and lateral deflections of the girder. The
analysis required for girders shall be in accordance

with subsection CM-2.1. For spans longer than 16 ft,
theratioof span-to fnp_ﬂnnga width shallnotexceed 60:1.

Service Class A B C D E F
A 63 49 35 28 22 15
B 50 39 28 22 18 14
C 37 29 21 16 13 12
D 31 24 17 13 11 11
NOTHS:

(1) Allowable stress ranges from CMAA 74.
(2) Sfress range values are independent of material yield stress.

Drop windows shall be protected from breakage by a
Y in. sheet steel guard, extending to within 2 in. of the
floot, and shall be provided with handles and stops
that jwill prevent the operator from catching fingers or
toes|when operating the windows. Drop windows shall
be cpunterweighted.

CM-2.1.7.2.4.3 Open Cabs. Open cabs shall be
enclgsed with panels not less than % in. thick or standard
railipg 42 in. high. Railing enclosures shall be provided
with| midrail and steel toeplate. Where the top rail or
top panel interferes with the operator’s vision, it may
be Iqwered if the owner approves.

CM

2.2 ADDITIONAL REQUIREMENTS SPECIFIC
TO UNDERHUNG CRANES

CM-2.2.1 Allowable Deflections and Cambers

CM-2.2.1.1 Miscellaneous Striicture Deflection.
Deflgctions of components such-as-end ties, end trucks,
trolley load bars, and auxiliary beams shall not impair
the functions for which they-were designed nor cause
any pttachments to the/crane to become dislodged or
leav¢ the crane.

CM-2.2.1.2 Girder Deflection. The maximum vertical
deflgction of thesgirder produced by the bridge dead
load| trolley“dead load (including hoist dead weight),
and |[design=rated load shall not exceed Yoo of the
sparl. mpact need not be considered in determining

CM-2.2.2.2 End Trucks. The crane bridge| shall be
carried on end trucks designed to carry,the rafed loads
when lifted at one end of the crane bridge| (closest
approach). Load combinations and basic alJlowable
stresses shall be in accordance'with paras. CM-2.1.2
and CM-2.1.6.1. The wheelbdse of the outermost
wheels shall be one-eighth,of the span or greater.

End trucks may be of the rotating-axle or fixed-pxle type.
Provisions shall be made to prevent a drop of the crane not
more than 1 in. in the case of axle failure. Whgn appro-
priate, equalizer_bridge trucks shall be incorpprated to
promote sharing of the bridge wheel loads. Equalizer
pins shallhbe/provided between the equalizer ‘ll:uck and
the equalizer beam or between the equalizer ruck and
the ¢igid bridge structure as appropriate to thle design.
A rail sweep shall be provided in front of each outside
wheel. End trucks shall meet the requirements pf the ap-
plicable paragraphs of subsection CM-2.1.

CM-2.3 ADDITIONAL REQUIREMENTS SPECIFIC
TO TOP-RUNNING BRIDGE AND GANTRY
CRANES

CM-2.3.1 Allowable Deflections and Campers

CM-2.3.1.1 Structure Deflection. Deflegtions of
components such as end ties, end trucks, trolley load
bars, and auxiliary beams shall not impair the functions
for which they were designed or cause any attaclhments of
the crane to become dislodged or leave the crane.

CM-2.3.1.2 Girder Deflection. The maximum vertical
deflection of the girder produced by the brigige dead
load, trolley dead load (including hoist dead|weight),
and the design-rated load shall not exceed %y, of the
span. Vertical inertia forces need not be copsidered
when determining deflection. For interlocking cranes,

dﬂ,;—' I e | 1zi £l dafl 43 Lall
efleetton—For-intertocking-eranes—the—defleetion—shal

not exceed Y goo of the span.

CM-2.2.1.3 Girder Camber. Where girders are
cambered, the recommended amount of camber is
equal to the sum of the bridge dead load deflection,
one-half of the deflection caused by the trolley dead
load (including hoist dead weight), and one-half of the
deflection caused by the design-rated load. Girder
camber and deflection shall be considered when deter-
mining vertical clearances.

the detlection shall not exceed 7/ g0 Of the span.

CM-2.3.1.3 Girder Camber. Where girders are
cambered, the recommended amount is equal to the
sum of the bridge dead load deflection, one-half of the
deflection caused by the trolley dead load (including
hoist dead weight), and one-half of the deflection
caused by the design-rated load. Girder camber and deflec-
tion shall be considered when determining vertical clear-
ance.
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Table CM-2.1.6.4.1-2

Fatigue Stress Provisions — Tension or Reversal Stresses

General
Condition

Situation

Joint
Category

Example of
a Situation
[Note (1)]

Type of
Stress
[Note (2)]

Plain material

Built-up

Base metal with rolled or cleaned surfaces; oxygen-cut edges with ANSI
smoothness of 1,000 or less

Base metal and weld metal in members without attachments, built up; of

A

1,2

3,4,57

T or Rev

T or Rev

mem

Groove

Groove

Groove
conn

ers

welds

welds

bctions

welded

plates or shapes connected by continuous complete or partial joint
penetration groove welds or by continuous fillet welds parallel to the
direction of applied stress

Calculated flexural stress at toe of transverse stiffener welds on girder
webs or flanges

Base metal atend of partial-length welded cover plates having square or
tapered ends, with or without welds across the ends

Base metal and weld metal at complete joint penetration groove-welded
splices of rolled and welded sections having similar profiles when
welds are ground and weld soundness established by UT or RT
examination

Base metal and weld metal in or adjacent to complete joint penetration
groove-welded splices at transitions in width or thickness, with welds
ground to provide slopes no steeper than 1 to 2% and weld soundness
established by UT or RT examination

Weld metal or partial penetration transverse groove welds based on
effective throat area of the weld or welds

Base metal and weld metal in or adjacent to completé\joint penetration
groove-welded splices either not requiring transition, or, when
required with transitions, having slopes no gtéater than 1 to 2% and
when in either case reinforcement is notsremoved and weld
soundness is established by UT or RT examination

Base metal and weld metal at complet€joint penetration groove-welded
splices of sections having similar profiles or at transitions in thickness
to provide slopes no steeper than 1 to 2% with permanent backing
bar parallel to the direction,of stress when welds are ground and weld
soundness established-by UT or RT examination. Backing bar shall be
continuous, and, if.spliced, shall be joined by a full-penetration butt
weld. Backing bar ‘shall be connected to parent metal by continuous
welds along both) édges, except in regions of compression stress,
where intefmittent welds may be used

Base metalat details of any length attached by groove welds subjected to
transverse loading or longitudinal loading, or both, when weld
seundness transverse to the direction of stress is established by UT or
RT examination and the detail embodies a transition radius, R, with
the weld termination ground when

(a) for longitudinal loading
R 2 24 in.

8/9

10, 11

17

8,9 10, 11

19, 20

13

T lor Rev

T or Rev

T or Rev

T or Rev

T or Rev

T or Rev

24 in. > R = 6 in.
6in.>R =2 2 in.
2in.>R=20

(b) for transverse loading, materials having equal or unequal
thickness, slope, welds ground, web connections excluded

R = 24 in.

24 in. > R 2 6 in.
6in. >R 22 in.
2in.>R=0

m O O |W

m o 0w

13
13
12,13

13
13
13
12,13

T or Rev
T or Rev
T or Rev

T or Rev
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Table CM-2.1.6.4.1-2
Fatigue Stress Provisions — Tension or Reversal Stresses (Cont’d)

Example of Type of

General Joint a Situation Stress
Condition Situation Category [Note (1)] [Note (2)]
Groove-welded (c) for transverse loading, materials having equal thickness, no
connections ground, web connections excluded
(cont'd)
R 2 24 in. C 13 T or Rev
24 n.>R=61n. C 13 I or|Rev
6in. >R 2 2 in. D 13 T or|Rev
2in.>R=0 E 12, 13 T or|Rev
(d) for transverse loading, materials having unequal thickness, not
sloped or ground, including web connections
R = 24 in. E 13 T or|Rev
24 in. >R 2 6 in. E 13 T or|Rev
6in. >R 2 2 in. E 13 T or|Rev
2in.>R=>20 E 12, 13 T or|Rev
Gijoove-welded Base metal at details attached by groove or fillet welds subject to
or fillet-welded longitudinal loading where the detail embodies a transition radius, R,
connections less than 2 in.,, and when the detail length, L, parallel to the ling of
stress is
L <2in. C 12, 14, 15, T or|Rev
16, 18
2in. <L <4 in. D 12, 18 T or|Rev
L > 4 in. E 12, 18 T or|Rev
Fillet-welded Base metal at details attached by fillet wields or partial penetration
connections groove welds parallel to the direction of stress, regardless of length,
when the detail embodies a transition radius, R, 2 in. or greater and
with the weld termination ground. When
R = 24 in. B 13 T or|Rev
24 in. > R > 6 in. C 13 T or|Rev
6in. 2 R > 2 ing D 13 T or|Rev
Base metal at junction of axially loaded members with fillet-welded end E 21, 22, 23 T or|Rev
connections.Welds shall be disposed about the axis of the member to
balance weld-stresses
Fillet welds Shear stress on throat of fillet welds F 21, 22, 23, S
24,25,26,
27, 28
Base metal at intermittent welds attaching transverse stiffeners and C 7, 14 T or|Rev
stud-type shear connectors
Base metal at intermittent welds attaching longitudinal stiffeners or E 7, 29 T or|Rev
cover plates
Stud welds Shear stress on nominal shear area of stud-type shear connectors F 14 S
Plug and slot Base metal adjacent to or connected by plug or slot welds E 30 T or Rev
welds Shear stress on nominal shear area of plug or slot welds F 30, 31 S
Mechanically Base metal at gross section of high-strength bolted friction-type B 32 T or Rev
fastened connections, except connections subject to stress reversal and axially
connections loaded joints that induce out-of-plane bending in connected material
Base metal at net section of other mechanically fastened joints D 33 T or Rev
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Table CM-2.1.6.4.1-2
Fatigue Stress Provisions — Tension or Reversal Stresses (Cont’d)

Example of Type of

General Joint a Situation Stress
Condition Situation Category [Note (1)] [Note (2)]
Base metal at net section of high-strength bolted bearing connections B 32,33 T or Rev
NOTES:

(1) Example numbers are from CMAA 74-2020, Figure 3.4.7-2B. See Figure CM-2.1.6.4.1-1.
(2) T = tension; Rev = reversal.
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Figure CM-2.1.6.4.1-1
Joint Configuration
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GENERAL NOTE: Figure 3.4.7-2B from CMAA 74-2020 is reprinted courtesy of the Crane Manufacturers Association of America
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CM-2.3.2 Component Design

CM-2.3.2.1 Girders, Beams, or Tracks. Girders may be
standard rolled beams, patented shape track, or plate
girders. Where necessary, auxiliary girders shall be
used to support overhanging loads to minimize torsional
moments on and lateral deflections of the girder. The
analysis required for girders shall be in accordance
with subsection CM-2.1. On spans longer than 16 ft,
the ratio

of span-to fnp_ﬂnngn width shall notexceed 60:1

ASME NUM-1-2023

CM-2.4.2 Component Design

CM-2.4.2.1 Booms Crane booms may be fabricated
with standard rolled beams and reinforced with angles,
channels, or plates, as necessary. Auxiliary members
may be of standard shapes, structural tube, or fabricated
plates. Structural analysis shall be completed in accor-
dance with Section CM-2.

CM-2.4.2.2 End Tie Structure

CM-2.8.2.2 End Trucks. The crane bridge shall be
carried dn end trucks designed to carry the rated load
when lifted at one end of the crane bridge (closest
approach). Load combinations and basic allowable
stresses|shall be in accordance with paras. CM-2.1.2
and CM{2.1.6.1. The wheelbase of the outermost
wheels shall be one-eighth of the span or greater.

End trycks may be of the rotating-axle or fixed-axle type.
Provisior)s shall be made to preventa drop of the crane not
more thdn 1 in. in the case of axle failure. When appro-
priate, equalizer bridge trucks shall be incorporated to
promote|sharing of the bridge wheel loads. Equalizer
pins shall be provided between the equalizer truck and
the equalizer beam or between the equalizer truck and
the rigid|bridge structure as appropriate to the design.
A rail sweep shall be provided in front of each outside
wheel anjd shall project below the top of the runway
rail. End [trucks shall also meet the requirements of the
paragraphs of subsection CM-2.1.

Wind Loads

structures shall be designed to withstand wind
loading dpnditions as specified by the owner. If loads are
not specffied, a load of 30 Ib/ft* on the projected area,
under npnoperating conditions, shallkibe used. For
through-leg gantries, a check is to/be.made using a 5
lb/ft2 wihd load, with the lifted load”at the end of the
bridge.
CM-2.4 (ADDITIONAL REQUIREMENTS SPECIFIC
TO TRAVELING WALL CRANES

CM-2.4.1 Allowable Boom Deflections.

The mpximuni*vertical deflection of the boom and its
end tie strusture produced by the boom dead load, the

(a) End tie structure may be fabricated with,stanfdard
rolled shapes, structural tube, or plate and reinforeedjwith
the same. Structural analysis shall be consistent with the
requirements of Section CM-2.

(b) Loads induced from drive mechanisms, accelera-
tion and braking, motor stall,"bumper stops,|and
varying loads from a swinging boem, where used, [shall
be considered in the structuralvanalysis.

CM-2.4.2.3 Braces and-Secondary Members. Braces
and secondary members may be fabricated of stanfdard
rolled beams, angles, tees, rods, structural tubp, or
other structuralshapes. They shall be analyzed in afcor-
dance with Séétion CM-2.

CM-2.4:3.Design Requirements for Wall Cran
Supports

(a) The manufacturer shall provide general arrgnge-
ment drawings to define all reactions and special atta¢hing
considerations atall tie points to the supporting strudture.
The general arrangement drawings shall specify rail qlign-
ment tolerances applicable to the design.

(b) The owner shall analyze the supporting stru
for all loading conditions imposed by the wall crang
any auxiliary system.

‘ture
and

CM-2.5 ADDITIONAL REQUIREMENTS SPECIF
TO JIB CRANES

IC

CM-2.5.1 Allowable Deflections and Cambers

CM-2.5.1.1 Jib Boom Deflection. The maxijum
vertical deflection of the boom produced by the Hoom
dead load, the trolley dead load (including the hoist
dead weight), and the design-rated load shal] not
exceed Y%, of the span. When a motorized trolley is speci-
fied, the allowable vertical deflection may be increasg¢d up

trolley deattoad—timctudingthehotstdead—weigtt);
and the design rated load shall not exceed Veoo of the
span. When a motorized trolley is specified, the allowable
vertical deflection may be increased up to Va5 of the span.
Impact shall not be considered when determining deflec-
tion.

64

to /425 of the span. Impact shall not be considered in deter-
mining deflection.

CM-2.5.1.2 Miscellaneous Structure Deflection. In
the case of jib cranes that are self-supporting (such as free-
standing or mast-type), the entire structure shall not
produce a deflection greater than that given in
para. CM-2.5.1.1.
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CM-2.5.2 Component Design

CM-2.5.2.1 Jib Booms, Beams, or Tracks. Jib booms
may be standard rolled beams and reinforced with
angles, channels, or plates. Where necessary, auxiliary
members shall be used to act as bracing when a full canti-
lever is not used.

The analysis required for jib booms shall be in accor-
dance with Section CM-2.

PART CM, CRANES AND MONORAILS

one-half of the deflection caused by the trolley dead
load (including hoist dead weight), and one-half of the
deflection caused by the design-rated load. Monorail
beam camber and deflection shall be considered when
determining vertical clearance.

CM-2.6.2 Component Design
CM-2.6.2.1 Girders, Beams, or Tracks. Girders may be

be s
tube
nels,
the lequirements of subsection CM-2.1.

and

othe

standard rolled beams, patented shape track, or plate

CMi-2.5.2.2 Columns, Posts, or Masts. Columns may girders. Where necessary, auxiliary girders|shall be
fandard rolled beams, plate girders, structural  y5ed to support overhanging loads to minifnizé torsional

or structural pipe, and reinforced with angles, chan- 1o ments on and lateral deflections ofthe gifder. The

or plates. Structural analysis shall be consistent with analysis required for girders shall\be in acdordance
with Section CM-2. On spans longer than 16 ft, the

CM-2.5.2.3 Braces and Secondary Members. Braces  ratio of span to top-flange width)shall not excged 60:1.
secondary members may be fabricated of standard CM-2.6.2.2 Track Joints. Web-type or othef suitable
rolled beams, angles, tees, rods and structural tube, or couplings shall be provided at all track joints. The
- structure shapes. They shall be analyzed in accor- maximum gap betwWeen ends of the load-farrying

dande with subsection CM-2.1.

CM

2.5.3 Jib Crane Supports

(a) All attachment pointlocations and load reactions to
the Interfacing structures and foundations shall be
provided by the manufacturer.

(b} The owner shall analyze the interfacing structures
and foundations for all loading conditions the jib crane
may [impose through its full rotational movement.

(c] Interfacing structures and foundations shall be
designed such that the maximum resisting moment
against overturning (based upon dead load plus.rated
load) will provide a safety factor of 2.

(d) For the purposes of sizing baseplates of jib cranes
attaghed to concrete, the manufacturer. shall assume a
condrete ultimate compressive strength of 2,000 psi
unlegs otherwise specified by the (owner.

CM

2.6 ADDITIONAL REQUIREMENTS SPECIFIC
TO MONORAIL.SYSTEMS

CM

CM-2.6.1.1 Miscellaneous Structure Deflection.
Deflgctions af components such as end ties, end trucks,
and puxiliary» beams shall not impair the functions for
whidh th€y were designed nor cause any attachments
to the crane to become dislodged or leave the crane.

2.6.1 Allowabte Deflections and Cambers

flange shall not exceed ¢ in.

CM-2.6.2.3, Monorail Curves. Monorail curveds shall be
of such radius as to permit operation of the carrier without
binding.

CM-2:6.2.4 Building Expansion Joints. Whe
system crosses building expansion joints, provi

be made to accommodate for differential expans
building and track.

e a track
tion shall
on of the

CM-2.6.3 Inertia Forces from Drives

Inertia forces occur during acceleration or dedeleration
of trolley motion and depend on the driving angl braking
torques applied by the drive units and brakes dufring each
cycle. These loads are longitudinal to the mondrail only.
This load shall be taken as 10% of the combingd trolley
dead load and the rated load.

CM-2.6.4 Allowable Stresses and Wheel

CM-2.6.4.1 Lower Load-Carrying (Tension
The allowable stress in the lower load-
(tension) flange shall be 20% of the minimum|
strength of the material used.

| oads

Flange.
arrying
ultimate

CM-2.6.4.2 Compression Flange. The allowabple stress
in the compression flange shall be determjned per
Section CM-2.

CM-2.6.1.2 Monorail Beam Deflection. The maximum
vertical deflection of the monorail beam produced by the
beam dead load, the trolley dead load (including the hoist
dead weight), and the design-rated load shall not exceed
Ysoo of the span between supports. Impact need not be
considered in determining deflection.

CM-2.6.1.3 Monorail Camber. Where monorail beams
are cambered, the recommended amount of camber is
equal to the sum of the beam dead load deflection,

65

CM-2.6.4.3 Allowable Wheel Loads. Allowable wheel
loads shall take into account the stress imposed on the
lower load-carrying flange when a carrier transfers
from one track to another. Where track sections are diag-
onally cut at transfers, the wheel loads shall be limited by
the stress imposed on the lower carrying flange.
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CM-2.6.5 Monorail Supports

(a) Monorail beams shall be fastened to a supporting
structure.

(b) All clamps, hanger roads, bolts, or other suspension
fittings and supporting structures shall be designed to
withstand the loads and forces imposed by the cranes
or carriers.

(c) Where multiple hanger rods are used at a suspen-

ASME NUM-1-2023

(d) Means shall be provided to restrain the track
against damaging lateral and longitudinal movement.

(e) Where the track is suspended from hanger rod
assemblies, restraining means shall be provided to
prevent the hanger rod nuts from backing off the
hanger rods.

(f) All monorail beam supports shall conform to the
minimum design parameters as specified in
Section CM-2 and the AISC Manual of Steel Construction.

sion pouﬂ y considerationshallbe gnrnn tothe nhnqna] load

induced In the rods.
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Section CM-3
Mechanical Requirements, Cranes and Monorails (Type I)

CM-B.1 GENERAL

THis Section covers the mechanical requirements and
criteyia common to all Type I cranes and monorails. Re-
quirgments for hoists and trolleys are covered under
Part|HT.

CM

If the crane is subjected to radiation, the lubricants shall
resigt the effects of gamma or neutron radiation, or provi-
siong shall be made for changing the lubricants. If lubri-
cant$ cannot be conveniently replaced, then lubricants
shal] be National Lubrication and Grease Institute
(NLGI) Grade 0 oil containing molybdenum disulfate or
NLG] Grade 1.5 grease with sodium aluminate thickener.
Lubrjicants shall be oxidation and rust inhibited except for
lubricants for wire rope.

B.1.1 Lubrication Subject to Radiation

CM

CM-3.1.2.1 Allowable Stresses. Load-carrying parts,
except structural members and gears, shall be designed
such|that the calculated static stress in the matetial, based
on rpted load, does not exceed 20% of ¢he published
averjage ultimate strength of the material. Castings,
forglngs, stampings, and fastenerssshall be designed
with allowable stress not to.'exceed 20% of the
minimum ultimate strength of the' material.

B.1.2 Design and Performance Criteria

CM-3.1.2.2 Service Factors.All load combinations and
factdrs, including stress,ornicentrations, shall have service
factqrs as stated for the design of specific mechanical
components, as indi€ated in para. CM-3.1.4.

CM-3.1.2.3/ Seismic Analysis

CM-3.1.2.3.1 Criteria. Analyses shall be performed to
ensure-retention of the load during a seismic event. In

(b) Loads due to vertical and horizontal maotjons shall
act together and shall be combined in accordancg with the
requirements of para. CM-2.1.3.

CM-3.1.2.3.3 Component Analysis (<33 Hz}. Compo-
nents whose major resonant frequency is less than 33 Hz
shall be analyzed dynamically=*The component shall be
represented by a generalizéd three-dimensiongl system
of nodes. The model's:geometry shall reflect the
overall size, length, connectivity, and stiffnegs of the
various structural members. An appropriate|element
representation of-each member shall be used to describe
all components that contribute significantly to|stiffness.

CM-3.1.2.3.4 Allowable Stresses for F3steners.
Seismic¢oads shall induce stresses that, when ¢gombined
with appropriate dead and live loads, do not ex¢eed 90%
of-the yield strength of the fastener.

CM-3.1.3 Component Design

CM-3.1.3.1 Bridge Drives. Single failure-proof features
are generally not required for bridge travel |systems.
However, in those cases where failure of a component
could result in an owner-specified unacceptable motion
for a facility, the design shall incorporate single
failure-proof features to ensure that the hridge is
brought to a safe stop.

Reference specific bridge (see subsectionp CM-3.2
through CM-3.6) for acceptable bridge drive |[arrange-
ments. Where required, bridge drive motors| shall be
selected in accordance with Section CM-4.

CM-3.1.3.2 Brakes

CM-3.1.3.2.1 Bridge and Jib Brakes. On all|powered
cranes, one of the following braking means with a thermal
capacity suitable for the frequency of operation shall be
provided for bridge or jib. T

addil,;\_}ll, Cllla})’b;b Dhal} LUllfil 11T that lllehall;\,a‘l \,Ullll_l\}
nents that would damage safety-related equipment if
dislodged will remain in place during a seismic event.

CM-3.1.2.3.2 Component Analysis (>33 Hz). Compo-
nents whose major resonant frequency is greater than
33 Hz may be modeled as a lumped mass.

(a) Analysis shall consist of the determination of the
stress level of the mounts when applying maximum
dynamic forces to the center of gravity of the item.

(a) aspring-set, friction-type brake with the following
characteristics:

(1) Brakes shall be provided with adjustment to
compensate for wear.

(2) 1f holding brakes are provided, they shall have a
torque rating of atleast 50% of the rated motor torque and
be adjustable to a minimum of 25% of the rated motor
torque.
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(b) a non-coasting mechanical drive that is capable of
stopping the motion of the bridge within a distance in feet
equal to 10% of full-load speed in feet per minute when
traveling at full speed with full load

CM-3.1.3.2.2 Emergency and Parking Brakes. Emer-
gency and parking brakes shall be provided for bridge
drives and jib crane slew drives. Any combination of
service, emergency, and parking functions may be
performed by a single friction brake, provided the emer-

ASME NUM-1-2023

(c) Mechanical component connections shall be
designed to accommodate all dynamic forces, such as
those induced by motor start-up and braking applications.

CM-3.1.3.6 Guards

(a) Exposed moving parts, such as couplings, gears,
setscrews, projecting keys, chains, chain sprockets, and
reciprocating components that may constitute a hazard
under normal operating conditions shall be guarded.

gency arjd parking functions can be obtained without
having ppwer available.

CM-3.]
CM-

(a) Brldge bumpers shall be provided.

(b) Bumpers shall be designed and installed to mini-
mize par}s falling from the crane in case of breakage.

(c) Fof two cranes on the same runway, bumpers shall
be desigijed and installed so that no other part of either
crane will come in contact when the two cranes come
together,

(d) By
energy-d
traveling
of at lea
shall alsg
the lifted|
average ¢
direction

.3.3 Bumpers and Stops
8.1.3.3.1 Bumper Design

mpers shall have the energy-absorbing (or
issipating) capacity to stop the crane when
with power off in either direction at a speed
t 40% of the rated load speed. The bumpers
be capable of stopping the crane (not including
load) at a rate of deceleration not to exceed an
f 3 ft/sec when traveling with power off in either
at 20% of rated load speed.

cM

(a) R
at the li

8.1.3.3.2 Stop Design

way stops shall be provided and shallbglocated
its of the bridge travel such that no part of the
crane (with bumper fully compressed) wilkencroach upon
the requjred clearance specified in para./GR-2.1.1.

(b) Runway stops shall be able to ‘withstand the force
applied when contacted.

(c) Ruhway stops that engage’the tread of the wheel
shall not|be used for motorized cranes.

CM-3.1.3.4 Couplings: Couplings shall be selected for
the torqyie and alignmrént requirements at the point of
applicatipn. Solid«ouplings shall be steel or minimum
ASTM A48 Class*40 cast iron or equal material.

CM-3.1.3'5 Mounting of Bridge Drive Components

(b) Guards shall be securely fastened. tI

(c) Each guard shall be capable of supporting,jwithout
permanent deformation, a weight of 200 by unles the
guard is located where it is not probable for a pgrson
to step on it.

CM-3.1.4 General Mechanical-Components

CM-3.1.4.1 Gearing. Gearing’'shall be designed and
manufactured in accorpdance with the procedures
presented by the AmericanGear Manufacturers Asspcia-
tion (AGMA).

When worm gearing is specified, it shall be rated
appropriate service factors. Gear lock-up shall be co
ered when selecting gear ratios for travel drives.

CM+<3.2:4.1.1 Materials. All gears and pinions sh
constructed of steel or other material of adequate strgngth
anddurability to meet the requirements for the intended
class of service and manufactured to AGMA quality clpss 5
or better.

with
hsid-

hll be

(a) Drive components, such as motors and gear redu-
cers, shall not be mounted on multiple support structures
that can deflect relative to each other unless the design
specifically allows for this deformation.

(b) Drive components whose alignment is important to
their operation shall not depend on friction, but shall use
positive means, such as dowel pins, shear bars, or fitted
bolts, to maintain alignment.

68

CM-3.1.4.1.2 Allowable Strength and Durability
Horsepower. The horsepower rating for all dpur,
helical, and herringbone gearing shall be basefd on
ANSI/AGMA 2001-D04. For this Standard, the horseppwer
equations are as follows:

P = Npd FSat] (cM-3-1)
7126000 KK, PiSeKp
2
P, = NpFI y [SachhJ (CM-3-2)
126,000K,K,,,S¢q Cp
where
C, = hardness factor (durability)
C, = elastic coefficient

d = pitch diameter of pinion, in.

F = net face width of the narrowest of the mating

gears, in.

I = geometry factor (durability)

J = geometry factor (strength)

Kp = rim thickness factor
K,, = load distribution factor
K, = dynamic factor

N, = pinion speed, rpm
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P, = allowable durability, hp CM-3.1.4.3 Bridge Drive Shafts
Pai = allowable str.ength, hp. . CM-3.1.4.3.1 General. Drive shafting shall be
P; = transverse diametral pitch, 1/in. . . . S
. . designed for the maximum wheel load in combination
Sac = allowable contact stress number for material, psi . .
. . . with the maximum torque load.

Sac = allowable bending stress for material, psi

(strength) CM-3.1.4.3.2 Material. Shafts shall be cold-rolled or
Stq = crane service factor (durability) processed to have equivalent material properties. Bridge
Sts = crane service factor (strength) cross-shaft sections that do not carry gears may be of

material other than that described in CM-3.1.4.3.2.

THevaluesTor C,, T,], Kg, K;; Ky, Sac, aNd S, can be deter-

mine
04, 4

d from the tables and curves in ANSI/AGMA 2001-D-
nd S¢s from Table CM-3.1.4.1.2-1. The remaining
values will be physical characteristics pertaining to the
gear$ for their operation characteristics.

Crpne service factor, Sgq, shall be determined from the
formula S¢q = C4 x K,,. For specific K, values, see
eq. (ICM-3-3). For C,4 the machinery service factor, see
Tablg CM-3.1.4.1.2-2.

_ 2(maximum load) + minimum load

” (CM-3-3)

K

3(maximum load)

CM-3.1.4.1.3 Lubrication. Means shall be provided to
ensujre adequate and proper lubrication for all gearing. All
gearing, except the final reduction at the wheels, shall run
in oi] or be splash lubricated. Selection of lubricants shall
be based on the guidelines found in ANSI/AGMA 9005 or
as rgcommended by the gear manufacturer.

CM-3.1.4.2 Antifriction Bearings

Antifriction bearings shall be selected to.give a
um life expectancy based on full rated\$peed as
shown in Table CM-3.1.4.2-1.

(b} Use K,, load factor for all applications.

(c] Due consideration shall be givenito the selection of
the bearing if a crane is used for-alimited time at an
incrgased service class, such ag"during a construction
pha

M-3.1.4.2.1 Sleeve-Bearings. Bronze sleeve bear-
ings [shall have a maxirhum allowable unit bearing pres-
sure|of 1,000 psi on’the projected area.

M-3.1.4.2.2-Lubrication. All bearings shall be
provided withproper lubrication or means of lubrication.
Bearjing enclosures shall be designed to exclude dirt and
prevent feakage of oil or grease.

Table CM-3.1.4.1.2-1
Crane Class Factors for Strength Horsepower Rating, S¢s

Service Class Sts [Note (1)]

A 0.75

B 0.85

C 0.90

D 0.95
NOTE: (1) Crane(class factors for strength horsepower rafing, Sg, are
from CMAA~74-2020.

Table CM-3.1.4.1.2-2
Machinery Service Factor, Cy4
Service Class C4 [Note (1)]

A 0.64

B 0.72

C 0.80

D 0.90

NOTE: (1) Values for machinery service factor, C4, are from CMAA
74-2020.

Table CM-3.1.4.2-1
ABMA L10 Bearing Life

L10 Bearing Life, hr [Nofe (1)]

Service Class

A 1,250
B 2,500
C 5,000
D 10,000

NOTE: (1) Values for American Bearing Manufacturers pssociation

(ABMA) L10 bearing life are from CMAA 74-2020.
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CM-3.1.4.3.3 Bearing Spacing for Rotating Shafts.
The bearing spacing for shafts rotating at less than
400 rpm shall not exceed that calculated per eq. (CM-3-4):

L = 3/432,0000% (CM-3-4)
where
D = shaft diameter, in.

L

distance between bearing centers, in.

ASME NUM-1-2023

(2) Forshaftingloaded in bending, the stress shall be
calculated as follows:

o= (CM-3-7)

I

where
I = bending moment of inertia at point of examina-

tion, ft-lb-sec?

M = bending moment at point of examination, in.-1b.
. r = outside radius of shaft at point of examinafidn, in.
When the shaft speed exceeds 400 rpm, the bearing
spacing shall not exceed that. detern.nned by This bending stress shall not exceed S,/5.
eq. (CM{3-5) or eq. (CM-3-4), whichever is less, to . .
. . . ) - (3) For shafting loaded in torque, theshear stress, 7,
avoid objectionable vibration at critical shaft speeds.
shall be calculated as follows:
L= [4,760,000D (CM-3-5)
12N ;= Ir (CM-3-8)
where J
N = njaximum shaft speed, rpm where
. . . J = polar moment‘of inertia of shaft at point of ekam-
CM-3.1.4.3.4 Torsional Deflection of the Bridge. The ination. in4
torsional deflection of the bridge cross shaft shall not T = torque ’at Boint of examination, in.-lb.
exceed 0|10 deg/ft for the following drives and loads:

(a) an)A-1drive when 67% full-load, bridge drive-rated
motor tofque is applied

(b) an A-2 drive when 50% full-load, bridge drive
rated-mdtor torque is applied

(c) an|A-4 drive when 100% full-load, bridge drive
rated-mdtor torque is applied

Bridge d
gear redy
tion, the 4

ive-rated motor torque shall be increased by any
ction between the motor and the shaft. In-addi-
pplied torque shall resultin a bridge drivewheel
1t no greater than 1% of the wheel circumference

significant stresses are prodticed by other forces, these
forces shall be positioned 'to provide the maximum
stresses|at the sectioficunder consideration. Impact
shall not|be included,
(a) Static Stress €heck for Operating Conditions
(1) For shafting subjected to axial loads and not

This shearstress shall not exceed S,/(5+/3).
(4) Transverse shear stress in shafting shall be cplcu-

lated~as’ follows:
(-a) For solid shaft

;= 133V (CM-3-9)
A
where
A = cross-sectional area at point of examination in.?
V = shear load at point of examination, lb
(-b) For hollow shafts
=2 (CM{3-10)
A

These shear stresses shall not exceed S,/ (5+/3)).
(5) When combinations of stresses are presemnt on

the same element, they shall be combined as folloys:
(-a) For axial and bending stresses

c=o0+0y+03..+0,

limited buckling, the stress, o, shall be calculated as
follows:
s= L (CM-3-6)
A
where
A = cross-sectional area of shaft, in.?

P = total axial load, lIb

This axial stress shall not exceed S, /5.

70

ardsiratt ot exceed S, /5-
(-b) For shear stresses

T=q+17+15..+71

and shall not exceed S,/ (5/3).
(-c) For axial and bending with shear

op =+ 0'2 + 312

and shall not exceed S,/5.

(CM-3-11)
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Note that bending and torsional stresses are maximum
on the outer fibers of the shaft and must be combined. The
transverse shear stresses are maximum at the center of
the shaft and do not combine with bending or torsional
stresses.

(b) Fatigue Stress Check for Fluctuating Operating
Stresses. Any shafting subjected to fluctuating stresses,
such as bending in rotating shafts or the torsion in rever-
sing drives, shall be checked for fatigue. This check shall be

PART CM, CRANES AND MONORAILS

o, = that part of the bending stress due to fluctuating
loads, psi

T,y = thatpartofthe shear stressnotdue to fluctuating
loads, psi

7, = that part of the shear stress due to fluctuating
loads, psi

(c) Bearing Stress in Shafts. Shafting in bearings shall be
checked for operating conditions. The bearing stress is

perffTmed at points ol geometric discontnuity where calculated by dividing the radial load, P, by the projected
stregs concentrations exist, such as fillets, holts, keys, area:
and press fits. Pure stresses shall be calculated using
apprppriate stress multiplication factors. The allowable P/(dL)
stregses are as follows:
(1) Tensile and bending stress where
d = shaft diameter, in.
oK, < Se (CM-3-12) L = bearing length, in.
K
‘ This bearing stress shall not exceed 50% of the
2) Shear and combined shear stress minimum yield fér non-rotating shafting.
This bearing.stress shall not exceed 20% of the
S minimum/ yield for oscillating shafting when not
K, < € (CM-3-13) imi i ial.
s K3 limited b3)the bushing material
CM-3:1.4.4 Wheel Assembly
(3) For combined stresses, where all of the shear and . . .
bending stresses are fluctuating CM-3.1.4.4.1 Top-Running Bridge Wheel Design
(a) Unless other means of restricting lateral njovement
T2 a2 S L are provided (such as side rollers), wheels shall be double
0t = \/(Kt”) +3(Ka)” < Ec (CM-3:44) flanged with treads accurately machined. Bridde wheels
may have either straight treads or taperef treads
(4) For combined shear and bending stresses, where assembled with the large diameter toward the center
Only part of the stresses are ﬂuctuating of the Span. Drive wheels shall be machined| in paiI‘S
within 0.001 in./in. of diameter with a ma)limum of
0.010 in. on the diameter, whichever case is smaller.
KSyp0,\* Kyt )
otF O,y + S + 3| ¢ S
M-3-1
; ¢ ¢ (CM-3-15) Table CM-3.1.4.3.5-1
<P Crane Class Factor, K,
~ K
¢ Service Class K. [Note (1)]
whete A 1.000
Kl. = crane_class factor (see Table CM-3.1.4.3.5-1) B 1.015
K = stress amplification factor C 1.030
K4 = surface condition factor (see Table D 1.060
CM_3'1'4'3'_5__2) ) ) ) NOTE: (1) The crane class factor, K, is from CMAA 74020.
= stress amplification factor for tension or bending

S. = endurance strength of shaft material, psi
= 0.365,'K,.

S, = average ultimate tensile strength of shaft mate-
rial, psi

S,/ = minimum ultimate tensile strength of shaft mate-
rial, psi

Syp = minimum yield strength of shaft material, psi

0,y = that part of the bending stress not due to fluc-

tuating loads, psi
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Table CM-3.1.4.3.5-2
Surface Condition Factor, K.

K. [Note (1)] Shafting Type
1.40 For polished, heat-treated, and inspected shafting
1.00 For machined, heat-treated, and inspected shafting
0.75 For machined, general-use shafting

NOTE: (1) The surface condition factor, K, is from CMAA 74-2020.
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(b) Wheels shall be designed to carry the maximum
wheel load under normal conditions without undue
wear. The maximum wheel load is the wheel load
produced with the trolley handling the rated load in
the position to produce the maximum reaction at the
wheel, not including impact. When sizing wheels and
rails, the following parameters shall be considered:

ASME NUM-1-2023

(f) The wheel service factor, S,,, is equal to 1.25 times
the machinery service factor, C4 and is shown in
Table CM-3.1.4.4.1-4. The wheel service factor is
greater than the machinery service factor because the
interaction between rail and wheel is more demanding
in terms of durability than the interaction between
well-aligned and lubricated machined parts.

D = wheel diameter, in. (g) The wheel load service coefficient, K,,;, may not be
K = hardness coefficient of the wheel smaller than the K,,; minimum shown in Table
= BHN x 5 (for wheels with BHN <Z60) CM-3.T.2.4.1-%.
= 1,300(BHN/260)°33 (for wheels with BHN >260) (h) The equivalent durability wheel load, P, shall not
W = dffective rail head width, in. exceed the maximum permissible wheel,logad,

The bijidge and trolley durability wheel loadings for
differentjwheel hardness values and sizes in combination
with diffgrent rail sizes are shown in Table CM-3.1.4.4.1-1.
The valugs in the table are established by the product of
KDW.

(c) To|luse Table CM-3.1.4.4.1-1, first determine the
equivalent durability wheel load, P,:

P, = maximum wheel load X K,

where
K.1 = [wheel load service coefficient [see (g)]
= |KpwCsSm [see (d) through (f)]
(d) Lopd factor, Ky, can be determined as follows:
Ky
_ 0.73(BW) + f(LL) + 0.5(TW) — 0.5/(TW) (CY1:3-16)
B 0.75(BW) + 1.5f(LL)
where
BW =|bridge weight, lb
=|X/span (see Figure CM-3.1'4.4.1-1)
LL =|trolley weight + rated.lead, 1b
TW =|trolley weight, 1b

See Taple CM-3.1.4.4 422
(e) Thie speed factor} 'Cs, depends on the rotational

P, in
Table CM-3.1.4.4.1-1.

(i) Straight-tread wheels should be.approximately
%, in. to 1 in. wider than the rail head. Tapered-tread
wheels may be 150% wider than straight-tread wheels
or as recommended by the crane manufacturer.

(j) When rotating axles.arxe used, wheels shall be
mounted on the axle with-press fit alone, press fif and
keys, or keys alone.

CM-3.1.4.4.2/Under-Running Bridge Wheel Degign

(a) All under-running bridge truck wheels shalll be
designed to\suit the surface on which they run. Drive
wheels shall be the same diameter within a tolerjance
of 0.010 in.

(b) When flangeless wheels are used, they shall be
provided with a side roller arrangement.

(c) Wheels shall be designed to carry the maximum
wheel load under normal conditions. The wheel|load
shown in Table CM-3.1.4.4.2-1 is that load prodjiced
with the trolley handling the rated load in a posjition
to exert the maximum load, not including impact.

NOTE: Areduction in the allowable wheel load may be necessary
to satisfy the runway lower flange stress requirements.

CM-3.1.4.4.3 Material. Wheels shall be cast ir¢n or
rolled, forged, or cast steel with a minimum hardnéss of
200 BHN. For special applications, other materials mjiy be
used with permission from the owner and with consi¢lera-
tion of hardness, impact strength, and brittleness.

CM-3.1.4.4.4 Bearings. Wheel bearings shall be
single or double row, combination radial and thjrust,
anti-friction precision type. Bearings shall be prelpbri-
cated and sealed or provided with fittings and seals for

speed pf the stheel and is listed in Table
CM-3.1.4.4.1-3.4Thése factors are obtained from egs.
(CM-3-17) and.(CM-3-18).
(1) Forrpm <31.5
— 315\
C.— [1 N (er : )] (CM-3-17)
360
(2) For rpm >31.5
Co=1+ (M] (CM-3-18)
328.5
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nressure lnbrication
!

CM-3.1.4.4.5 Safety Lugs. All wheel sets shall have
drop plates limiting the movement of the immediate struc-
ture to 1 in. in the event of axle or bearing failure.
CM-3.1.5 Miscellaneous

CM-3.1.5.1 Hand-Chain Wheels

(a) Hand-chain wheels shall have pockets formed to
allow proper engagement of the hand chain.
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Table CM-3.1.4.4.1-1
Maximum Permissible Bridge Wheel Loading

Bridge Wheel Loading, 1b, by Rail Type

ASCE 80 Ib,
ASCE 85 Ib,
Wheel ASCE 60 Ib, ARA-A 100 Ib F, BETH
Wheel Diameter, ASCE ASCE ASCE ASCE ARA-A ASCE 70 Ib, BETH 1041b,  ASCE  and USS
BHN D, in. 20lb 251b 301b 401b 90lb andARA-B100Ib  USS 105 Ib 1001 1351b
2P0 o 4,200 5,000 0,500
6 5050 6,000 6,400 7,500
8 6750 8000 8500 10,000
9 7,600 9,000 9,550 11,250 14,900 15,750
10 8450 10,000 10,650 12,500 16,550 17,500
12 12,000 12,750 15,000 19,850 21,000 22,500 25,500
15 15950 18,750 24,850 26,250 28,150 31,850
18 19,150 22,500 29,800 31,500 33,750 38,250 | 40,500
260 5 5500 6,500 6,900
6 6,600 7,800 8300 9,750
8 8800 10,400 11,050 13,000
9 9,850 11,700 12,450 14,600 19,400 207450
10 10,950 13,000 13,800 16,250 21,550 22,750
12 15600 16,600 19,500 25,850 27,300 29,250 33,150
15 20,750 24,400 32,300 34,100 36,550 41,450
18 24,850 29,250 38,750 40,950 43,850 48,700 | 52,650
3po 5 5850 6,950 7,400
6 7050 8350 8900 10,450
8 9,400 11,150 11,850 13900
9 10,550 12,550 13,300+ (15650 20,750 21,950
10 11,750 13,900 14,800 17,400 23,050 24,350
12 16,700 1%750 20,900 27,650 29,250 31,300 35,500
15 22,200 26,100 34,600 36,550 39,150 44,400
18 26,650 31,300 41,500 43,850 47,000 53,250 | 86,400
59 RC 5 7,300 ~ 8,650 9,200
(915 6 8,7500~/10,350 11,000 12,950
BIN) 8 11650 13,800 14,700 17,250
9 13200 15550 16,500 19,450 25,750 27,200
10 14,600 17,250 18,350 21,600 28,600 30,200
12 20,700 22,050 25,900 34,300 36,250 38,850 44,050
15 27,550 32,400 42,900 45,350 48,550 55,050
18 33,050 38850 51,500 54,400 58,300 66,050 | 69,950
Effective Width of Rail  0.844  1.000  1.083  1.250  1.654 1.750 1.875 2125 | 2.250
Head, M. (Top-ofHead

Minus Corner), in.

Legend:
ASCE

ARA = American Railway Association
BETH = Bethlehem Steel
USS = U.S. Steel

= American Society of Civil Engineers

GENERAL NOTE: Bridge wheel loadings, 1b, are from CMAA 74-2020.
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Figure CM-3.1.4.4.1-1
Bridge Span

GENERAL
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Table CM-3.1.4.4.1-2
Bridge Load Factor, Ky,

NOTE: The figure, from para. 4.7.1.3 of CMAA 74-2020, is reprinted courtesy of the CranegManufacturers Association of Anjerica.

Bridge Load Factor, K., for Capacity of [Note (1)]

Bridge Span, ft 3 ton 5 ton 7.5 ton 10 ton 15 ton 20 ton 25 ton 30 tan
20 0.812 0.782 0.762 0.747 0:732 0.722 0.716 0.71¢
30 0.817 0.785 0.767 0.750 0.736 0.725 0.718 0.71
40 0.827 0.794 0.777 0.760 0.744 0.732 0.723 0.72
50 0.842 0.809 0.791 0.771 0.758 0.740 0.738 0.73}
60 0.861 0.830 0.807 0.790 0.773 0.754 0.747 0.74}
70 0.877 0.844 0.825 0.807 0.789 0.768 0.760 0.75¢
80 0.888 0.857 0.835 0.818 0.802 0.779 0.770 0.76]
GENERAL NOTE: K, is based on the worst-case scenario with trolley against stop.
NOTE: (1)| Bridge load factors, Ky, are from EMAA 74-2020.
Table CM-3.1.4.4.1-3
Speed Factor, C;
Speed Factor, C;, for Speed of [Note (1)]
Whe¢l 30 50 75 100 125 150 175 200 250
Diametey, in. ft/min ft/min ft/min ft/min ft/min ft/min ft/min ft/min ft/min
5 0.952 1.020 1.078 1.136 1.194 1.252 1.310 1.368 1.485
6 0.932 1.001 1.049 1.098 1.146 1.194 1.243 1.291 1.388
8 n_an—r n.o:o 1.n1'z 1_n/10 1.no£ 1.1 22 1_1 0Q 1.10E 1_’) )7
9 0.898 0.944 1.001 1.033 1.066 1.098 1.130 1.163 1.227
10 0.892 0.932 0.984 1.020 1.049 1.079 1.108 1.137 1.195
12 0.882 0.915 0.958 1.001 1.025 1.049 1.074 1.098 1.146
15 0.872 0.898 0.932 0.967 1.001 1.020 1.040 1.059 1.098
18 0.865 0.887 0.915 0.944 0.973 1.001 1.017 1.033 1.066

NOTE: (1) Speed factors, C, are from CMAA 74-2020.
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Table CM-3.1.4.4.1-4
Wheel Service Factor, S,
and Minimum Service Factor, K,

Service Class Sm Minimum K.,
A 0.80 0.75
B 0.90 0.75
C 1.00 0.80
D 1.12 0.85

GENHRAL NOTE: Wheel service factors, S,;, and minimum load
servide factors, K,,;, are from CMAA 74-2020.

Table CM-3.1.4.4.2-1
Maximum Wheel Loads for | Beamis’and Wide-Flange Beams

Wheel Diameter, Contour Tread, in. [Notes (1), (2)] | Convex Tread, in. [Note (3)]
D, in. w=1, w=1 w=1%}5 W=2 w=1, w=1 w=1/, W=2
4 2,000 4,000 6,000 8,000 1,200 2,400 3,600 4,800
5 2,500 5,000 7500 10,000 1,500 3,000 4,500 6,000
6 3,000 6,000 9,000 12,000 1,800 3,600 5,400 7,200
7 3,500 7,000 10,500 14,000 2,100 4,200 6,300 8,400
8 4,000 8,000 12,000 16,000 2,400 4,800 7,200 9,600
9 4,500 9,000 13,500 18,000 2,700 5,400 8,100 10,800
10 5,000 10,000 15,000 20,000 3,000 6,000 9,000 12,000

GENHERAL NOTES:

(a) Maximum wheel loads for 'beams and wide-flange beams are from CMAA 74-2020.
(b) W = width of wheel tread exclusive of flange, in.

(c) GOharted values are based.on wheels with BHN of 200. Larger wheel loads are obtainable with suitable material and with hjgher BHN.

NOTHS:
(1) Values provided are for contour tread where the wheel tread matches the rolling surface of the lower flange of the track bpam.
(2) Fpr contouritread, P (wheel load) = 1,000WD, lb.
(3) For convex tread, P (wheel load) = 600WD, 1b.
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(b) The wheels shall be equipped with a chain guide
that will permit operation of the hand chain from an
angle 10 deg out from either side of the chain wheel
without slipping or jumping the wheel rim.

(c) All hand chains shall be guided to guard against
disengagement from the hand-chain wheel.

CM-3.1.5.2 Hand Chains
(a) Hand chains shall be ofthe link-chain type. Each link

ASME NUM-1-2023

(2) A mechanically independent drive is provided at
each bridge end truck. The drive motor is directly
connected to the integral self-contained gear reduction
unit that in turn is connected to the axle of the rubber
wheel. The rubber drive wheel is arranged to provide
spring-loaded contact to the underside of the runway
rail for traction drive.

CM-3.2.2 Bridge Interlocking Mechanisms

shall be ¢f uniform size and shape and have an accurate
pitch to feliably pass over and around the hand-chain
wheels.
(b) Hand chains shall be endless-link chains and shall
have a drpp thatis approximately 2 ft above the operator’s
floor level.
(c) Hard chains on booms without motorized rotation
shall withstand, without permanent distortion, a force of
three tinjes the pull required to rotate the boom with a
capacity Joad on the boom.
CM-3.2 |ADDITIONAL DESIGN REQUIREMENTS
SPECIFIC TO UNDERHUNG CRANES

CM-3.2.

The byidge drive arrangements normally used with
underhjung bridge cranes are illustrated in
Figures [CM-3.2.1-1 and CM-3.2.1-2. An underhung
bridge Has a minimum of four pairs of wheels and
shall use a drive arrangement where at least one pair
of whee|s is driven on each end truck. Underhung
bridges funning on multiple runways may be driven
by whee] pairs on two or more end trucks. End trucks
may be driven by more than one wheel pair.

CM-3.1

(a) A
(1)
reduceru
reduceri
are conn
drive the

L Bridge Drive

.1.1 Bridge Drive Arrangements

2 Drive

he motor is connected t6 a-self-contained gear
nitlocated near the cenitérof the bridge. The gear

5 connected to a set,0f squaring shafts thatin turn

ected to the end.tfuck drive pinions. The pinions
geared sectjon‘of the wheels.

(2) Themotorisconnected by chain and sprockets or
through 4 self-contained reducer to a squaring shaft thatin
turn is cdnnected to the axle of the rubber wheels at each
bridge erjd truck. The rubber drive wheels are arranged to
provide
runway rail for traction drive.

(b) A-4 Drive

(1) A mechanically independent drive is provided at
each bridge end truck. The drive motor is directly
connected to the integral self-contained gear reduction
unit that in turn is connected to the drive pinion that
drives the geared section of the bridge wheels.
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(a) Interlock mechanisms for underhung cranes |shall
maintain alignment between mating track sectiong and
shall provide smooth trolley transfer across§)sections.

(b) Stops or forks shall be part of the interlock meghan-
isms to prevent the trolley from rolling off 6pen track ¢nds.
When girders and spur tracks or transfer section$ are
aligned and interlock mechanisms-are engaged, Jtops
or forks shall be in the open positien and permit trapsfer
of the trolley. When girders and/spurs or transfer tfacks
are not aligned and the jnterlock mechanisms ar¢ not
engaged, stops or forkseshall be in the closed position.

(c) Interlock mechHanisms shall be designed to [imit
vertical misalignmenit’to less than % in.

(d) Interlocklng cranes and mating tracks shall h
gap of less than' in. between adjacent ends of the
carrying flange.

hve a
oad-

CM-3:3, ADDITIONAL REQUIREMENTS SPECIRIC
TO TOP-RUNNING BRIDGE AND GANTRY
CRANES

CM-3.3.1 Bridge Drives for Top-Running Cranes

Atop-running bridge has a minimum of four wheelf and
shall use a drive arrangement where at least one wheel is
driven on each end truck.

CM-3.3.1.1 Bridge Drive Arrangements. Bridge {irive
arrangements normally used with top-running byidge
cranes are illustrated in Figures CM-3.3.1.1-1 thrpugh
CM-3.3.1.1-3.

(a) A-1Drive (Figure CM-3.3.1.1-1). The motorislogated
near the center of the bridge span and is connected to a
self-contained gear reduction unit, also located neaf the
span center, that in turn is connected to a set of line shafts
that are connected to the wheel axles.

(b) A-2Drive (Figure CM-3.3.1.1-2). The motorislo
near the center of the bridge span and connected
flexible coupling to a self-contained gear redu

ated
by a
tion

kpring-loaded contact to the nunderside of the  unit, also located near the span center, that in tuirn is

connected to a set of line shafts by solid or semiflexible
couplings. Each line shaft is connected to a pinion at the
end truck that meshes with the drive gear. Connecting
couplings between the line shaft and pinion are semiflex-
ible. All other couplings, if required, are of the solid type.

(c) A-4 Drive (Figure CM-3.3.1.1-3). Two mechanically
independent drive arrangements are provided, one unit at
each end truck of the bridge. Motors are connected to the
gear reduction units that in turn are connected to the
wheel axles.
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Figure CM-3.2.1-1
Arrangement of Crane Bridge Drives (A-2 Drive)

~1) ¢ Crane r\,\’

Plan View
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Section A-A Section A-A
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Figure CM-3.2.1-2
Arrangement of Crane Bridge Drives (A-4 Drive)
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Figure CM-3.3.1.1-1
Arrangement of Crane Bridge Drives (A-1 Drive)

Figure CM-3.3.1.1-2
Arrangement of Crane Bridge Drives (A-2 Drive)

| HIo(a

| =11 |
i‘-—q‘,_Crane

Figure CM-3.3.1.1-3

Arrangement of Crane Bridge Drives (A-4 Drive)
<¢— ¢ Crane | ﬁ

S0 SR
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CM-3.3.2 Bridge Drives for Gantry Cranes

For bridge drives on gantry cranes, the number of
driven wheels shall be selected based on crane accelera-
tion rates to prevent wheel skidding.

CM-3.3.3 Gantry Crane Drive Brakes

Each motorized drive on gantry cranes shall be
provided with a suitable brake that is sized as described

ASME NUM-1-2023

CM-3.5.3 Freestanding or Mast-Type Jib Cranes

Jib boom rotation shall be limited unless the power
service connection provides for continuous rotation.

CM-3.6 ADDITIONAL REQUIREMENTS SPECIFIC
TO MONORAIL SYSTEMS

CM-3.6.1 Track

in Sectioftr CTM-=3.

CM-3.4 [ADDITIONAL DESIGN REQUIREMENTS
SPECIFIC TO TRAVELING WALL CRANES

CM-3.4.1 Wall Crane End Truck Configuration

The wall crane shall have vertical and horizontal end
trucks anld a cantilevered girder. The driven vertical truck
may be fop running with wheels on standard rails or
underhung from the lower flange of an I-beam or patented
track. The horizontal-reaction idler trucks may be
construdted similar to the vertical truck, either top
running pr under running (see Figure GR-6.2.3-1).

CM-3.4.
For thg

P End Truck Assembly

truck assembly drive, if the vertical wheels are
top running, a minimum of two wheels shall be driven. If
the verti¢al wheels are under running, a minimum of two
pairs of yheels shall be driven.

CM-3.4.B Wall Crane Drive Brakes

Each n
brake, si

otorized drive shall be provided with a suitable
red as described in Section CM-3.

CM-3.5 |ADDITIONAL REQUIREMENTS'SPECIFIC
TO JIB CRANES

CM-3.5.L Considerations for-the Boom

(a) If the jib crane is subject to damage due to wind
loading, 4 means shall be-provided to tie down or restrain
the boonp during stonage:

(b) Ifthejib crane’ssboomislocated 16 ft or more above
the operqting fleof,or if the jib crane is subject to wind
loading, [the jib;boom’s rotation should be hand-gear

powered|orsmotorized.

(c) If djibrotatiomrattowstheboonrtomovemtoarare——€M-3:6-13-1-Atignment

of facility-unacceptable excursion, positive means to tie
down or restrain the boom for storage shall be provided.

CM-3.5.2 Wall-Bracket-Type Jib Cranes

Rotational stops for the jib boom shall be specified by
the owner, if required.
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CM-3.6.1.1 Track Switches

CM-3.6.1.1.1 Track Switch Types. Track.swifches
shall be of the tongue, rotary, cross-track,or sliding
type. Track switches shall maintain alignment of the

the end of an inCéming track when the switch tr
not aligned with/the incoming track. Stops shall

the caprier is motor propelled. Guards shall al
provided to prevent a carrier on the movable
from running off the movable track when it ig
éngaged with an incoming track.

CM-3.6.1.1.3 Track Switch Holding. Means shs
provided to hold the movable frame in alignment d
the passage of carriers through the track switch.

1l be
iring

CM-3.6.1.2 Track Openers. Track openers, when
required, shall be specified by the owner. The| gap
between the adjacent track and the track opener ghall
be not more than % in. Forks or stops shall be proyided
to prevent a carrier from running off either of the ppen
ends of the track when the movable section is not in glign-
ment with the track.

CM-3.6.1.3 Vertical Drop or Lift Sections. Type I
vertical drop or lift sections shall have structural, meghan-
ical, and electrical components meeting the Type I require-
ments. The drop or lift section hoist shall be either a ['ype
IA or Type IB hoist.

(a) Vertical drop or lift sections shall maintain align-
ment of the stationary tracks and movable tracks with
a maximum gap of %, in. between adjacent ends of
the load-carrying flanges.

(b) When sections are operated by electric, pneumatic,
or hydraulic power, means shall be provided to limit the
vertical travel for alignment of the movable track with the
stationary tracks. Vertical misalignment between the
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movable track and stationary tracks shall not exceed
1 .
/16 iN.

CM-3.6.1.3.2 Stops. Stops shall be an integral part of
the movable and stationary track and shall prevent a
carrier from running off the open ends of the movable

or stationary track when the movable track is not in align-
ment with the stationary tracks.

81


https://asmenormdoc.com/api2/?name=ASME NUM-1 2023.pdf

PART CM, CRANES AND MONORAILS

ASME NUM-1-2023

Section CM-4
Electrical Requirements, Cranes and Monorails (Type I)

CM-4.1 [GENERAL

This Sgction covers the electrical requirements and
criteria gommon to all Type I cranes and monorails. Re-
quirements for hoists and trolleys are covered under
Part HT.

CM-4.1.1 Electrical Components

CM-411.1.1 Crane Controls. The type of control
supplied|for a traverse drive shall result in operation
complying with the specified performance as defined
in Sectiop GR-3.

CM-#.1.1.1.1 Types of Control

(a) Cojnmon Control Systems. Common control systems
may be dne of the following:

(1) kingle-speed alternating current (AC) magnetic
reversing, which uses an AC squirrel-cage induction
motor (also see para. CM-4.1.1.1.2).

(2) two-speed AC magnetic reversing, which uses a
dual-wolind AC squirrel-cage induction motor. Speed
ratios unpder any load are normally 3:1, but may.also
be furnighed in other ratios, such as 2:1 or-4:1-(see
also pard. CM-4.1.1.1.2).

(3) Variable-speed AC magnetic reversing; which is a
type of cdnstant-potential AC control that\uses resistance
in the se¢ondary of an AC-wound rotor;induction motor.
Three to five speed steps are normally provided, with the
speed at|each step varying depending on the load.

(4) AC variable-frequentcy)control, which uses an AC
squirrelfcage induction®motor and provides either
stepped pr stepless speed control by varying the motor
frequency (see para,\CM-4.1.1.1.6).

(b) Other Conttol Systems. Other control systems, such
as adjustpble-voltage direct current (DC) and adjustable
voltage AC,.may be required depending on the specific

(c) Crane controls for a motorized boom shall have a
cushioned start device or other controlled accelerption
means.

(d) A cushioned start device shall.be‘used fof the
following applications:

(1) single-speed drives operatingat greater than 100
ft/min
(2) two-speed drives gperating at greater tharq 100
ft/min thatdo not use a tinfedelay between the two sgeeds

(e) Standard cushipned-start devices are as follgws:

(1) solid-stateryeduced-torque starters, which
provide for the adjustment of the initial torquemlpon
starting and adjustment of the time for reaching full
motor torque

(2) (ballast resistors, which limit the initial torque
upon starting when the resistor is in an unheated cpndi-
tion

(f) A nonelectrical cushioned start device, such|as a
fluid coupling, may also be used to minimize load sying.

CM-4.1.1.1.3 Time Delays

(a) All two-speed AC magnetic controls without ¢ush-
ioned starting should be provided with a time delay
between the speed steps.

(b) All variable-speed AC magnetic controls shdll be
provided with time delays between the speed steps as
follows:

(1) For a three-step control, a time delay shqll be
provided between the last two speed steps.
(2) For either a four-step or five-step controlf two
time delays shall be provided between the last three
speed steps.

CM-4.1.1.1.4 Contactors

(a) Reversing and Speed-Stepping Contactors.| The
minimum NEMA size of magnetic contactors shall pe in

applicati nor owner Qppr‘iﬁr‘:\rinnc

CM-4.1.1.1.2 Cushioned Start Devices

(a) Cushioned start devices are used with single-speed
and two-speed AC magnetic-reversing controls to control
the rate of acceleration by limiting the starting voltage of
the AC squirrel-cage induction motor.

(b) A cushioned start device should be used on single-
speed and two-speed applications that require load swing
to be minimized.

accordance with Table CM-4.1.1.1.4-1 for AC wound
rotor motors, Table CM-4.1.1.1.4-2 for AC squirrel-cage
motors, and Table CM-4.1.1.1.4-3 for DC motors.
Wound rotor primary contactors shall be selected to be
not less than the current and horsepower ratings. Contac-
tors can have continuous and intermittent ratings. Wound
rotor secondary contactors shall be sized such that the
contactor's intermittent rating is not less than the
motor full-load secondary current. The ampere intermit-
tent rating of a three-pole secondary contactor with poles
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in delta shall be 1% times the contactor’s wound rotor
intermittent rating.

(b) Mainline Magnetic Contactors. When required,
mainline magnetic contactors shall be sized in accordance
with Table CM-4.1.1.1.4-4 for AC contactors and Table
CM-4.1.1.1.4-5 for DC contactors. The size shall not be
less than the rating of the largest primary contactor
used on any one motion.

(c) Definite-Purpose Contactors. Unless noted other-

PART CM, CRANES AND MONORAILS

(e) The crane or jib power supply and electronic equip-
ment shall be protected from detrimental effects due to
harmonicand electromagnetic interference (EMI) or radio
frequency interference emissions produced by inverters.

wise] Dy the owner, delnite-purpose contactors specili-

1) not less than NEMA Class 150 Series for service
s A B,and C
2) not less than NEMA Class 160 Series for service
sD,E and F

or class are operating conditions, such as sustained
speed operation.

(c}) Secondary resistors are rated and classified
accojrding to the amount of time they can be in use
and fthe percent of full-load current in the secondary
circyit when on the first point of the variable-speed
conflrol. Table CM-4.1.1.1.5-1 shows the standard
NEMA crane-service resistor classifications based on
current, torque, and duty cycle.

(d} All resistors shall be guarded to prevent inadver-
tent [contact.

Allresistor enclosures shall be ventilated or sized to
dissipate heat.

M-4.1.1.1.6 AC Variable-Frequency Drives. The
genejral requirements are as follows:

(a) Control shall consist of a variable-frequency drive
(VFD) with a full;lodd ampere (FLA) rating equal to, or

Table CM-4.1.1.1.4-1

AC Contactor Ratings for AC Wound-Rotor Motors
Maximum
Intermittent Rating
hp|at
Size of AC 8-hr Open 460 V and
Contactor Rating, ‘A A 250V 575V
0 20, 20 3 5
1 30 30 7% 10
2 50 67 20 40
3 100 133 40 80

GENERAL NOTE: AC contactor ratings for AC wound rotorjmotors are
from CMAA\74-2020.

Table CM-4.1.1.1.4-2

AC Contactor Ratings for AC Squirrel-Cage Motors

Maximum Intermittent Ratiphg, hp, at

Size of AC Contactor 230V 460 V anjd 575V
0 3 g
1 7Y 1p
2 15 25 [Nofe (1)]
3 30 [Note (1)] 50 [Nofe (1)]

GENERAL NOTE: AC contactor ratings for AC squirrel-c
are from CMAA 74-2020.

ge motors

NOTE: (1) Squirrel-cage motors over 20 hp are not normally used for
crane motions.

Table CM-4.1.1.1.4-3

DC Contactor Ratings for DC Motors (230 V to 250 V DC)

greafer than, the-FLA of the corresponding motor or Maximum
motars. Intermittent
(b) Control shall include, as a minimum, protection Reting
agaifst_the following conditions: Size of DC Contactor 8-hr Open Rating, A A hp
1) output phase loss 1 25 30 7Y%
(2) undervoltage 2 50 67 15
(3) overvoltage 3 100 133 35
(4) motor thermal overload

(5) VFD overheat
(c) Controlshall provide a control braking means using
dynamic braking or line regeneration.
(d) Control shall have a minimum of 150% overload
capability for 1 min.
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GENERAL NOTE: DC contactor ratings for DC motors are from CMAA
74-2020.
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Table CM-4.1.1.1.4-4
AC Contactor Ratings for Mainline Service

Maximum Total Motor Maximum Horsepower for

Horsepower Any Motion
Size of Maximum Intermittent 460 V and
Contactor 8-hr Open Rating, A Duty Rating, A 230V 460 V and 575V 230V 575V
0 20 20 6 6 3 5
1 30 30 10 20 7% 10
2 50 67 30 60 20 40
3 100 133 63 125 40 80
GENERAL NOTE: AC contactor ratings for mainline service are from CMAA 74-2020.

Table CM-4.1.1.1.4-5
DC Contactor Ratings for Mainline Service (230 V to 250 V DC)

Maximum Intermittent Duty Maximum Total Motor

Maximum Horsepowel| for

Size of Corjtactor 8-hr Open Rating, A Rating, A Horsepower Any Motion
1 25 30 10 7%
2 50 67 22 15
3 100 133 55 35
GENERAL NOTE: DC contactor ratings for mainline service are from CMAA 74-2020.

Table CM-4.1.1.1.5-1
NEMA Resistor Classification

Starting Torque in
Percentage of Full Load

Torque Class Number According to Duty Cycle
Approximate Percentage of Full Load 1 Phase 3 Phase 15 sec out of 15 sec out of 15 sec out of Contingous
(urrent on First Point Starting Starting 60 sec 45 sec 30 sec Duty
25 15 25 151 161 171 91
50 30 50 152 162 172 92
70 40 70 153 163 173 93
100 55 100 154 164 174 94

CM-4.1.1.2 Motors
CM-4.1.1.2.1 General

(a) D@ Motors. DC motors shall be in accordance with
either NEMA™MG-1 or AISE Standard No.1.

(c) Enclosures and Time Ratings. All AC or DC m¢tors
shall have enclosures and time ratings as required for the
duty and environmental conditions.

CM-4.1.1.2.2 Motor Voltage

(b) AC Motors

(1) Definite Purpose Inverter-Fed Motors. AC squirrel-
cage motors applied to VFDs shall be specifically designed
for inverter duty and shall conform to NEMA MG-1, Part
31, or another standard as approved by the owner.

(2) Definite Purpose Wound Rotor Induction Motors.
AC-wound rotor motors shall conform to NEMA MG-1,
Parts 18.501 through 18.520.

(3) Other AC Motors. All other AC motors not already
described shall conform to NEMA MG-1.
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(a) Rated Voltage

(1) Standard rated motor voltage and the corre-
sponding nominal system voltage shall be in accordance
with Table CM-4.1.1.2.2-1.

(2) For nominal system voltage other than shown in
Table CM-4.1.1.2.2-1, the rated motor voltage should not
be less than 95% nor more than 100% of the nominal
system voltage.
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Table CM-4.1.1.2.2-1 (b) Adjustments for Unusual Conditions. Under unusual
Standard Rated Motor Voltages conditions, such as abnormal inching or jogging require-
Power Nominal Rated Motor _ Permissible Motor ments; short, repeated travel drive movements; altitudes
Supply System, V.  Voltages, V  Operating Range, V more than 3,300 ftabove sea level; and abnormal ambient
AC, single 120 115 104 to 126 temperatures, the motor time rating shall be increased
phase, 240 230 207 to 253 accordingly.
60 Hz CM-4.1.1.2.4 Traverse Motor Size Selection. The
traverse motor rating is basically the mechanical horse-
AC, 208 200 180 to 220 power with considerations for the effect of control and
gglgjzhase' 240 230 207 to 253 ambient temperature.
480 460 414 to 506 (a) Required Motor Horsepower, Indoor-Cranes
600 575 518 to 632 (1) The bridge motor shall be selected sq that the
horsepower rating, HP, is not less than that |given by
AC, 208 200 180 to 220 eq. (CM-4-1):
polyphase, 230 220 198 to 242
S0 e 400 380 342 to 418 HP = K, WVK, (CM-4-1)
DC 125 115 104 to 126 where
125 120 108 to 132 K, = acceleratiofifactor for type of motor fyised [see
250 230 207 to 253 eq. (CM 4-2)] _
250 240 216 to 264 K = servite factor, which accounts for thg type of
drive and duty cycle
= 140 (crane class A, class B, or class () for AC
inverter, AC magnetic, and DC adjustable-
(b} Variation from Rated Voltage voltage controls
(1) AllACinduction motorswith rated frequency and = 1.1 (crane class D) for AC inverter, AC fagnetic,
balahced voltage shall be capable of accelerating and and DC adjustable-voltage controls
runyjing with the rated hook load at +10% of rated
motqr voltage, but not necessarily at rated voltage perfor- NOTE: For controls other than AC inverter, AC magnetic, and DC
mante values. adjustable-voltage controls, consult the control manjufacturer.
(2) Operation at reduced voltage may result in un-
satisfactory drive performance with rated hookload, such V = rated drive speed, ft/min
as rqduced speed, slower acceleration, increased motor W = total weight to be moved, including all dead and
current, noise, and heating. live loads, ton
(3) Operation at elevated voltages:may result in un-
satisfactory operation, such as excessive torques. The acceleration factor, K,, used in eq. (CM-4-1) is
(c] Voltage Unbalance. AC polyphase motors shall be ~ determined by the following equations:

capapble of accelerating and running with rated hook

load|when the voltage urtbalance at the motor terminals 2000,C,

. . f+—
does|not exceed 1%. Rerformance will not necessarily be gE N, (CM-4-2)
the same as when the-niotor is operating with a balanced Ko = 33,000K, X ﬁf

voltdge at the motor terminals.

M-4.1.X:2:3 Motor Time Rating. The motor time
r'ati shalliresult in ope.ratiO.n complying with th'e sp.eci- C, =105 + a (CM-4-3)
fied performance as defined in Section GR-3, taking into

4 = 1 +al H s iFiad
constderation-any-supplemental-requirements—speeified

by the owner. where

(a) Minimum Time Ratings. Single-speed, two-speed, a = average or equivalent uniform acceleration rate,
and variable-speed motors shall be rated on no less ft/secz, up to rated motor rpm (see Tables
than a 30-min basis under rated load, with the tempera- CM-4.1.1.2.4-1 and CM-4.1.1.2.4-2)
ture rise in accordance with the class of insulation and C, = rotational inertia factor for equipment governed
enclosure used. The low-speed winding of a two-speed by this Standard
motor may be rated less than 30 min, and the lower step- E = mechanical efficiency of drive machinery
ping speeds of a variable-speed control will have a expressed as a per-unit decimal (see Table
substantially lower operating time. CM-4.1.1.2.4-3 )
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f = rolling friction of drive, including transmission
losses, Ib/ton (see Table CM-4.1.1.2.4-4 )

32.2 ft/sec?

= equivalent steady-state torque relative to rated

ST

Table CM-4.1.1.2.4-1
Standard Maximum Acceleration Rate
to Prevent Wheel Skidding

) . . % of Maximum Acceleration Rate to Prevent
motor torque, which results in accelerating up Dr(;ven Wheel Skidding, ft/sec? [Notes (1), (2)]
to rated motqr rpm, N, in the same tlm(.a a.s Wheels Dry Rails [Note (3)] Wet Rails [Note (4)]
the actual variable-torque speed characteristic 100 18 29
used (see Table CM-4.1.1.2.4-5 for standard ' '
50 2.4 1.5
values of K;)
3333 1.6 1.0
Ny = dpeed of Iree-running motor, rpm, when driving
t the rated drive speed, V 25 12 07
N, = 1tlated speed of motor at full load, rpm 16.67 08 05
NOTES:

(2) Latitude is permitted in selecting the nearest
rated mator horsepower over or 5% under the required
horsepoyer to use commercially available motors. In
either case, consideration shall be given to proper perfor-
mance of the drive.

(b) Required Motor Horsepower, Outdoor Cranes

(1) Lompute the free-running bridge motor horse-
power (HPF) at rated load and rated speed, neglecting
any wind load, using eq. (CM-4-4):

po WV (CM-4-4)
33,000
where
f = friction factor, Ib/ton (see Table CM-4.1.1.2.4-4 )
V = fpll-load speed, ft/min
W = flll-load weight to be accelerated, ton

(2) fompute the free-running bridge motar. horse-
power die to wind force only (HP,) using eq.((GM-4-5):

_ P X windarea X V
33,000E

HP,

3 (CM-4-5)

where
E = bridge drive{mechanical efficiency
P = wind pressure, Ib/ft?
= 0.00256(V;,)?, where V,, is the wind velo-
city,“\mph
= 5Jbyft* if V,, is unspecified
wind drea =.effective crane surface area exposed to
wind (as computed in Section CM-2), ft?

(1) The maximum acceleration rates to prevent wheel skiddipg are
from CMAA 74-2020.
(2) The values given are based on the peak'acceleration torquefbeing
equal to 1.33 times the average acceleration torque.
(3) Maximum acceleration rates for‘dry rails are based on a 0.4 coef-
ficient of friction.
(4) Maximum acceleration rates/for wet rails are based on 4 0.12
coefficient of friction.

Table CM-4.1.1.2.4-2
Standard Bridge Motion Acceleration Rates

Free-Running Full-Load Speed Acceleration Rate,|a,
for AC or DC Motofs,
ft/min ft/sec ft/sec® [Notes (1)-(B)]
60 1.0 0.25 min.
120 2.0 0.25-0.80
180 3.0 0.30-1.0
240 4.0 0.40-1.0
300 5.0 0.50-1.1
NOTES:
(1) The standard bridge motion acceleration rates are from LMAA
74-2020.

(2) The actual acceleration rates shall be selected to accoupt for
proper performance, including such items as acceleffation
time, free-running time, motor and resistor heating| duty
cycle, load-spotting capability, and hook swing. The accelefation
rates shall not exceed the values shown in Table CM-4.1.1/2.4-3.
To avoid wheel skidding, the acceleration rate should not exceed
the values shown in Table CM-4.1.1.2.4-1.

(3) For DC series motors, the acceleration rate, g, is the value ¢ccur-
ring while the motor is operating on series resistors. This isfin the
range of 50% to 80% of the free-running speed, Ny

Table CM-4.1.1.2.4-3
Mechanical Efficiency, E, of Drive Machinery

R B Bcdl ;llsb E [A‘"\ILCD (1), (2)]

(3) The bridge drive motor shall be selected so that Antifriction 0.97

its horsepower rating is not less than the indoor horse- . 0'93
. . . eeve .
power rating required by (a)(1) or as given by the
following equation, whichever is greater: NOTES:
(1) Themechanical efficiency, E, of drive machinery is from CMAA 74-
2020.

required motor horsepower = 0.7S(HPF + HP,)K,

(2) The values of gear efficiency shown apply primarily to spur,
herringbone, and helical gearing, and are not intended for
special cases such as worm gearing, friction drives, or chain
drives.
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Table CM-4.1.1.2.4-4
Standard Values for Friction Factor, f, for Bridges
With Metallic Wheels and Antifriction Bearings
£, Ib/ton [Notes (1)-(3)]
Top Running

Wheel Diameter, in. Under Running

PART CM, CRANES AND MONORAILS
(c) Motor Selection Versus Drive Gear Ratio
(1) Thedrive gear ratio is computed by eq. (CM-4-6):

N{D,, 712
%

bridge drive gear ratio = (CM-4-6)

18 15
15 15 18 where
1 15 18 D,, = wheel tread diameter, in.
Ny = speed of free-running motor, rpm, after the drive
- = -0 has accelerated, with rated load, to-thg steady-
8 16 20 state speed, V. The value of Ngis|established
6 16 20 from the motor control speed-torqye curves
5 18 22 at the free-running horsepower, HPF)
4 20 24 V = specified full-load travel drive speed, ft/min
NOTHS:
(1) The standard values for friction factor, f, are from CMAA 74. (2) Variations from the-¢alculated gear fatio are
(2) Fpr cranes equipped with sleeve bearings of normal proportions, permissible to facilitate the use of standard pvailable
3 friction factor of 24 lb/ton may be used. . ratios, provided that‘motor heating and op¢rational
(3) Tlhe friction factors may require modification for other variables,
shch as low-efficiency worm gearing, nonmetallic wheels, special performance are nebadversely affelcted. The agtual full-
blarings, and unusual rail conditions. load drive speed«may vary a maximum of +10% from

Table CM-4.1.1.2.4-5
Standard Values of Accelerating Torque Factor, K;

Type of Motor Type of Control K, [Notes (1), (2)]
1.3-1.5 [Note (3)]
1.3-1.5 [Note (3)]

Ballast resistor 1.3

AC wpund rotor Contactor-resistor

AC wpund rotor Static stepless
AC squirrel cage
Inverter 1.5

Adjustable voltage 1.5

AC injerter
DC sHunt wound

DC sqries wound Contactor-resistor 1.35

NOTHS:

(1) The standard values of accelerating torque factor; K,, are from
OMAA 74.

(2) H is a function of control and resistor«design.

(3) The low end of the range should be used for applications with
permanent slip resistance.

4) The following items shall be considered in the
overpll bridge drive design to ensure proper operation
unddr all specified doad and wind conditions:

(-a) properspeed control, acceleration, and
braking witheut wind

(-b)._ability of control to reach full-speed mode of
operption-against wind

(-c) bridge speed at any control point when

the specified full-load speed.

CM-4.1.1.3 Brakes. When electric brakes are used,
brake seléction, sizing, and design shall be in agcordance
with the brake requirements of ASME B30.17, a$ applica-
ble, The requirements of para. CM-3.1.3.2 shall al§o be met.

CM-4.1.1.3.1 Electrical Operating and Ekcitation
Systems

(a) The electrical operating and excitation| systems
shall have a thermal rating for the frequency and/duration
of the specified operations. The thermal time rafting shall
equal or exceed the corresponding drive-mdtor time
rating.

(b) Any electrical traverse-drive brake used only for
emergency stop on power loss, or set by ¢perator
choice, shall have a coil thermal rating for continjous duty.

(c) Brakes with DC shunt coils shall release at{80% and
operate without overheating at 110% of the rat¢d excita-
tion system voltage.

(d) Brakes with AC coils shall release at $5% and
operate without overheating at 110% of the rat¢d excita-
tion system voltage.

CM-4.1.1.3.2 Parking Brakes. Parking brdgkes shall
be automatically applied. When two friction brakes are
used on a single drive, a time delay means|shall be

traveling with the wind, not to exceed the amount
resulting in the maximum safe speed of the bridge
drive machinery

(-d) avoidance of wheel skidding that could likely
occur under no load, low-percent driven wheels, and wind
conditions

(-e) sufficient braking means to maintain the
bridge-braking requirements

provided to prevent simultaneous application of both
brakes.

CM-4.1.1.4 Disconnect and Protective Devices

CM-4.1.1.4.1 Disconnects. All disconnects shall be in
accordance with the requirements of NPFA 70, Article 610.
(a) Main Manual Crane Disconnect
(1) All motorized cranes and manually operated
cranes with either an electric hoist or motorized
trolley shall be furnished with a current-rated circuit
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breaker or motor-rated switch, lockable in the open posi-
tion, in the leads from the runway contact conductors or
other power supply.

(2) On all manually operated cranes with either an
electric hoist or motorized trolley, the main manual crane
disconnect may be deleted, provided all the following
criteria are met:

(-a) the unit is floor controlled
(-b) the unitis in view of the power supply discon-

ASME NUM-1-2023

same or different types of controllers, as required by
the owner. The control station shall be clearly marked
to indicate the function of the control device and indicator.
The type of operator station and its location shall be speci-
fied by the owner.

CM-4.1.1.5.1 Pendant Pushbutton Controllers.
Pendant push-button controllers shall meet the following
requirements:

(a) The arrangement of the pendant push buttons shall

nect
(-¢) no fixed work platform has been provided for
servicingl the unit
(3) [The continuous ampere rating of the main
manual @lisconnect shall not be less than 50% of the
combineg short-time rating of the motors nor less than
75% of the sum of the short-time rating of the motors
required|for any single motion.

(b) Additional Disconnects. Where the main manual
disconnecting means is not readily accessible from the
crane oplerating station, a means shall be provided at
the operpting station to open the power circuit to all
motors df the crane. Although manually operated rope
disconnefts are available, the most common disconnect
for this gpplication is a mainline magnetic disconnect,
where a| control circuit opens a mainline magnetic
contactof (see para. CM-4.1.1.1.4 for contactor ratings).

1.1.1.4.2 Protective Devices

(a) Cryine Overcurrent Protection. The crane shall be
protectedl by a main overcurrent device in accordance
with NPFA 70, Article 610. In many cases, the main
manual dlisconnect and crane overcurrent devices-are
furnish¢d as a single unit, being either(a  circuit
breaker ¢r fused disconnect.

(b) Branch Circuit Overcurrent Protection. Motor
branch cfrcuits shall be protected by 'fuses or inverse-
time cirfuit breakers in accordance with NPFA 70,
Article 6]0.

(c) Br@inch Circuit Overlogd Protection. Each motor,
motor control, and branch\circuit conductor shall be
protectedl from overload.in accordance with NFPA 70,
Article 6]0.

(d) UndervoltagéProtection. Undervoltage protection
shall be provided as a function of each motor controller,
an encldsed_protective panel, a magnetic mainline
contactof, 6r-a manual magnetic disconnect switch.

(e) Comntrol Circuits.
in accordance with NFPA 70, Article 610.

CM-4.1.1.4.3 Control. Control shall include a sepa-
rate disconnecting means for each crane or jib motion.

CM-4.1.1.5 Operator Stations and Controllers. The
operator station shall use pendant push-button control-
lers, cab-operated master-switch controllers, or radio-
transmitter lever-switch controllers. One or more
operator stations may be provided, using either the
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conform to either Figure CM-4.1.1.5.1-1 or the owher's
specified arrangement. The relative arrangemenits of
the push buttons should be standardized at‘eéach fagility.
(b) Push buttons shall return to the OFF'position yhen
pressure is released by the crane operator.
(c) Pendant stations shall have a:grounding condfictor
between a ground terminal in thestation and the cfane.
(d) The maximum voltage in¢the pendant push-biitton
stations shall be 150 V AG-or*300 V DC.
(e) Push buttons shall-be guarded or shroude
prevent accidental actuation of crane motions.
(f) Pendant push-button stations shall be supported in
a manner that'will protect the electrical condugtors
against strain,
(g9) Theminimum wire size of multiconductor flekible
cords used for pendant push-button stations shall be
numbeét’16 American Wire Gauge (AWG) unless otherfwise
permitted by NFPA 70, Article 610.
(h) Pendant control stations shall be constructs
prevent electrical shock.
(i) The location of the pendant push-button st
controllers shall be one of the following:
(1) suspended from the hoist and trolley whe
bridge, jib, or monorail control is shared
(2) suspended from a festooned messenger 1{
system
(3) suspended from a single point off the stru
(4) remote-mounted off the crane

CM-4.1.1.5.2 Cab-Operated Master-Switch Control-
lers. Cab-operated master-switch controllers shall meet
the following requirements:

(a) The arrangement of cab master switches phall
conform to either Figure CM-4.1.1.5.2-1 or the owher's
specified arrangement. Inappropriate controllers ghall
be deleted. The relative arrangement of the master
switches should be standardized at each owner’s locqtion.

: i Fehin—re the

d to

d to

tion

h the

rack

Cture

1V a ha L

operator.

(c) Cab master switches shall be provided with a notch
or spring-return arrangement latch that in the OFF posi-
tion prevents the handle from being inadvertently moved
to the ON position.

(d) The movement of each switch handle should be in
the same direction as the resultant movement of the load.
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Figure CM-4.1.1.5.1-1
Arrangement of Pendant Push-Button Controllers
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(e) Cranes furnished with skeleton (dummy) cabs are
operated by either a pendant push-button station or radio
transmitter and therefore do not require master switches
unless otherwise required by the owner.

CM-4.1.1.5.3 Radio Transmitter Lever-Switch
Controllers. Radio transmitter lever-switch controllers
shall meet the following requirements:

(a) The arrangement of the radio transmitter lever
switches shall conform to either Figure CM-4.1.1.5.3-1

Power off

s °
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Main Hoist

Power on

OO

o
>

ow
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Q :
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@
<

-n
()
=
o

rwa
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OO

Left

Q S
=
)
<

Forward

O

or the owner's specified arrangement. The| relative
arrangements of the lever switches should|be|standar-
dized at each owner’s location.
(b) For a radio transmitter lever-switch confroller to
start and maintain a crane motionsthere must be p permis-
sive radio signal in addition to.a)crane motion|signal.

CM-4.1.1.6 Electrical Enclosures. Control erjclosures,
unless otherwise specified\by the owner, shall bg suitable
for the owner-specified environmental conditions of
service. Enclosure types, as defined by NEMA] include,
but are not limited to, the following:

(a) NEMAType 1: general purpose for indoof applica-
tions

(b) NEMA Type 3: watertight, dust-tight, and gleet (ice)
resistant; outdoor

fc)' NEMA Type 3R: rainproof and sleet resistant;
outdoor

(d) NEMA Type 4: watertight and dust-tight; indoor
and outdoor

(e) NEMA Type 4X: watertight, dust-tight, and corro-
sion resistant; indoor and outdoor

(f) NEMA Type 7: Class I, groups A, B, C, and P; indoor
hazardous locations (explosive atmosphere)

(g) NEMA Type 9: Class II, groups E, F, and [5; indoor
hazardous locations (explosive atmosphere)

(h) NEMA Type 12: industrial use, dust-tight, pnd drip-
tight; indoor

CM-4.1.1.7 Current Conductor Systems

CM-4.1.1.7.1 Categories of Conductor $ystems.
Conductor systems shall be considered in the following
three general categories:

(a) Runway Systems. Runway systems includ¢ conduc-
tors and the components necessary to connect pogwer from
the building to the crane.

(b) Bridge Systems. Bridge systems include the conduc-

89

TOTS and the COmpONents necessary to connect power from
the bridge to the trolley.

(c) Auxiliary Systems. Auxiliary systems include
pendant push-button, communication, remote control,
and instrumentation cables.
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Figure CM-4.1.1.5.3-1
Arrangement of Radio-Transmitter Lever-Switch

PART CM, CRANES AND MONORAILS

(3) Flexible Continuous Conductor. These systems
consist of a continuous flexible cable, either flat or
round, that is suspended in a festooned arrangement
from a trolley and track system or in a cable carrier.

CM-4.1.1.7.3 Conductor System Design

(a) Current conductors shall have sufficient ampacity
to carry the required current to the crane or cranes when
the crane or cranes are operating at the rated load. The

Controllers
) Main Aux.
Bridge Trolley hoist hoist
X Y Down Down
w Zz Up Up

0

CM-4.1.1.7.2 Conductor System Types

NN\

(a) When AC variable frequency controls are used, the
runway and the bridge conductor systems shall include a
groupding conductor.

(b} Standard types of conductor systems are as follows.

See Figure CM-4.1.1.7.2-1 for examples.
(1) Contact Conductor. These systems may consist of
r a rigid bar or taut wire with a sliding or rolling
collgctor. To ensure continuous contact on systems
that|use AC variable-frequency drives or DC motor
drivles, there shall be at least two spring-loaded
contpct shoes per phase on the mainline systems, in
the primary circuit of AC motors, and in any(DC motor
armgture circuit that does not supply current to a
serigs brake. Adequate expansion means shall be incor-
porated to allow for building expansidéns'and contractions
as spgecified. Where low-contact resistance is required for
low-furrent or low-voltage pilot-devices, such as tach-
omefer generators, a combination of conductor and
collector materials shall/be-suitable for that usage.

NOT

eithd

: While taut wirétarrangements are present on many
existjng systems, the dsé of an insulated taut wire system is
not fecommended.on new applications due to inherent
safety issues.

While taut.wire arrangements are present on many
exisfinglsystems, the use of an insulated taut wire
systémyis not recommended on new applications due

conductor ratings shall be selected in accordgqnce with
NFPA 70, Article 610. For manufacturéd c¢nductor
systems with published ampacities, the)intgrmittent
ratings may be used. The ampacities “of fix¢d loads,
such as heating, lighting, and air ‘cgnditioning, may be
computed as 2.25 times their, tetal, which will permit
the application of intermittentsampacity ratings for use
with continuous fixed loads.

(b) The type of runway conductor system| shall be
suitable for the application and environmental cpnditions
and shall be approved by the owner since it interfaces with
the building structure. See also criteria of para. CM-4.1.2.

(c) Thetype of bridge conductor and duxiliary
conducte?) Systems shall be suitable for the agplication
and environment.

(d)Bridge and runway conductors shall use a
ground conductor.

(e) Runway contact conductors shall be en
guarded.

(f) Bridge contact conductors shall be gnclosed,
guarded, or located in a manner such that|persons
cannot inadvertently touch energized currentfcarrying
parts.

(g) Bridge and runway contact conductors
tandem collectors.

(h) Allsections of contact conductors shall be mechani-
cally joined to provide a continuous electrical copnection,
except for the use of required expansion joints arjd jumper
cables.

(i) The type and location of runway system cqnductors
shall be specified by the owner.

separate

losed or

shall use

CM-4.1.1.8 Warning Devices

(a) On cab-operated cranes and remote-
cranes, a gong or other warning means shall be
for each crane equipped with a power-t
mechanism.

perated
provided
Faveling

to inherent safety issues.

(2) Brush-Type Cable Reel. These systems consist of a
cable that is played out off a reel and uses a slip ring and
brush arrangement to maintain electrical contact. Where
low-contact resistance is required for low-current or low-
voltage pilot devices, such as tachometer generators, a
combination of slip ring and brush materials shall be
suitable for that usage.

91

(b) On pendant push-button-controlled cranes, a gong
or other warning means shall be provided if required by
the owner.

CM-4.1.1.9 Auxiliary Electrical Equipment. When
required by the owner, the following auxiliary equipment
shall be provided:

(a) travel limit switches

(b) heating, ventilating, and air conditioning

(c) convenience outlets
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Figure CM-4.1.1.7.2-1
Various Styles of Conductor System Types

(o)
f =
b" T
(a) Single Conductor (Bottom Entry) (b) Single Conductor (Side Entry)

(c) Festooned Flat Cable

(e) Multiconductor Enclosed Bar (f) Cable Reel
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CM-4.1.2 Wiring Materials and Methods

(a) The wiring system shall meet the requirements of
NFPA 70, Article 610, as supplemented by para. CM-4.1.2.

(b) The provisions of para. CM-4.1.2 apply to intercon-
necting wiring, both within and external to control panel
enclosures. It does not apply to wiring that forms an inte-
gral part of equipment, such as motors, individual control
components (e.g., contactors, transformers, and relays),
and

lectronic—control subassemblies

PART CM, CRANES AND MONORAILS

(d) Flexible metal conduit may be used to enclose
conductors to stationary or infrequently moved
devices, such as motors, brakes, master switches, and
limit switches, or to equipment subject to vibration.

(e) Connections to moving parts (bridge to trolley,
bridge or trolley to pendant push-button station) may
be made by flexible cable not enclosed in conduit.
Where flexible cable is used, some form of strain relief
shall be provided.

(]

be a

The complete raceway system, including wire, shall
tsembled on the crane at the crane manufacturer’s
facilfity. Where disassembly is necessary for shipment,
components shall be matchmarked for field erection.
Whefe any portion of a raceway run must be disconnected
or dismantled to permit shipment, the wire shall not be
pulldd through that raceway during shop assembly. Wire
not gulled shall be cut to approximate length and bound in
coils|marked for the circuit to which it applies.

CM-4.1.2.1 Wiring Materials
CM-4.1.2.1.1 Conductors

(a) Individual conductors, including those in multicon-
ductpr cables, shall have a maximum operating tempera-
ture [rating not less than 75°C.

(b} Multiconductor cable may be used for wiring the
crang. The cable shall comply with the requirements of
NFPA 70. Flexible service cable shall be used when
requjred for the application, such as in a festooned flexible
contjnuous conductor system.

(c] Minimum sizes of conductors (excluding électro-
nics) shall be as follows:

(1) number 14 AWG for power and ljighting circuits
(2) number 16 AWG for control circuits
(d) Conductors shall be annealed copper with
minimum stranding as follows:
(1) ASTM B8 Class B for nonflexing service
(2) ASTM B174 Class K(for flexing service

Color coding, if required by the owner, shall be in
Fdance with NEMA.ICS 1.

All control conductors and cables used with AC
[ter-type controls and having operating voltages
than 110, V-shall be of the shielded type.

&)

(¢]

dacco

0
inve
less

CM-4:1.2:1.2 Raceways

(a) Wiring external to control panel enclosures or
assemDbITes of CONtrol paneis with Integral raceway
shall be installed in rigid metal conduit, except as other-
wise permitted in para. CM-4.1.2.1.2 or as approved by the
owner.

(b) Shortlengths of open conductors shall be permitted
at collectors and within enclosures or guards for resistors
and transformers.

(c) Conduit smaller than %, in. diameter trade size shall
not be used.

93

{J7 Conduit shall be rigidly attached to the
conduit supports.

crane by

CM-4.1.2.2 Wiring Methods

(a) All conductors shall be identified at each
tion by a marking that corresponds to the s
diagram.

(b) Conductors shall be& run from terminal to
without splices excepttat,devices with integral
within junction boxes:

(c) Pressure-typetconnectors shall be provid
wires connected\to terminals not equipped with
for retaining.€onductor strands.

(d) All'extérnal conductors for control circuits shall be
routed.through terminal blocks with no more fthan two
conduictors terminated at each connection point,jprovided
the'termination point is designed to accept tw¢ connec-
tions.

(e) Panel wiring shall be routed in a manner| that will
not interfere with inspection and maintenance of devices.

(f) Conductors to components that could be detrimen-
tally affected by induced EMI shall be selefted and
installed in a manner to reduce such effects. Examples
for methods to reduce the effects include the fpllowing:

termina-
Chematic

terminal
leads or

ed on all
a means

(1) Use individually shielded twisted-paif conduc-
tors for tachometers or encoder connections.

(2) Route such conductors through a peparate
conduit.

(3) Refrain from splicing connections.
CM-4.1.3 Seismic

Analyses shall be performed to confirm that jelectrical

components that would damage safety-related equipment

if dislodged will remain in place during a seisnic event.

CM-4.1.4 Allowable stresses for Fasteners

5 g 3 , such as
control enclosures, shall comply with the requirements of
para. CM-3.1.2.3.4.


https://asmenormdoc.com/api2/?name=ASME NUM-1 2023.pdf

PART CM, CRANES AND MONORAILS

CM-4.2 ADDITIONAL DESIGN REQUIREMENTS
SPECIFIC TO JIB CRANES

CM-4.2.1 General

(a) Except as noted in (b), the information in para.
CM-4.2.2 applies to jib cranes that have motor-operated
boom rotation.

(b) For jib cranes that do not have a motor-operated

t useecitheran electricallsz opnerated hoist orelec
boom butu ¥ op

ASME NUM-1-2023

where
HPyina = horsepower required to overcome wind load

TN

HP, —
5,250EK;

vind = (CM-4-8)

and HP, E, K7, and N are as defined in (a).
The value T is calculated from the following equation:

trically] operated trolley, the information in
paras. CM-4.1.1.4, CM-4.1.1.5, CM-4.1.1.7, CM-4.1.2.1,
and CM-4.1.2.2 still applies.

CM-4.2.2 Motors

A jib slpw drive motor for a motorized boom shall meet
the critefria of para. CM-4.1.1.2 except that the motor
rating, which is basically the mechanical horsepower
with corsideration for the effect of control, shall be
sized as follows for indoor and outdoor applications:

(a) Sldw Drive Motor Size Selection, Indoor Cranes. The
jib slew dlrive motor shall be selected so that the horse-
power rating, HP, is not less than that given by
eq. (CM-4-7):

3
HP = Io(N°) (CM-4-7)

(7 x 10%)EK,

E =|system efficiency
I, =|load moment of inertia, Ib-ft?
= |WL x RL?

K, = |torque factor, which is the equivalent'steady-
state torque relative to rated fmotor torque
that results in accelerating up“te rated motor
rpm in the same time as the actual variable-
torque speed characternistic of the motor and
control characteristic used (see Table
CM-4.1.1.2.4-5 for Standard values of K;)

N =|rotational speed,\rpm

RL = |maximum load‘radius, ft
WL =|rated load-plus the hoist weight, Ib

(b) Slgw Drive-Motor Size Selection, Outdoor Cranes. The
jib slew (lrive-motor shall be selected so that the horse-

T = PSF[(Apoom)(RB) + (Ajpaq) (RL)ISE

where RL is as defined in (a) and
Apoom = projected area of boom, ft.*
Aloaa = projected area of load,ft
HB = height of boom, ft
HL = height of load, ft
LB = length of boom, ft
LL = length of load,ft
PSF = operating wind load specified by owner, Ip/ft?
= 5 Ib/ft* ifnot specified
= LB« HB
RB = radiusto centroid of projected area of bodm, ft
=>LL x HL
SF"="shape factor

(c) Sample Calculation. See Nonmandatory Appendlix A,
subsection A-1 for ajib slew drive sample calculation fnd a
derivation of the simplified horsepower equation.

CM-4.3 ADDITIONAL DESIGN REQUIREMENT
SPECIFIC TO MONORAIL SYSTEMS

\-£4

CM-4.3.1 General

The information in para. CM-4.3.2 applies to morjorail
systems that use either an electrically operated hoist or
electrically operated trolley, or that use electrically ¢per-
ated track devices.

CM-4.3.2 Electrical Components
CM-4.3.2.1 Electrically Operated Track Devices|

(a) The owner shall specify if track devices are fo be
electrically operated.
(b) Standard track devices that are electrically ¢per-

power r Hng isnotlesc than that gitrnn lny tha Fn]lnuying

equation. See also Figure CM-4.2.2-1.

total required horsepower = HP + HRB,;,q

(1) track switches and turntables
(2) track interlocks
(3) vertical track lift and drop sections
(4) electric baffles
(c) Electric baffles shall be provided as required by
ASME B30.17.
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Figure CM-4.2.2-1
Slew Drive Motor Size Selection

PART CM, CRANES AND MONORAILS

Legdnd:
KB

LL

< LB >

L] Boom :I:HB

I |
Slew
motor
[ J
o (-] o o
\4
wB T
Load [¢==) LL —> HL
/ \ wL

< RB >
< RL

= height of boom
L =

height of load
length of boom

= length of load
= radius to centroid of projected-area of boom

maximum load radius

= weight of boom
= rated load plus the hoist weight

CM-4.3.2.2 Motors. Motors for electrically operated
tradk devices>shall meet the criteria of para.
CM-4.1.1.2,.eXcept that time rating and size selection
shallbe asrequired for the specific track device and appli-

catign:

CM-4.3.2.3 Brakes

(a) Vertical track lift and drop sections shal
ished with a spring-set friction-type brake havin
rating of at least 125% of the rated motor torq

be furn-
Fa torque
ue of the

track device hoisting the motor.

95

(b) Spring-set friction-type brakes shall be
dance with para. CM-4.1.1.3.

in accor-
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Section CM-5
Pneumatic Requirements, Cranes and Monorails (Type I)

CM-5.1 (GENERAL

This Sg¢ction covers the pneumatic requirements and
criteria gommon to all Type I cranes and monorails. Re-
quirements for hoists are covered under Part HT.

CM-5.2

Air-op
air suppl

AIR SUPPLY

brated cranes and monorails shall operate on an
y that is essentially clean and dry with the pres-
sure at 90 psi, although air systems at 105 psi may be used
if accepted by both the owner and hoist manufacturer.
Unless gpecified otherwise, the maximum moisture
content ¢f the air shall be 0.002 lb of water per pound
of dry aif at 60°F and 90 psia, with the maximum solid
particulate contamination limited to 25 p. The owner’s
main air|supply shall be sufficient to accommodate the
total air djonsumption of all air motors, with this consump-
tion rate [in cubic feet per minute) provided by the manu-
facturer.| The owner’s main air supply shall include a
buildingimounted shutoff valve and an adjustable ajr
pressure|regulator in the area of the crane or monorail:
Additionally, the owner shall provide a relief valve system
to prevent excessive air pressure from damagingthe crane
or monofail.

CM-5.3

Air mg
type and

AIR MOTORS

tors shall be air-driven/piston or rotary-vane
shall be provided with'an air inlet connection
fitted for the use of air haose assemblies. Also, the air
motor shall be providediwith an oiler and air filter
between| the motor and the air inlet connection. The
motor shall have the\required horsepower to accelerate
and traverse thedpated load at the specified speed. The
motor sHall have'the capacity to traverse 125% of the
rated load..Ait/motor performance curves shall be furn-
ished.

CM-5.4 ADDITIONAL AIR EQUIPMENT

Air motors shall be furnished with the nedessary direc-
tional valves, a dump valve operated by'a,power qff or
emergency stop button, and a crane- or monl(lrail-
mounted regulator and pressure.gauge to confirnp the
pressure at the motor. The air motor exhausts should
include an exhaust filter and antffler as determined|nec-
essary by the manufacturer er*shall be provided as speci-
fied by the owner. Mufflers’shall be required for indoor
applications and shall’be'such that the motor sound [level
for each motor shall be 80 db or less when 3 ft from the
muffler, unless¢@Specified otherwise by the owner.

CM-5.5 AIR MOTOR CONTROLS

Air-operated cranes and monorails shall have penflant,
pull,’or rod control as specified by the owner. Coptrol
actuators shall automatically return to the OFF podition
when released. Unless otherwise specified by the owyner,
the control station shall be 3 ft to 5 ft above the spedified
operating level. Criteria for the various types of air njotor
controls are listed in paras. CM-5.5.1 through CM-3.5.3.

CM-5.5.1 Pendant Control

The pendant control station shall be supportg
protect the pneumatic hoses and connections ag
strain. The pendant control station shall be clgarly
marked to indicate the function of each actuator] The
control motion actuators may be either push buftons
or levers.

d to
hinst

CM-5.5.2 Pull Control

Pull control shall consist of two pull chains or cordsjeach
with a suitable handle clearly marked for direction,.

CM-5.5.3 Rod Cantrol

96

Rod control shall permit control of crane or monorail
(air-operated) motion by linear or rotary movement of the
rod handle, or a combination of both. The rod handle shall
be clearly marked for direction of motion.


https://asmenormdoc.com/api2/?name=ASME NUM-1 2023.pdf

ASME NUM-1-2023

Section CM-6
Marking, Cranes and Monorails (Types | and II)

CM

6.1 CRANE AND MONORAIL MARKING

CM-6.1.1 General

(a

The rated load shall be marked on each side of the

crang bridge, jib boom, and monorail, with monorail mark-
ings pt intervals so as to always be visible from the oper-

ating floor.

(b} Top-running bridge and gantry cranes, including
wall cranes, shall have additional markings in accordance
with| ASME B30.17.

(c] Monorails, underhung cranes, and bridge cranes
shal] have additional markings in accordance with
ASME B30.17.

(d) Hoists used on any bridge crane, wall

PART CM, CRANES AND MONORAILS

rane, jib

crane, or monorail shall be marked in accorddnce with

Part HT.

CM-6.1.2 Type | Cranes and Monorails

(a) For Typelbridge cranes;wall cranes, jib crjanes, and
monorails, the MCL shall be¢ marked on the bridge beam,
jib boom, or monorail ifilieu of the rated load. The abbre-

viation “MCL” shallibé-part of the marking.

(b) For Typelbridge cranes, wall cranes, jib cranes, and
monorails that lift loads in excess of the MCL, the design
rated load shall also be marked on the bridge peam, jib
boom, orimonorail. The abbreviation “DRL” shall pe part of

the marking.
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Section CM-7
Inspection and Testing, Cranes and Monorails (Types | and II)

CM-7.1 GENERAL

The refjuirements and criteria in Section CM-7 are ap-
plicable fo all Type I and II cranes and monorails unless
specifically stated elsewise.

CM-7.1.1 Scope and Responsibility

CM-7]1.1.1 Scope. The subparagraphs within
para. CM-7.1.1 describe the general inspection and
testing r¢quirements for all cranes and monorails begin-
ning pripr to manufacture and continuing through
delivery, ferection, acceptance load testing, and inspection
at the erfection site. Each crane and monorail shall be
examined for compliance with the specified requirements
and the gpproved drawings. This element of inspection
shallinclfide a visual examination and dimensional checks.

CM-7.]
by the o
performa

.1.2 Responsibility. Unless otherwise specified
wner, the manufacturer is responsible for the
nce of all inspection and test requirements as
specifiel herein. The owner shall be permitted to
witness inspections and tests as well as any inspections
and testq to be performed at the erection site.

CM-7.1.1.3 Documentation. All inspections*and tests
performg¢d on the crane or monorail, both.at the plant
and at the site, shall be fully documénted in reports
with coples furnished to the owner.

CM-7.1.2 Inspection by Seller Before and During

Manufacture

The following identifies*the specific criteria for the
s and tests!specified by Table CM-2.1.5.1-2.

CM-7.1.2.1 Structural Inspection. Structural compo-
nents shall be‘visually and dimensionally inspected for
conform3nee with drawing requirements and specifica-
tions.

(1) forbutt welds,100% radiographic testing (R[[") or
ultrasonic testing (UT) in accordance with AWS*D11 or
AWS D14.1. Acceptance criteria shall be, in accordance
with AWS D1.1 or AWS D14.1.

(2) for other welds, 100% magnetic particle tepting
(MT) or dye penetrant testing (PT)\0feach weld 10 {n. or
less in length; 10% MT or PT ofeach weld that exceedls 10
in. in length. Technique and aceeptance criteria shall pe in
accordance with AWS D1(1~or AWS D14.1.

(c) Welders and welding procedures shall be qua
or prequalified in accordance with AWS D1.1 or
D14.1.

CM-7.1.2.1.2 Drop Weight Testing. Drop w¢ight
testing shall\be in accordance with ASTM E208. CHarpy
impact testing shall be in accordance with ASTM A370.

ified
AWS

CM-7.1.2.1.3 UT Volumetric Testing

(a) UT volumetric testing and acceptance criteriajshall
be in accordance with ASTM A435/A435M for plate rhate-
rial.

(b) UT volumetric testing shall be in accordance[with
ASTM E114 and ASTM A388/A388M for wrought or
forged material.

(1) Acceptance criteria for forged material shall
accordance with the following:

(-a) Straight Beam. A forging or bar shall b
acceptable if the results of straight beam examina
show one or more reflectors that produce indicafions
accompanied by a complete loss of back reflection not
associated with or attributable to geometric configura-
tions. Complete loss of back reflection is assumed
when the back reflection falls below 5% of full calibration
screen height.

(-b) Angle-Beam Rule. A forging or bar shall be un-
acceptable if the results of angle-beam examinations ghow
one or more reflectors that produce indications excegding

be in

h un_
fions

CM-7.1.2.1.1 Welding

(a) All structural welds shall be visually inspected over
their entire lengths. Acceptance criteria of welds and
repairs shall be in accordance with AWS D1.1 or AWS
D14.1. Nondestructive testing of groove welds shall be
in accordance with Table CM-2.1.5.1-2.

(b) Welds whose failure during a seismic event could
cause the crane or monorail to fall shall be nondestruc-
tively tested.
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the amplitude reference line from the appropriate calibra-
tion notches.
(2) Acceptance criteria for material without parallel
surfaces shall be as follows:
(-a) Discontinuity indications in excess of the
response from a ' in. diameter flat-bottomed hole at
the estimated discontinuity depth shall not be acceptable.
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(-b) Discontinuity indications in excess of the
response from a %, in. diameter flat-bottomed hole at
the estimated discontinuity depth shall not have their indi-
cated centers closer than 1 in.

(-c) Elongated- (stringer-) type defects in excess of
1 in. in length shall not be acceptable if at any point along
the length, the discontinuity indication is equal to or
greater than the response from a %, in. diameter flat-
bottomed hole.

PART CM, CRANES AND MONORAILS

(n) contactors and electromechanical relays whose
armatures are accessible operate freely by hand

(o) electrical enclosures are correct NEMA type and
panel door operates properly

(p) motor brushes are properly seated

(q) electrical holding brakes are adjusted to correct
torque settings

(r) conductors are identified at each termination and
correspond to the schematic diagrams

CM-7.1.2.1.4 Component Fit-Up. Structural compo-
nentp shall be inspected to ensure that they are properly
alignled and fitted without inducing built-in stresses.

CM-7.1.2.1.5 Structural Materials. Material test
repqrts shall be required on structural materials,
inclyding seismic restraints, whose failure during a
seisthic event would cause the crane or monorail to fall.

CM-7.1.2.1.6 Fasteners. Material testreportsshall be

CM-7.1.2.3.2 Control Software. Desk audits, peer
reviews, and static analysis tools and techniqgues shall
be used throughout the development process|to verify
implementation of design requirements in the source
code, with particular attention paid to the implementation
of identified safety-critical fungetions, such as fapilt detec-
tion and safing or correcting\logic.

CM-7.1.2.3.3 Operation. Electrical compongnts shall

reqired on fasteners, including those for seismic be checked out prior teor during shop tests to erjsure that
restifaint, whose failure during a seismic event would they operate as desighed.
causpg the crane or monorail to fall. CM-7.1.3 SHop Operational Tests

Cp-7.1.2.2 Mechanical InsPeCt_if?n' Mechanical A shop no<load test shall be performed at thg crane or
components shall be inspected as specified by the owner. monotrail manufacturer’s facility. Procedures| shall be

CM-7.1.2.3 Electrical Inspection prepared and used by the manufacturer condycting the

testt If subsequent manufacturing or associated [activities

CM-7.1.2.3.1 Visual Inspection. Inspections shall be  *affect the validity of this test or portions thdreof, the

performed at the crane or monorail manufacturer’s plant appropriate portions of the test shall be repeated] Noncon-

(or during field erection if not feasible to perform at the formances found during the testing shall be treated as
plang) to verify the following: required by the test procedure.

(a) terminal connections for tightness .. ]

(b} panels and resistors are properly placed CM-7.1.3.1 Prerequisites. Before conducting|the shop

(c‘ required fuses are installed no-load test, the lifting equipment or applicablg portions

(a; panels, switches, resistors, and other parts and to be tested shall be assembled and wired subjgct to the
matdrials are in accordance with drawings and are prop- following;: ) . . )
erly fidentified (a) The equipment or its applicable portions|need not

(e] raceways are properly supported and installed, and be C_Omf_’lete‘Y assembled, er?d' or Pamted 3t time of
racefvays to be removed for)shipment are properly testing if subsequent work will not influencq or alter
marled and fitted for field\reinstallation the results of the test. i .

(f] no interferencestinvolving electrical items exist (b) Temporary electrical connections for test purposes
wheh trolley moves through its full range are acceptable for normally installed field wiriphg.

(gD electrical(items do not protrude beyond the (c) When testing the operations of mechanical portions
conflnes of théscrane or monorail as established by the of the crane or monorail, the use of a temporary dontroller
drawings is acceptable unless otherwise specified by thg owner.

(h) electrical items requiring routine maintenance are (d4) When testing electrical Portlons of the crane or
acceksiblé monorail, they shall be tested with the actual equipment

falatal ?'l'\lc ||n]ncc CI’\DI"I‘FiI"Q]]‘Y excen. Df‘ h‘l hD OJA

(i) 0 Wiring 15 touching resistor heating parts t L 7 pt -+ ner.

(j) portions of conductor systems that are designed to
move in order to accommodate crane or monorail move
freely

(k) pendantand festoon cable strain relief are properly
installed

(1) overload relay current sensing elements are in
accordance with drawings

(m) motor connections are properly made
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(e) The assembled crane or monorail shall be square
and in alignment, with parts fitted and adjusted properly.

CM-7.1.3.2 Testing

CM-7.1.3.2.1 Mechanical Requirements. As a
minimum, the following mechanical functions shall be
verified:
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(a) Traverse the trolley on the bridge, boom, or mono-
rail; verify interfaces of auxiliary equipment (powered
operation is preferred).

(b) Operation of mechanical components shall be veri-
fied to meet design criteria.

CM-7.1.3.2.2 Electrical Requirements. A test of the
crane or monorail electrical system shall be made to
verify proper operation of the controls. For remote-
controlled i ejve
system shall be used for this test.

CM-7.1.3.2.3 Software Requirements. For PLC-
controllgdd cranes or monorails, the PLC software shall
be installed and used during the test. Software testing
(either breadboard or as part of the crane or monorail
testing) ghall include the following, as a minimum:

(a) hardware, software, and operator input failure
mode tedting

(b) bojundary, out-of-bounds, and boundary-crossing
test conditions

(c) inputvalues of zero, zero crossing, and approaching
zero from either direction

(d) minimum and maximum input data rates in worst-
case confligurations to determine system capabilities and
responses to these environments

CM-7.1.

CM-7.1.4.1 Disassembly. Equipment that has been
assembldd for shop testing shall be disassembled only
as required for shipment to the erection site or specified
storage fhcility.

Preparation For Shipment

CM-7.1.4.2 Marking and Tagging. Each item-or'subas-
sembly dhall be marked or tagged with its hame and
drawing,|assembly, and item or subassembly ‘identifica-
tion. Items disconnected for handling and shipping
shall be /matchmarked for reassemblyat the erection
site. Marking shall be accomplished using a method
that is rjot detrimental to tHe )material; e.g., sharp-
bottom sfamps shall not beused for marking structural
compongnts that will be-subjected to high stresses.

CM-7.1.4.3 Inspection. Before shipment, all items,
assembljes, or subassemblies shall be inspected to
ensure that they'are’‘complete, undamaged, properly iden-
tified, anf properly packaged.

CM-7. aging-—Rackag e
shipped shall be as required to provide protection
from handling or shipping damage. All items, assemblies,
or subassemblies shall be accurately identified and listed
in the bill of lading as necessary for receipt inspection at
the erection site or storage facility.
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CM-7.1.4.5 Receipt Inspection by Owner

CM-7.1.4.5.1 Verification. All items, subassemblies,
and assemblies shall be checked against the bill of
lading for proper identification and verification of
receipt. Discrepancies shall be reported to the transporter
and shipper.

CM-7.1.4.5.2 Condition. All items, subassemblies,
and assemblies shall be inspected for corrosion, contam-
Ination, deterioration, or pnysical damage resulting from
shipment. Damage shall be reported to the shippei}.

CM-7.1.4.5.3 Documentation. Receiptof documegnta-
tion as required by the owner or this Standard, as gppli-
cable, shall be verified by the owner.

CM-7.1.5 Storage by Owner Before Erection

CM-7.1.5.1 Preparation_for-Storage. When re
inspection of an item hasybeen completed, the
shall be in satisfactory/condition for storage. En
that pipe caps or coyers removed for receipt inspe
are replaced, machined surfaces are protected, and ci
items have beén re-crated (if applicable), in accord
with the owneét’s requirements governing preparatio
shipment. and storage.

Ceipt
item
sure
Ction
ated
ance
n for

CM-<7:1.5.2 Storage Requirements. Items, assem
and'subassemblies should be stored in an atmospher¢ that
will provide protection from damage or deteriorgtion
from other work or traffic, adverse weather conditions,
fires, flooding, etc.

blies,

CM-7.1.6 Inspection by Owner at Erection
CM-7.1.6.1 Prerequisites

(a) Inspections or checks, as appropriate, shall be
performed to verify that conditions of the installation
area conform to specified requirements and that pr¢cau-
tions have been taken to prevent conditions thatl will
adversely affect the quality of the item during installgtion.

(b) Permanent crane runway supports and mountings
that will properly interface with the crane shall have peen
installed.

CM-7.1.6.2 Inspection During Assembly. Inspecfions
of the work areas and the work in progress shalll be
performed to verify that the crane componentg are
being located, installed, assembled, or connectdd in
compliance with the latest approved-for-construction
drawings, this Standard, installation instructions, and
procedures.

Inspections performed shall include, as appropriate, the
following:

(a) identification

(b) location and orientation of components

(c) leveling and alignment

(d) clearances and tolerances

(e) tightness of connections and fasteners
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(f) fluid levels and pressures

(g) cleanliness

(h) welding operations, including materials and
process controls

(i) adequacy of housekeeping, barriers, and protective
equipment to ensure that items will not be damaged or
contaminated as a result of adjacent construction activ-
ities

repeated if necessary to ensure that the quality has
not lbeen adversely affected.

Checkout procedures to verify correctness of installa-
tion [and ability to function shall include the following
mechanical elements:

(a) mating parts, such as couplings, are properly posi-
tiongd

(b} proper greasing or lubrication has been completed

(c] casings, reservoirs, etc., are primed, vented, and
filled

(d
follo

) control of specified bolting method and the
ving electrical elements:

(1) electrical connections inspected for good contact
fonformance with the wiring diagram

(2) bridge conductor collector system inspected for
er alignment

and

prop
CM-7.1.7 Site Load Testing

CM-7.1.7.1 Preoperational Testing and Inspection. A
preoperational testing and inspection program shall be
estaplished to demonstrate that the equipment will
perfprm satisfactorily in service. The preoperational
testihg shall be performed in accordance with written
test [procedures that incorporate acceptance criteria.
Unleks otherwise specified by the owner, the owner or
the fepresentative designated by the owner shall

(a) witness the preoperational tests called for by these
procpdures

(b} furnish all facilities necessary for the performance
of sych tests

(c] ensurgthat proper communications are established
for gontrolef testing

These testing requirements shall be completed after the

PART CM, CRANES AND MONORAILS

(c) Limit switches, interlocks, and stops are properly
adjusted and set.

(d) Instrumentation is calibrated and in service as
required.

(e) Controls are adjusted properly for drives, as appli-
cable, through their respective speed ranges.

CM-7.1.7.2.2 Additional Requirements. While the
no-load testing is being performed, the following informa-
jon shall be re C observed:
(a) Electrical (Full-Speed Conditions)
(1) motor volts
(2) motor amperes
(3) motor rotations per minute
(b) Mechanical
(1) noise levels
(2) oil leaks
(3) excessive vibration
(4) clearances per‘drawings and specifica
(5) gear alignment and engagement
(6) wire rope or chain condition
(c) Structural
(1) overall building clearances
(2) ridge and trolley end approaches
(d) all software faults
(é).-components, systems, and features wi
failure-proof functions related to retaining th|
event of failure in the primary load path are fu
correctly and are properly adjusted and calibr:

CM-7.1.7.3 Full-Load Test. The crane or mon
be statically loaded at bridge midspan (or end of]
100% (+5%, -0%) of manufacturer’s rating.
load, the crane or monorail shall be operated
all drives for bridge or boom and through
ranges to demonstrate speed controls and prope
of limit switches, locking, and safety devices as
with full load. The hoist shall be verified to stop
100% load while lowering at maximum speed up
power. Opening the mainline magnetic cont
means of the emergency stop may be used to
a loss of power condition. Manually operat
lowering devices, if supplied, shall be tested.

CM-7.1.7.4 Rated Load Test. After the no-load and full-
load tests are completed and prior to use for fhandling
loads, the equipment shall be rated load tested.

(a) Thecrane or monorail shall receive aratedload test

fions

th single
e load in
ctioning
hited

rail shall
boom) to
With this
through
11 speed
function
practical
and hold
on loss of
actor by
simulate
ed load-

equ1 menthasheen installed andupricrtoconstruction-or
I r

operational use of the crane or monorail.

CM-7.1.7.2 No-Load Test

CM-7.1.7.2.1 Testing. A no-load test shall be
performed to verify the following after the power
supply has been verified to be in accordance with equip-
ment specifications:

(a) Motor rotation is correct.
(b) Lubrication and cooling systems are in service.
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of 125% (+5%, -0%) of the rated capacity.
(b) The rated-load test shall consist of the following
operations as a minimum:
(1) Lift the test load approximately 2 ft and hold the
load for a minimum of 5 min to verify no test weight drift.
(2) Transport the test load by means of the trolley
(carrier) from one end of the crane bridge, jib, or monorail
to the other. The trolley motion shall be smooth and
regular. The trolley shall approach the limits of travel
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as close as practical if use area restrictions are imposed
and based on the test load configuration.

(3) For bridge and gantry cranes, transport the test
load by means of the bridge or gantry for the full length of
the runway in one direction with the trolley as close to the
extreme right-hand end of the crane as practical, and in the
other direction with the trolley as close to the extreme left-
hand end of the crane as practical. The trolley shall
approach the limits of travel as close as practical if use
area resfrictions are 1mposed and base € tes
load configuration.

When cranes operate on more than two runways
(multipl¢-track cranes), the crane shall transport the
test load|for the full length of the runway with the test
load undpr each of the intermediate tracks.

(4) Verify that the nameplate reflects the load rating
per (a) above.

(5) Forjib cranes, verify thatthere is jib boom motion
with the frolley located at each end and at the center of the
boom.

CM-7.1.7.5 Certification. A written report confirming
the equipment has successfully passed the rated-load
testing shall be furnished. This report shall be signed
by repregentatives of all parties participating in the test.

CM-7.2 |ADDITIONAL INSPECTION AND TESTING
REQUIREMENTS SPECIFIC TO
UNDERHUNG CRANES

There are no additional inspection and testing require-
ments specific to underhung cranes.

CM-7.3 |ADDITIONAL INSPECTION AND TESTING
REQUIREMENTS SPECIFIC TO.TOP-
RUNNING BRIDGE AND GANTRY CRANES

There are no additional inspection‘and testing require-
ments splecific to top-running bridge and gantry cranes.

CM-7.4 [ADDITIONAL INSPECTION AND TESTING
REQUIREMENTS SPECIFIC TO TRAVELING
WALL CRANES

CM-7.4.1 General

The r¢quirements of subsection CM-7.1 shall be
followed lwhere-applicable-

ASME NUM-1-2023

the maximum specified in subsection CM-2.4 or by the
owner. Verify that the trolley does not drift along the
boom at rated load.

(c) Verify proper alignment and engagement of all
wheels with support rails or flanges and proper operation
through all modes of travel during rated load and no-load
conditions.

CM-7.5 ADDITIONAL INSPECTION AND TESTING
REQUIREMENTS SPECIFIC TO JIB CRANES

CM-7.5.1 General

The requirements of subsection CM+7.1 shall be
followed where applicable.

CM-7.5.2 Performance

The following activities shall\be performed after injstal-
lation at the site:

(a) Check the levelnessand alignment of the boom or
jib without load.

(b) Check deflection of the boom with rated [load
applied at maximum distance from wall, masf, or
column support. Deflection shall not exceed the
maximum specified in subsection CM-2.5. Verify|that
the trolley does not drift along the boom at rated Joad.

(¢). Verify proper rotation of the jib throughout its full
range of travel with the rated load applied at the maxijnum
distance from the wall, mast, or column suppoft as
permitted by the test load configuration. Verify|that
the amount of boom drift under these conditions is acfept-
able.

CM-7.6 ADDITIONAL INSPECTION AND TESTING
REQUIREMENTS SPECIFIC TO MONORAIL
SYSTEMS

CM-7.6.1 General

The requirements of subsection CM-7.1 shall be
followed where applicable.

CM-7.6.2 Performance

The following site inspection shall be performed as ap-
plicable to verify installation:
(a) Tracks. Check the following for compliance with the

CM-7.4.2 Performance

The following activities shall be performed after instal-
lation at the site:

(a) Checkthelevelness and alignment of the wall crane
without load.

(b) Check deflection of the boom with crane loaded to
rated capacity and load positioned at maximum distance
from support rails or flanges. Deflection shall not exceed

drawings amd-withr subsectiom thv=2:6-

(1) track levelness

(2) proper location and installation of supports (e.g.,
hanger rods)

(3) bracing to prevent excessive sway

(4) rail couplings (splice plates)

(5) rail spacing (gaps)

(6) track radii

(7) proper clearances

(8) end stops
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(b) Track Switches. Check track switches for

(1) proper alignment and operation

(2) spacing (gaps)

(3) stops or guards on open ends of track and on
movable track

(4) means of holding movable track when carrier
(trolley) is being moved on it

(5) electric baffles (if provided to prevent load path
from interfering with load path of adjacent track)

PART CM, CRANES AND MONORAILS

(2) spacing (gaps)
(3) end stops
(4) clearances
(5) electric baffles (if provided for cab-operated
carriers or automatic dispatch carriers)
(e) Clearances. Check clearances of lateral or overhead
obstructions for compliance with para. GR-2.1.1.
(f) Locking and Safety Devices. During no-load opera-
tional testing, check all locking and safety devices for inter-

NOT
carri
to op

(¢

: Track switches shall operate only with an unloaded
r unless the track switches were specified and designed
erate with a loaded carrier.

Track Openers. Check track openers, if provided, for

1) proper alignment and operation

(2) spacing (gaps)

3) proper installation of forks or stops to prevent

er (trolley) from running off open ends of track

I movable section is not aligned with the track
Vertical Drop and Lift Sections. Check vertical drop

ift sections for

1) proper alignment

carr
whe
(d|

and

TocKing mechanisms, track Switches, drop sectiofs, and lift
sections.

(g) Deflection. Check deflection of track and track
components at rated load for compliance with
subsection CM-2.6.

(h) Rated Load Testing. Duringrated load testalng, check
the trolley for smooth motionin‘dll directions, around all
curves, across all rail splices,and through all switth config-
urations and travel directioits. Check for proper dtructural
bracing to prevent exeessive sway.

(i) Track Splices and Switches. Check for proper align-
ment of track splices and switches under load,
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GENERAL

ted in Section GR-1, Type I enhanced safety

equipment is divided into two subtypes: Type

ype IB. Part HT specifies the requirements for

pes of the following specific hoisting equipment

tions:

wered wire rope hoists (Type 1A)

wered wire rope hoists (Type IB)

vered chain hoists (Type IB)

hd-chain hoists (Type IB)

hndard does not anticipate the use of chain hoists
IA application. If the owner desires a Type A

st, it shall be provided with safety features and

quivalent to those of a Type 1A wire rope hoist.
ction of the Standard also covers under:rinning

Type IB), either as an independent unityor inte-

A hoist. All trolleys are categorized as'Type IBand

eased design factors.

bn nondestructive examination/ (NDE) criteria

applicablle to the hoists and trolleys of Part HT are

addresse

d under Section HT-7,

Section HT-1
Introduction

Although the Type IA and [Bhoist and trolley equip

ment

of Part HT is typically suspended from a Type I crafe or

monorail as specified under Part CM, this hoist and tr
equipment may alse have independent applicat
including the mounting of a hoist unit to a stationary s
ture.

Standard hoist and trolley units, such as those used
Type 1l or~Fype III crane or monorail, are not coy

plley
ons,
Lruc-

ona
ered

under this Standard. However, standard hoisting equip-

ment'used on a Type II crane or monorail shall remg
placé during a seismic event and have restraints
efisure this requirement.

The hoists and under-running trolleys of Part HT
also comply with the following general requiremen
Part GR:

- Section GR-2, Environmental Conditions of Ser

- Section GR-3, Performance Requirements

- Section GR-4, Coatings and Finishes

- Section GR-5, Quality Assurance

Additional information and criteria are provid
Section GR-1, definitions are provided in Section
and a list of referenced codes and standards is prov
in Section GR-7.

inin
that

shall
ts of

yice

d in
ER-6,
ided
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Section HT-2
Powered Wire Rope Hoists (Type IA)

HT-2.1 GENERAL

THis Section provides the requirements for powered
(eledtric- or air-operated) Type IA hoists for enhanced
safety vertical lifting of freely suspended unguided
load$ using wire rope as a lifting medium.

A Type IA powered wire rope hoist shall be of a unique
design with single-failure-proof features for the hoisting
machinery and the hoist reeving.

pted from this requirement.

(b} Load motion due to failure of one load path of a
redundant load path hoist shall be evaluated for facility.
acceptability.

(c] Figures HT-2.2-1 through HT-2.2-3 provide some
block diagrams illustrating examples of Type, [A-Wwire
ropq hoist equipment configurations. These block
diagrams show conceptual layouts only. Thesmachinery
togefher with a redundant reeving arrangement shall
comply with the vertical alignmentsrequirements for a
Typg IA hoist. These block diagrams are not meant to
show actual configurations and.may be rearranged as
needed to meet the specific.application. These diagrams
are @nly a few of many aceeptable configurations.

HT
(a

systg
be d
load

2.3 MECHANICAL REQUIREMENTS (TYPE IA)

The hoisting machinery and wire rope reeving
m, in addition to other affected components, shall
bsignéd-to withstand the most severe potential over-
including two-blocking and load hang-up.

all other factors contributing to maximum loading of the
equipment components.

(2) The system or components, which may include
torque-limiting or energy-absorbing components or
systems used to mitigate the effects of two-blocking
and load hang-up, shall permit the hoisting machinery
to be returned to service without need for repair or re-
placement of components. Should any device in the hoist
drivetrain, such as a clutch or torque limiter, fail to hold

105

the load, the emergency brake (or other seco
redundant load path) shall engage (or rémain
and safely retain the load.

(b) Allowable stresses for hoisting machiner
nents during these events shall be limited to 77
yield strength.

(c) Design calculations and component sizing
into consideration the ma%imum forces resulting
kinetic energy of thé hoisting machinery ope
maximum normal\full-load or unloaded o
speed at the onset of the overload condition.

(d) Designiealculations demonstrating the cay
the cranesystem to withstand severe overloads,
two-blecKing and load hang-up, shall be submit
owner:

ndary or
engaged)

y compo-
% of the

chall take

from the
rating at
berating

ability of
ncluding
ed to the

HT-2.3.1 Reeving

The reeving system shall be divided into two|separate
(redundant) load paths so that either path will support the
load and maintain vertical alignment in the event of rope
breakage or failure in the rope syst¢gm. See
Figures HT-2.3.1-1 through HT-2.3.1-3 for exgmples of
Type IA reeving systems. These figures show| three of
many acceptable configurations.

(a) In each load path, multiple parts of ro
reeving system shall be equalized.

(b) Each load path in the reeving system
balanced with the others.

be in the

shall be

HT-2.3.2 Hooks and Load Blocks

HT-2.3.2.1 Hooks. Hooks shall be designed
the rated load [e.g., for a 5-ton maximum cri
(MCL) rating, the design load shall be 10 tons
be of single-failure-proof design.

(a) If the hooks are the swiveling type, they shall be
capable of rotating g g when supporting
the rated load unless otherwise specified by the owner.

(b) Hook latches shall be provided unless the applica-
tion makes use of the latch impractical. When required, a
hook latch shall be provided to bridge the throat opening
of the hook for the purpose of retaining slings, chains, etc.,
under slack conditions. Depending on the conditions of
service, consideration shall be given to the use of hook
latches constructed of corrosion-resistant materials.

(c) All hooks and latches shall comply with ASME
B30.10.

for twice
ical load
or shall
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Figure HT-2.2-1 Figure HT-2.2-3
Type lAWire Rope Dual Hoist Drive Unit With Single Drum Type IA Wire Rope Dual Hoist Drive Unit With Dual Drum

Gearbox

I || . | |
Gearbox Motor
| ————
Drum T
Drum
Brake
L1 Drum
I—I
Motor Motor
L 1
1 1
Gearbox
Gearbox

Figure HT-2.2-2
Type IA Wire Rope Single Hoist Drive Unit
With Drum Brake

| Drum brake |

Drum

Gearbox

Motor
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Figure HT-2.3.1-1
Type IA Redundant Reeving With Single Drum (With Upper Equalizer Sheaves)

~&— Hoist drum

-4— Upper equalizer
N

2A sheaves

1A

'. -a— Lower block
sheaves

GENERAL NOTE: The relative position of the sheavés is extended and the angle of the view is distorted to clarify reeving paths. Ah equalizer
system between the two ropes is required but.is not shown for clarity.
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Figure HT-2.3.1-2
Type IA Redundant Reeving With Single Drum (With Equalizer Bar)

(.( e ~%— Hoist drum

-4— Upper sheaves

2B

() -—— Lower block
sheaves

GENERAL NOTE: The relative position of the sheaves is extended and the angle‘of the view is distorted to clarify reeving paths.
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Figure HT-2.3.1-3
Type IA Redundant Reeving With Dual Drum

Hoist drum 1 —&

Hoist drum 2 »%
~

2D

GENERAL NOTE: The relative position of the sheaves is extended and the angle of the view is distorted to clarify reeving pathg.

HT-2.3.2.2 Load Blocks. Load blocks shall have double
the qormal design factors (e.g., for a°5:ton MCL rating, the
design load shall be 10 tons) or shall'be of a single-failure-
prodf design. Load blocks shall'be of the guarded or
enclpsed type and shall guard against rope jamming
unddr normal operating{conditions.

HT-2.3.2.3 Upper Blocks. The upper block (or upper
sheae nest) shall have double the normal design factors
or shall be of.single-failure-proof design.

HT-2.3.3 Wire Rope

(a)_Type and Construction of Wire Rope. Wire rope shall

N

Upper sheaves and
equalizer system

2A

-4+— Lower block
sheaves

(2) Inthe eventofrope failure, the impactlpad in the
transfer of the maximum critical load from one of the dual
hoisting rope systems to the other shall not exce¢d 40% of
the manufacturer’s published breaking strength.

(3) The seismicload with all parts of rope irfftact shall
not exceed 40% of the manufacturer’s published|breaking
strength.

(4) The load resulting from the maximum| possible
overload of the hoisting machinery, includfng two-
blocking and load hang-up, shall not exceed 40% of
the manufacturer’s published breaking strengt

(c) Therope ends shall be attached to the hoistinsucha
manner as to prevent disengagement through put rated

g

be of a type and construction suitable for hoist service.

(b) Selection of Ropes. Hoisting ropes shall be selected
based on the more stringent of the following require-
ments.

(1) The maximum critical load (withoutimpact) plus
the weight of the load block divided by the total number of
parts of rope shall not exceed 12%4% of the manufacturer’s
published breaking strength on the total system or 25% on
each of the dual systems.
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hook travel.

(d) End terminations shall be in accordance with the
Wire Rope User’s Manual and shall be equal to the
required rope strength. Wire rope clips shall not be
used as the primary end terminations.

(e) The rope fleet angle to the drum grooves shall be
limited to 3% deg, except the last 3 ft of the maximum lift
elevation, which shall be limited to 4 deg. See
Figure HT-2.3.3-1 for fleet-angle measurement to the
drum grooves.
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Figure HT-2.3.3-1
Drum Fleet Angle

1-2023

(c) All running sheaves shall use antifriction bearings.
All running sheave bearings, except permanently lubri-
cated bearings, shall be equipped with means for lubrica-
tion.

(d) Equalizer sheaves shall be provided with bronze
bushings, oil-impregnated bearings, antifriction bearings
with grease fittings, or other means to ensure that the
sheave bearing remains lubricated, ensuring its capability
to provide the rotation required to equalize the reeving.

¢ Groove
- |
— i
|
Xr ".
=t
L
| it

Figure HT-2.3.3-2
Sheave Fleet Angle

¢ Rope
|

|
3.5 deg -
kl) 90 deg

Lt

i

€ Sheave

(f) Rope fleet angle for sheaves shall be limited to
3% deg, [except the last 3 ftof maximum lift elevation,
which dhall be limited'to 4'/, deg. See Figure
HT-2.3.3{2 for fleet-angle measurement to the sheaves.

HT-2.3.4 Sheaves

(a) Shleaviegrooves shall be smooth and free from
surface {rregularities that could cause rope damage.

dynamic forces from load transfer upon failure of one
wire rope and shall not load the remajning intact
reeving system more than 40% of the breaking strgngth
of the wire rope.

(f) The pitch diameter of running sheaves shall npt be
less than that indicated in Table HT+2.3.4-1.

(g) The pitch diameter of nenrunning sheaves (efjual-
izers) shall not be less than.12times the rope diameter.

{e) Equalizer systems shall be able to w1tnstan11 the

HT-2.3.5 Drums

(a) Provisions shallbe made to retain the drum anfd the
load in the event,of drum shaft or bearing failure.
(b) Rope drunis shall be grooved, and the grooves|shall
be smoothland free from surface irregularities that qould
cause rope damage. The cross-sectional radius af the
bottorCof the groove should form a close-fitting sgddle
for“the size of the rope used. The top edge of the
srooves shall be rounded to minimize rope dathage
and wear.
(c) Rope drums shall be flanged to guard against rjopes
sliding over the ends of the drum. Drums that are moynted
in the hoist structure such that the rope cannot slipfover
the drum ends do not require flanges.
(d) Allrope drums shall have only one layer of rop¢ and
the drum shall be designed to store the entire length of
rope for the rated lift with the load block in its uppermost
position.
(e) Nolessthantwo wraps of rope shall remain onfeach
anchorage of the hoist drum when the hook is in its lowest
position unless a lower limit device is provided, in which
case no less than one wrap shall remain on each anchqrage
of the hoist drum.
(f) The minimum drum groove depth shall be 0.5 fimes
the rope diameter.
(g) The minimum drum groove pitch is either
1.14 times the rope diameter or the rope dianjeter

The cross-sectional radius at the bottom of the groove
should be such as to form a close-fitting saddle for the
size of the rope used, and the sides of the groove
should be tapered outwardly to facilitate entrance of
the rope into the groove. Flanges shall be rounded and
the rims shall run true about the axis of rotation.

(b) Sheaves shall be mounted and guarded to protect
against the entrance of foreign objects, wire rope jamming,
and wire rope displacement during normal operation.
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plus “ in., whichever is smaller.
(h) Therope drum pitch diameter shall not be less than
that indicated in Table HT-2.3.5-1.
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Table HT-2.3.4-1
Minimum Pitch Diameter of Running Sheaves

Minimum Pitch Diameter of Running Sheave
6X37 Class Rope 6X19 Class Rope

Hoist Duty Class

PART HT, HOISTS AND TROLLEYS

HT-2.3.7 Hoist Gearing

(a) Gearing and associated shafts and couplings or
other connection means shall be redundant (i.e.,
provide two separate load paths from the hoist brakes
to the wire rope drum), with each independent gear
train rated at full hoisting horsepower. As an alternative,
a single hoist gear train may be provided in conjunction
with two holding brakes, one of which shall act directly on

h i d d icall faj
theiilre. rr\pn rum-ahd-set-automatica y npr\n allure or

H1 and H2 16d 20d

H3 18d 24d

H4 20d 24d

H5 24d 30d
Legdnd:

ope diameter

Table HT-2.3.5-1
Minimum Pitch Diameter of Drums

overspeed of the hoist drivetrain.

(b) Gears shall be constructed of steel orotheff material
of adequate strength and durability to meet thg require-
ments for the intended class of service~For this ftandard,

— - - the strength and durability shall‘be based on the torque
Minimum Pitch Diameter of Drums . .
| required to lift the rated load.
Hoipt Duty Class _ 6X37 Class Rope  6X19 Class Rope (c) Means shall be proyided to ensure adequate and
i1 and H2 16d 20d proper lubrication on all\gedring.
H3 18d 24d (d) All gearing not enclosed in gear cases| shall be
H4 20d 24d guarded with provisien for lubrication and inspection.
H5 24d 30d (e) Due considération shall be given to the thaximum
Legdnd: brake torque/that can be applied to the drive. '
= fope diameter (f) Thedorsepower rating for all spur, helical, and
herringbone gearing shall be based on AN$I/AGMA
Table HT-2.3.6.1-1 2001-D04 and manufactured to AGMA quality class 6
Bearing Life Expectancy or_better. For this Standard, the power equafions are
Hoift Duty Class Minimum Bearing Life Expectancy, hr as-follows:
H1 1250 (1) Allowable Strength Horsepower
H2 2,500
H3 5,000 b nyd FsyJ
H4 10,000 #* 7 1126,000K, | K,,PiStKg
H5 20,000
(2) Allowable Durability Horsepower
HT-2.3.6 Bearings, Rotating Shafts, and Keys - 2
L . n C
HT-2.3.6.1 Bearings P, = P el
126,000K,K,,Seg )| Cp
(a) Shaftbushings or bearings shall be enclosed against
entry of dirt, dust, and ether foreign material. where
(b} All bear-ings and ‘birshings shall be provided with C, = machinery service factor (see Table HT}-2.3.7-1)
meaps of lubricaticke _ . Cyn = hardness factor (durability)
(c] Hoist bearings shall be selected to give a minimum C. = elastic coefficient
B10|life expectancy based on full rated speed from g = pitch diameter of pinion, in.
Tablp HT-g3¥1-1. . _ F = net face width of the narrowest of the mating
(d) Béaxing loads, for life computation purposes, shall gears, in
be determined using a mean effective load factor of 0.65. ] = Omm'P.m', factar (durahilifu)
HT-2.3.6.2 Rotating Shafts. Rotating shafts shall be J = geometry factor (strength)
supported by antifriction, lubricated, or self-lubricated Kp = rim thickness factor
bearings or bushings. All sliding surfaces shall be lubri- K;, = load distribution factor
cated. K, = dynamic factor
. . . ) K,, = mean effective load factor
HT-2.3.6.3 Hoist Keys. Keys used in hoist drives shall - 0.667
only be of a parallel, square, or rectangular shape, not n. = p.inion speed, rpm
precluding the use of a splined shaft for power transmis- p P = allowable du’rability hp
sion. P,. = allowable strength, hp
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P; = transverse diametral pitch, 1/in. Table HT-2.3.7-1
S.c = allowable contact stress number (durability) Machinery Service Factor, C4
s,¢ = allowable bending stress for material (strength), Hoist Duty Class c,
psi
Sta = hoist duty class factor (durability) Hl 064
- CK, H2 0.72
Sts = hoist duty class factor (strength) (see Table H3 0.80
HT-2.3.7-2) H4 0.90
H5 1.00
The Falues of I, J, T, Cpy K5, Koy Ky, Sao and Sy, can be
determinfed from the tables and curves in the appropriate
AGMA specification; Sg is in Table HT-2.3.7-2; and the Table HT-2.3.7-2
remaininjg values are physical characteristics pertaining Hoist Duty Class Factor (Strength), S¢
to the geprs for their operational characteristics. Hoist Duty Class St
(g) When worm gearing is called for, it shall be rated H1 0.75
with appfropriate service factors. H2 0.85
HT-2.3.8 Hoist Brakes H3 090
H4 0.95
(a) The braking system shall consist of at least two HS 1.00

(3) btop and hold the load hook in the event of a
completd power failure
(b) Eafh hoist holding brake shall have a torque rating
notless than 125% of the full (rated) load-hoisting torque
at the pojfint of brake application and shall be capable of
stopping the lowering motion within a distancesthat
ensures ¢lamage to the load and facility does (not occur.
A maximpm lowering distance of 3 in. is recommended.
Under nojrmal operating conditions, the brakes shall apply
automatifally upon power removal. The:application of the
second (3nd any other additional) brake shall be delayed

adjustment to compensate for lining wear.
(e) The TypeIAhoist braking system shall comply with
at least dne ofjthe following:
(1) Three or more holding brakes shall be provided

(2) Two brakes, each capable of stoppingand ho
the load, maybe provided if one of them acts direct
the wire rope drum shell or a flange or disk atta
thereto, is not the primary stopping and holding b
and\does not set prior to the wire rope drum co
to\a ‘complete stop during normal operation. The H
acting on the drum shall have sufficient thermal capa
to permit emergency lowering of rated load from no
high hook position to normal low hook positig
maximum design full-load-lowering speed in one co
uous operation, and the brake shall have a torque-nj
lating method of manual release.

(3) Twobrakes, each capable of stoppingand ho
theload, may be provided if the hoist also has a mech

ding
y on
ched
rake,
ning
rake
hility
rmal
n at
ntin-
odu-

shall remain effectively connected to the hoist drivegrain
after failure of the other brake or any component df the
hoist machinery. The design of hoist brakes and braking
systems shall enable recovery from an inoperable Hrake

for stopping and holding the load, such that after failure of
any one holding brake or hoist machinery component, at
least two holding brakes remain available for emergency
load lowering.
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with aratedload on the hoist. The recovery shall be accom-
plished by repair of the brake in place, by replacement of
the brake in place, or by an alternative recovery means
acceptable to the purchaser.
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HT-2.4 ELECTRICAL REQUIREMENTS (TYPE IA)
HT-2.4.1 General

All electrical equipment furnished shall conform to the
applicable sections of the latest issue of NFPA 70. The
owner shall specify the voltage, frequency, and phase
of the power supply. The supply voltage shall be main-
tained within #10% of the rated motor voltage of the
hois i i

.4.2 Controllers

-2.4.2.1 Types of Control. The type of control
supplied for a hoist shall result in operation complying
with|the performance as defined in Section GR-3.

(a) Common Control Systems. Common control systems
may |be one of the following:

1) single-speed alternating current (AC) magnetic
reversing, which uses an AC squirrel-cage induction
motqr.

2) two-speed AC magnetic reversing, which uses a
dualfwound AC squirrel-cage induction motor. Speed
ratids under any load are normally 3:1 but may also
be fyrnished in other ratios, such as 2:1 or 4:1.

3) variable-speed AC magnetic reversing, which is a
typelof constant potential AC control that uses resistance
e secondary of an AC-wound rotor induction motor.
Three to five speed steps are normally provided, with the
speef at each step varying depending on the load.

4) AC variable-frequency control, which uses an-AC
squifrel-cage induction motor and providesxeither
stepped or stepless speed control by varying the motor
freqiiency (see para. HT-2.4.2.2).

(b} Other Control Systems. Other controlssystems, such
as adjustable-voltage direct-current (D€) and adjustable-
voltdge AC, may be required depefiding on the specific
application or owner specifications.

H1
The
(VFQ

-2.4.2.2 Variable-Frequency Drive Hoist Controls.
veneral requirements for variable-frequency drive
) hoist controls are.as follows:

(a) Control shall<censist of a variable-frequency drive
(VFD) with a fullload ampere (FLA) rating equal to or
greater than/the FLAs of the corresponding motor or
motqrs.

(b} Control shall include, as a minimum, the following
protective features:
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(e) The power supply and electronic equipment shall
be protected from detrimental effects due to harmonic
distortion, electromagnetic interference, or radio
frequency interference produced by inverters.

(f) For VFDs used in hoisting applications that do not
use a mechanical load brake, speed feedback shall be
incorporated.

HT-2.4.2.3 Contactors. Each magnetic control shall

ha ontacto D d eversing
contactors shall be interlocked to guard againg

t line-to-
line faults.
HT-2.4.3 Motors
HT-2.4.3.1 General
(a) AC Motors
(1) Definite-Purpose Inverter-Fed Moftors. AC
squirrel-cage motors applied to VFDs shall be specifically

designed for inverter. duty and shall conform to NEMA MG-
1, Part 31, or other standard as approved by tle owner.

(2) Definite-Purpose Wound Rotor Inductiop Motors.
AC woundretor motors shall conform to NENIA MG-1,
parts 18:50% through 18.520.

(3)\Other AC Motors. All other AC motors nd
deseribed shall conform to NEMA MG-1.

(b) Direct-Current Motors. DC motors shall be
dance with either NEMA MG-1 or AISE Standa

(c) Enclosures and Time Ratings. All AC or D
shall have enclosures and time ratings as requir
duty and environmental conditions.

(d) Operation Characteristics. Motors shall
sible, with torque characteristics suitable for
trolley service, and capable of operation at ra
and speeds in accordance with the class of serv|
fied.

(e) Temperature Rise. The temperature rise
shall be in accordance with the latest NEMA stan
the class of insulation and enclosure used. The ho
facturer will assume 104°F ambient temperatul
otherwise specified by the owner.

(f) Phase Protection. Hoist motors shall have p
and phase-reversal protection.

t already

in accor-
d No. 1.
C motors
bd for the

be rever-
hoist or
fed loads
ce speci-

f motors
dards for
stmanu-
re unless

hase-loss

HT-2.4.3.2 Motor Voltage

(a) All AC motors at rated frequency and all DC motors
shall be capable of operation within £10% of rated motor

(1) output phase loss
(2) undervoltage
(3) overvoltage
(4) motor thermal overload
(5) VFD overheat
(c) Control shall provide a control braking means using
dynamic braking or line regeneration.
(d) Control shall have a minimum of 150% overload
capability for 1 min.
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voltage, but not necessarily at rated voltage performance.

(b) Standard rated motor voltage shall be inaccordance
with Table HT-2.4.3.2-1.

(c) For nominal system voltages other than shown in
Table HT-2.4.3.2-1, the rated motor voltage should not be
less than 95% nor more than 100% of the nominal system
voltage.
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Table HT-2.4.3.2-1 where
Standard Rated Motor Voltages
Nominal Rated Permissible Motor HP = wv
Power Supply System, V Motor, V  Operating Range, V mechanical 33,000F
AC, single 120 115 104 to 126
phase 60 Hz 240 230 207 to 253 and
E = mechanical efficiency between the load and the
AC, polyphase 208 200 180 to 220 m(:ltor, e:;pressed in decimal form
60 Hz 240 230 207 to5 252 = Eg X Ec
480 460 414 to 506 E, = efficiency per gear reduction
600 575 518 to 632 = 0.97 for spur, herringbone, and helicallgegring
supported on antifriction bearings
AC, polyphhse 208 200 180 to 220 = 0.93 for zpur, }llerrm%bonle, and helical gearing
50 Hz - 220 198 to 242 supported on sleeve bearings
400 380 342 to 418 NOTE: For the E, value for werm gearing, consult the
gear and hoist manufacturers
DC 125 115 104 to 126 E; = rope system efficiency per rotating sheave
125 120 108 to 132 = 0.99 for rotating sheaves supported on antfifric-
250 230 207 to 253 tion bearingsg
250 240 216 to 264 = 0.98.for rotating sheaves supported on sleeve
bearings
K. = control‘factor, which is a correction value| that
. . accounts for the effects the control has on
HT-2.4.3.3 Motor Time Rating. The motor time rating motor torque and speed
shall resilt in operation that complies with the specified =1 for the majority of controls, such as AC wpund
performpnce as defined in Section GR-3, taking into rotor magnetic, inverter, or static systems where
consideration any supplemental requirements specified there are no secondary permanent slip resigtors;
by the o ner. ' _ systems for squirrel-cage motors; and congtant
(a) Mipimum Time Ratings. Single-speed, two-speed, potential magnetic systems with DC pqwer
variable{speed, and inverter-fed motors shall be rated supplies
on no less than a 30 min basis under rated load, with m = number of rotating sheaves between the drum
the tempprature rise in accordance with the class\ofinsu- and equalizer passed over by each paft of
lation and enclosure used. The low-speed winding of a moving rope attached to the drum
two-spe¢d motor may be rated less thain30 min and n = number of gear reductions
the lowefr stepping speeds of a variable-speed control V = specified speed when lifting weight W, ft/rhin
will havd a substantially lower operating time. W = total weight to be lifted (rated load plug the
(b) Lopg-Lift Hoists. The use off60 ‘min or continuous- weight of the load block), 1b
duty motors shall be considered for use with long-lift
hoists. N For AC wound rotor systems, magnetic or static cohtrol
(c) Adjustments for Upusual Conditions. Under unusual  ith secondary permanent slip resistors, K, shall e as
conditior}s, such as abnermal inching or jogging require- follows:
ments, cyclical hoistuimovements, altitudes more than dfull load
3,300 ft above se€a’level, or abnormal ambient tempera- K, = motor-rz.ite oad, rpm
tures, thg¢ motdr-time rating shall be increased as appro- motor-operating rpm, at rated torque
priate. with permanent slip resistors, when hoisting

HT-2.4.3.4 Hoist Motor Size Selection. Electric motors
shall have a required rated motor horsepower not less
than that given by the following equation:

Hprequired = HPByechanical X Kc
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K. values for power supplies rectified on the hoist shall
be determined by consulting with the motor and control
manufacturers.

HT-2.4.4 Limit Devices

HT-2.4.4.1 General. A limit device is defined as a
switch or sensing system that provides control functions
on a crane. Paragraphs HT-2.4.4.2 through HT-2.4.4.7
include requirements for control limit devices that
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activate when the normal operating envelope has been
reached and safety-critical limit devices that indicate
malfunction, failure, or inadvertent operator action. Addi-
tional limit device requirements not addressed in this
section shall be incorporated in the specifications.

HT-2.4.4.2 Type IA Hoist Safety-Critical Limit
Devices

(a) Safety Detection Requirements. The hoist shall have

PART HT, HOISTS AND TROLLEYS

HT-2.4.4.4 Overload-Limiting Devices

(a) An overload-limiting device, when furnished, shall
be designed to permit operation of the hoist within its
rated load and to limit the amount of overload that
can be lifted by a properly maintained hoist under
normal operating conditions.

(b) The overload-limiting device may allow the lifting
of an overload but shall be designed to prevent the lifting
of an overload that could cause damage to the hoist. This

means to detect the following conditions:
1) final high hoist overtravel
2) overload limit
3) hoist drum wire rope mis-spooling
4) hoist overspeed
5) equalizer travel error

Addjtional requirements for these safety detection
systems are provided in paras. HT-2.4.4.3 through
HT-2.4.4.7.

(b} Manual Reset. When a safety-critical limit device is
activiated, a manual reset is required. This may be accom-
plished by means of a key switch on the crane or some
othgr administrative control that will prevent the
crane operator from resetting the affected function
befofre a person knowledgeable in the crane control
syst¢m determines and corrects the cause of device acti-
vatign

(c
devi
limit
EXCH
limit
torin,

Safety-Critical Limit Devices. Safety-critical limit
Ces shall be in addition to and separate from the
ng means or control devices provided for operation.

PTION: Safety-critical limit devices may be part of the
ng means or control devices if there is independéent moni-
b of the means or device.

HT-2.4.4.3 Overtravel Protection.\Hoists shall have
the following limit features:

(a) First High Hoist Overtravel Limit. The first upper
hoisting limit shall be a control circuit device such as a
gearjed-type, weight-operated, or paddle-operated
switch. Actuation of this switch shall result in the
rem¢val of powerdrom the motor and setting of the
hoisf brakes. The operator may lower or back out of
this fripped switeh without further assistance.

(b) Final'Hoist High Overtravel Limit. In addition to the
first ppperlimit switch, a final power circuit hoisting limit
swit¢h'shdll directly remove power from the hoist motor

does not imply that any overload is to be intgntionally
applied to the hoist.

HT-2.4.4.5 Hoist Drum Wire Rope Spooling
Hoists shall include a wire rope spooling device
improper threading of the hoist\rope in the hd
grooves. Actuation of thissdevice shall flesult in
removal of power from the hoist motor and t{je setting
of hoist holding brakes.\Actuation of this limjit device
shall prevent further‘hoisting. A mechanical rqpe guide
that encompasses thé circumference of the drum and
provides spooling of the wire rope onto the drum may
be used in lied of a spooling device.

Monitor.
to detect
ist drum

HT-2.44.6 Hoist Overspeed Limits

(&) \Electrically operated hoists that handl
loads shall include an overspeed limit devicg
or sensing system). When handling a critical 1gad, hook
speeds greater than 115% of the design critical load-
lowering speed shall actuate this device, causing all
holding brakes to set without intentional time delay.
Operation of this device may also initiate an}y control
braking means normally used for stopping the load. It
shall be necessary to position the hoist motiopn master
switch in the neutral or OFF position and to manually
reset the overspeed limit device (or the oyerspeed
circuit) before operation can be resumed.

(b) The overspeed device for wire rope hoist]
located so that it monitors drum rotation irrespsg
single failure in the drivetrain.

(c) On hoists that provide high-speed, light load
features, provisions may be made to permit|override
of this overspeed limit device when handling npncritical
loads.

P critical
(switch

5 shall be
ctive of a

n Device.
| to auto-
cation to

HT-2.4.4.7 Equalizer Travel Error Indicatio
A sensing and signaling means shall be provide
matically shut down the hoist and provide an ind

and Set the holst brakes.

(c) If the hoist is designed to withstand two-blocking,
only the first high hoist overtravel limit switch is required.
In this case, the ropes shall not be cut or crushed nor the
hoist damaged in the event of load block overtravel.

(d) Low Hoist Overtravel Limit. The hoist shall include
an overtravel low limit switch. This switch may be of the
control circuit type. Actuation of this switch shall stop the
lowering motion and set the hoist brakes. The operation of
this switch shall not prevent hoisting.
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the operator if displacementbetween the separate reeving
systems exceeds design operating limits.

HT-2.4.5 Control Enclosures

Control enclosures, unless otherwise specified by the
owner, shall be in accordance with NEMA ICS 6. Enclosure
types, as defined by NEMA, include but are not limited to
the following:
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(a) NEMA Type 1: general purpose for indoor applica-
tions

(b) NEMA Type 3: watertight, dust-tight, and sleet (ice)
resistant; outdoor

(c) NEMA Type 3R: rainproof and sleet resistant;
outdoor

(d) NEMA Type 4: watertight and dust-tight; indoor
and outdoor

(e) NEMA Type 4X: watertight, dust-tight, and corro-

ASME NUM-1-2023

with the maximum solid particulate contamination
limited to 25 p. The owner’s main air supply shall be suffi-
cient to accommodate the total air consumption of all air
motors, with this consumption rate (in cubic feet per
minute) provided by the manufacturer. The owner’s
main air supply shall include a building-mounted
shutoff valve and an air regulator valve in the area of
the hoist or crane. Additionally, the owner shall
provide arelief valve system to prevent excessive air pres-

sion resiftant; Imdoor and outdoor

(f) NEMA Type 7: Class I, Groups A, B, C, and D; indoor
hazardoys locations (explosive atmosphere)

(g) NBMA Type 9: Class II, Groups E, F, and G; indoor
hazardoys locations (explosive atmosphere)

(h) NBMA Type 12: industrial use; dust-tight and drip-
tight; indoor

HT-2.4.

Each T
have the
(a) ph
(b) ph
(c) md

off or en
(d) m
HT-2.4.]

Resist

5 Additional Electric Equipment

ype IA electric-operated wire rope hoist shall
following:

nse loss protection

hse reversal protection

inline magnetic contactor operated by a power
ergency stop button

tor thermal detectors

Y Resistors

rs, when furnished, shall have sufficient thermal
capacity for the specified class of service. Enclosures for
resistors| shall provide means for heat dissipation and
shall be iistalled to minimize the accumulation of combus-
tible maier. Provision shall be made to containbroken
resistor parts or molten metal.

HT-2.4.

Current conductor systems are not. normally supplied
with eledtric wire rope hoists. When required, they shall
be speciffed by the owner. Standard systems include the
following:

(a) flekible cable

(b) colled cord

(c) festooned cablerarrangement

(d) cable reel

(e) rigid conductor

(f) endrgy~chain

Current Conductor Systems

sure, such as could be developed by the owner s air fom-
pressor system, from damaging the hoist.

HT-2.5.2 Air Motors

The air motor shall be an air-driven'piston or ro
vane type and shall be provided with ah air inlet coq
tion fitted for the use of air hose assemblies. Also, th
motor shall be provided with an oiler and air f
between the motor and thedir inlet connection,
motor shall have adequate/capacity to lift 125% o
rated load. The air motor shall have a required 1
motor horsepower-not less than that given by
following equation:

tary-
nec-
e air
ilter
The
f the
ated
the

wv
33,000E

HP,

required =

whereE, V, and W are as defined in para. HT-2.4.3

HT-2.5.3 Additional Air Hoist Equipment

Air hoist motors shall be furnished with the nece
directional valves, a dump valve operated by a power
emergency stop button, and a hoist-mounted regu
and pressure gauge to confirm the pressure a
hoist. The air motor exhausts shall include as nece
an exhaust filter and muffler. Mufflers are require
indoor service and shall be such that the motor s
level for each hoist shall be 80 db or less 3 ft fron
muffler unless specified otherwise by the owner.

sary
pff or
ator
the
sary
 for
bund
I the

HT-2.5.4 Limiting Devices for Air-Operated Hoists

Limiting devices for a Type IA air-operated wire [rope
hoist shall be the same as those for a Type IA electric|wire
rope hoist, with the requirement for these devices ilsted
under para. HT-2.4.4. However, for an air-operated loist,
some of the limiting devices may need to be electrically
operated, in which case the devices would be categotized

HT-2.5 PNEUMATIC REQUIREMENTS (TYPE IA)
HT-2.5.1 Air Supply

Hoists shall operate on an air supply that is essentially
clean and dry with pressure at 90 psi, although air systems
at 105 psi may be used if accepted by both the owner and
hoist manufacturer. Unless specified otherwise, the
maximum moisture content of the air shall be 0.002 1b
of water per pound of dry air at 60°F and 90 psia,
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as electric-over-air-operated devices.

HT-2.6 OPERATOR CONTROL STATION (TYPE IA)

The hoist’s operator control station type and location,
with inclusion of any other motions (i.e., trolley, bridge,
and jib), shall be specified by the owner. Examples of
various operator control stations are as follows:
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(a) floor operated, where the equipment motion is
controlled by an operator on the floor or on an indepen-
dent platform through use of a suspended pendant station

(b) remote operated, where the equipment motion is
controlled by an operator through use of controllers
contained in a remote operating station not attached
to the hoist, trolley, or crane, or by means of a radio trans-
mitter

(c) cab operated, where the equipment motion is

PART HT, HOISTS AND TROLLEYS

(a) Material test reports shall include both chemical
analysis and physical properties on the actual component
materials of those items listed on Table HT-2.9.1-1.

(b) Surface magnetic particle testing (MT) or penetrant
testing (PT) shall be performed on on each hoist hook and
hook nut or any attachment devices after performing the
hook proof load test described in (j). Other components
listed in Table HT-2.9.1-1 that require surface MT or PT
shall require these tests on the finished component part.

contfolled by an operator through use ol controllers
located in an enclosed or open cab attached to the
hoist, trolley, or crane

(d}) pulpit operated, where the equipment motion is
controlled by an operator though use of controllers
located in a fixed operator station not attached to the
hoist, trolley, or crane

(e) pull-cord operated, where the equipment motion is
contfolled by an operator though use of suspended self-
centering nonconducting pull cords with handles

All operator control stations shall meet the criteria
addressed in ASME B30.16 and ASME B30.17. Arrange-
menf of the control station’s controllers or master
swit¢hes are provided under para. CM-4.1.1.5.

HT
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p.7 SEISMIC REQUIREMENTS (TYPE IA)

e Type IA hoist unit, being of a compact design and
Pnded from a crane or monorail, shall be considered a
ed mass for input into the crane or monorail seismie
Fsis as addressed in Section CM-2. However, the haolist
itself shall be analyzed to ensure that the hoisthunit
the trolley to which it is connected remaintin place
g and after a seismic event. As required, seismic
aints shall be provided for this purpese. Allowable
ses of mechanical fasteners ofthoist and trolley
ections under seismic loads shall not exceed 90%
e yield strength of the fastener:

HT
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2.8 HOIST MARKING (TYPE IA)

For Type IA hoists;.the MCL shall be marked on the
or the load block: The abbreviation “MCL” shall be
of the marking!

For Type.JA hoists that lift loads in excess of the
the design rated load shall also be marked on
er the,hoist or the load block. The abbreviation
" shall be part of this marking.

The MT and PT procedures and acceptance crigeria shall
be in accordance with Section HT-7.

(c) Impact testing, either Charpy-V.ordrop weight,
shall be performed on the actual cgmpo6nent|material
of those items listed on Table HT-»2.9.1-1 ufless the
component material has a thickiress of %4 in| or less.
The Charpy-V or drop-weight tésting criterial shall be
in accordance with Section, HT-7.

(d) Abreakingstrength'téest for the hoistwire
be performed on thetagtual hoist rope, or on t
rope lot used on, the hoist, and shall require
rope to be pulled to the breaking load. Add
where rope‘end fittings are used in direct t¢
the load-path, at least one identical fitting|shall be
tested:with the rope sample being pulled t¢ failure,
confirming that failure occurs in the rope and not at
the fitting.

(e) The welds as listed on Table HT-2.9.
require NDE, consisting of visual examina
either MT or PT, with procedures and acceptand
in accordance with Section HT-7. Such welds
require weld filler metals to have a certificate
mance for the specific production batch that d
operating parameters, mechanical properties, a
ical composition. Additionally, all such welds
performed by welders who have been AWS
for the specific welding process that was ug
these certificates provided as part of the docun
package.

(f) A certificate of conformance shall be f]
specifically for the hoist wire rope, separate from any
other certificates of conformance. This wire rope certifi-
cate, which may be provided as part of the documentation
on the wire rope breaking strength test, shall specify the
safe working load limit and the breaking load. This certi-
ficate shall also identify the wire rope’s diameter| rope lay,
manufacturer’s designation of the rope grad¢, and all

ope shall
he actual
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HT-2.9 INSPECTIONS AND TESTS FOR POWERED
WIRE ROPE HOISTS (TYPE IA)

HT-2.9.1 Hoist Component Inspections or Tests

The required component inspections and tests for a
Type IA powered wire rope hoist shall be as listed in
Table HT-2.9.1-1. The criteria for these inspections and
tests are as follows:
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construetton—detats—ofthe—rope—strands—idividual
wires, and rope core. Any limitations or restrictions on
the use of the rope with regard to sheave diameters or
fleet angles shall be identified in this certificate.

(g) A certificate of conformance shall be furnished
specifically for any wire rope end fittings (such as eyes
and sockets), separate from any other certificates of
conformance. This wire rope end fitting certificate,
which may be provided as part of the documentation
on the wire rope end fitting proof test, shall specify
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the type of end fitting, the terminations efficiency, and any
limitations on this efficiency due to the rope’s construction
or grade.

(h) A certificate of conformance shall be furnished for
each different hoist sheave by the sheave manufacturer,
separate from any other certificates of conformance. This
sheave certificate shall identify the sheave manufacturer,
sheave part or stock number, sheave pitch diameter, wire
rope size to be accommodated, groove depth, capacity

ASME NUM-1-2023

of being two-blocked without damage, and specifically
confirming that the wire rope is not cut or damaged. It
is recommended that the two-block test be conducted
at the highest hoisting speed produced by normal opera-
tions. However, the owner and supplier may agree on
alternate speeds for this test or alternative methods
for demonstrating the capability of the equipment to with-
stand two-blocking.

HT-2.9.2.3 Rated Load Test (125% of MCL). A |

hoist

rating, affd sheave material.

(i) The¢ components listed on Table HT-2.9.1-1 shall
require YT of the finished item, with procedures and
acceptanfe criteria in accordance with Section HT-7.

(j) Hopks shall be proofload tested in accordance with
the criteffia of ASME B30.10, with throat opening dimen-
sions taken before and after this test. This test shall also
include the proof testing of the hook nut or hook attach-
ment device.

(k) The proofload test of any wire rope end fitting shall
be perfofmed at 40% of the rope’s published breaking
strength.

() Dopumentation on the above listed component
inspectidns, tests, and certificates of conformance shall
be furnighed as part of the seller’s documentation
package fo qualify the hoist as NUM Type IA.

HT-2.9.2 Hoist Shop Performance and Shop Load
Tests

Each Type IA power-operated wire rope hoist shall
require the shop performance and load tests described
in paras.|HT-2.9.2.1 through HT-2.9.2.8.

HT-2.
shop per
speeds fi
control
station n
no-load
test sha
lower liy
being at

HT-2.9
travel lin
blocked

.2.1 No-Load Performance Test. A no-load
formance test shall be conducted .through all
om the operator control stationiNf the actual
ktation is not available, a duplicate control
nay be used for test purpdses. The maximum
peed shall be documented: This performance
| also verify the opération of all upper and
hit devices, with the/initial limit device tests
the lower hoist-speeds.

.2.2 Two-Block Test. With all high hoist over-
hit switches bypassed, the hoist shall be two-
fo demonstrate that the equipment is capable

rated load test of at least 125% of the MCL ratifig [shall

be performed.

HT-2.9.2.4 Overload Limit Test. A load sha
applied above the hoist’s MCL rating to ¢onfirm and docu-
ment the overload setting. Air-operated hoists that Ipwer
the air pressure to set an inherent’overload-limjiting
capability of the hoist shall réquire documentati¢n of
the no-load speed at this lowerait pressure to supplement
the original no-load perférmance test.

HT-2.9.2.5 Performance Test (100% of MCL). A hoist
performance test at~100% of the MCL rating shdlll be
performed, doCumenting the maximum hoist rajsing
and lowering.spéeds for the MCL rating.

HT-2:9.2:6 Redundant Holding Brake Test.
redundant hoist holding brakes shall be verifig
confirm that each braking system can independ
held the 100% MCL rating.

HT-2.9.2.7 Loss of Power Test. While raising
lowering 100% of the MCL rating, the main power, elg
or air, shall be interrupted to confirm that the hol
brake systems engage to hold the MCL. Manually ope
load-lowering devices, if supplied, shall be tested.

HT-2.9.2.8 Shop Test Documentation. Docum
tion on the above-listed shop tests shall be furni
as part of the seller’s documentation packag
qualify the hoist as NUM Type IA.
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HT-2.9.3 Site Load Tests

Hoists suspended from a crane or monorail shall b
load tested as stated under para. CM-7.1.7.

P site

118


https://asmenormdoc.com/api2/?name=ASME NUM-1 2023.pdf

PART HT, HOISTS AND TROLLEYS

ASME NUM-1-2023

‘(P)1'6'2-LH "eled 1ad aq 03 a1e sSumy pus adod pue adod a11m Jo 3533 YaUanS

unyealq J10j er1a3Lo oyads (g)

's3umy pus adoa aam 10j () T'6'Z-LH "eted 1ad pue ‘921a9p JuswiydeIe 10 Inu ooy pue syooy Joj ()1'6'z-LH "eted 1ad aq 03 a1e eLIALID 3593 peof joold (2)

It etedodoq-61 359} 1oedwl 10J BLISILD dYpads (9)
"(@)1'6'2-LH eled 1ad aq 03 a1e [d J0 [LIN 9oBJINS 10j BLI9ILID oy0ads (S)
‘(U1°6'2-LH "eled dad aq 03 ale syjusuodwod Jo I aY3 10j el1alo oynads ()
'(8)1°€Z-1LH "eled aad aq 03 a1e $91€21J1119 JOP[OM PUE ‘DIUBULIOJUOD JO SIIEIYI9I [BLISIEW IS[[J P[oM .J0J BLIILID ‘SP[or Jo N 10j eLIaLp oynads (g)
'saagays 10J (Y)1'6'Z-LH "eled pue ‘synu ooy .10j (8)1'6'z-LH "eled ‘sxyooy 10j (J)1°6°zZ-LH eled 1ad aq 03 aJe eLIa)Ifld 9oUBULIOJUOD JO 91edyna) (z)
‘(e)T°6'Z-1LH "eted 1ad pq [eys silodai 3593 [erare|y (1)
‘SHLON
X X X syeys pue ‘suoruld ‘srean
X S9ABIYS
spem
X X ' X [eanionas yooiq Jaddpn
(parrod)
X X 21n3ona0s peof ydojq 1oddn
(pa8.oy 10 3sed)
X X X 2In3onas peoj yooiq Jaddpn
X X X uid aaeays yooiq Jaddp
X X X )Jeys wnIp IsiIoy
spem
X X X qny pue [[dYs wnip 3ISIOH
X wnip Isioy
(syey00s pue saka se
X X X yons) sgumy pua adod aarp
X X adoua aaip
X X X urd aaeays 3o0[q peo
X X X Sp[eM 2In3dNIS }20[q peo]
(parro1)
2INn30N.43S J0[q peo[ pue
X X peay Ssoad uoluuny JooH
(pa8.uoy 10 3seD)
2In30N13S }J0[q peo| pue
X X X peay SS0.4D UOIUUNI} JOOH
201A3p
X X X X JUSWIYOE.IIE 10 INU JOOH
X X X X 300H
[(€) =10N] [(e) Ecm_ [(8) aoN]  [(z) a1oN] [(9) @1oN] [(s) 10Nl [(#) aroN] [(€) a1oN]  [(2) a10N] [(1) 210N]
S31BIYNId) dueULIOJYO) 1s9L y1Suans 1S9L peoq 1S9 1d 1o 1n SplaMm soueuLIojuo) \ jjoday 1991
JI9pPM Jo areoynta) Sunjeaag Joouad pedury LW dde}Ing Jo AAN Jo 31edYNI) [elidre N
[eLIdOJey I9[[If PIPM

119


https://asmenormdoc.com/api2/?name=ASME NUM-1 2023.pdf

PART HT, HOISTS AND TROLLEYS

ASME NUM-1-2023

Section HT-3
Powered Wire Rope Hoists (Type IB)

HT-3.1
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GENERAL

bction provides the requirements for powered
or air-operated) Type IB hoists for enhanced
brtical lifting of freely suspended unguided
hg wire rope as a lifting medium.

IB powered wire rope hoist shall be a standard
eting the criteria of ASME B30.16, and either
T-4 for electric operation or ASME HST-6 for
ic (air) operation, with its MCL rating being
than one-half of its original design capacity
standards. However, to qualify for Type IB clas-
the hoist shall also meet the additional design,
n, testing, and documentation requirements of
on.

For a hoist to qualify as a 2-ton MCL-rated Type IB
Figinal design rating would have to be 4 ton or greater,
d not meet the additional design, inspection, testing,
hentation requirements of this Section, it would not be
s a Type IB hoist.

HT-3.2

(a) Th
is not de
Instead,
the prob
no longe

(b) Th
ofastand

EQUIPMENT CONFIGURATIONS (TYPE-IB)

e hoisting machinery from the motor tg the drum
signed to tolerate a single comporient failure.
ncreased design factors are applied to reduce
ability of a component fajlure/such that it is
" considered to be a credible-failure.
e equipment configurations are similar to those
ard wire rope hoist,buta Type IB hoist shall have
a secondpry means of holding’the load or retarding the
lowering|speed of the load-to an evaluated facility-accept-
able limif.
(c) Figures HT<3:2-1 and HT-3.2-2 show examples of
Type IB|wire rope hoist equipment configurations.
These blockldiagrams show conceptual layouts only.
The blo¢ks”in the diagrams may be rearranged as

NOTE: Limiting the static stress based on the MCL)rat
equivalent to designing all load suspension parts.to a
stress based on the hoist's design rating to not éxceed
of the minimum tensile strength.

ng is
btatic
20%

HT-3.3.1 Reeving

Hoist reeving may be eithersingle or double and m
one part or multiple parts..Since such standard reg
systems are not single‘failure proof and cannot s
accommodate a twod<blocked condition, a lim
device is requifedto prevent two-blocking.
para. HT-3.3.7.

(a) On single-reeved hoists, one end of the ro
attached tosthe drum. Continuous drum grooving
in one _diréction. The load block moves laterally i
direction of the axis of the drum as the rope w
ontovor off of the drum. Refer to Figure HT-3.3.1-1

(b) On double-reeved hoists, both ends of the rop|
attached to the drum. The drum is grooved with left-
and right-hand grooves beginning at both ends o
drum, with the grooves threaded toward the cent
the drum. The load block will follow a true ver
path (true vertical lift) as the ropes wind toway
away from each other onto or off of the drum. Ref]
Figure HT-3.3.1-2.

hy be
ving
hfely
ting
See

be is
runs
) the
inds

e are
hand
f the
er of
tical
d or
er to

HT-3.3.2 Hooks

Hooks shall have a design factor of at least 10:1 o
hoist’'s MCL rating based upon the average ultimate lo|
force atwhich the hookfails or no longer supports the
Hooks shall be proof load tested based upon the h
original working load limit before being derated for u
an MCL hoist, as specified under para. HT-3.8.1.
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HT-3.3.3 Wire Rope

needed to meet the specific application. These diagrams
depict only a few of many acceptable configurations.

HT-3.3 MECHANICAL REQUIREMENTS (TYPE IB)

All load suspension parts shall be designed so that the
static stress calculated for the MCL rating shall not exceed
10% of the minimum tensile strength.

120

Wire ropes shall have a multi-strand construction for a
powered hoisting application. Ropes shall meet the
criteria of ASME B30.16 except that they shall have a
design factor of at least 10:1 on the hoist’s MCL rating
based upon the rope’s minimum breaking force. Wire
ropes shall be pull-tested to their breaking load as
required under para. HT-3.8.1.
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