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FOREWORD

The Committee on Cranes for Nuclear Power Plants was first established in 1976. In 1980, the
name and scope of the Committee were revised from the Committee on Cranes for Nuclear Power

Plants—to-the-Committee-on-Cranes—forNuctearFaciltittes—Fhis-Standard-was—developed-under
procedures accredited as meeting the criteria for American National Standards. The Standards
committee that approved the Standard was balanced to ensure that individuals from competent
and concerned interests have had an opportunity to participate.

This Standard or portions thereof can be applied to cranes at facilities other than nuclear, where
enhanced crane safety may be required, and can be provided by means of either single-failure-
proof features or a seismic design.

Suggestions for improvement as gained in the use of this Standard are welcome. They should
be sent to the Secretary, ASME Committee on Cranes for Nuclear Facilities, The ‘Aferican Society
of Mechanical Engineers, Two Park Avenue, New York, NY 10016-5990.

The first edition of NOG-1 was approved in 1983, the second in 1989 the third in 1995, the
fourth in 1998, the fifth in 2002, and the sixth in 2004. This 2014 edition contains the revisions
made since the 2010 edition; most significant of these is the additiefy of Mandatory Appendix II
on criteria required for structural qualification of an existing crarie bridge for use with an ASME
NOG-1 Type I hoist and trolley. Mandatory Appendix II parallels the U.S. Nuclear Regulatory
Commission’s guidance for modification of existing cranes+for compliance with NUREG-0554,
as presented in NUREG-0612 Nonmandatory Appendix C+’ASME NOG-1-2015 received ANSI
approval on January 8, 2015.
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PREPARATION OF TECHNICAL INQUIRIES TO THE
COMMITTEE ON CRANES FOR NUCLEAR FACILITIES

INTRODUCTION

The ASME Committee on Cranes far Nuclear Facilities (CNFE) will consider written requests

for interpretations and revisions to CNF Standards and develop new requirements if dictated
by technological development. The Committee’s activities in this regard are limited strictly to
interpretations of the requirements or to the consideration of revisions to the present Standard
on the basis of new data or technology. As a matter of published policy, ASME does not “approve,”
“certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity and, 4ccord-
ingly, inquiries requiring such consideration will be returned. Moreover, ASME does_not act as
a consultant on specific engineering problems or on the general application or undefstanding of
the Standard requirements. If, based on the inquiry information submitted, it\is_the opinion of
the Committee that the inquirer should seek assistance, the inquiry will be returned with the
recommendation that such assistance be obtained.

All inquiries that do not provide the information needed for the Committee’s full understanding
will be returned.

INQUIRY FORMAT

Inquiries shall be limited strictly to interpretations of thexrequirements or to the consideration
of revisions to the present Standard on the basis of new<data or technology.

Inquiries shall be submitted in the following format:

(a) Scope. The inquiry shall involve a single requirement or closely related requirements. An
inquiry letter concerning unrelated subjects will'be returned.

(b) Background. State the purpose of the inquiry, which would be either to obtain an interpreta-
tion of the Standard or to propose consideration of a revision to the present Standard. Provide
concisely the information needed for the.Committee’s understanding of the inquiry, being sure to
include reference to the applicable Staridard, Edition, Requirements, Parts, Subparts, Appendices,
paragraphs, figures, and tablesslf sketches are provided, they shall be limited to the scope of
the inquiry.

(c) Inquiry Structure

(1) Proposed Question(s). The inquiry shall be stated in a condensed and precise question
format, omitting superfltous background information and, where appropriate, composed in such
a way that “yes” 4r)"no” (perhaps with provisos) would be an acceptable reply. The inquiry
statement should-be technically and editorially correct.

(2) PropesédReply(ies). State what it is believed that the Standard requires. If, in the inquirer’s
opinion, a‘revision to the Standard is needed, recommended wording shall be provided.

(d) Stbmittal. The inquiry shall be submitted in typewritten form; however, legible, handwrit-
ten inquiries will be considered. It shall include the name, mailing address, and telephone number
of the inquirer and be mailed to the following address:

Secretary

ASME Committee on Cranes for Nuclear
Facilities

Nuclear Department

Two Park Avenue

New York, NY 10016

viii
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SUMMARY OF CHANGES

Following approval by the ASME Committee on Cranes for Nuclear Facilities and ASME, and

after public review, ASME NOG-1-2015 was approved by the American National Standards
Institute on January 8, 2015.

ASME NOG-1-2015 includes the following changes identified by a margin note, (15).

Page
8,9
14

33

34, 35

39
40
42
43
44-46

51

Location
1160
4110
4120
4332.1

4341

4342

4345

5100

5161

5210

Table 533111
Table 5332.1-1
Table '5333.1-1
5411.3

5411.5

Fig. 5411.5-1
5411.7

Table 5415.1-1

Change

Updated

Revised

Nomenclature of ‘P revised

Equations under “Design Factor DFB”
revised

(1) First\paragraph revised
(2).Original second paragraph deleted

Revised

First paragraph and subpara. (a) revised
Paragraph added

Nomenclature revised in its entirety
Revised in its entirety

First column head revised

First column head revised

First column head revised

Revised in its entirety

Revised in its entirety

Revised in its entirety

(1) Subparagraph (b) revised
(2) Subparagraph (c) deleted

(1) Penultimate column and Note (2)
revised
(2) Note (4) added

55, 57, 58, 60, 62

59

60

61

5423.1
5427.1

5430

Fig. 5427.1-1

Fig. 5427.1-2

Fig. 5430-1

Subparagraph (c)(9) added
First paragraph revised
Subparagraph (a)(6) revised

(1) Revised
(2) General Notes added

(1) Revised
(2) General Notes added

A-4 Drive illustration revised
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Page Location Change
62, 65 5440 Subparagraph (a)(4) revised
63 Fig. 5440-1 A-4 Drive illustration revised
65 5451.1 (1) Subparagraph (a) revised

(2) Last sentence in subpara. (b) deleted
87 6415.1 Subparagraph (c) added
89, 90 6422.1 Subparagraph (e) added

6422.2 Last paragraph added

91 6441 (1) Revised in its entirety

(2) Paragraph 6441.1 added
92 6444 Revised in its entirety
93, 94 6472.2 Last sentence added to définition of K,

nomenclature in subpara. (c)
98 6473 First sentence, eq. (12), and definition of
D revised

102 7240 Subparagraph'(l) revised
104 Table 7210-1 Third entry in first column revised
111 7423 Subparagraph (b)(3) revised
112, 113 7521.3 Subparagraph (b)(12) added
118 I-5111 Added
120-124 Mandatory Appendix II Added
142 NUREG-0554/ ASME (1) Last entry in fourth column revised

NOG-1 Conforfmance
Matrix

(2) Last entry in last column deleted
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ASME NOG-1-2015

RULES FOR CONSTRUCTION OF OVERHEAD AND
GANTRY CRANES
(TOP RUNNING BRIDGE, MULTIPLE GIRDER)

1100 GENERAL

Cfanes covered under this Standard shall be designed
in agcordance with the Standard’s requirements, but not
necgssarily with its recommendations. The word shall is
used to denote a requirement, the word should is used
to denote a recommendation, and the word may is used
to denote permission, which is neither a requirement
nor p recommendation.

111D Scope

Tlhis Standard covers electric overhead and, gantry
mulfiple girder cranes with top running bridge and trol-
ley fised at nuclear facilities and components_of cranes
at npclear facilities.

112p Applications

This Standard applies to the.design, manufacture, test-
ing, [inspection, shipment,sterage, and erection of the
cranes covered by this Standard.

113D Responsibility

Tlhe cranes,covered by this Standard are classified
into[three types (see para. 1150, Definitions, crane, Type),
dep¢nding upon crane location and usage of the crane
at a[nugclear facility.

Section 1000
Introduction

1140 Environmental-Conditions (Types |, Il, gnd 1lI
Cranes)

1141 Radiation

(a) The purchase specification shall specify the accu-
mulated/radiation dosage expected to be seen by the
crane in_the life of the nuclear facility.
(b)~Gomponents whose normal life could be reduced
bysthe effects of the specified radiation shall be tabulated
and submitted to the crane purchaser.
(c) Components whose failure, due to radiatipn, could
result in loss of one of the single-failure-proofl features
that hold the load either shall be designed to withstand
the specified radiation or shall have a specifid replace-
ment period. Where state-of-the-art is such that $ufficient
data are not available, periodic inspections shalllbe made
by the purchaser to determine when replacement should
be made.

1142 Temperature
(a) The purchase specification shall specify] the fol-
lowing temperature requirements in the area where the
crane operates:
(1) maximum operating temperature
(2) minimum operating temperature
(3) ambient temperature for motors
(4) maximum construction temperature
(5) minimum construction temperature
(b) The crane shall be designed to withstand the

The owner shall be responsible for determining and
specifying the crane type. The owner shall also be
responsible for determining and specifying the environ-
mental conditions of service, performance requirements,
type and service level of coatings and finishes, and
degree of quality assurance.

Determining the extent to which this Standard can be
used, either in part or in its entirety, at other than nuclear
facilities, shall be the responsibility of those referencing
the use of this Standard.

cffectsof the bPCLifitb‘l termperatures,; or thretnitations
of the crane’s design concerning these temperature con-
ditions shall be specified by the crane designer.

1143 Pressure
(a) The purchase specification shall specify the fol-
lowing pressure requirements in the area where the
crane operates:
(1) normal operating pressure
(2) any test or abnormal event of these pressures
including the rate of change

Copyright © 2015 by the American Society of Mechanical Engineers.
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(b) The crane shall be designed to withstand the
effects of the specified pressures, or the limitations of
the crane’s design concerning these pressure conditions
shall be specified by the manufacturer. Specifically,
where there are changes in pressure, enclosures shall be
vented.

1144 Humidity
(a) The purchase specification shall specify the
humidi i i

building columns and other obstructions shall not be
less than 2 in. with the crane centered on the runway
rails. In addition, the crane must clear the obstructions
when operational variables, including but not limited
to maximum wheel float, crane skew, rail alignment,
civil installation tolerances, and thermal expansion, are
considered.

1150 Definitions

y-eonditions—inthearea—wheretheerane
operates|

(b) The crane shall be designed to withstand the
effects of the specified humidity, or the limitations of
the crang’s design concerning the humidity condition
shall be ppecified by the manufacturer.

1145
(a) Sp
(1)

Chemical

ay Systems

f the crane may be subject to any spray systems,
then the|chemistry of the spray shall be specified in the
purchas¢ specification. Any restrictions on the use of
materialp due to the effects of the spray shall also be
specified. Specifically, where a corrosive spray is present
the possybility of H, generation exists and, therefore, the
use of exposed aluminum, magnesium, galvanized steel,
and zind is to be minimized.

(2) 'he crane shall be designed to withstand the
effects of the specified spray and shall not use the speci-
fied restticted materials. Any limitations of the crane’s
design doncerning the spray condition and the use of
any restticted materials shall be specified by the manu-
facturer [prior to the manufacture of the crane.

(b) Popls

(1) If the crane’s load block and wire rope are to
be immgrsed, then the chemistry of the pool shall be
specified in the purchase specification. Requirements for
the matdrials and lubricants of the lead block and wire
rope shall also be specified to insure-eompatibility with
the pool|chemistry. In reactor and.-fuel pools, the lubri-
cants shgll basically be non-water-soluble and shall be
free of halogenated compotunds, halogens, mercury, and
other dejeterious matefials.

(2) |Load blocKs and wire ropes that are to be
immersdd shall be Iibricated with a lubricant that meets
the spec]fied lubrication requirements. Any limitations
of the crpneldesign concerning the pool chemistry and
lubricaffiom requirements shall be specified by the

acceptance criteria: specified limits placed on characteris-
tics of an item, process, or service defined in c¢des,
standards, or other required documents.

alligatoring: see checking.

appointed: assigned specific responsibilities byf the

employer or the employer’s representative.
approval: an act of endorsing Or authorizing, or bofh.

appurtenance: a part that is-attached to a componenf that
has been completed.

as-built data: documentation describing a complete jtem.

audit: a planned-and documented activity performed to
determine by-ihvestigation, examination, or evalugtion
of objective evidence the adequacy of and compliance
with established procedures, instructions, drawingsfand
other @pplicable documents, and the effectivenegs of
implementation. An audit should not be confused fwith
surveillance or inspection activities performed fof the
sole purpose of process control or product acceptdnce.

audit, external: an audit of those portions of another ¢rga-
nization’s quality assurance program not undeg the
direct control or within the organizational structufe of
the auditing organization.

audit, internal: an audit of those portions of an organiza-
tion’s quality assurance program retained unddr its
direct control and within its organizational structyre.

authorized: appointed by a duly constituted administra-
tive or regulatory authority.
auxiliary hoist: see hoist, auxiliary.

barrier: a flexible material designed to withstand the
penetration of water, water vapor, grease, or harmful
gases.

nearly cured, coating film; see ASTM D714-56 for photo-

aranhic examubles
o r

blisters: bubble-like protrusions formed in a cure;F, or

manufacturer.

1146 Clearances. The crane shall be designed to
provide clearance between the crane components and
the building and surrounding obstructions. At least 3 in.
of clearance shall be provided between the highest point
of the crane and the lowest overhead obstruction, after
taking into account variables that affect the elevation of
overhead structure relative to the crane, including but
not limited to external loads such as snow and wind.
The clearance between the ends of the crane and the

2

boom, gantry crane: an extension of the trolley runway,
which may be raised or retracted to obtain clearance for
gantry travel.

boom, overhead crane: a horizontal member mounted on
the trolley to permit hoisting and lowering the load at
a point other than directly under the hoist drum or
trolley.

brake: a device, other than a motor, used for retarding
or stopping motion by friction or power means.
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brake, drag: a friction brake that provides a continuous
retarding force having no external control.

brake, emergency: a brake for bridge and trolley that is
released during normal operation and arranged to apply
a retarding force when initiated by the operator during
an emergency, or to automatically apply a retarding
force upon loss of power.

brake, mechanical load: an automatic type of friction brake

processes, procedures, or items in accordance with speci-
fied requirements.

certified test report: see report, certified test.

characteristic: any property or attribute of an item, pro-
cess, or service that is distinct, describable, and
measurable.

checking: a defect in the coating manifested by slight
breaks in the coating film that do not penetrate to the

used forcomtrotting toads i afowering direction; this
unidirectional device requires torque from the motor to
low¢r a load but does not impose any additional load
on the motor when hoisting a load.

brak¢, parking: a brake for the bridge and trolley that
may|be automatically or manually applied in an attempt
to prevent horizontal motion by restraining wheel
rotafion.

brakg, service: a brake for bridge or trolley used by the
opefrator, during normal operation, to apply a
retafding force.

bridge: that part of a crane consisting of two or more
girders, trucks, end ties, footwalks, and drive mecha-
nisn, which carries the trolley or trolleys.

bridge travel: the crane movement in a direction parallel
to the crane runway.

bubYles: gas pockets that rise through the wet coating
film| to the surface. An example of a bubble can be
obs¢rved on runs shown in Fig. 10-8 of the ASTM
Marjual of Coating Work.

bumper (also known as buffer): a device for 'teducing
imphct when a moving crane or trolley reachés the end
permitted travel, or when two moving cranes or
ys come into contact. This deviceumay be attached

devices, one of which\is a standard of known accuracy
tracpable to national standards, to detect, correlate,
repdrt, or eliminate by adjustment any discrepancy in
accyracy of the instrument or measuring device being
compared with the standard.

cant{leyer frame: a structural member that supports the

underlying surface per ASTM D660-44. Linestype check-
ing is commonly known as alligatoring,

classification: the organization of items aqcording to their
susceptibility to damage during shipping, receiying, and
storage. Classification does not relate to the fupction of
the item in the completed system.

cleanness: a state of being elean'in accordance with prede-
termined standards, usually implies freedom from dirt,
scale, heavy rust, oil,‘ef)other contaminating injpurities.

clearance: the distance from any part of the cfane to a
point of the nearest obstruction.

collector, clirrent: a contacting device for collecting cur-
rent from{runway or bridge conductors.

condition adverse to quality: an all-inclusive termp used in
reference to any of the following: failures, malffinctions,
deficiencies, defective items, and nonconformfances. A
significant condition adverse to quality is onp that, if
uncorrected, could have a serious effect on $afety or
operability.

conductors, bridge: the electrical conductors locafed along
the bridge structure of a crane to provide pgwer and
control to the trolley(s).

conductors, runway (also known as main condugtors): the
electrical conductors located along a crane rynway to
provide power or control to the crane.

construction phase: a period that commences with receipt
of items at the construction site and ends when the
components and systems are accepted by the pwner or
the owner’s designated representative.

control braking means: a method of controlling $peed by
removing energy from the moving body or by imparting
energy in the opposite direction.

control braking means, dynamic: a method of cantrolling

trolley of a wall crane.
cantilever gantry crane: see crane, gantry, cantilever.
carrier: the transporting agency.

certificate of conformance: a document signed or otherwise
authenticated by an authorized individual certifying the
degree to which items or services meet specified
requirements.

certification: the act of determining, verifying, and
attesting in writing to the qualifications of personnel,

3
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being dissipated in resistors.

e energy

control braking means, eddy current: a method of control-
ling or reducing speed by means of an electrical induc-
tion load brake.

control braking means, emergency: a method of decelerat-
ing a drive when power is not available. The braking
effort may be established as a result of action by the
operator or automatically when power to the drive is
interrupted.
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control braking means, mechanical: a method of controlling
or reducing speed by friction.

controller: a device or group of devices that serves to
govern in some predetermined manner the power deliv-
ered to the apparatus to which it is connected.

controller, manual: a controller having all of its basic func-
tions performed by devices that are operated by hand.

crane, power-operated: a crane whose mechanism is
driven by electric, air, hydraulic, or internal combustion
means.

crane, pulpit-operated: a crane operated from a fixed
operator station not attached to the crane.

crane, remote-operated: a crane controlled by an operator
not in a pulpit or in the cab attached to the crane, by
any method other than a means suspended from a crane.

crane, semigantry: a gantry crane with one end of the

controller, cnriwg_rohlvn- acontroller that when released

v
will retJrn automatically to a neutral position.

control fanel: an assembly of components (magnetic,
static, hydraulic, pneumatic, etc.) that governs the flow
of power to or from a motor or other equipment in
responsq to signals from a master switch, pushbutton
station, femote control, automatic program control, etc.

correctivg action: measures taken to rectify conditions
adverse [to quality and, where necessary, to preclude
repetitiop.

countertdrque (also known as plugging): a method of
control By which the power to the motor is reversed to
develop [torque in the direction opposite to the rotation
of the mjotor.

cracking:(a defect in the coating, manifested by a break
in the cpating film, that extends from the surface to
substrat¢ per ASTM D660-44. Irregular cracking is com-
monly khown as mud cracking.

crane: a [machine for lifting and lowering a load and
moving It horizontally, with the hoisting mechanism*an
integral [part of the machine. Cranes, whether fixed- or
mobile, 3re driven manually or by power, or by-a.combi-
nation of both.
cab-operated: a crane controlled.byan operator
in a cab [attached to the bridge or trolley.

crane, |floor-operated: a crane that\is controlled by a
means syispended from the crane by an operator on the
floor or pn independent platform.

crane, |gantry: a crane similar to an overhead crane
except that the bridge for.carrying the trolley or trolleys
is supported on two Or more legs running on fixed rails
or other|runway.

crane, gantry, Camtilever: a gantry or semigantry crane in
which the bfidge girders or trusses extend transversely
beyond fhe’crane runway on one or both sides.

crane,

bridge rigidly supported on one or more legs thaf run
on a fixed rail or runway, the other end of the biidge
being supported by a truck running on an elevated rail
or runway.

crane, standby: a crane that is not in reglilar service but
that is used occasionally or internfittently as requjired.

crane, Type I: a crane that is used to handle a critical
load. It shall be designed and‘eonstructed so that it will
remain in place and suppoftithe critical load during and
after a seismic event, but.doés not have to be operatjonal
after this event. Single-failure-proof features shall be
included so that any.credible failure of a single corphpo-
nent will not result in the loss of capability to stopland
hold the criticalMoad.

crane, Type 1I: a crane that is not used to handle a
critical load. It shall be designed and constructed sq that
it willldemain in place with or without a load during a
seismic event; however, the crane need not supporf the
16ad nor be operational during and after such an eyent.
Single-failure-proof features are not required.

crane, Type III: a crane that is not used to handle a
critical load; no seismic considerations are necesfary,
and no single-failure-proof features are required.

crater: the result of bubbles that rise through the| wet
coating film and burst at the surface creating a bpwl-
like depression (see Fig. 10-13 of the ASTM Manuhl of
Coating Work for photographic examples).

delamination: separation of one coat or layer from angther
coat or layer of a coating system.

design, final: approved design output documents|and

approved changes thereto.

designated: selected or assigned by the employer of the
employer’s designated representative as being quallified
to perform specific duties.

designated representative: an individual or organization

authorized by the nurchaser or owmner toverform-s )eci_
J r r

crane, gantry, outdoor storage: a gantry crane of long
span usually used for storage of bulk material; the bridge
girders or trusses are rigidly or nonrigidly supported
on one or more legs. It may have one or more fixed or
hinged cantilever ends.

crane, overhead: a crane with a multiple girder movable
bridge carrying a movable or fixed hoisting mechanism
and traveling on an overhead fixed runway structure.

crane, polar: a bridge or gantry crane that travels on a
circular runway.

4

fied functions.

design input: those criteria, parameters, bases, or other
design requirements upon which the detailed final
design is based.

design output: documents such as drawings, specifica-
tions, and other documents defining technical require-
ments of structures, systems, and components.

design process: technical and management processes that
commence with identification of design input and that
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lead to and include the issuance of design output
documents.

deviation: a departure from specified requirements.

diaphragm: a plate or partition between opposite parts
of a member, serving a purpose in the structural design
of the member.

disconnecting means: a device, or group of devices, or
other means by which the conductors of a circuit can

hoist: a machinery unit that is used for lifting and low-
ering a load.

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

hoist, main: the primary hoist mechanism provided for
lifting and lowering the rated load.

hoist motion: that motion which lifts or lowers a load.

holding: a friction brake for a hoist that is automatically

be disconnected from their source of supply.

doc

ing,
ties,
drift|point: a point on a travel motion master switch or
on a manual controller that releases the brake while the
motpr is not energized; this allows for coasting.

ment: any written or pictorial information describ-
defining, specifying, reporting, or certifying activi-
requirements, procedures, or results.

dru
are

1: the cylindrical member around which the ropes
wvound for lifting or lowering the load.

end fie: a structural member that connects the ends of
the lpridge girders to maintain squareness of the bridge.

equafizer: a device that compensates for unequal length
of s{retch of a rope.

equipment, measuring and testing: devices or systems used
to cqlibrate, measure, gage, test, or inspect in order to
contyrol or acquire data to verify conformance to specified
reqyirements.

exanpination: an element of quality verification consisting
of investigation of items or services to determine confor-
marfce to specified requirements.

expoped: a condition in which hazardous ebjects are not
adequately guarded or isolated (capable‘of being con-
tact¢d inadvertently).

fish qye: a coating film defect consisting of holes or visible
depfessions in the coating film (see Figs. 10-11 and 10-12
of the ASTM Manual of Coating Work for photographic
exatpples).

flakihg: a defect in thewcoating film manifested by actual
detachment of piece$ of the film either from its substrate
or fjom coating\previously applied per ASTM D772-47
inclfiding photographic standards. Flaking is generally
prededed by cracking, checking, or blistering and is the
resullt of1oss of adhesion.

applied and prevents motion when power {s-¢ff.

holiday: a discontinuity in the coating filinthaf
the substrate; types of holidays are pinholes,
voids.

exposes
skips, or

hook, dual load path: hook consisting’of two ind¢pendent
load-attaching points that provides separate ldad paths
between each attaching point and the load blpck. This
may consist of a sister<hook with hollow shank and an
eye-bar through the‘sister hook shank. This [provides
alignment of the Joad-attaching points such as|to main-
tain a vertical load balance at the center of lift. [The load
path redundancy provides protection against lpad drop
should aAailtre occur within one load path.

hydraitlie: a method of controlling or powering| drive or

braking by means of displacement of a liquid
inplace: remaining on the runway and retaining Jts physi-
cal integrity.
inspection: examination or measurement o verify
whether an item or activity conforms to specified
requirements.

inspector: a person who performs inspection acfjivities to
verify conformance to specific requirements.

item: an all-inclusive term used in place of any of the
following: appurtenance, assembly, componerft, equip-
ment, material, module, part, structure, subgssembly,
subsystem, system, or unit.

lifting device: a device that is not reeved onto fthe hoist
ropes, such as hook-on buckets, magnets, grpbs, and
other supplemental devices used for ease of handling
certain types of loads; the weight of these devices is
considered part of the rated load.

load: the total superimposed weight on the lopd block
or hook.

load block: the assembly of hook or shackle, swiyel, bear-

o] £] o]
ﬂOOI U,JCIVLLCM oruric. ST Lruric, JLUUI U’JCIMLCM-
gantry crane: see crane, gantry.
gantry crane boom: see boom, gantry crane.

gantry leg: the structural member that supports a bridge
girder or end tie from the sill.

guideline: a suggested practice that is not mandatory in
programs intended to comply with a standard.

handling: an act of physically moving items by hand or
mechanical machinery, not including transport modes.

5

ing, sheaves, pins, and frames suspended by the hoisting
rope; this shall include any items reeved in the hoisting
ropes.

load, credible critical: combinations of lifted loads and
plant seismic events that have probabilities of occurrence
equal to or more than 107 times per calendar year at
the plant of the crane installation. The critical loads
handled by the crane, and their durations of lifts, shall
be used in the calculations to determine the credible
critical load to be considered for the crane in the crane
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design load combinations that include seismic loadings.
The credible critical load shall be specified by the
purchaser.

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 purchaser

load hangmp:
load is sopped during hoisting by snagging or entangle-
ment with heavy or fixed objects, thereby overloading
the hoisfing system and its supporting structure.

load, ratefi: the maximum load for which a crane or indi-
vidual hpist is designed and built by a manufacturer.

main hoigt: see hoist, main.
man trolley: see trolley, man.

manufacurer: one who constructs or fabricates an item
to meet prescribed design requirements.

material fest report: see report, material test.

modificatjon: a planned change accomplished in accor-
dance wjth the requirements and limitations of applica-
ble codep, standards, and specifications.

mud cradking: see cracking.

noncoast{ng mechanical drive: a drive that results in auto-
matically decelerating a trolley or bridge when power
is not avjailable.

nonconfofmance: a deficiency in characteristic, documén=
tation, of procedure that renders the quality of an'item
or activify unacceptable or indeterminate.

nondestriictive examination: methods for determining the
integrity|of structural materials without physically dam-
aging the material; methods include yisual, radiography,
ultrasonfc inspection, magnetic partiele inspection, and
liquid p¢netrant inspection.

normal aperating conditionsSfloor-operated crane: condi-
tions dyring which a cfaneé is performing functions
within the scope of the original design. Under these
conditigns, the operator is at the operating control
devices that are ditached to the crane but operated with
the operptor off'the crane and with no other persons on
the crang.

overhead crane: see crane, overhead.
overhead crane boom: see boom, overhead crane.
overload: any load greater than the rated load.

overspray: spraying of coating on adjacent surfaces; tex-
ture can range from that of sandpaper to orange peel
(see Fig. 10-5 of the ASTM Manual of Coating Work for
photographlc examples)

structlon and/or operation of a nuclear facility dnglud-
ing, but not limited to, one who has applied foror who
has been granted a construction permit 6t jopergting
license by the regulatory authority Raving laywful
jurisdiction.
package: the shipping container plus_the contents of the
container.

package unit: any assembly of méchanical and/or elgctri-
cal components and parts(that can be disassembled With-
out destroying the integrity of the individual part$.

peeling: separation ofJone or more coats or layers|of a
coating systemfrom the substrate.

pinhole: a minudte hole through the thickness of a cogting
film, allowinhg exposure of substrate (see Fig. 10-14 of
the ASTM"Manual of Coating Work for photogrgphic
examples).

plugging: a control function that provides braking by
veversing the motor line voltage polarity or phase
sequence so that the motor develops a countertorque
that exerts a retarding force.

pneumatic: a method of controlling or powering a drive
or braking by means of compressing a gas.

polar crane: see crane, polar.
power-operated crane: see crane, power-operated.

procedure: a document that specifies or describes how
an activity is to be performed.

procurement document: purchase requisitions, purdhase
orders, drawings, contracts, specifications, or insfruc-
tions used to define requirements for purchase.

pulpit-operated crane: see crane, pulpit-operated.

purchaser: the organization responsible for establishinent
of procurement requirements and for issuance or admin-
istration, or both, of procurement documents.

ObjECtiUc TUTreTITe: daItry documentedstatenerntof fclu,
other information, or record, either quantitative or quali-
tative, pertaining to the quality of an item, activity, or
service based on observations, measurements, or tests
that can be verified.

orange peel: a dimpled appearance of a dried coating
film that resembles the texture and appearance of an
orange peel.

outdoor storage gantry crane: see crane, gantry, outdoor
storage.

PUSI-DItIon Station, pendant: means suspended from the
crane for operating the controllers from the floor or other
level beneath the crane.

qualification, personnel: the characteristics or abilities
gained through education, training, or experience, as
measured against established requirements, such as
standards or tests, that qualify an individual to perform
a required function.

qualified person: a person who, by possession of a recog-
nized degree or certificate of professional standing, or
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by extensive knowledge, training, and experience, has
successfully demonstrated the ability to solve or resolve
problems relating to the subject matter.

qualified procedure: an approved procedure that has been
demonstrated to meet the specified requirements for its
intended purpose.

quality assurance: all those planned and systematic
actions necessary to provide adequate confidence that

over a small vertical or sloped surface area such as a
point or an angle (see Fig. 10-8 of the ASTM Manual of
Coating Work for photographic examples).

running sheave: a sheave that rotates as the load block
is raised or lowered.

runway: an assembly of rails, beams, girders, brackets,
and framework on which the crane travels.

sag: the flow of an excessively applied coating that

t e % n +11 £ Py
as ll[;uu,uc, Systemyorcomponentwir perrornrsatisrac

torilly in service.

quallty assurance record: a completed document that fur-
nishges evidence of the quality of items and/or activities
affe¢ting quality.

quality control: those quality assurance actions that pro-
vidg a means to control and measure the characteristics
of gn item, process, or facility to established

reqyirements.

rail yweep: a mechanical device attached to the crane but
locafed in front of the crane leading wheels to deflect
any [obstructions.

rece

ving: taking delivery of an item at a designated
locati

0n.

regefierative: a method in which the electrical energy gen-
erated by the motor is fed back into the power system.

remdte-operated crane: see crane, remote-operated.

repafr: the process of restoring a nonconforming characz
terigtic to a condition, such that the capability of-an
item] to function reliably and safely is unimpaired).éven
thoygh that item still does not conform to the-eriginal
reqyirement.

repoft, certified test: a document signed by a qualified
partly that contains sufficient data.and information to
Velzjﬁy the actual properties of itéms and the actual
resullts of all required tests.

repoft, load summary: the repertprovided by the manufac-
turef that furnishes thermumerical values of the crane
loads at the crane-building interfaces for the load combi-
natipns of each catégory of loads listed for the structural
desipn of the crane.

repoft, material test: a report from the material supplier
that|identifies the furnished material in terms of heat
nunpber physical and chemical properties, etc., as
appfopriate.

results in a broad pattern of irregular coating films over
a large vertical or sloped surface area (see Fig. 10-9 of
the ASTM Manual of Coating Work fer photpgraphic
examples).

scaling: detachment of coating filmsfrom substrate.
semigantry crane: see crane, sentigantry.

service: the performance ofactivities such as design, fab-
rication, inspection, nondestructive examination, repair,
or installation.

shall: indicates that{which is mandatory and |must be

followed.

should: indicates a recommendation, the advispbility of
which dépends on the facts in each situation.

side pulk'the portion of the hoist pull acting horfizontally
when the hoist lines are not operated vertically.

sill: a horizontal structural member that confiects the
lower ends of two or more legs of a gantry crarje on one
runway.

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

skip: the unintentional omission of coating from an area
of the substrate.

span: the horizontal distance center-to-centef of run-
way rails.

special process: a process, the results of which ape highly
dependent on the control of the process or the skill of
the operators, or both, and in which the specified quality
cannot be readily determined by inspection ¢r test of
the product.

specification: a concise statement of a set of requirements
to be satisfied by a product, material, or procgss.

rework: the process by which an item is made to conform
to original requirements by completion or correction.

right of access: the right of a purchaser or designated
representative to enter the premises of a supplier for the
purpose of inspection, surveillance, or quality assurance
audit.

rope: refers to wire rope unless otherwise specified.

run: the flow of an excessively applied coating that
results in an elongated pattern of irregular coating films

7

standby crane: see crane, standby.

stop: a device to limit travel of a trolley or crane bridge;
this device normally is attached to a fixed structure and
normally does not have energy absorbing ability.

storage: the act of holding items in a storage facility.

storage facility: area designated and prepared for holding
of items.

structural weld: a weld that is directly stressed by the
crane load.
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substrate: the uncoated base surface to which the coating
is to be applied.

supplier: any individual or organization who furnishes
items or services in accordance with a procurement doc-
ument; an all-inclusive term used in place of any of
the following: vendor, seller, contractor, subcontractor,
fabricator, consultant, and their subtier levels.

surveillance: the act of monitoring or observing to verify
whetheramtemmroractivity comfo O Tfi
requirenpents.

switch: a|device for making, breaking, or changing con-
nections|in an electric circuit.

switch, efrergency stop: a manually operated switch to cut
off electrfic power independently of the regular operating
controls,

switch, Iymit: a switch that is operated by some part or
motion gf a power-driven machine or equipment to alter
or disconnect the electric circuit associated with the
machine| or equipment.

switch, main: a switch on the crane controlling the main
power stipply to the crane.

switch, master: a switch that dominates the operation of
contactofs, relays, or other remotely operated devices.

temperatyre, minimum operating: the minimum ambient
temperafure at which the crane is operated, either dur-
ing the ¢onstruction phase or plant in-service phase of
use of the crane.

test, bredk strength: a physical test to destruction per-
formed [on a sample of an item to verify theGated
strength|of that item.

test, dynfimic load: a test wherein designated loads are
hoisted] lowered, rotated, or transpoited through
motionsjand accelerations required to simulate handling
of the inftended item.

test, prodf load: a physical load. test, with magnitude to
be as spe¢cified but alwaystin.excess of the design load.

testing: an element of vérification for the determination
of the c3pability of.anlitem to meet specified require-
ments by subjecting the item to a set of physical, chemi-
cal, envifonmental; or operational conditions.

traceabilify; the ability to trace the history, application,
or location{of an jtem and like items or activities by

motor vehicle, ship, railroad car, or aircraft; each cargo-
carrying body (trailer, van, boxcar, etc.) is a separate
vehicle.

trolley: the unit that travels on the bridge rails and sup-
ports the load block.

trolley, man: a trolley having an operator’s cab attached
to it.

trolley frame: an assembly consisting of two side frames

girts to form a one-piece unit capable of transmitting the
load to the crane bridge without undue defléction
hoist machinery and supports for the sheaves or equal-
izer are assembled into and supported, by the trplley

frame.

truck: the unit, consisting of a crane; wheels, bear|ngs,
and axles, that supports the bfidge girders, the end ties
of an overhead crane, or the'sill of a gantry crane

two-blocking: the act ofchoisting (beyond the intepded
upper limit) in which‘the load block comes into phyjsical
contact with the head-block (upper block) or its support-
ing structure, preventing further upward movement of
the load block ‘and creating an overload of the fope
reeving system and hoisting machinery.

upper block: a fixed block located on a trolley, {hat,
througH a system of sheaves, bearings, pins, and frajmes,
supports the load block and its load.

yse-as-is: a disposition permitted for a nonconforming
item when it can be established that the item is satipfac-
tory for its intended use.

verification: the act of reviewing, inspecting, tesfing,
checking, auditing, or otherwise determining and docu-
menting whether items, processes, services, or docu-
ments conform to specified requirements.

visual inspection: a macroscopic examination to dpter-
mine conformance to quality requirements.

void: an area of missing coating through which the|sub-
strate or base coat is visible.

waiver: documented authorization to depart from speci-
fied requirements.

web plate: the vertical plate connection and upper|and

lower flanges or cover plates of a girder.

wrap: a flexible material formed around the item or gack-
age, to exclude dirt and to facilitate handling, marking,

means of recorded identification.

transit carriers, closed: trucks, trailers, railroad cars,
barges, aircraft, or ships that do provide protection of
items from the environment.

transit carriers, open: trucks, trailers, railroad cars, barges,
aircraft, or ships that do not provide protection of items
from the environment.

transportation mode: a method identified by the convey-
ance used for transportation of items. It includes any

8

or labeling.

1160 References

The following is a list of codes and standards refer-
enced in NOG-1. These codes and standards apply to
the extent invoked at the point of reference.

AGMA 9005-E02, Industrial Gear Lubrication

ANSI/AGMA 2001-C95, Fundamental Rating Factors
and Calculation Methods for Involute Spur and
Helical Gear Teeth
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Publisher: American Gear Manufacturers Association
(AGMA), 1001 North Fairfax Street, Suite 500,
Alexandria, VA 22314 (www.agma.org)

The following three documents are contained in the
AISC Manual of Steel Construction (ASD), Ninth Edition:

Code of Standard Practice for Steel Buildings and
Bridges, March 7, 2000
Specification for Structural Joints Using ASTM A325 or

ASTM E709-01, Standard Guide for Magnetic Particle
Examination

Manual of Coating Work

Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Drive, P.O. Box
C700, West Conshohocken, PA 19428-2959
(www.astm.org)

AWS D1.1/D1.1M-2010, Structural Welding Code —

Af90 Bolts, June 23, 2000
Spedification for Structural Steel Buildings Allowable
Stress Design and Plastic Design, June 1, 1989

Publisher: American Institute of Steel Construction
(AISC), 1 East Wacker Drive, Suite 700, Chicago, IL
60601 (www.aisc.org)

AISE TR No. 1, 1991, DC Mill Motors
AIST/AISE TR No. 6, 2005, Specification for EOT Cranes

A275/A275M-98, Magnetic Particle-Examination
Steel Forgings
A370-02, Standard Test Methods and Definitions

ASTM D5144-00, Standard Guide for Use of Protective
Coating Standards in Nuclear Power Plants

ASTM D5161-96, Standard Guide for Specifying
Inspection Requirements for Coating and Lining Work
(Metal Substrates)

ASTM E165-02, Standard Test Method for Liquid
Penetrate Examination

ASTM E380-93, Standard Practice for Use of the
International System of Units (SI) (the Modernized
Metric System)

Steel

Publisher: American Welding Society (AWS);"$669 NW
36 Street, No. 130, Miami, FL 33166 (www.gws.org)

CMAA 70-2010, Specifications for-Tep Running Bridge
and Gantry Type Multiple Gixder Electric verhead
Traveling Cranes

Publisher: Crane Manufacturers Association of America,
Inc. (CMAA), 8720 Red\Oak Boulevard, Charlotte, NC
28217 (www.mbhia.org/industrygroups/cmap)

NEMA ICS 1-2000 (R2005, R2008), Industrial Control
and Systers: General Requirements
NEMA ICS 2-2002 (R2005), Industrial Conjtrol and
Systems: Controllers, Contactors, and (Qverload
Relays Rated 600 Volts (R2005)
NEMA ICS 3-1993, Industrial Control and $ystems:
Factory Build Assemblies
NEMA ICS 6-1993 (R2001, R2006), Industrial Control
and Systems Enclosures

Publisher: National Electrical Manufpcturers
Association (NEMA), 1300 North 17th Street [Rosslyn,
VA 22209 (www.nema.org)

NFPA 70-2014, National Electrical Code (NEC
Publisher: National Fire Protection Association| (NFPA),
1 Batterymarch Park, Quincy, MA| 02169
(www.nfpa.org)

OSHA Safety and Health Standards, Title 29,|Code of
Federal Regulations Part 1910 (29 CFR 1910),
Occupational Safety and Health Standards

Publisher: U.S. Department of Labor — Occypational
Safety & Health Administration (OSHA), U.S.
Department of Labor, 200 Constitution Avenue,
Washington, DC 20210 (www.osha.gov)

SNT-TC-1A-1996, Recommended Practices for
Nondestructive Testing Personnel Qualification and
Certification

Publisher: American Society for Nondestructive Testing
(ASNT), 1711 Arlingate Lane, P.O. Box 28518,
Columbus, OH 43228 (www.asnt.org)

Systems and Specifications, Steel Structures Painting
Manual, Volume 2, 8th Edition, 2000

Publisher: SSPC: The Society for Protective Coatings, 40
24th Street, Pittsburgh, PA 15222 (www.sspc.org)
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1170 Nomenclature

The nomenclature used in this Standard is listed and
defined in the Section in which it is used.
1180 Conversion Factors

Conversion factors, including metric equivalents, are

provided in Mandatory Appendix I
1190 Markings

(b) Additional manufacturer’s identification mark-
ings, multiple hoist markings, and warning markings
shall also be in accordance with ASME B30.2.

(c) For Type I cranes, the maximum critical load
(MCL) shall be marked on the crane and hoist in lieu
of the rated load markings as identified in (a) above,
using the terminology MCL as part of the marking.

(d) For Type I cranes that lift loads in excess of the
MCL, the design rated load (DRL) shall also be marked

(a) Thie rated load markings on the crane and on the
hoist unjt(s) shall be in accordance with the criteria of
ASME BB0.2.

on the crane and hoist(s).

10
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Section 2000
Quality Assurance

2100 —_REQUIREMENTS

(d) A specificaualitz assurance program for
T T 7 T -0

uppliers

(a) The quality assurance program of the
Marjufacturer of Types I and II cranes shall meet the
Basif and Supplemental Requirements of ASME NQA-1,
or shall meet the Quality Assurance Requirements speci-
fied|by the owner.

(b} A specific quality assurance program for manufac-
turefs of Type III cranes is not required unless specified
in the procurement documents.

(¢} A specific quality assurance program for mechani-
cal gomponents for Type II cranes is not required unless
spedified in the procurement documents.

of electrical components for Types I and II cray
required unless specified in the procurement'do

(e) A specific quality assurance program for
of Type I crane structural and mechanical con
that are not listed in Table 7210-1, and for Typs
structural components that arenot listed in Tab
is not required unless specified in the proc
documents.

(f) The quality assutrance program for pa
shipping, receivingy’storage, and handling of
and II cranes shall'be in conformance with Sect

les is not
fuments.
uppliers
\ponents
II crane
e 7210-2,
urement

rkaging,
Types 1
jon 8000.
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Section 3000
Coatings and Finishes

The oyner shall specify either coating service level I
or II as dlefined below.

(a) Copting Service Level I. For use in areas where coat-
ing failufe could adversely affect the operation of post-
accident|fluid systems and, thereby, impair safe shut-
down. With few exceptions, coating service level I
applies {o coatings inside a nuclear power plant’s pri-
mary coptainment.

(b) Copting Service Level II. For use in areas where
coating failure could impair, but not prevent, normal
operatinig performance. The function of coating service
level II doatings is to provide corrosion protection and
decontamninability in those areas outside primary con-
tainment subject to radiation exposure and radionuclide
contamifation. Coating service level II also applies to
coatings|in nonradiation areas.

3200 SPECIFIC REQUIREMENTS FOR COATING

SERVICE LEVELS

3210 Requirements for Coating Service Level |

(a) Cdating requirements for coating serviee.level I
shall be [in accordance with ASTM D5144.

(b) Injaccordance with ASTM D5144, coating service
level I rgquires a quality assurance program.

(c) Ingpection and testing of coatings for coating ser-
vice lev¢l I shall be in accordarice) with ASTM D5144.
Specific [coating inspections-shall be specified by the
owner, dependent upon theeoating system being used.
See ASTM D5161 for selecting and specifying the appro-
priate inspection reqiitements.

3220 Requiremerits for Coating Service Level Il

(a) Cdatirig~requirements for coating service level II
shall be 4s specified by the owner. The owner may invoke

-oatings and shesis pro atory
Appendix A, para. A-3240.

(a) If not specified by the owner, the type(of codting
will be determined by the manufacturer ‘to- mee{ the
specified environmental conditions of service and ¢oat-
ing service level. Specifically, the selectéd coatings phall
be suitable for any specified radiatien; temperaturefand
chemical immersion or chemical'spray environment.

(b) Welding through coatinigs shall not be allqwed
unless the coating systent.is specifically designed|and
formulated as a weldable“system and documentgtion
can be provided by the coating manufacturer to dttest
to this capability., The use of these coatings shall be
approved by the\owner.

(c) Surfaces exposed to the environment, but inagces-
sible after assembly, such as wheel wells and hubs, phall
be coated prior to assembly.

(dEoating of interior or enclosed surfaces of the
equipment, such as inside a welded box section, i not
tequired by this Standard.

(e) Contact surfaces of friction-type joints to be jofined
by high-strength bolts shall not be coated with spedified
coating system except for organic or inorganic zinc ¢oat-
ing systems not prohibited by para. 1145.

(f) Machined mating surfaces and other surface$ not
normally protected by the specified coating system, puch
as hooks, hook nuts, wheel treads, rails, gears, sHafts,
pinions, couplings, drum grooves, sheave grooves|and
brake wheels, shall be protected by means of an apjpro-
priate preservative for shipment and/or storage.| The
manufacturer shall specify which preservatives mupt be
removed by the owner for proper operation of the equip-
ment. Other preservatives may be removed by the oyner
after installation of the equipment.

(g) Forced curing or drying of the coating system phall
not be performed unless recommended by the cogting
manufacturer.

() Fillers sealants and rmﬂking rnmpmmdv: shdll be

applicable 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 apply as specified by the owner.

3230 Additional Requirements Applicable to All
Coatings

Additional requirements for coatings and finishes are
listed in (a) through (o) below. Further information for

compatible with the coating system.

(i) Finished components, such as motors, brakes, gear
reducers, limit switches, electrical dials and gauges, con-
trol enclosures, brake rectifier cabinets, control masters,
safety switches, auxiliary heaters, push-button stations,
transformers, manual magnetic disconnects, light fix-
tures, reactors, resistor banks, protective guards, cross-
shaft bearing blocks, unitized hoists, interior of control
cabinets, festoon trolley cable spacer systems cab interi-
ors, and radio control equipment, may be furnished with
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conventional coatings unless otherwise specified by the
owner.

(j) For coating service level I applications, the equip-
ment manufacturer shall supply the estimated surface
area of exposed parts provided with conventional
coatings.

(k) Nameplates and warning labels of factory finished
components that are recoated shall be masked to pre-
serve legibility

(n) If there is visible deterioration of the surface
beyond the specified SSPC preparation, repreparation
of the surface shall be required.

(o) Preparation of surface shall be accomplished by
the methods originally used, except that small areas
requiring repair or touchup where conventional blasting
is not desirable may be reprepared by one of the follow-
ing methods. These methods are listed in descending
order of effectiveness.

(I} Items such as fasteners and conduits shall be sup-

pliedl with the specified coating system, galvanized, or
plating. Galvanizing or plating shall be subject to the
requirements of para. 1145. When specifically requested
by the owner, a list of galvanized or plated parts shall
be grovided by the equipment manufacturer.
(mp) Surface contaminants, such as grease and oil,
detected after blasting shall be removed to produce the
surface conditions required by the Society for Protective
Coafings (SSPC) surface preparation requirement.

(IJ Vacuum blasting to clean an abrasive ithish with
a minimum 2.0-mil profile; the minimum, blgsting air
pressure shall be 50 psi at the blasting-nhozzle

(2) Power tool cleaning using,gririding| wheels,
sanding discs, or other devices to-provide a minimum
2-mil profile in accordance with.SSPC SP-3; the use of
a needle gun to roughen thé\surface after grinding is
recommended.

(3) Hand sanding_to.ebtain as clean a s
possible in accordancewith SSPC SP-2; or wire
in accordance with\SSPC SP-2.

irface as
brushing
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Section 4000

Requirements for Structural Components

331,

1130

4100 GENERAI k — oFFothp]pngfh factor (Pnr:\c 4312 4321
I and 4332.1)
(15) 4110 Stope I = unbraced length of member (para:~4312
Sectioh 4000 specifies design criteria, materials, and I, = actual unbraced length in plané of bending
fabricatipn requirements for structural components of (para. 4333)
Types L |lI, and III cranes. Unless otherwise stated, the M = bending moment at end of Miember in glane
design rpquirements and allowable stresses are based of bending being considered
on Allowable Stress Design (ASD) using classical M; = smaller of end moments'in member in glane
Mechanics of Materials/Strength of Materials methodol- of bending being considered (para. 4321)
ogies. Stfuctural components are identified in para. 4400. M, = larger of end moments in member in glane
of bending being considered (para. 432])
(15) 4120 Npmenclature N = modifying*coefficient for loading condjtion
The npmenclature listed herein is used in the equa- (paras/4312 and 4321)
tions in $ection 4000. For further information on nomen- P, = abnormal event load (paras. 4130 and 4]140)
clature, gpplication, and units of measurement, see the P, = construction lifted load (paras. 4130fand
Section 4000 references noted in parentheses. 4140)
A, ¥ tensile stress area of bolt, in.? (para. 4323) P, =’tredible critical load with operating Basis
a F plate length for direction parallel to the direc- earthquake (OBE) (paras. 4130 and 414()
tion of compression force (Table 4332.1-1); R, = credible critical load with safe shutdpwn
unsupported length of web plate between earthquake (SSE) (paras. 4130 and 4140
transverse (vertical) stiffeners, in. (para. 4334) Pg, = bridge or gantry frame dead load (paras. #130
b ¥ plate width for direction perpendicular to the and 4140)
direction of the compressive <force Py = trolley dead load (paras. 4130 and 4140
(para. 4331); unsupported length of web-plate P,, = OBE load (paras. 4130 and 4140)
between longitudinal stiffenets, in. P,; = SSE load (paras. 4130 and 4140)
(Table 4332.1-1) Py = longitudinal horizontal load (paras.
b, # distance between web plates;in. (para. 4333) and 4140)
C F coefficient for spacing of tfansverse stiffeners Py = transverse horizontal load (paras. 4130]and
of web (para. 4334) 4140)
C. F column slenderness tatio separating elastic P, = critical load (paras. 4130 and 4140)
and inelastic buckling (para. 4312) Py, = load hangup forces at maximum hoidting
Cn F coefficient applied to bending term in interac- speed, including inertia
tion formula for prismatic members, and P;, = design rated lift load (paras. 4130 and 4140)
dependentupon column curvature caused by P, = plant operations induced loads transmjtted
applied moments (para. 4321) to the crane (paras. 4130 and 4140)
DF = design factor (para. 4312) Py = two-blocking forces at maximum hoidting
DFB = design factor for buckling (paras. 4332 and speed, including inertia of rotating Qoist
4333) components
E = modulus of elasticity of the materials P, = containment static test pressure load (paras.
(29,000,000 psi for carbon steel) (paras. 4312, 4130 and 4140)
4321, and 4331) P,; = hoisting impact load (paras. 4130 and 4140)
h = depth of web, in. (para. 4333) P,qs = plant design basis wind load (paras. 4130
K = buckling coefficient (paras. 4331, 4332.1, and 4140)
and 4333) Py, = crane operating wind load (paras. 4130 and
K, = effective length factor for compression (paras. 4140)
4331, 4332.1, and 4333) P,; = tornado wind load (paras. 4130 and 4140)
K; = buckling coefficient for shear (paras. 4331 and R = structural bolt loading condition factor (para.

4332.1)

4323), or combined modal response of each
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of the three orthogonal components of earth-
quake motion (para. 4153.10)

4132 Live Loads
(a) Rated Load, P;.. The design rated load to be lifted

Rf = ratio of frequencies of crane and runway sys- and transported by the crane that by definition is not
tem (para. 4153.5) considered as the critical load. An allowance for lifting
R,, = ratio of masses of crane and runway system  accessories that are not part of the crane, such as yokes,
(para. 4153.5) spreader beams, etc., is to be included in the design
r = radius of gyration, in. (para. 4312) rated load.
T, = specified pretension load of the bolt, Ib (b) Critical Load, P).. For the definition of critical load,
(para. 4323) see para. 1150. In addition to listing each critical load,
t = thickness of plate, in. (paras. 4331, 4333, the purchaser shall furnish the duration in hours per
and 4334) year that each critical load is expected. te bp on the
a = ratio of plate length to width (Table 4332.1-1)  crane hook. An allowance for lifting accessorief is to be
B = stress ratio (Table 4332.1-1) included in each critical load.
¢ = rotation at node (c) Construction Load, P.,. Thé miaximum ¢xpected
w = Poisson’s ratio (para. 4331) construction load to be lifted(ahd transportefl by the
o = computed axial stress, psi (para. 4321) crane during the plant construction phase, prjor to its
0, = allowable axial stress, psi (para. 4321) use as a plant operating, €rane.
¢up = allowable bending stress in the plane of bend- (d) Credible Critical Ivad, P, and Pe,. P, is the weight
ing being considered, psi (para. 4321) of lifted load thatumay be considered in conjbination
r.c = allowable compressive stress without consid-  with the operatifig ‘basis earthquake (OBE). P is the
eration for buckling, psi (para. 4321) weight of lifted load that may be considered in gombina-
po: = allowable tensile stress (para. 4323) tion with the‘safe shutdown earthquake (SSE
o, = computed stress in plane of bending, psi Alternatively, P,, and P, may be defined to|be lifted
(para. 4321) loads inrcredible combinations with seismic events other
o = Computed compressive sttess, psi (para. 4332? thantOBE and SSE. If this alternative method| is used,
p.e = equivalent compressive stress, psi g appropriate substitution for P,, and P, shalllbe made
(para. 4332.1) in load combinations P.ig and P,15.
por = critical comparison buckling stress, compres- The loads and seismic events shall be specifi¢d by the
sive stresses only, psi (para. 4331) purchaser.
O}y = critical comparison buckling stress, compres-
sive and shear stresses in combination, psi 4133 Normal Operating Dynamic Loads
(para. 4332) (a) Hoisting Impact Load (HIL), P,;. The hoisting
0. = Euler buckling stress, psi impact load is the result of sudden lifting of a Joad and
., = Euler buckling stress divided by’a modifying  other loading uncertainties that occur during normal
coefficient for design factoty psi (para. 4321) crane operation. This load shall be deternjined by
,, = proportional limit, psi((para. 4331) applying an HIL factor to the lifted load, including load
r, = specified minimum Yield stress of the mate-  block and attachments. The HIL factor shall bg 0.5% of
rial, psi (paras. 4311 and 4323) the hoisting speed in feet per minute, but not Jess than
7 = computed shear stress, psi (para. 4333) 15% nor more than 50%.
7, = allowable shear stress, psi (para. 4323)
., = shear critical buckling stress, p51 (para. 4331) HIL factor = 0.15 < 0.005 X hoist Speed (ft/min) < 0.50
413p Description-of Loads (b) Bridge and Trolley Travel Drive Inertia Forcgs (TDIF),
The loads described herein are the loads to be used L/t 14 I?h" Travel drive inertia forces re.sult from the
acceleration or deceleration of the crane bridge pr trolley

loads, shall be stated by the purchaser in the purchase
specification.

4131 Dead Loads

(a) Trolley, Py. The total weight of the trolley includ-
ing all machinery and equipment attached thereto.

(b) Bridge or Gantry Frame, Py,. The total weight of the
bridge or gantry frame structure including all machinery
and equipment attached thereto, trucks, wheels, and

15

ed to the
hpplying
a TDIF factor to the hfted load and weight of the crane
components, including load block and attachments, and
shall be imposed on the crane in the direction of bridge
and trolley travel. The resulting inertia force in the direc-
tion of bridge travel that corresponds to the trolley
weight and lifted load, including load block and attach-
ments, may be equally divided between the two bridge
girders.

The TDIF factor shall be 7.8% of the acceleration or
deceleration rate (ft/sec?) but not less than 2.5%. The

and depend on the magmtude of torque appli

end ties.
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resulting drive inertia force is based on 250% of the
nominal acceleration or deceleration rate produced by
either the drive motor or brake. Additional consider-
ation should be given to a cab-operated crane that is
equipped with a pedal-operated or power-assist braking
system. Due to the nature of these braking systems,
the deceleration rates are limited by the frictional force
between the braked wheels and rail (i.e., maximum force
when sliding occurs).

(b) Static Test Pressure Load, Py The overpressure
imposed on the crane due to the static test pressure load
for the structure enclosing the crane. This load applies
only to those cranes housed within containments. The
crane is not operating.

4136 Seismic and Abnormal Events Loads
(a) Safe Shutdown Earthquake, P,;. The site SSE param-
eters shall be used in the seismic analysis of the bridge

N L L1 : 4 q out-
\.,.l.bll.l.\./ .\JJ. |28 - Bullll)’ CIAITC, TUIIUVVIL I.b |2 8 4w t}LU\_\.\AulLD
TDIF fadtor = (2.50 / 32.2) X accel. or decel. rate (ft/sec?) lined in para..4140. . \
> 0.025 (b) Operating Basis Earthquake, P,,. The site DBE
— 0.078 x accel. or decel. rate (ft/sec?) > 0.025 parameters shall be used in the seismic analysis of the
bridge crane or the gantry crane, following the pfoce-
For pglar cranes, the TDIF factor corresponding to ~ dures outlined in para. 4140.

the trollpy and lifted load, including load block and
attachménts, that results from either the acceleration or
decelerafion of the bridge, may be adjusted by the ratio
of the logation of the trolley and lifted load to the radius
of the cane runway rail, both relative to the center of
bridge r¢tation. However, in order to account for possi-
ble load [swing, the inertia force that corresponds to the
lifted logd, including load block and attachments, shall
not be lgss than 1.5% of these loads. Further, the inertia
force that corresponds to bridge component weights,
includirlg distributive weight of the girders, may be
adjusted| by the ratio of the location of the component
relative fo the center of bridge rotation, to the radius of
the crang runway rail. The resulting forces at each end

Load Load Designation
of the p¢lar crane bridge are in opposite directions.
Trolley dead load Dy
4134 Wind Loads. The following wind loads ate to Bridge/gantry dead load Pgp
be consiflered to act in any direction: Rated load Dy
(a) Ogerating Wind, P,,. The maximum wind load Critical load P
H . g /o wor . Credible critical load with OBE P,
under. wh%ch the crane will be permittedito operatg. If Credible critical load with SSE P..
none is ptipulated by the purchaser, then the nominal Construction load P,
wind logd specified in CMAA 70 shall'be used. Hoisting impact load Py
(b) Design Wind, P, The plént ‘design basis wind Load hangup forces Py,
load restilting from the 100 yr récurrence, “fastest-mile Ewg'bl‘;fkl_flg forlc?s - lond 113 t
of wind.| Under this loading)the crane will not be opera- ridge horizonta' Inerfia foa -
. Trolley horizontal inertia load Py
tional, but be secured. Operating wind load P
wo
(c) Totnado Wind, Ry,» “The plant design basis tornado Design wind load P
loads. Tqrnado pressure differentials associated with the Tornado wind load P
plant degign basis’tornado shall be included in the load- Plant operation induced loads Py, Py
ing. Torrfado-generated missiles shall be considered. The Loads due to an SSE seismic event Pes
. .. Loads due to an OBE seismic event P,
purchas¢r shall be responsible for the missile parameters
] X . L. I 14 3 L o Abnormal event loads P,
and methodofevattatiormroftorteadotoadsard-toredo

(c) Abnormal Event Loads, P,. Loads caused by faflure
of plant equipment that impose jet or missile loads on
the crane. The purchaser shall’be responsible fog the
effects of, and shall establish the criteria for, these lgads.

4140 Load Combinations

The following tabulated loads and their designations
are described-in para. 4120. The various load comlpina-
tions, using, the load designations, are listed hereir]. All
load combinations are applicable to Types Iand Il crgnes,
whereas the crane operational loads and the consfruc-
tionloads combinations are applicable to the Tyge III
cranes.

generated missiles. Under these loadings, the crane will
not be operational, but be secured. Indoor cranes may
be subjected to the design basis tornado if the building
enclosures have been designed to fail.

4135 Normal Plant Operating Loads

(a) Plant Operation Induced Loads, p,. The loads
imposed on the crane through the supporting structure
due to normal operation of plant equipment. The crane

16

(a) Crane Operational Loads'
Pci = Pgp + (Pt + Pyy)
Pcy = Pgp + (Pat + Pir) + Poi + Py

Pcz = Py + (Pas + Pyp) + Py + Py

! In the event that simultaneous operation of motions is permit-
ted, the appropriate combinations of impact loads shall be used.

is not operating.
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Pcy = Pay + (Pgy + Pp) + Ppy + Py
Pcs = Pay + Py + (P, or Py)
(b) Construction Loads'
Pce = Pap + (Par + Pey) + Poi + Py

Pc7 = Pay + (Par + Pep) + Pup + P

critical load. The basis for determining the credible criti-
cal load will be studies of site seismicity and expected
crane usage (see para. 4132).

4153 Linear Analysis

4153.1 Response Spectrum Method. The crane
shall be considered to respond as a linear elastic system
when using the response spectrum method. The
undamped natural modes and frequencies shall be com-

Pcs = Pap + (Par + Pou) + Pt + P
(c) Severe Environmental Loads
Pcg = Py + Pat + Py
(d) Extreme Environmental Loads
Pcio = Pap + (Par + Pes) + Pos + Py
Pci1 = Pap + Par + Pes + Py
Pciy = Pap + (Par + Pro) + Poo + Puyo
Pci13 = Pyp + Py + Poy + Py
Pciy = Pay + Pay + Pyt
(e} Abnormal Event Loads
Pcis = Pay + Par + Py + Puy
Pcig = Pyt + Pap + Pre + Py
Pciy = Pic+ Py

415D Seismic Analysis for Types | and JI'Cranes

41151 Methods of Analysis. A dynamic analysis shall
be gerformed to establish the response of the crane to
a sejsmic event. The type of analysis shall be a linear
resppnse spectrum; a linear response spectrum with con-
sidefation for the nonlinear aspects of friction, which
wold allow the trolley orbridge braked wheels to slide
on their rails in their \réspective direction of travel; a
linegr time history;ot-a nonlinear time history. When the
resuflts indicate a.slack rope condition, when handling a
credfible critical;load, a nonlinear time history analysis
shal] be petformed in accordance with para. 4154. For
trolley o bridge sliding considerations, a minimum
coefficient of friction of 0.3 shall be applied to the com-

puted using a model acceptable under the rulps of this
Section. These results shall serve as the basis-fpr mode-
by-mode computation of the response-of)the|crane to
each of the three components of seismi¢/inpuf.

4153.2 Time-History Analysis; Time higtories of
structural response at the appropriate level may be used
for analysis of the crane, The time histories|shall be
provided by the purchasér),and shall account for para-
metric variation in the supporting structure. Prpocedures
for assembling the mathematical model shall be|in accor-
dance with this Section. The effects of the thre¢ compo-
nents of ground motion shall be combined in acfordance
with the following requirements.

(a) The/répresentative maximum values of the struc-
tural responses to each of the three components|of earth-
quake“motion shall be combined by taking the square
root of the sum of the squares of the maximum gepresen-
tative values of the codirectional responses cqused by
each of the three components of earthquake motion at
a particular point of the structure or of the mathematical
model.

(b) The maximum value of a particular response of
interest for design of a given element may be pbtained
through a step-by-step method. The timefhistory
responses from each of the three components of the
earthquake motions may be obtained separately and
then combined algebraically at each time step, or the
response at each time step may be calculated| directly,
owing to the simultaneous action of the threq compo-
nents. The maximum response is determined [by scan-
ning the combined time-history solution. When this
method is used, the earthquake motions speciffed in the
three different directions shall be statfstically
independent.

4153.3 Crane Mathematical Model
(a) The crane shall be represented by a gel;eralized

three-dimensional cyc{'om ofnodes. - Themaodel geome_

bined static pIus dynamic braked wheel loads.

4152 Seismic Input Data. The seismic input data
for the crane seismic analysis shall be provided in the
specification for the crane. The seismic input shall be
specified as broadened floor response spectra or time
histories of acceleration, displacements, or velocities
defined at an appropriate level in the structure support-
ing the crane.

For analysis of a crane with a suspended critical load,
the specification for the crane shall provide the credible

try shall reflect the overall size, length, connectivity,
and stiffnesses 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. The elements
shall include, but not necessarily be limited to, the fol-
lowing structural members: bridge girders, trolley
frame, gantry legs, end ties, end trucks, platform sup-
ports, and cab supports; and for cranes required to be
analyzed for credible critical loads, drum, upper block
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Fig. 4153.3-1 Typical Four-Wheel Trolley Model for Seismic Analysis

Bridge girders

-
HOTreYy '

Trolley rail

supporty, and hoistrepeés. Line elements associated with
the trolldy and bfidge trucks at the wheel locations shall
be used [to represent the connectivity of the trolley and
bridge wheels’to their respective rails, upon which the
wheels 16 pical four-whe olley and bridge mg
els are shown in Figs. 4153.3-1 through 4153.3-4. Trolleys
or bridges with more than four wheels shall be modeled
with additional elements that represent components
between the trolley or bridge structure and their respec-
tive rails. Additional elements may be employed to
model boundary conditions as needed.

The loadings resulting from the pendulum motion of
the lifted load are insignificant and need not be consid-
ered if the crane is not handling a load, the period of
motion of the pendulum swing exceeds 3 sec, or the

«—— Hoist rope

®<«— Lifted load

Fig. 4153.3-2 Typical Four-Wheel Overhead Crane Model for-Seismic Analysis

<«—— Hoist rope

®<«——— Lifted load
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(with load block)

z

Y&X

Bridge truck

Crane
runway rail

(with load block)

z
Y&VX

frequency of the pendulum swing is less than 20
the fundamental horizontal frequencies of the cra

o of

NOTE: Typically, the horizontal displacement of the lifted| load
resulting from the pendulum swing is small, but in some |cases

i i ari 0 Ry or
bridge sliding on their respective rails, might result in load contact
with the leg of a gantry crane, the facility’s structure, or other plant
equipment, and might require additional evaluation.

(b) For a trolley or bridge using bogie trucks, the
trucks and their articulation shall be modeled in a man-
ner that is representative of their structural characteris-
tics. Where various connected structural members of the
crane do not have intersecting centroidal axes, stiff line
elements shall be used to represent the offset. These
elements shall have stiffnesses that are an order of

(
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Fig. 4153.3-3 Typical Four-Wheel Gantry Crane Model for Seismic Analysis

. . End tie
Bridge girders

Trolley

Trolley rails

Gantry leg Hoist
oist rope

Crane runway rail Lifted load

(with load blogek)

Fig. 4153.3-4 Typical Four-Wheél)Semi-Gantry Crane Model for Seismic Analysis

Bridge truck
Bridge girders

Trolley £ Crane runway
) o rail (upper)
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<«<—— Hoist rope

@<—— Lifted load
(with load block)
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magnitude higher than the most stiff 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 dynamic model, provided it can be shown
by rational analyses that the actual trolley structure
responding as an uncoupled system has natural frequen-
cies above 33 Hz. The simplified representation of the
trolley structure shall be modeled in a manner that will

Mass ratio for the vertical direction (Z)

mass of the crane and lifted load
mass of the runway system

R, =
Frequency ratio for each of the three independent
orthogonal directions

_ fundamental frequency of the crane
F ™ frequency of the dominant runway motion

not intrqduce an artificial stiffening effect between the
two girders, but would allow for relative twist of the
trolley sfructure between the two trolley trucks (i.e., the
torsional stiffness of the trolley elements, connecting
the twoltrolley trucks, should represent the torsional
stiffness|of the trolley structure). The model used for
seismic analysis should be evaluated and revised if
required|to account for higher frequencies if plant opera-
tions induce such frequencies.

415B.4 Location and Number of Dynamic Degrees
of Freedom. Dynamic degrees of freedom shall be
assigned to a sufficient number of node points, and in
such locptions that the real mass and stiffness distribu-
tion of the crane are simulated. Structural members sub-
ject to doncentrated loads shall be provided with

gear cas¢s, motors, brakes, heavy electrical control cabi-
nets, cabl wheel assemblies, and trunnion pins. The total
number pf masses, or degrees of freedom, selected shall
be considlered adequate when additional degrees.of free-
dom dog not result in more than a 10% inerease in
responsgs. Dynamic coupling shall be actouhnted for.

415B.5 Decoupling Criteria for the-Crane Runway.
The crarfe and runway shall be eyvaltrdted in each of the
three orthogonal directions to determine if the crane can
be repregented as a separate' model or a model coupled
with thel runway in each«of the respective directions.

NOTE: The fundamental frequency of the crane is determpined
as being decoupled from the runway structure, and the'freqiency
of the dominant runway motion is determined withrconsidefation
to the effective mass of the crane and lifted loadl.

The purchaser shall determine the mas$ and frequency
characteristics of the crane runway_systems in ea¢h of
the three orthogonal directions.

4153.6 Boundary Conditions at Trolley and Rupway
Rails. The boundary conditions for the crane mjodel
shall be selected so that the resulting response, disp|ace-
ments, and forces imthe crane structure are consg¢rva-
tively determined: Trolleys with four wheels shafl be
coupled to thebridge at the interface of the trglley
wheels and, trelley rails, as shown in Fig. 4153.3-1{ and
Table 4153:6-1 (unless restraining device requires dddi-
tional-¢coupling). Overhead, gantry, and semigantry
cranes with four wheels shall be coupled to the drane
rinway rail at the interface of the bridge wheels|and
bunway rails, as shown in Figs. 4153.3-2, 4153.3-3,| and
4153.3-4, respectively, and Table 4153.6-2 (urjless
restraining device requires additional coupling). [Irol-
leys or bridges with other than four wheels shall be
coupled in a manner that is representative of the dg¢sign
being considered. For trolleys or bridges using Hogie
trucks, all wheels shall be coupled to their respegtive
rails in the vertical (Z) direction, and the “braked”
wheels coupled in the direction of truck travel (X diirec-
tion for the trolley and Y direction for the bridgg). If
more than one wheel on a rail is “braked,” only| one
wheel per rail shall be coupled to represent the “braked”
wheels. For bogie truck assemblies that are guidefl by
means either of reduced wheel float or by guide (side)

NOTE ased on this evaluation, the crane model may be required o

to be coupled to thesrunway in only one or two of the three rollers, both wheels shall be COUpled to the rail, if the

orthogongl directiohs’ direction perpendicular to the rail (Y direction fof the
) trolley and X direction for the bridge). When clgsely

For the rane t_o be considered decoupled from the run- guided wheels are not used, or when the truck is gufided

way, thefcriteria of (a) or (b) below shall be met. by means of guide rollers at the center of the uck

(a) If R, < 0.01, decoupling can be done for any R

(b) If 0.01 < R, < 0.1, decoupling can be done if Re<
0.8 or if Rf>1.25.

(c) Ifneither criteria (a) nor (b) is met, then an approxi-
mate model of the runway system shall be included with
the crane model.

Mass ratio for the horizontal directions (X and Y)

mass of the crane (without hoist load block or lifted load)
mass of the runway system

R, =

20

wheelbase, only the midpoint of the truck wheelbase
is required to be coupled to the rail, in the direction
perpendicular to the rail.

The crane bridge (including gantry legs, if applicable)
and trolley shall be provided with restraint devices so
that they remain on their respective runways during and
after a seismic event. Characteristics of these devices
that influence the dynamic behavior of the crane shall
be included as boundary conditions in the model of the
crane. The restraint devices shall be considered to be

(
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Table 4153.6-1 Boundary Conditions: Trolley Wheels to Trolley Rails

X Direction Options [Note (1)] Y Direction Options [Notes (2) and (3)]

z

Nodes TX-1 TX-2 Tv-1 TY-2 TY-3 TY-4 Direction
Al * ~ ~ * ~ * *
A2 ~ ~ # ~ ~ ~ ~
A3 ~ * ~ ~ * * *
B1 * ~ ~ ~ * * *
B2 ~ ~ # ~ ~ ~ ~

R2 s % & s

GENERAL NOTES:

(@) The asterisk (*) indicates nodes that are coupled in direction shown, and the tilde (~) indicates
nodes that are not coupled (free to translate).

(b) All nodes are to be considered free to rotate.

NOTES:

(1) Selection of coupled nodes in the X direction depends on the location of the braked.wheels (cou-
ple only one wheel on each girder if more than one wheel on a rail is a braked wheel):

(2) For analysis, trolley coupling options TY-1, TY-2, or TY-3 are acceptable when thettrolley is rigid, or
is modeled as rigid, in the XY plane. When option TY-1 is used, the addition”of\fictitious rigid trol-
ley and bridge line elements is required. These elements are only used forscotpling in the Y direc-
tion. The X location of these elements is approximately at the X location_of the trolley centroid.

(3) Option TY-4 should be used when the trolley is relatively flexible (@and\is modeled as such) in the
XY plane (i.e., the diagonal distances of the trolley cross-corner,nodes are allowed to change as a
function of girder distortion and trolley stiffness).

Table 4153.6-2 Boundary Conditions: Bridge Wheels to Crane Runway Rails

X Direction Options Y Direction Options
[Notes (1) and (2)] [Notes (1) and (3)] 7
Nodes BX-1 BX-2 BX-3 BX4 BY-1 BY-2 BY-3 BY-4 Direction
C1 * * ~ * * ~ * ~ %
C2 * * * ~ ~ * ~ * *
D1 * ~ ~ * ® ~ ~ * *
D2 * ~ * ~ ~ * * ~ *

GENERAL NOTES:

(@) The asterisk (*) indicates nodes that are coupled in direction shown, and the tilde (~) indicates
nodes that.are Jnot coupled (free to translate).

(b) All nodes\are to be considered free to rotate.

NOTES:

(1) Fom polar cranes, the X and Y directions are defined as the directions perpendicular to and parallel
with the tangent of the crane runway rail at the node location, respectively.

(2)~Selection of the coupling option in the X direction depends on the type of crane being modeled,
and if the crane is modeled as being coupled or decoupled from the crane runway system
(para. 4153.5).

(@) Use option BX-1 for overhead cranes that are considered coupled to an approximate model

of the crane runway system, and for both gantry cranes and semi-gantry cranes.

(b) Use option BX-2 for overnead cranes that are modeled as Deing decoupled from tNe crane
runway system when the bridge lateral (X) displacement is held more tightly on one end of the
bridge than the other end; this is normally the case when the crane runway on one end is more
rigid in the lateral direction than the other end, or when the bridge wheels are guided more
closely on one end of the bridge than the other end, normally by means of limited wheel float or
the use of guide rollers.

(¢) Use options BX-2, BX-3, or BX-4 for overhead cranes that are modeled as being decoupled
from the crane runway system when the runway system and the bridge design on both ends are
similar. When option BX-2 is used, couple the nodes on the end of the bridge that has the higher
static load distribution.

(3) Selection of coupled nodes in the Y direction depends on the location of the braked wheels (cou-
ple only one wheel on each end of the bridge if more than one wheel on a rail is a braked wheel).

21
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in contact with the resisting structure in establishing
boundary conditions used in the analysis for the crane.
Consideration for a restraining method (restraint device)
shall be included in the model if appropriate.

The restraining device and the structure being
restrained shall be designed for the maximum loads
resulting from the applicable boundary condition. If the
trolley (without additional restraining devices in the Y
direction) is coupled to the bridge in the Y direction at

(wheel that has the maximum static wheel load), are on
opposite sides and equally distant from the center of
the bridge span. The quarter point of the trolley travel
is defined as the trolley position that is at the midpoint
between the trolley at its end position and the trolley
at its mid-span position.

If the crane is not similar on both ends of the bridge
(e.g., semigantry cranes, and gantry cranes that have
nonsimilar legs at each end of the bridge, or have girders

only onellocation per girder, the corresponding resulting
forces, determined by the computer analysis, shall be
distribufed to the two trolley wheels on the same rail,
and each wheel shall be considered to transfer a mini-
mum logd equal to two-thirds of the total load. If the
bridge ig coupled to the runway in the X direction, at
only ong end of each girder with the bridge trucks not
guided gnd both crane runway structural systems have
similar Horizontal stiffness characteristics, the resulting
force cofresponding to each girder, determined by the
computdr analysis, may be distributed to both ends of
the bridge girder by an amount not less than a propor-
tion based on the vertical bridge static reactions (ratio
of the static bridge girder end reaction to the total static
end reacfions of the corresponding girder, mass distribu-
tion proportion), nor less than two-thirds of the total
load.

415B.7 Trolley Locations and Hoist Positions. The
crane shall be analyzed with the trolley located in differ-
ent locatjons along the bridge, with and without a lifted
load raised to different positions for each trolley location
considerpd. The following describes the loading condi-
tions to pe used for this analysis:

(a) Credible Critical Load on Hook. This loading condi-
tion shall be analyzed with the hook atwtwo different
hoist pogitions. These hoist positions shall be specified
by the owner and are the upper and lowet hook positions
that define the operating range of hook travel during
the posttilated seismic event. If the primary response of
the crang is higher at some intermediate hook position,

that extend past the crane runway on only one_¢nd),
then two additional trolley positions shall be dnatlyzed,
so that the trolley positioned at both of the @xtremd end
positions and both of the quarter-point trelley posifions
are included in the overall analysis.

If the trolley at its end-of-travel p@sition(s) is not closer
to the bridge runway than one-fourth of the bridge gpan,
then the analysis with the trolley at the quarter-point
position(s) is not required.

If the crane arrangement.is other than those descifibed
above (e.g., crane with multiple trolleys), the owner or
purchaser shall specify the trolley(s) positions and lpad-
ings, and other-applicable considerations that mugt be
taken into account.

4153.8 Damping Values. The response of fach
mode shall be determined from the amplified resppnse
spectra for the appropriate values of structural damping.
Aldamping value of 7% of critical damping shall be
used for the crane when the SSE is used in the analysis.
A damping value of 4% of critical damping shall be
used when the OBE is used in the analysis.

4153.9 Number of Modes Required for Seismic
Analysis. It is not generally necessary to includg the
contributions of all modes to the seismic response of the
crane. A modal participation factor shall be used with
the modal frequencies to select significant modes. $ince
high frequency modes may respond strongly in Jome
cases, it is not sufficient to limit the modal analydis to
the first several modes computed. Additional mpdes

that hook position shall be:ahalyzed, and the hook posi-  shall be computed until the inclusion of additipnal
tion that|produces thelowest response (hook up or hook  modes does not result in more than a 10% increage in
down p¢sition) need not be analyzed. response.

(b) Nd Load ou Hpok. For this loading condition, the
hook (load block without load) shall be modeled as a 4153.10 Combination of Modal Responses{ In
mass at the end of the rope, with the hook raised to the ~ combining the dynamic responses with the staticfand
up position wind loadings (when applicable), as required in

For a typical crane that is similar in design on both
ends of the bridge, three separate trolley positions shall
be included in the analysis, which correspond to trolley
located at its extreme end position of the trolley travel
on the bridge (i.e., end hook approach); trolley located
at the mid-span of the bridge; and trolley located at the
quarter point of the trolley travel on the bridge. The
mid-span trolley position is defined as the trolley posi-
tion where the center of the hook/hoist rope, and the
trolley wheel that is closest to the center of the hook

22

para. 4140(d), a sign convention shall be applied to the
dynamic responses such that the combined results
would yield the worst case for the loading condition
being considered.

(a) With No Closely Spaced Modes. When the results of
the modal dynamic analysis show that the crane modes
are not closely spaced, the crane’s response to each of
the three components of seismic input shall be combined
by taking the square root of the sum of the squares
(SRSS).

(
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(b) With Closely Spaced Modes. When the results of the
modal dynamic analysis show that some or all of the
modes are closely spaced (two consecutive modes are
defined as closely spaced if their frequencies differ from
each other by 10% or less of the lower frequency), modal
responses for each of the three components for seismic
input shall be combined using one of the following three
methods.

(1) Grouping Method. Closely spaced modes shall

(3) Double-Sum Method:

N N 1/2
R=|2X 3 [RRi &
k=1s=1

where R, Ry, and N are as defined in Note (2) below. R,
is the peak value of the response of the element attrib-

uted to the sth mode, and ¢, is a correlation coefficient
bat P | Leaind

be divided into groups that include all modes having
freqpiencies between the lowest frequency in the group
and|a frequency 10% higher [see Note (1) below]. The
representative maximum value of a particular response
of irjterest for the design of a given element of a nuclear
powler plant structure, system, or the crane attributed
to eqch such group of modes shall first be obtained by
takipg the sum of the absolute values of the correspond-
ing peak values of the response of the element attributed
to ipdividual modes in that group. The representative
maximum value of this particular response attributed
to all the significant modes of the structure, system, or
the frane shall then be obtained by taking the square
rootfof the sum of the squares of corresponding represen-
tatiye maximum values of the response of the element
attriputed to each closely spaced group of modes and
the femaining modal responses for the modes that are
not flosely spaced. Mathematically, this is expressed as
follgws:

N L | 1/2
R = 2 R%"' E E 2_‘ququ‘
k=1 g=1l=im=i

whepre [ # m; R;; and R,,, are modal responses, R; and
R,, Within the gth group, respectively; i‘is the number
of the mode where a group starts;is the number of
the mode where the group ends; R, R, and N are as
defihed in Note (2) below; P-is the number of groups
of clpsely spaced modes, exclirding individual separated
modes

(2) 10% Method

Dt e Mot Cs—ant——5-

(k= ) AN

(,B,kwk + B'sws)

6 =11+

in which
o = o [T=p7]
B =B+ 2/ (ta o)

where @y and Sy are'the modal frequency and the damp-
ing ratio in the kth'mode, respectively, and t; if the time
duration of-the earthquake.

NOTES:
(1) Groups shall be formed starting from the lowest|frequency
and)working toward successively higher frequencig¢s. No one
frequency shall be in more than one group.
(2) Ris the representative maximum value of a particulqr response
of a given element to a given component of an earthquake; Ry
is the peak value of the response of the element dug to the kth
mode; and N is the number of significant modes ¢onsidered
in the modal response combination.

(c) Combination of Three Orthogonal Comppnents of
Earthquake Motion. The representative maximumn values
of the structural responses resulting from ea¢h of the
three orthogonal components of the earthquakp motion
shall be combined at each node of the crane mgthemati-
cal model by taking the square root of the suym of the
squares (SRSS) in the following manner:

2 2 24\1/2
Reombined = (R& + RY + R%)Y

where
N 1/2 Rx, Ry, Rz = representative maximum| values
R = kzl Rf + 23 [R;R}| resulting from each of the threp orthog-
- onal components of the earthquake
) motion (X, Y, and Z, respectiyely)
whepe\# j; and R, Ry, and N are defined in Note (2) Reombined = total representative maximum value of

below. The second summation shall be done on all 7 and
j modes whose frequencies are closely spaced to each
other. Let w; and v; be the frequencies of the ith and jth
modes. In order to verify which of the modes are closely
spaced, the following equation shall be applied:

(0 — @) / @ <0.1
Also,

1<i<j<N

the combined modal responses for the
seismic event being considered (i.e.,
OBE or SSE)

Rx, Ry, Rz, and R ompined represent the dynamic analyti-
cal results at each node (i.e., forces, moments, stresses,
and displacements).

4154 Nonlinear Time History for Slack Rope
Condition. For the case when the credible critical load
is being supported by the hoist ropes, and the results
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of the linear analysis of para. 4153 indicate a slack rope
condition, that is, rope going into compression, the non-
linear time-history method of analysis shall be used to
determine the maximum rope tension loads resulting
from a slack rope condition. These loads shall be used
to verify rope compliance with design requirements.
Also, these rope loads may be used as an alternate to
the rope loads from the linear analysis results, in sizing
of the hook, lower load block, upper sheave nest, hoist

4160 Tolerances

Dimensions of welded beams, girders, and built-up
members shall be within the tolerances specified by AWS
D1.1. All measurements shall be based on 70°F ambient
temperature and be taken at the manufacturer’s plant
prior to shipment, unless otherwise specified. A mini-
mum dimensional check of a member will consider
straightness, camber, lateral deviation of web to flange
centerlines, and depth

machinery components (gears, shafts, keys, couplings,
etc.), or [other components that are primarily affected
only by the rope load and have no significant influence
on the r¢sponse.

Nonlihear analysis concerns the performance of a
dynamid analysis of the crane, when subjected to earth-
quake-irfduced forces, taking into account the nonlinear
propertigs (for example, tension only of the hoist ropes).
To perfgrm such an analysis, computer programs are
availablg to solve the equations of motion via direct
integration techniques at discrete time intervals over the
time hisfory of the earthquake.

4154.1 Crane Mathematical Model. The crane
finite element model shall be similar to the one described
in para.[4153.3 for the linear analysis, except that the
crane trdlley and bridge geometry may be simplified if
justification can be provided that the coupling effects of
those degrees of freedom that are omitted from the three-
dimensjonal model are not significant. A nonlinear
spring (tension member only) shall be used to represent
the hois{ ropes.

415#.2 Location and Number of Dynamic-Degrees
of Freedom. Dynamic degrees of freedom.shall be
assigned to a sufficient number of nodepoints and in
such locpitions that the real mass and stiffness distribu-
tion of the crane is simulated. An jfnportant consider-
ation fo modeling the crane for/the nonlinear analysis
is that the fundamental frequéngy of the crane system
in its uploaded (no load .n)the hook) configuration

be consiftent with'those specified in para. 4153.6.

41544, Jrolley Locations and Hoist Positions. A

Overall crane dimensions shall be in accordange, with
the crane manufacturer’s clearance drawing of-the cfane.
Dimensions on the clearance drawings are thé maxirpum
dimensions of the crane and shall not be.exceedefl by
the manufacturer. Height and end dimensions shalll be
shown in relationship to the top ofithe runway rail|cen-
terline. Cumulative measurements of crane comporjents
are permitted.

The accuracy of the runway rail dimensions shall be
the responsibility of the.purchaser. The runway [rails
shall be straight, parallel,; level, and at the same elevdtion
within the tolerances’ given in Fig. 4160-1. The drane
manufacturer shall design the crane to operate properly
within the ranway rail tolerances given in Fig. 4140-1.

4200 >,MATERIALS AND CONNECTIONS

All materials of the structural components of the drane
shall be an accepted type, suitable for the purposg for
which the materials are to be used, and shall be in ¢om-
pliance with any additional requirements specjfied
herein for the materials.

4210 Base Materials

4211 Material

(a) The base materials listed in Table 4211-1 are |con-
sidered acceptable for the structural components identi-
fied in para. 4400 of Types I and II cranes when [they
meet the requirements of para. 4212. The manufacfurer
shall report the materials actually employed to the [pur-
chaser. Other suitable materials, which are in complipnce
with the other provisions for materials specified herein,
may be acceptable subject to approval by the purchpaser.

(b) The base materials for the components of cranes
not included in (a) above shall be in accordance with
specification CMAA 70.

combined uuucy artHtoadedtook PUbiliuu shattbe
selected so as to result in a crane system frequency
that produces the severest slack rope conditions. Trolley
locations and hoist positions specified in para. 4153.7
shall be considered.

4154.5 Damping Values. A critical damping ratio
of 7% shall be used for the rope for determining the
damping parameters required to form the damping
matrix. Higher values may be used with adequate

24

4212 Fracture Toughness
(a) Material for the structural components defined in
para. 4211(a) for Types I and II cranes shall be impact
tested in accordance with (a)(1) below, except as pro-
vided in (b) below. Materials for Type III cranes shall
be in accordance with Specification CMAA 70. The pur-
chaser shall specify the minimum operating temperature
as defined in para. 1150.
(1) For material greater than % in. thick, Charpy
V-notch tests shall be performed in accordance with

justification.
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Fig. 4160-1 Runway Rail Alignment Tolerance

L+ A—
|

L <50 ﬂ,A=3/16 in.

L—-A—>

50 ft< L <100 ft, A= 1/, in.

L>100 ft, A=3/gin.

l<—— Max. L

~—Min. L
«— Nominal span L—

Span

+B

B=3g in. (maximum in

Straightness

20 ft length)

£

ll l—l C=3/gin. (maximum in

20 ft length)

L<50ft, D=+3/g in.

Rail-to-Rail Elevation

(a)(3) below, or drop weight tested in accordance with
(a)(q) below.

(2) The drop’weight test shall be performed in
accordance, with ASTM E208 using specimen type P-1,
P-2,|or P8:\The sampling shall be in accordance with
M.A20 when apphcable or ASTM A673 frequency

shall be at least as far from the material surface as that
specified for tensile test specimens in the material speci-
fication. The nil-ductility transition temperature shall
be a minimum of 30°F below the minimum operating
temperature.

(3) The Charpy V-notch test shall be performed in
accordance with ASTM A370 using full-size specimens
if possible. For Type I cranes, the sampling shall be in
accordance with ASTM A673 frequency P. For Type II
cranes, the sampling shall be in accordance with

50 ft < L < 100 ft, D=+1/ ify.

L>100 ft, D=+3/g in.

ASTM A673 frequency H for specified minimuym yields
of 55 ksi or less, and frequency P for higher|strength
steels. The test temperature shall be a minimurp of 30°F
below the minimum operating temperature. Thie accept-
ance criteria shall be as shown in Table 4212-1. The
results obtained with sub-size Charpy Vnot h speci-

dance w1th ASTM A673 Table 1 before comparison with
the acceptance criteria.

(b) The base material shall be exempt from impact
testing as required in (a) above provided one of the
following is met:

(1) the nominal thickness is % in. or less

(2) the nominal cross-sectional area is 1 in.? or less

(3) the maximum tensile stress (including residual
stresses if the component is not postweld heat treated)
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Table 4211-1 Acceptable Materials and Reference Properties for Structural Components

ASTM
Specification Grade Yield Tensile
[Note (1)] or Class Form Size Strength, ksi ~ Strength, ksi
A36 Plates, shapes, bars Plates and bars < 8 in.; see Note (2) for shapes 36 min. 58-80
A53 B Pipe Diameters < 26 in. 35 min. 60 min.
A242 Plates, shapes, bars Plates and bars < %, in., shapes with flange or 50 min. 70 min.
leg thickness < 1% in.
Plates and bars > %, in. and < 1% in., shapes with flange 46 min. 67 min.
thickness > 174 In. and < 2 in.
Plates and bars > 1% in. and < 4 in., shapes with flange 42 min. 63 min
thickness > 2 in.
A333 3,7 Pipe Diameters < 26 in. 35 min. 65 min
4,6 Diameters < 26 in. 35 min. 60 min
A500 B Rectangular tubing Wall < %4 in. and periphery < 64 in. [Note (3)] 46 nins 58 min
A501 Tubing Square and rectangular with sides < 10 in. and wall < 1 in., 36 min. 58 min
rounds < 24 in. diameter and wall < 1 in.
A516 65 Plates Thickness < 8 in. 35 min. 65-85
70 Thickness < 8 in. 38 min. 70-90
A537 1 Plates Thickness < 2% in. 50 min. 70-90
Thickness > 2% in. and < 4 in. 45 min. 65-85
2 Thickness < 2% in. 60 min. 80-10
Thickness > 2% in. and < 4 in. 55 min. 75-95
Thickness > 4 in. and < 6 in. 46 min. 70-90
3 Thickness < 2% in. 55 min. 80-10
Thickness > 2% in. and < 4 in. 50 min. 75-95
Thickness > 4 in. and < 6 in. 40 min. 70-90
A572 42 Plates, shapes, bars Plates and bars < 6 in.; and shapes 42 min. 60 min
50 Plates and bars < 4 in.; and/shapes 50 min. 65 min
55 Plates and bars < 2 in.j<and shapes 55 min. 70 min
60 Plates and bars < 1%\in., shapes with flange or 60 min. 75 min
leg thickness <2 in.
65 Plates and bars\%.1Y in., shapes with flange or 65 min. 80 min
leg thickpess < 2 in.
A588 Plates, shapes, bars Plates andwbars < 4 in.; and shapes 50 min. 70 min
Plates afnd bars > 4 in. and < 5 in. 46 min. 67 min
Plates’and bars > 5 in. and < 8 in. 42 min. 63 min
A618 la, Ib, Il Tubing Wall <3/, in. 50 min. 70 min
Wall > 3/ in. and < 1% in. 46 min. 67 min
1} All tubing 50 min. 65 min
A633 A Plates Thickness < 4 in. 42 min. 63-83
C,D Thickness < 2% in. 50 min. 70-90
Thickness > 2% in. and < 4 in. 46 min. 65-85
E Thickness < 4 in. 60 min. 80-10
Thickness > 4 in. and < 6 in. 55 min. 75-95
A709 36 Plates, shapes, bars Plates and bars < 4 in., and shapes [Note (2)] 36 min. 58-80
50 Plates and bars < 4 in., and shapes 50 min. 65 min
50W Plates and bars < 4 in., and shapes 50 min. 70 min
A737 B Plates Thickness < 2% in. 50 min. 70-90
G Thickness < 2% in. 60 min. 80-10
A913 50 Shapes All shapes 50 min. 65 min
60 All shapes 60 min. 75 min
65 All shapes 65 min. 80 min
70 All shapes 70 min. 90 min.
A992 Shapes All shapes [Note (4)] 50-65 65 min.

GENERAL NOTE:

NOTES:

The above data was obtained from the ASTM 2007 publication.

(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 exceptions from Fracture Toughness requirements in para. 4212 do not apply to this material.

(4) The yield strength to tensile strength ratio shall not exceed 0.85.
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Table 4212-1 Required C, Energy Values for Structural Materials
(Except Bolting) [Extracted from Table ND-2311(a)-1, Section Ill, Division 1,
1980 Edition, ASME Boiler and Pressure Vessel Code]

Energy, ft-lb, for Materials of Specified Minimum Yield Strength, ksi

40 or Less Over 40 to 55, Incl. Over 55 to 105, Incl.

Average Lowest Average Lowest Average Lowest
Nominal Thickness, in. of 3 of 3 of 3 of 3 of 3 of 3
Over % to 3/, incl. 13 10 15 10 20 15
Over ¥, to 1, incl. 15 10 20 15 25 20
Over 1 to 1%, incl. 20 15 25 20 30 25
Over 1 to 2%, incl. 25 20 35 30 40 35
Over 2, 30 25 40 35 45 40

Table 4221-1 Acceptable Fastener Materials for Structural Connections for
Types | and Il Cranes

ASTM

Specification  Grade, Class, Min. Proof Load Min, Yield Tensile
[Note (1)] or Type Size, in. Stress, ksi Strength, ksi  Strength, ksi

A193 B7 <2Y 105 125 min.
>2Y% and < 4 95 115 min.
>4and <7 75 100 min.
B16 <2Y, 105 125 min.
>2Y%, and <4 95 110 min.
>4 and <8 85 100 min.
A320 L7 <2Y% 105 125 min.
L43 <4 105 125 min.
A325 1 and 3 > and <1 85 92 120 min.
> 1Y% and’< 1Y% 74 81 105 min.
A490 1 and 3 > and < 1Y, 120 130 150-173

GENERAL NOTE:
NOTE:

specification.

undpr all conditions of{loading required in para. 4100
doeg not exceed 6,000-psi

(4) the comporent is fabricated from an austenitic
staipless steel or‘a-nonferrous material not subject to a
duczrile brittlé transition

(5) the\eomponent is fabricated from normalized
ASTIM A516 Grade 70 steel and the required test temper-

aturg_or the lowest service temperature is greater than

The above data was obtained from the ASTM 2007 publication.

(1) For additional infokmation, and requirements for nuts and washers, see the referenced ASTM

Types I and II cranes. The manufacturer shall rpport the
materials actually employed to the purchaser.

(b) The fastener materials for structural components
of cranes not included in (a) above shall be in acfordance
with CMAA 70.

(c) When not restricted by para. 1145, the|fastener
materials in Table 4221-2 may be galvanized ¢r coated

0°F

(6) the component is fabricated from normalized
ASTM A537 Class 1 steel and the required test tempera-
ture or the lowest service temperature is greater than
-30°F

4220 Fastener Materials

4221 Material
(a) The fastener materials in Table 4221-1 are consid-
ered acceptable for the structural interconnections of

with zinc-rich p;n'nfc Eastenermaterialswith ahardness

higher than 320 BHN shall not be galvanized.
(d) The fastener finish and tolerances shall be suitable
for the type of connection in which it is employed.

4222 Fracture Toughness

(a) Fastener materials for connections defined in
4221(a) shall be impact tested in accordance with (a)(1)
below except as provided in (b) below. The purchaser
shall provide the minimum operating temperature as
defined in para. 1150.
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Table 4221-2 Fastener Materials That
May Be Galvanized

ASTM A307
ASTM A325
ASTM A449
ASTM A563
ASTM A194

Type 1
Grade DH
Grade 2H

Table 4222-1 C, Energy Values for Fastener Materials

Energy, ft-lb, for Materials of Specified Minimum Yield Strength, ksi [Note (1)]

Over 55 to 105, Incl.

55 or Less [Note (2)] Over7105 to 145, Ifcl.
Nomipal Average Lowest Average Lowest Average Lpwest
Diameter, in. of 3 of 3 of 3 of 3 of 3 pf 3
Over 1 fo 2%, 25 20 30 25 35 30
Over 24 to 4 30 25 35 30 40 35
Over 4 35 30 40 35 45 40

GENERAL NOTE:
NOTES:

(1) When fa minimum yield strength is not a part of the material specification, the actualyyield strength shall be determined per

ASTM A370 and used to determine the required energy.

For restrictions on the use of subsize specimens, see para. 4212(a)(3).

(2) Stock fasteners having an average energy of 20 ft-lb and a minimum energy of<25 ft-lb at —~150°F may be used for minimum opergting

tempefatures above —90°F without additional testing.

(1) ICharpy V-notch tests shall be performed in
accordance with ASTM A370. For bolts and studs, the
sampling shall be in accordance with ASTM A320; For
nuts, the sampling shall be in accordancel with
ASTM A194. The test temperature shall be equal to or
less thar} 30°F below the minimum operating tempera-
ture as defined above. The acceptance €riteria shall be
as showh in Table 4222-1.

(b) Faptener materials shall be-exempt from impact
testing {s required in (a) aboye;,provided the nominal
size of the bolt or stud is 14nyor less.

4230 Welding Materials

4231| Material, “All welding materials shall be in
compliafce with{the requirements of AWS D1.1 and the
additionpl requirements specified herein.
(a) Matching filler metal of adequate toughness per
para. 42B2%shall he used For the shielded metal arc

Table 4232-1 Test Temperature for
Filler Metal — Charpy V-Notch
Impact Tests With 20 ft-lb Average Energy

°F Below Minimum
Operating Temperature

Specified Minimum
Tensile Strength, ksi

75 or less 30
75 to 95, incl. 50
Over 95 70

4232 Fracture Toughness
(a) The filler metal defined in para. 4231(a) shalll be
impact tested in accordance with (a)(1) below except as
provided in (b) below. The purchaser shall provid¢ the
minimum operating temperature as definedl in

welding (SMAW) process, low hydrogen type electrodes
shall be used for the structural connections of Types I
and II cranes per para. 4400.

(b) The filler metal for the structural connections of
cranes not included in (a) above shall be as specified.

(c) If the SMAW process is employed for connections
per (b) above but one of the base metals is on a compo-
nent per para. 4211(a) that is over 2% in. thick, and is
subject to applied tensile stresses in excess of 6,000 psi,
low hydrogen type electrodes shall be used.

para. 1150.

(1) Charpy V-notch tests shall be performed in
accordance with the filler metal specification. The differ-
ence between the minimum operating temperature and
the test temperature shall be in accordance with
Table 4232-1.

(b) The filler metal shall be exempt from impact test-
ing as required in (a) above, provided

(1) the base materials are exempt per paras.
4212(b)(1), (2), (3), or (4), or
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(2) the effective throat of the nominal weld is % in.
or less

4240 Welded Studs

Welded studs shall not be employed for the connec-
tions of the structural components defined in para. 4400.
Studs welded to the structural components of the crane
shall comply with the requirements for studs specified
in AWS D11 _and shall he r*nm}’mh'h]p with the bhase

Table 4251.5-1 Exemptions to
Mandatory Postweld Heat Treatment

Effective Throat of Weld, in.

Material Class Not Toughness Toughness Tested

material.

425D Connections

4251 Welded Connections. Welded connections
shal| comply with the requirements of AWS D1.1 except
as specified herein.

4251.1 Welding Procedures. All welds for Types I
and|II cranes shall be performed in accordance with
writfen procedures that establish limitations of variables
condistent with AWS D1.1. These welds may be either
prequalified or qualified in accordance with AWS D1.1.

4251.2 Qualification Impact Tests. The weld pro-
cedyre qualification shall be exempt from impact testing
as r¢quired per Mandatory Appendix I, para. 1-4251.2,
proyided one of the following is met:

(a) the base materials are exempt per para. 4212(b); or
(bp the base materials are in Material Group 1 of
Table 3.1 of AWS D1.1, the weld is made by shielded
metql arc welding, submerged arc welding, gas metal
arc pelding, or flux cored arc welding, and. the" filler
metgl is exempt per para. 4232(b); or

(c) the base materials are in Material)Group 1 of
Table 3.1 of AWS D1.1, the weld is made by shielded
metgl arc welding, submerged arcwelding, gas metal
arc elding, or flux cored arc welding, and the weld is
postiweld heat treated per para.*4251.5.

4251.3 Combination.of Weld Types. If two or more
of the general types ofiwelds (groove, fillet, plug, slot)
are ¢ombined in a single joint, the allowable capacity of
eacl] shall be separately computed with reference to the
axis|of the group in order to determine the allowable
capdcity ofsthe’combination.

4251.4 Nondestructive Examination Require-
menks.C_All welds shall be visually inspected over their

[Note (1)] Tested [Note (2)] [Notes (2) and (3)]
I 1Y, or less 4 or less
Il 1Y or less 4 or less
I 1Y, or less 4 or less
NOTES:

(1) Groups are per Table 3.1 of AWS D1.1. Carbomand lpw alloy
steels not in this Table shall be exempt from postwe]d heat
treatment for thicknesses of Y, in. or less, provided the carbon
does not exceed 0.35%.

(2) The manufacturer may test materjals of procedures dtherwise
exempted from toughness testing in order to apply this exemp-
tion to postweld heat treating.

(3) Materials qualified by testing/to para. 4212. Weld prpocedures
qualified by testing to~para. 4251.2.

examination of 6ther welds shall be considered as dou-
bled when welds are made from both sides. Ardas exam-
ined shall'‘be randomly distributed along the weld
length.
(1) Full penetration butt welds: 100% vqlumetric
examination by either radiographic or ultrasonjc testing
unless the specification for the crane stipulates which
method to use.
(2) Other welds with an effective throat oyer % in.:
dye penetrant or magnetic particle testing ag follows
unless the specification for the crane stipulatgs which
method to use:
(-a) 100% of each of trolley load girt welds
(-b) 10% of each of the cover plate or flange to
web welds of crane girders
(3) Other welds as stipulated in thle crane
specification.
(4) Lamellar Tearing
(a) Weld joints shall be designed to rhinimize
base material strain in the through-thickness Hirection
due to weld shrinkage.
(b) When base materials are subject|{to weld
shrinkage strains in the through-thickness dirpction in
highly restrained joints (typically thick sectiong utilized
in tee and corner joints), the base materials|shall be
ultrasonically tested in accordance with Mdndatory

entire lengths. Additional inspection and testing of the
joints of the three types of cranes shall be as stated
below. Examination and acceptance criteria of welds and
repairs shall be in accordance with AWS D1.1 unless
otherwise stated below.

(a) Types I and II Cranes. The following inspections
and tests shall be applied to welded structural connec-
tions. Percents of welds specified for inspection are mea-
sured along each face. This doubles the length for fillet
welds on both sides of a joint. The length subject to

Appendix I, para. 1-4251.4.

(b) Type III Cranes. Nondestructive examination
requirements for welds and base metal shall be in accor-
dance with CMAA 70 and the manufacturer’s standards
unless otherwise stated in the specification for the crane.

4251.5 Postweld Heat Treatment
(a) Types I and II Cranes. Welded connections shall be
postweld heat treated (stress relieved) in accordance
with AWS D1.1 except where exempted by
Table 4251.5-1. However, exempted material may be
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postweld heat treated at the manufacturer’s option.
Times and temperatures per AWS D1.1 shall be
employed.

When it is not practical to postweld heat treat an
entire assembly, local postweld heat treatment shall be
employed. Local postweld heat treatment shall be
accomplished by heating a band of metal that includes
the joint. Heating may be obtained by any method that
will ensure sufficient uniformity without harming the

Joints Using ASTM A325 or A490 Bolts.” Bolt holes shall
be subpunched and reamed or drilled. Standard holes
shall have a diameter nominally Y6 in. in excess of the
nominal bolt diameter. Slotted bolt holes shall not be
used except for connections that may require field
adjustment for fitting the crane to the runway.

4252.2 Structural Joints Using Bolts Other Than
ASTM A325 or ASTM A490. Structural joints using bolts

materialf The width of the heated band on each side of
the greatest width of the finished weld shall be at least
twice the effective throat of the weld. The material out-
side the heated band shall be protected to avoid harmful
temperafure gradients.

When([postweld heat treating is employed, the follow-
ing shall be observed.

(1) All required postweld heat treating shall be cov-
ered by p written procedure.

(2) |Localized postweld heat treating may be
employed as stated above, when approved by the design
engineell A written procedure must address the same
seven p¢ints outlined in (a)(3) below for furnace post-
weld hegt treating.

(3) For furnace postweld heat treating, the proce-
dure myst address the following;:

(-f) temperature at start of thermal cycle
(-p) rate of heating
(-f) maximum allowable variation of tempera-
ture thrqughout the portion of the part being treated
(-#) maximum temperature tolerance at stress
relief tethperature
(-p) holding time at stress relief temperattre
(-f) rate of cooling to temperature sditable for
removal [of work from the furnace
(-§) location of thermocouples ahd ‘the number
required
Vibratpry conditioning to improve dimensional stabil-
ity may pe used at the option of the Manufacturer. The
conditiohing shall be done inyaccordance with the rec-
ommendations and procedurés established by the man-
ufacture} of the equipment.
(b) Type 111 Cranes,\The manufacturer shall determine
the neegl for postweld heat treatment. When used,
PWHT dhall comply with AWS D1.1.

425M1.6_Stud Welding. The welding of studs shall
be in ac i - i
base material to which studs are welded shall equal or
exceed 20% of the nominal stud diameter to minimize
burn-through.

4252 Bolted Connections

4252.1 Structural Joints Using ASTM A325 or ASTM
A490 Bolts. Structural joints for structural components
identified under para. 4400 using ASTM A325 or
ASTM A490 bolts shall be designed and installed in
accordance with the AISC “Specification for Structural

otiter tham ASTM AS25 or ASTM A#90shatt bebegring
type and shall comply with the requirements){6r) hon-
high-strength bolts specified in the AISC “Specificgtion
for Structural Steel Buildings, Allowable Sttéss Dgsign
and Plastic Design.” All bolts shall be-torqued to a|pre-
tension load on the bolt of 60% to 70%-of the minithum
yield strength of the bolt materialsStandard holes ghall
have a diameter nominally %¢in."in excess of the nbmi-
nal bolt diameter, except for'\bound bolts.

4252.3 Pitch and Edge Distances. The minithum
pitch between centers‘of bolt holes and minimum ¢dge
distances from thé center of a bolt hole to any edge phall
be as stipulated i the AISC “Specification for Structural
Steel Buildings, Allowable Stress Design and Plastic
Design.”

4252.4 Bolt Identification. The bolting of the
structural joints of the Types I and II cranes shall be
identifiable. A unique marking system shall be us¢d to
identify type and/or grade of bolts and nuts used|

4253 Field Connections. All field connection}s of
structural components shall be bolted unless otherfwise
approved by the purchaser. The manufacturer shallfpro-
vide sufficient information on drawings or in installgtion
manuals on the requirements for all field connectipns.

4300 DESIGN CRITERIA

4310 Basic Allowable Stresses for Structural Stepl
Members

4311 Members Not Controlled by Buckling. | For
members not controlled by buckling, the basic allowable
stresses in structural steel members of the crane phall
not exceed values in Table 4311-1.

uck-
ling. For compression members with an equivalent
slenderness ratio

where
E = modulus of elasticity
oy = yield point
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Table 4311-1 Maximum Allowable Stresses in Structural Steel Members

Stress Type (All Expressed in Terms of o)

Compression

Loading Condition Tension [Note (1)] Shear Bearing
Operating 0.50 0.50 0.4 CMAA 70
Construction 0.50 0.50 0.4 CMAA 70
Severe environmental 0.67 0.67 0.45
Extreme environmental 0.90 0.90 0.5

NOTE:
(1) For gross section.

The|allowable axial compression stress shall not exceed
the yalue
o, = [1 - (kI/r)*/2C?] (a,/ DF)
wheye
DE = design factor

= effective length factor

= length of compression member

= radius of gyration of member
The[required design factor shall be equal to:

K\ (s
5 3(r 1|7
pren 5+§(5)_§(5)

Valye of N for each loading condition is: operating, 1.2;
congtruction, 1.2; severe environmental;-0.9; extreme
environmental, 0.67. For compression metbers with an
equivalent slenderness ratio

kl/r > C
the allowable axial compression stress shall not exceed
the yalue
_ 127°E
T
2 (4]
r

In ljeu of’calculating the allowable stress by formula,
the . . .
be used.

4313 Bending Stress. The allowable bending stress
for members other than those girders conforming to the
dimensional criteria outlined in para. 4333 shall conform
to AISC “Specification for Structural Steel Buildings,
Allowable Stress Design and Plastic Design” Chapter F
divided by 1.12N for the different loading conditions.

4314 Welds. Basic allowable stresses in welds shall
be as specified in AWS D1.1. Allowable stresses for all

bllowable stress listed in AISC divided by N may 4359 combined-Stresses

31

Table 4315-1 Allowable Stresses for
Bolts Other Than ASTM‘A325 or ASTM A490

Stress Type (Expllessed in

Terms of Ultimate [Strength)
Loading Condition Tension Shear
Operating 0.33 0.17
Construction 0.33 0.17
Severe enyironmental 0.44 0.23
Extreme.environmental 0.50 0.26
types of welds may be increased for severe environmen-
tal load combinations by a factor of 1.33, and fof extreme
environmental load combinations by a factor 9f 1.50.
4315 Bolts
(a) ASTM A3250r ASTM A490 Bolts. Allowalple work-

ing stresses for operational or construction lopds shall
be in accordance with AISC “Specification for Structural
Joints Using ASTM A325 or A490 Bolts.” Allowable
working stresses for other loadings shall be aq follows.
(1) Bearing-Type Joints. Allowable working stresses
for bearing-type joints may be increased by a[factor of
1.33 for severe environmental loadings, and by a factor
of 1.50 for extreme environmental loadings.
(2) Friction-Type Joints. Allowable workin,
for friction-type joints may not be increased f;
or extreme environmental loadings.
(b) Bolts Other Than ASTM A325 or ASTM A490.
Allowable stresses shall be in accordance with
Table 4315-1.

F stresses
T severe

4321 Axial Compression and Bending. Members
subjected to both axial compression and bending stresses
shall satisfy the following requirements:

o C x O, C gy
4 M MY <10 1)
g, 1 o4 1 loa
- Oabx - Taby

O-’FX O',Ey v

o Op 9

—+—+—L <10 2

Oac Opbx  Oaby

(
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where
Cn = a coefficient whose value shall be as given in
(a), (b), and (c) below
o = computed axial stress
o, = computed compressive bending stress at the

point under consideration

When o/ g, < 0.15, the following equation may be used
in lieu of the above equations:

4322 Axial Tension and Bending. Members subject
to both axial tension and bending stresses shall satisfy
the requirements of eq. (3). The computed bending ten-
sile stress, taken alone, shall not exceed the applicable
value according to para. 4311.

4323 Shear and Tension
(a) Bolts subject to combined shear and tension shall
be so proportional that the tension stress, psi, produced

by-forces-applied-to-the-connected-paris-shallnetexceed

(o Opx
—+—+
O, Oubx

<10
Oaby

®3)
In egs. (1), (2), and (3), the subscripts x and y, combined
with sulfscripts b, m, and e, indicate the axis of bending
about which a particular stress or design property
applies; pnd o, and oy, are the allowable axial and bend-
ing strespes, respectively. (See paras. 4311 and 4312. Note
that 0, o, in paras. 4311 and 4312; g, = o, as given
in para. #1311 only.)

12°E
Kl )2

r
effective length factor in the plane of bending
= pctual unbraced length in the plane of bending
loading condition factor given in para. 4312
= lorresponding radius of gyration

’
T, =

@)
23N (

(a) Fof compression members in frames subject- to
joint trafslation, C,, = 0.85.

(b) For restrained compression members in’ frames
braced against joint translation and not subject to trans-

verse lopding between their supports in the plane of
bending
M
C, = 0.6-04 ( — ) but.not less than 0.4
M,

where M,/M,; is the-ratio of the smaller to larger
momentf at the ends-of that portion of the member
unbracedl in the plane of bending under consideration.
M;/M, i$ positive when the member is bent in reverse
curvatufre arid negative when it is bent in a single
curvaturg.

the following.
(1) For A325 bolts in bearing-type joints

oy = 55,000R — 1.87 < 44,000R
(2) For A490 bolts in bearing-type’joints
o = 68,000R - 1.87 % 54,000R

(3) For other bolting materials in bearing-fype
joints

o)== 0.60,R - 1.67

where 7 (the shear stress produced by the same fofces)

shall not exceed the value for the shear given in

para. 4315 0; is the yield stress (the proof stress jmay

be used) R is given as follows:

(-a) operating conditions: R = 1

(-b) construction conditions: R = 1

(-c) severe environmental conditions: R = ].33

(-d) extreme environmental conditions: R =|1.50

(b) For bolts used in friction-type joints, the ghear
stress allowed in para. 4315 shall be reduced so that:

(1) for A325 bolts

7, = 15,000 (1 — 0} Ap/Ty)
(2) for A490 bolts

7, = 20,000 (1 — oy Ay/Ty)

where
A, = tensile stress area
T, = specified pretension load of the bolt
oy = average tensile stress due to a direct Joad
applied to all of the bolts in a connection|
In friction-type joints, the allowable shear stress[may

not be increased due to environmental conditions.

(c) For compression members in frames braced
against joint translation in the plane of loading and
subjected to transverse loading between their supports,
the value of C,, may be determined by rational analysis;
however, in lieu of such analysis, the following values
may be used:

(1) For members whose ends are restrained,
Cn = 0.85.
(2) For members whose ends are unrestrained,

32

4324 Shear and Bending. The maximum combined
shear stress due to shear, bending, and direct stresses
shall not exceed the allowable values for shear as given
in para. 4311, except that in severe and extreme environ-
mental conditions, the allowable shear stress may be
increased by 20%.

4330 Buckling

4331 Local Buckling or Crippling of Flat Plates. The
structural design of the crane must guard against local

Cn = 1.0.
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buckling of plates such as webs and cover plates of
girders, etc., by limiting the allowable compression
stress along opposite edges and the uniformly distrib-
uted shear stress assumed to be acting around all edges
of the plate or a combination of both.

The critical buckling stress, o, shall be assumed to
be a multiple of the Euler stress, o,

These formulas assume o, to be 1.32 times the propor-
tional limit o,

4332 Combined Compression and Shear Buckling.
Taking o, and 7 to be the calculated compression and
shear stresses, respectively, in a plate, the critical com-
parison stress shall be calculated as follows:

> Ocre = (10
e TE (1) Zaa?
121 - w) \b) A
2 2|1/2
whepe ET (§)+[(_3;Bx§) +(;)]
4 = plate width measured in the direction perpen- ¢ ¢ .

dicular to the compression force

H = modulus of elasticity in compression (for steel,
29,000,000 psi)

1 = thickness of plate, in.

Poisson’s ratio (for steel, 0.3)

=
I

The|critical buckling stress in the elastic range

2
b mE 5)
\/E 12 (1 - 42) 0.7576 0,
where

= buckling coefficient (Table 4332.1-1)
= K, for compression
= K, for shear

7
bt (262 %10 ©
JK 0.75760,

b >30.99

K

~
|

For farbon steel

=

For |A36 steel

shal] be assumed to be

oy =, 0K, (for compression)

K.
T = 0, —= (for shear)

7

B is the stress ratio as defined in Table 4332.111.

4332.1 Design Factors<in.Plate Buckling|(DFB).
The critical comparison &tress o, for plates|shall be
compared with the equivalent compression stfess of

o+ 37

Oce =

Design factofs’ DFB required for buckling are ap follows
(B is defined)in Table 4332.1-1):

Crahe Loading Condition Design Factor DFB

2+03(8-1)214
2+03(8-1)214
15+ 0.125 (8 - 1) 2 1.25

135 + 0.075 (8 - 1) |k 1.20

Operating
Construction

Severe environmental
Extreme environmental

Therefore,

o, X DFB < oy,

4333 Proportion for Fabricated Box Girders. The
ratio of I/h shall not exceed 25; the ratio of I/b shall not
exceed 60; and the ratio of b/t shall not exceed

7
\/ (2'62+’710)K” X % (operating conditidn)
(where b is the unsupported plate width betwepn longi-
tudinal stiffeners, webs, or cover plate) or
30.99 /K, (2/DFB) operating condition for A36 steel.

b = distance between web plates, in.

h = depth of web, in.

I = span, in.

t = thickness of web plate

whejre
b/t ' ’E
- = + 7)
\/E 12 (1 - u?)0.75760,
The critical buckling stress shall be assumed to be
O'y(o;K,,)2 .
Ty = (for compression) (8)
0.1836 (0;)* + (aK,)*
ay(o Ko)?
Top = (for shear) )

J310.1836 (0, + (7K1

4334 Spacing of Transverse Stiffeners. The spacing
of the transverse stiffeners a4, in., shall not exceed the
amount given by the formula

11,068t
a =
J
where
c = spacing coefficient (see table below)
t = thickness of the web plate, in.
7 = shear stress in plate, psi
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Table 4332.1-1 Value of the Buckling Coefficients, K, and K, for Plates Supported at Their Four Edges

No. Case o=y K, or K.
— -
1 Simple uniform compression: > > bl | =< a1 Ky = 4
— -
2
01 = 02 > - a<l1 K,=| a+ l
02 |<— a —»I 7 a
8.4
; ion- c —_ -~ =
2 Nonuniform compression: : 1 e T1< o> 1 Ky B+id
—> e -
OgB=1 j02=ﬂ01 - - 1\ 21
| a a<1 Ky = a+ P B+ 1a
3 Pdre bending: 8 = -1 g -> -  ax? K, = 23.9
or|bending with tension : b :: ol
preponderant: 8 < -1 - > a<?* Ky = 1587452+ 8.6a°
0, = fo, |<— a —»I @
4 Bgnding with compression 01 > - K, 27+ BK - BK” + 108(1|+ B)
) - - -
preponderant: -1 < 8< 0 - b > Gne
- -> K = value of K, for 8 = 0 in|Case
o2 = fo, f—a— No. 2
K” = value of K, for pure bending
(Case No. 3)
-— -
5 Pdre shear _ 4
. YN st KT—(5.34+—2)\/§
* o
- = 5.34
Ko=|4+>>]/3
> a<l ( + 22 )\/—

GENERAL NOTE:

in which the plate is supported along its edges (simply supported), and the type of loading sustained by the plate. For other cases than

covered by this Table, further appropriate analysis should be made)

nor shal] it exceed 72 in. or h, the depth ofthe web,
whichevgr is greater.

| .oading Condition Spacing Ceefficient

Opperating 1.00
Cqnstruction 1.00
Sefere environmental 0.75
Exftreme environmental 0.60

4335 Stiffness of Langitudinal and Transverse
Stiffeners. The requiréd stiffness of the longitudinal
stiffener| and the stiffriess of the transverse stiffeners
shall be fin accordance with CMAA 70.

4340 Allowable Deflections and Cambers
4341 H flnri’inn 'T']’n:h maximiim vnrl—ir*n]

The definitions of K, and K, are in this Table, and depénd on the ratio @« = a/b of the two sides of the plates, the mpnner

hose

displacements do not cause the girder or any (f its
attachments to become dislodged or to leave the cfane.

4342 Girder Camber. Box girders shall be cambered
an amount equal to the dead load deflection plus [one-
half of the deflection caused by the rated load and trplley
[camber = APy, + 0.5A(Py; + Pj)].

4343 Trolley Frame Deflection. The trolley ffame
shall be of rigid construction such that lifted loads do
not cause deflections that impair the proper opergtion
of machinery.

4344 Miscellaneous Structure Deflection. Ddflec-
tions of components such as end ties, end trucks, saddles,
and equalizer beams shall not impair the functionp for

deflection of the girder resulting from the weight of the
trolley and rated load (P, + P;,) shall not exceed oy
of the span for Type I cranes or Y%gs of the span for Types IT
and III cranes. Also, the maximum vertical deflection of
the girder resulting from the weight of the trolley and
construction load (P + P.,) shall not exceed %, of the
span. The weight of the bridge and the vertical inertia
forces shall not be included in determining deflections.

The total vertical or lateral deflection of the girder
during environmental loading shall be limited such that

which they were designed or cause any attachments to
the crane to become dislodged or to leave the crane.

4345 Gantry and Semigantry Crane Structural
Deflection. The following additional requirements shall
apply to gantry and semigantry cranes:

(a) The girder deflection of gantry and semigantry
cranes shall not exceed that stated in para. 4341 when
the deflection is calculated as a simply supported beam,
where the girder span of a gantry crane is the center-
to-center distance of the legs at their connections to the
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girder and the girder span of a semigantry crane is the
distance from the upper crane rail to the center of the
leg at its connection to the girder.

(b) The total vertical deflection of the girder cantilever
shall not exceed Y of the cantilever length for the rated
live load plus trolley (P4 + P;;) when the deflection is
calculated as a fixed end cantilever beam.

(c) Side thrust at the runway rail due to gantry leg
spreading caused by girder span or cantilever deflection

intermittent welds, points of attachment, cutouts, and
reentrant corners. All reentrant corners shall be shaped
notch free to a radius of at least % in. Sharp corner
cuts are to be avoided, as are abrupt changes in section
properties. Cutouts, where necessary, shall be made with
rounded corners, and their edges shall be analyzed for
reinforcement.

4420 Bridge Girders

or tHermal movement shall be held at an acceptable level
by groviding adequate clearance between the rail head
and|the wheel flanges, or by means of other design
featfires incorporated into the gantry structure.

435

Ctanes used for nuclear power plants are normally
used relatively few times during the entire life of the
plant, as compared to typical structural fatigue criteria.
Thenumber of times a typical crane is cycled from no
live[load to full capacity load seldom exceeds 20,000
cycles during the entire life of the crane. Because of the
compined effect of low full-load cycles and low allow-
able| stresses during normal operation, the allowable
stregses for the structural members, as specified in para.
431(, need not be reduced due to fatigue.

If|the purchaser determines that greater than 20,000
full{oad cycles are required, the purchaser shall then
spedify the cycles and load class per CMAA 70. The
alloyvable stresses for the appropriate service level: it
CMAA 70 shall be used, but shall not exceed the basic
opefating stress allowables specified in para. 4310

D Fatigue Requirements

4400 COMPONENT DESIGN
441

4411 Venting. Closed sections)used in structures
that|are subject to changes in pressure shall be vented.
If uged, vent openings shall beé sized to equalize the
intefnal closed section (of\compartment) pressure with
its gxternal environmental pressure. Pressure rate of
charjge tables or graphs may be required to determine
maximum flow réquirements. Where internal full depth
diapfhragms extend from the top flange to the bottom
flange, the edmpartment formed by a pair of diaphragms
shal| be vented.

4412Drainage. Box sections when required by envi-

D General

4421 General. The crane girders (bridge
shall be fabricated of structural steel. Structy
materials shall comply with the requirements
4210. Construction of the crane girders can be ¢
types, namely, welded plates to fofm box sectjons, box
sections fabricated from rolled.shapes with o1 without
plates, single-rolled shapes, ot built-up single web plate
girders.

girders)
ral steel
of para.
f several

4422 loading Criteria. Bridge girders|shall be
designed to resist the load combinations spdcified in
para. 4140. When bridge girders and end|ties are
moment-contected in the horizontal plane, the §gssembly
shall becsanalyzed as a rigid frame for the tgansverse
horizontal loads.

4423 Fabricated Box Girders

4423.1 Proportions. Proportions for fabricated
box girders shall be as specified in para. 4333

4423.2 Stiffeners. The requirements of l¢ngitudi-
nal and vertical stiffeners are given in para. 4330} Internal
full depth diaphragms are required at machinery attach-
ment points, bridge drive supports, and line shaft bear-
ing supports.

The diaphragms may also be considered to
requirements of the vertical stiffeners. External
adjacent to the diaphragms may be required to
forces from the attachments into the girder.

meet the
btiffeners
transmit

4423.3 Diaphragms. All internal diaf
shall be fitted to bear against the top cover
support the trolley rail, and shall be welded tg
plates to transfer the rail load directly to
girder webs.

hragms
plate to
the web
the box

4423.4 Diaphragm Spacing. Short diaphragms
shall be placed between full depth diaphragms so that

ronmental conditions shall be drained to prevent mois-
ture from accumulating. Where internal full depth
diaphragms extend from the top flange to the bottom
flange, the compartment formed by a pair of diaphragms
shall be drained. Holes shall be provided in the bottom
flange of the box girder for draining the whole box girder
or each compartment formed by the diaphragms.

4413 Stress Concentrations. Consideration shall be
given to points where high stresses might be encoun-
tered, such as (but not limited to) at ends of stiffeners,

35

the—raximum—distance—between adjcu.cut cher hragms
will limit the maximum bending stress without impact
in the trolley rail to gy,

Oap =

(trolley wheel load, Ib)(distance between diaphragms, in.)

6 (minimum section modulus of rail, in.%)

For operating and construction loading, o, = 18,000 psi.
For severe environmental loads, o,, = 24,000 psi. For
extreme environmental loads, o,;, = 32,400 psi.

(
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The top cover plate of the box girder shall not be
considered as contributing to the bending properties of
the trolley rail.

4423.5 Diaphragm Thickness. The thickness of the
diaphragm plate shall be sufficient to resist the trolley
wheel load in bearing, on the assumption that the wheel
load is distributed over a distance equal to the width

of the rail base plus twice the distance from the rail base
to the top of the r*]inp]nvngm P]q'-o

4441.5 Wheel Base. The wheel base of the end
trucks of four-wheel cranes, or center-to-center of outer-
most wheels of multiple end trucks for cranes with more
than four wheels, shall be not less than one-seventh of
the girder span.

4441.6 Rail Sweeps. A rail sweep shall be pro-
vided in front of each outside wheel. The rail sweep
shall project below the top of the bridge runway rail.

4424 Single Web Girders. Single web girders may
be standard rolled beams or plate girders, reinforced
with angdles, channels, or plates. Where necessary, auxil-
iary girders shall be used to support overhanging loads
to minimize torsional moments and lateral deflections
on the sihgle web girder. The analysis required for single
web girders shall be the same as required for the plate
box girder in para. 4423. The design shall be in accor-
dance with the AISC Specification for the Design,
Fabricafion and Erection of Structural Steel for
Buildings, but with the allowable stresses set forth in
para. 43]0.

4430 T
4431

lley Frames

Construction. The trolley frame shall be con-
structed of structural steel. If field assembly of the trolley
structurg is required, the connections shall be designed
to ensurp proper alignment of the components.

4432

443p.1 Trolley Frame. The trolley frame shall*be
designed to resist all loading imposed by the miotor,
gearing, [lifted load, and the load combinations-specified
in para. #140.

4432.2 Load Girt. The load girt(s) shall be
designed to carry the load to the side frames. Care shall
be takenr| that the load girt deflections’do not adversely
affect the machinery alignment:

4433
ventad

Design

Axle Failure. Proyisions shall be made to pre-
op of more than T;in. in case of an axle failure.

4440 End Trucks and_End Ties
4441| End Tracks

44401.1 CGeneral. The end truck is the assembly
consisting\ot wheels, bearings, axles, and structural

4442 End Ties

4442.1 Construction.
structed of structural steel.

The end tie shall, be

con-

4442.2 Types. End ties for cranesywith more fthan
four bridge wheels can be either (the flexible or figid
type. If equalizer bridge trucks af€ incorporated intp the
end carriage design to promete€ equal sharing of bijidge
wheel loads, and equalizerpins are provided betyeen
the equalizer trucks andiequalizer beam and/or the figid
bridge frame structure, a'rigid-type end tie may be ysed.
If equalizer pins are not provided between the equallizer
trucks and equalizer beam and/or the rigid bridge ffame
structure, a flexible end tie must be used.

4442 3" Design. End ties shall be designed to fesist
the loads due to crane movement and the load comlpina-
tions.specified in para. 4140.

A rigid frame analysis shall be used to determing the
proportions of the loads resisted by the end ties anid by
the girders. The flexible end tie shall be designdd to
accommodate up to ¥ in. difference in elevation of the
bridge rail between any wheels or pair of wheels without
exceeding allowable stresses.

4450 Gantry Frames

4451 General. Gantry frames shall be fabricat¢d of
structural steel. The structural members assembldd to
form the gantry frame may include, but are not linpited
to, the following: girders, end ties, legs, trucks, fsills,
struts, saddles, and equalizer beams. Structural pteel
materials used in the gantry frame members shall ¢om-
ply with the requirements of para. 4210.

4452 Loading Criteria. Gantry frames shall be
designed to resist the load combinations specifigd in
para. 4140. The gantry frame assembly shall be analyzed

frame that supports the crane bridge.

4441.2 Construction. The end trucks shall be con-
structed of structural steel.

4441.3 Design. The end truck shall be designed
to support the maximum crane end reactions for the
load combinations specified in para. 4140.

4441.4 Axle Failure. Provisions shall be made to
prevent a drop of more than 1 in. in case of an axle

36

dS d three-dimensional structure.

4453 Gantry Legs. Gantry legs shall be designed
to withstand the load combinations specified in para.
4140. The legs shall be constructed of structural steel,
and their configuration may vary according to the clear-
ance and overall crane geometry required.

Gantry legs constructed of box sections shall be pro-
vided with diaphragms to maintain the leg geometry.
The legs shall be stiffened to meet the requirements of
para. 4330.

failure.
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4454 Struts and Sills. Struts and sills are used to
connect the legs and joining members. They shall be
designed to resist the load combinations specified in
para. 4140. Struts and sills shall be constructed of struc-
tural steel.

4455 Saddles and Equalizer Beams. Saddles and
equalizer beams are used to support the crane structure
and are themselves supported by the gantry trucks.

Theirpurpose-is-to-distribute-the loading at-one-corner
r r O

Fastening of rails to the supporting structure shall be
appropriate to transfer the calculated horizontal and
vertical forces.

4470 Footwalks, Handrails, Platforms, Stairs, and
Ladders

4471 General. Platforms and footwalks shall be
provided as required for access and maintenance.
Dimensions and clearances for footwalks, handrails,

of the crane equally to the bridge wheels at that corner.
shall be constructed of structural steel. Saddles
and jequalizer beams shall be designed for the load com-
binations specified in para. 4140.

Plates or hubs used in saddles or equalizer beams to
suppport trunnions and rotating pins shall be designed
to njeet the bearing stress specified in Section 5000.

456 Gantry Wheel Base. The wheel base of the
end [trucks of four-wheel gantry cranes, or center-to-
centpr of extreme wheels of multiple end trucks for gan-
try qranes with more than four wheels, may be required
to exceed that ratio specified in para. 4441.5. The gantry
strugture height may necessitate an increased wheelbase
in ofder to gain gantry stability and to reduce gantry

used in the unrestrained operating condition and
jected to the load combinations specified in para:
414(). During severe environmental, extreme enyiron-
merital, or abnormal event loading, the gantry“crane
shal|] have a safety factor of not less than.1.1" against
ovefturning. Restraints may be used jto prevent
ovefturning.

446D Rails

4461 Requirements. All bridge and trolley rails
required to transmit verticahdewn and horizontal loads
due fo normal and construction loads only shall conform
to te ASCE, ARA, or. AREA specifications. When these
rail$ are used on<Pypes I and II cranes, secondary
restaints that are not necessarily in contact under nor-
mal[loading,/conditions shall be provided to resist the
vertjcal up ‘and horizontal loads due to severe environ-
merjtal and extreme environmental loading conditions.
Rail required to transmit vertical up and/or horizontal

platforms, stairs, and ladders shall be in accordgnce with
the latest edition of OSHA.

4472 Materials. Materials for constrtictio
walks, handrails, platforms, stairs, and laddfers shall
meet the requirements of para.(4200, except|that the
requirements of para. 4212.nieed not be considered.
ASTM A569 is an acceptable material for netal bar
grating.

4473 Design. Footwalks, handrails, plhtforms,
stairs, and ladders shall be designed for the appropriate
dead load and the'live loads as specified in tHe OSHA
standards. Strtictural design shall be in accordgnce with
para. 4300,

4480 -Operator’s Cab

4481 General

(a) The standard location of the operator’s fab shall
be at one end of the crane bridge on the driving girder
side unless otherwise specified. It shall be so l¢cated as
not to interfere with the hook approach. The operator’s
cab shall be open type for indoor service unless other-
wise specified. Dimensions and clearances shall be in
accordance with the latest edition of OSHA.

(b) Cabs shall be provided with ladder or
leading to the bridge footwalk.

(c) The arrangement of equipment in the cah
approved by the purchaser.

(d) Cabs shall be designed for maximum |operator
visibility. A visibility diagram shall be furnishpd to the
purchaser for approval.

(e) If specified by the purchaser, the cab sha
vided with heating, ventilating, and
conditioning.

(f) The operator’s cab shall have a clear height, with
equipment installed, of not less than 7 ft. Provigion shall
be made in the operator’s cab for placement of the neces-

of foot-

stairway

shall be

1 be pro-

or air-

loads due to severe environmental and extreme environ-
mental loading conditions shall meet all of the require-
ments of a structural steel member as covered in paras.
4200 and 4300.

4462 Fastening. Bridge and trolley rails shall be
joined by standard joint bars or welded. For other than
polar crane runway rails, provision shall be made to
prevent creeping of the rails by means of a positive stop
at the ends of the rail. Rails shall be securely fastened
in place to maintain center-to-center distance of rails.

37

satry-eqtipment-wiringand-fittings—Adeabsshould be
provided with a swiveled seat unless otherwise
specified.

4482 Materials. Materials for construction of the
operator’s cab shall meet the requirements of para. 4200,
except that the requirements of para. 4212 need not be
considered.

4483 Design. The operator’s cab shall be designed
for appropriate dead and live loads. Structural design
shall be in accordance with para. 4300.

(
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4484 Construction

4484.1 Enclosed Cabs. Enclosed cabs shall have
watertight plate roofs that slope to the rear and shall be
provided with sliding, hinged, or drop windows on the
three sides, and with sliding or hinged doors. Steel plates
for enclosing sides, when used, shall be not less than
Y-in. thick. The window sash shall be equipped with
clear shatterproof glass installed from the inside so that
if it is disledeed—twd in—the—cab— i

shall be

guard, extending to within 2 in. of the floor, and shall
be provided with handles and stops that will prevent
catching the user’s hands or toes when operating the
windows. Drop windows shall be counterweighted.

4484.2 Open Cabs. Open cabs shall be enclosed
with panels not less than %-in. thick or standard railing
42-in. high. Railing enclosures shall be provided with
midrail and steel toe plate. Where the top rail, or top

e lovision, Hmay

P S o

P 7

be lowered, with the purchaser’s approval.
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Section 5000
Mechanical

5100 _GENERAL

Sqction 5000 specifies design criteria for mechanical
components of Types I, II, and III cranes. Unless other-
wis¢ stated, the design requirements and allowable
stregses are based on Allowable Stress Design (ASD)
usirlg classical Mechanics of Materials/Strength of
Matgrials methodologies.

511D Load Spectrum Crane Classification

5111 Type | Cranes

(a) The design of the mechanical components of the
crange is based on the loading conditions, the operating
freqpency, and the operating cycle in respect to the func-
tion|within the facility. This specific load spectrum infor-
matjon, or a realistic estimate of the anticipated load
spedtrum, shall be conveyed to the crane manufacturer
by the purchaser.

(b} For a crane having a specific operating cycle such
as a fypical polar crane, the service condition (load’spec-
trunp) can be determined by the number .0f\.0perating
cycles per hour, the type and magnitude of applied
loads, the distance of travel motion, and.the number of
opetating hours by given time petiod. The user shall
alsolestablish the service life andreliability requirements
e crane, considering sueh factors as technical, eco-
ic, environmental, and-probability of obsolescence.

ill represent the duty cycle for the crane. This duty

the following criteria shall govern:

(1) All mechanical components in the crifical load
path, or whose failure could result in.uncgntrolled
movement of a critical load, shall be designed fdr infinite
fatigue life.

(2) Travel drives are exempted from infinife fatigue
analysis where the maximum excursions dup to any
postulated failure are fagility acceptable.

(3) Fatigue analysis shall be based on crahe maxi-
mum rated load.

(4) Design eonsideration shall be taken fo ensure
that the failure of catalog-purchased components during
the projected) life of the crane will not result ih facility
unacceptable excursion of the critical load.

hnmp]nfo certified crane load cucle or load QJgectrum’

5112 Types Il and Ill Cranes. The load gpectrum
of Types II and III cranes shall be in accordapce with
specification CMAA 70 classifications.

5120 Hoisting Units

5121 Type | Cranes
(a) The hoist components shall meet the requirements
of this Standard, as applicable.
(b) The hoist drive system shall be designegl to pro-
vide assurance that a failure of a single hoist m¢chanism
component would not result in the uncontroll¢d move-
ment of the lifted load. This can be accomplishe¢d by the
application of a single (Fig. 5416.1-1), dual (Fig. $416.1-2),
and/or redundant (Fig. 5416.1-3) hoist mgchinery
arrangement. The wire rope drum is exempted from this
requirement.
(c) Critical load excursions due to failure in|the dual
load path shall be determined and certified as fo facility
acceptability.
(d) Hoisting machinery shall be designed for|the max-
imum braking torque.

() The hoistingmachinervand wire rope ree Ilng Sys_

cycle or service data for each individual motion of the
crane shall be recorded on the Crane Service Data Record
Form 1.00 (see Fig. I-5111), and shall become part of
the contract between the crane manufacturer and the
purchaser.

(c) The design for fatigue analysis shall be considered
for the critical components of the crane mechanical com-
ponents. The cumulative fatigue usage factors shall
reflect the effects of all loads sustained from both the
construction and operating periods. In absence of a

tem, in addition to other affected components, shall be
designed to withstand the most severe potential over-
load, including two-blocking and load hangup, with
allowable stresses limited in accordance with paras.
5321.2 and 5425.1. Design calculations and component
sizing shall take into consideration the maximum forces
resulting from the kinetic energy of the hoisting machin-
ery operating at maximum normal full-load or unloaded
operating speed at the onset of the overload condition.
Motor stall torque shall be considered, as well as all
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other factors contributing to maximum loading of the
equipment components. 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 hangup shall permit the hoisting
machinery and crane to be returned to service without
need for repair or replacement of components. Should
any device in the hoist drive train (including but not
limited to a clutch or torque limiting means) fail to

(c) The acceptance criteria for all items listed in
Tables 7210-1 and 7210-2 shall be in accordance with
para. 7100.

5160 Nomenclature

The following nomenclature is used in Section 5000
and is listed according to the article heading where it
appears.

hold the[load, the emergency brake (or other secondary/ 5161 Drum S'hetl'besrgn'(S‘erPara—S'#rrS')—
redundgnt load path) shall be caused to engage (or DFB = design faCtOlj for buckling/yield
remain gngaged) and safely retain the load. d, = drum root diameter at rope grooyes, fn.
E = modulus of elasticity, psi
5122| Types Il and Ill Cranes. Hoist components of Mg = maximum bending moment of drum ghell,
Types Il gnd III cranes shall be in accordance with CMAA in.-Ib
70, exceppt as specified herein. Hoisting machinery shall P = pitch of drum rope, i
be desighed for the maximum braking torque. R, = maximum hoist rope load on drum, lp
t, = nominal drum Shell thickness, in.
5130 Bridge and Trolley Drives t; = minimum dfum shell thickness, irlé
Zp = section modulus of drum shell, in.
5131 .Type | Cranes . At = reduction of nominal drum shell thick-
(a) Difive components shall meet the requirements of nes<An
this Star|dard, as applicable. — D4 N\ .
. . . n = FPoisson’s ratio
(b) In|travel dr1\.7es, smgle-fallure-proof features are i = dllowable shear stress, psi
gengrall‘/' not requm.ed. However, in those c;ases Whgre Tmag = maximum shear stress, psi
a failure|in the braklpg mode cogld result ina facility gui = allowable combined stress, psi
u.naccep_table excursion, the design shall incorporate & = drum shell bending stress, psi
single-fafilure-proof features to ensure that the crane can gc = drum shell crushing stress, psi
be brought to a safe stop. ] Ocomp = combined drum shell stress, psi
(c) A manu_al means shall be .pr0V1ded.to move the 0w = critical buckling stress, psi
trolley ahd bridge when power is not available. oo = elastic critical buckling stress, psi
5132 Types Il and Il Cranes. Drive comperents owr = minimum ultimate strength, psi
shall be n accordance with CMAA 70, exceptas speci- 0y = minimum yield stress, psi
fied hergin. 5162 Allowable Strength Horsepower, P, (Geafing)
. [See Para. 5413.1(a)]
5140 General Mechanical Componerts d = operating pitch diameter of pinion, in.
5141|Type | Cranes. Couplings, wheels, axles, drive F = pet face quth of narrowest member of the mat-
shafts, bearings, fasteners, gear cases, enclosures, ng gears, n. .
guards, pumpers, stops, and limit switches shall meet I = geometry factor for bending strength
the requjrements of this Standard, as applicable. Kp = rim thl.ckr}ess 'factor
K,, = load distribution factor
5142| Types Il and NI Cranes. General mechanical K, = dynamic factor
componfents shallbe in accordance with CMAA 70, n, = pinion speed, rpm
except ap specifiéd’herein. P, = allowable transmitted power for bendling
strength, hp
5150 C1itical Items P, = transverse diametral pitch, in.7!
Si = crane class factor (strength)

Critical items for a single-failure-proof handling sys-
tem on a Type I crane are those components that are
located between the load and the source of energy hold-
ing the load.

(1) These components require special consideration as
to material, design, control of manufacturing processes,
and examination of final product.

(b) Table 7210-1 lists the tests and the inspections that
are to be applied to critical items in accordance with the
requirements of Section 7000.

40

s, = allowable bending stress number, psi

5163 Allowable Durability Horsepower, P, (Gearing)
[See Para. 5413.1(b)]

Cu = hardness ratio factor for pitting resistance
C, = elastic coefficient, (psi)l/ 2
d = operating pitch diameter of pinion, in.
F = net face width of narrowest member of the
mating gears, in.
I = geometry factor for pitting resistance
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K,, = load distribution factor Kyn = for tension—compression
K, = dynamic factor Kys = for shear
n, = pinion speed, rpm Knr = for torsion
P,. = allowable transmitted power for pitting resist-
ance, hp (d) Service Factors
Sy = crane class factor (durability) Ksp = for benc}ing .
s,c = allowable contact stress number for material, Ksy = for tension—compression
psi Kss = for shear
Ksr = for torsion
W&;’a&y—ﬂvaﬂuﬂ.—%r@eaﬁ"g)
[Seq Para. 5413.1(c)] (e) Moments and Forces
F = net face width of the narrowest member of Mp = bending moment, in.-kip
the mating gears, in. M7 = torsional moment, in.-kip
] = geometry factor for bending strength P = load (weight, force, or transverse sHear load
P; = transverse diametral pitch, in.! reaction), kips
5,y = allowable yield stress number for material, Q = static moment about.the neutral axfis of the
psi area of that portion of the compongnt cross-
Wy = allowable momentary overload, Ib section beyond\the place where the| shear is
. .3
5165 Gear Efficiencies [See Para. 5413.1(g)] b_emg Cal.cula.ted, in.
E|= efficiency r = fillet radius; in.
N|= number of gear reductions (f) Stress Eluctuation Ratios
5166 Reeving Efficiency (See Para. 5429) Rp = ogmin./op max. for bending
E = overall combined efficiency Ry = ‘gy min./ oy max. for tension—compregsion
H; = combined efficiency of ropes on drum and Rs =)75 min./ 75 max. for shear
antifriction bearings R\= 7 min./ 7+ max. for torsion
El = combined efficiency of gear reductions and . . .
antifriction bearings (¢) Dimensions and Propertzes3
El" = combined efficiency of rope on sheaves Sp = section deulus, in. 4
| = total number of rotating sheaves divided by Sr = polar section modulus, in.
the number of ropes off drum t = thickness of component where stresq is being
1 = number of gear reductions calculated, in.
oyr = minimum ultimate tensile strength| at mid-
5167 Tablg 545?.3'1 . . radius, ksi
b| = effective width rail head, in.
D= diameter of wheel, in. (h) Maximum Allowable Stresses
P|= allowable wheel load, Ib opa = for bending, ksi
5168 Nomenclature (Analytical Procedures; See ona = for tension-compression, ksi
Pard. 5472) oxa = for stress about the X axis, ksi
(a) Symbols oyy = for stress about the Y axis, ksi
A = effective cress-Sectional area of critical sec- 7 = for comb'med (equivalent) s'hear, ksi .
tion, in.2 tn = for torsional shear (equivalent tprsional
I} = large diameter of a stepped shaft or round shear) stress
baryin, . .
{ i) Working Stresses
4 = small’ diameter of a stepped shaft or round W _ & > .
5 o = bending stress, ksi
Ar, 1n. . .. g o = equivalent bending (bending anfl shear)
[ =“moment of inertia, in. chrace i
klp_ - 1’,000 b . oppy = equivalent bending (bending and tension-
ksi = kips per sq in . .
’ compression) stress, ksi
(b) Equivalent Stress Factors orny = equivalent tension-compression (tension—
Kgg = for combining bending and shear stresses compression an.d shear) stress, ksi
Ky = for combining tension—compression and Oexy = equ%valent biaxial S.tre§s, ksi .
shear stresses oexyr = equivalent stress (biaxial and shear), ksi
Kpxy = for combining biaxial stresses oy = tension-compression stress, lfSl .
ox = normal stress about the X axis, ksi
(c) Stress Concentration Factors o = normal stress about the Y axis, ksi
Kng = for bending 77 = equivalent torsional shear stress, ksi
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75 = shear stress, ksi
7r = torsional shear stress, ksi
7xy = shear stress in the X-Y plane including tor-
sion, ksi

5169 Analytical Method for Hook of Approximate
Trapezoidal Shape (See Para. 5477)

A = area of cross-section, in.?
b; = inside width of equivalent trapezoid
bo — outside width of eguivalent h‘apo'ﬂ'\iﬂ

5300 DESIGN AND PERFORMANCE CRITERIA
5310 Load Combinations

(a) The individual mechanical components of the
overhead or gantry crane shall be designed to provide
a design factor specified for that component to resist
the forces resulting from the combination of loading
specified for the component. The load combinations that
must be considered for the individual components vary

1
h, ¥ depth of equivalent trapezoid
Ks ¥ factor
r; ¥ inside radii of equivalent trapezoid
1, ¥ outside radii of equivalent trapezoid
Sy F stress bending
S; ¥ stress-direct tension
F stress maximum
S, ¥ stress augment

5200 :IrrTERIALS
5210 Material (Type | Crane)

Nonmfetallic materials shall not be used for compo-
nents within the load path of the lifted load, with the
exceptioh of brake friction material. Cast iron with less
than 15% elongation shall not be used for components
within the load path of the lifted load, with the exception
of electrfic motor frames, hydraulic components, and
brake wheels. Also, with the exception of sleeve and
thrust bparings, friction components, or as otherwise
noted bglow, hoist components shall be made of steel,
and the mmaterial elongation properties of the following
components shall not be less than 12%:

(a) hopk and hook nut

(b) hopk trunnion or cross-head

(c) logd block frame/structure

(d) upper block frame/structure

(e) eqalizer frame/structure

(f) sh¢aves

(g) shpave pins

(h) eqpalizing bar pins

(i) shqfting and external‘shafting bearing housings

(j) shafting keys andhcouplings (including hoist drum
couplings)

(k) hojst drum«emponents and external drum shaft
bearing housifigs

(1) hojst-drum retention components [components
required-perpara—bH-Ab)requirements]

with the component, and frequently include maxithum
loadings calculated in the electrical or structuralsedtion,
i.e., motor torque of a motor or live load inaluding yind
and impact.

(b) Certain components must be deSigned for seipmic
loading as a part of the load combinations. If a Ihmp
mass approach is used in the seismic design, the meth-
ods of structural design calculations within Section #000
will provide the values of the'dynamic analysis thaf will
be determined for location, magnitude, and direg¢tion
for forces to be usedtas' equivalent static loading.| The
extent of seismic, consideration necessary for the three
types of cranes-is‘as follows.

(1) For Type’l Cranes. Seismic loading shall be jonly
to ensure yetention of the load and the preventign of
any compenent from becoming a missile that would be
detriméntal to the facility’s safety related equipmgnt.

(2) For Type Il Cranes. Seismic considerations phall
be'made to ensure that no component of the crane cpuld
become a missile that would be detrimental to the facili-
ty’s safety related equipment.

(3) For Type III Cranes. Seismic analysis i not
required unless specified by the purchaser.

5311 Design Loads — Hydraulic Components for Types
I, Il, and Il Cranes. The design selection for hydrpulic
components shall be based on the rated load.

5320 Allowable Stresses
5321 Type | Cranes

5321.1 Normal Operating Conditions. All Joad
combinations and factors, including stress concehtra-
tions, shall have a service factor of 1.0 or more based on
the design fatigue allowable stress limit of the mat¢rial,
except as otherwise specified in Section 5000.

(m) gear case housings (Gear case housings may be
cast from ductile iron with not less than 15% elongation,
provided they are not subjected to welding or brazing.)

(n) gearing wusing Grade 1 material per
AGMA 2001-C95 (Grade 2 or 3 materials per
AGMA 2001-C95 with less than 12% elongation are
acceptable.)

5220 Material (Types Il and Il Cranes)
Materials shall be in accordance with CMAA 70.

service factor X design stress < allowable stress

5321.2 Load Hangup Conditions. For load hangup
conditions, the stresses based on the gross cross-section,
excluding stress concentration factors, shall have a ser-
vice factor of 1.0 or more, based on the allowable stress
of 75% of the material’s yield strength, except where
otherwise specified in Section 5000. High bearing
stresses within a component shall be limited to the mate-
rial’s yield strength when, by their nature, these stresses
will not result in a loss of load.
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5321.3 Seismic Conditions. For seismic condi-
tions, the stresses based on gross cross-section, exclud-
ing stress concentration factors, shall not exceed the
allowable stresses stated in para. 5481 except where
otherwise specified in Section 5000. High contact and
bearing stresses within a component are exempt from
this requirement when, by their nature, these stresses
will not result in a loss of load.

322 Tune ll Cranes.
P

Table 5331.1-1
Rated Load Recommended Hoist Speeds

Hoisting Speeds, ft/min

5322.1 Normal Operating Conditions. All load
compinations and factors, including stress concentra-
tion, shall have service factors as stated for the design
of specific mechanical components.

5322.2 Load Hangup Conditions. This is not appli-
cablp for a Type II crane, unless specified by the pur-
chader or owner.

5322.3 Seismic Conditions. For seismic condi-
tiong, the design shall be such that components that
could damage safety-related equipment will remain in
placp during a seismic event.

5323 Type Ill Cranes

5323.1 Normal Operating Conditions. Allowable
stregses shall be in accordance with the provisions of
CMAA 70.

5323.2 Load Hangup Conditions. This is not appli-
cablp for a Type III crane, unless specified by the ptir-
chader or owner.

5323.3 Seismic Conditions. This is not applicable
for ¢ Type III crane, unless specified by the purchaser
or ofwner.

5324 Hydraulic Components — Allowable Stresses

5324.1 Typesl, Il, and lll Cfanes. Stresses imposed
by the maximum rated load Shall not exceed 20% of the
averjage ultimate strength of the material or components.

533D Motion Speeds

Rated load speeds for hoist, bridge, and trolley shall
be spich as to allow controlled handling of those loads
for which the’crane is designed. These speeds depend
on the ndture of the load, load clearances, position of
opefator,weight of load, positioning accuracy required,
and

fxmn of drize nﬂcu'rn rated - load speeds recom
J r

Rated Load, tons Slow Medium Fast
0-4 30 35 40
5-9 25 30 35

10-19 20 25 30
20-29 15 20 25
30=3¢9 o 5 20
40-49 8 10 15
50-69 7 8 10
70-99 6 7 9
100-149 5 6 8
150-249 4 5 7
250-349 3 4 6
350-499 2 3 5
500-649 2 3 4
650-799 1 2 3
800-1,000 1 1.5 2

purchaser) speed criteria shall be as specifiefl by the
manfacturer.
() The slow speed column of Table 5331.1-] shall be
used for selecting hoist speeds. The design tolefance for
rated load hoisting speed is +10%.
(c) Hoisting speed for a critical load less [than the
rated load shall be limited to 125% of the rgted load
hoisting speed.
(d) Empty hook and light load speed-up comtrols are
permitted. Refer to para. 6320(e).
(e) When precise positioning capability is fequired,
and the principal control system is incapable of provid-
ing lowering speed control of 0.5 ft/min with|the load
as specified by the purchaser, the hoist systpm shall
be equipped with an auxiliary system. The popitioning
capability speed should be 0.5 ft/min for a diftance of
2 ft within the final position.
(f) The lowering speed for any critical load| shall be
limited to 125% of the rated load hoisting speed.

5331.2 Types Il and Ill Hoists. Reco ended
rated load speeds should be as specified in either
Table 5331.1-1 or the speed table given in CMIAA 70.

mended in paras. 5331, 5332 and 5333 have been estab-
lished based on typical operator reaction time and drive
performance that will allow the load to be stopped
and held.

5331 Hoist Speeds

5331.1 Type | Hoists
(a) The performance speed and speed tolerance of the
hoist with rated load shall be specified by the purchaser.
The rated load test (125% rated load or as specified by

43

5332 Trolley Speeds

5332.1 Type | Cranes

(a) The performance speed and speed tolerance of
the trolley with rated load shall be specified by the
purchaser. Rated load test speed (125% rated load) crite-
ria shall be specified by the manufacturer.

(b) The slow speed column of Table 5332.1-1 shall be
used for selecting trolley speeds. The design tolerance
for a design rated load speed shall be +10%.
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Table 5332.1-1
Rated Load Recommended Trolley Speeds

Trolley Speeds, ft/min

(d) Bridge speed for a critical load less than rated
load shall be limited to 125% of the rated load bridge
speed.

(e) Empty hook and light load speed-up controls are

Rated Load, tons Slow Medium Fast permitted. Refer to para. 6320(c).
0-49 100 125 150 (f) For cranes with circular polar-type bridges, the
50-99 75 100 125 recommended speeds shall be the tangential speeds at
100-149 50 75 100 the runway rail.
150-199 35 50 75
53332—FypesHandHH-Eranes—Recommended
200-299 25 50 75 rated bridge speeds should be as specified in‘ejther
300-499 20 40 60 Table 5333.1-1 or the speed table given in CMAA [0.
500-799 15 30 45
800-1,000 10 20 30 5334 Pendant Hoist and Travel Speeds
5334.1 Traversing. Motorized.travel speed fof this
Table 5333.1-1 motion should be 30 ft/min.
Rated Load Recommended Bridge Speeds 5334.2 Vertical Travel ofControl Pendant. Mptor-
. - ized travel speed for this metion should be 30 ft/min.
Bridge Speeds, ft/min
Rated Loafl, tons Slow Medium Fast 5335 Powered Hook-Rotation (Types I, Il, and IlI
Cranes)
0-49 125 150 175 (a) Speed of retation shall be specified by purchaser.
e o oo 150 (1) Rotationdimit shall be specified by purchasqr
100-149 75 100 125 otation’limit shall be specified by purchasqr.
150199 50 75 100 (c) Single-failure-proof features are not required|
200-299 40 75 100
300-499 30 50 75 5400, COMPONENT DESIGN
500-799 2 3 >0 5410 Hoist System
800-1,000 15 20 30
5411 Drum
5411.1 Description (Type | Cranes). The dir
(c) THe trolley control shall provide an operating escrp (Typ . ) caum
) ¢ shall be of cylindrical type, varying in length and digme-
speed range of at least 10 to 1 under all loading, condi- .

! : oed with i d ter, and shall be so designed as to ensure the accunpula-
tions or e equipped with an auxiliary systemioprovide 4o of the entire length of rope in one single layet.
precise positioning capabilities.

(d) Trglley speed for a critical load-Jess than rated 5411.2 Size (Type | Cranes). The pitch dianpeter
load shdll be limited to 125% of the  rated load trolley ~ of the drum shall be not less than 24 times the hoist
speed. rope diameter for 6 X 37 rope construction, or nof less

(e) Engpty hook and light load speed-up controls are ~ than 30 times the hoist rope diameter for 6 x 19 fope
permitted. Refer to para. 6340(c). construction.

5332.2 Types Il and"HI Cranes. Recommended 5411.3 Construction (Type | Cranes). The Joist

rated ldad speeds should be as specified in either

drum (in its entirety) shall be of steel constructiop.

the bridge with rated load shall be spec1f1ed by the
purchaser. Rated load test speed (125% rated load) crite-
ria shall be specified by the manufacturer.

(b) The slow speed column of Table 5333.1-1 shall be
used for selecting bridge speeds. The design tolerance
for a design rated load speed shall be +10%.

(c) The bridge control shall provide an operating
speed range of at least 10 to 1 under all loading condi-
tions, or be equipped with an auxiliary system to provide
precise positioning capabilities.

44

be affixed to the shell. All welds shall be continuous
(i.e., intermittent welds shall not be used). Welds shall
be designed for infinite fatigue life (107 stress cycles)
when handling the hoist’s design rated load during nor-
mal operating conditions, with consideration for stress
reversal and stresses resulting from localizing flexing of
drum end plates, internal plates (if used), and the drum
shell. The drum gear shall be press fitted and keyed to
the periphery of the drum shell, end plate, hub, or drum
shaft or be bolted in place with close fitting bolts
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(para. 5456) to a drum drive flange, in which case the
design shall be such that the bolts only transmit the
drum torsional load.

5411.4 Grooves (Type | Cranes). Drum grooves
shall be machined to a minimum depth equal to three-
eighths of the diameter of the hoist rope, and a pitch
equal to 1.14 X rope diameter or rope diameter + % in.,
whichever is smaller. The groove radius shall be Y, in.

(b) Allowable stresses shall be determined in the fol-
lowing manner, which is based on both material proper-
ties and buckling stability. When the drum grooves are
hardened, the core material properties shall be used
(material properties at the mid-thickness).

(1) Critical Buckling Stress. The critical buckling
stress is considered either elastic or inelastic, whereas
it depends on the value of the elastic critical buckling
stress relative to the minimum yield stress of the

larg o than the radius of the rope.

r

Rope shall be secured to the drum as follows: No less
thar| two wraps of the rope shall remain on the drum
at each anchorage to the hoisting drum when the hook
is infits extreme low position. Rope end shall be anchored
by a minimum of two clamps attached to the drum, or
by a socket arrangement specified by the crane or rope
marnfufacturer. The rope clamp bolts shall be tightened
evenlly to the manufacturer’s recommended torque.

5411.5 Drum Shell Design (Type | Cranes). The
druin shell shall be of rolled or centrifugal cast steel,
and|shall be designed for both crushing and bending
loads imposed by the hoist rope and drum brake load-
ing,|when used. The hoist rope loading on the drum
shal] include the effect of the rope reeving system effi-
cienfy. The drum shell thickness (effective material) shall
accqunt for machining tolerances, noneffective material
on the inside of centrifugally cast tubes, inside diameter
toletances, inside diameter out-of-roundness tolerances,
and finside diameter straightness tolerances due to cani<
ber hind sweep.

(a) Drum shell stresses shall be calculated and:com-
bined in the following manner, and when a drtim brake
is uged, the resulting stress shall be included:

(1) Crushing Stress (Due to Rope Load)

material. ‘L
The elastic critical buckling stress is determined in
the following manner:

©)

¢ 2
= 31.9%10° x (dﬁ) psi

r

of the minimum-yield stress of the material, the critical
buckling is considered elastic and is equal to the elastic
critical bugkling stress, whereas

If the elastic critieal buckling stress is less {lan 50%
e

(6)

— ’
G-Cl' =0 cr

If the elastic critical buckling stress exceedp 50% of

the minimum yield stress of the material, the| critical
buckling stress is considered inelastic and is defermined
in the following manner:

O = ‘Ty[l - 0-25(Uy/‘7’cr)] )

(2) Allowable Stresses. For normal operatiopal loads
and construction loads, the following are the gllowable

oc = Ry/(P xts) 1) stresses, where DFB equals 2.0 for normal opprational
loads and DFB equals 1.67 for construction loads:
(2) Bending Stress
a1 = ot/ (53
gris MB/ZB (2) all ult ( \/—)
(3) Maximum Shear Stress a1 = 0/ DFB
Tmax = (loc| + |os)/2 (3) For extreme environmental and abnormal eyent con-
ditions, the following is the allowable stress, where DFB
(4) Combined Stresses/Stress Intensity equals 1.33:
v
Do = [((Tr‘)z + ((Tu)z + |(TP X (Tu” : (4) Oal = ‘Tcr/DFB
NOTES: h
(1) Additional rope loadings resulting from seismic forces, a load where . . .
hang-up, or a hoist two-block event need not be included in DFB = dESIgn factor for buckhng/ yleld
calculating the drum crushing stress [eq. (1)]. d, = drum root diameter at rope grooves, in.

(2) Since torsional and transverse shear stresses are relatively low
in a hoist drum shell and have a negligible effect on its struc-
tural integrity, they need not be included when calculating the
maximum shear stress and combined stresses [egs. (3) and (4)].
The absolute values of the crushing and bending stresses are
required when calculating the maximum shear stress and com-

bined stresses [eqs. (3) and (4)].

3

=

45

E = modulus of elasticity of the material, psi
(29,000,000 psi for steel)

Mp = maximum bending moment of drum shell,
in.-lb
P = pitch of drum rope grooves as shown in

Fig. 5411.5-1, in.
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Fig. 5411.5-1 Drum Shell Design

P P

/> Hoist rope

\ Drum shell

maximum hoist rope load on drum without
a dynamic load factor but including the
effect of the rope reeving efficiency, 1b
nominal drum shell thickness at the bottom
of rope grooves as shown in Fig. 5411:5-1, in.
minimum drum shell thickness at rope
grooves (t; = t, — At), in.

section modulus of drum.shell based on root
diameter (d,) of drum greeves and the mini-
mum drum shell thickhess (t,), in.
reduction of nominal drum shell thickness
due to machining tolerances, noneffective
material on{the inside of centrifugally cast
tubes, inlside diameter tolerances, inside
diameter*out-of-roundness tolerances, and
insidé.diameter straightness tolerances due
to-camber and sweep, in.

Poisson’s ratio (0.3 for steel)

<«—<——— Pitch diaméter

oyt = minimum ultimate strength of the njate-
rial, psi
0y = minimum yield stress of the material, psi

5411.6 Drum (Types Il and Il Cranes). The Jsize,
construction, and grooving for Types II and III dgrane
drums shall be established in accordance with the pfovi-
sions of CMAA 70.

5411.7 Single-Failure-Proof Features (Type |
Cranes)
(a) Single-failure-proof features are not requiredl for
the drum shell.
(b) In the event of failure of a drum shaft or beafing,
the drum shall be retained on the trolley in a mahner
that precludes disengagement of any gearing or hrake
acting on the drum and precludes disablement of the
load-retaining function of these components.

Tall =

Tmax —

Tall

allowable shear stress based on average ulti-
mate strength of the material, psi
maximum shear stress in drum shell, psi
allowable stress based on elastic stability, psi
drum shell longitudinal bending stress, psi

= drum shell circumferential crushing stress,

psi

= combined drum shell stresses, psi

critical buckling stress, psi

= elastic critical buckling stress, psi

46

5411.8 Single-Failure-Proof Features (Types Il and
Il Cranes). Single-failure-proof features are not
required for the drum.

5412 Drive Motors

5412.1 Type | Cranes. Each hoist drive system,
such as those indicated in Figs. 5416.1-1 through
5416.1-3, shall be provided with a hoist drive motor(s)
for lifting and lowering loads. Motors shall be selected
per para. 6470. Motor fasteners shall be per para. 5456.
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5412.2 Types Il and Il Cranes. Motors shall be

selected per para. 6470.
5413 Gearing

5413.1 Type | Cranes. Gearing shall be designed

and manufactured in accordance with the procedures
presented by the American Gear Manufacturers
Association (AGMA) as modified by this Section. The
gearing shall be designed for strength, durability, and
morpentary overload which includes the loads imposed
during a seismic excursion.
Uhless positive control of accurate alignment under
varyfing loads can be ensured, parallel shaft gearing,
both enclosed and open, shall be straddle mounted; that
is, epch shaft shall be supported by two outboard bear-
ings| (The intent is to preclude inadequately supported
or infaccurately aligned overhung gears or pinions, shafts
with three bearing supports, and combination gear
redycer/wire rope drum shafts.)

(a) Allowable Strength Horsepower, P,. For helical and
spuf gears, AGMA 2001-C95 (Fundamental Rating
Factprs and Calculation Methods for Involute Spur and
Helfcal Gear Teeth) applies. The allowable strength
horgepower calculated must be greater than the horse-
power required to lift the rated load at rated speed in
hoisfing applications.

horsepower required to lift the rated load in hoisting
applications.

b n,FI 52cACH\?
“ = 1126,000 K,K,Sp) | C,

©)

where
Cp = hardness ratio factor for pitting resistance
C, = elastic coefficient, (psi)'/>
F = net face width of narrowest membg¢r of the
mating gears, in.
I = geometry factor for pitting, resistancs
K,, = load distribution factor, para. 5413.1(f)
K, = dynamic factor
n, = pinion speed, rpm
P,. = allowable transmitted power for pittihg resist-
ance, hp
Spys = crane class factor (durability), para. $413.1(d)
s, = allowable\éontact stress number for material,

psi

Values forKy, Cy, Cp, I, and s, can be determiped from
tables and curves in AGMA 2001-C95.

(c) AHowable Momentary Overload Tooth Laad, Wy,
Allowable momentary overload tangential togoth load
shall be greater than the maximum applied tangential
tooth load considering stalled motor torque of seismic

P, = ( nyd )( Fsa] ) @y, hook load.
126,000 Ko/ \KinPaSpKp For the purpose of this section, the allowable load in
pounds can be written as
wheyre
d = operating pitch diameter of pinionfin. _ L6F sy (10)
F = net face width of the narrowest immember of the o 1.1P,
mating gears, in. . where
[ = g.eome.t ty factor for bendifig:Strength F = net face width of narrowest member of the mat-
K} = rim thickness factor ing gears, in
K} = load distribution faetor para. 5413.1(f) = geometry/ fac.tor for bending strength
Ky = d.yr}amlc factor P; = transverse diametral pitch, in. !
np = pinion speed 4Py ) . s;y = allowable yield stress number for maferial, psi
P4 = allowable transmitted power for bending Wi = allowable momentary overload, Ib
strength, hp
P} = transverse diametral pitch, in.! (d) Crane Class Factor, Sy (durability), shall be as
St = crafie class factor (strength) follows:
sq = _allowable bending stress number for material, (1) Hoist
psi (strength) <. —(116) 2(rated load) + 3(lower block weight) (11)

Values for K,, J, Kz, and s,; can be determined from tables
and curves in AGMA 2001-C95.

(1) Crane Class Factor, Sg. The crane class factor is
defined in CMAA 70. For Type I cranes, S = 1.05. For
Types Il and III cranes, use factors defined in CMAA 70.

(b) Allowable Durability Horsepower, P,.. For helical
and spur gears, AGMA 2001-C95 applies. The allowable
durability horsepower calculated must be greater than
the rated motor horsepower, considering efficiency in
travel drive applications, and must be greater than the

47

3(rated load T lower block weight)
(2) Trolley

2(rated load) + 3(trolley weight)

S = (1.16) 3(rated load + trolley weight) (12)
(3) Bridge
Sp = (13)
(1.16) 2(rated load) + 3(trolley weight + bridge weight)

3(rated load + trolley weight + bridge weight)

(
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Fig. 5413.1-1 Allowable Yield Stress, s,,
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(e) Allowable Stressgs, G, Sac, and sqy application as defined by AGMA. If the life is
(1) [The allowable’stress for gear material varies varied, refer to the life factor as defined in the A(
with maferial quality, heat treatment, forging practices,  standards.

rial eemposition. Higher allowable stress val-
ues may| bepermitted in some cases by careful gear
design, a g e
treatments, such as surface peening.

(2) The allowable design fatigue stress, s,, the
allowable contact stress number, s,., and the allowable
yield stress, Say are shown in Table 5413.1-1 (see also
Fig. 5413.1-1). When the gear is subjected to infrequent
momentary high overloads, the maximum allowable
stress is determined by the allowable yield properties
rather than the fatigue strength of the material.

(3) The allowable design bending stress and contact
stress numbers are based on 10 million cycles of load

48

b be
EMA
(f) Load Distribution Factor. The load distributior| fac-
tor depends upon the combined effects of

misalignment of axis of rota athin-
ing errors and bearing clearances
(2) lead deviations
(3) elastic deflections of shafts, bearings, and hous-

ing due to load

The following equation should be used to determine the
load distribution factor, K,, (see Table 5413.1-2), except
where test data may support the application of other
factors:

K,, = 0.03F + R (14)

(
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Table 5413.1-1 Gearing Allowable Stresses

Minimum
Material
Heat Treatment Hardness Sac Say
Through-hardened 180 BHN 24,500 85,000-95,000 See Fig.
240 BHN 30,000 105,000-115,000 5413.1-1
300 BHN 36,000 120,000-135,000
360 BHN 40,000 145,000-160,000
440 BHN 43,500 160,000-170,000
Induction or 50 RC 45,000 170,000
flame-hardened 55 RC 55,000 190,000
(full root hardness)
Induction or 50 RC 22,000 170,000
flame-hardened 55 RC 22,000 190,000
(root not hardened)
Case carburized 55 RC 55,000 200,000
60 RC 60,000 210,000
65 RC 65,000 220,000
Table 5413.1-2 Load Distribution R Factors
Precision High High Quality Minimum
Gearing Quality Description Quality Quality [Note (1)] Quality
Minimum AGMA quality number 10-9 8 8 5-6
Minimum percent no-load face contact 90 75 60 50
Minimum percent full-load face contact 100 90 75 60
R factor [Note (2)] 1.07 1.24 1.54 1.84

NOTES:

(2) Reference — AGMA standard:

where
F = net face width of naffrowest member of the
mating gears, in.
K}, = load distribution’ factor

R = load distribution R factor (see Table 5413.1-2)

(g) Gear Efficienties- For the purpose of horsepower
calcyilations, gear.seét efficiencies with anti-friction bear-
ings| for hoist, bridge, and trolley drives using spur or
heligal gearing’shall be assumed as 0.97 for oil lubricated
geai| sets;and 0.95 for grease lubricated gear sets.

Tlhe ‘efficiency of the gear train shall be established as

(1) Quality of gearing being reduceddue to heat treatment after cutting.

(h) Gearing Forms and Quality. Gearing forrhs, other
than spur or helical, shall be designed in acfordance
with applicable procedures presented in AGMA stan-
dards and shall be machined from forged stegl blanks
or rounds of certified ASTM quality.

Machining tolerance, backlash, and the inspection of
gearing shall conform to the latest AGMA stapdards.

Spur and helical gearing shall be hobbed to[conform
to a minimum AGMA quality number 8. In cases where
heat treatment is done after cutting, consi¢leration
should be given to the effect of load distribuftion, K,,.
Distortion due to heat freatment can result in gear qual-

E = (0.97)N (oil lubricated)
E = (0.95)" (grease lubricated) (15)

where
N = number of gear reductions

Efficiencies of other forms of gearing, such as herring-
bone, worm, and bevel, shall be per the gear reducer
manufacturer’s recommendations.

ity being reduced from 8 to 5. Surface grind, which
maintains the profile, would be required to use the fac-
tors defined in Table 5413.1-2, under High Quality.

(i) Lubrication. Lubricants for gear and bearings
enclosed in gear drives and gear motor drives shall be
in accordance with the practices of AGMA 9005-E02,
Industrial Gear Lubrication, or as recommended by the
gear manufacturer.

Lubrication for bearings used that are not enclosed
in speed reducers and gear motor drives shall be
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in accordance with the bearing manufacturer’s
recommendation.
Enclosed gears shall comply with the following;:
(1) shall have an oil pump when vertical gearing
exceeds two reductions
(2) shall have sufficient heat radiation area to main-
tain lubricant at temperatures below maximum
operating temperature
(3) 3 A : 2
level indicator, and piping, and shall be plped to an
accessible area on the crane
See pafra. 5460 for all general lubrication requirements.

541B.2 Typesllandlll Cranes. Gearing for TypesII
and III ¢ranes shall be established in accordance with
provisiops in CMAA 70.

5414| Brakes — Load and Holding

541%.1 Hoist Control Braking Means (Types I, Il, and
Il Hoist$). An electrical control braking means or a
mechanifal braking means capable of maintaining con-
trolled lpwering speeds shall be provided. Electrically
controlled braking means include regenerative,
dynamid, countertorque, and eddy current. Brake sizing
and design are specified in para. 6400.

Mechdnical load brakes, if used as the control braking
means, ghall be provided with sufficient thermal capac-
ity to agcommodate lowering of the rated load at full
speed through the expected operating distance.

541#.2 Hoist Holding Brakes (Type | Hoists). « [Two
or more holding brakes shall be provided in accotdance
with pata. 6422.1(a) such that after failure ofiany hoist
shaft or [coupling, one or more brakes remain capable
of stoppjng and holding the rated load:"Under normal
operating conditions, the brakes shalldpply automati-
cally on[power removal. The application of the second
(and any other additional) brake(s) shall be delayed to
minimizp shock to the hoist.drive train.

5414.3 Hoist Holding Brakes (Types Il and Il
Hoists). | Hoist holding brakes shall be selected in accor-
dance wjith paras6420.

5415| Load\Combinations — Hoist Drive Shafting
(Types 1,| Il;;and 11l Cranes)

5416 Single-Failure-Proof Features

5416.1 Type | Cranes. The hoist machinery
arrangement shall be designed to provide assurance that
a failure of a single hoist component would not result
in the loss of the lifted load or, in some cases, unwanted
movement of the load. This can be accomplished in
several ways. Typical applications of hoist machinery
arrangements are 1llustrated in Figs. 5416.1-1, 5416.1-2,

(a) Typlcal Hozst Machinery Arrangement WVith
Emergency Brake. A typical hoist machinexy arrapge-
ment with emergency brake includes one gear reducer
with a single drive motor, with two helding brakeq and
one emergency brake. One of theholding brakes|acts
as a primary brake; the other holding brake acts|as a
backup with a delayed setting’, The emergency brake is
located on the drum; it is intendéd to set in an emergpncy
in case of a component ‘malfunction or failure ir} the
hoist load path. This machinery arrangement is |ised
where a load drop(during a hoist emergency (single
component failufe) must be prevented.

(b) TypicalyHoist Machinery Arrangement With
Redundant Gear Reducers and Brakes. The typical hoist
machinéry)arrangement with redundant gear reducers
includes one drive motor connected by high speed $haft
to two separate gear reducers and two holding brakes.
Qne of the holding brakes acts as a primary brake; the
other holding brake acts as a backup with a delpyed
setting. At least two brakes shall be available for emer-
gency load lowering following a single hoist drive frain
failure. Each gear train shall be sized for the total|full-
load drive torque of the motor.

(c) Typical Redundant-Hoist Machinery Arrangetent.
The typical redundant-hoist machinery arrangemnent
combines two hoists into one redundant hoist. [This
arrangement includes wire rope from the two Roist
drums independently reeved into a common load bjock.
Each hoist provides its own load path between the [load
block and holding brake. Each redundant hoist shqll be
sized such that, following a failure of one hoist [load
path component, the redundant hoist provides the dapa-
bility to stop and hold the load.

5416.2 Typesllandlll Cranes. Single-failure-groof
features are not required.

5415.1 Load Combinations, Allowable Stresses, and
Service Factors. The hoist drive machinery shafting
shall be designed to resist the following load combina-
tions with corresponding values of allowable stresses
and service factors. Combinations of the various types
of loading are shown in Table 5415.1-1.

5415.2 Computation — Analysis. Analytical stress
computations shall be performed according to proce-
dures in para. 5470.

5420 Reeving System

(a) Type I Cranes. The design of the rope reeving sys-
tem shall be such that a single rope failure will not result
in the loss of the lifted load. A load balance shall be
provided on each rope system. In the event of a hook
overtravel, where the lower block contacts the crane
structure, the ropes shall not be cut or crushed.

The wire rope and fleet angle requirements shall be
in accordance with paras. 5425.1 and 5426, respectively.
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Table 5415.1-1 Load Combinations — Hoist Drive Shafting

Type of Loading [Note (1)]

Load Live Dead Load Motor Allowable Service Factor
Crane Type Combinations Load Load Impact Inertia Seismic Hang-Up Torque Stresses Minimum
Type | hoist 1 X(R) X X - Fatigue 1.0
2 X(R) X L. X . Fatigue 1.0
3 X Fatigue 1.0
4 .. ces e X X e 0.750 0.5 [Note (4)]
[Note (2)] [Note (3)]
5 X(Q) X - - 0.750y 0.5|[Note (4)]
[Note (2)] [Note (3)]
Typeq Il and Per CMAA 70
Il hoists
NOTES:

(1) Type of loading:

Ljve load: critical (C) or rated (R) load.

Jead load: load block and attachments.

Impact: operational.

Ipertia: rotation and linear.

Yeismic: earthquake condition (refer to para. 4140).
1

otor torque: nameplate rating.

pad hang-up: motor pull-out torque and rotational inertia. (For design computations; 275% of motor nameplate rating shall pe used.
In cases of higher values than the 275% motor nameplate rating, thetatio of the actual value of percent rate
motor torque divided by 275% shall be considered in relation tp~the/calculated service factor.)

(2) alculated stresses for load combinations 4 and 5 are based on the nominal'cross section, whereas stress concentration facfors need

not be included.
3) g, = minimum yield stress of material

(4) domponents that are not dual or redundant shall be designed with a-service factor of 1.0.

(1) Single-Failure-Proof Features. Single-failure-
proqf mechanical features for the reeving system shall
condist of the following;:

(-a) Reeving system shall be divided into two
sepdrate load paths so that either path will support the
load and maintain vertical alignment in the event of
ropq breakage or failure in the répesystem. Figure 5420-
1 shpws one such reeving system. Other reeving systems
that|meet the above requifemiéents are acceptable.

(-b) Upper bloéks and load blocks shall be
designed such that each"attaching point will be able to
support three times{the maximum critical load without
perthanent deformation of any part of the block assem-
bly.|These asseémblies shall be designed so that the
shegqves will'be contained in the event of failure of the
shedve stipport pin.

(-c) Reverse hends of the rope shall only be per-

laterally in the direction of the axis of the drum as the
rope winds onto or off of the drum. Refer to Fig. 5420-2,
illustration (a).
(2) On double-reeved hoists, both ends of{the rope
are attached to the drum. The drum is grooved|with left
and right grooves beginning at both ends of the drum,
then grooving toward the center of the drum. [The load
block will follow a true vertical path (true vettical lift)
as the ropes wind toward or away from each other onto
or off the drum. Refer to Fig. 5420-2, illustratipn (b).
(3) Single-failure-proof features are not required for
Types II and III cranes.

5421 Upper Block

5421.1 Type | Cranes
(a) The upper block, in conjunction with [the load
block, shall be designed to maintain a vertical Joad bal-

mitted between the ropes threading off the drum and
the lower block.

(b) Types II and III Cranes. Reeving system compo-
nents for Types II and III cranes shall be in accordance
with CMAA 70. Hoist reeving may be either single or
double and may be one or multiple parts.

(1) On single-reeved hoists, one end of the rope is
attached to the drum and the other end is dead ended
on a stationary portion of the hoist. Continuous drum
grooving runs in one direction. The load block moves

ance about the center of the lifted load and shall have
a reeving system of dual design.

(b) All design loads and allowable stresses for
mechanical and structural components of the upper
block shall be in accordance with paras. 5300 and 4310,
respectively. The upper block shall be accessible from
above the trolley floor.

5421.2 Types Il and Ill Cranes. Upper blocks for
Types Il and III cranes shall be established in accordance
with the provisions of CMAA 70.
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Fig. 5416.1-1 Typical Hoist Machinery Arrangement With Emergency Brake

|+ +| Drum pillow block
[ | —
Emergency brake
| | E—
—HBHBE—
+ Brake ¢
T
T
¢ Drum +
/ ¢ Motor
frame
| \ T = T J
| al
| =
|
: SIS , =t
| N1 [ll [ll | )I—I
Gear reduction unit
+ + —+
I J
] 1l 11l 11l 11l
| IS | L 1 L 1 IIJ__LII
+ Brake ¢

52

Copyright © 2015 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

(

®)



https://asmenormdoc.com/api2/?name=ASME NOG-1 2015.pdf

ASME NOG-1-2015

Fig. 5416.1-2 Typical Hoist Machinery Arrangement With Redundant Gear Reducers and Brakes
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Fig. 5416.1-3 Typical Redundant-Hoist Machinery Arrangement
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Fig. 5420-1 Single-Failure-Proof Reeving Example

Hoist drum

GENHRAL NOTES:

(@) Relative position of sheaves is extended and angle of view is distorted to clarify reeving paths.

(b) Number of parts of reeving may vary.

5422 Load Block

5422.1 Type | Cranes

(a) Theload block frame shall be eomistructed of rolled
stee] and shall be entirely encloséd jexcept for the rope
openings. The hook(s) shall be freé to swivel on antifric-
tion|or sleeve bearing so constructed as to exclude dirt
and falso shall be provided\with a means for lubrication.
Refdr to para. 5460 for\data relating to lubrication.
(b) Welding of trunnions for critical load handling
load blocks shall npt be permitted.
(c) Load blockassembly components, including hook,
hook nut, trufiniion, and load block structure, shall meet
one [of the following criteria:
(T)»dual load paths, para. 5428.1(a)

be provided. The equalizer, where possible, should be
designed to be accessible from the floor of tHe trolley
and be made in such a manner that it can turn ¢r swivel
to align itself with the pull of the ropes.
(b) Equalizer sheaves, when used, shall have a pitch
diameter not less than one-half of the diameter of the
running sheaves.
(c) Rope equalizer systems shall be designedl to meet
the criteria as delineated herein.
(1) Reeving equalization shall not be r¢stricted
under normal operating conditions.
(2) Adequate free movement to compensate for
operational block swing and/or normal ropp stretch
shall be provided.

(Z) double design ractor, para. 5423.1(D)

5422.2 Types Il and Il Cranes. Load blocks for
Types Il and III cranes shall be established in accordance
with the provisions of CMAA 70.

5423 Equalizer Systems

5423.1 Type | Cranes
(a) Where separate rope equalizing is required, either
an equalizer bar or a sheave will be acceptable. In either
case, two separate and complete reeving systems shall

(3] Sensing and automatic signaling of excessive
rope displacement to either side shall be provided.

(4) Sensing and automatic signaling of a broken
reeving shall be provided.

(5) In the event of a broken rope, the remaining
intact reeving system shall not be loaded to more than
40% of the breaking strength of the wire rope, including
the dynamic effects of the load transfer.

(6) The vertical displacement of the load following
a rope failure shall be minimized.
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Fig. 5420-2 Single and Double Reeving
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(7) The vertical displacement of the load following
a rope failure shall be calculated and reported to the
purchaser.

(8) The effects of a broken rope on the entire system
including the equalizer assembly shall be analyzed.

(9) The sheave equalizer system or equalizer bar
system shall be contained in the event of a single failure.
Alternatively, to preclude component failure as a credi-
ble event, equalizer system components may be

Fig. 5426.1-1 Drum Fleet Angle

¢ Groove

¢ Drum

desipned with double the normal design factors.

5423.2 Types Il and Ill Cranes. Equalizer bars or
shegves of Types II and III cranes shall be established
in a¢cordance with the provisions of CMAA 70.

5424 Sheave Pins

5424.1 Type | Cranes

(a) Sheave pins for the upper block and load block
shal| be designed to withstand the combined line pull
of the live load, plus the dead load of the load block.
(b) Seismic effects shall be included in the analysis.
(c) Analytical stress computation shall be performed
in agcordance with para. 5470.

(d) Service factors shall be applied in accordance with
parg. 5320.

(e} Grease lubricated sheave bearings should be pro-
vidgd with individual lubrication fittings if the pin size
is suffficiently large to provide the space for these fittings.

5424.2 Types Il and Ill Cranes. Sheave pins.for
Typé¢s II and III cranes shall be in accordance with the
proyisions of CMAA 70.

5425 Rope Construction, Loads, and Design Factors

5425.1 Type | Cranes

(a) Rope Construction. The hoistrepe shall be of a con-
struftion for crane service, such’as’improved or extra-
impfoved plow steel grades; 6 X 37 class construction
(6 sfrand, 27 to 49 wires per-strand), right regular lay
withh independent wire rope core. Other materials,
stregth grades, rope.constructions, type of cores, and
lay may be used, where application or future develop-
mernt in wire rope-technology indicates.

(b) Selectidir of Ropes. Hoisting ropes shall be selected
bas¢d on.\the more stringent of the following
reqyiremntents:

(1) The rated load (withoutimpact), plus the weight

-

[

\ _~3.5deg
3.5deg 9m

to the other, in the eventw@frope failure, shall npt exceed
40% of the manufacturer’s published breaking ptrength.
(4) The seismicsload (para. 4130) with all parts of
rope intact shall-hot exceed 40% of the manufacturer’s
published bréaking strength.
(5) THe load resulting from the maximum| possible
overload\of the hoisting machinery or crane, ihcluding
two-blocking and load hangup, shall not exceed 40% of
the manufacturer’s published breaking strength.
(¢) Breaking Strength of Ropes. The breaking|strength
of rope shall conform to the manufacturer’s published
values based upon the minimum values deternined by
actual tensile tests performed on new ropes. Th¢ theoret-
ical strengths based upon material propertieq and net
metal cross-section shall not be used.

5425.2 Types Il and Ill Cranes. Rope congtruction,
loads, and design factors for Types II and IfI cranes
shall be established in accordance with the ptovisions
of CMAA 70.

5426 Fleet Angles

5426.1 Type | Cranes

(a) The rope fleet angle to the drum grooveg shall be
limited to 3% deg, except at the last 3 ft of the njaximum
lift elevation it shall be limited to 4 deg. [Refer to
Fig. 5426.1-1 for fleet angle measurement to the drum
groove.
(b) The rope fleet angle for sheaves shall b¢ limited
to 3% deg, except at the last 3 ft of the maxium lift

of the load block divided by the total number of parts
of rope per system, shall not exceed 20% of the manufac-
turer’s published breaking strength.

(2) The maximum critical load (without impact),
plus the weight of the load block divided by the total
number of parts of rope, shall not exceed 10% of the
manufacturer’s published breaking strength on the total
system or 20% on each of the dual systems.

(3) The impact load in the transfer of the maximum
critical load from one of the dual hoisting rope systems

elevation it shall be Iimited fo 47, deg. Refer to
Fig. 5426.1-2 for fleet angle measurement to the sheaves.

5426.2 Types Il and lll Cranes. The operating fleet
angle for Types II and III cranes shall be in accordance
with CMAA 70.

5427 Sheaves

5427.1 Type | Cranes. Sheaves shall be of steel
and provided with antifriction or sleeve bearings. Proper
provision for the effects of thrust shall be made where
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Fig. 5426.1-2 Sheave Fleet Angle

¢ Rope
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3.5deg v 90 deg

5428.3 Analytical Procedure for Curved Beams.
Hook stresses are calculated using the curved beam
method described by A.M. Wahl in The Journal of Applied
Mechanics, pp. A-239 to A-242, September 1946. For hook
configuration and calculation procedures, see para. 5470.

5428.4 Indication of Maximum Sling Angle on Sister
Hooks (Types I, Il, and Il Hoists). When sister hooks
are provided, the maximum permitted included angle

£ 11 Lianac batizaan 1 1ok
Of

——
 — —

1

¢ Sheave

applicablle. Figures 5427.1-1 and 5427.1-2 depict recom-
mended| dimensions for running sheaves. The pitch
diameter for running sheaves shall be not less than
24 times|the diameter of the hoist rope for 6 X 37 classes
of rope donstruction and not less than 30 times the hoist
rope diameter for 6 X 19 rope construction classes. Pitch
diameter of nonrunning (equalizer) sheaves shall not be
less tharf half the diameter of the running sheaves.

Sheav¢ journals requiring external lubrication shall be
provided with individual grease lines, with the fittings
located $uch that they will be protected from damage
(see parg. 5460). Means shall be provided to prevent the
wire rople from leaving the sheave grooves.

542)7.2 Typesllandlll Cranes. Sheaves for FypesII
and III qranes shall be established in accordance with
the provjisions of CMAA 70.

5428| Hooks

5428.1 Single-Failure-Proof Features (Type |
Cranes).| Type I cranes shall\be provided with hooks
(hook) that either

(a) prpvide(s) two load-attaching points designed
such thaf each attaching point provides a separate load
path. Ea¢h load pathishall be able to support three times
the maximum ctifical load without permanent deforma-
tion of the ook, other than localized strain concentra-
tion in the\area for which additional material has been

X M =l 1 1o 1 b
the—shingsbetween—thesisterhookprenss—shall be

stamped on the hook.

5429 Reeving Efficiency (Types I, Il, and Hil\Crangs).
The reeving efficiencies are based on the total number
of ropes supporting one load block either double regved
or single reeved. The values of the¢"teeving efficieficies
are determined from eq. (16).

For the purpose of calculatien for the overall meclhani-
cal efficiency of the hoist, the'etficiencies of the geafing,
rope, and drum shall be €stablished as follows:

E_= (Eg) (E) (Ey) (16)
where
E = querall combined efficiency
E; =.combined efficiency of gear reductions|and
antifriction bearings
# = number of gear reductions

The efficiency of a gear reduction mounted on pnti-
friction bearings for hoist drives using spur, helicdl, or
herringbone gearing shall be assumed to be 0.97. |Effi-
ciencies of other forms of gearing such as worm|and
bevel shall be per the gear reducer manufactufer’s
recommendation.
EY" = combined efficiency of rope on sheaves
m = total number of rotating sheaves dividefl by
the number of ropes off drum

The efficiency of the rope operating on a sheave tHat is
mounted on antifriction bearing(s) shall be assum¢d to
be 0.99 for each rotating sheave between the drum|and
the equalizer.
E; = combined efficiency of ropes on drum|and
antifriction bearings

= 0.98 for two ropes off drum or 0.99 for| one

rope off drum

provided Tor wear, or

(b) provide(s) one load-attaching point designed such
that it provides a single load path. The single load path
shall be able to support six times the maximum critical
load without permanent deformation of the hook, other
than localized strain concentration in the area for which
additional material has been provided for wear.

5428.2 Single-Failure-Proof Features (Types Il and
Ill Cranes). Single-failure-proof mechanical features are
not required.

5430 Trolley Drives

(a) Type I Cranes. Trolley drives shall consist of one
of the following arrangements, which are shown in
Fig. 5430-1. Each four-wheel trolley shall use a drive
arrangement that provides drive to at least 50% of the
wheels. Trolleys having more than four wheels shall
have at least 25% of the wheels driven.

In trolley travel drives, single-failure-proof features
are generally not required. However, in those cases
where a failure of a component could result in a facility
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Fig. 5427.1-1 Proportions for 24:1 Sheave-to-Rope Ratio

Ly

N

)\7 35 deg (min.) {tCmin.)
N \L<
o] T
B dia. G (min.)
A (pitch dia.) F
Sheave Wheel Contours
Rope Dia., in. A B C D E F G
A 12 1Y 1%, a2 A Va2 v
A 15 14% 2 s VA Y32 Yhe
VA 18 177, 2%, Y2 Y/ a2 1%
s 21 20", 2% Veu 7 Ve 1%
1 24 23 2%, 3. 1 Yeou 1%
1% 27 257 3 s 1% Ve 1%
1Y, 30 28%, 3Y, Wi 1%, Y16 1%
1% 33 31% 3% %, 1% Yie 26
1, 36 34Y, 3%, B 1Y Y6 2%,

GENERAL NOTES:

(@ Ry (min.) = the lesser of 25% rope diameter or '/ in.

(b) R, (min) = Y, in.
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Fig. 5427.1-2 Proportions for 30:1 Sheave-to-Rope Ratio

&
.E NN

35 deg (min.) | C (min.)
) T
B dia. G (min.)
A (pitch dia.) F
Sheave Wheel Contours
Rope Dia., in. A B C D F F G
VA 15 14% 1% 752 7 Va2 Y
A 18%, 18Y% 2 Y2 s a2 e
A 22Y, 21%, 2% Y2 Y 2 1%
s 26Y, 25% 2% Yeu s You 1716
1 30 29 2%, 3, 1 Yeu 1Y,
1% 33%, 32% 3 e 1% Veu 1%
1Y, 37Y, 36Y, 3%, e 1%, Yie 1%
1% 41Y, 39% 3% Ya 1% Y16 2%
1% 45 43" 3V, e 1% e 2%,

GENERAL NOTES:

(b) R, (min) = Y44 in.

unaccepjtable excursion, the desigf shall incorporate
single-fafilure-proof features to ensure that the trolley
can be brought to a safe stop.

(1) J-1 Drive. The moter jis located near the center
of the tiplley and is confiected by means of a flexible
coupling to a self-contdined gear reduction unit also
located gt the center.of the trolley, which shall be con-
nected tq the lineshaft by solid or half-flexible couplings.
The line[shaftsis,in turn connected to the trolley wheel
axles byl means of floating shafts with half-flexible
couplings

(@ R, (min.) = the lesser of 25% rope diameter or % in.

keyed to their axles or which are attached direct]y to
the wheel. Floating shaft couplings shall be half-flekible
type at wheel and reducer connections. If splicirlg of
floating shafts is required, couplings shall be of the
solid type.

(5) A-3 Drive. The motor is located at the centpr of
the trolley and is connected directly to the line $haft
by half-flexible couplings. Self-contained gear redugtion
units located near each end of the trolley shall be |con-
nected to the trolley wheel axles by means of flogting
shafts with half-flexible couplings or directly withlfull-

O

(2) A-1A Drive. Same as A-1 drive, except the self-
contained gear reduction unit is located closer to one of
the trolley wheel axles.

(3) A-1B Drive. Same as A-1 drive, except the self-
contained gear reduction unit is located outside the trol-
ley frame close to one of the trolley wheel axles.

(4) A-2 Drive. The motor is connected by means of
a flexible coupling to a self-contained gear reduction
unit located at the center of the trolley. The trolley wheels
shall be driven through gears that are either pressed or

60

flexible couplings.

(6) A-4 Drive. The motors are located near each end
of the trolley without torque shafts, and they shall be
connected to self-contained gear reduction units. The
gear reduction units shall be applied to the truck wheels
by means of either suitable shafts with couplings or
directly mounted to the wheel axle shaft extension.
Another variation of this drive would separate the high-
speed and final reductions by locating the motors near
each end of the trolley without torque shafts. The motors
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Fig. 5430-1 Arrangement of Crane Trolley Drives (15)
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will be connected to self-contained, high-speed gear
boxes with pinions mounted on the output shafts of the
high-speed gear boxes that will drive the truck wheels
through gears pressed and keyed on their axles or by
gears fastened to the truck wheels.

(7) A-5 Drive. The motor is located near the center
of the trolley and is connected by means of a flexible
coupling to a self-contained gear reduction unit located
near the center of the trolley. This reduction unit shall

part of the motor controls. Service brake requirements,
brake sizes, and brake designs are specified in
Section 6000.

(b) Emergency and Parking Brakes. Each primary trol-
ley drive motor shall be provided with an emergency
and a parking brake. Brake sizing and design are speci-
fied in Section 6000.

5433.2 Typeslland lll Cranes. Trolley brakes shall

4l CANAAA_T70
rave

L. =
DCTT aCCoOTOanCC—yv It —IvizZ Y7 ¥

be conn¢cted by sections of line shaft having solid or
half-flexjble couplings to self-contained gear reduction
units lodated near each end of the trolley, and these in
turn conhect to trolley wheel axles by means of floating
shafts with half-flexible couplings or directly by means
of full-flpxible couplings.

(8) -6 Drive. The motors are located near each end
of the trglley and are connected with a torque shaft. On
the drivp end, the motors shall be connected to self-
containefd gear reduction units by means of flexible cou-
plings. (ear reduction units are to be connected to trolley
wheel aXles by means of floating shafts with half-flexible
couplings. High-speed shafts between motors shall be
connectdd by means of half-flexible couplings. All other
couplings shall be of the solid type.

(b) Types II and III Cranes. Arrangement of trolley
drives if the same as for Type I cranes.

5431

54311.1 TypelCranes. Eachmotorina trolley drive
arrangerpent (refer to para. 5430) shall connect directly,
or indirdctly to two opposite wheels for traversing the
trolley, of, if individually driven wheels are used, amotor
shall be provided to drive opposite wheels. Motors are
to be selected per para. 6400.

Motors — Trolley

5431.2 Types Il and Il Cranes.- Trolley drive
motors ghall be selected in accordance-with para. 6400.

5432| Trolley Travel Gearing

543P2.1 General — TypeI-Cranes. Trolley travel
gearing shall be designediintaccordance with para. 5413
except for the areas delineated in this Section.

The adtual horsepower imposed on the gearing shall
be consiflered as/the rated motor horsepower at its nor-
mal time ratinghas defined in Section 6000. If 60-min
series wpuridmotors are used, then special consider-
ation shall\be given to the short time torque ratings of

5440 Bridge Drives

(a) Type I Cranes. Bridge drives shall consist off one
of the following arrangements, which. are shown in
Fig. 5440-1. Each four-wheel bridge‘shall use a drive
arrangement that has at least 50%"0f-the wheels dr{ven.
Bridges having more than four wheels, such as ejght-
wheel, twelve-wheel, or sixteen-wheel, shall haye at
least 25% of the wheels driven. Bridge drives shalll be
located directly oppositeeach other on rectilinear traivel-
ing overhead and gantry cranes [see Fig. 5440-1]|and
diagonally opposite on polar cranes [see Fig. 5440;2].

In bridge travel drives, single-failure-proof feafures
are generally{not required. However, in those dases
where a failire of a component could result in a fagility
unacceptable excursion, the design shall incorpdrate
single-failure-proof features to ensure that the bijidge
can be brought to a safe stop.

(1) A-1 Drive. The motor is located near the c¢nter
of the bridge and is connected by means of a flekible
coupling to a self-contained gear reduction unit|also
located at the center of the bridge, which shall be [con-
nected to the line shaft by solid or half-flexible couplings.
The line shaft is in turn connected to the bridge wheel
axles by means of floating shafts with half-flexible |cou-
plings [see (a)(7) below, Note].

(2) A-2 Drive. The motor is connected by meaps of
a flexible coupling to a self-contained gear redugtion
unit located at the center of the bridge. The brjdge
wheels shall be driven through gears that are ejther
press fitted or attached directly to the wheel. Line $haft
couplings at the center reducer shall be either solid or
half-flexible. Line shaft couplings at the truck redu¢tion
pinion shall be of the half-flexible type. All other |cou-
plings shall be of the solid type [see (a)(7) below,
Note].

(3) A-3 Drine The motor is located at the center of

such motors.

5432.2 Types Il and Il Cranes. Gearing for trolley
travels shall be established in accordance with the provi-
sions of CMAA 70.

5433 Trolley Brakes

5433.1 Type | Cranes
(a) Service Brakes. A trolley drive system shall be pro-
vided with a service braking means that may be satisfied
by the emergency brake, a separate control brake, or as

62

the bridge and is connected directly to the line shaft
by means of half-flexible couplings. Self-contained gear
reduction units located near each end of the bridge shall
be connected to the bridge wheel axles by means of
floating shafts with half-flexible couplings. All other
couplings shall be of the solid type.

(4) A-4 Drive. The motors are located near each end
of the bridge without torque shafts, and they shall be
connected to self-contained gear reduction units. The
gear reduction units shall be applied to the truck wheels
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Fig. 5440-1 Arrangement of Crane Bridge Drives
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Fig. 5440-2 Arrangement of Polar Cranes
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by means of either suitable shafts with couplings or
directly mounted to the wheel axle shaft extension.
Another variation of this drive would separate the high-
speed and final reductions by locating the motors near
each end of the bridge without torque shafts. The motors
will be connected to self-contained, high-speed gear
boxes with pinions mounted on the output shafts of the
high-speed gear boxes that will drive the truck wheels
through gears pressed and keyed on their axles or by

5442 Bridge Travel Gearing

5442.1 Type | Cranes. Bridge travel gearing shall
be designed in accordance with para. 5413, except for the
areas delineated in this Section. The actual horsepower
imposed on the gearing shall be considered as the rated
motor horsepower, at its normal time rating, unless
60-min series wound motors are used (see para. 5441.3).

5442.2 Types Il and Il Cranes. Gearing for bridge

geats fastened to the truck wheels.

(56) A-5 Drive. The motor is located near the center
e bridge and is connected by means of a flexible
coupling to a self-contained gear reduction unit located
neai the center of the bridge. This reduction unit shall
be donnected by sections of line shaft having solid or
halfiflexible couplings to self-contained gear reduction
unitp located near each end of the bridge, and these, in
turn}, shall be connected to bridge wheel axles by means
of flpating shafts with half-flexible couplings [see (a)(7)
below, Note].

(6) A-6 Drive. The motors are located near each end
of the bridge and are connected with a torque shaft. On
the frive end, the motor shall be connected to a self-
conthined gear reduction unit by means of flexible cou-
plinjgs. Gear reduction units are to be connected to
bridge wheel axles by means of floating shafts with half-
flexible couplings. High-speed shafts between motors
shal| be connected by half-flexible couplings. All other:
couplings shall be of the solid type.

(7) Typical bridge drive arrangements for pplar
cranes are shown in Fig. 5440-2. These drives use the
A-4|drive arrangement with the axis of bridge wheel
rotafion passing through the center of thé crane runway
diareter.

of t

NO A-1, A-2, and A-5 drives can fesult in a torsionally very
soft dlrive system if center gear ratios and/or bridge spans are of
largel magnitude. Natural frequeficyy and amplitude of total tor-
siongl deflection of the drive system should be determined. Low
freqyencies and large total<deflections are undesirable for crane
opergtion.

(b) Types II ad JII Cranes. Arrangement of bridge
drivps is the same as for Type I cranes.

5441 _Motors — Bridge

5441.1 Type | Cranes. Each bridge drive arrange-

travels shall be established in accordance with the provi-
sions of CMAA 70.

5443 Bridge Brakes

5443.1 Type | Cranes

(a) Service Brakes. A bridge driye system shall be pro-
vided with a service braking'means that may be{satisfied
by the parking brake, a‘séparate control brake, or as
part of the motor contfols. Service brake requirements,
brake sizes, and brake designs are specifigd under
Section 6000.
(b) Emergency and Parking Brakes. Each primary
bridge drivenotor shall be provided with an erhergency
and a patkitig brake. Brake sizing and design gre speci-
fied under Section 6000.

5443.2 Types Il and Ill Cranes. Bridge brgkes shall
bein accordance with CMAA 70.

5450 General Mechanical Components
5451 Couplings (Types |, Il, and Il Cranes)

5451.1 General

(a) Couplings connecting the motor(s) to the hoist and
travel gear reducer(s) shall be the flexible typel Grease-
lubricated couplings are preferred with gear types. Flexi-
ble motor couplings are not required for self-qontained
bridge and trolley gear reduction units withf integral
motors.
(b) Cross-shaft couplings, other than the flexjble type,
shall be steel as specified by the coupling manufacturer.
The coupling (other than flexible) may be compression,
sleeve, or flange type.

5451.2 Selection

(a) Coupling selection shall be based on the fnanufac-
turer’s rating and applicable service factors for crane
motions compared to the applied torque on the ¢oupling,

ment, as described in para. 5440 and shown in
Figs. 5440-1 and 5440-2, shall use one or more motors
for traversing the bridge. Motor(s) shall be selected in
accordance with para. 6400.

5441.2 Types Il and Il Cranes. Bridge drive
motors shall be in accordance with CMAA 70.

5441.3 Ratings. If 60-min series wound motors
are used, then special consideration shall be given to
the short time torque ratings of such motors.
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giving consideration to the following:

(1) motor output

(2) gear ratio

(3) efficiency of system

(4) wheelslippage with maximum operating wheel
load (friction = u = 0.2)

(5) dynamic effects

(6) brake torque

(b) In no case do all of the loading conditions occur

simultaneously, and consideration should be given to
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the applicable conditions, such as minimum wheel slip-
page or motor output torque.

5452 Wheels — Bridge and Trolley

5452.1 General. Unless other means of restricting
lateral movement are provided, wheels shall be double
flanged with treads accurately machined. Wheels may

the maximum wheel load under normal conditions. The
allowable maximum wheel load is determined by divid-
ing the allowable wheel load in Table 5452.3-1 by the
appropriate speed factor of Table 5452.3-2. The allowable
wheel lopd shown in Table 5452.3-1 is that load produced
with trolley handling the rated load in the position to
produc¢ the maximum load and shall be used for
determining wheel sizes. Impact loading due to han-
dling rafed load is not included in the allowable wheel
loads.

545p.4 Clearances

(a) Bridge Clearances. Wheel treads shall, be’a mini-
mum of|% in. wider than the rail head for, nontapered
wheels.

(b) Trdlley Clearances. Wheel treads) shall be a mini-
mum of|% in. wider than the rail head for nontapered
wheels.

(c) Tapered Wheel Cleardnces. Tapered tread wheels
may haye a clearance/over the rail head of 150% of
the cleajance providéd)for straight tread wheels, or as
recommended by the crane manufacturer.

(d) Special Conditions for Wheel Clearances. Wheel
tread cldarances may be greater than those specified in
Fig. 5452.4:1;if determined necessary to meet runway

5453 Axles — Bridge and Trolley

5453.1 General — Type | Cranes.
either of the fixed or rotating type.

(a) Load Combinations, Allowable Stresses, and Service
Factors. The bridge and trolley axles shall be designed
to resist the load combinations of Table 5453.1-1 with
corresponding values of allowable stresses and service
factors.

Axles may be

para. 5470.

5453.2 General — Type Il Cranes.  Axlés shdll be

designed according to CMAA 70.

5453.3 General — Type Il Cranes:
designed according to CMAA 76:

5454 Drive Shafts — Bridge and Trolley

5454.1 General — Type | Cranes. Drive shdfting
shall be designed for the rated load maximum wheel
load in combinationwith the required torque. The fnag-
nitude of the torgue shall be based on the drive odtput
torque, skid torque, or braking torque, whichevr is
limiting.

(a) Campirtation — Analysis. Analytical stress corhpu-
tations,shall be performed according to procedurgs in
pazal 5470.

(b) Service Factors. Service factors shall be apglied
according to para. 5320.

(c) Torsional Deflection. The torsional deflection of the
cross-shafts and floating shafts shall not exceed thq val-
ues, shown in Table 5454.1-1. The types of drives refgrred
to in this table are defined in para. 5440. The pefcent
motor torque is the portion of the full-load torque of the
drive motor(s) at its normal time rating for the sefvice
involved, increased by any gear reductions between the
motor and the shaft. If 60-min series wound motorp are
used, short time rating torques should be consid¢red.
The allowable angular deflection is expressed in degrees
per foot (deg/ft).

5454.2 General — Types Il and lll Cranes. IDDrive
shafting shall be designed according to CMAA 70
5455 Bearings

5455.1 Antifriction Bearings (Type | Cranes)
(a) The type, size, and mounting of bearings shdll be

determined-byvcriteria-ocutlined-in-this-Section Pnr"lpu_
7

Axles shall be

expansion requirements caused by excessive tempera-
ture and pressure. Refer to Section 1000. For guidance
on wheel width and height, refer to Table 5452.4-1.

5452.5 Axle Fits. When rotating axles are used,
wheels shall be mounted on the axle with a press fit alone
or press fit and keys. All wheels shall have sufficient hub
thickness to permit the use of keys.

5452.6 Overhung Wheels. Overhung wheels shall
not be used.

tations confirming the adequacy of the bearing to meet

the criteria shall be included as part of the crane analysis.
(b) Bearings with a calculable predicted life expec-

tancy of a minimum of 5,000 hr shall be selected.

(1) Bearing life expectancy shall be determined
from the bearing manufacturer’s published data or certi-
fied extension of published data.

(2) Bearing life expectancy shall be expressed as
the number of hours of operation in which 90% of the
bearings are expected to operate without failure.
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Table 5452.3-1 Allowable Wheel Loads for Rim-Toughened Crane Wheels, P, Ib, for Speed Factor = 1

Rail Section
Wheel ASCE ASCE ASCE BETH & USS BETH & BETH & BETH
Diameter, in. 30# 40# 60# 104-105# USS 135# USS 175# 171#
8 11,840 13,930 -
9 13,220 15,670 21,940
10 14,800 17,410 24,370 R
12 17,770 20,890 29,250 31,340
15 22,210 26,110 36,560 39,170 ce e -
18 26,650 31,340 43,880 47,010 56,410 78,350 87,760
21 A 36,560 51,190 54,850 65,820 91,410 102,380
24 . - 58,500 62,680 75,220 1043470 117,010
27 . - - 70,520 84,620 117,530 131,640
30 e A ce 78,350 94,020 130,590 146,260
36 . - - - 112,830 156,710 175,520
ffective 1.063 1.250 1.750 1.875 2.250. 3.125 3.500
rail width
GENHRAL NOTES:
(@) Allowable wheel load P = KbD, where
Y= effective width rail head
O = diameter of wheel
(b) BHN\%333
K = 1,300 (m) &5 1,393
() BHN for rim-toughened wheels = 320
@ Allowable maximum wheel load = allowable wheel load
speed factor
Table 5452.3-2 Speed Factor for Determining Allowable Maximum Wheel Load
Wheel .
Diafneter, Travel Speed, ft/min
n. 50 75 100 125 150 175 200 250 300 350 400 450 500
8 0.958 1.013 1.049 1.086 1.122 1.158 1.195 1.267 1.340 1.413 1.485 1.55 1.631
9 0.944 3001 1.033 1.066 1.098 1.130 1.163 1.227 1.292 1.356 1.421 1.48 1.550
10 0.932 0.984 1.020 1.049 1.079 1.108 1.137 1.195 1.253 1.312 1.369 1.42 1.485
12 0.915 0.958 1.001 1.025 1.049 1.074 1.098 1.146 1.195 1.243 1.292 1.34 1.389
15 0.898 0.932 0.966 1.001 1.020 1.040 1.059 1.098 1.137 1.175 1.214 1.25 1.292
18 0.887 0.915 0.944 0.973 1.001 1.017 1.033 1.066 1.098 1.130 1.163 1.19 1.227
D1 0.879 0.903 0.927 0.952 0.977 1.001 1.015 1.043 1.070 1.098 1.126 1.15 1.181
R4 0873 0.894 0915 0937 0958 0.980 1.001 1.025 1.049 1074 1.098 1.12 1.146
27 0.869 0.887 0.906 0.925 0.944 0.963 0.982 1.011 1.033 1.055 1.076 1.098 1.119
30 0.865 0.882 0.898 0.915 0.932 0.949 0.967 1.001 1.020 1.040 1.059 1.079 1.098
36 0.860 0.873 0.887 0.901 0.915 0.929 0.944 0.973 1.001 1.017 1.033 1.049 1.060

GENERAL NOTE:

For rpm < 31.5: speed factor

2
rpm - 31.5
[“( 360 )]

1+(rpm—31.5)

or rp >3 : 328.5
For rom 1.5: SDEEd factor .
67
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Fig. 5452.4-1 Minimum Flange Widths and Heights

e
h
Width of rail head ——

| ;

Width of rail head + 3/g in. For trolley wheels min.
10 deg
Width of rail head + 3/4 in. For bridge wheels min.
Straight Tread Wheels
Span
e
A
<~——— Width of rail head ——
/ /
w w
Width of rail head + 11/8 in. For bridge wheels min
10 deg
Tapered Tread Wheels
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Table 5452.4-1 Guide for Wheel Flange Width and Height

Wheel Flange

Wheel Diameter, in.

Width and
Height 8 10 12 15 18 21 24 27 30 36
Flange width, A A A VA A A 1 1 1Y, 1Y,
w, in.
Flange height, % A A VA /A A 1 1 1 1
h, in.
Table 5453.1-1 Load Combinations — Bridge and Trolley Axles
Type of Loading [Note (1)]
Load Service
Crjane Combination Maximum Side Output Slipping Brake Allowable Factor
Type [Note (2)] Wheel Load Thrust Torque Torque Torque Seismic Stresses Minimum
Typell 1 X X X [Note (3)] X [Note (3)] 0.2 ULT 1.0
crare
2 X X X [Note (3)] X [Nete'(3)] 0.75Y 1.0
3 R ). . NA
Typeq Il and
Il cfanes Per CMAA Z0O
NOTHS:

(1) Type of loading:

q
9
B
9
9
Ljve load: rated load
0
4
4
4
4
N

eismic: earthquake condition

pbad combinations:

bad combination 1 — normal operating

pad combination 2 — maximum overload:drive torque

pad combination 3 — seismic not applicable

inimum value of either output, sliding, or braking torque.

aximum wheel load: live load + dead load + impact load
utput torque: motor rating (nameplate) x gear ratio x efficiency x factor for drive arrangement
lipping torque: maximum wheel load x 0.2 x diameter of wheel}:2
rake torque: applicable percentage of rated motor torque
ide thrust: force due to contact between wheel flange and-side of rail head

Table 5454.1-1 Deflections

Maximum Allowable

ead load: weight of crane (for bridge) or weight.of trolley (for trolley)

(3) Analytical procedures may be based dn L10 or
B10, as defined by the American Bearing Manufacturers
Association (ABMA).

(4) Infrequent loads, such as impact or|seismic,
need not be considered in bearing life compufation.

(5) Bearing life computations shall be bas¢d on the
full rated speed except as exempted herein. They may
nfirmed

Type [of \Drive Deflection, deg/ft Motor Torque, % be based on less than full rated speed only if c
by the load spectrum, uniess otherwise specitied by the
A-1 0.080 67 urchaser
A2 0.080 50 p — .
A3 0.080 67 (6) Bearing life computations shall be based on the
following minimum percentages of maximum load and
A-4 0.070 100 load combinations.
A5 0.080 >0 (-a) Bridge drive bearings shall be computed
A6 0.070 100 & & p
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using 75% of the maximum load, and shall be computed
with no load acting against the wheel flange.

(-b) Trolley drive and wheel bearings shall be
computed using 65% of the maximum load, and shall
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be computed with no load acting against the wheel
flange.
(-¢) Hoist bearings shall be computed using 65%
of the full rated load.
(c) Bearings shall be selected to withstand the maxi-
mum forces that may be imposed.
(1) Bearing capability shall be determined from the
manufacturer’s published data or certified extension of
published data.

(c) Forces induced by the SSE shall not exceed 90%
of the allowable compressive strength of the bearing.

(d) Allbearings shall be provided with proper lubrica-
tion or means of lubrication.

(e) Mounting fits and clearances shall be as recom-
mended by the bearing manufacturer.

(f) Bearing enclosures shall be designed as far as prac-
tical to exclude dirt and prevent leakage of oil or grease.

5455.4 Sleeve Bearings (Types Il and lll Cranes).

(2) TThe basic static capacity of the bearing shall not
be exceefded by load combinations as outlined herein.
(-f) All bearings shall be sized to resist the maxi-
mum opprating force that can be imposed by the driving
motors.
(-p) Wheel bearings shall be designed to resist
forces diie to the maximum wheel load.

(3) [Loads imposed by the safe shutdown earth-
quake (SSE) shall not exceed 90% of the bearings’ mini-
mum frdcture limit.

(d) Mpunting fits and internal clearances shall be as
recommended by the bearing manufacturer.

(e) Al]bearings shall be provided with proper lubrica-
tion or theans of lubrication.

(f) Beqring enclosures shall be designed as far as prac-
tical to exclude dirt and prevent leakage of oil or grease.

(g) Agsemblies shall be analyzed to confirm that
deflection under load does not exceed that which the
bearing fan accommodate.

(h) Special consideration shall be given to bearings
that opefate at speeds above or below the manufactug-
er’s published data. Certified confirmation of the beai=
ing’s capjcity beyond published rating must be obtained
from thd manufacturer.

(i) Fogbearings of load blocks that are to be immersed

(1) lubricants of these bearings shall.be compatible
with the chemistry of the liquid (refér to Section 1000
for specfal environmental conditions)

(2) provisions shall be made for relubricating the
bearings once the block has.been removed from the
liquid

545
Cranes)

(a) Refer to CNMIAA 70.

(b) Fop bearings’of load blocks that are to be immersed

(1) lubficants of these bearings shall be compatible
with the chemistry of the liquid (refer to Section 1000

5.2 Antifriction-Bearings (Types Il and Il

Refer to CMAA 70.
5456 Fasteners — Mechanical Components

5456.1 Fastener Restraints
(a) Types I and 1I Cranes

(1) Fasteners shall not loosen“under noj
operating loads and vibration.

(2) Cranes that travel over the reactor pool o1 fuel
pool shall use fasteners that,do/not depend upon [lock
washers unless they are se-lo¢ated as to be caught yipon
removal by drip pans orerane structure. For these crgnes,
when other than high=strength bolts are used, prefgrred
locking methods are-thread-upsetting fasteners, plastic
insert fasteners;tack welding, cementing, or lock vire.
High-strength bolts are considered restrained when
torqued innaccordance with the AISC method.

(b) TypeJll Cranes. Fasteners shall be in accordpnce
with CMAA 70.

5456.2 Allowable Stresses

(a) TypesIand Il Cranes. Maximum combined str¢sses
induced in the fasteners by normal operating loads|(but
not including pretensioning loads) shall not exceed|20%
of the ultimate strength of the fasteners. Limiting lpads
(such as seismic, stall torque, and load hang-up) phall
induce combined stresses (not including pretensiopning
stresses) that do not exceed 90% of the yield strength of
the fasteners.
(b) Type 1II Cranes. Maximum combined strgsses
induced in the fasteners by normal operating loads|(not
including pretensioning loads) shall not exceed 20po of
the ultimate strength of the fasteners.

5456.3 Mounting of Machinery
(a) Types I and 1I Cranes
(1) Mounting surfaces for machinery (excep
bridge) shall be machined for direct mounting or
allowance for shimming as dictated by the design
(2) Single machinery elements such as motors|and
gear reducers shall not be mounted on multiple sugport

mal

for
with

for special environmental conditions)

(2) provisions shall be made for relubricating the
bearings once the block has been removed from the
liquid

5455.3 Sleeve Bearings (Type | Cranes)

(a) Only bearings with published and/or certified
properties shall be used.

(b) The PV (pressure velocity) rating of the bearing
shall not be exceeded for any combination of operating

70

SLIUCTUICTS l‘lldl. CdIll deﬂeu Itfldl.iVC o t'dL,Il Ul‘llCI u lleSS
the design specifically allows for this deformation.

(3) Machinery or machine parts whose alignment
is important to its operation shall not depend on friction
but shall use positive means such as dowel pins, shear
bars, or fitted bolts to maintain alignment.

(4) Gear engagements shall be protected such that
equipment deformation could not cause disengagement
and drop the load.

(5) Machinery weights shall be increased by appro-
priate dynamic factors and analyzed by the static

loads.
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method to determine fastener mounting loads. Allow-
able stresses shall be in accordance with para. 5456.2.
(b) Type III Cranes

(1) Mounting surfaces for machinery (except for
bridge cross-shafting) shall be machined for direct
mounting or with allowable for shimming as dictated
by the design.

(2) Single machinery elements such as motors and
gear reducers shall not be mounted on multiple support

(b) All gear enclosures shall be designed to retain
lubricant.

(c) Openings shall be provided in the top section for
the inspection of the gearing at the mesh lines. Covers
for these inspection holes shall be sealed to prevent
leakage.

(d) Openings for shafts or other rotating parts such
as drums shall be provided with means to retain the
lubricant.

strugtures that can deflect relative to each other unless
the flesign specifically allows for this deformation.

(3) Machinery or machine parts whose alignment
portant to its operation shall not depend on friction
bhall use positive means such as dowel pins, shear

or fitted bolts to maintain alignment.

(4) Gear engagements shall be protected such that
equipment deformation could not cause disengagement
and|drop the load.

is inj
but
bars

8457 Gear Cases, Enclosures, and Guards

5457.1 Gear Cases (Type | Cranes)

All gears except final reduction gears shall be com-
bly enclosed in gear cases. All gear cases shall be
ght and sealed with compound or gaskets.

Unless otherwise approved by the owner, the hoist
motjon gear case base shall be split in one plane through
the pearing center lines above the oil level except in
micgodrives and worm drives.

(c) Openings when provided shall be provided in“the
top pection for the inspection of gearing at mesh'lines.
Coveprs for these inspection holes shall be sealed-to pre-
vent leakage.

(d) Splash oil lubrication of bearings ‘may be used
unldss otherwise specified.

(e} Oil pumps shall be used if vértical gearing exceeds
two(reductions. The oil level on_horizontally arranged
geatfing shall be high enough)to immerse the bottom
portfion of at least two gears.

(f] Solid oil seals should be selected to allow replace-
ment with split seals, if possible.

(g) Easily accéssible drain plugs and breathers shall
be frovided,

(h) All haist'gear cases shall be mounted on machined
surfpces:

(i} Gear cases shall be provided with lugs or other

(a
plet
oil-t]

(b

(e) Gear enclosures shall be provided with lugs or
other means of lifting.
5457.4 Enclosures for Gears (Types I] and Il

Cranes). Gear enclosures shall be in~accordahce with
CMAA 70.

5457.5 Guards for Moving Parts (Types I,
Cranes)

(a) Exposed movingsparts such as gears, set screws,
projecting keys, chains,/chain sprockets, and reciprocat-
ing components, swhich may constitute a hazgrd, shall
be guarded.

(b) Guards<shall be securely fastened.

(c) Eacth'guard shall be capable of suppo
weightief a 200-1b person without permanent
tiony uhless the guard is located where it is i
for’a person to step on it.

I, and 1l

ting the
eforma-
possible

5457.6 Guards for Hoisting Ropes (Types|l, Il, and
Il Cranes)

(a) If hoisting ropes run near enough to ot
to make fouling or chafing possible under
operating conditions, guards shall be installe
vent this condition.

(b) A guard shall be provided to preven
between bridge or runway conductors and
ropes if they can come into contact under
operating conditions.

her parts
normal
l to pre-

contact
hoisting
normal

5458 Bumpers and Stops

5458.1 Bridge Bumpers (Type | Cranes)

(a) Bumpers shall be sized to limit impact and critical
load excursions to facility acceptable magnitufles.

(b) A crane shall be provided with bumpegs. These
bumpers shall have the following mfinimum
characteristics:

(1) energy absorbing (or dissipating) ca

stop the crane when ’rravp]ing with power off

pacity to
in either

means of litting.
(j) Means for checking oil level shall be provided.

5457.2 Gear Cases (Types Il and Il Cranes). Gear
cases shall be in accordance with CMAA 70.

5457.3 Enclosures for Gears (Type | Cranes)
(a) All gears not enclosed in gear cases shall be pro-
vided with guarded enclosures. This is primarily for the
final gear reduction at the hoist drum and travel motion

71

direction at a speed of at least 40% rated load speed
(refer to para. 5459 on limit switches for limiting speed
upon bumper impact)

(2) capable of stopping the crane (not including
load block and lifted load unless guided vertically)
at a rate of deceleration not to exceed an average of
3 ft/sec” when traveling with power off in either direc-
tion at 20% of rated load speed

(3) mounted such that there is no direct shear on
bolts upon impact

drive wheels.
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(c) Bumpers shall be designed and installed to mini-
mize parts falling from the crane in case of breakage or
loosening of bolted connections.

(d) When more than one crane is located and operated
on the same runway, bumpers shall be provided on their
adjacent ends to meet the requirements stated above.

(e) Bumpers are not required on polar cranes unless
limited rotation is desired.

545

b

(b) Geared type for upper and lower travel hoist
motion (see para. 6447 for application and function).

(c) Weight and paddle-operated type for upper travel
hoist motion (see para. 6447 for application and
function).

(d) A trolley track-type limit switch or other device
shall be provided and positioned to ensure that, under
operating conditions, the trolley speed cannot exceed
50% of rated load speed on engaging the trolley stops

- )=
Bridge bumpers shall be in accordance with CMAA 70.

545B.3 Trolley Bumpers (Type | Cranes)

(a) Bumpers shall be sized to limit impact and critical
load excprsions to facility acceptable magnitudes.

(b) A frolley shall be provided with bumpers. These
bumpers shall have the following minimum
characteistics:

(1) gnergy absorbing (or dissipating) capacity to
stop the[trolley when traveling with power off in either
directiorn} at a speed of at least 50% rated load speed
(refer tofpara. 5459 on limit switches for limiting speed
upon bumper impact)

(2) tapable of stopping the trolley (not including
load blofk and lifted load unless guided vertically) at
a rate of deceleration not to exceed an average of
4.7 ft/sef* when traveling with power off in either direc-
tion at gne-third of rated load speed

(3) mounted such that there is no direct shear on
bolts uppn impact

(c) Bumpers shall be designed and installed to mini=
mize pafts falling from the crane in case of breakage or
loosening of bolted connections.

(d) When more than one trolley is located(and oper-
ated on|the same bridge, bumpers shall be provided
on their [adjacent ends to meet the requirements stated
above.

545B.4 Trolley Bumpers (Types-Il and Il Cranes).
Trolley Humpers shall be in actotdance with CMAA 70.

545B.5 Trolley Stops (Type I Cranes)
(a) Stgps shall be provided at the limits of travel of
the trollgy.
(b) Stgps shall-be designed to withstand the forces
applied fo the bumipers as specified in para. 5458.
(c) If 4 stopyengages the tread of the wheel, it shall
not be of|a hieight less than the radius of the wheel. Stops

and bumpers.

(e) A bridge track-type limit switch or otheér d¢vice
shall be provided and positioned to ensure-that, upder
operating conditions, the bridge speed leanhot exeed
40% of rated load speed on engaging the bridge dtops
and bumpers.

5459.2 Limit Switches (Types 1l and Ill Cranes).
Limit switches shall be in adedrdance with CMAA 70.

5459.3 Clearances.For determining Cleare:Eces
between the trolley structure and the load block in its
high position, allowance shall be made for lift, trip{and
drift as shown inFigs. 5459.3-1 and 5459.3-2.

5460 Lubrication

5461<Type | Cranes
(a).Sheave bearings shall be individually lubridated
andhaccessible for lubrication from the trolley deck for
the head block assembly and the operating floor fof the
load block assembly. Load blocks that are immers¢d in
water shall have special provisions to prevent logs of
lubricant to the water (refer to para. 1100).
(b) Hoisting ropes, except for stainless steel rppes
(consult manufacturer), shall be lubricated. When rppes
are immersed in water, the lubricant type shall be
selected to reduce the loss of lubricant to the watdr.
(c) Lubricants for gears, bearings, and wire ropes ghall
resist effects of gamma or neutron radiation when puch
effects are present, or facilities shall be provideq for
changing of the lubricants.
(d) If lubricants cannot be conveniently changed} but
are subjected to neutron or gamma radiation, then lfibri-
cants shall be NLGI Grade 0 oil containing molybdepum
disulfate or NLGI Grade 1% grease with sodium al{imi-
nate thickener. They shall be oxidation and rust inhilpited
with the exception of wire rope lubricants.

(e) Provisions shall be made to prevent lubricantdfall-

engaging other parts of the crane are recommended.
(d) Stops shall be mounted such that there is no direct
shear on the bolts upon impact.

5458.6 Trolley Stops (Types Il and Ill Cranes).
Trolley stops shall be in accordance with CMAA 70.

5459 Limit Switches

5459.1 Limit Switches (Type | Cranes)
(a) Track type for bridge and trolley travel motion
(see para. 6447 for application and function).

72

ing from the crane.
(f) For all above paragraphs, refer to Section 1000.

5462 Types Il and Ill Cranes. Lubrication shall be
in accordance with CMAA 70, unless the crane is sub-
jected to radiation. If Types Il and III cranes are subjected
to radiation, then the provisions of para. 5461 apply.

5470 Analytical Procedures

It is the purpose of para. 5470 to apply common lan-
guage for the terms, symbols, data, and formulas that

(
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Fig. 5459.3-1 Power or Control Circuit Limit Switch
With Geared Upper Limit Switch

Fig. 5459.3-2 Power or Control Circuit Limit Switch
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design calculations shall conform as far as pgssible to
the method outlined and shown. The given dgta apply
to low and medium carbon steel (usually usqd as hot
ralled and normalized) and to heat treated qlloy steel

apply most frequently in the process of mechanical crane
engineering. The effects of service and stress concentra-
tions are treated separately from the allowable stresses
to conform with actual service conditions and actual
design geometry.

(a) The basic stress formulas have been listed to
achieve uniformity in recording and combining of
design stresses throughout the industry. Where applica-
ble, formulas and symbols shall be used as defined in
this Standard. All other formulas and symbols used in

73

(usually used as quenched and tempered).

(b) Material strength properties have been treated on
the basis of ultimate strength because it has a good
relationship to the fatigue strength. No differentiation
has been made between various materials because of
the wide scatter of fatigue strength for each individual
heat or each finished component. Heat treated alloy bar
has, on the average, higher fatigue strength than
medium carbon steel of the same ultimate tensile
strength.

(
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(c) Progressive fatigue failure represents the most
common mode of failure in crane machinery. The design
criteria of this Standard are, therefore, directed mainly
to the prevention of accumulative damage to the mate-
rial of mechanical crane components.

5471 Stress Concentration Factors (Type | Cranes)
(a) Stress concentration factors, Ky, Kys, and Ky, for
shafting in bending, shear, and torsion may be obtained

5475 Service Factors. Service factors, Ksp, Ksy, Kss,
and Ky, are to be based on para. 5320. Not all compo-
nents within a crane drive system are necessarily sub-
jected to the same service. Service factors shall give
consideration to the following;:

(a) risk and consequences of potential failure

(b) indeterminate load reactions (e.g., trolley with
rigid frame supported on four track wheels)

(c) unpredictability of operation conditions (e.g.,

from StrgssComrerntrationrFactors by RE: FcLu:-U1l.1 These
factors ghall give consideration to the effects on the
fatigue strength of fillet radii, as well as keyways, com-
bined with heavy press fits.

Stress| concentration factors for all other forms of
notches {e.g., lubrication holes, threads, grooves) as well
as other modes of stressing must also be considered and
may be pbtained from Stress Concentration Factors."

(b) A ¢ombination of stress concentration factors must
take pldce when two or more stress concentrations
superimpose in one location — for example, keyway
and/or press fit extending in the critical region of a shaft
fillet. THe proper stress concentration factors, Kyp or
Knn, myst be applied in calculating ox or oy stresses,
dependihg on whether ox or oy are basically bending
or tensipn—compression stresses. Stress concentration
factors thust be entered into calculation even if equal
to 1.0.

unexpected accidents within the building) nl
(d) dynamic effects (e.g., impacts in hoist mechanjisms
and seismic effects)

5476 Basic Stress Equations
(a) Where applicable, egs. (17) thzough (31) mupt be
used in determining basic stressesin crane machinery
components. For determining size-of machinery cothpo-
nents, maximum working_(opetational) moments|and
shear loads, as well as critical section moduli, mu$t be
entered into these formulas.
(b) Sign convention must be observed when entgring
ox and oy in eqs£(29) through (31). (Tension is positive;
compression is\negative.)
(c) Only stresses that occur simultaneously af the
location where stress is being calculated should be
combined.
(@) In egs. (23) through (31), anisotropy and sfress
flisctuation have been given consideration in a simpljified

5472 Nomenclature. See para. 5168. inanner for easier use in the design engineering profess.

5473 Working Stresses. The maximum working (e) For sample calculation, refer to Nonmanddtory
stresses fin Class I crane machinery components_shall Appendix B, para. B-5476. . .
not excepd the maximum allowable stresses, gp4;0N4, (f) The following are the basic stress equations:
Oxa, Oyal Ta, Or Ty, unless otherwise specified by the M
purchas¢r. The working stresses (o3, oN, OEbN, OEB, OEN, op = (S—B) (Ksp) (Knp) < opa, ksi (17)
0%, 0y, OFxXY, OEXYT, TX, TT TET, TxY, and 7pxyy) are uniaxial,
biaxial, $hear, combined, or equivalent stresses, which P .

.1 . ! ! . = |- | (Ksn) (Knn) < , k 18
are indufed in a mechanical component by the working N (A ) (Keno) (Ko < ona, kst 18)
(operatignal) loads. The maximum’working loads shall
include {lead loads, maximum-live loads, and accelera- OEN = Op + [ ( ﬂ) (on) } < opa, ksi (19)
tion and deceleration forces’ that result from normal ONA
operatioh of the crane.The maximum calculated work- o\ /[P
ing strespes shall inclide both service and stress concen- T = ( T ) ( n ) (Kss) (Kns) < 7na, ksi (20)
tration fhctors.

5474) Allowable Stresses. The allowable stresses, 75 = (%) (Kss) (Kys) < 74, ksi (21)2
oga, 0N}, Fa;7and 714, which shall be obtained from
Figs 547 1 BS474.D A 5474 2 5 e 153 o

54742 are-54A4-3-vary-with-Hhe P - -

ultimate tensile strength, oy;1, of the material in use, as T = (S_T) (Kst) (K1) < 714, KSi (22)
well as with the fluctuation ratios, Rg, Ry, Rg, and Ry,
of the working stresses. ox4 and oy, shall be selected o ]
from Fig. 5474-1 or Fig. 5474-2, depending upon whether Ter = 7+ | o | (), kst (23)
ox or oy are basically bending or tension—compression
stresses. shall be selected directly from Fig. 5474-3. TTA .

T y & TEXYT = T + [ (E) (7xv) ] < 7ra, ksi (24)

1 Peterson, R. E., Stress Concentration Factors, John Wiley & Sons,

74

2 Timoshenko, S., Strength of Materials, Second Edition, Part 2,
D. Van Nostrand Co., New York, NY, 1941, p. 65.

New York, NY, 1974.
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Fig. 5474-1 Allowable Bending Stress
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Fig. 5474-2 Allowable Tension or Compression Stress
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Fig. 5474-3 Allowable Shear Stress
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Fig. 5477-1 Typical Hook Cross-Section

Fig. 5477-2 Fish Hook Configuration

Load axis \j\
b; ———> !
A1 i r, i . .
A ;; V77
2
[ o e
|
ro |
Latch
ho (ifrequired
or pfovidedgl)
AN
Ay BN /
Equivdlent \\: ~ \\\
sectfon \ ‘\\ N
4 N
Actual A3 S
sectipn, A, ~—b,
opa |’ 12
UEB:{0%+|:(T_M) (T%T)]} (25)
O = OB KEB < TBA, ksi (26)
ONA : 1z
UENZ{O%\I+|:(T_TA) (ﬂ%T)]} (27)
oen = onKen < ona, ksi (28)
OXA \ 2
OEXy = 02+{(02)(_)} . . . .
{ ! "\ ova the numerical integration method, and, in the casgs to
on 12 which it has been applied, it has given close agreement
- (o%) (a—) (0y) ] } with the latter method.
“ Essentially, the analytical method is based or] the
< XA, ksi (29) assumption of an equivalent trapezoidal section hajving
an area equal to that of the actual section. The sftress
oexyr = (0x) (Kexy) $ oxa, ksi (30)  computed in this way is then corrected for the stress
increase in the neutral section resulting from the| fact
OExyT = { g [ (g“;) ( @) 2} that the fibers nearest the center of curvature are fafther
A from the neutral axis than in the case of the equivilent
o trapezoidal section. It is assumed that the resultantload
- [(UX) (0‘_m> (tfy)] on the hook passes through the center of curvatute of
the curved part and that the critical section is at 9 deg
oxa \2 172 to the resultant load.
+ [{ —\\ (& v"r)Z —| ]I (31) In Fig 54771 the full lines represent the actual OOk
L\ 71a ] 1] =] 4 T

5477 Analytical Method for Hook of Approximate
Trapezoidal Shape (Types |, Il, and Ill Cranes)

(a) Method of Analysis. The analytical method given
in this section is intended to apply to hooks with cross-
sections having a shape as shown by the full line of
Fig. 5477-1, which does not deviate significantly from a
trapezoidal form. This includes a large number of practi-
cal crane-hook sections, such as shown in Fig. 5477-2.
This method, while approximate, is much faster than

section, and the dashed lines the equivalent trapezoidal
section. The equivalent section is so chosen that the
shaded area A; is equal to the areas A, + A;. Likewise,
A’y = A’y + A’;. In Fig. 5477-3, the distribution of stress
over the section due to bending alone is indicated. It
should be noted that the stress S, calculated from eq.
(32) yields the bending stress at point A at the inside of
the equivalent trapezoid. Because of its greater distance
from the neutral axis, the bending stress at point B in
the actual hook will be appreciably larger than that at
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Fig. 5477-3 Equivalent Section

Stress distribution

l

Neutral axis

\ B
\ Actual section

S

Equivalent section

poirft A by an amount S, as shown. If | is tHe distance
between the points B and A, then the stréssyaugment S,
will[be given approximately by

so=(ll)(j—;)

whelre (ds/dy), is the value (at point A, Fig. 5477-3) of
the ¢lerivative of the stress S with respect to distance y
fron} the neutral axis.‘From the equations of curved-bar

(32)

0

where h, is the depth of the equivalent trppezoid
(Fig. 5477-1).

The maximum stress, S.,, in the hook at tHe critical
section will be the sum of the bending stress, S, [eq. (39)];
the stress augment, S, [eq. (33)]; and the direq tension
stress, Sy [eq. (34)]. This gives

Smax = Sp+ Sp + 54 (36)

For Fig. 5477-1, let

theqry, the derivative (ds/dy) may be obtained, and by bi, b, = inside and outside widths of equivalent trap-
subdtitution inceq.(32) using the previous notations, the ezoid, respectively
stregs augmeriy S, becomes ri, ¥, = inside and outside radii of equivalgnt trape-
5,Ksls zoid, respectively
So = (33)
(7") /K - ;\ o= Z’o/'z’z (37)
i k 2 B 1 )
= To/Ti 38
where K; is given by eq. (41). B =l (38)
The stress due to direct tension is With these notations, the formulas for bending stress,
S, = P/A (34) Sy, a.t point A, Elg. 5477-3, at the inside of the trapezoidal
section as derived from curved-bar theory becomes
where A is the area of the cross-section .
2PK; |Ky — ——
ho (b, + b)) 1(2 /3—1)
=0 (35) Sp = (39)
2 biri (1 + @) (K = Ky)
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Fig. 5477-4 Sister Hook Without a Pinhole

Fig. 5477-5 Sister Hook With a Pinhole

Latch
(if required or provided)

where
1 20+ 1
AR e REITES ‘40’
-
{(B_l)lnﬁ]—(l—a)

In general, the factors K; and(KyShould be calculated
to at leagt four significant figures. For a sample calcula-
tion, seef Nonmandatory ‘Appendix B, para. B-5477.

(b) THe method of-afialysis and design of a sister
(duplex)| hook shall\be’ made using the straight beam
configurption for_the hook. Design of the sister (duplex)
hook shdll include due consideration for the sling angles
(rigging) to-be used during crane operation. Unless
otherwide Specified, hook design shall include provi-

Latch
(if required or provided)

Section A-

(1) Strength of Materials, S. Timoshenko, Se¢ond
Edition, Part 2, D. Van Nostrand Co., New York,|NY,
1941, p. 65

(2) Stresses in Curved Bars, H. C. Perkins,
Transactions of ASME, Vol. 53, 1931, p. 201

(3) Mathematical Methods in Engineering, Thqmas
von Karman and M. A. Biot, McGraw-Hill Book|Co.,
1940, p. 5

(4) Stress Concentration Factors, R. E. Peterson, John
Wiley & Sons, New York, NY, 1974

5480 Seismic Analysis

5481 Type | Cranes
(a) Analysis confirming that the critical load wil| not
be dropped as a result of the forces generated by seibmic
events shall be performed (see Section 4000)

sions for a maximum sling angle of 30 deg from vertical
(60 deg included sling angle). For sister (duplex) hooks
provided with pinholes, the design shall include checks
of the hook pinhole to ensure additional stress concen-
trations and shear tear out are addressed.

(1) Figure 5477-4 shows the general outline and a
shade of a sister hook without a pinhole.

(2) Figure 5477-5 shows the general outline and
shape of a sister hook with a pinhole.

(c) References for Para. 5477

(1) The analysis may be static if it includes loads
equivalent to those that would be imposed by the seismic
event specified.

(2) Loads due to vertical and horizontal motions
shall act together and shall be combined in accordance
with para. 4100.

(3) All elements which support the critical load
shall be analyzed as follows and should not consider
material fatiguing, stress concentration factors, and infi-
nite life criteria.
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(-a) The stress level at all critical points shall be
determined.

(-b) The gross cross-section shall be used in
determining the stress level.

(-¢) The maximum stress level shall not exceed
90% of the yield strength of the material.

(4) All computations are to be based on the bulk

cross-section of the material without consideration to

as a Tag-Line System shall be unacceptable for Type I
cranes.

(b) Messenger trolleys shall be compatible with the
track and shall be of sufficient load carrying capacity to
suspend the combined weights of the pendant, cables,
and accessories, as well as the pull that could be devel-
oped while maneuvering the control station. Messenger
trolley rollers shall be mounted on sealed antifriction

] control

any fatiguing effects of stress risers, or to the endurance bearings and shall be provided with lubrication fittings
limits of the material. The seismic forces according to  unless bearings are lubricated for life. Individual mes-
the tules in para. 5300 are to be algebraically added to  senger trolleys should be interconnected by strain relief
the forces and torques under normal operation. chains or cables to reduce strains on theelectric

(b) Analysis shall be performed to confirm that those ~ cables when traversing.

components that would damage safety related equip-
ment if dropped will remain in place during the seismic
evert.

(c) Components whose major resonant frequency is
greafter than 33 Hz may be analyzed as a lumped mass.
(1) Analysis shall consist of the determination of
the gtress level of the mounts when applying maximum
dyngmic forces to the center of gravity of the item.

(2) Loads shall be combined as in (a)(2) above.
Components whose major resonant frequency is
than 33 Hz shall be analyzed dynamically.

5482 Type Il Cranes

(a) Analysis shall be performed to confirm that those
components that would damage safety related equip-
ment if dropped will remain in place during the seismic
event

(d
less

Such components shall be delineated by the‘bid-
documents.
Analysis shall be as listed in para./5481.

5483 Type Ill Cranes. Seismig analysis is not
reqyired unless specified by the purchaser.

MISCELLANEOUS

Pendant Hoist and)Travel Drives (Types |, I,
and lll Cranes)

550
551

5p11 Crane Pendant Mounting. The crane purchaser
shal] prescribéswhether pendant control stations, if fur-
nishled, are'to.be mounted from the trolley frame, fixed
positions-on the bridge, or a messenger trace on the
bridgéThe purchaser shall also prescribe whether the

5513 Motorized Traversing:~~The crane gurchaser
shall prescribe whether pendant’traversing is fequired.
If furnished, the traversinig tractor shall be cpntrolled
from the pendant station:If cable reels are syspended
from a messenger track, consideration should |be given
to a motorized travefsing system. Consideration should
also be given to ensure that the pendant station is accessi-
ble to the operator after it has been lifted or loyvered by
a reel.

5514 Vertical Travel of Control Pendant. |In cases
whete pendant crane control is required from several
elevations, the purchaser shall specify such|require-
ments. Methods of raising and lowering the|pendant
shall be determined and specified by the puirchaser,
depending on prevailing conditions. Commohly used
and readily available lifting and lowering devic¢s consist
of spring-operated load balancing reels, or motorized
cable reels. In cases where motorized cable [reels are
used, the pendant shall be suspended directly [from the
electrical cable, without a strain relief rope.

5515 Speeds. For pendant hoist and travel speeds,
refer to para. 5334.

5520 Load Weighing Devices (Types |, Il, and IlI
Hoists)

(a) Load weighing devices for a hoist unit| shall be
provided if requested by the purchaser.

(b) Weighing accuracy, location and type of
and increments of the readout shall be specifig

purchaser.

readout,
d by the

cran€is to be pendant controlled from several elevations
in the building. Whenever possible, the pendant should
be suspended in a manner that minimizes undue strains
on the electrical conductor cable. A chain or wire rope
strain relief should be provided, unless the pendant is
suspended directly from a motorized cable reel.

5512 Messenger Track System

(a) The track itself should consist of a commercially
available profile section, such as a rolled l-beam or an
extrusion. A guide wire arrangement commonly known

81

(c) Reter to Section 6000 tor overload devices.

5530 Welded Construction

5531 Typel Cranes. All welding design and proce-
dures shall conform to the current issue of AWS D1.1.
Where special steels or other materials are used, the
manufacturer shall provide welding procedures.

5532 Types Il and Ill Cranes. Welding shall be in
accordance with CMAA 70.

(
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5540 Hydraulics (Types I, II, and Il Cranes)

(a) Hydraulic components and fluids shall be selected
to withstand maximum facility lifetime radiation expo-
sure, unless a detailed maintenance program shall be
supplied.

(b) Critical loads or facility equipment shall be pro-
tected from leakage.

(c) Commercial industrial hydraulic components in
dath-ckhall b ] Adratedteo-not

(b) Seismic Consideration for Type III Cranes, If Required.
Refer to para. 5310(b)(3).

(c) Hoist Speeds. Refer to para. 5331.1(a).

(d) Trolley Speeds. Refer to para. 5332.1(a).

(e) Bridge Speeds. Refer to para. 5333.1(a).

(f) Powered Hook Rotation. Refer to paras. 5335(a)
and (b).

(g) Bearing  Life
para. 5455.1(b)(6)(-a).

Computations. Refer to

I 11 Lo
the critigal-Head-pathshall-beselectedandratedto-not

exceed P0% of the average ultimate strength of the
material

5550 Ofdering Information

Order$ for cranes under this Standard shall include
the following information.
(a) Logd Spectrum Information. Refer to para. 5111(a).

(h) Seismic Analysis for Type 11l Cranes, If Required. Refer
to para. 5483.

(i) Crane Pendant Mounting. Refer to paray6511.

(j) Motorized Traversing. Refer to para.5513.

(k) Vertical Travel of Control Pendant. Refer to
para. 5514.

(1) Loading Weighing Devices. Refér to paras. 55
and (b).

P0(a)

82

(

Copyright © 2015 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME NOG-1 2015.pdf

ASME NOG-1-2015

Section 6000
Electrical Components

6100_GENERAL

hoist limit suritch shall be. anp]nmonfnﬂ hy an 'ndepen_

(a) The specification for each crane shall state which
cranje classification applies (para. 1130). Types are sum-
marjzed from para. 1150 as follows:

(1) Type I Cranes: single-failure-proof features and
seisinic considerations

(2) Type II Cranes: seismic considerations only

(3) Type 1II Cranes: neither single-failure-proof fea-
turep nor seismic considerations

(b) The specifications for each crane shall include any
spedial requirements for components in accordance with
the following;:

(1) limiting the use of aluminum, zinc, mercury,
and [other specified materials (para. 6130)

(2) painting (para. 6140)

(3) life at specified values of radiation exposure
(parp. 6150)

(4) environmental conditions (para. 6160)

(5) quality assurance (para. 6170)

(c) Generally available equipment that conforms-to
indystry standards, such as those of NEMA, shall be
used unless special designs are necessary.

(d) The electrical equipment is not required to qualify
as IEEE 323 Class 1E.

(e} The specification for each Type Il crane shall state
whetther Section 6000 or CMAA 70is to be invoked for
elecfrical components.

611D Single-Failure-Proof Features (Type | Cranes)

(a) The electrical system shall be designed so that it
is ppssible for the‘operator to stop and hold a critical
load regardless.of the failure of any single component
used in normahoperation.

(b) In addition to the emergency stop(s) required by
pard. 6310(¢), a minimum of one hard-wired emergency
stop{shall be provided at ground level (or an appropriate

dent final hoist limit switch operated by théddad block
to remove power from the hoist motor and*brpkes.

6120 Seismic Considerations (Types'l, II, and IlI
Cranes)

(a) Type I Cranes. The user, shall provide the equip-
ment that shall de-energiZe‘the crane power supply in
the event of either a safe’shutdown earthquakq (SSE) or
an operational basi§earthquake (OBE). The hoist brakes
shall be capable of holding the credible load during an
SSE or OBEcevent, as determined in accordapce with
para. 64224 (b). All electrical equipment shall r¢main on
the crane{during these seismic events.

(b). Type 1I Cranes. Requirements are the sarhe as for
Type'l cranes, except that the brakes need not b¢ capable
of-holding the load during a seismic event.

(c) Type III Cranes. Seismic considerations are not
required for Type III cranes.

6130 Limiting the Use of Specified Materialg (Types
I, I, and Ill Cranes)

(a) If the crane specifications require that the content
of certain specified materials for use on a crang be kept
at a minimum [para. 1145(a)], but it is not |practical
to eliminate these specified materials complgtely, the
electrical supplier shall tabulate their weight or surface
area or the content of an alloy under the f¢llowing
categories:

(1) exposed, as in the head of a master swjitch

(2) bare, within a ventilated enclosure, as in [the shaft
fan and rotor bars of a ventilated squirrel cage motor

(3) bare, within a nonventilated enclosurd, as in a
totally enclosed nonventilated squirrel cage motor

(4) covered, as in insulated windings withjn a non-

location, e.g., the operating level of the load) that will
remove supply power from the crane. The hard-wired
emergency stop shall be located in an area that is accessi-
ble to crane operation support personnel other than the
crane operator.

(c) Any inadvertent short circuit or ground shall be
considered a single component failure.

(d) The avoidance of two-blocking shall be accom-
plished by the use of single-failure-proof features and
shall not rely on any action by the operator. The normal

ventilated motor, lighting transformer, reactor, etc.

(b) Galvanized conduit may be used except when spe-
cifically prohibited by the crane specifications.

6140 Painting (Types |, Il, and Ill Cranes)

When the crane specifications include special painting
requirements, the electrical items are exempt from the
special painting requirements and shall be furnished
with a standard industrial finish [see para. 3230(i)].
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6150 Radiation Exposure [Types I, Il, and Il Cranes
(Para. 1141)]

(a) If the crane is in a location where radiation levels
are likely to be a factor in the life of the electrical equip-
ment, the maximum rate of radiation and the total accu-
mulated exposure at the crane elevation shall be stated
in the crane specifications.

(b) Insulation in rotating machines, brakes, and mag-
netic deyi i i -
lated dopage of 107 rad in 40 yr. Components, such as
regulatof cards, that can be removed without discon-
iring may be required to meet an accumulated
dosage ¢f only 10" rad, on the basis that such compo-
nents caif be removed and stored in a location where they
will not|be exposed to more than normal atmospheric
radiation during the long time intervals in which the
crane w]ll not operate after the power plant has been
placed in service. If the user prefers not to remove the
compongnts, it will be permissible to establish a routine
maintenaince procedure of installing new components
after thely have accumulated a total exposure of 10* rad.

(c) THe electrical equipment supplier shall submit
data derponstrating that the type of insulation used in
the equjpment being supplied meets the radiation
requireqents in the crane specifications.

6160 Environmental Conditions (Types I, I, and IlI
Cianes)

(a) Thie electrical equipment specifications shall state
environtpental conditions to which that equipment may.
be subjefted, e.g.,

(1) high humidity or high or low temperatures,dur-
ing prolpnged intervals when the crane is in Storage or
not in uge

(2) putside service
(-f) temporary — during construction only
(-p) continuous
(3) pressure (para. 1143)

(-f) maximum pressure

(-p) rate of change ih pressure

(4) ppray [para. 1145(a)]

(5) pmbient temperature (para. 1142)

(-f) rated

(-p) short-time exposure to temperatures outside
rated anpbiehtyrange

(6) humdity (para. 1144)

duty class that applies to each motion as determined by
Table 6472.3-1. If the crane is to be used for construction
purposes, the duty cycles or classes required for that
service shall be specified. In addition, any requirements
for prolonged operation at reduced speed shall be
specified.

6200 WIRING MATERIALS AND METHODS (TYPES
ES)

6210 General

(a) Applicable Standards:
(1) National Electrical Code (NEC;, Article[610,
“Cranes and Hoists”)
(2) American Society for Testing and Matefials
(ASTM) B8 and B174
(3) National Electrical Manufacturers Associgtion
(NEMA) Pub. No. ICS 1
(b) The provisions of this Section apply to intejcon-
necting wiring both within and external to control fanel
enclosures. It does not apply to wiring that forms an
integral part of equipment such as motors, individual
control compenents — for example, contactors, tfans-
formers, ;and relays — and electronic coitrol
subassemblies.

(e)~Fhe complete raceway system including wire ghall
be assembled on the crane at the crane manufacturer’s
facility. Where disassembly is necessary for shipment,
components shall be match-marked for ease of field prec-
tion. Where any portion of a raceway run must bq dis-
connected or dismantled to permit shipment, the wire
shall not be pulled through that raceway during $hop
assembly. Wire not pulled shall be cut to approxinate
length and bound in coils marked for the circuif for
which it applies.

(d) The wiring system shall meet the applidable
requirements of NEC, Article 610.

(e) For TypesIand II cranes, the raceway system phall
be secured and braced to withstand forces due to speci-
fied seismic events.

(f) For cranes located inside the containment, copsid-
eration shall be given to rapid pressure changgs as
required by the specification. Pressure relief operjings
in electrical enclosures shall be provided where neces-
sary to equalize these pressures.

6170 Quality Assurance (Types I, Il, and Il Cranes)

There shall be no Quality Assurance Program require-
ments for activities covered by Section 6000, except for
those specifically required in the electrical procurement
documents (see para. 2100).

6180 Duty Cycle or Duty Class (Types |, Il, and Il
Cranes)

The specifications shall state the duty cycle require-
ments in accordance with para. 6418.2 or the electrical

6220 Materials

6221 Conductors

(a) Individual conductors including those in multi-
conductor cables shall have a maximum operating tem-
perature rating not less than 167°F.

(b) Multiconductor cable shall be permitted in wiring
the crane. Uses of the cable shall comply with the
National Electrical Code. Multiconductor cable used in
flexing service shall be Type SO, Type W, or a purchaser-
approved alternative.
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(c) All control conductors and cables used with AC
inverter type controls and having operating voltages less
than 110 V shall be of a shielded type.

(d) Minimum sizes of conductors shall be as follows:

(1) No. 14 AWG for power and lighting circuits
(2) No. 16 AWG for control circuits
(3) No. 18 AWG for electronic circuits

(e) Conductors shall be annealed copper with mini-

mum stranding as follows:

(e) Panel wiring shall be neatly routed and supported
in a manner that will not interfere with inspection and
maintenance of devices.

(f) Control conductors external to AC inverter con-
trols that connect to components subject to detrimental
effects, due to electromagnetic interference induced in
the conductor from other conductors or electrical equip-
ment, shall be of a design or installed in such a manner
that prevents such effects. Examples include the

(1) ASTM B8 Class B for nonflexing service
(2) ASTM B174 Class K for flexing service

Color coding, if specified, shall be per NEMA
ICS 1-112.64.

6222 Raceways

Wiring external to control panel enclosures or
assemblies of control panels with integral raceways shall
be ipstalled in rigid metal conduit except as otherwise
perthitted in this Section or as specifically approved by
the purchaser.

(b) Short lengths of open conductors shall be permit-
ted pt collectors and within enclosures or guards for
residtors, reactors, and transformers.

(c) Conduit smaller than ¥ in. diameter trade size
shal] not be used.

(d) An electrically continuous system, either liquid-
tight or properly drained, shall be used. For a liquid-
tight system, gaskets, bushings and seals shall be used
whelre appropriate.

(e} Flexible metal conduit may be used to enclose con-
ducfors to stationary or infrequently moved devices
such as motors, brakes, master switches, and limit
swifches, or to equipment subject to vibtation. The
lengith of flexible conduit shall not exceed-3 ft.

(f] Connections to moving parts (e.g»,bridge to trolley,

bridge or trolley to pendant push-button station) may
be made by flexible cable not énglosed in conduit.
(g Conduit shall be rigidly jattached to the crane by
condluit supports. Welding of conduit shall not be per-
mitted. Conduit supperts/may be welded to structural
mertphbers; welding~shall be in accordance with
parg. 4230.

623D Wiring Methods

(a) All eenductors shall be identified at each termina-
tion| by tarking with a number to correspond to the
schematic diagram

following;:

(1) Use individually shielded twisted'pain conduc-
tors for tachometer or encoder conneations.

(2) Route such conductors through a $eparate
conduit.

(3) Refrain from splicing Connections.
6300 PERFORMANCE SPECIFICATIONS (TYPES |,

Il, AND Il CRANES)
6310 General
(a) The ratéd load speeds recommended in paras.

5331, 5332,\and 5333 are normal speeds basefd on the
rated capacity of the crane. The characteristicq of drive
systems can vary widely with respect to speeds at other
than rated load and with respect to lowering gpeeds at
any load. Drive systems shall be chosen to copform to
any speed-load constraints stated in the specifications.

(b) If more than one control station is required (e.g.,
cab control and radio remote control), performapce crite-
ria for each of the stations shall be specified.

(c) An emergency stop shall be provided|on each
operator control device (cab control, pendant station,
radio control, etc.) and shall be within reach of the opera-
tor in any operating position. The emergency dtop shall
open or de-energize a power device that is not|required
to open and close during normal run—stop operptions. A
fail-safe circuit shall be used to implement this provision.

6320 Hoist

(a) Hoist design rated load speed and spged load
characteristics shall be in accordance with pqra. 5331.
The corresponding rated load lowering speed [shall not
exceed 125% of the hoisting speed.

(b) The maximum lowering speed with 125%capacity
test load shall not exceed the maximum lowerihg speed

(b) Conductors shall be run from terminal to terminal
without splices except at devices with integral leads or
within junction boxes where connections shall be made
with bolted ring-type pressure connectors.

(c) Pressure-type connectors shall be provided on all
wires connected to terminals not equipped with means
for retaining conductor strands.

(d) All external conductors for control circuits shall
be routed through terminal blocks with no more than
two conductors terminated at each connection point.

85

with rated load by more than 10%.

(c) Auxiliary hoists on Type I cranes shall meet the
requirements of single-failure-proof design if they han-
dle critical loads. If, through administrative control or
other means, assurance is provided that no critical load
will be handled by an auxiliary hoist, it shall meet the
performance requirements of hoists for Type II cranes.

(d) The hoist drive characteristics shall be such that
the peak acceleration and deceleration of the load does
not exceed 5 ft/sec’.

(
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(e) On Type I crane hoists that handle critical loads,
control with a high-speed, light-load feature shall be
equipped with a means of locking out this feature when
handling a critical load.

(f) The stopping distance for various hoist designs is
variable. On Type I crane hoists that handle critical loads,
the stopping distance shall not exceed 5 in. while low-
ering the maximum critical load at its maximum speed
unless specified otherwise by the purchaser.

from rated nameplate value, except that for systems
using semiconductor power converters, the deviation
may be limited to not more than 10% above or 5% below
rated nameplate value.

6411.3 Ambient Temperature. Ambient tempera-
ture shall be above 32°F but shall not exceed 100°F. If
the specifications state that the equipment is to be oper-
ated at ambient temperatures outside this range, the

6330 Bidge 6411.4 Enclosure Requirements. The enclosu:Ls,if

(a) Thiebridge design rated load speed and speed load
charactefistics shall be in accordance with para. 5333.

(b) Brldge acceleration rates with rated loads should
be limit¢d to the values shown in Table 6472.2-2. The
operator|should have control of deceleration to minimize
load swing and avoid wheel slip. In emergency situa-
tions sudh as emergency stop, overspeed, and limit trips,
the deceferation rate may exceed the selected accelera-
tion ratd and normal deceleration rates.

(c) Type I crane bridge control with a high-speed,
light-loafl feature shall be equipped with a means of
locking ¢ut this feature when handling a critical load.

(d) When specified, a drift point in the control system
shall be [provided for the lowest operating point of the
selected [speed mode (i.e., normal, inching, etc.).

6340 Tiplley

(a) Thie trolley design rated load speed and speed load
charactetistics shall be in accordance with para. 5332

(b) Trglley acceleration rates with rated load should
be limit¢d to the values shown in Table 647222, The
operatorfshould have control of deceleration td minimize
load swing or wheel slip. In emergency situations such
as emergency stop, overspeed, and limit'trips, the decel-
eration fate may exceed the selected\acceleration rate
and noral deceleration rates.

(c) Type I crane trolley contrel with a high-speed,
light-load feature shall be equiipped with a means of
locking ¢ut this feature wheit handling a critical load.

(d) When specified, & drift point in the control system
shall be [provided for.the lowest operating point of the
selected [speed mode (i.e., normal, inching, etc.).

6400 (OMPONENT SELECTION (TYPES I, Il, AND

HI CRANES)

required, shall be in accordance with NEMA; Rart IS 6.
Consideration shall be given to high humidity or wash-
down locations, pressure equalization’requirements,
and outdoor usage requirements when enclosure$ are
selected.

6411.5 Protection Against/Condensation. Unless
otherwise specified, enclosed control panels in high
humidity locations shall-have space heaters to refluce
the possibility of condensation. If heaters are used, [they
should be energized when the crane is to be ot of
service for mofe than 8 hr.

6411.6. Hoists

(a) Allhoists shall be provided with controlled Jow-
ering capable of meeting the performance specificafions
in para. 6300.
(b) Hoisting shall take place only when the master
switch is in a hoisting position. For all loads up to fjated
load, lowering shall take place only when the mgster
switch is in a lowering position.
(c) In the event of an emergency stop or other emer-
gency conditions, the two brakes required by
para. 6422.1(a) shall be de-energized without intentfonal
time delay.
(d) Both sides of shunt brake coil circuits on hpists
shall be opened when the brake is de-energized.
(e) Type I hoists shall be provided with an indicgtion
at the operator’s control location to confirm the seldcted
direction of load movement. This indication shall be
taken from the drive train motion and electrically depa-
rated from the control circuit.

6412 Type Selection. The type of control supplied
shall result in operation complying with the perform-
ance specifications in para. 6300, taking into consjder-
ation anvy anp]pmpnfn] 'mqnirpmpnfq stated in the drane

6410 Controllers
6411 General

6411.1 Applicable Standards. Controllers shall
conform to NEC, ASME B30.2, and NEMA
Parts ICS 2-213, 3-442, 3-443, and 6-110.

6411.2 Voltage Variations. At an ambient temper-
ature between 32°F and 100°F, the controller shall be
capable of operating at a deviation not more than 10%

specifications. Any of the following types of control that
will meet those requirements shall be supplied.

6413 Constant Potential DC

6413.1 Hoist
(a) Series motors and series brake(s) shall be used.
Control shall provide dynamic braking lowering and
include a spring-closed off position dynamic braking
contactor to provide self-excitation of the motor series
field in the lowering direction.
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(b) For Type I hoists, provision shall be made to com-
ply with the maximum hoisting and lowering speed
limitations when handling critical loads, as specified in
paras. 5331 and 6320, with the overspeed protection
specified in para. 6444. Control shall provide that the
series brakes cannot be energized unless there is a path
for braking current in the motor armature. These provi-
sions are to include the following;:

(1) A double set of conductors and collectors shall

(2) static power devices such as saturable reactors
or thyristors in the secondary of the wound rotor motor
(3) contactor(s) and resistance in the primary of a
squirrel cage motor
(4) an electrical load brake
(5) a combination of these methods
(b) Control shall include controlled plugging.

6415 Adjustable Voltage DC

be provided in the part of the armature lowering circuit
not fonnected to the series field series brake circuit.
(2) Any resistance in the armature circuit when
lowg¢ring shall have a continuous rating equal to the
motpr rated current.

(3) If the dynamic lowering contactor in the arma-
ture|circuit is not closed when the master switch is in
any|lowering position, the spring-closed emergency
dynpmic braking contactor shall remain closed.

(4) Temperature-sensitive devices in the motor
shal]l warn the operator when the temperature
appfoaches a value that could be injurious to the
insuflation.

6413.2 Travel. The travel control shall be the
rev¢rsing, contactor-resistor type with controlled
plugging.

6414 Constant Potential AC

6414.1 Hoist

(a) Speed control may be achieved by the following;:
(1) contactors and resistance in the secondary of
the found rotor motor

(2) static power devices such as sat(irable reactors
or thyristors in the secondary of the wound rotor motor
(3) contactor(s), and resistance(in the primary of a
squifrel cage motor

(4) an electrical load brake

(56) a combination of these methods

(b} Type I cranes shallbe provided with the following:
(1) open and reverse phase protection

(2) a circuit o ensure that power is applied to the
hoist motor(s).before the brakes (para. 6422) are released
(3) a cifeuit to de-energize the hoist motor and to
set the brakes if the electrical load brake is not energized
sufficiently to limit the speed when the control is in a
posi

(4) temperature-sensitive devices in motors and
load brakes to warn the operator when the temperature
of a motor or load brake approaches a value that could
be injurious to the insulation or could interfere with
meeting the performance specifications in para. 6300

6414.2 Travel
(a) Speed control may be achieved by the following;:
(1) contactors and resistance in the secondary of
the wound rotor motor

{r—Controtshattirchtideacontactor-thatwil discon-
nect power to any drive not in use.
(b) Control shall include controlled eléctrical braking
and may include a feature that will keep the Electrical
braking circuit energized until the,motor approaches
zero speed when the operator wishes to stop.
(c) A contactor shall be provided in the DC motor
armature circuit if a generatoris the source of DIC power,
but the contactor can betinveither the AC or DC power
circuit if static powet_eonversion is used.
(d) Motor field loss protection shall be proyided.

6415.1 Hoist
(a) Hoists\with static power supplies shal] include
means td atitomatically remove power from the motor
and to set the brake(s) if the drive does not|develop
braking torque as required when lowering 4 load or
when the operator attempts to reduce speed.
(b) In addition to (a) above, hoists handling critical
loads on Type I cranes shall be provided with the
following;:
(1) provisions to maintain proper field excitation
to comply with the speed limitation in para. 6300. Acti-
vation of this speed-limiting feature shall be th¢ respon-
sibility of the designated person responsible fof moving
critical loads [see para. 6320(e)].
(2) a protective circuit to ensure currenf flow in
motor armature circuit before brakes can be gnergized
(current check circuit or torque proving circuif).
(3) a temperature-sensitive device in the motor to
warn the operator when temperature approachg¢s a value
that could be injurious.
(4) temperature-sensitive devices in or jnear the
resistors that are required to absorb “pump baclf energy”
to warn the operator when the resistors approagh a value
that could cause them to fail.
(c) Hoists with series motors and brakes shall provide
dynamic braking lowering and include a sprinjg-closed
off position dynamic braking contactor to provide self-
excitation of the motor series field in the lowering
direction.

6415.2 Travel
(a) Field loss protection is not required on travel
drives having motor field reversing and designed to
permit coasting.
(b) When two or more motors connected in parallel
are used, provision shall be made at the control panel
to permit isolating any motor and to continue operation
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with the remaining motor(s) with normal protection fea-
tures, if agreed to by the user, crane builder, and electrical
equipment supplier(s).

6416 Adjustable Voltage AC

(1) Speed control may be achieved by static power
devices such as saturable reactors or thyristors in the
primary circuit.

(b) Control shall include controlled electrical brakmg
and may a
braking |circuit energlzed untll the motor approaches
zero spepd when the operator wishes to stop.

6416.1 Hoist

(a) The secondary may have a fixed impedance,
althouglh} a means may be provided to increase the resist-
ance in [the secondary of the wound rotor motor for
operatiop at reduced speeds for prolonged periods or
if frequent deceleration is anticipated.

(b) Anl electrical load brake may be used with the
above.

(c) Type I cranes shall have protection as required in
para. 64]4.

6416.2 Travel

(a) The secondary may have a fixed impedance,
althougll a means may be provided to increase the resist-
ance in the secondary to permit prolonged operation at
reduced speed or to reduce motor heating when
plugging.

(b) When two or more motors are used, provision
shall be [made at the control panel to permit isolatirlg
any mot¢r and to continue operation with the remaihing
motor(s) with normal protection features if agreed-to by
the purdhaser, crane builder, and electrical equipment
supplier(s).

6417| AC Variable Frequency
(a) Cantrol shall consist of a variable frequency drive
(VFD) wiith a full load ampere (ELA) rating equal to, or
greater than, the FLA of thecorresponding motor(s).
(b) Cqntrolshall includefasa minimum, the following
protectiye features:
(1) putput phasé loss
(2) pinder voltage
(3) pver voltage
(4) motor, thermal overload
(5) VED-overheat

motor operating condition. Hoists with mechanical load
brakes are exempt from this requirement.

(b) Control dynamic braking shall be sized for a mini-
mum of 150% of motor full load torque, but shall not,
under any circumstances, be less than the torque (or corres-
ponding current) limit setting of the VFD in the hoisting
direction.

NOTE: Control dynamlc brakmg on h01sts with mechamcal load

akes sha 2 ue in
the lower direction of the dynarmc brakmg and the mechjnical
load brake are equal to or greater than the torque (or correspopding
current) limit setting of the VFD in the hoisting direction.

(c) Control shall sense sufficient motor, terque (o1 cor-
responding current) before releasing, holding brake(s)
(i.e., torque proving). Hoists with/mechanical Joad
brakes are exempt from this requirement.

(d) Inlieu of the design toletarice para. 5331.1(b),|con-
trol shall maintain speed-control under all mjotor
operating conditions to\within +5% of the commarpded
speed.

(e) If specified¢dby the owner, control shall be capjable
of operating at.higher than base speed as a functign of
load (constanthorsepower operation) for loads less fthan
100% rated\load.

(f) Typelcranes shall have controls with the folloyving
capabilities:

(1) A warning device shall be provided to warf the
operator of a pending motor overheat condition.
(2) A warning device shall be provided to yarn
the operator that the dynamic braking resistors have
overheated.

6418 Sizing Procedure. Control ratings shall e in
accordance with NEMA standards with the folloyving
qualifications.

6418.1 Hoists That Handle Critical Loads on Type |
Cranes. As a minimum, contactor, resistor, thyristor,
and reactor ratings shall have a continuous rating gqual
to the greater of the steady state currents in those deyices
when hoisting or lowering rated load at full speed.
Accelerating resistors, if used, shall be NEMA Class 90
(see NEMA, Part ICS 2-213).

Mechanical load brakes shall not be used as the coptrol
braking means.

6418.2 Typesl, I, and lll Cranes. The crane spécifi-

(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.

(e) The cable power supply and electronic equipment
shall be protected from detrimental effects due to har-
monic and EMI/RFI emissions produced by inverters.

6417.1 Hoist
(a) The VFED control shall incorporate a speed feed-
back device to sense loss of speed control during any

cations shall state all required repetitive duty cycle oper-
ations or prolonged operations in terms of load,
distance, speed, time, and frequency of repetition. All
the control components (including the control braking
means) shall be checked by the supplier to ensure that
they are adequate for that specification.

6420 Friction Brakes

6421 General (Types |, I, and 11l Cranes). This sec-
tion covers the requirements for friction-type brakes for
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purposes of holding, emergency, parking, and service
brakes.

6421.1 Applicable Standards. The brake selec-
tions shall be in accordance with the definitions and
brake requirements of ASME B30.2, with further specific
requirements as covered by this section and para. 6100.

6421.2 Brake Operation. The brakes shall have a
thermal capacity for the frequency and duration of the

acting on the drum must have sufficient thermal capabil-
ity to permit emergency lowering of rated load from
normal high hook position to normal low hook position
at maximum design full-load lowering speed in one
continuous operation, and must have a torque-
modulating method of manual release.

(3) Two brakes, each capable of stopping and hold-
ing the load, may be provided if the hoist also has a
mechanical or electrical control braking means that pre-

speditied operations to prevent overheating ot the brake
whegl, disks, brake linings, and other parts. Brake man-
ual frelease mechanisms shall be furnished to permit
drive movement during power outages, and shall be of
the nanual-release self-reset type, operative only when
held manually in the release position. Drag brakes shall
not pe used.

6421.3 Electric Brakes

The electrical operating and excitation system
shal| have a thermal rating for the frequency and dura-
tion|of the specified operations, and the thermal time
ratigg shall equal or exceed the corresponding drive
motpr time rating.

(b) Brakes with DC shunt coils shall release at 80%
and |operate without overheating at 110% of the rated
excifation system voltage. Whenever DC shunt coils are
used on hoist brakes, the combination of the brake coil
and [excitation system shall result in a quick response
of bfake release and set.

(c) Brakes with AC coils shall release at 85% and opet-
ate yithout overheating at 110% of rated excitatiofsys-

(a

tem|voltage.
6421.4 Brake Lining, Friction Material:\Brake lin-
ing material shall permit brakes to maintain adequate

torqpe for the specified environmental conditions and
at the lining temperatures resultinig\from the frequency
and|duration of the specified(operations. Manual or
autdmatic means shall be pfovided to adjust the brake
opefating mechanism to (compensate for the effect of
linir|g wear.

6422 Hoist Brakes'(Types I, II, and 11l Cranes)

6422.1 Hoists' That Handle Critical Loads on Type |
Cranes

(a) Thebraking system shall comply with at least one
of thefollowing:

(1) Three ormore hn]ﬂing brakes shall be Prnvir]pﬂ

vents the rated load from lowering faster thap design
maximum lowering speed with power offsThe control
braking system must be capable thermally apd in all
respects of lowering rated load fromnnormal hjgh hook
position to normal low hook position in one coptinuous
operation. One of the two stopping and holdirjg brakes
and the control braking means.must remain effectively
connected to the hoist dfive train after failufe of the
other brake or any component of the hoist mgchinery.

Each holding brakeshall have a torque rating not less

stopping thedowering movement within a
motion wherein damage to load or facility

ofgthe braking system shall enable recovery |from an
inoperable brake by repair of the brake in [place or
replacement of the brake, with rated load on fhe hoist,
or by an alternative recovery means acceptable to the
purchaser.

(b) Determination shall be made that if thq holding
brakes are mounted and adjusted, and linings run in
properly for the torque settings required in (§) above,
the brake system shall be capable of stopping gnd hold-
ing the credible critical load during an SSE or OBE event.
The values used for this determination shall pe based
on the maximum acceleration forces at the brakg(s) com-
puted for the crane SSE or OBE specifications| and the
total torque required on the brake system to |hold the
credible critical load.

(c) Provision shall be made for emergency Jowering
of the critical load by an alternative means of dperation
of the holding brakes. The alternative releas¢ mecha-
nisms shall permit control of the braking tofque and
shall also provide the ability to restore the “byake set”

condition promptly, thereby allowing the opgrators of
thealternativereleasemechanisms—to—contreHthe low-

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 emer-
gency load lowering.

(2) Two brakes, each capable of stopping and hold-
ing the load, may be provided if one of these acts directly
on the wire rope drum shell or a flange or disc attached
thereto, is not the primary stopping and holding brake,
and does not set prior to the wire rope drum coming to
a complete stop during normal operation. The brake
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ering speed. A device for indicating lowering speed shall
be located at the emergency release station. Intermittent
lowering shall be allowed to provide time for cooling
the brake mechanism to obtain adequate heat dissipa-
tion and to prevent reduction in braking torque that can
occur as the result of excessive heat.

(d) The detrimental effects of radiation exposure on
the brake linings shall be determined and a routine
replacement procedure established so as to maintain an
adequate torque.
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(e) Each holding and emergency brake shall be inde-  sufficient torque to satisfy the deceleration requirements
pendently actuated by at least two contactors. When  of para. 6423.1(b).
possible, each contactor coil should be controlled by (b) On floor-, remote-, or pulpit-operated cranes, trol-
independent controller outputs. If only one controller  ley emergency brakes with torque rating to satisfy the
output exists, the contactor coils may be wired in paral-  deceleration requirements of para. 6423.1(b) shall be

lel. The two sets of contacts shall be wired in series  provided.
between the power supply and each brake coil. Hoists

with DC Series brakes are exempt from this requirement. 6423.3 Bridge Brake Sizing Procedures

(a) On cab-operated cranes with cab on bridges,

642 - B ald ane and Hoi bide . b4 re—<hra be-provtded—w a rient
That Do Not Handle Critical Loads on Type | Cranes. At torque to satisfy the deceleration requirements of
least on¢ holding brake shall be provided. Each brake para. 6423.1(b).
shall haye not less than the following percentage of the (b) On cab-operated cranes with cab on tralley, biidge

rated logd hoisting torque at the point where the brake(s) emergency brake(s) with torque rating, to satisfy| the

is appligd: deceleration requirements of para. 6423.1(b) shall be|pro-
(@) 125% when used with a control braking means  vided in addition to bridge serviee-braking.

other than mechanical (c) On floor-, remote-, or pulpit-operated crgnes,

) (b) 10p% when used with a mechanical control brak-  pridge emergency brake(s) shallbe provided with topque

ing meahs rating to satisfy the déceleration requirements of
(c) 100% if two holding brakes are provided para. 6423.1(b).
Holding brakes that are controlled by variable fre-

quency ¢ontrols shall be actuated by at least two inde- 6430 Disconnecting-Means

pendent|contactors. When possible, each contactor coil

should He controlled by independent controller outputs. 6431 General (Types I, II, and Il Cranes)

If only dne controller output exists, the contactor coils 6431.1 Applicable Standards. All crane digcon-

may be yvired in parallel. The two sets of contacts shall ~ necting‘devices shall be selected and installed as
be wired in series between the power supply and each ~ required by NEC Article 610; ASME B3}0.2,
brake cdil. Hoists with mechanical load brakes or DC Section 2-1.10.5; and NEMA Parts ICS 3-442 and 3{443.

series brpkes are exempt from this requirement. 6432 Main Disconnects
Crag:§)3 Trolley and Bridge Brakes (Types I, II, and Il 6432.1 Runway Disconnects (Types I, Il, and 11l
Cranes). A circuit breaker or motor circuit switch
642B.1 Application selected in accordance with NEC 610-31 shall be |pro-
(a) All travel drives shall have service brakingmeans.  vided in the leads to the runway conductors.

(b) When a friction brake is used for service braking,
the brale torque shall be sufficient toSstop the drive
within afdistance in feet equal to 10%-of the rated load
speed in| feet per minute when traveling at full speed
with rated load.

(c) Enmpergency brakes shall'be-of the friction-type that
will set qputomatically upon\power failure and shall be
capable pf stopping the drive within the distance speci-
fied in (b) above.

(1) |For Type NCranes. Emergency and parking
brakes shall be'provided for the travel drives. Parking 6432.3 Motor Power Circuit Disconnecting Device
brakes shall(be‘automatically applied and shall be pro- (Type | Cranes). A device shall be furnished to ¢ppen
vided wjth/time delay relays, if necessary, to eliminate ~ the power circuit to all crane drive motors. This d¢vice

6432.2 Crane Disconnect (Types I, Il, and Il
Cranes). All cranes shall have a main line discorjnect
in accordance with NEC 610-32, and shall be ratdd in
accordance with NEC 610-33 plus any additional coptin-
uous load. This disconnect shall be enclosed as reqyired
by environmental conditions. Unless overcurrent protec-
tion is provided by other means, it shall be incorporjated
in this main line disconnect and the user shall spgcify
available rms symmetrical short circuit current.

interference with service brake operation. shall be capable of being opened trom all operator sta-
(2) For Types II and III Cranes. Emergency brakes  tions. The device shall open automatically upon failure

shall be provided when required by the specification. and shall be unable to reclose until a reset function is

(d) Any combination of service, emergency, and park-  performed.

ing functions may be performed by a single friction The minimum size of this device shall be not less than

brake, provided the emergency and parking functions  that required by NEC 610-33. The opening of this device

can be obtained without having power available. shall cause the holding and emergency brakes to set.
6423.2 Trolley Brake Sizing Procedures 6432.4 Motor Power Circuit Disconnecting Device

(a) On cab-operated cranes, trolley service braking (Types Il and Ill Cranes). Unless a device (para. 6432.3)
shall be provided as required by para. 6423.1(a) with  is supplied, the crane disconnect (para. 6432.2) must

90
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be accessible for opening by the operator and must be
connected in a way that the functional protection
required by para. 6432.3 is provided.

6432.5 Motion Power Disconnecting Devices (Type |
Cranes). Control shall include a separate disconnecting
means for each crane motion.

necting means in the form of fused safety switches or
circyit breakers as required by NEC to protect and dis-
contect all auxiliary equipment supplied by the manu-
facturer or specified by the purchaser. Auxiliary
equipment may include

(a) lighting

(b signal systems

(c}) heating/ventilating/air conditioning

(d) convenience outlet

(e} special devices when applicable

Groyind fault circuit interrupters, if required for conve-
nierjce outlets, shall be a part of the user’s specifications.

644D Limit Devices

4441 General (Types I, Il, and lll Cranes). A limit
devige is defined as a switch or sensing system to provide
contyrol functions on the crane. This paragraph includes
reqyirements for control limit devices that activate whemn
the pormal operating envelope has been reachedyand
safefy critical limit devices that indicate malfuriction,
failyre, or inadvertent operator action.

Aflditional limit device requirements mot addressed
in tHis section shall be incorporated inthe specifications.
AC franes shall have phase reversalprotection.

6441.1 Type | Crane Safety.Critical Limit Devices.
Thig paragraph includes additional requirements for the
follqwing safety critical limit devices:

(af final hoist overtravel
(b} hoist overspeed
(c) hoist overload
(d) hoist uhbalanced load
(e} hoist. drim rope mis-spooling
(1) “‘Manual Reset. When a safety critical limit device
is a¢tivated, a manual reset is required. This may be

6442 High Limits

6442.1 Type |l Cranes. All hoists, including hoists
that do not handle critical loads, shall include two sepa-
rate overhoist limit switch systems as required in paras.
6442.1(a) and (b).

(a) First High Limit. The first upper hoisting limit
shall be a control circuit device such as a geared-type,
weight-operated, or paddle-operated switch. Actuation
i i i ver from
the motor and setting the hoist brakes. Thejloperator
may lower or back out of this tripped switchf without
further assistance.

(b) Final Overtravel High Limit. The secor{d upper
hoisting limit shall be actuated by)the lower plock by
means of a weight or paddle,-and shall operatq through
a separate control circuit from. the first high linjit switch
(or may interrupt the motér’leads directly) to ¢ause the
removal of power tosthe hoist motor and set the hoist
brakes. Actuation 6f-this limit switch shall preyent fur-
ther hoisting or lowering.

6442.2 Types Il and Il Cranes.
switch shall,be provided.

6443. Hoist Low Limits (Type | Cranes). Hpists that
handle critical loads shall include two separate|low lim-
itsas required in paras. 6443.1 and 6443.2.

6443.1 First Low Limit (Type | Cranes). Ehch hoist
that handles critical loads shall include an oyertravel
low limit switch. This switch may be of the contyol circuit
type. Actuation of this switch shall stop the Jowering
motion and set the hoist brakes. The operatign of this
switch shall not prevent hoisting.

One high limit

6443.2 Final Overtravel Low Limit (Type I Qranes).
Hoists that handle critical loads shall include, injJaddition
to a first low limit as specified in para. 6443.], a final
lowering limit switch of the control circuit type fhat shall
be mechanically and electrically independent of the first
low limit. Operation of this limit switch shall dejenergize
a power device other than the device operated by the
first low limit to interrupt all power to the hofst motor
and the hoist brakes. Actuation of this limit swjtch shall
prevent further lowering or hoisting. When th{s occurs,
a person knowledgeable in the hoist control system shall
determine and correct the cause of tripping of|the final
low limit switch. That person shall direct the rafising out

accomplished by means of a key switch on the crane or
some other administrative control that will prevent the
crane operator from resetting the affected function
before a person knowledgeable in the crane control sys-
tem shall determine and correct the cause of device
activation.

(2) Safety Critical Limit Devices. Safety critical limit
devices shall be in addition to and separate from the
limiting means or control devices provided for operation
unless independently monitored.

of the final Tow Iimit after establishing a back out mode
that shall prevent further lowering. The first low limit
shall be tested for proper operation before making any
additional lifts.

6443.3 Low Limits (Hoists on Types Il and Ill Cranes
and Hoists That Do Not Handle Critical Loads on Type |
Cranes). A low limit shall be furnished

(a) as recommended by ASME B30.2, para. 2-1.10.5(e),
when specified in the crane specifications, or
(b) when required by ASME B30.2, para. 2-1.11.3(c)(1)
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6444 Hoist Overspeed Limits (Type | Cranes)

(a) Hoists that handle critical loads shall include an
overspeed limit device (switch or sensing system). When
handling a critical load, hook speeds over 115% of the
design critical load lowering speed shall actuate this
device, causing all holding brakes to set without inten-
tional time delay. Operation of this device may also
initiate any control braking means normally used for
stopping of the load. It shall be necessary to position

with further hoisting prevented until the mis-spooled
condition is corrected. The limit shall be tested for
proper operation before making any additional lifts.

6446.2 Hoist Drum Rope Mis-Spooling Limits
(Types Il and 11l Cranes). Hoist drum rope mis-spooling
limits shall be furnished in accordance with para. 6446.1
when so specified in the crane specifications.

6447 Bridge and Trolley Overtravel Limits (Types I,

the hoisf motion master switch in the neutral or off
positior] and to manually reset the overspeed limit
device (pr the overspeed circuit) before operation can
be resuned.

(b) The overspeed device shall be located so that it
monitory drum rotation irrespective of a single failure
in the dgive train.

(c) Orn] hoists that provide high-speed, light load fea-
tures, prpvisions may be made to permit override of this
overspedd limit device when handling noncritical loads.

6445

644b.1 Overloading (Types |, I, and Il Cranes). A
load senping system shall be provided for Type I cranes
to proteft against overload. This system shall detect
physical|strain by direct measurement within the hoist
load path and shall be powered from the control circuit
of the agsociated drive. The high-load limit (system set
point) shall prohibit hoisting but permit lowering. The
sensing pystem shall be set at a maximum 125% of the
rated logd unless analysis determines that greater than
125% is gcceptable. If it is necessary to change or bypass
the hightload limit, the procedure shall be included in
an admihistrative control program.

A loagl sensing system is not required for Types II
and III granes.

Hoist Load Limits

6445.2 Unbalanced Load Limits (Type I Cranes).
Dual regved hoists that handle ¢fitical loads on Type I
cranes shall include a device to detect excessive move-
ment of fhe equalizer mechahism. Tripping of this device
shall initfiate a flashing warning light visible to the crane
operatof and shall shiit down the hoisting motion.
Means shall be provided to allow the use of hoist under
adminisfrative control. Reeving shall then be corrected
before r¢turning hoist to additional service.

6446| Hoist Drum Rope Mis-Spooling Limits

i, amdttCrames): mits
shall be furnished when specified. Refer to paras, 5131(b)
and 5459.1(d) and (e).

6448 Restricted Handling Path (Typel.Cranes).[ On
some Type I cranes, it may be essential that the hook
follow a restricted critical load handling path.|The
requirements for such paths varywidely with individual
nuclear plant designs. The crafie specifications shallfdes-
ignate the required accuraey,” positions where reflun-
dancy is required, and any test and signal sygtem
required.

6450 Master Switches, Pushbuttons, and Radio
Controls.(Types |, II, and Il Cranes)

6451 General

6451.1 Applicable Standards.
shall-comply with ASME B30.2.

6452 Contact Ratings. Contacts in master swit¢hes,
pushbuttons, and radio control interface panels shpuld
be heavy duty rated per NEMA ICS 2-125. See Table 1
or 2, for appropriate application. Multispeed penldant
pushbuttons shall be rated per NEMA A150 or N$00.

6453 Voltage Ratings. The voltages in pushbut
master switches, and similar control circuit devices
not exceed 150 V AC or 300 V DC.

6454 Radio Controls. If radio control of crangs in
the containment area has been provided for construg¢tion
operation, that equipment shall be removed befor¢ the
crane is certified for service in the operating plant ufless
the effect of radio transmission on reactor plant inptru-
mentation has been analyzed.

6455 Multiple Control Stations. On cranes|and
related equipment provided with multiple control| sta-
tions, electrical interlocks shall be included in the syftem
to permit operation from only one station at a fime.

Tlochen PP 1 Lo d ol | £L s - | th
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6446.1 Hoist Drum Rope Mis-Spooling Limits (Type |
Cranes). Hoists that handle critical loads shall include
a hoist drum rope mis-spooling limit switch to detect
improper threading of hoist rope in hoist drum grooves.

Actuation of this switch shall result in removal of
power from the hoist motor and setting the hoist holding
brakes.

Actuation of this limit device shall prevent further
hoisting or lowering until a key-operated bypass is used
to enable lowering out of the mis-spooled condition,
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control circuits with the use of rotary switch contacts,
relay contacts, or similar equipment. Emergency func-
tions shall remain operable from all hardwired control
stations.

6460 Auxiliary Equipment (Types I, Il, and Ill Cranes)

6461 General. Auxiliary electrical equipment shall
be provided as specified. All necessary mounting hard-
ware, wiring, disconnecting means, and associated con-
trol means shall be included. For Types I and II cranes,
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all auxiliary equipment shall be mounted and secured
so as not to become dislodged or to fall from the crane
during a seismic event.

6462 Light Fixtures. Light fixtures shall be as speci-
fied in the crane specifications.

6463 Signal Systems.
specified in the crane specifications.

Table 6472.2-1
Overall Friction Factors (Antifriction Bearings)

Heafing, ventilating, and air conditioning shall be as
spedified in the crane specifications.

465 Convenience Outlets.
shal] be as specified in the crane specifications.

66 Power for Auxiliary Equipment. Unless other-
wisg specified, power for all auxiliary equipment shall
be ffom a separate protected branch circuit connected
ahedd of the main drive motor disconnecting means, so
that[power is available to auxiliary equipment when the
maih drives are shut down.

6/467 Wiring for Auxiliary Equipment. All wiring for
auxilliary equipment shall be in accordance with NEC.
All ¢quipment shall be grounded.

647D Motors (Types |, Il, and Il Cranes)

6471 General

(a) Direct Current Motors. DC motors shall be in accor-
dan¢e with either NEMA MG-1 or AISE TR No. 1.
(b) Alternating Current Motors
(1) Definite Purpose Inverter-Fed Motors. AC squirrel
cagd motors applied to variable frequency dri¢es (VFDs)
shall be specifically designed for inverter(duty and shall
conform to NEMA MG-1, Part 31, or, other standard as
appfoved by the owner.
(2) Definite Purpose Wound Rotor Induction Motors.
AC wound rotor motors shall.conform to NEMA MG-1,
Part| 18.501 through 18.520-
(3) Other AC Moters—~All other AC motors not
alreddy described shall\¢conform to NEMA MG-1.

(c) All AC or DCHmotors shall have enclosures and
timq ratings as réquired for the duty and environmental
condlitions.

6472 _Motor Size Selection, AC or DC
(a) Themotor size selection is determined by the duty
clas

or dutv cvucle for ecach motion not the Tupe T 11
J J 7 J I 7 7

Wheel Friction,

Diameter, in. Ib/ton
8 22
Signal systems shall be as 10 18
12 15
15 15
nd _Air rnndiﬁnning 18 15
21 12
24 12
. 27 12
Convenience outlets 30 10
36 10

the specified duty with.the’type of control spegified. In
the absence of duty‘cycle requirements, the gpecifica-
tions shall clearly identify the duty class to|be used
for each motion(in'the procedure described hefein. The
rating of auxiliary devices (such as mechanical ¢r electri-
cal load brakes) must also be selected to meet the speci-
fied duty or duty class.

(b)~Bor ambient temperatures above 100°F, the motor
design (frame size, insulation class, enclosure, ahd venti-
lation) shall be selected to compensate for the increased
ambient so the total insulation temperature|will not
exceed the value allowed by NEMA for the|selected
insulation class. For example, in a 140°F ambient, a
motor with Class F insulation rated at Class B r{se might
be selected.

6472.1 Hoists. The hoist motor shdll be so
selected that its nameplate rating will not be Jess than
that given by the following formula:

hp = KsWV/33,000E @

where
E = the product of the gearing efficiency| and the

reeving efficiency (see para. 5429 fof reeving

efficiency)

horsepower

service factor from Table 6472.3-1

rated full load hoisting speed, ft/mir

weight of the rated load on the hook|plus the

=E<fT

or III crane classification. Because of the large variety
of crane drives available and the difference in the effects
of those drives on the thermal adequacy of the motors
under consideration, any attempt to develop a proce-
dure for selecting motor ratings becomes quite involved.
Whenever possible, the specifications should indicate
the most severe repetitive duty (or duties) that each
motor will be required to meet, especially including
intervals of slow speed operation, if any. The supplier
shall be responsible for selecting ratings that will meet

weight ot the block, 1b

6472.2 Bridge and Trolley

(a) The force required to drive the bridge or trolley
consists of that necessary to overcome rolling friction,
and that necessary to accelerate the crane. The rolling
friction is proportional to the total weight of the crane
and is assumed to be constant at all speeds. Unless
otherwise specified, a friction factor per Table 6472.2-1
shall be used for antifriction bearing cranes. Mechanical
efficiencies are included in these factors.
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Table 6472.2-2 Suggested Acceleration Rates for AC or AV Travel Drives

Acceleration Rate [Notes (1) and (2)]

AC or AV Drives Rated Slow [Note (4)] Medium Fast
Speed [Note (3)]

a, t, a, t, a, t,

ft/min ft/sec ft/sec? sec ft/sec? sec ft/sec? sec
30-60 0.5-1.0 0.15-0.30 3.3 0.2-0.4 2.5 0.25-0.5 2
120 2.0 0.4 5 0.6 3.33 0.8 2.5
180 3.0 0.5 6 0.75 4 1.0 3
240 4.0 0.6 6.7 0.8 5.0 1.0 4
300 5.0 0.7 7.14 0.9 5.55 1.1 4.5

NOTES:

(1) Since pcceleration rates are for full-load conditions, lesser loads on the same drive will produce faster acceleration rates unless thie
drive as a regulator that provides controlled rate acceleration.

(2) Due td wheel slip considerations, it is suggested that the maximum acceleration rate not exceed the values in (Table 6472.2-3 baspd
on a wheel to rail adhesion of 20%. If the adhesion is less than 20% or if a multimotor drive without a linesshaft is being used, the
maximum rate should be reduced accordingly.

(3) 200 ftfmin is considered the maximum for pendant operated cranes.

(4) Since fast acceleration may result in less precision for spotting and jogging, acceleration rates less(than those shown in the slow fol-
umn nay be desirable where precise positioning is required.

Table 6472.2-3 the acceleration rates may exceed those shown
Syggested Maximum Acceleration Rates in Tablé 6472.2-2 since they apply only p to
Whbels Driven, % Maximum a ’Fhe speed attained on the resistor,.as expl. ined
in that standard. Due to wheel-slip considera-
50 2.4 ft/sec? tions, it is suggested that the maximum ajccel-
33% 1.6 eration rate not exceed the valuep in
22 1.2 Table 6472.2-3, based on a wheel-to-rail adhe-
1243 8'2 sion of 20%.
= : K; = a service factor to provide an allowanc¢ for
motor heating resulting from repetitive opera-
tions (Table 6472.3-1)
(b) Unless otherwise specified, the acceleration rate V = specified speed, ft/min
with rat¢d load for either AC or adjustable voltage (AV) W, = total weight of the crane or trolley plus fated
drives if to be selected from the slow valutles shown in load, ton
Table 642.2-2.
(c) Th size of the bridge and trolley motor shall not (d) After selecting an approximate motor by eq| (2),
be less than the computed fromeg. (2): obtain data on the Wk? of the motor, brake wheel, |cou-

plings, and pinion. The sum of these values is the rptat-
ing Wk%. Calculate the equivalent Wk* of the loafl by
the following equation:

hp = KKW,V )

K, =[afactor thatincludes power for both overcom-
ing friction and accelerating the crane or trol-
ley..Based on certain assumptions, values of
Ky for either AC drives or adjustable voltage
deivzes with constant motor field cf-rpngﬂ'\ are
given in Fig. 6472.2-1. The rate of acceleration
is based on the total time to accelerate from
zero speed up to rated speed. The factors
assumg the rol:t)ating inertif to be 10% of the hp = Ks [(W; 2000V)/(33,0001))] x [(£/2,000)
equivalent load inertia (based on W), a +a/(32.2E) + a/(32.2) X Wk/Wki] (4)
mechanical efficiency of 95%, and an average

motor torque equal to 150% of the motor rated ~ Where

Wk? = 2,000W,(V/2mNp? €)

(e) If the motor is being selected for a duty class rgther
than a specified duty cycle, the motor rating should not
be less than

torque when K; = 1.0. K, factors for constant a = average acceleration rate, ft/sec®
potential DC series motor drives are to be in E = mechanical efficiency, per unit
accordance with AISE TR No. 6, noting that f = friction factor, Ib/ton
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Fig. 6472.2-1 K, Factors for AC and Adjustable Voltage DC Motors
(Without Field Weakening)
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Fig. 6472.2-2 Typical Polar Crane

.g [}
< g
o
!
t R
X
S
T, = Javerage per unit motor torque provided during TE = tractive effort, Ib/ton

hcceleration if Ky = 1

Using eq. (4) and K, = 1.0, E = 095, T, = 1.5, and
Wkk/ WK = 0.1.

rated hip > 1.0 [(W,; 2,000 V)/(33,000 X 1.5)]

x [(f/2,000) + a/(32.2 X 0.95)

+(a/32.2) x 0.1]

NOTE: Hor constant potential DC series motor drives (or any
drive whefre the free-running speed exceeds the motor rated speed
at the applied voltage), multiply V in eq. (4) by Ng/N;, where Ng
is the motpr rated speed at the applied voltage and N; is the free-

running njotor speed. If this procedure is used, a applies only up
to N, and should be selected on that basis.

See pqra. B-6472.3 for sample bridge motor horse=
power cglculations.

(f) The speed ratio for bridge and trolley drives will
be deterpnined as shown in para. 6473, computing the
free-runping hp from eq. (5)

hp = fW,V/33,000 (5)
where f |= rolling friction, Ib/ton. For f = 15 Ib/ton,
hp = 0.000455 W,V (6)
(g) Polar Cranes: horsépower for bridge drives

hps =(@/3)Ss X Wy x TE]/33,000 @)

Hpr & JX/R)Sg X (Wr + Wy) x TE]/33,000 8)

Wp = weight of bridge, ton
W; = weight of load, ton
Wr = weight of trolley; ton

X = radius from bridge centerline to point of fnax-
imum hookapproach (see Fig. 6472.2-2

Use tractive effornt constant from
TE = 22.5 + S3/20 (10)

Thisvalue of TE gives approximately 1 ft/sec” accefera-
tion~For running horsepower to select the drive speed
ratio, use the actual rolling friction in Ib/ton in plafe of
TE in the above equations.

6472.3 Service Factors

(a) As stated in para. 6472(a), the most severe reqpire-
ments should be stated in the specifications wherjever
possible so the supplier can check the specific motor
and control required.

(b) If the crane specifications do not indicate a spgcific
duty but state the duty class for each motion, tHe K
values for egs. (1), (2), and (4) are listed in Table 6473.3-1.
There is no guarantee that these values will result ip the
optimum motor selection, but they do indicate relative
ratings.

6472.4 Calculation of Motor Heating
(a) When definite operating requirements have peen
specified, the time, motor torque, and average njotor
speed can be calculated for each step of accelerafion,

L 1 1 rat
np—— 1npg + 1MPTL )

where
hp = total horsepower of bridge motors
hpg = horsepower to drive bridge (less trolley
and load)
hpy, = additional bridge motor horsepower to drive
trolley and load
R = radius of bridge (span/2) (see Fig. 6472.2-2)
Sg = speed of bridge at wheel, ft/min (see
Fig. 6472.2-2)

7'11“1’11.1’1(7 Q'l’\H AD(‘Q]QT‘Q+if\T\ T]"I{J T\Tn(‘ﬂ!‘]111‘ﬂ Ff\?‘ F]’\D ing
&7 ¥ |

the thermal adequacy of the motor will vary, depending
on the type of motor and motor enclosure. For totally
enclosed series wound AISE TR No. 1 DC mill motors
used for constant-potential DC control at 230 V, pub-
lished curves may permit determining whether or not
the allowable percent time-on exceeds the actual percent
time-on. If the same type of motor is used at more than
230 V, the motor manufacturer shall be consulted to
evaluate the effect of the increased core losses and fric-
tion and windage losses.

Copyright © 2015 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME NOG-1 2015.pdf

ASME NOG-1-2015

-JeJ 10J0W dY} SaSBAIDU| 10}IB)
Aepuodas jusuewsad awos s

A11SS929U By} d1RUIWI|D JOU SO
Sy 1 sse)d Ainp asn ‘siojow pa

*32UB}OBal Pa||0JIu0d g Aew BJay} ySnoyye ‘@ue)sisal Alepuodas asueyd 0} S1030eju0d Alepuodd
‘paads pajel Je peo) pajel Jo Sullsioy 91eis-Apeals 1oy palinbal dy |esjueydsw ay} Si Sujjes jojow W

3 000°€E/MM = dy

‘suole|NI}e) 953U} UO PAWINSSE S| Jey} 9oUBRISISAI |BUIBIUI %E dY} Y}M Jojow e uo papoys ate ssuu dis 9

(7 000°€E/AM) [('sa1 nun Jad 0°'1)/26°0 = T - °¥] = dy

ueyj $sa] 9 Jou |leys Suljes Jojow ayl ‘0009 Uo11I3S Jo (1) "ba jo pealsu; uol

921M9s 9y} uaym dijs 1un Jad up uoidNPa) ay3 1oy SMOJJe Jeyl Aem B Ul 10}DB) 3JIAIDS PIIIDIAS By} dpN|dul 0} pue ‘Sullsioy
Yy 1eY3 1sI0y DV ue Joj Juswalinbas s1yIgasSy, o] anbioy J0jow pajes ueY} S10W JOU Je paulelqo aq isnw paads sioy peoj-|
‘ulw 09 a4 ]1eys Sufes awill wnwiuiw 3y} ‘sjoiy

~ooy Ajdwa y3m souUeISIp SWES UIN}dl pue uo(3daiIp auo ul peoj pajes Al

*S9JuBISIp awes — ooy Aldwa Jamo) ooy Aldwa 3sioy ‘peo] pajel JaMo) ‘pH

:SMO]|04 Se paulap S| 9jfo e

‘palinbal s| uonesado paads,mols pasuojoid jI ue)SISal AlBPU0IAS Paxl) B YIM SALP DV
p S1YL "uolle]IIuSA padto) Suippe Aq Jojow ayl Ajipow uay) ‘Suiyes dy pa1e|iIusA-J|as ‘ujw-09 JoJoW By} aujwialap 01 T Ssep) §
hejuan Jwiad suonlipuod dusydsowie Ji pue ‘9)qissod se moj se”dy pajel Jojow dasy 0] 9)qeiISIP 3l 9YBW SUOIJRISPISUOD

Ou sueaw aJupjsisal paxl{ (i)
nwiuiw ayl ‘spiom Jayjo uj

L} pue T = Y J1 ‘Aisnoinqo

enba Suimojjoy ayy asn ‘Sul
poads-)|ny Suunp sdue)sisal
Ny pay1dads ayy ‘ysioy e 104 (€)
0 J13B}S YIM S3ALP DV 104 (7)
ed — a8puq 10 A3)j043 e 104
0] pajes asies — 3sioy e 104
‘payidads asimiaylo ssajun (1)
‘S31O0N
ue jo Adenbape ayl Suppayd jo
AOQE S3SSB|2 AINp || 10) SanjeA
esjueydsw §| - 310N TVYINIO

91 7’1 71 (4" 7’1 01 09 09 14 09 14
S'1 €1 €1 't €1 0w 09 09 19 oY €
7’1 (4" [ 0’1 (4" 0’1 09 019 T4 o€ 4
€1 1 1 01 1 0’1 019 0¢ ST 0c¢ T
[(#) @10N] 8nid pu ajue)sIsay paads mojs pue 4981 —H q98. 1 1SI0H 1y/s9)ah) % sse)) Aing
Jue)SISay paads molq o) paxi4 anbuio] 19juno) 4 % AV Oa Ui [(Z) 210N] [(T) @10N] uQ awiy
paxi4 JUue)SISAY Ssapn)du| 10} 9oue)sisay Stey-awiy wnwixew wnwixew
a8 1—ov sSSP
[(€) @0ON] H — DV
|

sasse)) Aing  1-£°27/79 d\qeL

97

%

Copyright © 2015 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

(



https://asmenormdoc.com/api2/?name=ASME NOG-1 2015.pdf

ASME NOG-1-2015

(b) On adjustable voltage DC drives, self- and forced-
ventilated shunt motors can be checked by comparing
the calculated rms current and average speed against
curves of allowable rms current versus average rpm for
the motors being checked. In totally enclosed motors,
the losses (armature, field, core, brush, friction, windage,
and stray load) shall be summarized to see if the total
is below the dissipating capability of the selected motor
operating over the repetitive cycle. Similarly, in AC

6473 Drive Speed Ratios.
shall be determined as follows:

Drive speed ratios (SR)

SR = (wDNj)/(12RV) (12)

where
D = pitch diameter of drum for hoists or wheel
diameter for traverse drives, in.
N¢ = motor rpm corresponding to the free-running

motors, [losses are divided into fixed and variable. As
an apprgximation, the variable losses can be considered
to be pr¢portional to secondary current squared. Also,
for a givpn value of secondary resistance, the secondary
current ¢an be calculated by

I = \/torque X slip/resistance (11)

all on a(per unit basis. (If the calculated per unit I is
less thar| the corresponding per unit T, use the per unit
T value.| Also, in order to take into consideration the
primary|copper losses at very low values of torque, the
value of[per unit I shall not be less than 0.4.)

(c) The AC motor thermal evaluation could be per-
formed gs follows. Establish a duty cycle with the time
and tordue for each step calculated. Convert torque to
per unif| current using eq. (11) or the torque—current
speed cljaracteristics of the type of control to be used.
Add the|square of the per unit current X time (in sec-
onds) X|per unit variable losses to the operating time
(in seconds) X per unit fixed losses. If that total is less
than thesum of the seconds X the dissipation factors for
each step in the cycle, the motor has adequate therimal
capacity] The variable losses, fixed losses, and dissipa-
tion factprs are to be obtained from the selected motor
manufadturer, or the cycle summary shall\be submitted
to the manufacturer. See para. B-6472(4 for an example
of AC mfotor heating calculation.

647R.5 Duty in Excess ofClass 4

(a) ABove 50% time-on 6r more than 45 cycles per
hour, th¢ required duty c¢ycle capability shall be stated
by the dpecification mriter, who should consider the
possiblefpdvantages‘ofself-ventilated, forced-ventilated,
or air-ovler-frame motor construction, depending upon
the atmgpspheric-conditions at each installation. The
acceptaple“®ype(s) shall be indicated in the
specificaftiohs.

(i.e., steady state or developed) hp notdnglud-
ing any accelerating hp, taking inte.consjder-
ation the voltage and control used-as sfated
in (a) through (d) below
R = mechanical advantage of therope systerh for
hoists
= 1 for traverse drives
V = specified speed, ft/min

(a) For 230 V DC setieés motors, the manufacturer’s
characteristic curvesfor 230 V shall be used. At a|con-
stant-potential voltage other than 230 V, obtain an equiv-
alent 230 V by multiplying the free-running hp by
230 divided by the applied voltage. From the cutves,
use this equivalent /ip to obtain the motor speed at 2B0 V.
Calculate the approximate Ny by multiplying the frpm
so ebtained by the applied voltage divided by 23(.

(b) For AC wound rotor motors, the typical charafter-
istic curves for wound rotor motors in Fig. 6473-1 phall
be used, taking into consideration the total seconfary
resistance at full speed. The curves are based on m¢tors
providing 3% slip at rated torque with rings shqrted
and with rated voltage applied to the primary

hppe = Tpy (1 = Ty, X Res.y,)/0.97 (13)

Per unit horsepower (fp,,) for use of these curvps

_ developed hp (not incl. acceleration)
- hp rating of motor

(14)

[The developed hp for a hoist is calculated by eq. (1)
with K; = 1, and for a bridge or trolley by eq. (9)]]

At the calculated per unit horsepower, read per|unit
torque from appropriate hp-resistance curve and [then
read per unit synchronous speed at that torque o the

(b) 1f prolonged (over 30 sec) or repetitive operation
at reduced speed is required, it shall be specified. Any
reduced speed operations that fall below 5% speed for
prolonged periods or that are repetitive shall not be
evaluated by the procedures in para. 6472.4 without
consulting the electrical manufacturer.

(c) Because variations in motors and controls can be
appreciable, ratings selected by any duty cycle calcula-
tions shall be checked by the electrical manufacturer
after an order has been placed.

speed curve for the same resistance. The dashed line is
an example at 0.75 per unit horsepower and 20% total
resistance, resulting in approximately 0.88 per unit
torque and 0.82 per unit synchronous speed.

(c) For DC adjustable voltage shunt motors, obtain
manufacturer’s rated speed for armature voltage and
field strength used.

(d) For AC squirrel cage motors, use the motor’s spe-
cific characteristic curves, to be supplied by the motor
manufacturer.

Copyright © 2015 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)

(15)


https://asmenormdoc.com/api2/?name=ASME NOG-1 2015.pdf

ASME NOG-1-2015

Fig. 6473-1 Typical Characteristic Curves for AC Wound Rotor Motors
(Examples for 0.75 per Unit Horsepower and 20% Total Resistance)
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648p Conductor Systems (Types |, Il, and Il Cranes)
6481 General

Per UnitTorque

0.8 1.0 1.2 1.4

(d) For repeated flexing service, the bending radius
for the cable and the cable support system shdll be not

(a) Conductor types and sizes shall be in accordance
with NEC, taking into consideration the voltage drop
limitations affecting the allowable voltage variations at
the controller specified in para. 6411.2.

(b) If insulated, the insulation shall be rated for the
radiation dose specified, if any.

(c) Each multiconductor control cable shall include
spare conductors. The quantity of spares shall be approx-
imately 10% of the total, but not less than two and not
more than five being required.

99

less than the minimum recommended for the cable by its
manufacturer. Means shall be provided for supporting,
extending, and retracting the cable to allow movement
without exceeding the stress limit in the cable as stated
by the cable manufacturer.

6482 Conductor System Categories. Conductor sys-
tems shall be considered in the following three general
categories.

6482.1 Runway Systems. Conduct power from the
building supply to the crane.
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6482.2 Bridge Systems. Conduct power and con-  specified. Where low-contact resistance is required for
trol between the bridge and trolley portions of the crane. ~ low-current or low-voltage pilot devices, such as
tachometer generators, a combination of conductor and

6482.3 Auxiliary Systems. Such as pendant push- 1o o1 materials shall be suitable for that usage.

button, communication, remote control, and instrumen-

tation cables NOTE: While taut wire arrangements are present on many

existing systems, the use of an uninsulated taut wire system is not
6483 Conductor System Types recommended on new applications due to inherent safety issues.

() When AC variable frequency controls are used, (2) Brush-Type Cable Reel. These systems consist of

the runway and brid nductor systems shall include es a
a grouncﬁing conductor. slip-ring and brush arrangement to maintain elecjrical

(b) The following three general types of conductor  contact. Where low-contact resistance is required for
systems [shall be considered to meet the needs of the low-current or low-voltage pilot deviéds, such as

three caflegories in para. 6482: tachometer generators, a combination of ‘slip-ring|and
(1) Fontact Conductor. These systems may consist ~ brush materials shall be suitable for fhat usage.
of either|a rigid bar or taut wire with a sliding or rolling (3) Flexible Continuous Conductor. These sysfems

collector} To ensure continuous contact on Type I, I, or  consist of a continuous flexible cable, either flat or round,
IIT systetns that use AC variable frequency drives or DC  that is suspended in a festoofed arrangement fr¢m a
motor dfives, there shall be at least two spring-loaded  trolley and track system or in a cable carrier.

contact $hoes per phase on main line systems in the
primary| circuit of AC motors and in any DC motor 6500 ELECTRICAL EQUIPMENT TESTING

armatur¢ circuit that does not supply current to a series REQUIREMENTS (TYPES 1, Il, AND Il CRANEE)
brake. AHequate expansion means shall be incorporated All electricallequipment shall be tested in accordance
to allow| for building expansions and contractions as  with Section“7000.

100
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Section 7000
Inspection and Testing

AND A PLAN > RIA

7100

The following list identifies the specific tests and
acceptance criteria for the inspections and tests specified
by Tables 7210-1 and 7210-2:

(a)) drop-weight test per ASTM E208 or Charpy
imppct test per ASTM A370. The owner or the owner’s
desipnated representative shall establish the acceptance
critdria unless stated otherwise in this Standard.

(b) 100% radiographic test (RT) or ultrasonic test (UT)
of blitt welds in accordance with AWS D1.1. Acceptance
critdria shall be in accordance with AWS D1.1.

(c) 10% magnetic particle test (MT) or dye penetrant
test |(PT) of the linear feet of each weld that exceeds
10 inp. in length unless stated otherwise in this Standard.
Technique and acceptance criteria shall be in accordance
with AWS D1.1.

(d) ultrasonic (UT) volumetric testing

(1) Plate Materials. UT volumetric tests shall be per-
fornped in accordance with ASTM A435. Any area where
one [or more discontinuities produce a continuous 10ss
of bpck reflection accompanied by continuous.indica-
tiony on the same plane that cannot be encompassed
within a circle whose diameter is 3 in. or one‘half of the
platg thickness, whichever is greater, is tinacceptable.

(2) Bar and Forged Material. Ultrasonic volumetric
testd shall be performed in accordange'with the applica-
ble qections of ASTM A388 after-forging and heat treat-
merit, but before any machining-that would render the
ultrgsonic test results indeterminate. Additional require-
ments and acceptance cfitetia follow:

(-a) Solid shafts,bars, and forgings with parallel
surfaces (i.e., providing an adequate back reflection to
condluct the test)-shall be ultrasonic tested using the
strajght-bearfiyback-reflection technique. The test results
shal| be unacceptable if one or more reflectors produce
indilcations accompanied by a complete loss of back
reflg¢ction not associated or attributable to geometric
configurations. Complete loss of back reflection is
assumed when the back reflection falls below 5% of full
calibration screen height.

NOTE: Conducting the test in accordance with subparagraph (b)
below is also acceptable.

(-b) Solid shapes and forgings with nonparallel
surfaces, as well as hooks, shall be ultrasonically tested
using flat-bottomed hole reference standards and
distance-amplitude correction curves. Discontinuity

eSponse -n_

255G . -in. flat-
bottomed hole at the estimated discontinuity.dgdpth shall
be unacceptable.

aval ation alla e a he

(-c) Rings and hollow forgings ishall he tested
using the angle beam examination,techniqug when a
valid test using the back refleetion technique| through
the axial direction cannot be‘performed. One|or more
reflectors that produce indications exceeding the ampli-
tude reference line from.the appropriate calibration
notches shall be unaceeptable.

(e) hooks for a Type I hoist. Hooks shall pe proof
load tested at 200% of the maximum critical load or
in accordanceé with ASME B30.10 for the rafed load,
whichevép tést load is greater. Dimensional irjspection
of the fiook (before and after proof load testing) and the
testing procedure shall be in accordanke with
ASME B30.10. Acceptance criteria shall be in acfordance
with ASME B30.10 or shall be specified by th¢ owner.

(1) Each load path of a dual load path h¢ok shall
be tested independently.

(2) Each load attaching point on the hooj shall be
tested separately. For example, the testing of a sister
hook with a pinhole must include separate tes}s for the
sister hook prongs and the pinhole.

(3) Testing of the load path through the sigter hook
prongs shall be performed in a manner that r¢presents
an applied load that has a 60 deg included angle, or at
the included angle specified for hook design.

(f) wire rope breaking strength test. Breaking|strength
shall meet or exceed published breaking strength in
accordance with Federal Specification RR-W-410 or wire
rope manufacturer’s published data. The savv?le used
for the test shall be taken from the wire rope fyirnished.

(g) magnetic particle (MP) and liquid penetfant (LP)
surface testing

Meenetic-particletestingfor-surfaet defects
shall be performed in accordance with ASTM A275 and/
or ASTM E709.

(2) Liquid penetrant testing shall be performed in
accordance with ASTM E165.

(3) For both MP and LP testing, the acceptance
criteria shall be as follows. The following relevant indica-
tions are unacceptable:

(-a) linear indications greater than 4 in. long in
material under % in. thick, greater than % in. long in
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material from 5/8 in. thick to under 2 in. thick, and greater
than % in. long in material 2 in. thick and over

(-b) rounded indications with any dimension
greater than 1/8 in. in material under 5/8 in. thick, and
greater than %6 in. in material % in. thick and over

(-¢) in any thickness of material, four or more
relevant indications separated by Y in. or less, edge-
to-edge

cations in any 6 in.? of surface with the major
dimensipn of the area not to exceed 6 in., with the area
taken injthe most unfavorable orientation relative to the
indicatigns being evaluated

Relevpnt indications are those that result from
mechanifal discontinuities and have a major dimension
greater than % in. Indications may be explored to deter-
mine if fhey are the result of material discontinuities,
material[properties, or part geometry. Linear indications
are thosp whose length is more than three times the
width. Rounded indications are those that are circular
or elliptjcal with the length less than three times the
width.

7200 MANUFACTURING

Inspedtions and testing of Types I and II cranes shall
conform|to this Standard. Assurance of implementation
of the rdquirements of this Subsection for Types I and
II craneq shall be in accordance with Section 2000. The
manufa¢turer’s standard inspection and testing px6-
gram shlall apply to Type III cranes if not otherwise
specified in this Standard or contract document:

7210 Receipt and In-Process Inspectionvand Testing
Requirements

(a) Rereipt inspection and testing.shall be performed
for thos¢ items listed in Table 7210-1 for Type I cranes
and Tablp 7210-2 for Type II cranes. In-process inspection
and tes{ing shall be performed in accordance with
Table 7210-1 for Type I cranes and Table 7210-2 for Type I
cranes. (pee para. 7100 for definitions of inspections and

(b) Dpcumentation required by Table 7210-1 or
Table 7210-2hall be reviewed and accepted by the crane
manufadturer prior to the assembly of any item listed

7230 Assembly Inspection Requirements

The crane shall be sufficiently assembled to ensure
that parts are properly fitted. Permanent wiring, other
than that normally done at field erection, shall be com-
plete. Control panels and rigid conduit shall be installed.
It is not required to reeve the drum and blocks, to attach
the cab, or to erect on gantry legs.

Inspections of the work shall be performed by the

! ienee
may verify that crane components are being inStalled,
assembled, or connected in compliance with-the lhtest

appropriate drawings, codes, standards, |and
procedures.
7240 Electrical Inspection Requiréments

Inspections shall be performed-at the crane mantifac-
turer’s plant to verify the following:

(a) terminal connections-for tightness

(b) panels and resistors-are properly placed

(c) required fusescare installed

(d) panels, switches, resistors, and other parts|and
materials arein accordance with job drawings and are
properly identified

(e) raceways are properly installed, and raceways to
be removed for shipment are to be properly fittedl for
field(installation

(f) no interferences involving electrical items ¢xist
When trolley moves through its full range

(g) electrical items do not protrude beyond the [con-
fines of the crane as established by the job drawirlgs

(h) electrical items requiring routine maintenancg are
accessible

(i) no wiring is touching resistor heating parts

(j) portions of conductor systems that are designed
to move in order to accommodate crane motion move
freely

(k) ancillary electrical items are properly installed

(I) pendant cable strain relief(s) is supplied for pen-
dant push-button, station-operated cranes

(m) overload relay current sensing elements afe in
accordance with job drawings

(n) motor connections are properly made

(0) contactors and electromechanical relays whose
armatures are accessible operate freely by hand

(p) electrical enclosures are correct NEMA type|and

in these tables.

(c) All structural welds shall be visually inspected
over their entire lengths for any type crane. Acceptance
criteria of welds and repair shall be in accordance with
AWS D1.1.

7220 Electrical Documentation

On Type I cranes, reports of standard NEMA tests
shall be furnished by the electrical equipment manufac-
turer for hoist and travel motors and brakes.

panel doors operate properly

(q) brushes are properly seated

(r) electrical holding brakes are adjusted to correct
torque settings

(s) conductors are identified at each termination by
being marked to correspond to the schematic diagram

7250 Shop No-Load Test

A shop no-load test shall be performed at the crane
manufacturer’s facility. Procedure(s) shall be prepared
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Table 7210-2 Required Inspections or Tests — Type Il

Items

Tests [Note (1)]

Material
Test
Reports

RT or UT of
Butt Welds MT or PT of Impact Test
[Para. Completed Welds [Para.
7100(b)] [Para. 7100(c)] 7100(a)]

Weld Filler
Material C.C.
Typical Value

Trolley load girt structure

X

X

Trolley girtrfrawa Straeturatbwelds
Girder top|and bottom plates [Note (2)]

Girder top|and bottom plate butt welds
[Note (3)]

Girder welj plates

Girder wel} to top and bottom cover
plate stjuctural welds

Girder intdrnal stiffeners and diaphragm
welds

Girder to gnd truck attachment

Girder to ]nd truck — structural welds
End tie — |structure

End tie — |structural welds

Girder end trucks — structure

Girder end trucks — structural welds

Bridge and trolley — seismic restraints —
structurgl

Bridge and trolley — seismic restraints —
structurgl welds

Weld test plates [Note (2)]
Welds %4 ih. or greater [Note (4)]

Fastener material for structurdl
interconpnection [Note (5)]

NOTES:

(1) Test identification detailed in para. 7100.

(2) As requifed-by para. 4212.

(3) As required ‘uy para: %232~
(4) See para. 4251.4.
(5) As required by para. 4222.
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and used by the crane manufacturer in conducting the
shop no-load test.

If subsequent manufacturing or associated activities
affect the validity of this test or portions thereof, the
appropriate portion of the test shall be repeated.

The crane manufacturer’s personnel shall direct the
test following the appropriate procedure(s).

Nonconformances found during the shop no-load test
shall be treated as required by this Standard.

7253 Electrical Requirements. A test of the crane
electrical system shall be made to verify proper opera-
tion of the controls.

For radio-controlled cranes, the transmitter-receiver
system need not be used for this test. An alternate means
of operation of the receiver driven relay panel is
acceptable.

7260 Preparation for Shipment Requirements

251 Prerequisites. Prior to conducting the shop
no-lpad test, the crane or applicable portions to be tested
shal| be assembled and wired subject to the following:
(a) The crane or its applicable portions need not be

are dcceptable for normally installed field wiring. Where
condluctor bar systems are used, only enough of the
condluctor bar lengths need be installed to set collector
shogs and check trolley operations.

(c) When testing the operation of mechanical portions
of the crane, the use of a temporary controller is
acceptable.

(d) When testing electrical portions of the crane, the
crane will be tested with the actual crane controls unless
spedifically excepted by the purchaser.

7R52 Mechanical Requirements. Asaminimum, the
follqwing mechanical functions shall be verified:

(a) traverse of the trolley frame with wheel assemblies
and |other trolley-to-bridge interface itenis for tracking
and (clearances on the bridge (powered operation is pref-
erable if conditions permit).

highest ho1st1ng speed produced by normal operations.
However, the owner and supplier may agree on alterna-
tive speeds for this test or alternative methods for dem-
onstrating the capability of the equipment to withstand
two-blocking. A load hangup test or calculations shall
be performed to confirm the capability of the equipment
to withstand load hangup. This test and/or calculation
is also recommended to be based on the highest normal
hoisting speed; again, the owner and supplier may agree
on alternative criteria.

As a minimum, the preparation for skigment of
Types 1, 1I, and III cranes shall meet the requirements
of Section 8000.

7270 Final Verification of Document Requirements

The owner or the owner’s duthorized reprefentative
shall verify the documentation that has been ¢ompiled
by the manufacturer as vequired by para. A-7¢13.

7300 RECEIPT<AND STORAGE REQUIREMENTS
FOR STORAGE FACILITY AND/OR SITE

Assurarice)of implementation of the requirements of
this subséction for Types I and II cranes shpll be in
accordarnce with Section 2000.

7310 Receiving Inspection

This subsection defines requirements for the receipt
inspection of cranes to be fulfilled by the organization
responsible for performing the handling, storpge, and
reshipment of the equipment. These requirempnts out-
line the criteria involved in the inspection to verify that
the crane components have been received in acfordance
with contractual requirements. The receipt irjspection
verifies that the quality of the crane has not beer} reduced
due to corrosion, contamination, deterioration, pr physi-
cal damage resulting from its being shipped.

7311 Requirements. The following mlinimum
requirements for receipt inspection apply to Types I, II,
and III cranes.

7311.1 Receiving Inspection Plan. A Receiving
Inspection Plan shall be prepared by the owneg or own-
er’s designated representative. The plan shall provide
instructions for performing receiving inspecfion cov-
ering the following activities:

(b) visual inspection

(c) marking and tagging
(d) testing

(e) preparation for storage

7311.2 ReceivingInspection Plan Implementation.
Receiving inspection shall be initiated upon notification
that the crane has arrived at the designated area. This
inspection shall be carried out in accordance with the
Receiving Inspection Plan.
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7312 Conformance to Documentation. A review
shall be made to ensure that a correlation exists between
the item received and its supporting documentation.
The review shall include a comparison of the release for
shipment documents, equipment identification num-
bers, purchase order document numbers, and other item
identification.

7313 Visual Examination

7320 Handling Inspection

This subsection defines requirements for the handling
inspection of cranes to be fulfilled by the organization
responsible for performing the handling, storage, and
reshipment of the equipment. These requirements out-
line the criteria involved in the inspection to verify that
the crane components have been handled in an accept-
able manner. The handling inspection verifies that the

quality of the crane has not been reduced due to ynac-
. 73.1 -1 Preliminary Inspe.ctlon. APp Tellml.nary ceptable methods and procedures for handling thécfane.
inspectign shall be performed prior to unloading to iden-
tify danfage that may have occurred. Observations for 7321 Requirements. An inspection program phall
unusual|conditions shall include be established by the owner or the owner’s ldesignated

(a) Fire. Charred paper, wood, or paint, indicating  representative for equipment and rigging in accordance
exposur¢ to fire or high temperature. with Section 8000.

(b) Excessive Exposure. Weather-beaten, frayed, .
rusted, gr stained containers indicating prolonged expo- 7330 Storage Inspection
sure dutfing transit. Prior to the commencement'0f storage activities, the

(c) Enpironmental Damage. Water or oil marks, damp  owner or the owner’s designated representative phall
conditiops, dirty areas, or salt film (indicating exposure establish and maintain\@a storage inspection program
to seawdter or winter road salt chemicals). consistent with the requirements of this Standard.|The

(d) Tid Down Failure. Shifted, broken, loose, or twisted program shall specify the inspection surveillance inter-
shipping ties, and worn material under ties. vals for these-requirements.

_(8) Ro g}.z HL.mdl%'ng - Splintered, torn, or crushe.d con- 7331 Reguirements. Inspections and examinations
tainers ipdicating improper handling; review of impact  ghaj] peperformed on a planned and systematic basis
recording instrument readings, when required. consistent with the requirements of Types I, II, and III

731B.2 Item Inspection. Item inspection shall be cranes to verify that the integrity of the stored item| and

performgd at the designated receiving area. Unless the . its protective cover, as provided for in para. 7260} are
package|marking prohibits unpacking, the contents of being maintained. Verification during the inspedtion
all shipments shall be visually inspected to ascertaify  activity shall be in accordance with Section 8000.
comphc nce with specified pgckmg and sh1_pp1ng 7340 Preparation for Reshipment
requirerhents. Items packaged in separate, moisture-
proof, transparent bags shall be visually inspéctéd with- This subsection defines the requirements for prepara-
out unpgcking. Inspections shall be performed in aman-  tion for reshipment of cranes to be fulfilled by the oyvner
ner to pvoid contamination of thélitem during  or the owner’s authorized representative.
inspectign. 7341 Requirements. The following miniium

7314 Marking and Tagging. Items shallbeinspected  requirements for reshipment apply to Types I, II,|and
to verify|that the markings and tags are affixed in accor-  III cranes. Measures shall be established and dpcu-
dance wijith Section 8000 and the purchase order docu-  mented to ensure that the equipment has been njain-

ments. T|
marking

7315
order dd

he Receiving Inspection Plan shall identify these
and tagging Tequirements.

Testings,\In those cases where the purchase
cuments.and para. 7100 require testing during
receiving inspection, the Receiving Inspection Plan shall
delineat¢ the'test requirements and provide documenta-

tained and preserved in accordance with establithed
instructions, procedures, or drawings to prevent dam-
age, deterioration, and loss as per paras. 7320 and ¥330.

Prior to reshipment, the requirements of para. [/260
shall be verified or reestablished. The owner may waive
specific requirements if waiving them is not adyerse

to-guality_and provided the minimum requirements of
& J

tion instructions.

7316 Preparation for Storage. When the receiving
inspection of an item has been completed, the item
should be in satisfactory condition for storage. Assur-
ance should be made that pipe caps or covers removed
for receiving inspection are replaced, machined surfaces
are protected, and crated items have been recrated in
accordance with original purchase order requirements
and para. 7260, governing preparation for shipment and

108

para. 7310 are met.

The documentation generated as requirements of
paras. 7310 through 7340 shall be completed prior to
reshipment and retained as specified in para. A-7620.

7400 SITE

Assurance of implementation of the requirements of
this section for Types I and II cranes shall be in accor-
dance with Section 2000.

storage.

Copyright © 2015 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME NOG-1 2015.pdf

ASME NOG-1-2015

7410 Installation
7411 Preinstallation Verification

7411.1 General. Prior to the actual installation of
Types I, II, and III cranes, there are certain preliminary
inspections, checks, and similar activities that shall be
completed to verify that the crane and the installation
area conform to specified requirements, and that the

e quality requirements and quality assurance
ns that are necessary during installation shall be
ned and reviewed so that they are understood by
esponsible individuals.

7411.2 ldentification (for Type | Cranes). Checks
be made to verify that the identity of received
ment has been maintained and is in accordance

ade for an alternative system for equipment identi-
ion to drawings, specification, or records when iden-
htion or markings must be destroyed, hidden,\or
bved from an item.

tific
rem

7411.3 Processes and Procedures (Types:t and Il
Cranjes). Consistent with the construction activities
schedule, inspections or checks shall be “performed to
verify that procedures are ready when needed for use
in the installation of the crane components. These inspec-
tiong or checks shall include the yerification of the fol-
lowing items:

(¢) Equipment for handling and placement of items
is available at the site and is adequate to perform the
work in accordance with specified requirements.

(h) Warnings and safety notices, appropriate to the
activity, are posted.

7411.4 Physical Condition and Record Review
(Types I, II, and Il Cranes). Inspections or checks, as
appropriate, shall be performed to verify that the crane
i i i ifi irements
and that quality has been maintained. These ‘ingpections
or checks shall include the following vetificatjons:

(a) Protective measures and physical iritegrify during
storage have been maintained in eonformafce with
paras. 7330 and 7430, and Sectien-8000.

(b) Nonconformances hayve.been satisfactd
posed of or controlled.

(c) Items have been elearied in accordance w
fied requirements.

rily dis-

th speci-

7411.5 Site-Conditions (Types I, I, and 1l Qranes).
Inspections of chécks, as appropriate, shall be pgrformed
to verify tHat)conditions of the installation arealconform
to specified requirements and precautions hgve been
taken to'prevent conditions that will adversely pffect the
quality of the item during installation. These irfjspection
checks shall verify the following;:

(a) Protection from adjacent construction activities is
being provided, including implementation gf appro-
priate exclusion and area cleanness requirements.

(b) Protection from inclement weather and other
ambient conditions adverse to quality is being grovided.

(c) Materials that may be deleterious to the crane
items being installed are controlled.

(d) Installation of the crane will not advers
the subsequent installation of other equipm
repair or rework on any nonconforming item
performed satisfactorily.

bly affect
ent, and
s can be

(a) Approved procedures, drawings, manuals, or (e) Permanent crane runway (or approved teqnporary)
othdr work instructioris are provided to the installer at ~ supports and mountings that will properly interface
the fonstruction sité: with the crane have been installed.

(b) Special insfructions and checklists as required are (f) Servicing or maintenance activity related fto instal-
available at thétinstallation area or attached to the item. lation has been performed.

(c} Approved procedures and instructions for special 7412 Control During Installation. For Tyges I and
progessés such as coating, weldmg, and nondestructive  py cranes, checking, inspection, examination, dr testing
exatpination are available at the site. activities shall be performed during the installation of

(d) Where applicable, personnel, procedures, and
instructions shall have been qualified through the prepa-
ration of workmanship standards, samples, or mockups
that simulate actual job conditions.

(e) Installation preparations have been completed,
including such tasks as removal of packaging, condition-
ing, cleaning, and preliminary positioning.

(f) Jigs, fixtures, and equipment for special processes,
if required, are available at the site and conform to speci-
fied requirements.

109

crane components to ensure that the crane is being
assembled in accordance with prescribed procedures.
These activities shall be performed in a systematic man-
ner to ensure surveillance throughout the installation
process. A procedure shall be provided for the coordina-
tion and sequencing of these activities at established
inspection points in successive stages of installation.

A method shall be implemented to ensure that engi-
neering and design changes are documented and con-
trolled during installation.

(

Copyright © 2015 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME NOG-1 2015.pdf

ASME NOG-1-2015

7413 Process and Procedure Control. For Types I
and II cranes, checks shall be made to verify that a
system of controls has been established and is being
maintained at the construction site to assure the
following;:

(a) The applicable revisions of approved procedures,
drawings, and instructions are being followed.

(b) Qualified and approved processes, materials,
tools, and other equipment are being used by qualified

(c) priming, venting, and filling of casings, reser-
voirs, etc.

(d) proper installation of seismic anchors and
restraints

(e) reeving to conform to manufacturer’s instructions

(f) recording camber of girders with trolley(s) at mid-
point of span

(g) control of special bolting method

(h) inspection of electrical connections for good con-

personnel.

status of installation, inspections, examina-
tions, or|tests is clearly indicated or identified in inspec-
tion recqrds.

(d) The installation, inspection, and testing sequence
are being maintained.

(e) Id¢ntification, appropriate segregation, and dispo-
sition of|nonconforming items are being controlled.

(f) Ingpection and test reports are current, accurate,

tact and conformance with wiring diagram ‘L
(i) inspection of bridge conductor-collector system for
proper alignment

7420 Preoperational Testing and Inspection

This subsection defines requirementsfor preop te
and inspection to ensure that the equipment will |per-
form as required for handling/of items during consfruc-
tion. A preop testing and inspéection program shalll be

ting

and conjplete. established to demonstrate)that the crane will perform
L ) o satisfactorily in servige.\The preop testing shall be|per-
7414 Examination. Nondestructive examinations,  formed in accordarice with written test procedures
when refuired, shall be performed in accordance with  \yhich incorporafe’the requirements and acceptancg cri-
para. 7140. teria containedin applicable documents, which indlude
7415 [ Inspection (Types I, Il, and 11l Cranes). Inspec- applicable.manufacturer recommendations. The oyner
tions of fhe work areas and the work in progress shall ~ or the owner’s designated representatives shall conduct
be perfofmed to verify that crane components are being ~ and bexesponsible for the preop tests called for in these
located, |installed, assembled, or connected in compli- procedures, shall furnish all facilities necessary fot the
ance with the latest approved-for-construction draw-  performance of such tests, and shall ensure that proper
ings, mgnufacturer’s instructions, codes, installation communications are established for control of testjng.
instruct{ons, and procedures. Inspections performed Preop testing and inspection requirements discyssed
shall indude, as appropriate, the following: in this subsection shall be applicable to Types I, II}and
(a) idéntification III cranes; these testing requirements shall be completed
(b) lodation and orientation of components after the equipment has been installed and prior to|con-
(c) levleling and alignment struction-operational use of the crane.
(d) cldarances and tolerances 7421 No-Load Test. A no-load test will be [per-
(e) tightness of connections and fasteners formed on cranes, after the power supply has been eri-
(f) fluld levels and pressures fied to be in conformance with the crane specificatjons,
(g) cldanness to verify the following:
(h) wglding operations including materials and pro- (a) motor rotation is correct
cess confrols (b) lubrication and cooling systems are in servige
(i) ad¢quacy of housekeeping, barriers, and protec- (c) limit switches, interlocks, and stops are properly
tive equipment to ensure that items will not be damaged  adjusted and set
or contgminated as a result of adjacent construction (d) instrumentation is calibrated and in servige as
activitie required
7416 Assembled Inspection (Types I, 11, and Il (f?) controls are ac.ljusted properly for all drives for
Cranes), Checks shall be Pprfnrmpr‘] to verify that all hoist, trOHeY' and brldge through the Speed range

components have been correctly installed. If construc-
tion or associated activities affect the results of these
checks, the checks shall be repeated if necessary to assure
that the quality has not been adversely affected.

Checkout procedures to verify correctness of installa-
tion and ability to function shall include the following
mechanical elements:

(a) proper positioning of mating parts, such as
couplings

(b) completion of proper greasing or lubrication

110

(f) for Type I hoists: components, systems, and fea-
tures having single-failure-proof functions related to
retaining the load in event of failure in the primary load
path are functioning correctly, and are properly adjusted
and calibrated

7421.1 Additional Requirements. Atthe same time
the no-load testing is being performed, the following
information shall be recorded or observed:

(a) Electrical for (Full-Speed Conditions)

(1) motor volts

(
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(2) motor amps
(3) motor rpm
(b) Mechanical
(1) noise level
(2) oil leaks
(3) excessive vibration
(4) complete check of crane to certified clearance
drawing

(5) gear alienment and encacement
S S 55

shall be signed by representatives of all parties partici-
pating in the test.

7430 Cranes Used for Construction (Types |, Il, and
lll Cranes)

Temporary use of cranes to which this Standard
applies that are to become part of the completed project
may be desirable. However, authorization for such usage
shall be as provided for in the contract or by written

Structural
(1) overall clearances
(2) trolley end approaches

422 Full-Load Test. The crane shall be statically
d at mid-span to a maximum of 100% of hoist

the crane shall be operated through all drives for
, trolley, and bridge, and through all speed ranges
monstrate speed controls and proper function of

423 Rated Load Test. After the no-load test and

(1) Lift the test load a distance ‘to ensure that the
is supported by the crané_and held by the hoist

(2) Transport the test.load by means of the trolley
fronp one end of the crane bridge to the other. The trolley
shal] approach the limits of travel as close as is practical
in the event use @rea restrictions are imposed.

(3) Transpett the test load by means of the bridge
for the fullilength of the runway in one direction with
the {rolley as close to the extreme right-hand end of the
crane as.s practical in the event use-area restrictions are

approval from the responsible organization. $uch use
shall not subject the crane to conditions for'which it was
not designed. The temporary use autherizatjon shall
include

(a) conditions of use

(b) maintenance requirements

(c) inspections and test astequired to maintajn opera-
bility and quality during{periods of temporafy use of
the crane

(d) requirementsformaintaining operating ahd main-
tenance logs

When tempotary use is completed, conditions gqf tempo-
rary use shallbe evaluated to verify that the crarfe contin-
ues to, satisfy the specified requirements for its
permdnent intended use.

7500 QUALIFICATION FOR PERMANENT PLANT
SERVICE

Assurance of implementation of the requirements of
this subsection for Types I and II cranes shpll be in
accordance with Section 2000.

7510 Construction Use Record Review

7511 Requirements. Measures shall be esfablished
and implemented for the reviewing of construgtion use
records for Types I, II, and III cranes. As a nfinimum,
the following construction use records shall be feviewed
by qualified personnel:

(1) maintenance log
(b) operating log

7512 Documentation. Documentation to substanti-
ate that construction use record review has b¢en com-
pleted as required by para. 7511 shall be Valid%:ed. This

documentation shall be maintained in accordance with
para. A-7630. These records shall be considefed valid

impUDCL‘l, Clllll ill i.‘llt U'L}lCJ. diLCL'LiUll VVii.}l 'L}lC ;.J.UIIC)/ dsS
close to the extreme left end of the crane as is practical
in the event use-area restrictions are imposed.

(4) Lower the test load, stop, and hold the load
with the brakes.

(5) Verify that the nameplate reflects load rating
per (a) above.

7424 Certification. A written report confirming that
the crane has successfully passed the rated load test
load rating of the crane shall be furnished. This report

111

only it stamped, initialed, signed, or otherwise authenti-
cated and dated by authorized personnel.

7520 Inspection Prior to Performance Testing

This subsection is intended to outline the inspection
requirements necessary to qualify Types I, II, and III
cranes for permanent plant service after construction
use.

7521 Requirements. Systems and procedures shall
be established by the owner or the owner’s designee to

(
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Fig. 7521.2-1 Inspection for Wheel Wear

(1) Verify camber and compare with recording made
per para. 7416(f).

(j) Sheaves shall be inspected for wear and defects
that could damage wire rope.

(k) Bumpers and stops shall be verified as intact and
operable.

(I) Bearing housings shall be inspected for integrity,
lubrication, and cleanness.

(m) Trolley rail clips and trolley rails shall be

GENERAL NOTES:

(@) Wheelp should be replaced when wheel flanges become thin
and vigible curling begins to appear at A.

(b) When [crane or trolley tends to run out of square as evidenced
by perkistent wheel flanging, check tread diameter B of all
mechdnically interconnected wheels. If the circumferences are
mismdtched by more than % in. at the center of the tread,
wheel$ should be replaced.

ensure that the inspection requirements as delineated
within this Section are accomplished and documented
by qualified personnel. These requirements are mini-
mums afd may be added to after review of construction
use recqrds if applicable. Discrepancies shall be cor-
rected ar)d reinspected in accordance with this Standard.

752f1.1 General

(a) Prfor to making mechanical and electrical inspec-
tions, the construction use logs shall be reviewed*as
required|by para. 7510 of this Standard. Special attention
shall be [given to inspection of problem areag-as‘noted
in constfuction use logs.

(b) Crpnes shall be checked for cleanness. Dirt and
foreign mnaterial shall be removed prior)to inspection.

75211.2 Mechanical Inspection
(a) Ingpection covers shall becleaned and opened,
and exp¢sed components shallbe inspected for physical
damage,
(b) Ofl in reservoirshall be visually inspected for
cleannesy, filling to'proper level, and foreign material.
(c) Gears shall’berotated so that all teeth on all gears
can be iispected for pitting, featheredges at the tips of

teeth, anjd_miSalignment.
(d) Bdlts(shall be inspected for tightness.

inspected for tightness, excessive wear, and alighmhent.
(n) Cab glass shall be inspected and replaced as
necessary.
(0) Wire rope shall be inspected fot broken wire,
strands, twists, kinks, or signs of wear’
(p) Capacity signs shall be inspected for visilility
from the operating floor.
(q) Hoist drums shall bé.inspected for wear[and
defects that could damage wire rope. If groove [root
diameter is worn in excéss-of one-fourth the rope digme-
ter, drum shall be replaced.
(r) Hook shall'be inspected in accordance yith
ASME B30.10.8Hook dimensions shall be validated. A
record of this{validation shall be maintained in a¢cor-
dance with para. A-7630.
(s) Top' nut on hook shank shall be verified tp be
seciite-and not turned on shank.
(t) Hook shall be inspected to see that it swivels efsily
and that thrust bearing is lubricated and in good
condition.
(u) All hydraulic and pneumatic systems shall be
inspected for leaks and damage.

7521.3 Electrical Inspection (Visual) While Crahe Is
Immobile. A qualified electrician shall be assigngd to
the electrical inspection. All electrical power to the drane
is to be locked out and under the control of the inspgctor.

(a) Motors

(1) Inspect all brushes for wear, even contact,|and
damage.

(2) Inspect springs for tension on brushes.

(3) Inspect slip rings for pitting and wear.

(4) Inspect wires and terminals for tightness.

(5) Inspect insulation on wires for cracks or
brittleness.

(6) Verify that motor bearings are properly

(e) Couplings shall be inspected for tight bolts, elon-
gation of bolt holes, and tightness of keys in keyways.

(f) Bridge and trolley drive and idler wheels shall
be inspected for excessive flanging and flat spots. See
Fig. 7521.2-1.

(g) External welds listed in Tables 7210-1 and 7210-2
shall be visually examined.

(h) All structural members shall be visually inspected
by a qualified person for damage resulting from abuse
or neglect.

Tubricated.
(b) Other Electrical Components

(1) Inspect connections for tightness.

(2) Inspect collector system for physical damage.

(3) Inspect insulators for cracks.

(4) Inspect contactor and relay contacts for wear,
pitting, and burning (does not apply to sealed relay
contacts).

(5) Verify that timers are functioning and prop-
erly set.
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(6) Verify that all panel doors shut properly and
door seals are intact.

(7) Inspect resistors for burned-out sections, breaks,
or cracks in insulation.

(8) Inspect disconnect switches and overload
devices.

(9) Inspect master switch(es) or pendant push-
button station contacts for operation, tight connections,
and wear or pitting (unless contacts are sealed).

paras. 7420 and 7500. The record of successful comple-
tion of these tests shall be signed by all participating
parties.

7600 DOCUMENTATION

The owner shall define, in its purchase documents,
the requirements for the collection, storage, and mainte-
nance of documentation applicable to procurement,

(10) Inspect limit switches for operation, tight con-
jons, and wear or pitting (unless contacts are sealed).
(11) Inspect electrical enclosures for cleanness.
(12) Verify pendant cable strain relief(s) is installed
and |functioning properly.

(c) Verify the integrity of electrical enclosures and
condluit systems.

nect]

753

The crane shall be tested in accordance with
parq. 7420.

D Testing Requirements

754

M
and
rese
and

D Modification and Changes

odifications and changes in design shall be reviewed
approved by the owner or owner’s designated rep-
htative. These changes in design shall be inspected
tested in accordance with this Standard.

755D Recertification

7551 Crane Not Used for Construction. When-the
cranie has not been used for construction and has.been
certified in accordance with para. 7420, it réquires no
recettification.

7552 Crane Used for Construction. - When used for
congtruction, the crane, including.any components
instplled subsequent to construction usage, shall be
receftified by a qualified individual in accordance with

design, manufacture, shipment, receipt, storage| installa-
tion, and startup of cranes covered by this“§tandard.
Guidance for determining documentation-requirements
to be specified in the owner’s purchase docjments is
provided in Nonmandatory Appendix A.

As a minimum, design and, thanufacturing documen-
tation to be specified in the owner’s purchase dqcuments
for all cranes shall include’assembly and outline draw-
ings; electrical schematies and wiring diagrams; accept-
ance test plans and-procedures; software test plans for
controls; operatifig instructions; maintenance instruc-
tions; and softwate programs. Installation dogumenta-
tion to be specified in the owner’s purchase dgcuments
for all cranes shall include records of high strepgth bolt
torquing, data sheets or logs on equipment ingtallation
inspéetion and alignment, lubrication records, docu-
mentation of testing performed after installafion and
prior to acceptance, results of end-to-end electr]cal tests,
final system adjustment data, acceptance test prpcedures
and results, and load tests. Additionally, for Types I and
II cranes, design calculations and load summarfy reports
shall be included.

The owner’s quality assurance program shdll define
which of these quality assurance documents arp perma-
nent records. Assurance of the implementatign of the
quality assurance documentation requiremgnts con-
tained in the owner’s purchase documents fof Types I
and II cranes shall be in accordance with Sectjon 2000.
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Section 8000

Packaging, Shipping, Receiving, Storage, and Handling

8100 E-ENER.AI cranes shall meet rnr}nirpmpnfc of Prnhnrowlent
The p3ckaging, shipping, receiving, storage, and han- ~ documents.

dling of[Types I and II nuclear facility cranes shall be Receiving, storage, and handling funations) per

governei by the applicab]e sections of ASME NQA-L Table 8100-1, are normally applicable to organiza ions

Part II, Spibpart 2.2 and the modifications of this Section, ~ other than crane manufacturers who perform undef the

as listed in Table 8100-1, or shall meet the quality  requirements of this Standard.

assurande requirements specified by the owner. Type 111

Table 8100-1 Applicable Requirements of ASME NQA-1, Part I, Subpatt 2.2, With Modifications of 8000

Subject Applicable Section of ASME NQA-1, Part Il, Subpart 2.2, and“Modifications

General 1-and 1.1

General refjuirements 2-, 2.1 [Note (1)], 2.2 [Note (1)], 2.2.3 [Note (2)];and 2.2.4 [Note (3)]

Packaging 3.1, 3.2, 3.2.2 [Notes (4) and (5)], 3.2.3 [Notes' (4) and (5)], 3.2.4 [Note (6)], 3.3, 3.4, 3.4.1, 3.4.2, 3.5, and
3.5.1

Shipping 4.1, 4.2, 4.2.1, 4.2.2, 4.2.3 [Note (7)]*4.3.1, 4.3.2, 4.3.3, 4.3.4, 4.3.5, 4.3.6, 4.3.7, 4.4, 4.5.1, 4.5.2, 4.5.3,
4.5.4, and 4.5.5

Receiving [Note (8)]

Storage 6.1, 6.1.1, 6.1.2 [Nete\(9)], 6.2, 6.2.1, 6.2.2, 6.2.3, 6.2.4, 6.2.5, 6.3, 6.3.1, 6.3.2, 6.3.3, 6.3.4, 6.3.5, 6.4,[6.4.1
[Note (10)], 6.4.2,-6.4.3, and 6.5

Handling 7.1

GENERAL NOTE:

NOTES:
(1) Cong
2) This
(3) This
(a
(b,
(c

Requirements @f"\ASME NQA-1, Part Il, Subpart 2.2 not referenced are not invoked by this Standard.

erning the referenced Introduction of this Part (Part Il), omit Paragraph 2, Part 4.1.
classification.inctddes additionally totally enclosed electrical components and omits Category (R).
classification includes:

crane:bridge girder, end trucks, and separators

trolley trucks and separators

walks and railings

(4) Degree of integrity of enclosures for electrical components may satisfy Item (e) requirements of 3.2.1.

(5) The integrity of enclosures for components specified in 2.2.2 and Note (4) above may satisfy Item (d) requirements of 3.2.1, or Item
(b) requirements of 3.2.3.

(6) Items (a) through (d) only.

(7) Item (c) is not applicable.

(8) Receiving procedures and inspections shall be in accordance with para. 7310.

(9) When Level D storage is selected, the duration of storage should be considered.

(10) Inspection and examination of items in storage shall be in accordance with para. 7330.

(
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Section 9000
Planned Engineered Lifts

9100 _GENERAL

(a) Calculationstodetermine the maximum PEL

(a) Planned engineered lifts (PELs), as defined in
ASME B30.2, are lifts in excess of the rated load, which
are fequired from time to time on a limited basis for
spedific purposes, such as new construction or major
repairs.

(b) An example of when planned engineered lifts may
be re¢quired for a nuclear power plant would be the use
of afp existing reactor building crane for replacing steam
gengrators, where the weight of the steam generator or
stean generator sections exceeds the rating of the crane.
(c) Planned engineered lifts for nuclear facilities shall
be if accordance with ASME B30.2, except as follows:
(1) Capacity limitations shall be in accordance with
pard. 9200.

(2) Lift frequency limitations shall be in accordance
with para. 9300.

(3) Inspection frequency shall be in accordance
withl para. 9400.

(d) Additionally, the following shall apply to planned
engineered lifts that are to be made at nuclear facilities:
(1) PELs may apply to the bridge or ganfry-only in
accgrdance with para. 9500, or to the hoistiand trolley
only| in accordance with para. 9600.

(2) Temporary interlocks or stops.may be required
in a¢cordance with para. 9700.

(3) Load testing may be tequired in accordance
with para. 9800.

(4) Crane wheel loads shall meet the requirements
of ppra. 9900.

9200 CAPACITY LIMITATIONS

(a) Planned” engineered lifts shall be permitted for
powered-<ranes having a load rating of 5 tons and above,
proyidéd the PEL capacity is limited as follows:

load shall include a vertical impact factor based on 0.5%
of the hoisting speed in feet per minute, but| not less
than 15%.
(-b) Calculations shall be performed by fhe crane
manufacturer or by a qualified pefson.
(b) Seismic shall be included'if specified by the owner.
“Extreme Environmental”, loading conditions|shall be
used for the seismic load Case.

9300 LIFT FREQUENCY LIMITATIONS

(a) Planned, enigineered lifts shall be permitted, pro-
vided the fréquency for making the PELs is limited to
a maximdm of 20 lift occurrences on the crarje within
any, consecutive 10-yr period.

(b)>A lift occurrence for making PELs sha]l be the
handling of a single component or single component
section.

(c) The raising and lowering of a single component
or component section several times, for final [position,
load balancing, or for fit up, shall be considered a single
lift occurrence.

(d) The removal of a component and then |the later
relocation or replacement of the same comporfent shall
be considered two separate lift occurrences.

9400 INSPECTION FREQUENCY

The ASME B30.2 inspections shall be pefformed
before and after each PEL, except that for PEL§ that are
performed in sequence, such as lifts made ¢luring a
steam generator replacement, the ASME B30.2 inspec-
tions shall be performed before and after the first PEL,
before and after the maximum PEL, and aftef the last
PEL.

(1) either the PEL capacity shall not exceed 125%
of the crane’s rating as established by this Standard or
by the original CMAA 70 crane standard to which the
crane was designed or qualified, or

(2) for PEL capacities over 125% of the crane’s rat-
ing, the PEL shall not exceed that load, verified by calcu-
lation, which produces stresses under the operating
loading conditions, using the PEL load in lieu of the
original rated load, where the allowable stresses are
increased to the “Severe Environmental” levels

9500 PLA
OR GANTRY ONLY

(a) If the application requires only the existing bridge
or gantry to make lifts in excess of the rated load, then
only the components and structures associated with the
bridge or gantry need to be qualified for making PELs.

(b) In the case of an existing bridge or gantry that is
to be used in conjunction with a temporary lifting device
(TLD), mounted on top of the bridge structure and hav-
ing a rating equal to or exceeding the load of the planned
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engineered lift, only the bridge or gantry is required to
be qualified for making the PELs.

9600 PLANNED ENGINEERED LIFTS FOR HOIST
AND TROLLEY ONLY

(a) If the application requires only the existing hoist
and trolley to make lifts in excess of the rated load, then
only the components and structures associated with the

(4) to prevent existing crane trolley movement or
use of the existing crane hoist(s), when a TLD is used
for making the planned engineered lifts, and when the
existing bridge has only been qualified with the existing
crane trolley and hoist in a stored position or nonop-
erating mode

(c) Written procedures shall be provided to address
the use of temporary interlocks and stops. Procedures
providing only crane operating limitations shall not be

hoist andl trolley need to be qualified for making PELs.

(b) An existing crane bridge or gantry may have a
higher rating than its individual hoist and trolley units.
Where the maximum load for the planned engineered
lift exce¢ds the rating of the existing hoist and trolley,
but is bdlow that of the bridge or gantry, then only the
hoist andl trolley need to be qualified for making PELs.

9700

(a) Te
vent bri

REQUIRED INTERLOCKS OR STOPS

mporary interlocks or stops, to restrict or pre-
lge, trolley, or hoist operation, shall be put in
place for]cases where the crane system could be inadver-
tently operated outside the qualified mode when mak-
ing the planned engineered lifts.

(b) Spgcifically temporary interlocks or stops shall be
provided for the following cases:

(1) [to prevent existing crane trolley (or TLD)
motion gver sections of the bridge that would be stressed
beyond the qualified levels

(2) topreventbridge or gantry motion over sections
of the biiilding runway that would be stressed beyond
the qualjfied levels

(3) to limit the existing crane trolley{(or TLD)
approach to the runway rail to a distance ‘that would
not increase runway stresses, end truck sfresses, or wheel
loadingd beyond the qualified levels

accepted in lieu of required in-place interlocks or sfops.

(d) An acceptable electrical interlock to prevent-qper-
ation of an existing crane hoist, or to maintain an exigting
crane trolley in a stored location, would be to"physifally
de-energize or open the hoist or trolley.tnit’s powgr or
control circuits, prior to making the PEL.

9800 LOAD TESTING REQUIREMENTS

(a) Testing the cranefor/the PEL shall be by m
of lifting the PEL lodd a short distance as specifig
ASME B30.2.

eans
d in

(b) An additiorial independent test load equal t¢ the
PEL shall bezeqtired if
(1) the)crane has not been previously tested for a

load at least equal to the PEL or
(2)as a result of the PEL calculation review, e
structural modifications of the structures, or mecha
modifications of the hoist, are required
(c) The full-load test and rated load test of paras.
and 7423, respectively, are not required or applicah
planned engineered lifts.

ther
hical

7422
le to

9900 CRANE WHEEL LOADS

The PEL wheel loads shall not exceed 1.33 time$ the
values established in accordance with para. 5452.3

116
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MANDATORY APPENDIX I
ADDITIONAL REQUIREMENTS

1-1100 _GENERAI

All cpnnimanc shall be removed from a location as

I-11B0 Conversion Factors

Sde Tables 1-1180-1 and I-1180-2 for conversion infor-
matjon relative to this Standard.

1-4200 MATERIALS AND CONNECTIONS
I-4250 Connections
4251 Welded Connections

1-4251.2 Qualification of Impact Tests — Welding
Progedures. Impact qualification of materials in Group 1
of Table 4.1.1 of AWS D1.1 shall be considered as proce-
dur¢ qualification for welding other steels in these
clasges or combinations of them having a lower mini-
murh yield strength. Impact qualification of materials
in Group II of Table 3.1 of AWS D1.1 shall be considered
as a|procedure qualification for welding of material of
the ppecification and grade, class, or type in Group I
to which the specimen is certified or combinations\of
this material with materials in Group I, or combinations
of mhaterials in Group I with a lower yield\ stréngth.
Imphct qualifications of materials in Group L/ III, or of
Table 3.1 of AWS D1.1, which are postweld heat treated
per para. 4251.5 for production welding, shall be con-
ducted on a specimen that has been postweld heat
treafed to the same procedure as ‘production welding.

Qfualification for all weld types covered by a proce-
dur¢ shall be obtained by the-welding of a full penetra-
tion|butt weld with any“joint preparation allowed by
the procedure. The effective throat of the weld in the
qualification test_shall equal or exceed the maximum
covdred by the procedure, except that qualification with
a 2%4 in. thick plate shall qualify welds of unlimited size
whi¢h have‘the same postweld heat treatment. If the
prodedure) covers welding vertically from the bottom
up, thedtest plate shall be welded in that position. Other-

near as practical to a depth midway betweer{/thie surface
and the center. The coupons for the heat-affeqted zone
impact specimens shall be taken transverse td the axis
of the weld and etched to define the heat affecfed zone.
The notch of the Charpy V-notcH specimen shgll be cut
as normal to the heat affected. zone as possible in the
fracture plane. When the material thickness pefmits, the
axis of the specimen should.be inclined to allow the root
of the notch to align- parallel to the fusion line. The
coupons for the basermaterial shall be remoyed from
the unaffected base material at approximately the same
distance fronx the‘surface as the heat affected zgne speci-

base material may be used shall be determined per para.
4212(a). Three Charpy V-notch specimens repfesenting
the heat affected zone and three Charpy V-notch speci-
mens representing the unaffected base material shall be
tested in accordance with ASTM A370 at 30{F below
the minimum operating temperature at which|the base
material may be used. If the average mils latergl expan-
sion value of the three heat affected zone specimens
is equal to or greater than the average valu¢ for the
unaffected base material specimens, the qualification
test shall be considered acceptable. The weldipg proce-
dure may be used for all temperatures at which fualified
base materials may be used as determined by pgra. 4212.

The results of the impact testing shall be redorded in
the Welding Procedure Qualification Record.

1-4251.4 Nondestructive Examination Require-
ments — Ultrasonic Testing of Base Material and Weld
Subject to Shrinkage Strains in the Through-%hickness

Direction. The welds requiring this examinatfion shall
beidentified on detailed fabrication Arnuringc '/vith ref_

wise, the welding position is optional. The heat input
shall be as near as possible to the maximum permitted
by the procedure. The axis of the weld shall be oriented
either parallel or perpendicular to the principal direction
of rolling.

! This Mandatory Appendix contains requirements that shall be
followed in the construction of cranes covered by the scope of this
Standard. The Mandatory Appendix paragraphs have the same
designators as the corresponding Standard paragraphs except for
the prefix I-.

erence to the inspection procedures, acceptance criteria,
and length to be examined. If the principal direction of
load transfer for all load conditions defined in para.
4100 is parallel to the weld axis, 25% of the length of
the weld shall be examined. For other directions of load
transfer, 100% of the length of the weld shall be exam-
ined. The width of the region to be examined shall be
equal to the width of the weld plus a distance on either
side of the weld of at least 2.5 times the thickness of
the thickest base metal subject to the shrinkage strains.
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Table I-1180-1 SI Conversion Factors

Table 1-1180-2
Conversion Factors for Weight in Tons

Quantity English to SI Units Sl to English Units
. ) English to SI Units Sl to English Units
Length 1in. = 2.54 cm 1 cm = 0.3937008 in.
1ft = 0.3048 m 1m = 3.2808399 ft 1 ton (long) = 1.0160469 1 metric ton = 0.9842065
1 mil = 25.4 pm 1 pm = 0.03937008 mil metric ton ton (long)
Area 1in.2 = 6.4516 cm? 1 cm? = 0.1550003 in.? - -
1 f2 = 0.09290304 m?2 1m? = 10.76391 ft2 U.S. Customary to Sl Units Sl to U.S. Customary Units
1 ton (short) = 0.9071847 1 metric ton = 1.1023113
Volume TTe=—16387067Tm O =006 1023 7T Tetric ton Ton (short)
12 = 0.028316847 m®> 1 m’ = 3531467 ft
1 gal = 3.785412 | 11 = 0.26417205 gal
English to U.S. Customary to
Velocity 1 ft/sec = 0.3048 m/s 1 m/s = 3.280839 ft/sec U.S. Customary Units English ‘Units
1 ft/min = 0.00508 m/s 1 m/s = 196.8504 ft/min _ — [
1 rpm = 0.1047197 1 rad/s = 9.549297 rpm 1 ton (long) = 1.12 ton 1 ton (sheft) = 0.8928p71
(short) ton/(long)
rad/s
Mass 11b = 0.45359237 kg 1 kg = 2.2046226 b GENERAL NOTE:  For others, see ASTM/E380.
1ton = 1016.0469088 1 kg =0.00098420653
kg ton
1 ton = 1.016047 metric 1 metric ton =
ton 0.98420653 ton
Acceleratiop 1 ft/sec’ = 0.3048 m/s? 1 m/s’ = 3.280840 ft/
, sec? , other directionswof load transfer, the acceptance shqll be
1stdg = 9.806650 m/s* 1 std g = 32.174 ft/sec per ASTM)A578, Level 11, except that the size of the
Force 11bf = 4.44822 N 1N = 0.224809 Ibf circle shall bg reduced .to 2 in. dlan}eter. .
When the side opposite the weld is not accessiblg, the
Bending, 1 ft-Ibf = 1.35582 N-m 1 N-m = 0.737562 fi-bf base\metal adjacent to the weld on all members phall
torque beiexamined from the accessible sides by a straight Heam
- ultrasonic scan. Any area of the base metal that exHibits
Pressure, 1 Ibf/in.” = 6894.76 Pa 1 Pa = 0.000145038 Ibf/ . .
stress (N-m?) in2 total loss of back reflection shall be marked. If the adja-
1 kip/in.2 = 6.89476 1 MPa = 0.145038 cent base metal meets the acceptance criteria of
MPa kip/in.2 ASTM A578, Level I, the weld and the base metal below
1 lbf/in-22 =0.0703070 1 kg/}iﬂf = 14.22334 the weld, which is subject to shrinkage strains, hall
) e examined by angle beam ultrasonic scanning.| The
ke/cm Ibffin b d by angle b It Th
Energy, 1Btu = 1055.056 | 1) = 0:000947817 Btu proc.edure and acceptance criteria shall be per AWS 11,
work (N-m) Section 6, Parts A and C. If the base metal adjacept to
1 ft-lbf = 1.35582 ) 10_= 0.737562 ft-bf the weld exhibits a loss of back reflection in a posjtion
that would interfere with the normal weld scanhing
Power 1 hp = 745 W (/s) 1W = 0.00134102 hp . .
procedures, the alternate scanning procedures in th¢ ref-
Temperatufe  t. = (t; — 32)/1.8 t= (t x 1.8) + 32 erenced sections may be employed. When examining
the base metal below the weld, the criteria for the gngle
GENERAL INOTE:  For othefs; ‘see ASTM E380. of the transducer should be similar to that for evalugting
the fusion zone; i.e., the sound path should be as n¢arly
. . erpendicular to any suspected laminar reflectgr as
Testing[shall.be'conducted after welding and any perp y susp
. . possible.
required)| stress relief.
When|acgessible, a straight beam ultrasonic scan shall

be conducted over the entire area of the plate to be
examined from the side opposite the weld. The proce-
dure should be per ASTM A578, except that the scanned
area shall be as defined above. When the principal direc-
tion of load transfer is parallel to the axis of the weld,
the acceptance shall be per ASTM A578, Level I. For

118

I-5100 GENERAL
1-5110 Load Spectrum Crane Classification

I-5111 Crane Service Data Report Form. See
Fig. I-5111 for an example Crane Service Data Report
Form.

(

Copyright © 2015 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)

(15)


https://asmenormdoc.com/api2/?name=ASME NOG-1 2015.pdf

ASME NOG-1-2015

8l
LL
9l
) st
Vi
' vl
(AN €L
s/ zL
LL
oL
6
8
-~ L
W 9
:
/ ]
€ v
A g
VA z
N4
A _
N IA 1 JA Y [Jaquinp 1A \\c\ 10104 | Suo| suoj| suo] | auljeg uonduosaq uonduogag | 'oN
/sa19AD /s819AD /s919AD
S,
JoAes] 1A Bl EL: T 1A 5 || uonopy | uonon IA 5 Eﬂ%&_ peoq | saoineg | 20|g | xny (s@d1n8Qg uonofy
ebplg |/SUONON | o W A9||qiL | /suonol | o W 1S10H 1SI0H |/suono| o m.. quEﬁ\*,mt_._ Buijpuey | peo7 | | 'xny Buljpuen suein o
10 abpuLg .nAb m, 0 AajjoaL ,nAb m, j0 /aion | 3sioH ,nAb w. ubiseq |eliale|n jo | XNy |eliale|\ pue uonessfo | =
souelsig| j0 ON |< g [edouefsig| J0ON |< g | wbuel| IsI0H | JoON [< o 1 jo WybBiapn | urepy 3o0|g peoT auel m., o
abeiany | abesany m. 3 obeiday | abesany w. 3 abeiany| jo sdoig| abesany m. 3 AUEm_m>> :pasn ‘peoT payl) J0 adAL 3 w
o9 °g pue °g 4 1SI0H sadoy 3o
S S suels S .*s 10 1SI0H wol4 > oW
J0 'ON nU\ adA| papuadsng m m
abelany o/ peoT jo T 3
- < uonduosag <
(4) UONO|N 9SI9ABY ¢ L) UOIIO|\| ©SI9ABY ¢ (@) uono\ BurleMOT ¢ sadoy 1SI0H .
(4) UONOIA piemiod ¢ L) UOIIOIA PlemIOS ¢ 10 (N) UoO BuIyIT ¢ uo sso07 Jo apnuubepy &\
PN
abpug AsjjoL 1sloH C\J
\

LL _ 9l _ Gl 14 _ €l _ clL LL _ oL _ 6 _ 8 _ L _ 9 _ S _ 14 _ m‘u 4 l
........................ AbUIGOBIY 10010 | <~ odAL SUBID JINGY | - ON GOf < -ON JopIC uelg
................................ sBunieag Q

............... Buneeg | T uedg pue senoedey |t toN Asy e ON NV &\. Auedwon
©tosadmonIg Moddng | L suel) o adAL | e oN ‘dosg e -oN *bu - 1n01d eleq 921ieg auel?
110} 9417 991AI8G parpadx]y @
>
Jaquinp 199yg
40234 V.1va 30IA43S INVHO @
JagquinN wuo4 fmJV\

wio4 Joday ejeq ARG duel) TTIS- “Si

119

)

Copyright © 2015 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

(



https://asmenormdoc.com/api2/?name=ASME NOG-1 2015.pdf

(15

ASME NOG-1-2015

MANDATORY APPENDIX I
CRITERIA REQUIRED FOR STRUCTURAL QUALIFICATION OF AN

EXISTING CRANE BRIDGE FOR USE WITH AN ASME NOG-1
TYPE | HOIST AND TROLLEY

This Mlandatory Appendix provides criteria to struc-

turally

qualify an existing EOCI #61 or CMAA

Specifidation No. 70 crane bridge to support an
ASME NOG-1 Type I trolley and hoist for handling criti-
cal loadg. If loadings on the bridge increase as a result
of the ngw ASME NOG-1 Type I trolley and hoist, these
loadingg shall be evaluated, and as necessary, modifica-
tions shdll be made to the bridge, all in accordance with
this Mandatory Appendix. This approach parallels the
NRC gufidance for modification of existing cranes for
complignce with NUREG-0554, as presented in

NUREG
The r
require 4

0612, Nonmandatory Appendix C.
inway and runway support structure also
n evaluation to ensure that they are designed

to support the crane with a lifted loadrfor”a credlible

seismic event. This runway and runway’support s

ruc-

ture evaluation is not covered under~this Manddtory

Appendix.
This Mandatory Appendix addresses the qu
assurance, design documentation, inspection, and

lity
test-

ing requirements for the“sfructural qualification gqf an

existing bridge, as well as the basic criteria for
required structural modifications of an existing br

any
dge,

all to support anew NOG-1 Type I trolley and hois{ (see

Tables II-1 and TI-2).
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Table II-1 Criteria Required For Structural Qualification of an Existing Crane Bridge
for Use With an ASME NOG-1 Type | Hoist and Trolley

Topic

Subtopic

Criteria

o

. Quality assurance
requirements

Required for activities
addressed in this
Mandatory Appendix

The Quality Assurance program for the design documentation, inspections,
NDE, and load testing associated with the structural qualification of an
existing bridge, as well as for any required structural bridge modifica-
tions, shall conform to the requirements of para. 2100(a) of this
Standard.

PSign documentation [69)
requirements

@

€)

@)

Required documentation
of the crane bridge
design specification

Required documentation

of the crane bridge weld-

ing standard

Required CMAA
operating load
calculations

Regtired seismic load
calculations

The existing crane bridge design specification shall be veritied ds being
either EOCI #61 or CMAA Specification No. 70, 1975 or latér)[Note (1)]

The existing crane bridge welding standard shall beyverified as having
been either AWS D1.1 or AWS D14.1 from the-original manufdcturer’s
drawings, calculations, documented design-standards, etc. Sde item
D.(2) if it cannot be confirmed that the crane’was welded to dither
AWS D1.1 or AWS D14.1.

Bridge structural calculations verifying\compliance with CMAA

Specification No. 70 for the désign rated load are required.
These calculations shall be to the-existing bridge’s original CMAA specifi-

cation, and to the original‘specified crane service class, unlegs use with

the new Type | trolley and-hoist warrants a different service class.

(@) Existing CMAAsstructural calculations are acceptable provied the
existing trolley“leadings envelope the new trolley loadingg on the
existing bridge, the effects of any change in service class|can be
addresséd; and any subsequent structural modifications tp the
bridge have been addressed.
New-CMAA structural calculations are required if any of tHe follow-
ing cases exist:

(1) CMAA Structural calculations do not exist.

(2) Loadings from the new trolley exceed those of the original
trolley.

(3) The bridge was originally designed to EOCI #61.

(4) The existing bridge was structurally modified without falcula-
tions confirming CMAA compliance.

(©) If new CMAA structural calculations are required, then degign input
to these calculations shall be based upon the Supplemental
Criteria B(3)-1 of this Mandatory Appendix.

(b

~

Bridge seismic calculations verifying compliance with the plant’$ seismic
licensing basis are required, noting that this calculation must|have
included the maximum credible critical load. [Note (2)]
(@) Existing bridge seismic calculations are acceptable providpd

(1) The maximum credible critical load was used in the ekisting
calculation.

(2) The trolley mass has not increased.

(3) Substantial modifications to the bridge have not beery made
that would invalidate the existing seismic calculation

(4) The existing calculation confirms that the bridge and frolley
would not be dislodged from their rails by design sei$mic
loads.

PR Jorgairal . . [ BT . il 1 hall b
O T ITeEW DT Tage STISNTIC Catcutatrons are regquired;—trer trey Sha e

in accordance with para. 4150 of this Standard.
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Table II-1 Criteria Required For Structural Qualification of an Existing Crane Bridge
for Use With an ASME NOG-1 Type | Hoist and Trolley (Cont’d)

Topic

Subtopic

Criteria

C. Inspect
require

D. NDE re

E. Load teg
require

(5) Other load calculations
(that may be required)

(@) Design (Stored) Wind Loads. If applicable, such as for cranes stored
outdoors, calculations shall verify that the bridge can accommodate

the out-of-service (i.e., the crane is unloaded and not operating)

load criteria of one of the following:

(1) the stored wind load criteria of CMAA Spec. No. 70, 1983 or
under the load case 3, or

wind

later,

on
nents

[juirements

st
ments

Crane bridge inspections

(1) Girder bottom cover,
plate butt welds

(2) Other NDE(requirements
for welds

(1) -Bridge rated load
testing

(2) the design wind load criteria of this Standard, for the load.cd
Pco in para. 4140(c).

Tornado Wind Loads. If applicable, based upon the plant’s. licens|

basis, calculations shall be provided to verify that the bridge can

accommodate the tornado load criteria of this Standard, for the |

case Pcy4 in para. 4140(d).

() Load Hang-Up. Calculations must be provided\to)verify the bridge
structural integrity, for the load case P.;¢ ifipara. 4140(e), unlesg
of the following conditions is met:

(1) Interlock circuitry is provided preventing movement of the bri
and trolley while hoisting as addressed in Nonmandatory
Appendix C of NUREG-0612,\0F

(2) The hoist is not capable-of.producing loads greater than 125
rated capacity, including machinery inertia loads.

(b

~

(@) ASME B30.2 Inspection,/The crane bridge structural components
be inspected in_accérdance with the periodic inspection criteria g
ASME B30.2.,[Nate (3)]

(1) Welds displaying deformation, cracks, or corrosion shall requ
the paidt to be removed and shall then be given a visual ins
tion\per AWS D1.1, with corrective action taken as needed.

Critical Load Path Weld Inspection. Crane bridges requiring cold-g

testing shall have external critical load path welds visually inspe

before and after the cold-proof test. See item D.(2) of this Mand3

Appendix. [Note (4)]

(c) All crane bridge inspections shall be documented.

(b

=

Bridge girder bottom cover plate butt welds shall be MT or PT examin
per para. 7100 of this Standard, unless such welds were originally
vided with a UT or RT examination. [Note (5)]

If it cannot be confirmed that the crane was welded to either AWS D
AWS D14.1, then additional weld NDE shall be performed based u
the Supplemental Criteria D.(2) of this Mandatory Appendix.

The crane bridge shall be given a current 125% rated load test if an

the following conditions exist [Note (6)]:

(@) The original crane was never given a 125% rated load test.

(b) The original crane load test documentation indicating a test lo
125% of the design rating is not available.

(c) Structural modifications were required of the bridge for compli
with either CMAA Spec. No. 70 criteria, seismic criteria, or othg
load conditions as listed in item B.(5) above.

dge

Po of

hall

re
bec-
roof

ted
tory

ed
pro-

.1 or
bon

of

hd of

nce

=

test

(d) The loads applied to the bridge during the original 125% load

1l [ R R} = ’ I e L
WOUTU—0C CACECUCT WITIT the 1Tew Type I totey arrd morst; SuciT

due to a new higher rating. [Note (7)]
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Table II-1 Criteria Required For Structural Qualification of an Existing Crane Bridge
for Use With an ASME NOG-1 Type | Hoist and Trolley (Cont’d)

Topic Subtopic Criteria
(2) Bridge cold-proof load Cold-proof testing, where the crane bridge is given a 125% load test, at a
testing temperature that will become the minimum operating temperature for

the crane, is required, unless one of the following criteria is met:
(@) Bridge load-supporting structural materials meet the fracture tough-

ness criteria of para. 4200 of this Standard.
(b) The crane will only be operated at a temperature of 7Q°F

as discussed in NUREG-0612, Nonmandatory Appendix C.

or higher,

See item C.(1)(b) for weld inspection criteria if cold-proof testing is
required.
F. Brldge modifications (1) As required to meet Structural modifications if required by item B.(3), to provide compliance
(if[required) CMAA 70 criteria with CMAA Spec. No. 70, shall require all new materials and fonnec-
tions to be per para. 4200 of this Standard, with testing and finspec-
tions for all new materials and connections being per Section| 7000 of
this Standard.
(2) As required to meet Structural modifications if requiredbysitem B.(4), to provide seigmic com-
seismic criteria pliance, shall require all new_materials and connections to bq per para.
4200 of this Standard, with tésting and inspections for all nejv materi-
als and connections being,per Section 7000 of this Standard
(3) As required to address Structural modifications®if required by item B.(5), to address de$ign
other loading criteria (stored) wind loddsytornado loads, or load hang-up loads, sHall require
all new materialstand connections to be per para. 4200 of th|s
Standard, witfr testing and inspections for all new materials apd connec-
tions being-per Section 7000 of this Standard.
NOTHS:
(1) The 1971 and 1975 issues of CMAA Spec. No. 70 shall be considered equivalent.
(2) As stated above, the runway and runway support structure, wiiich is not covered by this Manatory Appendix, must also be sdismically
qualified for the case where the crane is lifting the maximum credible critical load.
(3) Fpr this Mandatory Appendix, a structural member shallkconsist of plates and shapes, as well as any connecting welds, bolts, nuts,
dins, or rivets.
(4) The critical load path for the bridge (from the bridge wheels to and including the trolley rails) is that area of the bridge that $hould a
failure occur, the bridge would no longer be able to support the hoist and trolley.
(5) If a current MT or PT surface examinationis required and this examination indicates a possible issue with weld quality, then [these
Welds shall be 100% volumetrically inspected per para. 7100.
(6) The 125% rated load test as addressed here meets the static load test criteria of NUREG-0554.
(7) Requirements of this Mandatory Appendix do not address load testing of the new Type | trolley and hoist, where such tests may be

A

erformed in either the shop.or the field once installed on the existing bridge.
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Table II-2 Supplemental Criteria Required for Structural Qualification of an Existing Crane

Bridge for Use With an ASME NOG-1 Type | Hoist and Trolley

Topic

Supplemental Criteria

B(3)-1

Design input to new CMAA

structural calculations

D(2)-1
Additional
(if requi

If structural design details from the original manufacturer, by means of drawings, calculations, documented
design standards, etc., are not available or insufficient to generate the new CMAA calculations, then field
measurements shall be taken to verify the design configuration and member sizes. For internal members
of structural components (e.g., girders, end ties, gantry legs, etc.) that are not readily accessible, mini-
mum possible member sizes shall be used or sizes shall be determined by making access holes that are
sized so that the structural integrity of the member is not affected, All member sizes determined by such

NDE of welds
ed)

inspections shall be documented.
Material properties, including welds and bolts, as used in generating the new CMAA calculations 'shatl|be

based upon one or more of the following:

(@) Materials specified on manufacturer’'s drawings.

(b) Documentation provided by the original manufacturer.

(c) Material test reports of the subject members.

(d) If weld electrodes are unknown, E60 properties shall be assumed.

(e) If structural material is unknown, yield strength of 30 ksi shall be assumed;

(f) If bolts are not identified on the manufacturer's drawings, or by head 4narkings, bolts equivalen

A307 bolts shall be assumed.

—

(o]

Additional NDE of welds, for welding not performed to either AWS D1;1.0f AWS D14.1, shall be as follpws,
unless the maximum weld stress or, for members subject to repeated loads, the weld stress range (maxi-
mum stress minus minimum stress) is 8,000 psi or less:
(a) External Welds

(1) Critical load path butt welds in tensile stress areas/shall be 100% volumetrically inspected per
para. 7100.

(2) All external accessible fillet welds within the\critical load path shall be visually inspected fo
workmanship. Areas displaying poor workmianship shall have the paint removed and visuall
reinspected per the requirements of AWS D1.1, and corrective action shall be taken as needed.

(3) A minimum of 10% of the total lenigth of each accessible critical fillet weld in the critical lodd
path greater than 10 in. shall be-subjected to magnetic particle test (MT) or dye penetrant tgst
(PT) per AWS D1.1 requirements. If unacceptable indications are found, then an additional 25%
of the weld lengths shall be inspected, and corrective actions shall be taken. If the additionf
25% inspection findssadditional unacceptable indications, then the weld shall be inspected
100%, and correctivie_actions shall be taken.

(b) Internal Welds

(1) A minimum ¢f 0% of the internal fillet welds within the critical load path shall be visually
inspected for workmanship. Areas displaying poor workmanship shall have the paint removqd
and be.visually reinspected per the requirements of AWS D1.1, and corrective actions shall pe
taken as needed. If unacceptable indications are found, then an additional 25% of the weld
léngths shall be inspected, and corrective actions shall be taken. If the additional 25% inspec-
tion finds additional unacceptable indications, then the weld shall be inspected 100%, and|cor-
tective actions shall be taken.
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NONMANDATORY APPENDIX A'
RECOMMENDED PRACTICES

(c) Areas Hnmngoﬂ r‘]nwng c]*npmani— Qr-erection may

A3 . . .
j—3241 Surface Considerations

be corrected by the purchaser in accordancé wlith these

methods.
A-3241.1 Profiles. When preparing surfaces for . L ]
coatjng with inorganic zinc systems, an i?nportant con- fA'3243'2 Correction of Deviations in|Blasted
sidefation for proper adhesion is the number of peaks Surfaces ) ) )
per unit area of surface. The required 5% inclusion of (”). Surface imperfections detedted during or| afte.r the
grit| when shot blasting, is established to provide the ~ coating process, such as weld flaws, del'am nations,
desifed degree of roughness for these systems. Higher scabs, and slivers, shallbe correct.ed Wlth methods
or Iqwer percentage inclusions of grit may be necessary ~ approved by the mapufacturer’s design enginger.
depé¢nding on numerous conditions, such as the age of (b) Gouges in sutfaces may be repaired by the use of
the orking mix at a given facility. Lower levels will ~ appropriately qualified caulking compounds with the
require the Purchaser’s approval. This approval may be  approval of the manufacturer’s design enginee. Gouges
obtained by a review of a sample of the mixture to be  shall not be filled using these compounds if the area is
used and/or a sample panel prepared per the crane  to be qvercoated with inorganic zinc. These afeas may
spedification requirements with the intended mixture. be filled* after application and curing of the inorganic
. ) zinc ‘'systems where the two materials are confpatible.
A-3241.2 Moisture. Figure A-3241.2-1 may be
used as a quick reference guide to establish when the A-3243.3 Correction of Deviations in Coating During
ambjient conditions will allow painting or surface prepa- Coating Application
ratign. Better determination can be made using moré (1) Runs and sags may be corrected during coating
prec'{s.e hygromatic charts for the exact conditions atany  application by either brushing out the excess|material
spedific time. to give a smooth film within the required thickngss range
3242 Fillers. To minimize rust staining-and simi- ~ °¥ by brushing out and reapplying additiona} coating
lar fypes of problems, small spaces between abutting within the specified film thickness range.
partb may be filled using a qualified. (for Category A (b) Areas not receiving the necessary wet fijm thick-
coatng) filler compatible with the~¢oating system and ness may be immediately recoated before flash drying
acceptable to the coating mantifacturer. Seal welding occurs. For inorganic zinc systems, if flash drying has
may|also be used for this condition where permitted by occurred, the area to be recoated shall be cured and then
the flesign of adjacent strictural welds. sweep-blasted before additional coating. If recpating of
L. . the system is delayed beyond the maximum|allowed
-3243 Deviations and Corrections recoat time established by the coating manufacfurer, the
A-3243.1 Genéral Requirements. Corrections of ~ coating manufacturer shall be contacted to dptermine
deviations areniotintended to be limited to the follow-  an acceptable recoat procedure.
ing.| Alternative methods of correction may be used (c) For other than inorganic zinc systems, fecoating
where ac@epted by the coating manufacturer and the  can be performed any time after the time intefval indi-
purghaser cated by the coating manufacturer. If an extendgd period
(a atHions—in—the-coating SO e of de o ntil recoating, the s eslshall be

preparation may be corrected by repreparation and
recoating of the entire piece or component in accordance
with the original requirements.

(b) Brush or roller application may be used in limited
areas of repair.

! This Nonmandatory Appendix provides information or guid-
ance for the use of this Standard. The Nonmandatory Appendix
paragraphs have the same designators as the corresponding
Standard paragraphs, except for the prefix A-.

125

cleaned of dirt, oils, grease, dust, and other contaminants
by sweeping, brushing, wiping, using pressurized air,
scraping, solvent cleaning, steam cleaning, or any com-
bination of these or similar methods as appropriate for
the contaminants involved.

A-3243.4 Corrections of Deviations in Coating After
Curing
(a) Overspray may be removed by sanding, wire
screening, or other appropriate means.

(
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Fig. A-3241.2-1 Ambient Conditions Chart

AirTemperature Minus Surface Temperature, °F
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(b) Discontinuities detected in other than inorganic
zinc coatings may be corrected by light sanding, removal
of all dust and chalk, and solvent wiping. Where not
detrimental to the coating being used, additional coating
material may then be applied by brush and worked to
fill discontinuities.

(c) Gouges or scratches (including areas damaged due
to the use of certain destructive inspection instruments)
may be repaired by using a compatible filler or patching

Records applicable to the procurement, design, manu-
facture, shipment, receipt, storage, installation, and
start-up of Types I and II cranes.

Type III cranes should require a records collection,
storage, and maintenance system consistent with their
procurement documents.

A-7610 Manufacturer

Thecrane—manufacturer—should—establish-3 system
comp.oun.d and sandgd smooth when necessary. Before ¢ the administration of the collection and tgmporary
application of the filler, all loos.e .coatmg shall be storage of records received and generated“dyring the
remgpved and the area feathered a minimum of 2 in. onto design, manufacture, and shipment of the crafie
the film coating. ’ ’ ’

(d) Runs and sags not repaired while coating is wet A-7611 Records Received. Therane manfifacturer
may| be removed by sanding or grinding. If occurring  will typically receive the following types of rgcords:
in tHe prime coat and upon removal the necessary mini- (a) material test reports
murh film thickness is maintained, recoating of addi- (b) nondestructive exafgination (NDE) repokts
tiongl primer is not required. Where additional coating (c) NDE inspector-and examiner qualificjtions in
is refuired, full-bodied or thinned coats may be applied  ,.cordance with SNI-TC-1A
in a¢cordance with 'the requirements of the coating man- (d) performande test reports
ufadturer. The application of a thinned coat may be used ( .

. . e) other tést reports as generated by subsuppliers
to ithprove the appearance of repaired areas.

(e} Localized blistering may be corrected by power A-7612) Records Generated. The crane manfifacturer
sanding or grinding to firm coating or substrate. After will typical]y generate the following types of kecords:
grinfling, a needle gun should be used to roughen the (a)-rhaterial test reports
surface. Edges shall be feathered a minimum of 2 in. (») NDE reports
ontd the firm coat. All dust and chalk shall be removed, (c) NDE inspector and examiner qualificjtions in
and where not detrimental to the coating, the area shall accordance with SNT-TC-1A
be splvent wiped. The area may then be recoated by an () y test "

. performance test reports
app Op.nate rpethod. - .. (e) nonconformance reports

(f] Film thickness below the specified minimum may lier deviati ¢
be cprrected as indicated in para. A-3243.3 or.by removal (f) supplier deviation requests
of a]l material back to bare substrate and repreparation (g) load summary report
and.application in accordance with the original A-7613 Records Submitted to Owner. The fpllowing
reqyirements. Quality Assurance Records should be submittpd to the

(§) Localized areas with film thickness above thespec-  owner’s designated representative for Types|I and II
ified maximum may be reduged by sanding or grinding.  cranes. Additional requirements for recordqd may be
For Inorganic zinc systems;wite screening down to the  jncluded in the crane procurement documents.
required thickness mayde done if the coating is accept-
ablef except for the excess thickness. An example of this A-7613.1 Records Submitted During Design and
woyld be the casé/of an inorganic zinc coating that ~ Manufacture
exhipits no mud 'cracking but exceeds the required film (a) assembly and outline drawings
thickness. Ifthe excess film thickness is considered by (b) electrical schematics and wiring diagrams
the foating\manufacturer and the purchaser to not be (c) seismic calculations
detrjmental to the integrity of the system, the system (d) supplier deviation requests
may| be"accepted with the excess film thickness at the (v) load simmary renort (coe para A140)

discretion of the purchaser. If the excess film thickness
is considered by the coating manufacturer and the pur-
chaser to be detrimental to the integrity of the system,
the system shall be removed to a previously acceptable
film or to base metal as recommended by the coating
manufacturer.

A-7600 DOCUMENTATION

This subsection defines recommendations for the col-
lection, storage, and maintenance of Quality Assurance
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(f) inspection and test plan

A-7613.2 Records Submitted Upon Completion of

the Crane

(a) material test reports as required by Table 7210-1
or Table 7210-2

(b) NDE reports as required by Table 7210-1 or
Table 7210-2

(c) radiographic film as required by Table 7210-1 or
Table 7210-2

(
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(d) wire rope breaking strength report(s) for hoisting
rope(s)

(e) hook load test report(s) for Type I hook(s)

(f) shop no-load test report for the crane, mechanical
and electrical

(g) approved supplier deviation requests

(h) Certificate(s) of Conformance as required by
Table 7210-1 unless otherwise provided for in the crane
procurement document

(f) nonconformance reports
(g) repair reports

A-7623 Records Submitted to Owner. The following
Quality Assurance Records should be submitted to the
owner or the owner’s designated representative for
Types I and 1II cranes.

A-7623.1 Records Issued During Storage
(a)_storage reports

(i) weld filler material Certificates of Conformance to
typical yalues per Table 7210-1 and Table 7210-2 to
include heat or lot numbers unless otherwise provided
crane procurement document

(j) gemeral Certificate of Conformance to the crane
procurenent documents

(k) NEMA test reports for motors and brakes as
required| by para. 7220

A-7614 Records Custody. The crane manufacturer
should [prepare and maintain Quality Assurance
Records [required for submittal to the owner or the own-
er’s designated representative. Copies of these records
should He retained by the manufacturer until they have
been conjveyed to and received by the owner/operator.

A-7615 Records Retention. The crane manufacturer
should retain the following design and manufacturing
records In accordance with Section 2000, unless copies
of these gecords are provided to the owner or the owner’s
d representative:
sign drawings
(b) bill of materials
(c) depign calculations
(d) mgjor defect repair record
(e) nohconformance reports
(f) welding procedures

A-7620 |Intermediate Storage (a) records of high-strength bolt torquing
Those| responsible for storage of the crane should (b) NDE reports and procedures

establisl a system for thecollection, storage, and sub- (c) weld repair procedures and results

mittal of Quality Asstrance Records to the owner or (d) weld fit-up reports

gwn.er’s %E%ignated representatives in accordance with (e) weld location diagrams

ection 2000. (f) welding procedures

A-7621_Records Received. Those responsible for the () weldi.ng p.rocedure qualifica.tion and re.sults

storage ¢f the crane should receive test reports as gener- (h) welding filler metal material reports inclu

(b) nonconformance reports
(c) repair reports

A-7623.2 Records to Be Issued at Time of Shipment
(a) storage reports
(b) inspection and examination records
(c) nonconformance reports
(d) repair records

b for

for
3 in
con-

A-7624 Records Retention. Those responsibl
the storage of the crane-should make provision
retention of those records as listed in para. A-762
accordance with Section 2000 until they have been
veyed to and received by the owner/operator.

A-7630 Constructor/Erector

Those tesponsible for construction/erection o
crane should establish a system for collection, sto
and submittal of Quality Assurance Records tq
owner or the owner’s designated representativeina
dance with Section 2000.

the
age,
the

FCOr-

A-7631 Records Received. Those responsible fofr the
construction/erection function of the crane shpuld
receive test reports as generated by subsuppliers.

A-7632 Records Generated. Those responsiblg¢ for
the construction/erection function of the crane shpuld
generate and submit to the owner or the owner’s dgsig-

nated representative the following types of records:

Hing

ated by subsuppliers.

A-7622 Records Generated. Those responsible for
the storage of the crane should generate the following
types of records:

(a) storage reports

(b) storage personnel qualification records
(c) test equipment calibration records

(d) test deviation or exception records

(e) inspection and examination records
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heat and lot numbers

(i) welding material control procedure

(j) welder qualifications

(k) lifting and handling equipment test procedures,
inspection, and test data

(I) data sheets or logs on equipment installation,
inspection, and alignment

(m) lubrication records

(n) documentation of testing performed after installa-
tion and prior to system’s conditional acceptance

(
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(0) electrical field workmanship checklist or equiva-
lent logs

(p) instrument calibration results, including test
equipment

(g) as-built drawings and records

(r) field audit reports

(s) field quality assurance manuals

(t) final inspection reports and releases

(v) start-up test procedures and results

(w) periodic checks, inspections, and calibrations per-
formed to verify that surveillance requirements are
being met

A-7640 Owner/Operator

The owner/operator should establish a system for the
collection, storage, and maintenance of Quality
Assurance Records for Types I and II cranes in accor-

( Nonconrorimndnce reports

darce with-Section2600-
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NONMANDATORY APPENDIX B!
COMMENTARY

B-4100 —GENERAIL

Rngn]nfnv‘ Guide 1115 “Protection Ag:\incf TL.ow

B-4130

B-41
design ¢
determin
sustain
the mat
probabilis
flood on
Since mi
are mor
design, t
floods, a
to the se
tative lo
basisis g
ministi
consider]

In det
concept.
to allow
of the fit
ity of od
properti
probabil
capabilj
approac]
use. As
ena are
tions are
which tH
and desi

Probal
formulat
As a ref¢
Commis

The

Description of Loads

82 Credible Critical Load. The analysis and
f structures can be approached in two ways:
stically, when the loads that a structure must
hre evident physical loads (like the weight of
rials of the structure or the occupants), and
tically, when there is need to consider loads like
earthquake that occur infrequently, if at all.
bst engineers, owners, and regulatory groups
b familiar with the deterministic approach to
he consideration of earthquake, extreme winds,
hd other infrequently occurring loads is reduced
ection of design bases, which prescribe quanti-
hds to be considered in design. Once a design
elected for an event, design proceeds in a deter-
way without regard to probabilistic
ptions.
brministic design, design factor is a meaningful
Stresses due to design loads can be compared
hble stresses to provide a measure of capability:
jal design. In probabilistic design, the probabil-
currence of a load and the probable material
s can be considered with a previously accepted
ty of failure to obtain a different ‘measure of
by. There is insufficient experience with this
1 at this time to allow its general, unrestricted
h result, when infrequently ‘eccurring phenom-
considered in design, probabilistic considera-
confined to the selection of a design basis, after
e normal deterministic methods of engineering
gn may be employed.
bilistic considerations are fundamental in the
ion of deSigh bases for nuclear power plants.
brence, ‘Seetion 2.2.3 of the Nuclear Regulatory
sion’s-Standard Review Plan states:

Trajectory Turbine Missiles.”

The basic principle above applies in the seismic aaly-
sis and design of cranes for nuclear power plants.
pose that a crane makes only one kind-of lift, a loa
once per year for a duration of t hoursxzIn'the formuldtion
of design bases for this crane, earthquake with loafd on
the hook is credible under th€ SRP criterion abovg if

t/8,760-XS), = 1077

where
S, = probability ©f occurrence of a seismic event

Obviously, the overall level of safety of the cfane
design can, beincreased or decreased by changing the
1077 per unit per year criterion throughout the depign.
It is not'necessarily meaningful, however, to congider
combinations of earthquake and load on the hook h
a combined probability of, e.g., 107 criteria in a
designed to a 107 criteria.

require further consideration. Most cranes will have|sev-
eral expected lifts each year, with each lifting having a
weight and duration. Determination of credible cgndi-
tions of earthquake and load on the hook requires|that
the weight and duration of several loads be factored
into the design basis.

In recognition that probability concepts mafy be
employed to establish safe design loads and reducefover
conservations, terminology, symbols, and equationg are
given in terms of credible critical load (defined in para.
1150). The purchaser has the option of specifying the
heaviest critical load as the credible critical load,
performing probabilistic calculations to establish the
weight of lifted load that should be considered in combi-
nation with OBE, and that should be considered in gom-
bination with SSE, or of specifying the range of lpads

identification of design basis events
resulting from the presence of hazardous mate-
rials or activities in the vicinity of the plant is
acceptable if the design basis events include
each postulated type of accident . .. for which
... the probability . . . exceeds . .. 107 per year.

The application of this principle in the engineering of
nuclear power plants may be found, for example, in

! This Nonmandatory Appendix provides commentary to the
correspondingly designated Standard paragraphs.
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that should be considered for varying magnitudes of
earthquakes, from magnitude less than OBE up to SSE.

B-4200 MATERIALS AND CONNECTIONS
B-4210 Base Materials

B-4212 Fracture Toughness — Material. Impact test-
ing of material is based on the procedures in
Subsection ND-2300 or NC-2300 of Section III,
Division 1, of the ASME Boiler and Pressure Vessel Code.
Either the drop-weight test per ASTM E208 or the

(
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Charpy V-notch test per ASTM A370 may be used. These
rules apply to those members essential to structural
integrity.

Table 4212-1 is extracted from Table ND-2311(a)-1 of
Section III, Division 1. Certain exemptions from testing
are allowed. These exemptions are based on those in
the referenced portions of Section III, Division 1, except
for the exemption of members that experience only com-
pression or tensile stresses below 6,000 psi for all condi-

specification with a suitable temperature offset to match
the acceptance criteria required for the base material
with which the filler metal is normally used as a match-
ing material. This will allow the tests performed by
the filler metal manufacturer to be used as a basis for
acceptance whenever possible.

B-4250 Connections
B-4251 Welded Connections———

tion of loading. This exemption is based on Section 1II,
Divilsion 1, Subsection NF-2300, and the fact that tensile
stregses are required for unstable crack propagation. The
congideration of residual stress is necessary to apply this
exethption.

e original development of the requirements in
Sectjon III was reported in Welding Research Council
Bulletin No. 175, “PVRC Recommendations on
Toughness Requirements for Ferritic Materials,” by the
PVRC Ad Hoc Task Group on Toughness Requirements,
st 1972. The requirements are not a simple transi-
tion|temperature approach but are based on linear elastic
fracfure mechanics concepts. A toughness characteristic
of the material, KIR, which is lower than or equal to
the static initiation fracture toughness under slow load
condlitions, the dynamic initiation fracture toughness
undpr fast load conditions, and the crack arrest fracture
toughness, was correlated with the NDT determined
fron} drop weight tests. The selection of test tempera-
turep, acceptance criteria, and exemptions from testing
in the code are soundly based on conservative critetia.
ith the broadening of this work to cover nuclear
faciljties and the possible application of cranes.in areas
of extremely high radiation in facilities of new-or unfore-
seeny design, a warning has been included on the need to
defife special toughness acceptance.ctiteria for unusual
radiption.

Tlhe materials in Table 4211-1 include those commonly
used for those structural comppnents vital to structural
integrity. Provision is made to allow other suitable mate-
riald that are not listed. It/should be noted that, depen-
den{ on the minimum operating temperature specified
for 4 particular application, some materials may require
spe¢ial processing to meet the acceptance criteria
required. The‘use of alternate materials that include the
spedial progessing as a part of the base specification can
often solve problems of availability.

B-4251.2 Qualification Impact Tests <~
Procedures. When materials are welded, fthe heat
affected zone of the base material may”show|reduced
toughness. This subsection provides for the qualification
of the welding procedures to enstire that the tgughness
of the heat affected zone is eempatible with tHat of the
unaffected base metal. Paragraph 1-4251.2 is ¢xtracted
from the requirementsin\the ASME Boiler and|Pressure
Vessel Code, Section IHI)Division 1, SubsectionsNC-4300
and ND-4300. This{allows qualification of a|welding
procedure and would not require individual impact tests
on each crane manufactured.

Welding

B-4251.4 Nondestructive Examination
ments.= Lamellar Tearing. The most suitab]
structive inspection technique for the detg
lamellar tears in completed, highly restrained
tltrasonic testing. The use of ultrasonic in
before fabrication does not effectively evaluate
ceptibility to lamellar tearing.

There are no generally accepted acceptanc
for this test in current use. The criteria use
assume that if the principal direction of load
is parallel to the weld axis (e.g., transverse s
presence of lamellar tears is less critical than if
transfer is in a direction that would tend to ppen the
tear. This correlates with field experience. ]t is also
assumed that if access to examine the base mefal by the
straight beam method is limited, the joint is mofe highly
restrained and a more extensive examination is fequired.
Both the weld and base metal must be inspect¢d by the
method specified. The acceptance criteria are a ¢ombina-
tion of the requirements in ASTM A578 for [the base
material and AWS D1.1 for the weld metal. The|designer
should refer to “Commentary on Highly Restrained
Welded Connections,” AISC Engineering Jourrjal, Third
Quarter. 1973 and T C M. Farrar. and R ¥ Do]by,

Require-
e nonde-
ction of
joints is
Epection
the sus-

b criteria
H herein
transfer
ear), the
the load

B-4220Fasterrer Materiats

B-4222 Fracture Toughness — Fasteners. The accept-
ance criteria in Table 4222-1 are based on the criteria in
Table 4212-1 with an allowance for the difference in
cooling rates for rounds versus plates and the yield
strengths involved.

B-4230 Welding Materials

B-4232 Fracture Toughness — Welding Material. The
acceptance criteria defined in this section are based on
allowing the use of the test procedures in the filler metal
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“Lamellar Tearing in Welded Steel Fabrication,” The
Welding Institute, for a more extensive discussion and
guidelines for avoiding joints that are susceptible to
lamellar tearing. It should also be pointed out that spe-
cial processing of some materials will reduce the ten-
dency to tearing when a restrained joint cannot be
avoided. The use of materials that include this pro-
cessing does not relieve the manufacturer from nonde-
structive examination until a more extensive history of
usage can be accumulated to justify exemptions.

(
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B-4251.5 Postweld Heat Treatment. Lamellar tear-
ing occurs during the welding process, and, while a
thermal stress relief applied after welding will not pre-
vent it, the treatment will relieve residual stresses that
may, in combination with service stresses, tend to open
any tear that may develop. The imposition of the tough-
ness criteria in para. 4212, which include the consider-
ation of existent flaw size, and, for critical loads, the
crack arrest fracture toughness, also work to this end.

Fig. B-5476-1 Plain Pin

4in.

d=

A very important reason for specitying postweld heat
treatmerft in many applications is to avoid stress corro-
sion cragking. However, for normal environments and
the accepted materials, this is not a significant design
factor fof the structural components of cranes. This treat-
ment alsp is often specified to improve the dimensional
stability[of a weldment during machining. There are,
however, other methods of controlling the dimensions of
the strudtural components of cranes, and the distortion
producdd during treatment is not an inconsiderable
objection to a blind requirement to postweld heat treat
all structural components.

Postwepld heat treatment relieves the residual stresses
in the viginity of the weld and tempers the heat affected
zone. The resistance to brittle fracture can thus be
improvdd for most materials that are susceptible to
unstablel crack propagation below yielding. Postweld
heat treptment also can be shown to have favorable
effects on the fatigue resistance of welded structures.
The toughness requirements herein should eliminate
failures ¢f the first type, and the use of the fatigue design
in CMARA 70 and AWS D1.1, Section 2, which is based
on actual tests of nonstress-relieved components, should
eliminatg failures of the second type. The imposition of
the requjrement for postweld heat treatment 'should be

viewed gs providing an additional design factor for these
conditiops.
B-4252 Bolted Connections. The requirements in

tion are based on the cited reference and
erand J. H. A. Struik, ¢ Guide to Design Criteria
d and Riveted Joints,” 1974, and W. K. Boyd,
5. Hyler, “Factors' Affecting Environmental
ance of High=5Strength Bolts,” Journal of the
] Division,~ASCE, July 1973. The joints vital to
tural integrity of Types I and II cranes should
with.properly pretensioned high-strength bolts.
are presented for qualifying bolts other than

325 or-A490 in-pretensioned-icints—ahich-masz
] i 7 J

this Sed
J. W. Fish
for Boltd
and W.
Perform|
Structur
the strug
be made
Criteria
ASTM

\_/C

lute
om-
o be
SS is
e as
ega-
tive.
H be
kress

observed that the stress having, the maximum abs
magnitude (regardless of whether it is a tension,
pression, shear, combined;or equivalent stress) is
considered positive in all*cases. The minimum strg
to be considered pasitive if it is of the same sens
the maximum stress; otherwise it is to be taken as 1
tive, in which-Rp) Ry, Rg, and Rr also become negd
In regionsof‘combined stress, omax O Tmax shoull
taken as.the' maximum combined or equivalent s
having,the maximum absolute magnitude. oy 01
shallbe taken as the absolute minimum stresses th:
oc¢cur at the same location as the maximum stress

The allowable stresses in Figs. 5474-1, 5474-2,
5474-3 are based on machined surfaces. Compor
with cast, hot-rolled, welded, or forged surfaces req|
therefore, a reduction of the allowable stresses.

The minimum ultimate tensile strength, oy;7, sha
based on the tensile strength at mid-radius for the[raw
material size used. Special consideration must be given
to crane parts which are subjected to surface corropion,
fretting, wear, and other surface damaging effecfs. A
reduction of the allowable stresses that are establithed
in Figs. 5474-1, 5474-2, and 5474-3 must take plage in
accordance with the severity of the existing or amtici-
pated damaging effects.

Extreme low or elevated temperatures may requjire a
selection of special materials and a reduction of aLlTow-
able stresses.

Tmin

1t do

and
ents
uire,

1l be

B-5476 Basic Stress Equations. The following
examples illustrate the procedure for determining the

be required to meet the toughness acceptance criteria
contained herein. Bearing connections may also be
employed for other connections with any accepted bolts.
When pretensioning is not employed, provisions should
be made to prevent loosening during normal operation.

B-5400 COMPONENT DESIGN
B-5470 Analytical Procedures

B-5474 Determination of Stress Fluctuation Ratio.
For determining stress fluctuation ratio, it should be

132

basic design stresses when using the equations for the
design of a plain pin and stepped drive shaft with a
fillet radius.

Example 1: Plain Pin (see Fig. B-5476-1)

Given: Material with oyr = 117 ksi
A = 1257 in?
Ksg = Kgg = 1.10 (example value)
Mjp = 130 in. kips
P = 50 kips

(
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Fig. B-5476-2 Stepped Drive Shaft With Fillet Radius

B

— r=0.4in.
- j/ Y

75in.

5.75 in
AT
g
<
3

DA
/\>
N———1

o
\
—
B
Np = Rs = +0.14 (example value)
45 = 6.28in?
Solufion:
Froth Fig. 5474-1, oy = 23.05 ksi
Frorh Fig. 5474-3, 74 = 11.45 ksi
KNB and KNS =1.0
o = Mp/Sp X Ksp X Knp
= 120/6.28 x 1.10 x 1.0
= 22.8 ksi < 23.05 ksi (C12-B
Ts = 133P/A X KSS X KNS
= (1.33 x 50)/12.57 x 1.10 x 1.0
= 5.82 ksi < 11.45 ksi (C16-1)

ple 2: Stepped Drive Shaft With(Fillet Radius

: Material with oy = 98'ksi
= 2597 in?
Kss = 1.10 (example value)
1.0 (exampleivalue)
130 in. kips
130 in.(kips
50 Kips
Rs. & Rr = -1.0 (example value)
1866 in.’
37.33 in.?

1t = _Mg/5t % Ksv X Knr
130/37.33 x 1.0 x 1.29
4.49 ksi < 8.15 ksi

(C17)

Okp = \/0’17% + (o8a/ Tra)* X TET

= [ (10.96)? + (14.18.15)% x (4.49)*

= 13.44 ksi < 14.1 ksi (C20)

Ts = (133P/A) X KSS X KNS
= [(1.33 x 50)/25.97] x 1.10 X 1.26

= 3.55 ksi < 8.15 ksi (C16-2)

Ter = 70+ (T1a/ 7A) X 75
449 + (8.15/8.15) X 3.55
= 8.04 ksi < 8.15 ksi

(C18)

Ter represents the total equivalent shear streds at sec-
tion B-B.

In eq. (20), Section 5000, because of the circuldr section
and shear load applied only in one plane, 75 |does not
combine with 7r; therefore, pgr equals 7r.

B-5477 Analytical Method for Hook of Approximate
Trapezoidal Shape. The following example illustrates
the procedure for determining the maximum |stress in
a hook at the critical section when using the design

equations. These equations have been applidd to the
hook section ]ﬁnving a r]npﬂn of 8 in-and a maximum

Solution:

From Fig. 5474-1, oy = 14.1 ksi
From Fig. 5474-3, 74 = 8.15 ksi
From para. 5471(a), Kyg = 1.43
From para. 5471(a), Kys = 1.26
From para. 5471(a), Kyy = 1.29

op = Mp/Sp X Kgg X Kyp
130/18.66 x 1.10 x 1.43
= 10.96 ksi < 14.1 ksi

(C12-2)

width of 5 in., and the approximate shape shown in
Fig. 5477-1. By choosing the area, A; = A, + Az and
Ay = Ay + A3/, the following values for the equivalent
trapezoid were obtained:

A = 34in?

bi = 51

b, = 39
b,/b; = 0.765

I; = 0.25in.

ri = 4.5
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12.07
2.68

rD
1o/ 1i

Using these values in egs. (34) and (35), Section 5000,

Therefore, try a 30 hp motor. Assume 20% total perma-
nent secondary winding ohms is required by the selected
type of static control.

Running hp = 0.000455 x 450 X 60 = 12.3 hp = 41%
[eq. (6), Section 6000]

Ky = 1.073
Ki = 0.9930 From Fig. 6473-1, spged = approximat.ely 92%; there-
K, - K, = 0.080 fore, gear for 60 ft/min = 1,104 rpm if a 1,200 rpm
motor is used.
ey 4 m P L Check on motor using eq. (4), Section 6000 — average
Taiqng i;rc 1uq\.;),31, sz.;ucu LLch J;,Suu\é llJ,. Clllt.éobab(;llé TITeST motor T = 15 per anit.
Vasues_ 1eq2s. ( ).,( ), and (28), Section , Motor Wi2 = 21 Ib-f2

Sb B 3,200 pst Estimated brake Wk*> = 3.1 Ib-ft?

1 = [L470 psi Min. 7ip = 1.1 [(450 x 2,000 X 60)/(33,000 x [1.5)]

So = 1,830 psi x[(15/2,000) + 0.4/(32.2 X 0.9) % (0.4/32.9) X

(24.1/67.3)] = 30.9 hp
From eq{(30), Section 5000, the maximum stress becomes Equivalent load Wki = 900,000:%¢:{60/ (27 x1,104]]* =
Smax = 16,500 psi. 67.3 Ib-ft?

Complutation of the hook section using the numerical Therefore, a 30 hp motericould be used if orle of
integration method results in a stress value of 16,200 psi,  the following changes (er ah equivalent combinatign of
confirming the value obtained by the analytical method. changes) were acceptable:

e . . 1, -

Simila calculations on a hook section of 97 in. depth (a) the selected-control provides 1.55 per unit average
and 6 in maximum width Wlth the same 1r}51de radius during acceleration instead of 1.5 per unit
showed p flguFe of 11,000 psi f.or the analyFmal method (b) impro¥e the mechanical efficiency to 95%
and 10,900 psi for the numerical integration method. . 2

. S . . (c) reduce: the acceleration rate from 0.4 ft/se¢” to
This would seem to indicate that the former is suffi- 0.38 ft/Sol?

ciently afcurate for most purposes for sections approxi- ’ 4 SZC h d qf ‘ i

mating the shape shown in Fig. 5477-1. (dg~re uce the rated speed from 60 ft/mih to
58.2 ft/min

For Table 6472.3-1, Effect of Permanent Seconglary

Resistance and Service Factor on AC Wound Rotor Hoist

B-6400( COMPONENT SELECTION (TYPES I, II, AND Motor Rating, assume that the mechanical hp reqyired

IIl CRANES) for steady-state hoisting of rated load at rated spegd is

60 hp [Table 6472.3-1, Note (3), second equation]. If the

B-6470 (Motors (Types I, II, and IIl Cranes) type of control has 20% total secondary resistance af full

e . . speed and K; = 1, the minimum motor rating is 9f /80

B-6412 Motor Size Selection, AC org§ X 60 = 72.75 hp, requiring a 75 hp motor [Table 6474.3-1,

B-6472.3 Determination of Hofsepower for Bridge ~ Note (3), first equation]. However, if K; = 1.4 inj this

Drive Mdtors. The following example illustrates deter- example,. t_he minimum is (1.4 ~ 1 +97/80) X 60 = 6.75

mination of horsepower for btidge drive motors. hp, requiring a 100 hp motor. Figure 6473-1 will ghow

that with the 75 hp motor (60/75 = 0.8 per unit|hp),

20% resistance will result in approximately 0.81 perjunit

Example; synchronous speed or 19% slip. With the 100 hp njotor

ASSUME: ) (60/100 = 0.6 per unit hp), 20% resistance will result

350 top craneempty weight = 200,000 Ib in approximately 0.87 per unit speed or 13% slip.

Rated|speed. =60 ft/min

a = 0} ftf/sec? B-6472.4 AC Motor Heating Calculation [See

Mech.|eff."= 90% wound rotor drive Table B-6472.4-1.). Assume that the motor being|con-

Rolling friction = 15 Ib/ton

Duty Class 1 — increased resistance for slow speed
and plugging

Total loaded W; = 450 ton

From eq. (2), Section 6000, hp = K.K,W;V

K; = 1.1 (Table 6472.3-1)

K, = 0.000885 (Fig. 6472.2-1)

Minimum 60 min ip = 1.1 X 0.000885 x 450 X 60 =
26.3 hp

134

sidered has variable losses of 0.663 and fixed losses of
0.337, with a dissipation capability of 0.39 at 100% speed,
0.34 at 50% speed, and 0.29 at zero speed. (These values
are based on 1.0 per unit losses corresponding to the
motor rated hp and speed, with rated voltage on the
primary and rings shorted.) Also assume that the control
to be used has 20% fixed secondary resistance, with
the regulator limiting the average accelerating torque to
150% and the average decelerating torque to 100%.

(
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Table B-6472.4-1 AC Motor Heating Calculation

Variable Losses x Time

Torque Amps pu X sec Average Dissi-?ation
per Unit, per Unit, With 20% With Speed _ X Time
Time, sec Tpu Ipu Fixed Ipu = Tpu per Unit pu X sec
Accelerate 5.0 1.5 1.94 12.4 7.5 0.5 1.7
Run 11.8 0.25 0.4 1.3 1.3 1.0 4.6
Decelerate 4.8 1.0 2.74 23.9 3.2 0.5 1.6
Time|fon 21.6 37.6 12.0
Rest 50.4 14.6
Total 72.0 22.5
GENHRAL NOTES:
(@) Fpr acceleration, average slip = 0.5 and

(b) H
(© H

(d) H
(e T
9

®

I = /1.5 x (0.5/0.2) = 1.94 per unit

br run, use minimum per unit 7 of 0.4.
br deceleration, average slip when plugging = 1.5 and

I = /1.0 x (1.5/0.2) = 2.74 per upit

xed losses = 21.6 x 0.337 = 7.3.
btal losses = 7.3 + 37.6 = 44.9 per unit kW/sec with 20% fixed ohms.
ince the per unit kW/sec dissipation capability is only 22.5, the motor is.fiet adequate.

pntrol, the motor would be satisfactory.

the control increased resistance properly for acceleration and deceleration so that amps per unit equals torque per unit, the variable
sses above would decrease to 12.0, and the total of 12.0 + 7.3 =193 is within the 22.5 dissipation capability. With that

type of

135
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lonmandatorv Appendix provides a compari-
TT T T
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ic or
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ASME N
method
NUREG
the requ
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addition|
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crane.

This d|
of any r¢

tween NUREG-0554 and the related
IOG-1 requirements, specifically indicating a
or statement of NOG conformance to each
guideline. This matrix is not a summary of all
rements in NOG-1, in that the NOG-1 document
brehensive standard providing substantial and
al criteria for the design, fabrication, and testing
e I single-failure-proof critical load handling

ocument is offered for use by the owner as part
quired licensing submittal, noting that certain

out of the scope of the NOG-1 document, and mu
supplemented by the owner. It should also benoted|
conformance with just the NOG-1 sectioris| refere
in the matrix is neither intended nor endotsed by A
as meeting the criteria for a single-fdiltire-proof cij

NOTE: When comparing NUREG-0554.and NOG-1 for cd
mance, refer to the text of the standards for exact wording.

NUREG-0554 Section l-isiintroductory only, wit
guidelines. Therefore, the-conformance matrix bg
with Section 2.
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