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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 for Nuclear
Facilfties:

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

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
2003, the sixth in 2004, the seventh in 2010, and the eighth in 2015. This 2020 edition contains revisions made|since the
20113 edition; revisions have been made throughout all sections. These revisions are the result-ef.committee eyaluation,
inqujries, and changing technology and industry needs. ASME NOG-1-2020 received ANSI appreval on August |24, 2020.

vii
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CORRESPONDENCE WITH THE COMMITTEE
ON CRANES FOR NUCLEAR FACILITIES

ests. As such, users of this Standard may interact with the Committee by requesting interpretations,
ions or a case, and attending Committee meetings. Correspondence should be addressed to:

Secretary, Standards Committee on Cranes for Nuclear Facilities
The American Society of Mechanical Engineers

Two Park Avenue

New York, NY 10016-5990

http://go.asme.org/Inquiry

sirable, as demonstrated by the experience gained from the application of the Standard. Approved revisio
shed periodically.

e Committee welcomes proposals for revisions to this Standard. Suchyproposals should be as specific as
b the paragraph number(s), the proposed wording, and a detailed description of the reasons for the
ding any pertinent documentation.

erpretations. Upon request, the Standards Committee on Granes for Nuclear Facilities (CNF) will rende
tion of any requirement of the Standard. Interpretations:can only be rendered in response to a written req
e Secretary of CNF.

quests for interpretation should preferably be submitted through the online Interpretation Submittal K
is accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will f
matic e-mail confirming receipt.

If fhe Inquirer is unable to use the online form; he/she may mail the request to the Secretary of CNF at the abovz

The
his/1

Subj
Editi
Ques

Prop

equest for an interpretation should be clear and unambiguous. It is further recommended that the Inquir

ler request in the following format:

pct: Cite thé applicable paragraph number(s) and the topic of the inquiry in one or tw
on: Cite the applicable edition of the Standard for which the interpretation is being r
tion: Phrase the question as a request for an interpretation of a specific requirement su

general understanding and use, not as a request for an approval of a proprietary
situation. Please provide a condensed and precise question, composed in such a ¥
“yes” or “no” reply is acceptable.

osed Reply(ies): Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as 1
entering replies to more than one question, please number the questions ang

BacKground-Information: Provide the Committee with any background information that will assist the Com

understanding the inquiry. The Inquirer may also include any plans or drawing

oncerned
roposing

pposing Revisions. Revisions are made periodically to the Standard to incorporate changes that appear fecessary

hs will be

possible,
broposal,

an inter-
uest sent

orm. The
eceive an

address.
br submit

ro words.
bquested.

itable for
design or
vay thata

eeded. If
replies.

mittee in
5 that are

1 1 . 1 1 1 1.1 : .
HIITLTSSdly LU TAPIAITUIT JUTSUUIL, TTOWTEVTET, UIT Y SITUUIU TTUL LUIILAIIT prOoprIcidl’y

information.

1ames or

Requests thatare notin the format described above may be rewritten in the appropriate format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.
Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Standard requirements. If, based on the inquiry information submitted, it is the opinion of
the Committee that the Inquirer should seek assistance, the inquiry will be returned with the recommendation

that

such assistance be obtained.
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ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME

Committee or Subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.

Attending Committee Meetings. The CNF regularly holds meetings and/or telephone conferences that are open to the
public. Persons wishing to attend any meeting and/or telephone conference should contact the Secretary of CNF.
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ASME NOG-1-2020
SUMMARY OF CHANGES

Follgwing-appreval-by-the- ASME-Committee-on-Cranesfor Nuclear Eacilitiesand-ASMEand-after publierevigw, ASME
NOG}1-2020 was approved by the American National Standards Institute on August 24, 2020.
ASME NOG-1-2020 includes the following changes identified by a margin note, (20).
Page Location Change
1110 Revised
Figure 1110-1 Added
1150 (1) Definitions of blisters, flaking,“and scaling revised
(2) Definitions of load block, crosshead; load block, trunnion;|lower
block; parts (lines); reeving;yield point; yield strength; andl yield
stress added
9 1160 Updated
12 2100 (1) Subparagraphs, (a) and (c) revised
(2) Subparagraph (f) added, and subsequent subparagraph
redesignated
13 3210 Last senterice of subpara. (c) deleted
19 Figure 4153.3-1 “Trolley rail” revised to “Bridge rail” in two places
19 Figure 4153.3-2 “Trolley rails” revised to “Bridge rails”
20 Figure 4153.3-3 “Trolley rails” revised to “Bridge rails”
20 Figure 4153.3-4 “Trolley rails” revised to “Bridge rails”
21 4153.6 Title and first paragraph revised
22 Table 4153.6-1 Title revised
25 4154.3 Title revised
25 4160 First and last paragraphs revised
26 Figure 41601 Right side of figure revised
27 Table 4211+1 Penultimate column head and Note (4) revised
28 Table4212-1 Uppermost head revised
29 Table' 4221-1 Penultimate column head revised
30 Table 4222-1 Uppermost head and Note (1) revised
29 4231 First paragraph revised
30 4251 Paragraphs 4251, 4251.1, 4251.2(b), 4251.2(c), and 4251.4
revised
31 Table 4251.5-1 First column and Note (1) revised
31 4252 Paragraphs 4252.1, 4252.2, and 4252.3 revised
32 Table 4311-1 First two values of penultimate column revised
32 4312 Definition of “0,” and last paragraph revised
32 4313 Revised
32 4314 Revised
32 4315 Subparagraph (a) revised

Xi
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60
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72
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84
85
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87
88
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94
95
97
97
97
101
105
106
116
117
122
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Location Change

4345 Subparagraph (a) revised

4423.3 Revised

4423.4 First and last paragraphs revised

4424 Last sentence revised

4441.6 Revised

4442.3 Second paragraph revised

4461 Eirstsenptepcerevised

4462 First sentence revised

4484.1 Revised

5165 Revised

5166 Revised

5321.2 Revised

5411.5 Definition of “z,,” revised in subpara. (b)(2)

5413.1 Subparagraph (g) revised

5429 Revised in its entirety

5430 Subparagraph (a)(4) revised

5440 Subparagraph (a)(2) revised

5452.5 Revised in its entirety

5456.1 Subparagraph (a)(2)-revised

5456.2 Subparagraph (a},revised

5456.3 (1) Subparagtaphs (a)(1) and (a)(6) revised
(2) Subparagraph (a)(5) added, and subsequent subparagrap

redesignated

5481 Subparagraph (a)(3)(-c) revised

5531 Revised

6100 Subparagraph (e) revised

6120 Subparagraph (b) revised

6170 Revised in its entirety

6221 Subparagraph (b) revised

6310 Subparagraph (c) revised

6411.6 Subparagraph (e) revised

6417.1 Subparagraphs (f)(3) and (g) added

6441.1 Subparagraph (e)(2) revised

64422 Revised

6471 Subparagraph (a) revised

6472.1 Equation and nomenclature revised

64722 Nomenclature for “K” revised

6472.4 Subparagraph (a) revised

7100 Subparagraphs (b) and (c) revised

7210 Subparagraph (c) revised

7422 Revised

7521.2 Subparagraph (m) revised

1-4251.2 First paragraph revised

[-4251.4 Last paragraph revised

Xii
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Page Location Change

123 Table [-1180-1 General Note revised

124 Table [-1180-2 General Note revised

129 Table 1I-1 Topic C.(a)(1) and Note (4) revised
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Section 1000
Introduction

110(

Crpnes covered under this Standard shall be designed in
accordance with the Standard’s requirements but not 1120 Applications
necessarily with its recommendations. The word shall

GENERAL meet the requirements of paras. 4160 apd. 4460 (see
Figure 1110-1).

is uded to denote a requirement, the word should is This Standard applies to the)design, manpfacture,
used to denote a recommendation, and the word may testing, inspection, shipment-storage, and ergction of
is uspd to denote permission, which is neither a require- the cranes covered by this/Standard.

men

nor a recommendation.

1130 Responsibility

111Q Scope The cranes coyéered by this Standard are clasdified into

THis Standard covers electric overhead and gantry  threetypes (sée para. 1150, crane, Type), depending upon
mulfiple girder cranes with top running bridge and crane locatioh ‘and usage of the crane at a nuclegr facility.
trolley used at nuclear facilities and components of The owner shall be responsible for determining and

cranps at nuclear facilities. The items qualified by this

specifying the crane type. The owner shall also bg respon-

Stanflard are the bridge wheels up through the crane  Sible‘for determining and specifying the envirpnmental

brid
ified

e and trolley. The runway rails and rail clips are qual-  ;¢onditions of service, performance requiremdnts, type
with the runway and building structure and shall also

Figure'1110-1 Crane Boundary
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Crane
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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.

1140 Environmental Conditions (Types |, II, and I
Cranes)

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

1145 Chemical

(a) Spray Systems
(1) If the crane may be subject to any spray systems,
then the chemistry of the spray shall be specified in the

1141 Radiation

purchase specification shall specify the accu-
mulated [radiation dosage expected to be seen by the
crane in fthe life of the nuclear facility.

(b) Components whose normal life could be reduced by
the effectfs of the specified radiation shall be tabulated and
submittefl to the crane purchaser.

(c) Components whose failure, due to radiation, could
resultin loss of one of the single-failure-prooffeatures that
hold the [load either shall be designed to withstand the
specified| radiation or shall have a specific replacement
period. Where state-of-the-art is such that sufficient
data are| not available, periodic inspections shall be
made by|the purchaser to determine when replacement
should bg made.

1142 Temperature

(a) The purchase specification shall specify the
following temperature requirements in the area where
the crang operates:

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

(b) Thie crane shall be designed to withstand the effects
of the splecified temperatures, or the limitations of the
crane’s design concerning these temperature conditions
shall be $pecified by the crane‘\designer.

1143 Rressure

(a) The purchase specification shall specify the
following pressupe réquirements in the area where the
crane opgrates:

(1) hormal*operating pressure
(2) hnytest or abnormal event of these pressures

purchase specification. Any restrictions on the-ufe of
materials due to the effects of the spray shall alsg bé-speci-
fied. Specifically, where a corrosive spray is presenft the
possibility of H, generation exists and, therefore, the yse of
exposed aluminum, magnesium, galvanized steel, and zinc
is to be minimized.

(2) The crane shall be designed to withstand the
effects of the specified spray andshall not use the spegified
restricted materials. Any limitations of the crane’s d¢sign
concerning the spray.condition and the use of any
restricted materials shall'be specified by the manufacfurer
prior to the manufaétiire of the crane.

(b) Pools

(1) 1f theé crdne’s load block and wire rope are fo be
immersed,then the chemistry of the pool shall be spegified
in the purchase specification. Requirements for the mate-
rials afid lubricants of the load block and wire rope [shall
also.be specified to ensure compatibility with the|pool
chemistry. In reactor and fuel pools, the lubridants
shall basically be non-water-soluble and shall be|free
of halogenated compounds, halogens, mercury,| and
other deleterious materials.

(2) Load blocks and wire ropes that are to be
immersed shall be lubricated with a lubricant|that
meets the specified lubrication requirements. Any lIHnita-
tions of the crane design concerning the pool chenfistry
and lubrication requirements shall be specified by the
manufacturer.

1146 Clearances. The crane shall be designgd to
provide clearance between the crane componenty and
the building and surrounding obstructions. At lejast 3
in. of clearance shall be provided between the highest
point of the crane and the lowest overhead obstrugtion,
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 hetween the ends of the crane and the building

including the rate of change

(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
humidity conditions in the area where the crane operates.

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 toler-
ances, and thermal expansion, are considered.
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(20) 1150 Definitions

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

alligatoring: see checking.

appointed: assigned specific responsibilities by the
employer or the employer’s representative.

een completed.
as-byilt data: documentation describing a complete item.

audif: a planned and documented activity performed to
detefmine by investigation, examination, or evaluation
of objective evidence the adequacy of and compliance
with| established procedures, instructions, drawings,
and pther applicable documents, and the effectiveness
of implementation. An audit should not be confused
with| surveillance or inspection activities performed for
the sple purpose of process control or product acceptance.

audit, external: an audit of those portions of another
organization’s quality assurance program not under
the direct control or within the organizational structure
of thle auditing organization.

aydit, internal: an audit of those portions of an organ-
izatipn’s quality assurance program retained under its
diregt control and within its organizational structure.

authprized: appointed by a duly constituted administra-
tive pr regulatory authority.

auxiliary hoist: see hoist, auxiliary.

barrier: aflexible material designed to with§tand the pene-
tratipn of water, water vapor, grease,.of harmful gases.

blisters: bubble-like protrusions formed in a cured, or
nearly cured, coating film; see(ASTM D714 for photo-
graphic examples.

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

boom, overhead ckane: a horizontal member mounted on
the tirolley to/permit hoisting and lowering the load at a

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
used for controlling loads in a lowering direction; this
unidirectional device requires torque from the motor
to lower a load but does not impose any additional
load on the motor when hoisting a load.

brake, 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 rotation.

d by the
operator, during normal operation, to applylayfretarding
force.

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

bridge travel: the crane movementin a direction parallel to
the crane runway.

bubbles: gas pockets thatrise through the wet copting film
to the surface. An exaniple of a bubble can be obgerved on
runs shown in Figtire 10-8 of the ASTM Manual df Coating
Work.

bumper (als@ known as buffer): a device for reducing
impact.when a moving crane or trolley reaches the
end, of'its permitted travel, or when two| moving
cranes or trolleys come into contact. This deyice may
be attached to the crane, trolley, or runway stpp.

cab: the operator’s compartment on a crane.
cab-operated crane: see crane, cab-operated.

calibration: comparison of two instruments or njeasuring
devices, one of which is a standard of known |accuracy
traceable to national standards, to detect, dorrelate,
report, or eliminate by adjustment any discrgpancy in
accuracy of the instrument or measuring devjce being
compared with the standard.

cantilever frame: a structural member that supports the
trolley of a wall crane.

cantilever gantry crane: see crane, gantry, cantflever.
carrier: the transporting agency.

certificate of conformance: a document signed pr other-
wise authenticated by an authorized individual gertifying
the degree to which items or services meet spegcified re-
quirements.

certification: the act of determinin ing, and
attesting in writing to the qualifications of personnel,
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,
process, or service that is distinct, describable, and
measurable.


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

ASME NOG-1-2020

checking: a defect in the coating manifested by slight
breaks in the coating film that do not penetrate to the
underlying surface per ASTM D660-44. Line-type
checking is commonly known as alligatoring.

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

cleanness—a-state thning cleaninaccordancesaith pwar]a

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

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

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

station—remote—contrel—automaticproaram—contrel etc
T 7 T O "

termined standards, usually implies freedom from dirt,
scale, heqvy rust, oil, or other contaminating impurities.

clearancg: the distance from any part of the crane to a point
of the nefarest obstruction.

collecton}, current: a contacting device for collecting
current from runway or bridge conductors.

condition| adverse to quality: an all-inclusive term used in
reference to any of the following: failures, malfunctions,
deficiendies, defective items, and nonconformances. A
significant condition adverse to quality is one that, if
uncorrected, could have a serious effect on safety or oper-
ability.
conductols, bridge: the electrical conductors located along
the bridge structure of a crane to provide power and
control tp the trolley(s).

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

construction phase: a period that commences with receipt
ofitems gt the construction site and ends when the cothpo-
nents and systems are accepted by the owner ot the
owner’s flesignated representative.

control bfraking means: a method of controlling speed by
removing energy from the moving body or by imparting
the opposite direction.

control bjaking means, dynamici~amethod of controlling
speed by|using the motor as a-generator, with the energy
being digsipated in resistors:

control braking means,-eddy current: a method of control-
ling or refucing speed'by means of an electrical induction
load bralte.

control byakingmeans, emergency: a method of deceler-
ating a
effort may b . :
operator or automatically when power to the drive is
interrupted.

control braking means, mechanical: a method of control-
ling 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.

corrective action: measures taken to rectify condifions
adverse to quality and, where necessary, to preclude fepe-
tition.
countertorque (also known as plugging): a meth¢d of
control by which the power to the motor is revgrsed
to develop torque in the direction‘opposite to the rotation
of the motor.

cracking: a defect in the coating, manifested by a brepk in
the coating film, that exténds from the surface to subsgrate
per ASTM D660-44.Jrregular cracking is commonly
known as mud cracking.

crane: a machine for lifting and lowering a load| and
moving it horizontally, with the hoisting mechanisjn an
integral¢part of the machine. Cranes, whether fixgd or
mobilepare driven manually or by power, or by a cdmbi-
nation" of both.

crane, cab-operated: a crane controlled by an opefator
in a cab attached to the bridge or trolley.

crane, floor-operated: a crane that is controlled|by a
means suspended from the crane by an operatqr on
the floor or an independent platform.

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

crane, gantry, cantilever: a gantry or semigantry crane in
which the bridge girders or trusses extend transvefsely
beyond the crane runway on one or both sides.

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 ore or
more fixed or hinged cantilever ends.

crane, overhead: a crane with a multiple girder moyable
bridge carrying a movable or fixed hoisting mechapism

atrt av g-oh—a overnecat e tHrway tl Hre.

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

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

diaphragm: a plate or partition between opposite parts of
amember, 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 be discon-
nected from their source of supply.

document: any written or pictorial information describing,
defining, specifying, reporting, or certifying activities, re-

awirements-—nrocedures—orresults
A | T P T

crfine, standby: a crane that Is not 1N regular Service but
that fis used occasionally or intermittently as required.

crqne, Type I: a crane thatis used to handle a critical load.
It shall be designed and constructed so that it will remain
in plhce and support the critical load during and after a
seisthic event but does not have to be operational after this
event. Single-failure-proof features shall be included so
that fany credible failure of a single component will not
result in the loss of capability to stop and hold the critical
load

cr@ne, Type II: a crane that is not used to handle a critical
load{ It shall be designed and constructed so that it will
remgin in place with or without a load during a seismic
evenlt; however, the crane need not support the load nor be
operptional during and after such an event. Single-failure-
proof features are not required.

cr@ne, Typelll: acrane thatis not used to handle a critical
load| no seismic considerations are necessary, 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 bowl-
like Hepression (see Figure 10-13 of the ASTM Manual
of Cgating Work for photographic examples).

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

design, final: approved design odtput documents and
apprpved changes thereto.

designated: selected or assigned by the employer or the
employer’s designated representative as being qualified
to pg¢rform specific duties:

designated representative: an individual or organization
authprized by the-purchaser or owner to perform speci-
fied functions,

design inptit: those criteria, parameters, bases, or other
design~requirements upon which the detailed final

drift point: a point on a travel motion masteriswitch orona
manual controller that releases the brake while the motor
is not energized; this allows for coasting:

drum: the cylindrical member aroutid which the fopes are
wound for lifting or lowering thé Ioad.

end tie: a structural member that connects the efds of the
bridge girders to maintain‘squareness of the byridge.

equalizer: a device thatcompensates for unequal length of
stretch of a rope,

equipment, measuring and testing: devices or systems used
to calibrate;nmeasure, gage, test, or inspect in|order to
control of acquire data to verify conformance to|specified
requirements.

examination: an element of quality verification donsisting
ofiinvestigation of items or services to determine confor-
mance to specified requirements.

exposed: a condition in which hazardous objects are not
adequately guarded or isolated (capable pf being
contacted inadvertently).

fish eye: a coating film defect consisting of holes pr visible
depressions in the coating film (see Figures 1p-11 and
10-12 of the ASTM Manual of Coating Work for photo-
graphic examples).

flaking: a defect in the coating film manifested py actual
detachment of pieces of the film either from its pubstrate
or from coating previously applied per ASTM D772
including photographic standards. Flaking is generally
preceded by cracking, checking, or blistering and is the
result of loss of adhesion.

floor-operated crane: see crane, floor-operated.
gantry crane: see crane, gantry.

gantry crane boom: see boom, gantry crane.

desi 1T ;D baa\,d.

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 thatlead
to and include the issuance of design output documents.

deviation: a departure from specified requirements.

s I AN s e ] L. ot vy 3
YUttt yrey. e struttal ar TITCIToOCT UTdatT SUpP pPOTTS a brldge

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.

hoist: a machinery unit that is used for lifting and lowering
a load.
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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
applied and prevents motion when power is off.

holiday: a discontinuity in the coating film that exposes the

sheave support plates and the lifting fixture, beam,
hook, or hook and nut assembly.

load, credible critical: combinations of lifted loads and
plant seismic events that have probabilities of occurrence
equal to or more than 1077 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 design load combi-

substratd; types of holidays are pinholes, skips, or voids.

hook, dudl load path: hook consisting of two independent
load-attarhing points that provides separate load paths
between|each attaching point and the load block. This
may consist of a sister hook with hollow shank and an
eye-bar through the sister hook shank. This provides
alignment of the load-attaching points such as to maintain
a vertical load balance at the center of lift. The load path
redundancy provides protection against load drop should
a failure [occur within one load path.

hydraulid: a method of controlling or powering drive or
braking by means of displacement of a liquid.

in placelremaining on the runway and retaining its
physical ntegrity.

inspectipn: examination or measurement to verify
whether an item or activity conforms to specified require-
ments.

inspectort a person who performs inspection activities to
verify cohformance to specific requirements.

item: an [all-inclusive term used in place of any of the
following: appurtenance, assembly, component;,, équip-
ment, material, module, part, structure, subassembly,
subsysten, system, or unit.

lifting depice: a device that is not reeved onto the hoist
ropes, stich as hook-on buckets, magnets, grabs, and
other supplemental devices used- for ease of handling
certain tiypes of loads; the weight of these devices is
consider¢d part of the rated{load.

load: theltotal superimpesed weight on the load block or
hook.

load blo¢gk: the assémbly of hook or shackle, swivel,
bearing, [sheayés,wins, and frames suspended by the
hoisting|rope; this shall include any items reeved in
the hoistjng’ropes.

nations that include seismic loadings. The credible-erjtical
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 fequired for] unit
safety or could result in potential\off-site exposufe in
excess of the limit determined,bysthe purchaser.

load hangup: the event in whichithe load block and/o1load
is stopped during hoisting-by snagging or entanglement
with heavy or fixed objects, thereby overloading the
hoisting system and(ts supporting structure.

load, rated: the;maximum load for which a crane orlindi-
vidual hoist i§)designed and built by a manufacturgr.

lower blockxsee load block.
main heist: see hoist, main.
man.trolley: see trolley, man.

manufacturer: one who constructs or fabricates an itgm to
meet prescribed design requirements.

material test report: see report, material test.

modification: a planned change accomplished in agcor-
dance with the requirements and limitations of appli¢able
codes, standards, and specifications.

mud cracking: see cracking.

noncoasting mechanical drive: a drive that results in futo-
matically decelerating a trolley or bridge when power is
not available.

nonconformance: a deficiency in characteristic, docunen-
tation, or procedure that renders the quality of an itgm or
activity unacceptable or indeterminate.

nondestructive examination: methods for determining the
integrity of structural materials without physically dama-
ging the material; methods include visual, radiography,
ultrasonic inspection, magnetic particle inspection] and

load block, crosshead: a block or plate assembly connected
to the main vertical sheave support plates that supports a
lifting fixture, beam, hook, or hook and nut assembly. This
arrangement is rigidly fixed to the main vertical sheave
support plates.

load block, trunnion: a block or plate assembly connected
to the main vertical sheave support plates that supports a
lifting fixture, beam, hook, or hook and nut assembly. This
arrangement allows pivoting between the main vertical

liquid penetrant inspection.

normal operating conditions, floor-operated crane: condi-
tions during which a crane is performing functions within
the scope of the original design. Under these conditions,
the operator is at the operating control devices that are
attached to the crane but operated with the operator off
the crane and with no other persons on the crane.
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objective evidence: any documented statement of fact,
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.

outd per-storaee—aaRtEy—crae —See—crahe—a-atit—oHtdoor
Jd=Jd J 7T I 7

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

push-button 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-acainst established vnqnivamnnfc, such as stan-

stordge.

overhead crane: see crane, overhead.

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

overgpray: spraying of coating on adjacent surfaces;
textlire can range from that of sandpaper to orange
peel|(see Figure 10-5 of the ASTM Manual of Coating
Work for photographic examples).

ownegr: the organization legally responsible for the
congtruction and/or operation of a nuclear facility
inclyding, but not limited to, one who has applied for
or who has been granted a construction permit or oper-
ating license by the regulatory authority having lawful
jurisfiction.

packpge: the shipping container plus the contents of the
contginer.

packpage unit: any assembly of mechanical and/or ele¢:
trical components and parts that can be disassembled
withput destroying the integrity of the individual parts.

partg (lines): number of lines of hoist rope supporting the
load|block.

peeling: separation of one or more coats or layers of a
coating system from the substrate:

pinhgle: a minute hole through thejthickness of a coating
film,|allowing exposure of substrate (see Figure 10-14 of
the ASTM Manual of Coating Work for photographic exam-

braking by means of compressing a gas.

dards or tests, that qualify an individual t6 ‘perform a
required function.

qualified person: a person who, by possession of a recog-
nized degree or certificate of professional standjng, or by
extensive knowledge, training,~anhd experignce, has
successfully demonstratedithe ability to folve or
resolve problems relating/to the subject mattef.

qualified procedure: an.approved procedure thagthas been
demonstrated to meet.the specified requirements for its
intended purposé:

quality assuiance: all those planned and systematic
actions ne€essary to provide adequate confid¢nce that
a structure, system, or component will perforny satisfac-
torily in‘service.

quality assurance record: a completed docunment that
furnishes evidence of the quality of items and/orfactivities
affecting quality.

quality control: those quality assurance actions that
provide a means to control and measure the characteris-
tics of an item, process, or facility to established require-
ments.

rail sweep: a mechanical device attached to the grane but
located in front of the crane leading wheels to deflect any
obstructions.

receiving: taking delivery of an item at a designated loca-
tion.

reeving: the system of hoisting rope and|sheaves
supporting the load block.

regenerative: a method in which the electricdl energy
generated by the motor is fed back into the powdr system.

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

repair: the process of restoring a nonconforminjg charac-
teristic to a condition, such that the capability of 3n item to

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 documents: purchase requisitions, purchase
orders, drawings, contracts, specifications, or instructions
used to define requirements for purchase.

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

function reliably and safely is unimpaired, even though
that item still does not conform to the original require-
ment.

report, certified test: a document signed by a qualified
party that contains sufficient data and information to
verify the actual properties of items and the actual
results of all required tests.
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report, load summary: the report provided by the manu-
facturer that furnishes the numerical values of the crane
loads at the crane-building interfaces for the load combi-
nations of each category of loads listed for the structural
design of the crane.

report, material test: a report from the material supplier
that identifies the furnished material in terms of heat
number, physical and chemical properties, etc., as appro-
priate.

span: the horizontal distance center-to-center of runway
rails.

special process: a process, the results of which are 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 or test of
the product.

specification: a concise statement of a set of requirements

to-be satisfied byv a2 nroduct material or nrocess
J | T 7 o4

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

right of qiccess: the right of a purchaser or designated
represenftative to enter the premises of a supplier for
the purppse of inspection, surveillance, or quality assur-
ance audjt.

rope: refers to wire rope unless otherwise specified.

run: the flow of an excessively applied coating that results
in an elohgated pattern of irregular coating films over a
small verttical or sloped surface area such as a point or an
angle (sde Figure 10-8 of the ASTM Manual of Coating
Work for] photographic examples).

running Jheave: a sheave that rotates as the load block is
raised o1f lowered.

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

sag: the flow of an excessively applied coating that results
in a broad pattern of irregular coating films over a large
vertical ¢r sloped surface area (see Figure 10-9 of the
ASTM Manual of Coating Work for photographic exam-
ples).
scaling: qee flaking.

semigantyy crane: see crane, semigantry.

service: the performance of activities stich’as design, fabri-
cation, inspection, nondestructive/examination, repair, or
installatipn.

shall: indicates that whichyis,mandatory and must be
followed

should: indicates a récommendation, the advisability of
which ddpends on tlie facts in each situation.

side pull:|the pertion of the hoist pull acting horizontally
when th¢ hoisP lines are not operated vertically.

standby crane: see crane, standby.

stop:adevice tolimittravel of a trolley or cran@bridgg; this
device normally is attached to a fixed/!structurel and
normally does not have energy absonbing 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.

substrate: the uncoated base surface to which the copting
is to be applied.

supplier: any individual or organization who furnishes
items or¢senvices in accordance with a procurement docu-
ment; @n all-inclusive term used in place of any of the
following: vendor, seller, contractor, subcontractor, fpbri-
cator, consultant, and their subtier levels.

surveillance: the act of monitoring or observing to erify
whether an item or activity conforms to specified require-
ments.

switch: a device for making, breaking, or changing cojnec-
tions in an electric circuit.

switch, emergency stop: a manually operated switch to cut
off electric power independently of the regular operpting
controls.

switch, limit: a switch that is operated by some palrt or
motion of 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 supply to the crane.

switch, master: a switch that dominates the operatipn of
contactors, relays, or other remotely operated devilces.

Sill: a hG ;LUllta} Dtl u\,tun Cl]l lll\,lllbbl that LUllll\,LtD th\,
lower ends of two or more legs of a gantry crane on
one runway.

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

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

temperature, minimum operating: the minimum ambient
temperature at which the crane is operated, either during
the construction phase or plant in-service phase of use of
the crane.

test, break strength: a physical test to destruction
performed on a sample of an item to verify the rated
strength of that item.
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test, dynamic load: a test wherein designated loads are
hoisted, lowered, rotated, or transported through
motions and accelerations required to simulate handling
of the intended item.

test, proof load: a physical load test, with magnitude to be
as specified but always in excess of the design load.

testing: an element of verification for the determination of
the capability of an item to meet specified requirements by
subj

ctinatheitem-toasetofnhusical chemical-environ
3] | e 7 7

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

visual inspection: a macroscopic examination to determine
conformance to quality requirements.

void: an area of missing coating through which the
substrate or base coat is visible.

menfal, or operational conditions.

tracgability: the ability to trace the history, application, or
location of an item and like items or activities by means of
recofded identification.

trankit carriers, closed: trucks, trailers, railroad cars,
barggs, aircraft, or ships that do provide protection of
itemp from the environment.

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

tran§portation mode: a method identified by the convey-
ance| used for transportation of items. It includes any
motpr vehicle, ship, railroad car, or aircraft; each
cargp-carrying body (trailer, van, boxcar, etc.) is a sepa-
rate [vehicle.

trollpy: the unit that travels on the bridge rails and
supports the load block.

trglley, man: a trolley having an operator’s cab attached
to it
trollgy frame: an assembly consisting of two sideframes or
trucks that are connected together by one er.more load
girts|to form a one-piece unit capable of trapsmitting the
load|to the crane bridge without undue deflection. The
hoist machinery and supports for the-sheaves or equalizer
are gssembled into and supported by the trolley frame.

truchk: the unit, consisting of acrane, wheels, bearings, and
axleq, that supports the bridge girders, the end ties of an
overhead crane, or thessill of a gantry crane.

two-plocking: the act-of hoisting (beyond the intended
uppdr limit) in which the load block comes into physical
conflact with the head block (upper block) or its
supporting Strdcture, preventing further upward move-
ment ofhe load block and creating an overload of the
rope| reeving system and hoisting machinery.

waiver: documented authorization to departir¢m speci-
fied requirements.

web plate: the vertical plate connection)and upper and
lower flanges or cover plates of a giider.

wrap: a flexible material formed”around thqg item or
package to exclude dirt and/facilitate hpndling,
marking, or labeling.

yield point: first stress inaniaterial at which an irjcrease in
strain occurs without-an' increase in stress.

yield strength: stress'at which a material exhibitfs a speci-
fied limiting deviation from the proportionality of stress to
strain.

yield stress: generic term to denote either yield point (for
steels that have a yield point) or yield strength (ffor steels
thatdonothave ayield point), as appropriate for fhe mate-
riak

1160 References

The following is a list of codes and standards r¢ferenced
in this Standard. These codes and standards apply to the
extent invoked at the point of reference. Unless p specific
edition is referenced, the latest edition should |be used.

AGMA 9005-E02, Industrial Gear Lubrication
ANSI/AGMA 2001-C95, Fundamental Rating Faftors and
Calculation Methods for Involute Spur and Hejical Gear
Teeth
ANSI/ASNT CP-189, ASNT Standard for Qualifichtion and
Certification of Nondestructive Testing Persgnnel
Publisher: American Gear Manufacturers Asgociation
(AGMA), 1001 North Fairfax Street, Suite 50(), Alexan-
dria, VA 22314 (www.agma.org)

The following two documents are contained ir} the AISC
Manual of Steel Construction (ASD), 15th Editipn, 2017:

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

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

Sectiom t6-1;Specificatiom for-Structurat-Steet Buildings,
July 7, 2016

Section 16-2, Specification for Structural Joints Using High
Strength Bolts, August 1, 2014

Publisher: American Institute of Steel Construction (AISC),
130 East Randolph Street, Suite 2000, Chicago, IL 60601
(www.aisc.org)
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AIST TR-01, 1991, DC Mill Motors

AIST TR-06, 2005, Specification for EOT Cranes for Steel
Mill Service

Publisher: Association for Iron & Steel Technology (AIST),
186 Thorn Hill Road, Warrendale, PA 15086
(www.aist.org)

ASME B30.2-2011, Overhead and Gantry Cranes (Top
Running Bridge, Single or Multiple Girder, Top

Publisher: American Welding Society (AWS), 8669 NW 36
Street, No. 130, Miami, FL 33166 (www.aws.org)

CMAA 70-2015, Specifications for Top Running Bridge and
Gantry Type Multiple Girder Electric Overhead
Traveling Cranes

Publisher: Crane Manufacturers Association of America,
Inc. (CMAA), 8720 Red Oak Boulevard, Suite 201, Char-
lotte, NC 28217 (www.mhia.org/cmaa)

ASME B30.10-2009, Hooks

ASME Bojler and Pressure Vessel Code (BPVC); Section IlI,
Rules for Construction of Nuclear Facility Components;
Divisign 1

ASME NQA-1-2012, Quality Assurance Requirements for
Nucledr Facility Applications

Publishef: The American Society of Mechanical Engineers,
Two Pprk Avenue, New York, NY 10016-5990
(wwwjfsme.org)

ASTM A
Particl
ASTM A3
Mecha

p75/A275M, Standard Practice for Magnetic

b Examination of Steel Forgings

70, Standard Test Methods and Definitions for

hical Testing of Steel Products

ASTM A388/A388M, Standard Practice for Ultrasonic Ex-
aminafion of Steel Forgings

ASTM A435/A435M, Standard Specification for Straight-
Beam Pltrasonic Examination of Steel Plates

ASTM A§73/A673M, Standard Specification for Sampling
Procedure for Impact Testing of Structural Steel

ASTM D¢60-44, Standard Test Method for Evaluating
Degred of Checking of Exterior Paints

ASTM D714, Standard Test Method for Evaluating Degree
of Blisfering of Paints

ASTM D772, Standard Test Method for Evaludting Degree
of FlaKing (Scaling) of Exterior Paints

ASTM D5[144, Standard Guide for Use of Rrotective Coating
Standdrds in Nuclear Power Plants

ASTM E165/E165M, Standard Practice for Liquid Pene-
trate Tlesting for General Industry

ASTM E2)08, Standard Test. Method for Conducting Drop-
Weightt Test to Determine Nil-Ductility Transition
Tempdgrature of Fefritic Steels

ASTM E7p9, Standard Guide for Magnetic Particle Testing

IEEE/ASTM SI 105 American National Standard for Metric
Practide

ASTM MNL8;Manual on Maintenance Coatings for Nuclear

NEMA ICS 1-2000 (R2015), Industrial Contrelfand
Systems: General Requirements

NEMA ICS 2-2002 (R2005), Industrial Controlfand
Systems: Controllers, Contactors, and Overfload
Relays Rated 600 Volts

NEMACS 3-1993, Industrial Controland Systems: Fa
Build Assemblies

NEMA ICS 6-1993 (R2016)5Adndustrial Control
Systems: Enclosures

Publisher: National Electrical Manufacturers Associption
(NEMA), 1300 North 17th Street, Suite 900, Arlington,
VA 22209 (www.nema.org)

ftory

and

NFPA 70-2014,\National Electrical Code (NEC)
Publisher: National Fire Protection Association (NFHA), 1
Batterymarch Park, Quincy, MA 02169-71471
(www.nfpa.org)

OSHA Safety and Health Standards, Title 29, Codle of
Federal Regulations Part 1910 (29 CFR 1910), Ocqupa-
tional Safety and Health Standards

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

Systems and Specifications, Steel Structures Paifting
Manual, Volume 2, 8th Edition, 2000
Publisher: The Society for Protective Coatings (SSPC)
Trumbull Drive, Pittsburgh, PA 15205 (www.sspd

800
org)

1170 Nomenclature

The nomenclature used in this Standard is listed and

defined in the Section in which it is used.

1180 Conversion Factors

Power Plants

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 — Steel

AWS D14.1/D14.1M:2005-AMD1, Specification for
Welding of Industrial and Mill Cranes and Other Mate-
rial Handling Equipment

10

ral H £, " : Yaa s ol . 1 .
Cotrverstonfactorstrehrdiremetrieequivalents, are

provided in Mandatory Appendix I.

1190 Markings

(a) The rated load markings on the crane and on the
hoist unit(s) shall be in accordance with the criteria of
ASME B30.2.

(b) Additional manufacturer’s identification markings,
multiple hoist markings, and warning markings shall also
be in accordance with ASME B30.2.
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(c) For Type I cranes, the maximum critical load (MCL) (d) For Typelcranes thatliftloadsin excess of the MCL,
shall be marked on the crane and hoist in lieu of the rated the design rated load (DRL) shall also be marked on the
load markings as identified in (a), using the terminology crane and hoist(s).

MCL as part of the marking.

11
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Section 2000
Quality Assurance

(20) 2100 RE

(a) Th
of Types
ASME N(
Requiren

(b) As
turers of
the proc

(c) A
of mech
required

(d) As
of electri
required

FQUIREMENTS

e quality assurance program of the Manufacturer
[ and II cranes shall meet the requirements of
A-1, Part I, or shall meet the Quality Assurance
nents specified by the owner.

pecific quality assurance program for manufac-
[ype Il cranes is not required unless specified in
irement documents.

pecific quality assurance program for suppliers
hinical components for Type II cranes is not
unless specified in the procurement documents.
pecific quality assurance program for suppliers
cal components for Types I and II cranes is not
unless specified in the procurement documents.

(e) A specific quality assurance program for stipy
of Type I crane structural and mechanical compor]
that are not listed in Table 7210-1, and for Ty
crane structural components that are hot listg
Table 7210-2, is not required unless-specified ij
procurement documents.

liers
ents
pe 11
d in

the

(f) Appropriate provisions of the crane manufactyrer’s

quality assurance program. shall apply to Type I g
structural and mechafiical components liste
Table 7210-1, Type I ¢rane electrical componen
described in para. 6470, and Type II crane struc
components listedsin Table 7210-2.

(g) The quality/assurance program for packaging,
ping, receiving, storage, and handling of Types I a
cranes shall*be in conformance with Section 8000.

rane
d in
[s as
fural

Ship-
hd 11

12


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

(20)

ASME NOG-1-2020

Section 3000
Coatings and Finishes

310({ COATING SERVICE LEVELS

The owner shall specify either coating service level I or
II as|defined below.

(a) Coating Service Level I. For use in areas where
coatlng failure could adversely affect the operation of
posttaccident fluid systems and, thereby, impair safe shut-
down. With few exceptions, coating service level I applies
to cpatings inside a nuclear power plant’s primary
contpinment.

(b} Coating Service Level II. For use in areas where
coating failure could impair, but not prevent, normal oper-
ating performance. The function of coating service level I
coatings is to provide corrosion protection and deconta-
mingbility in those areas outside primary containment
subjéct to radiation exposure and radionuclide contami-
natign. Coating service level II also applies to coatings in
nonrfadiation areas.

3200 SPECIFIC REQUIREMENTS FOR COATING
SERVICE LEVELS

3210 Requirements for Coating Service Level |

(a
shalll

(b

Coating requirements for coating service level I
be in accordance with ASTM D5144.
) In accordance with ASTM _D5144, coating service
levell I requires a quality assurance program.
(c) Inspection and testinglof coatings for coating
servlice level I shall beln' accordance with ASTM

D5144. Specific coatinglinspections shall be specified
by the owner, dependent upon the coating system
being used.

3220 Requirements for Coating Service Level Il

(a) Coatihg requirements for coating service level II
shal| bé as specified by the owner. The owner may

3230 Additional Requirements Applicable to ALl

Coatings

Additional requirements for coatings and finfishes are
listed in (a) through (o). Further information fox coatings
and finishes is provided in Nonmandatory Appendix A,
para. A-3230.

(a) Ifnotspecified by the.owner, the type of coating will
be determined by thesmanufacturer to meet the|specified
environmental conditions of service and coating service
level. Specifically,‘the selected coatings shall bg suitable
for any specified’radiation, temperature, and |chemical
immersion{oy ‘chemical spray environment.

(b) Welding through coatings shall not be
unlessithe coating system is specifically desi
formulated as a weldable system and docun]
eaf be provided by the coating manufacturer
to this capability. The use of these coatings
approved by the owner.

(c) Surfaces exposed to the environment, buf inacces-
sible after assembly, such as wheel wells and hubf, shall be
coated prior to assembly.

(d) Coating of interior or enclosed surfacps of the
equipment, such as inside a welded box secti¢n, is not
required by this Standard.

(e) Contact surfaces of friction-type joints to pe joined
by high-strength bolts shall not be coated with|specified
coating system except for organic or inorganic zirjc coating
systems not prohibited by para. 1145.

(f) Machined mating surfaces and other surfaces not
normally protected by the specified coating system,
such as hooks, hook nuts, wheel treads, rails, gears,
shafts, pinions, couplings, drum grooves| sheave
grooves, and brake wheels, shall be protg¢cted by
means of an appropriate preservative for ghipment
and/or storage. The manufacturer shall specify which
preservatives must be removed by the oyner for

allowed
bned and
entation
to attest
shall be

invoke applicable sections of ASTM D5144.

(b) Quality assurance requirements for coating service
level 11 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.

13

proper operation of the equipment. Other preservatives
may be removed by the owner after installation of the
equipment.

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

(h) Fillers, sealants, and caulking compounds shall be
compatible with the coating system.
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(i) Finished components, such as motors, brakes, gear
reducers, limit switches, electrical dials and gauges,
control enclosures, brake rectifier cabinets, control
masters, safety switches, auxiliary heaters, push-button
stations, transformers, manual magnetic disconnects,
light fixtures, reactors, resistor banks, protective
guards, cross-shaft bearing blocks, unitized hoists,
interior of control cabinets, festoon trolley cable spacer
systems cab interiors, and radio control equipment,

maybe fyrnished with conventional coatlngs unless other- repair or Eoucliup where conventional Blanll’lg 1

wise spefified by the owner.

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

(k) Nameplates and warning labels of factory finished
compongnts that are recoated shall be masked to preserve
legibility

(D) Itejms such as fasteners and conduits shall be
supplied|with the specified coating system, galvanized,
or platirlg. Galvanizing or plating shall be subject to
the reqyirements of para. 1145. When specifically
requested by the owner, a list of galvanized or plated
parts shdll be provided by the equipment manufacturer.

(m) Surface contaminants, such as grease and oil,
detected after blasting shall be removed to produce
the surface conditions required by the Society for Protec-
tive Coatings (SSPC) surface preparation requirement.

(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

not
ving
rder

desirable may be reprepared by one of the follo
methods. These methods are listed in descending d
of effectiveness.

(1) Vacuum blastingto clean an abrasive finish witha
minimum 2.0-mil profile; the minimum-blasting air pres-
sure shall be 50 psi at the blasting.nozzle.

(2) Power tool cleaning’using grinding whieels,
sanding discs, or other devices to provide a minijnum
2-mil profile in accordarnee) with SSPC SP-3; the ufe of
a needle gun to roughen'the surface after grinding ig rec-
ommended.

(3) Hand sdnding to obtain as clean a surfa
possible in aceordance with SSPC SP-2; or wire brus
in accordance‘with SSPC SP-2.

e as
hing

14
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Section 4000

Requirements for Structural Components

410J) GENERAL

411(

TH
fabr
Typd
desi
on 4

Scope

is Section specifies design criteria, materials, and
cation requirements for structural components of
s I, I, and III cranes. Unless otherwise stated, the
bn requirements and allowable stresses are based
llowable Stress Design (ASD) using classical

Mechanics of Materials/Strength of Materials methodol-

ogie

. Structural components are identified in para. 4400.

4120 Nomenclature

TH
in th|
appl
note

e nomenclature listed herein is used in the equations
s Section. For further information on nomenclature,
cation, and units of measurement, see the references
 in parentheses in this Section.

a =

plate length for direction parallel to the direc-
tion of compression force (Table 4332.1-1);
unsupported length of web plate betwegen
transverse (vertical) stiffeners, in. (para<4334)
tensile stress area of bolt, in.? (paray4323)
plate width for direction perpendicidar to the
direction of the compressive force.fpara.4331);
unsupported length of web plate between lon-
gitudinal stiffeners, in. (Table 4332.1-1)
distance between weli plates, in. (para. 4333)
coefficient for spacingof transverse stiffeners of
web (para. 4334)

column slendetngss ratio separating elasticand
inelastic buekling (para. 4312)
coefficientapplied to bending term in interac-
tion_fermula for prismatic members, and
dependent upon column curvature caused by
applied moments (para. 4321)

design factor (para. 4312)

M,

M,

effective length factor for com;lression
(paras. 4331, 4332.1, and 4338)
buckling coefficient for shear (paras.
4332.1)

unbraced length of member (para. 4812)
actual unbraced length in plane of|bending
(para. 4333)
bending moment-at end of member i1 plane of
bending being*considered
smaller; ofiénd moments in member if plane of
bendingbeing considered (para. 432J1)
larger of end moments in member in} plane of
bending being considered (para. 432J1)
modifying coefficient for loading dondition
(paras. 4312 and 4321)
abnormal event load (paras. 4130 anjd 4140)
construction lifted load (paras. 4130 and 4140)
credible critical load with operating basis earth-
quake (OBE) (paras. 4130 and 4140]
credible critical load with safe shutdoyn earth-
quake (SSE) (paras. 4130 and 4140)
bridge or gantry frame dead load (pafas. 4130
and 4140)

1331 and

= trolley dead load (paras. 4130 and 4{140)

OBE load (paras. 4130 and 4140)
SSE load (paras. 4130 and 4140)
longitudinal horizontal load (paras. 4130 and
4140)
transverse horizontal load (paras. 4130 and
4140)

critical load (paras. 4130 and 4140)
load hangup forces at maximum hoisting speed,
including inertia

= design rated lift load (paras. 4130 ad 4140)

plant operations induced loads transpitted to
the crane (paras. 4130 and 4140)

design factor for buckling (paras 4332 and
4333)

modulus of elasticity of the materials
(29,000,000 psi for carbon steel)
(paras. 4312, 4321, and 4331)

depth of web, in. (para. 4333)

buckling coefficient (paras. 4331, 4332.1, and
4333)

effective length factor (paras.4312,4321,4331,
and 4332.1)

15

AL ]n]nrlring forces—at-mascimum hoisting
speed, including inertia of rotating hoist compo-
nents

containment static test pressure load
(paras. 4130 and 4140)

hoisting impact load (paras. 4130 and 4140)
plant design basis wind load (paras. 4130 and
4140)

crane operating wind load (paras. 4130 and
4140)


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

ASME NOG-1-2020

(b) Bridge or Gantry Frame, P4, The total weight of the
bridge or gantry frame structure including all machinery
and equipment attached thereto, trucks, wheels, and end
ties.

4132 Live Loads

(a) Rated Load, P;. The design rated load to be lifted
and transported by the crane that by definition is not
considered as the critical load. An allowance for lifting

P, = tornado wind load (paras. 4130 and 4140)

R = structural bolt loading condition factor
(para. 4323), or combined modal response of
each of the three orthogonal components of
earthquake motion (para. 4153.10)

Ry = ratio of frequencies of crane and runway system
(para. 4153.5)

R,, = ratio of masses of crane and runway system
(para. 4153.5)

r =[Tadius of gyration, 1. (para. 4312)

T, =| specified pretension load of the bolt, Ib
(para. 4323)

t =| thickness of plate, in. (paras. 4331, 4333, and
4334)

a =| ratio of plate length to width (Table 4332.1-1)

B =| stress ratio (Table 4332.1-1)

6 =| rotation at node

u =| Poisson’s ratio (para. 4331)

o =| computed axial stress, psi (para. 4321)

o, =| allowable axial stress, psi (para. 4321)

o =| allowable bending stress in the plane ofbending
being considered, psi (para. 4321)

04 =| allowable compressive stress without consid-
eration for buckling, psi (para. 4321)

04 =| allowable tensile stress (para. 4323)

op =| computed stress in plane of bending, psi
(para. 4321)

o. =| computed compressive stress, psi (para. 4332)

0. =| equivalent compressive stress, psi
(para. 4332.1)

0. =| critical comparison buckling stress, compres-
sive stresses only, psi (para. 4331)

Ocrc = critical comparison buckling stress,-compres-
sive and shear stresses in combination, psi
(para. 4332)

0. =| Euler buckling stress, psi

0. =| Euler buckling stress divided by a modifying
coefficient for design factor, psi (para. 4321)

op =| proportional limit, pSi (para. 4331)

o, =| specified minimum\yield stress of the material,
psi (paras. 43%ivand 4323)

T = computed shear stress, psi (para. 4333)

1, =| allowable-shear stress, psi (para. 4323)

T, =| shear (Critical buckling stress, psi (para. 4331)

4130 D(fscription of Loads

accessories that are not part of the crane, sugh as
yokes, spreader beams, etc., is to be included in the
design rated load.

(b) Critical Load, P. For the definitionlef critical load,
see para. 1150. In addition to listing each.¢ritical load, the
purchaser shall furnish the durationdnhiours per year that
each critical load is expected to be-on the crane hook. An
allowance for lifting accessoriés’is to be included injeach
critical load.

(c) Construction Load,”P,,. The maximum expdcted
construction load to¢bellifted and transported by the
crane during the plant construction phase, prior fo its
use as a plant ppérating crane.

(d) CredibleCritical Load, P., and P_. P, is the weight of
lifted load that may be considered in combination with the
operating-basis earthquake (OBE). P, is the weight of
lifted load that may be considered in combination |with
the*safe shutdown earthquake (SSE).

Alternatively, P., and P.; may be defined to be lifted
Yoads in credible combinations with seismic events
other than OBE and SSE. If this alternative methpd is
used, the appropriate substitution for P,, and P, [shall
be made in load combinations P,y and P.15.

The loads and seismic events shall be specified b
purchaser.

7 the

4133 Normal Operating Dynamic Loads

(a) Hoisting Impact Load (HIL), P,;. The hoisting imppact
load is the result of sudden lifting of a load and g¢ther
loading uncertainties that occur during normal drane
operation. This load shall be determined by applying
an HIL factor to the lifted load, including load Qlock
and attachments. The HIL factor shall be 0.5% of the
hoisting speed in feet per minute but not less than
15% nor more than 50%.

HIL factor =0.15 < 0.005 X hoist speed (ft/min) < 050

The loads described herein are the loads to be used for
the analysis and design of the structural components of the
crane. The loads are to be combined as outlined in
para. 4140. All loads described, except the crane dead
loads, shall be stated by the purchaser in the purchase
specification.

4131 Dead Loads

(a) Trolley, P,. The total weight of the trolley including
all machinery and equipment attached thereto.

16

(b) Bridge and Trolley Travel Drive Inertia Forces
(TDIF), Py, and Pp,. Travel drive inertia forces result
from the acceleration or deceleration of the crane
bridge or trolley and depend on the magnitude of
torque applied to the drive wheels. This force shall be
determined by applying a TDIF factor to the lifted 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 direction of bridge travel
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that corresponds to the trolley weight and lifted load,
including load block and attachments, 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
resulting drive inertia force is based on 250% of the
nominal acceleration or deceleration rate produced by
either the drive motor or brake. Additional consideration
should be given to a cab-operated crane that is equipped

subjected to the design basis tornado if the building enclo-
sures 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
is not operating.

(b) Static Test Pressure Load, P, The overpressure

with[@ pedal-operated or power-assist braking system.
Due fo the nature of these braking systems, the decelera-
tion fates are limited by the frictional force between the
brakged wheels and rail (i.e., maximum force when sliding
occufs).

TDIF factor =(2.50/32.2) X accel. ordecel. rate (ft/secz)
> 0.025

=0.078 X accel. ordecel. rate (ft/secz)
> 0.025

Far polar cranes, the TDIF factor corresponding to the
trolley and lifted load, including load block and attach-
ments, that results from either the acceleration or decel-
eratipn of the bridge, may be adjusted by the ratio of the
locaffion of the trolley and lifted load to the radius of the
cranp runway rail, both relative to the center of bridge
rotafion. However, in order to account for possible
load|swing, the inertia force that corresponds to the
lifted load, including load block and attachments, shall
not pe less than 1.5% of these loads. Further))the
inerfia force that corresponds to bridge component
weights, including distributive weight of\the’ girders,
may e adjusted by the ratio of the location of the compo-
nent|relative to the center of bridge rotation, to the radius
ofth¢ crane runway rail. The resulting forces at each end of
the l;[qolar crane bridge are in opposite directions.

4
cons

4 Wind Loads. The following wind loads are to be
dered to act in any direction:

imposed on the crane due to the static test pressure
load for the structure enclosing the crahe.:~This load
applies only to those cranes housed within-containments.
The crane is not operating.

4136 Seismic and Abnormal-Events Loads

(a) Safe Shutdown Earthquidke, P, The site SJE param-
eters shall be used in the'seismic analysis of the bridge
crane or the gantry,crane, following the pr¢cedures
outlined in para. 4140:

(b) Operating Basis Earthquake, P, The sitq OBE pa-
rameters shall beused in the seismic analysis of the bridge
crane or the, 'gantry crane, following the procedures
outlined<in para. 4140.

(c) Abnormal Event Loads, P,. Loads caused by
plant.equipment that impose jet or missile loa
crane. The purchaser shall be responsible for the
and shall establish the criteria for, these loads

failure of
s on the
pffects of,

4140 Load Combinations

The following tabulated loads and their desjgnations
are described in para. 4120. The various load fombina-
tions, using the load designations, are listed herein. All
load combinations are applicable to Types|I and II
cranes, whereas the crane operational loadq and the
construction loads combinations are applicalle to the
Type III cranes.

Load Load Desjgnation

(a) Operating Winds Ry, The maximum wind load  Trolley dead load Pa
undgr which the crane‘will be permitted to operate. If ~ Bridge/gantry dead load P
nong is stipulated by the purchaser, then the nominal  Rated load Py
wind load speecified in CMAA 70 shall be used. Critical load Py

(b} DesignWind, P,,,. The plant design basis wind load Credible critical load with OBE P.
resufting-from the 100-yr recurrence, “fastest-mile of Credible critical load with SSE P
wind.”sUnder this loading, the crane will not be opera- Construction load P,
tiond 1, Bute-—secured: Hoisting impact load D.:

(c) Tornado Wind, P, The plar.lt design .basw tqrnado Load hangup forces Py,
loads. Tornado pressure differentials associated with the .

. ; . . . Two-blocking forces Py,
plant design basis tornado shall be included in the loading. Bridee horizontal inertia load p
Tornado-generated missiles shall be considered. The & ) o "
. .. Trolley horizontal inertia load Ppe
purchaser shall be responsible for the missile parameters T
and method of evaluation of tornado loads and tornado- Ope.ratmg. wind load Puo
generated missiles. Under these loadings, the crane will Design wind load Pwa
not be operational, but be secured. Indoor cranes may be ~ Tornado wind load Pue
Plant operation induced loads Py, Py,

17
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Table continued

Load Load Designation
Loads due to an SSE seismic event P
Loads due to an OBE seismic event P,
Abnormal event loads P,

(a) Crane Operational Loads"

Pcy = By + (By + Py,)

4152 SeismicInput Data. The seismicinput data for the
crane seismic analysis shall be provided in the specifica-
tion 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 supporting the crane.

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

Pcy = Pgp + (Byy + Py) + B + By,

Pc3 = By + (Bgt + Py) + Py + By,

Pc4 =By + (Bge + Ppy) + Py + By,
Pcs = Ry + Byt + (ByorPy)

(b) Copstruction Loads"

Pcg = Bgp + (Bit + Fop) + B + Byo
Pc7 = Bgp + (Bat + Byp) + Php + Byo
Pcg = By, + (Pdt + Pcn) + Py + By,

(c) Severe Environmental Loads
Pcg =By + Byt + By

(d) Extreme Environmental Loads

Pcio =B + (Pdt + Pcs) + Bs + By,
Pei1=Fgp + Bgp + Bs + By
Pcip =By + (Pdt + Pco) + B + By
Pciz = Fjp + Byt + By + By
Pcig = Fgp + Bt + Byt

(e) Abpormal Event Loads

Pcis =By + By + B+ By,

Pci6 = Byt + Fap + Pic + Py
Pc17 =Pic + Py

4150 Slilsmic Analysis for Types | and Il Cranes

4151 Methods of Analysis. Adynamic analysis shall be
performed to establish the\response of the crane to a
seismic pvent. The typé€ of analysis shall be a linear
respons¢ spectrumia-linear response spectrum with
considefation for the nonlinear aspects of friction,
which wpuld _allew the trolley or bridge braked wheels
to slide pn_their rails in their respective direction of
travel; 4 linear time history; or a nonlinear time

Toad will be studies of Site selsmicity and expected qrane
usage (see para. 4132).

4153 Linear Analysis

4153.1 Response Spectrum Method.’The crane [shall
be considered to respond as a linear elastic system yhen
using the response spectrum method. The undamped
natural modes and frequengies shall be compputed
using a model acceptablesunder the rules of|this
Section. These results_shall serve as the basi$ for
mode-by-mode computation of the response of the
crane to each of the'three components of seismic ipput.

4153.2 Time-History Analysis. Time historigs of
structural response at the appropriate level may be
used for analysis of the crane. The time histories [shall
be proyided by the purchaser, and shall account for para-
metuie variation in the supporting structure. Procedures
for assembling the mathematical model shall be in afcor-
dance with this Section. The effects of the three compo-
nents of ground motion shall be combined in accordance
with the following requirements:

(a) The representative maximum values of the struc-
tural responses to each of the three components of eprth-
quake motion shall be combined by taking the squargroot
of the sum of the squares of the maximum representptive
values of the codirectional responses caused by each ¢fthe
three components of earthquake motion at a partifular
point of the structure or of the mathematical modgl.

(b) The maximum value of a particular responge of
interest for design of a given element may be obtdined
through a step-by-step method. The time-higtory
responses from each of the three components of the eprth-
quake 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 tp the
simultaneous action of the three components.| The
maximum response is determined by scanning the

history. When the results indicate a slack rope condition,
when handling a credible critical load, a nonlinear time
history analysis shall be performed in accordance with
para. 4154. For trolley or bridge sliding considerations,
a minimum coefficient of friction of 0.3 shall be
applied to the combined static plus dynamic braked
wheel loads.

In the event that simultaneous operation of motions is permitted, the
appropriate combinations of impact loads shall be used.

combined time-history solution. When this method is
used, the earthquake motions specified in the three
different directions shall be statistically independent.

4153.3 Crane Mathematical Model

(a) The crane shall be represented by a generalized
three-dimensional system of nodes. The model’s geometry
shall reflect the overall size, length, connectivity, and stiff-
nesses of the various structural members. An appropriate
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(20) Figure 4153.3-1 Typical Four-Wheel Trolley Model for
Seismic Analysis

Bridge girders

Bridge rail

four-wheel trolley and bridge models are shown in
Figures 4153.3-1 through 4153.3-4. Trolleys or bridges
with more than four wheels shall be modeled with addi-
tional elements that represent components between the
trolley or bridge structure and their respective rails. Addi-
tional elements may be employed to model boundary con-
ditions as needed.

The loadings resulting from the pendulum motion of the
lifted load are insignificant and need not be considered if

lrolley

Bridge rail
|«—— Hoist rope

o< Lifted load

(with load block)

z

Y&X

elemlent representation of each member shall be used to
descfibe all components that contribute significantly to
the §tiffness of the crane. The elements shall include,
but ot necessarily be limited to, the following structural
menibers: bridge girders, trolley frame, gantry legs, end
ties, pnd trucks, platform supports, and cab supports; and
for dranes required to be analyzed for credible critical
loadk, drum, upper block supports, and hoist ropes.
Line|elements associated with the trolley and:Bridge
trucks at the wheel locations shall be used to ‘xepresent
the donnectivity of the trolley and bridge wheels to their
respective rails, upon which the wheels.roll. Typical

Trolley
Bridge rails

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

Bridge girders

the crane 1s not handling a load, the period of moftion of the
pendulum swing exceeds 3 sec, or the frequency of the
pendulum swing is less than 20% of the fundamental hori-
zontal frequencies of the crane.

NOTE: Typically, the horizontal displacement of the [ifted load
resulting from the pendulum swing is small, but in spme cases
this movement, combined with the movement of the trolley or
bridge sliding on their respéctive rails, might resylt in load
contact with the leg of a gantry crane, the facility’s|structure,
or other plant equipment-and might require additional evalua-
tion.

(b) Foratrolleyor bridge using bogie trucks, the trucks
and their artictlation shall be modeled in a manyer thatis
representative of their structural characteristids. Where
various.connected structural members of the crane do not
have-intersecting centroidal axes, stiff line elemgnts shall
beused to represent the offset. These elements ghall have
stiffnesses that are an order of magnitude highey than the
most stiff structural member of the crane.

(c) A simplified finite element representatipn of the
trolley structure using stiff line elements may be used
for the crane dynamic model, provided if can be
shown by rational analyses that the actual trolley struc-
ture responding as an uncoupled system has natural

Bridge truck

Crane
runway rail

<«—— Hoist rope

®<«———— Lifted load

(with load block)

z

Y&X
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Figure 4153.3-3 Typical Four-Wheel Gantry Crane Model for Seismic Analysis

End ti
Bridge girders nate

Trolley

=2

Bridge rails

Gantry leg Hoist
oist rope

Crane runway rail Lifted load

(with load block)

Figure 4153.3-4 Typical Four-Wheel Semi~Gantry Crane Model for Seismic Analysis

Bridge truck
Bridge girders

Crane runway

\\/ rail (upper)

Trolley

<«—— Hoist rope

®<—— Lifted load
(with load block)

Gantry leg

Crane runway

~
7 {/ rail (lower)
~
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frequencies above 33 Hz. The simplified representation of
the trolley structure shall be modeled in a manner that will
notintroduce an artificial stiffening effect between the two
girders, but would allow for relative twist of the trolley
structure between the two trolley trucks (i.e., the torsional
stiffness of the trolley elements, connecting the two trolley
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

Frequency ratio for each of the three independent
orthogonal directions

fundamental frequency of the crane

Rf=
f frequency of the dominant runway motion

NOTE: The fundamental frequency of the crane is determined as
being decoupled from the runway structure, and the frequency of
the dominant runway motion is determined with consideration
to _the effective mass of the crane and lifted load.

for Higher Irequencies If plant operations mnduce such
freqyiencies.

Freeflom. Dynamic degrees of freedom shall be assigned to
a sufficient number of node points, and in such locations
that the real mass and stiffness distribution of the crane
are gimulated. Structural members subject to concen-
tratgd loads shall be provided with additional nodes at
the points where a concentrated load or its equivalent
mas$ is positioned. Crane components to be modeled
as mass points (concentrated loads) shall include, but
not be limited to, upper and lower blocks, gear cases,
motgrs, brakes, heavy electrical control cabinets, cab,
whegl assemblies, and trunnion pins. The total number
of maisses, or degrees of freedom, selected shall be consid-
eredladequate when additional degrees of freedom do not
resultin more than a 10% increase in responses. Dynamic
coupling shall be accounted for.

£153.4 Location and Number of Dynamic Degrees of

B153.5 Decoupling Criteria for the Crane Runway.
The |crane and runway shall be evaluated in &aeh of
the three orthogonal directions to determine if the
crane can be represented as a separate‘model or a
modEl coupled with the runway in each of the respective
diregtions.

NOT
requ
the t

E: Based on this evaluation, the ¢rane model may be
red to be coupled to the runway in only one or two of
hree orthogonal directions.

For the crane to be considered decoupled from the
runway, the criteria of (@) or (b) shall be met.

(a} If R,< 0.01, deecoupling can be done for any R

(b} 1£0.01 < R;3£)0.1, decoupling can be done if R,< 0.8
or if|Ry > 1.25.

(c] If neither the criteria in (a) nor (b) is met, then an
appyoximate model of the runway system shall be
included with the crane model.

The purchaser shall determine the mass and ffequency
characteristics of the crane runway systems iph each of
the three orthogonal directions.

4153.6 Boundary Conditions-at/Bridge and Runway
Rails. The boundary conditions/forthe crane m¢del shall
be selected so that the resulting:response, displdcements,
and forces in the crane strdcture are conservativgly deter-
mined. Trolleys with four,wheels shall be coupled to the
bridge at the interfacé of the trolley wheels and bridge
rails, as shown in Figure 4153.3-1 and Table #153.6-1
(unless restraining device requires additional doupling).
Overhead, gantry, and semigantry cranes with fo
shall be coupled to the crane runway rail at the i
the bridge wheels and runway rails, as shown i
4153:3*2,4153.3-3, and 4153.3-4, respectively,
4153.6-2 (unless restraining device requires
coupling). Trolleys or bridges with other than four
wheels shall be coupled in a manner that is representative
of the design being considered. For trolleys of bridges
using bogie trucks, all wheels shall be coupled to their
respective rails in the vertical (Z) direction) and the
“braked” wheels coupled in the direction |of truck
travel (X direction for the trolley and Y direction for
the bridge). If more than one wheel on p rail is
“braked,” only one wheel per rail shall be coupled|to repre-
sent the “braked” wheels. For bogie truck asse
are guided by means either of reduced wheel
guide (side) rollers, both wheels shall be coupled to the
rail, in the direction perpendicular to the rail (Y|direction
for the trolley and X direction for the bridge). When closely
guided wheels are not used, or when the truck is guided by
means of guide rollers at the center of the truck wheelbase,
only the midpoint of the truck wheelbase is requjred to be
coupled to the rail, in the direction perpendicular to the
rail.

The crane bridge (including gantry legs, if applicable)

Mass ratio for the horizontal directions (X and Y)

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

m

R
mass of the runway system
Mass ratio for the vertical direction (Z)

R mass of the crane and lifted load

" mass of the runway system

21

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 influ-
ence 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 in contact
with the resisting structure in establishing boundary con-
ditions used in the analysis for the crane. Consideration for
a restraining method (restraint device) shall be included
in the model if appropriate.

(20)
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Table 4153.6-1 Boundary Conditions: Trolley Wheels to Bridge Rails
X Direction Options [Note (1)] | Y Direction Options [Notes (2) and (3)]
Nodes TX-1 TX-2 TY-1 TY-2 TY-3 TY-4 Z Direction
Al * ~ ~ * ~ * *
A2 ~ ~ * ~ ~ ~ ~
A3 ~ * ~ ~ * * *
B1 * ~ ~ ~ * * *
B2 ~ ~ * ~ ~ ~ ~
B3 ~ * ~ * ~ E3 *
GENERAL NOTES:
(a) The asferisk (*) indicates nodes that are coupled in direction shown, and the tilde (~) indicates nodes that are not coupled (fyee'to'tranlate).
(b) All nogles are to be considered free to rotate.
NOTES:
(1) Selectipn of coupled nodes in the X direction depends on the location of the braked wheels (couple only one wheel gh each girder if morg than
one wheel on a rail is a braked wheel).
(2) Foranplysis, trolley coupling options TY-1, TY-2, or TY-3 are acceptable when the trolley is rigid, or is modeletLas rigid, in the XY plane. When
option|TY-11is used, the addition of fictitious rigid trolley and bridge line elements is required. These elements are only used for coupling|in the
Y diregtion. The X location of these elements is approximately at the X location of the trolley centroid.
(3) Optior] TY-4 should be used when the trolley is relatively flexible (and is modeled as such) in the XY{plane (i.e., the diagonal distancesof 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 [Notes (1) and (2)] | Y Direction Options [Notes (1) and (3)]
Nodles BX-1 BX-2 BX-3 BX-4 BY-1 BY-2 BY-3 BY-4 Z Directign
ch * * ~ * * ~ * ~ *
ck * * * ~ ~ * ~ * *
D1 * ~ ~ * * ~ ~ * *
pk * ~ * ~ ~ * * ~ *
GENERAL NOTES:
(a) The asferisk (*) indicates nodes that are ceupled in direction shown, and the tilde (~) indicates nodes that are not coupled (free to tranflate).
(b) All nogles are to be considered free to rotate.
NOTES:
(1) Forpolar cranes, the Xand Y dir€ctions are defined as the directions perpendicular to and parallel with the tangent of the crane runwayjrail at
the node location, respectively.
(2) Selectipn of the couplinggption in the X direction depends on the type of crane being modeled, and if the crane is modeled as being couplled or

decoupled from the cfahe runway system (para. 4153.5).

(a) Usg option BX-1.foroverhead cranes that are considered coupled to an approximate model of the crane runway system, and for both gantry
cranes and|semi-gantfy cranes.

(b) Usk option BX*2 for overhead cranes that are modeled as being decoupled from the crane runway system when the bridge lateral (X) dis-
placement is heldmore 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 rigidin the
lateral direg¢tignthan the other end, or when the bridge wheels are guided more closely on one end of the bridge than the other end, normally by melans of
limited whéel-float-or the useof guide rollers

(c) 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 (couple only one wheel on each end of the bridge if
more than one wheel on a rail is a braked wheel).

22
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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 only one location per girder, the corresponding
resulting forces, determined by the computer analysis,
shall be distributed to the two trolley wheels on the
same rail, and each wheel shall be considered to transfer
a mil
bridge is coupled to the runway in the X direction, at only
one ¢nd of each girder with the bridge trucks not guided
and poth crane runway structural systems have similar
horizontal stiffness characteristics, the resulting force
corrfesponding to each girder, determined by the
computer analysis, may be distributed to both ends of
the Hridge girder by an amount not less than a proportion
basefl on the vertical bridge static reactions (ratio of the
statif bridge girder end reaction to the total static end
reactions of the corresponding girder, mass distribution
proportion), nor less than two-thirds of the total load.

B153.7 Trolley Locations and Hoist Positions. The
crang shall be analyzed with the trolley located in different
locations along the bridge, with and without a lifted load
raisgd to different positions for each trolley location
consjdered. The following describes the loading condi-
tiong to be used for this analysis:

(a) Credible Critical Load on Hook. This loading condj-
tion fhall be analyzed with the hook at two different hoist
positions. These hoist positions shall be specified by the
owner and are the upper and lower hook positions that
defirje the operating range of hook travel duringthe postu-
lated seismic event. If the primary responsé of the crane is
higher at some intermediate hook position,that hook posi-
tion $hall be analyzed, and the hook position that produces
the lowest response (hook up er‘heok down position)
need not be analyzed.

(b} No Load on Hook. Eor this loading condition, the
hoolf (load block withoatyload) shall be modeled as a
mas$ at the end of the\rope, with the hook raised to
the up position.

Far a typical crane that is similar in design on both ends
of the bridge; three separate trolley positions shall be
inclyded in\the analysis, which correspond to trolley
locatled atiits extreme end position of the trolley travel
on the\bridge (i.e., end hook approach); trolley located

midpoint between the trolley at its end position and
the trolley at its mid-span position.

Ifthe crane is not similar on both ends of the bridge (e.g.,
semigantry cranes, and gantry cranes that have nonsi-
milar legs at each end of the bridge, or have girders
that extend past the crane runway on only one end),
then two additional trolley positions shall be analyzed,
so that the trolley positioned at both of the extreme
end positions and both of the quarter-point trolley posi-

If the trolley at its end-of-travel p051t10n(s) is’ot closer
to the bridge runway than one-fourth of-the brifge span,
then the analysis with the trolley at the quatrter-ppint posi-
tion(s) is not required.

If the crane arrangement is otherthan those described
above (e.g., crane with multiple-trolleys), the pwner or
purchaser shall specify the trolley(s) positions and load-
ings, and other applicable ‘considerations thatl must be
taken into account.

4153.8 Damping Values. The response of each mode
shall be detepmined from the amplified responge spectra
for the appropriate values of structural dajping. A
damping.alue of 7% of critical damping shal] be used
for theserane when the SSE is used in the aralysis. A
damping value of 4% of critical damping shal] be used
wheén the OBE is used in the analysis.

4153.9 Number of Modes Required for| Seismic
Analysis. It is not generally necessary to inglude the
contributions of all modes to the seismic regponse of
the crane. A modal participation factor shalll be used
with the modal frequencies to select significarjt modes.
Since high frequency modes may respond stfongly in
some cases, it is not sufficient to limit the moda] analysis
to the first several modes computed. Additionpl modes
shall be computed until the inclusion of additional
modes does not result in more than a 10% infrease in
response.

4153.10 Combination of Modal Responses. In
combining the dynamic responses with the sfatic and
wind loadings (when applicable), as reqpuired in
para. 4140(d), a sign convention shall be applied to
the dynamic responses such that the combingd results
would yield the worst case for the loading dondition
being considered.

(a) With No Closely Spaced Modes. When the fesults of

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
(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

the modal dynamic analysis show thatthe 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).

(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


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

ASME NOG-1-2020

seismic input shall be combined using one of the following
three methods:

(1) Grouping Method. Closely spaced modes shall be
divided into groups thatinclude all modes having frequen-
cies between the lowest frequency in the group and a
frequency 10% higher [ see (3), Note (1)]. The represen-
tative maximum value of a particular response of interest
for the design of a given element of a nuclear power plant
structure, system, or the crane attributed to each such

where R, R, and N are as defined in Note (2). R, is the peak
value of the response of the element attributed to the sth
mode, and &, is a correlation coefficient between modes k
and s.

2 -1
€r. =11 —(w/k _ wls)
ks (B or + B )

group offmodes shall Tirst be obtained Dy taking the
sum of the absolute values of the corresponding peak
values of| the response of the element attributed to indi-
vidual m¢des in that group. The representative maximum
value of this particular response attributed to all the signif-
icant mofles of the structure, system, or the crane shall
then be ¢btained by taking the square root of the sum
of the squares of corresponding representative
maximurh values of the response of the element attributed
to each closely spaced group of modes and the remaining
modal responses for the modes that are not closely spaced.
Mathemdtically, this is expressed as follows:

1/2

where I # m; R, and R, are modal responses, R; and R,,

within thle gth group, respectively; i is the number of the

mode wHere a group starts; j is the number of the mode

where tije group ends; R, Ry, and N are as defined in

(3), Notg (2); P is the number of groups of closély

spaced modes, excluding individual separated modes:
(2) 10% Method

N 1/2
R=|Y RZ+2) [RR)|
k=1

where i % j; and R, Ry, and N are defined in Note (2). The
second symmation shall be dehe 6nalliand jmodes whose
frequencjes are closely spaced to each other. Let w; and w;
be the frpquencies of the7th and jth modes. In order to
verify which of the modes are closely spaced, the following
equation|shall be/applied:

in which

o' = wk[l - ﬁkz]l/z

By = By + 2/ (tgar)

where wy and B are the modal frequency and the danjping
ratio in the kth mode, respectively, and t; is the time dura-
tion of the earthquake.

NOTES:
(1) Groups shall beformed starting from the lowest freqfiency
and workingtoward successively higher frequencies. No one
frequency<shall be in more than one group.

(2) R is theMrepresentative maximum value of a particular
response of a given element to a given component fof an
earthquake; Ry is the peak value of the response qgf the
élement due to the kth mode; and N is the number of fignif-
icant modes considered in the modal response combinftion.

(c) Combination of Three Orthogonal Componeilts of
Earthquake Motion. The representative maxifjum
values of the structural responses resulting from [each
of the three orthogonal components of the earthquake
motion shall be combined at each node of the crane rrath-
ematical model by taking the square root of the sum gf the
squares (SRSS) in the following manner:

1/2
2 2 2
Rcombined = (RX + Ry + RZ)

where

Ry Ry, R; = representative maximum values resylting
from each of the three orthogonal compo-
nents of the earthquake motion (X, Y} and
Z, respectively)
total representative maximum value ¢fthe
combined modal responses for the selsmic
event being considered (i.e., OBE or|SSE)

Rcombined =

Also,

1<i<j<N

(3) Double-Sum Method:

N N 1/2

R=[D D [ReRex

k=1s=1

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

4154 Nonlinear Time History for Slack Rope Condi-
tion. For the case when the credible critical load is being
supported by the hoist ropes, and the results of the linear
analysis of para. 4153 indicate a slack rope condition, i.e.,
rope going into compression, the nonlinear time-history
method of analysis shall be used to determine the
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maximum rope tension loads resulting from a slack rope
condition. These loads shall be used to verify rope compli-
ance 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 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 response.

cranp trolley 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
thre¢-dimensional model are not significant. A nonlinear
spring (tension member only) shall be used to represent
the hoist ropes.

154.2 Location and Number of Dynamic Degrees of
Freeflom. Dynamic degrees of freedom shall be assigned to
a sufficient number of node points and in such locations
that the real mass and stiffness distribution of the ¢crane is
simylated. An important consideration for modeling the
crang for the nonlinear analysis is that the-fundamental
frequiency of the crane system in its unloaded (no load on
the Hook) configuration approximates that determined by
the linear analysis.

154.3 Boundary Conditions-at Bridge and Runway
. Boundary conditions-forthe crane model shall be
stent with those specified in para. 4153.6.

Railg
cons

B154.4 Trolley-Locations and Hoist Positions. A
bined trolleyand loaded hook position shall be
sele¢ted so as-te Tesult in a crane system frequency
that| produées the severest slack rope conditions.
Trollley locations and hoist positions specified in
para| 4153.7 shall be considered.

com

ambient temperature and be taken at the manufacturer’s
plant prior to shipment, unless otherwise specified. A
minimum dimensional check of a member will consider
straightness, camber, lateral deviation of web to flange
centerlines, and depth.

Overall crane dimensions shall be in accordance with
the crane manufacturer’s clearance drawing of the crane.
Dimensions on the clearance drawings are the maximum
dimensions of the crane and shall not be exceeded by the
TManuiacturer. Height and end dimensions shall pe shown
in relationship to the top of the runway raileé¢nterline.
Cumulative measurements of crane compornents are
permitted.

The accuracy of the runway rail dimensions shall be the
responsibility of the purchaser./Fhierunway rails shall be
straight, parallel, level, and at'the€ same elevatign within
the tolerances given in Figure'4160-1. The crape manu-
facturer shall design the.crane to operate propely within
the runway rail toleramnges given in Figure 416p-1. Both
the overall tolerances and rate of change tolerances shall
be met. If existing runway rail systems do not|meet the
tolerances in‘Figure 4160-1 or these tolerances ¢gannot be
achieveda‘qualified person shall verify the suifability of
the crane“design for the actual conditions.

4200 MATERIALS AND CONNECTIONS

All materials of the structural components of fhe crane
shall be an accepted type, suitable for the pufrpose for
which the materials are to be used, and shall be ih compli-
ance with any additional requirements specifi¢d herein
for the materials.

4210 Base Materials
4211 Material

(a) The base materials listed in Table 42[11-1 are
considered acceptable for the structural components
identified in para. 4400 of Types I and II crafes when
they meet the requirements of para. 4212. The manufac-
turer shall report the materials actually employed to the
purchaser. Other suitable materials, which are ip compli-
ance with the other provisions for materials gpecified
herein, may be acceptable subject to approvpl by the
purchaser.

(b) The base materials for the components
not included in (a) shall be in accordance with

bf cranes
bpecifica-

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 justification.

4160 Tolerances

Dimensions of welded beams, girders, and built-up
members shall be within the tolerances specified by
AWS D14.1. All measurements shall be based on 70°F

25

tion CMAA 70.

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 (1), except as provided in
(b). Materials for Type III cranes shall be in accordance
with Specification CMAA 70. The purchaser shall specify
the minimum operating temperature as defined in para.
1150.
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Figure 4160-1 Runway Rail Alignment Tolerance

Maximum Rate

\ [ — T Overall Tolerance of Change
< T =
+ T § L =50ft, A=34in.
~ @
4 b E 50 ft < L = 100 ft, % in./20 ft Oin.
% \‘ é A= 1/4 in.
T £ o
T T I T > T00 T, A= 37g .
Span
+ B
r B=3/in. % in./20 ft 0 in
IJ7/ L
Straightness -B
[ — — _ 1 C=3in. % in./20 ft 0 in
+C Elevation -C
i Span L D L =50ft, D= +3gin.
I I - 50 ft < L < 100 ft, . .
D=2, in. % in./20 ft 0 in
Rail-to-Rail Elevation L>100ft, D= +34in.

(1) For material gréater than % in. thick, Charpy V- accordance with ASTM A673 frequency P. For Type II
notch tests shall be pérformed in accordance with (3), or cranes, the sampling shall be in accordance with ASTM
drop weight testedif"accordance with (2). A673 frequency H for specified minimum yields ¢f 55

(2) The drop.weight test shall be performed in accor- ksi or less, and frequency P for higher strength steels.
dance with ASFM E208 using specimen type P-1, P-2, or P- The test temperature shall be a minimum of BO°F
3. The sgmpling shall be in accordance with ASTM A20 below the minimum operating temperature. The a¢cep-

when applicable or ASTM A673 frequency P except for
the type of specimen. The specimen depth shall be at
least as far from the material surface as that specified
for tensile test specimens in the material specification.
The nil-ductility transition temperature shall be a
minimum of 30°F below the minimum operating tempera-
ture.

(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

tance criteria shall be as shown in Table 4212-1. The
results obtained with sub-size Charpy V-notch specimens
shall be converted to full-size specimens in accordance
with ASTM A673, Table 1 before comparison with the
acceptance criteria.

(b) The base material shall be exempt from impact
testing as required in (a) 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
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Table 4211-1 Acceptable Materials and Reference Properties for Structural Components

ASTM Yield Tensile
Specification Grade or Stress, Strength,
[Note (1)] Class Form Size ksi 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. shapnes with flange or leg 50 min 70 min.
thickness < 1% in.
Plates and bars > ¥, in. and < 1% in,, shapes with 46 min. 67| min.

flange thickness > 1% in. and < 2in.

Plates and bars > 1% in. and < 4 in., shapes with 42 min. 63| min.
flange 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 < % in. and periphery < 64 in. [Note-(3)] 46 min. 58 min.
A501 Tubing Square and rectangular with sidés < 10 in. and wall 36 min. 58 min.

<1in., rounds < 24 in. dianieter and wall < 1 in.

A516 65 Plates Thickness < 8 in. 35 min. 6585
70 Thickness < 8 in. 38 min. 7090
A537 1 Plates Thickness < 2% in. 50 min. 70190
Thickness $2% in. and < 4 in. 45 min. 65}-85
2 Thickness < 2% in. 60 min. 80[-100
Thickiiess > 2% in. and < 4 in. 55 min. 75195
Thickness > 4 in. and < 6 in. 46 min. 7090
3 Thickness < 2% in. 55 min. 80l-100
Thickness > 2% in. and < 4 in. 50 min. 7595
Thickness > 4 in. and < 6 in. 40 min. 70f90
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., and shapes 55 min. 70| min.
60 Plates and bars < 1%, in,, shapes with flange or leg 60 min. 75| min.

thickness < 2 in.

65 Plates and bars < 1%, in,, shapes with flange or leg 65 min. 80| min.
thickness < 2 in.

A588 Plates, shapes, bars Plates and bars < 4 in., and shapes 50 min. 70| min.
Platac and harc Adin—and < O in A6 min 67 min_

Plates and bars > 5 in. and < 8 in. 42 min. 63 min.

A618 Ia, Ib, II Tubing Wall < 34 in. 50 min. 70 min.
Wall > %, in. and < 1% in. 46 min. 67 min.

I All tubing 50 min. 65 min.

27
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Table 4211-1 Acceptable Materials and Reference Properties for Structural Components (Cont’d)

ASTM Yield Tensile
Specification Grade or Stress, Strength,
[Note (1)] Class Form Size ksi ksi
A633 A Plates Thickness < 4 in. 42 min. 63-83
CD Thickness < 2% in. 50 min. 70-90
Thickness > 2% in. and < 4 in. 46 min. 65-85
E Thickness < 4 in. 60 min. 80-100
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. SO0nmin. 70-90
C Thickness < 2% in. 60 min. 80-100
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,
NOTES:
(1) For additional material information, see the referenced ASTM specificatioh.
(2) For wide flange shapes with flange thickness over 3 in., the 80 ksi maximum tensile strength does not apply.
(3) The ejceptions from fracture toughness requirements in para. 4212 do not apply to this material.
(4) The yipld stress to tensile strength ratio shall not exceed 0.85.
Table 4212-1 Required C, Energy Values for Structural Materials (Except Bolting)
Energy, ft-1b, for Materials of Specified Minimum Yield Stress, ksi
40 or Less | Over 40 to 55, Incl. | Over 55 to 105, Incl.
N¢minal Thickness, in. Average of 3 Lowest of 3  Average of 3 Lowest of 3 Average of 3 Lowest|of 3
Over % to| %, incl. 13 10 15 10 20 15
Over % to] 1, incl. 15 10 20 15 25 20
Over 1 to [LY%, 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
GENERAL NOTE: This. Tabl€ is extracted from Table ND-2311(a)-1 in ASME BPVC, Section III, Division 1, 1980 edition.
(3) the.maximum tensile stress (including residual (6) the component is fabricated from normalized
stresses H-the-componentisnotpostweld-heattreated M- Gla cel-and-the-required-test-tempera-

under all conditions of loading required in para. 4100
does not exceed 6,000 psi

(4) the component is fabricated from an austenitic
stainless steel or a nonferrous material not subject to
a ductile brittle transition

(5) the component is fabricated from normalized
ASTM A516 Grade 70 steel and the required test tempera-
ture or the lowest service temperature is greater than 0°F

28

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
Types I and II cranes. The manufacturer shall report
the materials actually employed to the purchaser.
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Table 4221-1 Acceptable Fastener Materials for Structural Connections for Types | and Il Cranes

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

A193 B7 2% 105 125 min.
>2Y, and <4 95 115 min.

>4 and <7 75 100 min.

B16 2% 105 125 min.

>2'% and <4 95 11Q min.

>4 and <8 85 10( min.

A320 L7 2% 105 129 min.
L43 <4 105 124 min.

A325 1and 3 =Y and <1 85 92 12( min.
>1% and <1% 74 81 104 min.

A490 1 and 3 >, and <1% 120 130 15(0-173

NOTH: (1) For additional information, and requirements for nuts and washers, see the referenced ASTM specification.

(b} The fastener materials for structural components of
crangs not included in (a) shall be in accordance with
CMAA 70.

(c] When not restricted by para. 1145, the fastener
matdrials in Table 4221-2 may be galvanized or coated
with|zinc-rich paints. Fastener materials with a hardness
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 (1)
except as provided in (b). The purchaser.shall provide
the minimum operating temperature-as defined in
para| 1150.
(1) Charpy V-notch tests shall be’performed in accor-
dangde with ASTM A370. For belts.and studs, the sampling
shall be in accordance withhn\ASTM A320. For nuts, the
sampling shall be in accondance with ASTM A194. The
test temperature shallibe equal to or less than 30°F
belov the minimumnoperating temperature as defined
abovye. The acceptance criteria shall be as shown in
Tablp 4222-1,

(b) Fastener materials shall be exempt frog impact
testing as required in (a), provided the nominpl size of
the bolt orstud is 1 in. or less.

4230 -Welding Materials

4231 Material. All welding materials shall be in compli-
dnce with the requirements of AWS D14.1 and [the addi-
tional requirements specified herein.

(a) Matching filler metal of adequate touglness per
para. 4232 shall be used. For the shielded retal arc
welding (SMAW) process, low hydrogen type electrodes
shall be used for the structural connections of Types I and
IT cranes per para. 4400.

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

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

4232 Fracture Toughness

(a) The filler metal defined in para. 4231(a) shall be
impact tested in accordance with (1) except as [provided
in (b). The purchaser shall provide the minimpm oper-
ating temperature as defined in para. 1150.

Table 4221-2 Fastener Materials That May Be Galvanized

ASTM Specification

Type or Grade

ASTM A307
ASTM A325 Type 1
ASTM A449
ASTM A563 Grade DH
ASTM A194 Grade 2H

(1] Char %A Y-trotehrtestsshattbe pet formred in accor-
dance with the filler metal specification. The difference
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 testing
as required in (a), provided

(1) the base materials are exempt per
para. 4212(b)(1), 4212(b)(2), 4212(b)(3), or
4212(b)(4), or

(20)
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Table 4222-1 C, Energy Values for Fastener Materials

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

55 or Less | Over 55 to 105, Incl. [Note (2)] | Over 105 to 145, Incl.
Nominal Diameter, in. Average of 3 Lowest of 3 Average of 3 Lowest of 3 Average of 3 Lowest of 3
Over 1 to 2% 25 20 30 25 35 30
Over 2% to 4 30 25 35 30 40 35
Over 4 35 30 40 35 45 40

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

NOTES:

(1) When § minimum yield stress is nota part of the material specification, the actual yield stress shall be determined per ASTM A370.and uked to

deternpine the required energy.

(2) Stock fasteners having an average energy of 20 ft-lb and a minimum energy of 15 ft-Ib at ~150°F may be used for minimtm opefating

tempefatures above -90°F without additional testing.

(2) the effective throat of the nominal weld is % in. or
less

4240 Welded Studs

Weldedl studs shall not be employed for the connections
of the strjictural components defined in para. 4400. Studs
welded tp the structural components of the crane shall
comply yith the requirements for studs specified in
AWS D1.1, and shall be compatible with the base material.

nnections

elded Connections. Welded connections shall
ith the requirements of AWS D1.1 except as
modified|by AWS D14.1 and as specified herein.

4251.1 Welding Procedures. All welds for Types I'and
II cranes|shall be performed in accordance with written
procedurifes that establish limitations of variables consis-
tent withf AWS D14.1. These welds may bé:either prequa-
lified or fjualified in accordance with-AWS D14.1.

4251.2 Qualification Impact(Tests. The weld proce-
dure qualification shall be exempt from impact testing as
required per Mandatory Appendix I, para. [-4251.2,
provided| one of the following is met:

(a) th¢ base materialsare exempt per para.4212(b); or
(b) th¢ base materials are in AWS D14.1, Table 1, Mate-
rial Clasp II; the\meld is made by shielded metal arc
, submerged arc welding, gas metal arc

or-flux cored arc welding; and the filler metal
ner. p’JV"J /]_')Q')(]—\); or.

(c) the base materials are inAWS D14.1, Table 1, l‘l’late-
rial Class II; the weld is madé by shielded meta] arc
welding, submerged_aro welding, gas metal arc
welding, or flux cored.ar¢ welding; and the weld is post-
weld heat treated, pér)para. 4251.5.

4251.3 Combination of Weld Types. If two or mdre of
the general types of welds (groove, fillet, plug, slot) are
combined.inr a single joint, the allowable capacify of
each shall’be separately computed with referen¢e to
the axis’of the group in order to determine the allowable
capacity of the combination.

4251.4 Nondestructive Examination Requirempnts.

All welds shall be visually inspected over their eptire
lengths. Additional inspection and testing of the jpints
of the three types of cranes shall be as stated below. Ex-
amination and acceptance criteria of welds and repairs
shall be in accordance with AWS D14.1 unless otherjwise
stated below.
(a) TypesIand Il Cranes. The following inspection$ and
tests shall be applied to welded structural connectjions.

unless the specification for the crane stipulates

r

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

Specified Minimum Tensile

°F Below Minimum Operating

Strength, ksi Temperature
75 or less 30
75 to 95, incl. 50

Over 95 70

llleLhUL‘l LO USCc.
(2) Other welds with an effective throat over % in.:
dye penetrant or magnetic particle testing as follows
unless the specification for the crane stipulates 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 the crane specifica-
tion.
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(20) Table 4251.5-1 Exemptions to Mandatory Postweld Heat

Treatment

Effective Throat of Weld, in.
Not Toughness

Material Class Toughness Tested

(1) All required postweld heat treating shall be
covered by a written procedure.

(2) Localized postweld heat treating may be
employed as stated above, when approved by the
design engineer. A written procedure must address the

[Note (1)] Tested [Note (2)] [Notes (2) and (3)] . A )
I same seven points outlined in (3) for furnace postweld
11 1/ or less 4 or less .
I 1% or less 4 or less heat treating,
12 (3) For furnace postweld heat treating, the proce-
v 17 or less 4 or less dure must address the following:
NOTHS: {-aJ temperature at start of thermal cydle
(1) Material Classes are per AWS D14.1, Table 1. Carbon and low alloy (-b) rate of heating
steels not in this Table shall be exempt from postweld heat treat- (-c) maximum allowable variation'of tenjperature

entfor thicknesses of % in. or less, provided the carbon does not
ekceed 0.35%.
(2) The manufacturer may test materials or procedures otherwise
ekempted from toughness testing in order to apply this exemp-
t{on to postweld heat treating.
(3) Materials qualified by testing to para. 4212. Weld procedures
qualified by testing to para. 4251.2.

4) Lamellar Tearing

(-a) Weldjoints shall be designed to minimize base
matgrial strain in the through-thickness direction due to
weld shrinkage.
(-b) When base materials are subject to weld
shrinkage strains in the through-thickness direction in
highly restrained joints (typically thick sections utilized
in te¢ and corner joints), the base materials shall be ultra-
sonigally tested in accordance with Mandatory Appendix,
para| [-4251.4.

(b) Type Il Cranes. Nondestructive examination re-
quir¢ments for welds and base metal shallbe-in accor-
dande with CMAA 70 and the manufacturer/s standards
unlefs otherwise stated in the specification for the crane.

B251.5 Postweld Heat Treatment

(a) Types I and II Cranes. Welded connections shall be
postyveld heat treated (stressyelieved) in accordance with
AWY D1.1 except where _exempted by Table 4251.5-1.
However, exempted“material may be postweld heat
treatled at the manufacturer’s option. Times and tempera-
tureg per AWS_DI+1 shall be employed.

When it isfiot practical to postweld heat treat an entire
assemblys-local postweld heat treatment shall be

employed.Local postweld heat treatment shall be accom-

throughout the portion of the part being’treat¢d
(-d) maximum temperature tolerance fat stress
relief temperature
(-e) holding time at stress relief tempefature
(-f) rate of cooling to*temperature suitable for
removal of work from the.furnace
(-g) location o6fthermocouples and thg
required
Vibratory conditioning to improve dimensiorjal stabil-
ity may be uséd at the option of the Manufactprer. The
conditioning,shall be done in accordance with the recom-
mendations and procedures established by the manufac-
turer.of the equipment.
(b)" Type Il Cranes. The manufacturer shall determine
the need for postweld heat treatment. When us¢d, PWHT
shall comply with AWS D1.1.

4251.6 Stud Welding. The welding of studs
accordance with AWS D1.1. The thickness of
material to which studs are welded shall
exceed 20% of the nominal stud diameter to
burn-through.

number

hallbein
the base
equal or
minimize

4252 Bolted Connections

4252.1 Structural Joints Using ASTM A325 or ASTM
A490 Bolts. Structural joints for structural corhponents
identified under para. 4400 using ASTM A325|or ASTM
A490 bolts shall be designed and installed in adcordance
with the AISC Manual of Steel Construction, 15th Edition,
Section 16-2. Bolt holes shall be subpunched anfl reamed
or drilled. Standard holes shall have a diameter ominally
1/,6in. in excess of the nominal bolt diameter. Slptted bolt
holes shall not be used except for connections [that may
require field adjustment for fitting the crarge to the
ITUnway.

plis edhy hpnfing a band of metal that includes the jaint
Heating may be obtained by any method that will ensure
sufficient uniformity without harming the material. The
width of the heated band on each side of the greatest
width of the finished weld shall be at least twice the effec-
tive throat of the weld. The material outside the heated
band shall be protected to avoid harmful temperature
gradients.

When postweld heat treating is employed, the following
shall be observed.

31

4252.2 Structural Joints Using Bolts Other Than
ASTM A325 or ASTM A490. Structural joints using
bolts other than ASTM A325 or ASTM A490 shall be
bearing type and shall comply with the requirements
for non-high-strength bolts specified in the AISC
Manual of Steel Construction, 15th Edition, Section
16-1. All bolts shall be torqued to a pretension load on
the bolt of 60% to 70% of the minimum yield stress of
the bolt material. Standard holes shall have a diameter
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Table 4311-1 Maximum Allowable Stresses in Structural
Steel Members

o, = [1 = (kI/r)*/2C})(o,/DF)

Stress Type (All Expressed in Terms of o,) where .
Loading Compression DF = design factor
i i .
Condition Tension [Note (1)] Shear Bearing I; - fffect}iveflength faCFor b
Operating 0.50 0.50 036 CMAA 70 = length of compression member
i r = radius of gyration of member
Construction 0.50 0.50 0.36  CMAA 70
Severe 0.67 0.67 045 The required design factor shall be equal to:
environmental
Extreme 0.90 0.90 0.50 ] i \3
environthental I3 31 1l
DF=N|=+ =| L |- —-| L
NOTE: (1)| For gross section. 3 8| C 8| C,

nominally 1/16 in. in excess of the nominal bolt diameter,
except fgr bound bolts.

4252.3 Pitch and Edge Distances. The minimum
pitch between centers of bolt holes and minimum edge
distancep from the center of a bolt hole to any edge
shall be af stipulated in the AISC Manual of Steel Construc-
tion, 15th Edition, Section 16-1, Chapter J.

4252.4 Bolt Identification. The bolting of the struc-
tural joinfs of the Types I and Il cranes shall be identifiable.
A uniqug marking system shall be used to identify type
and/or grade of bolts and nuts used.

4253 Field Connections. All field connections of struc-
tural cojnponents shall be bolted unless otherwise
approvefl by the purchaser. The manufacturer shal
provide dufficient information on drawings or in installa-
tion manfials on the requirements for all field connections.

4300 DESIGN CRITERIA

4310 Basic Allowable Stresses for Structural Steel
Members

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

4312 Compression Members Controlled by Buckling.
For compression members with an equivalent slender-
ness rati

(% Cc

Value of N for each loading conditien is: operating| 1.2;
construction, 1.2; severe environmental, 0.9; extremp en-
vironmental, 0.67. For compression members with an
equivalent slenderness ratig

K/t > C,

the allowable axial compression stress shall not exceed the
value

127%E
2
on( )
;
In lieu of calculating the allowable stress by formulg, the
allowable stress listed in the AISC Manual of $teel

Construction, 15th Edition, Section 16-1, Chaptpr E,
divided by N may be used.

a

4313 Bending Stress. The allowable bending stregs for

members other than those girders conforming t¢ the
dimensional criteria outlined in para. 4333 ghall
conform to AISC Manual of Steel Construction, [L5th

Edition, Section 16-1, Chapter F, divided by 1.12[N for
the different loading conditions.

4314 Welds. Basic allowable stresses in welds shll be
as specified in AWS D14.1. Allowable stresses for all fypes
of welds may be increased for severe environmental|load
combinations by a factor of 1.33, and for extreme gnvi-
ronmental load combinations by a factor of 1.50.

4315 Bolts

|42
L C. = |2 E
r \] oy
where
E = modulus of elasticity

o, = yield stress

The allowable axial compression stress shall not exceed
the value

(n) ASTM A325 or ASTM A490 Bolts. Allosaable o klng

stresses for operational or construction loads shall be in
accordance with the AISC Manual of Steel Construction,
15th Edition, Section 16-2. Allowable working stresses
for other loadings shall be as 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.

(20)

(20)

(20)
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Table 4315-1 Allowable Stresses for Bolts Other Than
ASTM A325 or ASTM A490

where
k

effective length factor in the plane of bending

Stress T - | = actual unbraced length in the plane of bending
ype (Expressed in Terms of . o . .
Ultimate Strength) N = loading condition factor given in para. 4312
Loading Condition Tension Shear r = corresponding radius of gyration
Operatmg_ 033 017 (a) For compression members in frames subject to
Construction 0.33 0.17 . .
joint translation, C,, = 0.85.
Severe environmental 0.44 0.23 . . .
(b) For restrained compression members in frames
Extrepre-environmentat 6-56 026 braced against joint translation and 1ot subject to trans-
verse loading between their supports inthe|plane of
bending
(2) Friction-Type jJoints. Allowable working stresses M
for friction-type joints may not be increased for severe or Cp=06— 0.4[—1] but pot less than 0.4
extr¢me environmental loadings. My
(b} Bolts Other Than ASTM A325 or ASTM A490. Allow- ) )
able [stresses shall be in accordance with Table 4315-1. ~ Where Mi/M; is the ratio ofthe.smaller to larger moments
at the ends of that portiofn6fthe member unbra¢ed in the
4320 Combined Stresses plane of bending underconsideration. M, /M, i$ positive
when the member iS’bént in reverse curvature 3nd nega-
4321 Axial Compression and Bending. Members  jve when it is beht in a single curvature.
subjg¢cted to both axial compression and bending stresses (c) For comipréssion members in frames bracdd against
shalll satisty the following requirements: joint transfation in the plane of loading and suljjected to
o CrxChs CinyChy transversé€ loading between their supports, the value of C,,
- + N + <10 (1)  may bedetermined by rational analysis; howevpr, in lieu
(1 - 6,—)6abx (1 — fL]gaby of such analysis, the following values may be ysed:
e Oey (1) For members whose ends are restraired,
C, = 0.85.
(2) For members whose ends are unrestrpined,
(o2 =
A L APRY oy m=10
%c  Oabx  Oaby 4322 Axial Tension and Bending. Members §ubject to
both axial tension and bending stresses shall satisfy the
where requirements of eq. (3). The computed bendirng tensile
C.} = acoefficient whose value shall be as given in (a), stress, taken alone, shall not exceed the applicable
(b), and (c) value according to para. 4311.
d = computed axial stress
o} = computed compressive _bending stress at the 4323 Shear and Tension
point under conside{aion (a) Bolts subject to combined shear and tension shall
. . . be so proportional that the tension stress, psi, prqduced by
When 0/0q < 0.15, the f(:)llowmg equation may be used in forces applied to the connected parts, shall not ekceed the
lieu pf the above equations: following:
L\® Obx. " Oby. <10 3) (1) For A325 bolts in bearing-type joints
(9} by Oaby o+ = SS5,000R — 1.87 < 44,000R

In eds.(1))(2), and (3), the subscripts x and y, combined
with|subscripts b, m, and e, indicate the axis of bending

(2) For A490 bolts in bearing-type joints

— Aﬂlﬂﬂﬂp =18z < (A’ﬂﬁﬂl?

about which a particular stress or design property applies;
and o, and o, are the allowable axial and bending
stresses, respectively. (See paras. 4311 and 4312. Note
that o, = g, in paras. 4311 and 4312; g, = 0, as
given in para. 4311 only.)

. 127°E

(P D)
(Y
r

4)

33

C.
i

(3) For other bolting materials in bearing-type joints
ot = 0.60)R — 1.67

where 7 (the shear stress produced by the same forces)
shall not exceed the value for the shear given in para. 4315.
o, is the yield stress (the proof stress may be used). R is
given as follows:

(-a) operating conditions: R = 1
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(-b) construction conditions: R = 1
(-c) severe environmental conditions: R = 1.33
(-d) extreme environmental conditions: R = 1.50
(b) For bolts used in friction-type joints, the shear
stress allowed in para. 4315 shall be reduced so that

K for compression
K. for shear

For carbon steel

7
(1) for A325 bolts b/t > 2.62 X 10 ©)
7, = 15000(1 — 0,A,/Tj) JK T\ 075760,
(2) for A490 bolts For A36 steel
7, = 20,0001 — 6;Ap/Ty,) b/t S 3099
JK
where
A, = tensile stress area shall be assumed to be
T, = dpecified pretension load of the bolt 6,y = 6,K, (for compressiof)
o, = gverage tensile stress due to a direct load applied K,
to all of the bolts in a connection Ty = Uef(fOT shear)
In fricfion-type joints, the allowable shear stress may where
not be irfcreased due to environmental conditions. 5
. b/t n°E
4324 Shear and Bending. The maximum combined — =< (7
: : JK 12(1 — 4*)0.75760
shear stifess due to shear, bending, and direct stresses TS 'y
shall nof exceed the allowable values for shear as
given in para. 4311, except that in severe and extreme The critical buckling stress shall be assumed to be
environthental conditions, the allowable shear stress o (oK )2
may be ihcreased by 20%. o= B4 2 o - (for compression) (8)
0.1836(0;)" + (0:K;5)
4330 Buyckling
4331 Local Buckling or Crippling of Flat Plates. The
structurdl design of the crane must guard against local gy(GeKT)Z
buckling of plates such as webs and cover plates of Ty = 5 3 (for shear) 9
girders, |etc., by limiting the allowable compréssion \/3[0'1836(0')/) + (0K7)"]
stress aldng opposite edges and the uniformly distributed _
shear strpss assumed to be acting around all edges of the These forrpulas assume oy, to be 1.32 times the prgpor-
plate or 4 combination of both. tional limit o).
Thle critical buckling stress, o.,, shall-be.assumed to be a 4332 Combined Compression and Shear Buckling.
multiple jof the Euler stress, o, Taking o, and 7 to be the calculated compression and
2E \2 shear stresses, respectively, in a plate, the critical conppar-
= —2(_) ison stress shall be calculated as follows:
12(1 %) \b
wlacz + 3¢2
where Cppe = 72
b = plate width'measured in the direction perpendic- _ 2 2 (10)
1+4\| @ 3-p _ & T
ular to thé{eompression force = Nt 2o Tl
E = modutus of elasticity in compression (for steel, v v v
29,000,000 psi) ] ] i ]
t = titckmessof patetm ’R is the stress ratio as defined in Table 4332 1-1

Poisson’s ratio (for steel, 0.3)

The critical buckling stress in the elastic range

2
b/t “215 ©)
JK 12(1 — u*)0.75760,

where
K = buckling coefficient (Table 4332.1-1)

34

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

\/052 + 372

Design factors DFB required for buckling are as follows (§
is defined in Table 4332.1-1):

Oce
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Table 4332.1-1 Value of the Buckling Coefficients, K, and K., for Plates Supported at Their Four Edges

a
No. Case a= K, or K,
1 Simple uniform compression: az1 K, =4
o =0 —> -
tou - -
1 b
> —-> - a<1 1\2
—> - K, = (a + 7)
Gy |<_ a _,I a
2 | Nonuniform compression: az1l v 84
0<pf<1 L g -~ v p+11
—-> bl |
8 —-> - 2 of
02 = P01 -> - K :((1+7)- -
| a a<l ° a) (PPl

3 Pure bending: f = -1 or bending

a=% |K,=239

with tension preponderant: G1 I :
B<-1 - b — 2, 1.87 )
- — a<'7/3 K, =\I5.87 + — + 8.6a
oy = fo,q |( a , a
4 || Bending with compression K, = (1 + B)K' - BK" + 104(1 + B)
preponderant: -1 < < 0 G1 : : where
- b —_ KH = value of K, for = 0 ir] Case Ng. 2
- - K" = value of K, for pure bending
oy = oy |<— a —>| (Case No. 3)
5 || Pure shear
r—<—<—* az1 1<T:(5.34+iz]ﬁ
a
*—» —»b —»* 1 5.34
@< K, = [4 + —z)ﬁ
|<— a —>| a

GENHRAL NOTE: The definitions of K, and K are in this Table and dépend on the ratio a = a/b of the two sides of the plates, the mann|
the plpte is supported along its edges (simply supported), and the type of loading sustained by the plate. For other cases than those cov:

Table| further appropriate analysis should be made.

Crdne Loading Condition Design Factor DFB
Operdting 2+ 03 (B%N) =2 1.40
Constjruction 2+03@(-1) =140
Severg environmental 15 %0125 (f-1) =2 1.25
Extrejne environmental 135+ 0.075 (- 1) 2 1.20
Therefore,

O, X DFB < 0,

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

span, in.
thickness of web plate

& o~
I

4334 Spacing of Transverse Stiffeners. The s
the transverse stiffeners g, in., shall not exceed th
given by the formula

11,068t
a=———
JTce
where

¢ = spacing coefficient (see table below)
t = thickness of the web plate, in.

er in which
bred by this

pacing of
e amount

T = shear stress in plate, psi

(262 x 10")K,, y

operating condition
P opp operating )
(where b is the unsupported plate width between 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.

35

nor shall it exceed 72 in. or h, the depth of the we
ever is greater.

b, which-
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Loading Condition Spacing Coefficient

Operating 1.00
Construction 1.00
Severe environmental 0.75
Extreme environmental 0.60

4335 Stiffness of Longitudinal and Transverse Stif-

(b) The total vertical deflection of the girder cantilever
shall not exceed Vs, of the cantilever length for the rated

liveload plus trolley (P4, + P;,) when the deflection is calcu-
lated 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
or thermal movement shall be held at an acceptable level
by providing adequate clearance between the rail head
and the wheel flanges, or by means of other design features

feners. The required stiffness of the longitudinal stiffener
and the gtiffness of the transverse stiffeners shall be in
accordanice with CMAA 70.

4340 Allowable Deflections and Cambers

4341 Girder Deflection. The maximum vertical deflec-
tion of thie girder resulting from the weight of the trolley

and rated load (P, + P;,) shall not exceed 1/1, 000 of the span

for Type|l cranes or 1/888 of the span for Types II and III

cranes. A
resulting

load (Pg;

of the brjdge and the vertical inertia forces shall not be
included |in determining deflections.

The total vertical or lateral deflection of the girder
during gnvironmental loading shall be limited such
that disglacements do not cause the girder or any of
its attachments to become dislodged or to leave the crane.

4342 Girder Camber. Box girders shall be cambered an
amount dqual to the dead load deflection plus one-half‘of
the defleqtion caused by the rated load and trolley [camber
= APy, +|0.5A(Py. + Pyl

4343 Trolley Frame Deflection. The trolley frame shall
be of rigifl construction such that lifted leads do not cause
deflections thatimpair the proper opefation of machinery.

so, the maximum vertical deflection of the girder
from the weight of the trolley and construction

b Pc,) shall not exceed 1/600 of the span. The weight

4344 Miscellaneous Structure'Deflection. Deflections
of compdnents such as end ties,.end trucks, saddles, and
equalizell beams shall not ithpair the functions for which
they werg designed or calise any attachments to the crane
to beconje dislodged ©r)to leave the crane.

4345 |Gantry¢and Semigantry Crane Structural
Deflectidn. The following additional requirements shall
apply to [gantfy and semigantry cranes:

(a) The girder deflection of gantry and semigantr
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 girder and the girder span of a semigantry crane is
the distance from the upper crane runway rail to the
center of the leg at its connection to the girder.

36

incorporated into the gantry structure.

4350 Fatigue Requirements

Cranes used for nuclear power plants are hormallyfused
relatively few times during the entire lifé of the plant, as
compared to typical structuralfatigue criteria.| The
number of times a typical crane‘is cycled from nq live
load to full capacity load seldom exceeds 20,000 cjcles
during the entire life of thecrane. Because of the comljined
effect of low full-load, cyeles and low allowable str¢sses
during normal operatien, the allowable stresses fof the
structural members, as specified in para. 4310, heed
not be reduced.due to fatigue.

If the purchaser determines that greater than 2(
full-load cyeles are required, the purchaser shall then
specify the cycles and load class per CMAA 70. The ajlow-
ablestresses for the appropriate service level in CMAA 70
shall’be used, but shall not exceed the basic operfting
stress allowables specified in para. 4310.

,000

4400 COMPONENT DESIGN

4410 General

4411 Venting. Closed sections used in structureq that
are subject to changes in pressure shall be vented. If ysed,
vent openings shall be sized to equalize the internal closed
section (or compartment) pressure with its externgl en-
vironmental pressure. Pressure rate of change tablgs or
graphs may be required to determine maximum floyv re-
quirements. Where internal full depth diaphragms eytend
from the top flange to the bottom flange, the compartment
formed by a pair of diaphragms shall be vented.

4412 Drainage. Box sections when required by pnvi-
ronmental conditions shall be drained to prevent moigture
from accumulating. Where internal full depth diaphragms
| 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 encountered,
such as (but not limited to) at ends of stiffeners, intermit-
tent welds, points of attachment, cutouts, and reentrant
corners. All reentrant corners shall be shaped notch free to
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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 reinforce-
ment.

4420 Bridge Girders

4421 General. The crane girders (bridge girders) shall
be fabricated of structural steel. Structural steel materials

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 diaphragm plate.

4424 Single Web Girders. Single web girders may be
standard rolled beams or plate girders, reinforced with
angles, channels, or plates. Where necessary, auxiliary

shal|] comply with the requirements of para. 4210.
Congtruction of the crane girders can be of several
typep, namely, welded plates to form box sections, box
sections fabricated from rolled shapes with or without
plates, single-rolled shapes, or built-up single web
platq girders.

4422 Loading Criteria. Bridge girders shall be
designed to resist the load combinations specified in
. 4140. When bridge girders and end ties are
monjent-connected in the horizontal plane, the assembly
shall|be analyzed as a rigid frame for the transverse hori-
zontal loads.

4423 Fabricated Box Girders

423.1 Proportions. Proportions for fabricated box
girdgrs shall be as specified in para. 4333.

423.2 Stiffeners. The requirements of longitudinal
and yertical stiffeners are given in para. 4330. Internal full
depth diaphragms are required at machinery attachmeént
s, bridge drive supports, and line shaft bearing
supplorts.

The diaphragms may also be considered.to-ieet the
requiirements of the vertical stiffeners. External stiffeners
adjagent to the diaphragms may be required to transmit
forcgs from the attachments into the\girder.

B423.3 Diaphragms. All interpal diaphragms shall be
fitted to bear against the top.cover plate to support the
bridge rail and shall be-welded to the web plates to
trangfer the rail load direetly to the box girder webs.

B423.4 Diaphragm Spacing. Short diaphragms shall
be placed between’ full depth diaphragms so that the
maximum distance between adjacent diaphragms will
limif the maximum bending stress without impact in
the Bridgérail to o,

girders shall be used to support overhanging loads to mini-
mize torsional moments and lateral deflections on the
single web girder. The analysis requiréd for sipgle web
girders shall be the same as required.for the plate box
girder in para. 4423. The design(shall be in agcordance
with the AISC Manual of Steel Constructipn, 15th
Edition, Section 16-1, Chapter’F, but with the allowable
stresses set forth in para;4310.

4430 Trolley Frames

4431 Construction. The trolley frame [shall be
constructed ©f structural steel. If field assembly of the
trolley structure is required, the connectiong shall be
designed to ensure proper alignment of the conpponents.

4432 Design

4432.1 Trolley Frame. The trolley fram¢g shall be
designed to resist all loading imposed by thie motor,
gearing, lifted load, and the load combinations|specified
in para. 4140.

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

4433 Axle Failure. Provisions shall be made tp prevent
a drop of more than 1 in. in case of an axle faflure.

4440 End Trucks and End Ties

4441 End Trucks
4441.1 General. The end truck is the dssembly

consisting of wheels, bearings, axles, and sfructural
frame that supports the crane bridge.
4441.2 Construction. The end trucks|shall be

constructed of structural steel.

L]l 1o 11 I | YA T h R 1. 1. ).
Ctroncy-wiceroad; o Tatstanrce e twec T arapnragms; 1y

Cab =

6 (minimum section modulus of rail, in.3)

For operating and construction loading, o,;, = 18,000 psi.
For severe environmental loads, o4, = 24,000 psi. For
extreme environmental loads, o,, = 32,400 psi.

The top cover plate of the box girder shall not be consid-
ered as contributing to the bending properties of the
bridge rail.

37

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 failure.

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

4441.6 RailSweeps. Arail sweep shall be provided in
front of each outside wheel. The rail sweep shall project
below the top of the runway rail.

4442 End Ties
4442.1 Construction. The end tie shall be

£ o+ e 1 i
Co oSt tteutrar—Steer

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

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

construc

4442.2 Types. End ties for cranes with more than
four bridge wheels can be either the flexible or rigid
type. If ¢qualizer bridge trucks are incorporated into
the end farriage design to promote equal sharing of
bridge wheel loads, and equalizer pins are provided
between|the equalizer trucks and equalizer beam and/
or the rigid bridge frame structure, a rigid-type end tie
may be |used. If equalizer pins are not provided
between|the equalizer trucks and equalizer beam and/
or the rigid bridge frame structure, a flexible end tie
must be psed.

4442.3 Design. End ties shall be designed to resist
the loadq due to crane movement and the load combina-
tions specified in para. 4140.

A rigid frame analysis shall be used to determine the
proportipns of the loads resisted by the end ties and
by the gilrders. The flexible end tie shall be designed to
accommé¢date elevation deviations of the runway rail
per Figyre 4160-1 between any wheels or pair of
wheels Without exceeding allowable stresses in Tahle
4311-1 for normal operating conditions. Flexiblelend
ties shal| also permit all wheels to remain in\contact
with the [runway rail during operating conditions when
the runwlay rail elevation deviation is per Figure 4160-1.

4450 Gantry Frames

4451 General. Gantry frames.shall be fabricated of
structurdl steel. The structural. members assembled to
form the|gantry frame mayiinclude, but are not limited
to, the fpllowing: girdets,-end ties, legs, trucks, sills,
struts, saddles, and équalizer beams. Structural steel
materials used insthe gantry frame members shall
comply with the.requirements of para. 4210.

4452JLoading Criteria. Gantry frames shall be
designed td resist the load combinations specified in

4455 Saddles and Equalizer Beams. Saddles| and
equalizer beams are used to support the crane strugture
and are themselves supported by the gantry trtcks. Their
purpose is to distribute the loading at-one corner df the
crane equally to the bridge wheelssat'that corner. [They
shall be constructed of structural steel’Saddles and efjual-
izer beams shall be designed for the load combinafions
specified in para. 4140.

Plates or hubs used in‘saddles or equalizer bearhs to
support trunnions and Yotating pins shall be designed
to meet the bearing Stress specified in Section 500p.

4456 Gantry Wheel Base. The wheel base of thg end
trucks of fouf-wheel gantry cranes, or center-to-center of
extreme wheels of multiple end trucks for gantry cijanes
with more-than four wheels, may be required to eyceed
that ratio specified in para. 4441.5. The gantry strugture
height may necessitate an increased wheelbase in order to
gain gantry stability and to reduce gantry skewing

4457 Gantry Stability. The gantry crane shall have a
safety factor of not less than 1.5 against overturning when
used in the unrestrained operating condition|and
subjected to the load combinations specifigd in
para. 4140. During severe environmental, extreme pnvi-
ronmental, or abnormal event loading, the gantry dqrane
shall have a safety factor of not less than 1.1 against ¢ver-
turning. Restraints may be used to prevent overturping.

4460 Rails

4461 Requirements. All runway and bridge
required to transmit vertical down and horizd
loads due to normal and construction loads only
conform to the ASCE, ARA, or AREA specificatjons.
When these rails are used on Types I and II cranes,
secondary restraints that are not necessarily in coptact
under normal loading conditions shall be provide¢d to

rails
ntal
shall

para. 4140. The gantry frame assembly shall be analyzed
as a 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 clearance and overall crane geometry required.

38

resist the vertical up and horizontal loads due to
severe environmental and extreme environmental
loading conditions. Rails required to transmit vertical
up and/or horizontal loads due to severe environmental
and extreme environmental loading conditions shall meet
all of the requirements of a structural steel member as
covered in paras. 4200 and 4300.

(20)
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4462 Fastening. Runway and bridge 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.
Fastening of rails to the supporting structure shall be
appropriate to transfer the calculated horizontal and
vertical forces.

(e) If specified by the purchaser, the cab shall be
provided with heating, ventilating, and/or air condi-
tioning.

(f) The operator’s cab shall have a clear height, with
equipment installed, of not less than 7 ft. Provision
shall be made in the operator’s cab for placement of
the necessary equipment, wiring, and fittings. All cabs
should be provided with a swiveled seat unless otherwise
specified.

4471) Footwalks, Handrails, Platforms, Stairs, and
Ladders

4471 General. Platforms and footwalks shall be
proviided as required for access and maintenance. Dimen-
sion§ and clearances for footwalks, handrails, platforms,
stairp, and ladders shall be in accordance with the latest
editipn of OSHA.

4472 Materials. Materials for construction of foot-
walls, handrails, platforms, stairs, and ladders shall
meet the requirements of para. 4200, except that the re-
quir¢ments of para. 4212 need not be considered. ASTM
A569 is an acceptable material for metal bar grating.

4473 Design. Footwalks, handrails, platforms, stairs,
and |adders shall be designed for the appropriate dead
load and the live loads as specified in the OSHA standards.
Strugtural design shall be in accordance with para. 4300.

448J) Operator’s Cab
4481 General

(a) The standard location of the operator’s ¢ab shall be
at orje end of the crane bridge on the driving‘girder side
unlegs otherwise specified. It shall be so located as not to
inteiffere with the hook approach. The:eperator’s cab shall
be open type for indoor service unlessotherwise specified.
Dimg¢nsions and clearances shall bein accordance with the
latesft edition of OSHA.

(b} Cabs shall be provided with ladder or stairway
leading to the bridge foetwalk.

(c] The arrangendent of equipment in the cab shall be
apprpved by the (purchaser.

(d) Cabs shdll'be designed for maximum operator visi-
bility. A visibility diagram shall be furnished to the
purchaseg-for approval.

4482 Materials. Materials for constructign of the
operator’s cab shall meet the requirenpents of
para. 4200, except that the requirementsof pgra. 4212
need not be considered.

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

4484 Construction

4484.1 Enclosed Cabs. Enclosed cabs shall have
watertight platé.roofs that slope to the rear. Windows
shall be previded that allow for normal maint¢nance to
maintain/visibility without undue effort by the pperator.
At leastone window shall be capable of being dpened to
allow~for ventilation. The cab shall be suppli¢d with a
sliding or hinged door. Steel plates for enclosing sides,
when used, shall be not less than 1/g;-in. tHick. The
window sash shall be equipped with clear shafterproof
glass installed from the inside so that if it is dislodged
it will fall in the cab. Drop windows shall be protected
from breakage by a %-in. sheet steel guard, dxtending
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 encl
panels not less than %-in. thick or standard railng 42-in.
high. Railing enclosures shall be provided with mjdrail and
steel toe plate. Where the top rail, or top of the panel,
interferes with the operator’s vision, it|may be
lowered, with the purchaser’s approval.

sed with
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Section 5000
Mechanical

5100 GENERAL

This Section specifies design criteria for mechanical
components of Types [, II, and Il cranes. Unless otherwise
stated, the design requirements and allowable stresses are
based or] Allowable Stress Design (ASD) using classical
Mechanig¢s of Materials/Strength of Materials methodol-

r a realistic estimate of the anticipated load
, shall be conveyed to the crane manufacturer
rchaser.

(b) Fof acrane having a specific operating cycle such as
a typical|polar crane, the service condition (load spee-
trum) can be determined by the number of operating
cycles pger hour, the type and magnitude of applied
loads, th¢ distance of travel motion, and the fiumber of
operating hours by given time period. The user shall
also establish the service life and reliability-requirements
for the drane, considering such factors as technical,
economif, environmental, and probability of obsoles-
cence. THis information is important so that the designer
can then|provide for the fatigue-strength for the compo-
nents off the crane to meet'\the requirements of the
intended service. The{information will provide the
basis for the fatigue strength and fatigue life data criteria
of the cothponent désign, which will require that a numer-
ical documentation.ofthe crane service requirements bein
a form thpt willrepresent the duty cycle for the crane. This
duty cyclg orservice data for each individual motion of the

(1) All mechanical components in the critical|load
path, or whose failure could result in uncontrélled move-
ment of a critical load, shall be designed for infinite fatigue
life.

(2) Travel drives are exempted-from infinite fatigue
analysis where the maximum excursiens due to any ppstu-
lated failure are facility acceptable.

(3) Fatigue analysis _shdll be based on cfane
maximum rated load.

(4) Design consideration shall be taken to erjsure
that the failure ofrecatalog-purchased componlents
during the projected life of the crane will not resr:llt in
facility unacceptable excursion of the critical load.

5112 Types Il and Il Cranes. The load spectrum of
Types II"and III cranes shall be in accordance with $pec-
ificationy CMAA 70 classifications.

5120 Hoisting Units
5121 Type | Cranes

(a) The hoist components shall meet the requirenpents
of this Standard, as applicable.
(b) The hoist drive system shall be designed to previde
assurance that a failure of a single hoist mechapism
component would not result in the uncontrolled njove-
ment of the lifted load. This can be accomplished by
the application of a single (Figure 5416.1-1), |[dual
(Figure 5416.1-2), and/or redundant (Figure 5416{1-3)
hoist machinery arrangement. The wire rope drym is
exempted from this requirement.
(c) Critical load excursions due to failure in the|dual
load path shall be determined and certified as to fagility
acceptability.
(d) Hoisting machinery shall be designed for the
maximum braking torque.
(e) The hoisting machinery and wire rope reqving

crane shall be recorded on the Crane Service Data Record
Form 1.00 (see Form [-5111) and shall become part of the
contract between the crane manufacturer and purchaser.

(c) The design for fatigue analysis shall be considered
for the critical components of the crane mechanical
components. The cumulative fatigue usage factors shall
reflect the effects of all loads sustained from both the
construction and operating periods. In absence of a
complete certified crane load cycle or load spectrum,
the following criteria shall govern:

System, in addition to other atfected components, shall
be designed to withstand the most severe potential over-
load, including two-blocking and load hangup, with allow-
able 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 machinery oper-
ating 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 other factors
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contributing to maximum loading of the equipment (c) The acceptance criteria for all items listed in
components. The system or components (which may Tables 7210-1 and 7210-2 shall be in accordance with
include torque-limiting or energy-absorbing components para. 7100.

or systems) used to mitigate the effects of two-blocking

and load hangup shall permit the hoisting machineryand =~ 5160 Nomenclature

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

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

limiting means) fail to hold the load, the emergency brake 5161 Drum Shell Design (See Para. 5411.5)
Ia¥aisl u H £ 4= £ 1 1.l VRN A |

(or ofieT secondary/redundant foad path) shall be caused Dif—=—testgnfactorforpruexmmgy yrera

to erlgage (or remain engaged) and safely retain the load. d, = drum root diameter at rope greoves, in.

E = modulus of elasticity, psi

5122 Types Il and Ill Cranes. Hoist components of My = maximum bending moment of drurh shell,
Types 1l and III cranes shall be in accordance with in.-Ib
CMARA 70, except as specified herein. Hoisting machinery P = pitch of drum rope, i
shalll be designed for the maximum braking torque. R, = maximum hoist ropedoad on drum/lb

t, = nominal drum_shell thickness, in.
t, = minimum drimvShell thickness, in.
1 Type | Cranes Zp = section moditlus of drum shell, in.?
At = reductiowef nominal drum shell thidkness, in.
u = Poissen’s ratio
T, = allowable shear stress, psi
Tmax =omaximum shear stress, psi
oa = allowable combined stress, psi
o= drum shell bending stress, psi
o¢ = drum shell crushing stress, psi

5131 Bridge and Trolley Drives
5

(a) Drive components shall meet the requirements of
this Ptandard, as applicable.

(b) In travel drives, single-failure-proof features are
gengrally not required. However, in those cases where
a failure in the braking mode could result in a facility un-
acceptable excursion, the design shall incorporate single-
failufe-proof features to ensure that the crane can be . .
brought to a safe stop. Ocomb = co.n}bmed drgm shell stress, psi

(c) A manual means shall be provided to move the Ter = critical buckling stress, psi

: : . o’ = elastic critical buckling stress, psi
trolley and bridge when power is not available. < . . & P
Oyt = minimum ultimate strength, psi

5132 Types Il and Ill Cranes. Drive components.shall 0, = minimum yield stress, psi
be injlaccordance with CMAA 70, except as specified-herein.

. 5162 Allowable Strength Horsepower, P,; {Gearing)
5140 General Mechanical Components [See Para. 5413.1(a)]

5141 Type | Cranes. Couplings, wheels, axles, drive = operating p.1tch diameter of pinion, in
shaffs, bearings, fasteners, gedr cases, enclosures, F = net face width of narrowest member of the

guards, bumpers, stops, and limit switches shall meet mating gears, in.

the jequirements of this Standard, as applicable. g.eome.try factor for bending strength
Kp = rim thickness factor

QU
|

\1
1}

5142 Types Il and Hl Cranes. General mechanical K,, = load distribution factor
components shall be-ih accordance with CMAA 70, K, = dynamic factor
except as specified Herein. n, = pinion speed, rpm
. P, = allowable transmitted power for [bending
5150 Critical Items strength, hp

= transverse diametral pitch, in.”*

Crjticalitems for a single-failure-proof handling system
crane class factor (strength)

on a|Type-1 crane are those components that are located

load.

(a) These components require special consideration as 5163 Allowable Durability Horsepower, P, (Gearing)
to material, design, control of manufacturing processes,  L[See Para. 5413.1(b)]
and examination of final product. Cy = hardness ratio factor for pitting resistance

(b) Table 7210-1 lists the tests and the inspections that C, = elastic coefficient, (psi)'/?
are to be applied to critical items in accordance with the d = operating pitch diameter of pinion, in.
requirements of Section 7000. F = net face width of narrowest member of the

mating gears, in.
I = geometry factor for pitting resistance

41


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

(20)

ASME NOG-1-2020

K,, = load distribution factor Kyp = for bending
K, = dynamic factor Kyy = for tension-compression
n, = pinion speed, rpm Kys = for shear
P,. = allowable transmitted power for pitting resis- Kyt = for torsion
tance, hp
Sgz = crane class factor (durability) (d) Service Factors
Sqc = allowable contact stress number for material, psi Ksg = for bending
Kgy = for tension-compression
5164 Allowable Momentary Overload, W;,, (Gearing) Kss = for shear
[See Parf. 5313.I(c)] Ksr = Tor torsion

F 4 net face width of the narrowest member of the
mating gears, in.

(e) Moments and Forces

J 9 geometry factor for bending strength Mg = bending moment, in.-Kip
P, q transverse diametral pitch, in.™* M7 = torsional moment, in.-kip
Sqy q allowable yield stress number for material, psi P = load (weight, force, or transverse shear [load
W, q allowable momentary overload, Ib reaction), kips
Q = static moment about the neutral axis of the|area
5165 Gear Efficiencies [See Para. 5413.1(g)] of that portion of thescomponent cross-seftion
E, = gear efficiency beyond the place'where the shear is being cplcu-
Ny umber of grease-lubricated gear reductions lated, in.?
N, = pumber of oil-lubricated gear reductions r = fillet radius{in.
5166 Reeving Efficiency (See Para. 5429) (f) Stress Fluctuation Ratios
E, = feeving efficiency Rp = opimin./op max. for bending
N, = fotal number of running sheaves using antifric- Ry = (gppmin./oy max. for tension-compression
ion bearings divided by the number of ropes Rs &,Ts min./ts max. for shear
ading from the drum(s) Ry = 77 min./tr max. for torsion
Ng = fotal number of running sheaves using sleeve
earings divided by the number of ropes (g) Dimensions and Properties
ading from the drum(s) Sg = section modulus, in.2
St = polar section modulus, in.3
5167 Table 5452.3-1 t = thickness of component where stress is jeing
b = effective width rail head, in. calculated, in.
D = d]ameter of wheel, in. oyr = minimum ultimate tensile strength at mid-
P = allowable wheel load, Ib radius, ksi
5168 Nomenclature (Analytical_Procedures; See (h) Maximum Allowable Stresses
Para. 54y2) ops = for bending, ksi
ona = for tension-compression, ksi
(a) Symbols A p . .
. \ . . oxa = for stress about the X axis, ksi
A = |effective cross-séctional area of critical section, . .
.2 oys = for stress about the Y axis, ksi
' . . 14 = for combined (equivalent) shear, ksi
D = |large diameterof a stepped shaft or round bar, in. A . (eq . ) .
. try = for torsional shear (equivalent torsional shear)
d = |small diameter of a stepped shaft or round bar,
. stress
in.
I = [mohdent of inertia, in.* . .
kip = [L000 Ib (i) Wozk;ng gtressets -
ksi = Kips/in.2 Op = bending Stress, KslI
ps/ ogp = equivalent bending (bending and shear)
. stress, ksi
(b) Equivalent Stress Factors . . . .
g . oggy = equivalent bending (bending and tension-
Kgp = for combining bending and shear stresses . .
. . . compression) stress, ksi
Kgy = for combining tension-compression and shear . . . .
stresses ogy = equivalent tension-compression (tension-
L - compression and shear) stress, ksi
Kgxy = for combining biaxial stresses . . )
Opxy = equivalent biaxial stress, ksi
o = equivalent stress (biaxial and shear), ksi
(c) Stress Concentration Factors Exyr qur ( . )
oy = tension-compression stress, ksi
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oy = normal stress about the X axis, ksi
o = normal stress about the Y axis, ksi
Tgr = equivalent torsional shear stress, ksi
Ts = shear stress, ksi
Ty = torsional shear stress, ksi
Txy = shear stressinthe X-Y plane including torsion,
ksi

(n) gearingusing 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.

5300 DESIGN AND PERFORMANCE CRITERIA

5 . .
Traizoidal Shape (See Para. 5477)

A = area of cross-section, in.?

b; = inside width of equivalent trapezoid
b, = outside width of equivalent trapezoid
h, = depth of equivalent trapezoid

K = factor

r; = inside radii of equivalent trapezoid
r, = outside radii of equivalent trapezoid
S, = stress bending

S; = stress-direct tension

Sulax = stress maximum

S, = stress augment

520I MATERIALS
5210 Material (Type | Crane)

Ng@nmetallic materials shall not be used for components
with|n the load path of the lifted load, with the exception of
brake friction material. Cast iron with less than 15% elon®
gatidn shall not be used for components within the-load
path|of the lifted load, with the exception of electric'motor
framles, hydraulic components, and brake wlegls. Also,
with|the exception of sleeve and thrust bearings, friction
components, or as otherwise noted below, hoist compo-
nentp shall be made of steel, and thesmaterial elongation
properties of the following components shall not be less
than|12%:

(a) hook and hook nut

(b} hook trunnion or eross-head

(c] load block frame}/stfucture

(d) upper block frame/structure

(e] equalizer ffame/structure

(f)| sheaves

(g) sheave pins

(h) equalizing bar pins
(i)] shafting and external shafting bearing housings

5310 Load Combinations

(a) Theindividual mechanical components of|the over-
head or gantry crane shall be designed to provid¢ a design
factor specified for that component.to resist the forces
resulting from the combination-0f-loading sperified for
the component. The load comibinations that|must be
considered for the individual components vjary with
the component, and frequently include maximunj loadings
calculated in the electrical or structural section, ile., motor
torque of a motor, ordive load including wind and impact.

(b) Certain components must be designed fdr seismic
loading as a part of the load combinations. If a lymp mass
approach-is used in the seismic design, the mg¢thods of
structurah design calculations within Section 4000 will
provide*the values of the dynamic analysis that will be
determined for location, magnitude, and dirgction for
forces to be used as equivalent static loading. The
extent of seismic consideration necessary for the three
types of cranes is as follows:

(1) For Type I Cranes. Seismic loading shall be only to
ensure retention of the load and the preventi¢n of any
component from becoming a missile that would|be detri-
mental to the facility’s safety related equipmert.

(2) For Type II Cranes. Seismic considerations shall
be made to ensure that no component of the crgne could
become a missile that would be detrimental to th¢ facility’s
safety related equipment.

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

5311 Design Loads — Hydraulic Components for
Types |, 1, and 11l Cranes. The design seleftion for
hydraulic components shall be based on the rdted load.

5320 Allowable Stresses
5321 Type | Cranes

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

(k) hoist drum components and external drum shaft
bearing housings

(1) hoist drum retention components [components
required per para. 5411.7(b) requirements]

(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.)

53211 i itions. AllToad combi-
nations and factors, including stress concentrations, shall
have a service factor of 1.0 or more based on the design
fatigue allowable stress limit of the material, except as
otherwise specified in this Section.

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


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

ASME NOG-1-2020

have aservice factor of 1.0 or more, based on the allowable
stress of 75% of the material’s yield stress, except where
otherwise specified in this Section. High bearing stresses
within a component shall be limited to the material’s yield
stress when, by their nature, these stresses will not result
in a loss of load.

5321.3 Seismic Conditions. For seismic conditions,
the stresses based on gross cross-section, excluding

based on typical operator reaction time and drive perfor-
mance 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
purchaser) speed criteria shall be as specified by the

1l be

ated

stress copcentration factors, shall not exceed the allow-

able stregses stated in para. 5481 except where otherwise manufacturer.

specified|in this Section. High contact and bearing stresses (b) The slow speed column of Table 5331.1-1|shj
within a[component are exempt from this requirement used for selecting hoist speeds. The design tolerande for
when, by their nature, these stresses will not result in rated load hoisting speed is +10%.

a loss of[load. (c) Hoisting speed for a critical load/less than the 1

5322 Type Il Cranes

5322.1 Normal Operating Conditions. All load
combinations and factors, including stress concentrations,
shall havg service factors as stated for the design of spe-
cific mechanical components.

5322
blefora’l
owner.

.2 Load Hangup Conditions. This is not applica-
ype Il crane, unless specified by the purchaser or

5322.3 Seismic Conditions. For seismic conditions,
the design shall be such that components that could
damage pafety-related equipment will remain in place
during a|seismic event.

5323 Type lll Cranes

5323.1 Normal Operating Conditions. Allowable
stresses [shall be in accordance with the prowisiens of
CMAA 7.

5323.2 Load Hangup Conditions. This:is not applica-
ble for a Type Il crane, unless specified-by the purchaser
or owner.

5323
a Type |
owner.

.3 Seismic Conditions, This is not applicable for
I crane, unless spgcified by the purchaser or

5324 Hydraulic Components — Allowable Stresses

5324.1 Typesi/l, andlll Cranes. Stresses imposed by
the maxjmum.rated load shall not exceed 20% of the
average \11timate strength of the material or components.

load shall be limited to 125% of the Fated load hoifting
speed.

(d) Empty hook and light l6ad speed-up control
permitted. Refer to para. 6320(e).

(e) When precise positiening capability is requlired,
and the principal contkol'system is incapable of prov]ding
lowering speed contrelof 0.5 ft/min with the load as speci-
fied by the purchaser, the hoist system shall be equipped
with an auxiliary*System. The positioning capability speed
should be 0.5 ft/min for a distance of 2 ft within the|final
position:

(f).The lowering speed for any critical load shqll be
limited to 125% of the rated load hoisting speed.

b are

ated
1.1-1

5331.2 Types Il and Ill Hoists. Recommended 1}
load speeds should be as specified in either Table 533
or the speed table given in CMAA 70.

Table 5331.1-1 Rated Load Recommended Hoist Speeds

Hoisting Speeds, ft/min

5330 Motion Speeds

Rated load speeds for hoist, bridge, and trolley shall be
such as to allow controlled handling of those loads for
which the crane is designed. These speeds depend on
the nature of the load, load clearances, position of
operator, weight of load, positioning accuracy required,
and type of drive. Design rated load speeds recommended
in paras. 5331, 5332, and 5333 have been established

44

Rated Load, tons Slow Medium Falst
0-4 30 35 4p
5-9 25 30 3b

10-19 20 25 3p
20-29 15 20 2b
30-39 10 15 2p
40-49 8 10 1p
50-A9 i 2} 1b
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
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Table 5332.1-1 Rated Load Recommended Trolley Speeds
Trolley Speeds, ft/min

5333 Bridge Speeds
5333.1 Type | Cranes

Rated Load, tons Slow Medium Fast (a) The performance speed and speed tolerance of the
0-49 100 125 150 bridge with rated load shall be specified by the purchaser.
50-99 75 100 125 Rated load test speed (125% rated load) criteria shall be
100-149 50 75 100 specified by the manufacturer.

150-199 35 50 75 (b) The slow speed column of Table 5333.1-1 shall be
used for selecting bridge speeds. The design tolerance fora

700-299 5E =0 e desigm Tated toad speed sttt be=+109%:
300-499 20 40 60 (c) The bridge control shall provide an operatjng speed
500-799 15 30 45 range of atleast 10 to 1 under all loading donditipns, or be
800-1,000 10 20 30 equipped with an auxiliary system to provide prefcise posi-

5332 Trolley Speeds
6332.1 Type | Cranes

(a) The performance speed and speed tolerance of the
troll¢y with rated load shall be specified by the purchaser.
Ratefl load test speed (125% rated load) criteria shall be
speclfied 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%.

(c] Thetrolley control shall provide an operating speed
rangp of atleast 10 to 1 under all loading conditions or be
equipped with an auxiliary system to provide precise posi-
tionipg capabilities.

(d) Trolley speed for a critical load less than ratedJoad
shall| be limited to 125% of the rated load trolley Speed.

(e] Empty hook and light load speed-up.¢controls are
pernpitted. Refer to para. 6340(c).

6332.2 Types Il and Il Cranes. Recommended rated
kpeeds should be as specified in either Table 5332.1-1
e speed table given in CMAA)70.

load
or th

Table 5333.1:1Rated Load Recommended Bridge Speeds
Bridge Speeds, ft/min
R I Medi Fast

tioning capabilities.
(d) Bridge speed for a criticalload less than rpted load
shall be limited to 125% of the‘rated load bridge speed.
(e) Empty hook and light lead speed-up corjtrols are
permitted. Refer to para\6320(c).
(f) For cranes with(circular polar-type bridges, the rec-
ommended speeds shall be the tangential spedds at the
runway rail.

5333.2-Types Il and lll Cranes. Recommengled rated
bridge §péeeds should be as specified ip either
Table 5333.1-1 or the speed table given in CMAA 70.

5334 Pendant Hoist and Travel Speeds

5334.1 Traversing. Motorized travel spee
motion should be 30 ft/min.

5334.2 Vertical Travel of Control Pendang. Motor-
ized travel speed for this motion should be 30| ft/min.

1 for this

5335 Powered Hook Rotation (Types I, |
Cranes)

, and Il

(a) Speed of rotation shall be specified by purchaser.
(b) Rotation limit shall be specified by purchaser.
(c) Single-failure-proof features are not required.

5400 COMPONENT DESIGN

5410 Hoist System
5411 Drum

5411.1 Description (Type | Cranes). The d
be of cylindrical type, varying in length and dian
shall be so designed as to ensure the accumulat

um shall
eter, and
on of the

0-49 125 150 175

50-99 100 125 150
100-149 75 100 125
150-199 50 75 100
200-299 40 75 100
300-499 30 50 75
500-799 25 35 50
800-1,000 15 20 30

45

entire length of rope 1n one single layer.

5411.2 Size(TypelCranes). The pitch diameter of the
drum shall be not less than 24 times the hoist rope
diameter for 6 x 37 rope construction, or not less than
30 times the hoist rope diameter for 6 x 19 rope construc-
tion.

5411.3 Construction (Type | Cranes). The hoist drum
(in its entirety) shall be of steel construction. A rope guard
flange shall be provided at both ends of the drum shell to
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prevent the hoist rope from spooling off either drum end.
The drum shell and shafts shall be designed, per
paras. 5411.5 and 5415, respectively. The drum end
plates and internal plates, when used, shall be affixed
to the shell. All welds shall be continuous (i.e., intermittent
welds shall not be used). Welds shall be designed for infi-
nite fatigue life (107 stress cycles) when handling the
hoist’s design rated load during normal operating condi-
tions, with consideration for stress reversal and stresses
resultin g g Tum end plates,
internal plates (if used), and the drum shell. The drum
gear shall be press fitted and keyed to the periphery of
the drurh shell, end plate, hub, or drum shaft or be
bolted irf] place with close fitting bolts (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 machihed to a minimum depth equal to three-eighths of
the diamegter 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 U3, in. larger than

the radiys of the rope.

Rope ghall be secured to the drum as follows: No less
than two|wraps of the rope shall remain on the drum at
each anchorage to the hoisting drum when the hook is in
its extrerhe low position. Rope end shall be anchored by a
minimun of two clamps attached to the drum, or by a
socket arfrangement specified by the crane or rope manu-
facturer. [Che rope clamp bolts shall be tightened evenly to
the manyfacturer’s recommended torque.

5411.5 Drum Shell Design (Type | Cranes). The drum
shell shalll be of rolled or centrifugal cast steel, ahd;shall be
designed|for both crushing and bending loads'imposed by
the hoist{rope and drum brake loading, when used. The
hoist ropg loading on the drum shall include the effect of
the rope feeving system efficiency..The’drum shell thick-
ness (effdctive material) shall aceeunt for machining toler-
ances, noneffective material on\the inside of centrifugally
cast tubds, inside diameter\tolerances, inside diameter
out-of-rpundness tolérances, and inside diameter

1
2
Ocomb = [(Gc)2 + (53)2 + loc X 53'] Q)

NOTES:
(1) Additional rope loadings resulting from seismic forces, a
load hang-up, or a hoist two-block event need not be
included in calculating the drum crushing stress [eq. (1)].

(2) Since torsional and transverse shear stresses are relatively
low in a hoist drum shell and have a negligible effect on its

i i i alcu-
lating the maximum shear stress and combined (stresses
[egs. (3) and (4)].

(3) The absolute values of the crushing and bending'stressgs are
required when calculating the maximum jshear stresp and
combined stresses [egs. (3) and (4)].
(b) Allowable stresses shall be"determined iny the
following manner, which is based-onboth material gprop-
erties and buckling stability. When the drum grooves are
hardened, the core material properties shall be used
(material properties at the_mid-thickness).
(1) Critical Bucklirig Stress. The critical buckling
stress is considered(either elastic or inelastic, whereas
it depends on the{value of the elastic critical buckling
stress relative'tothe minimum yield stress of the matprial.
The elastic critical buckling stress is determingd in

the following manner:

; 2
o'cr = E 5o X [ds)
(1 —H ) r (5)

2
£
=319 x 10° x [ds) psi

r

Ifthe elastic critical buckling stressisless than 50% of
the minimum yield stress of the material, the critical huck-
ling is considered elastic and is equal to the elastic crftical
buckling stress, whereas

O = 0'cx (6)

If the elastic critical buckling stress exceeds 50% of
the minimum yield stress of the material, the critical huck-
ling stress is considered inelastic and is determined ip the
following manner:

O = o’v[l - O.ZS(O'V/O-ICr)] 7

oc =Ry /(P x fg) ®

(2) Bending Stress
O'B = MB/ZB (2)

(3) Maximum Shear Stress

Tmax = (|5C| + logl)/2 (3)

(4) Combined Stresses/Stress Intensity

(2) Allowable Stresses. For normal operational loads
and construction loads, the following are the allowable
stresses, where DFB equals 2.0 for normal operational
loads and DFB equals 1.67 for construction loads:

711 = oyle/ (5V/3)
0,1 = 0./ DFB
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Figure 5411.5-1 Drum Shell Design

P P

/> Hoist rope

\ Drum shell

For extreme environmental and abnormal event con-

ditiops, the following is the allowable stress, where DEB
equals 1.33:

where

Mg

R,

0,11 = 0./ DFB

design factor for buckling/yield

drum root diameter at\rope grooves, in.
modulus of elasticity of the material, psi
(29,000,000 psi.for steel)

maximum bending moment of drum shell,
in.-1b

pitch of drum rope grooves as shown in
Figuré 5411.5-1, in.

makimum hoist rope load on drum without a
dynamic load factor but including the effect of
the rope reeving efficiency, Ib

nominal drum shell thickness at the bottom of

Pitch diameter

roundness tolerances, and inside

straightness tolerances due to carj
sweep, in.
u = Poisson’s ratio (0.3 for steel)
T,n = allowable shear stress, psi
Tmax = Maximum shear stress in drum she
o.1 = allowable stress based on elastic sta
op = drum shell longitudinal bending str
oc¢ = drum shell circumferential crushing

Ocomp = combined drum shell stresses, psi
critical buckling stress, psi
elastic critical buckling stress, psi

Hiameter
hber and

1, psi
bility, psi
ess, psi
tress, psi

Our = minimum ultimate strength of the material, psi

0, = minimum yield stress of the materi

5411.6 Drum (Types Il and Il Cranes).

hl, psi

Che size,

construction, and grooving for Types Il and

[II crane

drums shall be established in accordance with the provi-

At

TOPE BrOOVES as snown in Figure 541 1.5-1, in.
minimum drum shell thickness at rope
grooves (t; = t, — At), in.

section modulus of drum shell based on root
diameter (d,) of drum grooves and the
minimum drum shell thickness (t,), in.?
reduction of nominal drum shell thickness due
to machining tolerances, noneffective material
on the inside of centrifugally cast tubes, inside
diameter tolerances, inside diameter out-of-

sions of CMAA 70.

5411.7 Single-Failure-Proof Features (Type |

Cranes)

(a) Single-failure-proof features are not req
the drum shell.

uired for

(b) Inthe eventoffailure of a drum shaft or bearing, the
drum shall be retained on the trolley in a manner that
precludes disengagement of any gearing or brake
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acting on the drum and precludes disablement of the load-
retaining function of these components.

5411.8 Single-Failure-Proof Features (Types Il and
lll 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 et A - 43
shall be pjrovided with a hoist drive motor(s) for liftingand
lowering|loads. Motors shall be selected per para. 6470.
Motor fagteners shall be per para. 5456.

5412.2 Types Il and Ill Cranes. Motors shall be
selected per para. 6470.

A) as modified by this Section. The gearing shall
be desigrjed for strength, durability, and momentary over-
load whith includes the loads imposed during a seismic
excursion.

Unless| positive control of accurate alignment under
varying loads can be ensured, parallel shaft gearing,
both endlosed and open, shall be straddle mounted;
i.e., each [shaft shall be supported by two outboard bear-
ings. (The intent is to preclude inadequately supported or
inaccurately aligned overhung gears or pinions, shafts
with thrjee bearing supports, and combination,gear
reducer/wire rope drum shafts.)

(a) Allowable Strength Horsepower, P, For helical and
spur geais, AGMA 2001-C95 (Fundamental Rating Factors
and Calcplation Methods for Involute Spur and Helical
Gear Teeth) applies. The allowable strength horsepower
calculatefl must be greater than the horsepower required
tolift thefrated load at rated speedinhoisting applications.

P, = [ Fsgt] J

npd
126,000K; )| K,,.P4S5Kp

(8)

Sqc = allowable bending stress number for material,
psi (strength)

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

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

(b) Allowable Durability Horsepower, P,. For helical
and spur gears,
durability horsepower calculated must be greater|than
the rated motor horsepower, considering efficienfy in
travel drive applications, and must be greater than the
horsepower required to lift the rated-load in hoifting
applications.

2
P, = [ npFl J( SachHJ ©)
126,000 K, KspSyi )| Cp
where

Cy = hardness ratio factor for pitting resistance

C, = elasticredefficient, (psi)*/?

d = opetating pitch diameter of pinion, in.

F = net.face width of narrowest member of the

mating gears, in.
L= geometry factor for pitting resistance
= load distribution factor, (f)
= dynamic factor
n, = pinion speed, rpm

P,. = allowable transmitted power for pitting resis-
tance, hp

Sy = crane class factor (durability), (d)

Sqc = allowable contact stress number for materidl, psi

Values for K,, Cy, Cp, I, and s, can be determined from
tables and curves in AGMA 2001-C95.

(c) Allowable Momentary Overload Tooth Load, Wy,
Allowable momentary overload tangential tooth [load
shall be greater than the maximum applied tangential
tooth load considering stalled motor torque or seismic
hook load.

For the purpose of this section, the allowable load in

where pounds can be written as
= pperating*pitch diameter of pinion, in.
= het face width of the narrowest member of the 1.61:]5@
matihg gears, in. tov = (10)
J = geometry factor for bending strength nd
Kp = rim thickness factor
K,, = load distribution factor, (f) where
m . ’ F = net face width of narrowest member of the
K, = dynamic factor . .
Z i d rom mating gears, in.
"p = pIhion speed, rpm . J = geometry factor for bending strength
P, = allowable transmitted power for bending - . 21
P, = transverse diametral pitch, in.
strength, hp _ . . .
, . .1 Sqy = allowable yield stress number for material, psi
P; = transverse diametral pitch, in.
W, = allowable momentary overload, 1b
S = crane class factor (strength)

48
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(d) Crane Class Factor, Sy (durability), shall be as
follows:

(g) Gear Efficiencies. For the purpose of horsepower
calculations and machinery loads, gear set efficiencies
with antifriction bearings for hoist, bridge, and trolley
drive units using spur, helical, or herringbone gearing
shall be assumed as 0.97 for oil-lubricated gear sets
and 0.95 for grease-lubricated gear sets.

The total efficiency of the gear train shall be established
as

(1) Hoist
2(ratedload) + 3(lower block weight
Sia = (1.16) ( ) + 3low weight) (4
3(ratedload + lower block weight)
(2) Trolley
Sp = (L16) 2(ratedload) + 3(trolley weight) 12)
3(Tated oad F trolley weight )
3) Bridge
Sfd 4 (116) 2(rated load) + 3(trolley weight + bridge weight) 13)
3(rated load + trolley weight + bridge weight)
(e} Allowable Stresses, Say, Sqc, and Sgy
(1) Theallowable stress for gear material varies with
matdrial quality, heat treatment, forging practices, and
matgrial composition. Higher allowable stress values
may| be permitted in some cases by careful gear
design, manufacturing procedure, and various surface

treafments, such as surface peening.

(2) The allowable design fatigue stress, s, the allow-

contact stress number, s, and the allowable yield

stress, sq,, are shown in Table 5413.1-1 (see also

Figure 5413.1-1). When the gear is subjected to infrequent

momnentary high overloads, the maximum allowable

stregs is determined by the allowable yield properties

rathér than the fatigue strength of the material.

(3) The allowable design bending stress and contact

stregs numbers are based on 10 million cycles of load

application as defined by AGMA. If the lifé,is to be

varidd, refer to the life factor as defined in the;ZAGMA stan-

dards.
(f] Load Distribution Factor. Theload distribution

factgr depends upon the combined_effects of

(1) misalignment of axis of retation due to machining

's and bearing clearances

(2) lead deviations

(3) elastic deflectiens of shafts, bearings, and

houding due to load

able

erro

E, = (097)™ x (0.95) M (15)
where
N, = number of oil-lubricated gear-reductions
Ny = number of grease-lubricatéd gear redyctions

Efficiencies of other forms of gearing, such as
bevel, and for other typesiof bearings shall be pe
reducer manufacturer’s recommendation.

(h) Gearing Fornis~dnd Quality. Gearing forps, other
than spur or helieal, shall be designed in acgordance
with applicable procedures presented in AGMA dtandards
and shall bé machined from forged steel blanks ¢r rounds
of certified ASTM quality.

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

Spur and helical gearing shall be hobbed to corjform to a
minimum AGMA quality number 8. In cases where heat
treatment is done after cutting, consideratiop should
be given to the effect of load distribution, K,,,. Distortion
due to heat treatment can result in gear quality being
reduced from 8 to 5. Surface grind, which npaintains
the profile, would be required to use thd factors
defined in Table 5413.1-2, under High Quality.

(i) Lubrication. Lubricants for gear and
enclosed in gear drives and gear motor drives
in accordance with the practices of AGMA 9
Industrial Gear Lubrication, or as recommendsd
gear manufacturer.

Lubrication for bearings used that are not enjclosed in
speed reducers and gear motor drives shall be|in accor-
dance with the bearing manufacturer’s recommpgndation.

worm or
" the gear

bearings
shall be
D05-E02,
d by the

The following equation should be used to determine the Enclosed gears shall comply with the follow|ng:
load|distribution factor, K,, (see Table 5413.1-2), except (1) shall have an oil pump when vertical gearing
where test‘data may support the application of other exceeds two reductions
factdrs: (2) shall have sufficient heat radiation ared to main-

tain lubricant at temperatures below maximum éperating

K,, =0.03F + R (14) temperature
(3) shall have fill and drain connections, lubricant

where

F = net face width of narrowest member of the
mating gears, in.

load distribution factor

load distribution R factor (see Table 5413.1-2)

Km
R

49

level indicator, and piping, and shall be piped to an acces-
sible area on the crane
See para. 5460 for all general lubrication requirements.
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Table 5413.1-1 Gearing Allowable Stresses

Minimum Material

Heat Treatment Hardness Sat Sac Say
Through-hardened 180 BHN 24,500 85,000-95,000 See Figure 5413.1-1
240 BHN 30,000 105,000-115,000
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 flame-hardened (full root hardness) 50 RC 45,000 170,000
55 RC 55,000 190,000
Induction| or flame-hardened (root not hardened) 50 RC 22,000 170,000
55 RC 22,000 190,000
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
Gearjing Quality Description Precision Quality High Quality High Quality [Note (1)] Minimum Qugdlity
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:
(1) Quality of gearing being reduced due to heat treatment after cutting.
(2) Reference — AGMA standard.

50
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Figure 5413.1-1 Allowable Yield Stress, s,
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Table 5415.1-1 Load Combinations — Hoist Drive Shafting

Type of Loading [Note (1)]

Service
Load Live Dead Load Motor  Allowable Factor
Crane Type Combinations Load Load Impact Inertia Seismic Hang-Up Torque Stresses Minimum
Type I hoist 1 X(R) X X Fatigue 1.0
2 X(R) X X Fatigue 1.0
3 X Fatigue 1.0
4 [Note (2)] X X 0.750, 0.5
[anp (?1] [anp (4)]
5 [Note (2)] X(Q) X 0.750, 0.5
[Note (3)] [Note] (4)]
Types Il anjd Il hoists Per CMAA 70

NOTES:
(1) Type qf loading:

- Live ldad: critical (C) or rated (R) load.

- Dead lpad: load block and attachments.

- Impact: operational.

- Inertig rotation and linear.

- Seismif: earthquake condition (refer to para. 4140).

-Loadh

ng-up: motor pull-out torque and rotational inertia. (For design computations, 275% of motox hameplate rating shall be used. Inj

cases

of higher vplues than the 275% motor nameplate rating, the ratio of the actual value of percent rated motor torque divided by 275% sHall be
considered in relation to the calculated service factor.)
- Motor [torque: nameplate rating.
(2) Calculdted stresses for load combinations 4 and 5 are based on the nominal cross section,whereas stress concentration factors need pot be
includgd.
(3) o, = njinimum yield stress of material.
(4) Compgnents that are not dual or redundant shall be designed with a service factor of 1.0.
5413.2 Types Il and Ill Cranes. Gearing for Types II 5414.3 Hoist Holding Brakes (Types Il and lll Hojsts).
and III cfanes shall be established in accordance with Hoist holding brakes shall be selected in accordance|with
provisiors in CMAA 70. para. 6420.

5414 Brakes — Load and Holding

5414.1 Hoist Control Braking Means (Types, Il, and
11l Hoistk). An electrical control braking.means or a
mechanjcal braking means capable¢ of maintaining
controlled lowering speeds shall be proyvided. Electrically
controlled braking means include(regenerative, dynamic,
countertprque, and eddy current. Brake sizing and design
are specified in para. 6400:

Mechahical load brakes, if'used as the control braking
means, shall be provided 'with sufficient thermal capacity
to accommodate lowering of the rated load at full speed
through the expéeted operating distance.

5414.2 Hoist Holding Brakes (Type I Hoists). Two or
more holflingbrakes shall be provided in accordance with

5415 Load Combinations — Hoist Drive Shaf
(Types I, 11, and Il Cranes)

ting

5415.1 Load Combinations, Allowable Stresses| and
Service Factors. The hoist drive machinery shafting|shall
be designed to resist the followingload combinationsfwith
corresponding values of allowable stresses and sefvice
factors. Combinations of the various types of loading
are shown in Table 5415.1-1.

fress
ures

5415.2 Computation — Analysis. Analytical s
computations shall be performed according to proced
in para. 5470.

5416 Single-Failure-Proof Features
5416.1 Type | Cranes. The hoist machinery arrdnge-

para. 6422.1(a) such that after failure of any hoist shaft or
coupling, one or more brakes remain capable of stopping
and holding the rated load. Under normal operating con-
ditions, the brakes shall apply automatically on power
removal. The application of the second (and any other
additional) brake(s) shall be delayed to minimize
shock to the hoist drive train.

52

ment 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
theload. This can be accomplished in several ways. Typical
applications of hoist machinery arrangements are illus-
trated in Figures 5416.1-1, 5416.1-2, and 5416.1-3,
and are defined below.
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Figure 5416.1-1 Typical Hoist Machinery Arrangement With Emergency Brake

|+ .|.| Drum pillow block
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Brake
+
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Figure 5416.1-2 Typical Hoist Machinery Arrangement With Redundant Gear Reducers and Brakes
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Figure 5416.1-3 Typical Redundant-Hoist Machinery Arrangement

_i_ Brake ¢
== ===
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(a) Typical Hoist:-Machinery Arrangement With Emer- shaft to two separate gear reducers and twd holding
gendy Brake. A'typical hoist machinery arrangement brakes. One of the holding brakes acts as a|primary
with| emergeficy brake includes one gear reducer with brake; the other holding brake acts as a backyp with a
a sinjgle drive motor, with two holding brakes and one delayed setting. At least two brakes shall be pvailable
emefgency brake. One of the holding brakes acts as a for emergency load lowering following a sinjgle hoist
primary brake; the other holding b C drive train failure h ge in shall be kized for

backup with a delayed setting. The emergency brake is
located on the drum; it is intended to set in an emergency
in case of a component malfunction or failure in the hoist
load path. This machinery arrangement is used where a
load drop during a hoist emergency (single component
failure) must be prevented.

(b) Typical Hoist Machinery Arrangement With Redun-
dant Gear Reducers and Brakes. The typical hoist
machinery arrangement with redundant gear reducers
includes one drive motor connected by high speed
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the total full-load drive torque of the motor.

(c) Typical Redundant-Hoist Machinery Arrangement.
The typical redundant-hoist machinery arrangement
combines two hoists into one redundant hoist. This
arrangement includes wire rope from the two hoist
drums independently reeved into a common load
block. Each hoist provides its own load path between
the load block and holding brake. Each redundant
hoist shall be sized such that, following a failure of one
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Figure 5420-1 Single-Failure-Proof Reeving Example

Hoist drum

GENERAL NOTES:
(a) Relatiye position of sheaves is extended and angle of view is distorted to clarify reeving paths.
(b) Number of parts of reeving may vary.
hoist loadl path component, the redundant hoist-prevides reeving systems that meet the above requirementf are
the capability to stop and hold the load. acceptable.
(-b) Upper blocks and load blocks shall be

5416.2 Types Il and Ill Cranes. Single*failure-proof
features pre not required.

5420 Reeving System

(a) TypelCranes. The designoftheropereeving system
shall be spich that a singlesope failure will not result in the
loss of thE lifted load. Aload balance shall be provided on
each ropg¢ system. In-the’event of a hook overtravel, where
the lowef block.contacts the crane structure, the ropes
shall not|be cut:or crushed.

The wire-rope and fleet angle requirements shall be in
accordanee—with-paras—o4251—-and-5426+respectively-

(1) Single-Failure-Proof Features. Single-failure-
proof mechanical features for the reeving system shall
consist of the following:

(-a) Reeving system shall be divided into two
separate load paths so that either path will support
the load and maintain vertical alignment in the event
of rope breakage or failure in the rope system.
Figure 5420-1 shows one such reeving system. Other
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designed such that each attaching point will be ahjle to
support three times the maximum critical load without
permanent deformation of any part of the block assebly.
These assemblies shall be designed so that the sheavep will
be contained in the event of failure of the sheave support
pin.
(-c) Reverse bends of the rope shall only be
permitted between the ropes threading off the qrum
and the lower block.
(b) Types Il and Il Cranes. Reeving system components
for Types Il and III cranes shall be in accordance [with
otstreevi i i yuble

a a a o e oy arc]
U O VI e A Y, gTC 01T

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 later-
ally in the direction of the axis of the drum as the rope
winds onto or off of the drum. Refer to Figure 5420-2,
illustration (a).
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Figure 5420-2 Single and Double Reeving
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(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 vertical lift) as the
ropes wind toward or away from each other onto or
off the drum. Refer to Figure 5420-2, illustration (b).

(3) Single-failure-proof features are not required for
Types 1I and III cranes.

(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 designed to meet
the criteria as delineated herein.

(1) Reeving equalization shall not be restricted
under normal operating conditions.

(2) Adequate free movement to compensate for
operational block swing and/or normal rope stretch

5421 Upper Block
5421.1 Type | Cranes

(a) Thie upper block, in conjunction with the load block,
shall be designed to maintain a vertical load balance about
the centef of the lifted load and shall have areeving system
of dual design.

(b) Alldesignloads and allowable stresses for mechan-
ical and structural components of the upper block shall be
in accordance with paras. 5300 and 4310, respectively.
The upplr block shall be accessible from above the
trolley flpor.

5421.2 Types Il and lll Cranes. Upper blocks for
Types II and III cranes shall be established in accordance
with the [provisions of CMAA 70.

5422 |oad Block
5422.1 Type | Cranes

e load block frame shall be constructed of rolled
steel and shall be entirely enclosed except for the rope
openingst The hook(s) shall be free to swivel on antifric-
tion or sl¢eve bearing so constructed as to excludedirt and
also shall be provided with a means for lubrication. Refer
to para. $460 for data relating to lubrication.

(b) Welding of trunnions for critical-load-handlingload
blocks sHall not be permitted.

(c) Lojd block assembly components, including hook,
hook nut] trunnion, and load bleck-structure, shall meet
one of the following criteria;

(1) flual load paths, para’ 5428.1(a)
(2) flouble design faetor, para. 5428.1(b)

5422.2 Types ll.and lll Cranes. Load blocks for Types
ITand III ¢ranes shallbe established in accordance with the
provisior}s of-CMAA 70.

5423
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 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 or
swivel to align itself with the pull of the ropes.
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shall be provided.

(3) Sensing and automatic signaling of exce
rope displacement to either side shall be provided

(4) Sensing and automatic signaling of a br
reeving shall be provided.

(5) In the event of a broken rope, the remajning
intact reeving system shall not be\loaded to more [than
40% of the breaking strength of the wire rope, inclyding
the dynamic effects of the load*transfer.

(6) The vertical displacement of the load followfing a
rope failure shall be minimized.

(7) The verticaldisplacement of the load followfing a
rope failure shall’be calculated and reported tq the
purchaser.

(8) The effects of a broken rope on the entire sytem
includingthe equalizer assembly shall be analyzed

(9), The sheave equalizer system or equalizef bar
system shall be contained in the event of a single
failure. Alternatively, to preclude component failufe as
a credible event, equalizer system components mdy be
designed with double the normal design factors.

sive

bken

5423.2 Types Il and lll Cranes. Equalizer bats or
sheaves of Types II and III cranes shall be established
in accordance with the provisions of CMAA 70.

5424 Sheave Pins
5424.1 Type | Cranes

(a) Sheave pins for the upper block and load block|shall
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 analyfsis.

(c) Analytical stress computation shall be performled in
accordance with para. 5470.

(d) Service factors shall be applied in accordance
para. 5320.

(e) Grease-lubricated sheave bearings shoul

with

d be

2 e pin
size is sufficiently large to provide the space for these
fittings.

proviaeda w dIVIadud Up O %

5424.2 Types Il and lll Cranes. Sheave pins for Types
I and III cranes shall be in accordance with the provisions
of CMAA 70.
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5425 Rope Construction, Loads, and Design Factors
5425.1 Type | Cranes

(a) Rope Construction. The hoist rope shall be of a
construction for crane service, such as improved or
extra-improved plow steel grades, 6 x 37 class construc-
tion (6 strand, 27 to 49 wires per strand), right regular lay
with independent wire rope core. Other materials,
strength grades, rope constructions, type of cores, and

(b) The rope fleet angle for sheaves shall be limited to
31/2 deg, exceptatthelast 3 ft of the maximum lift elevation
it shall be limited to 47 deg. Refer to Figure 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

lay npay beused wiereappticatiomor future devetopment
in wjre rope technology indicates.

(b} Selection of Ropes. Hoisting ropes shall be selected
based on the more stringent of the following require-
menfs:

(1) The rated load (without impact), plus the weight
of thie load block divided by the total number of parts of
rope| per system, shall not exceed 20% of the manufac-
turef’s published breaking strength.

(2) The maximum criticalload (withoutimpact), plus
the weight of the load block divided by the total number of
part§ of rope, shall not exceed 10% of the manufacturer’s
publjshed breaking strength on the total system or 20% on
each| of the dual systems.

(3) The impact load in the transfer of the maximum
critigal load from one of the dual hoisting rope systems to
the gther, in the event of rope failure, shall not exceed 40%
of thle manufacturer’s published breaking strength.

(4) The seismic load (para. 4130) with all parts of
intact shall not exceed 40% of the manufacturer’s
shed breaking strength.

(5) The load resulting from the maximum possible
overjoad of the hoisting machinery or crane,ineluding
two-plocking and load hangup, shall not exceed 40% of
the mpanufacturer’s published breaking strength.

(c] Breaking Strength of Ropes. The'bréaking strength
of rdpe shall conform to the mantfacturer’s published
valugs based upon the minimum yalues determined by
actugl tensile tests performed on'new ropes. The theore-
tical|strengths based upon material properties and net
metgl cross-section shalknot be used.

rope|
publ

5425.2 Types {l’and Ill Cranes. Rope construction,
loadf, and design factors for Types II and III cranes
shall be established in accordance with the provisions
of CMAA 70¢

5426 >Fleet Angles

steel and
. Proper

5427.1 Type | Cranes. Sheaves shall be ‘of|
provided with antifriction or sleeve bearing
provision for the effects of thrust shall be magle where
applicable. Figures 5427.1-1 and 5427%1-2 depift recom-
mended dimensions for running’/sheaves. Tlhe pitch
diameter for running sheaves.shall be not lesg than 24
times the diameter of the/hoist rope for 6 x 3|7 classes
of rope construction afidwot less than 30 tjmes the
hoist rope diametet-for 6 x 19 rope consftruction
classes. Pitch diameter of nonrunning (edqualizer)
sheaves shall not'be less than half the diameter of the
running sheayes.

Sheave journals requiring external lubrication shall be
providedwith individual grease lines, with thie fittings
located\such that they will be protected fron] damage
(see ‘para. 5460). Means shall be provided td prevent
the’wire rope from leaving the sheave grooves.

5427.2 Types Il and Il Cranes. Sheaves fof
and III cranes shall be established in accordancg
provisions of CMAA 70.

Types 11
with the

5428 Hooks

5428.1 Single-Failure-Proof Featureyq (Type |
Cranes). Type I cranes shall be provided wifh hooks
(hook) that either

(a) provide(s) two load-attaching points desig
that each attaching point provides a separate Ipad path.
Each load path shall be able to support three fimes the
maximum critical load without permanent defprmation

ned such

Figure 5426.1-1 Drum Fleet Angle

¢ Groove

5426.1 Type | Cranes

(a) The rope fleet angle to the drum grooves shall be
limitedto 3 1/2 deg, exceptatthelast 3 ft of the maximum lift
elevation it shall be limited to 4 deg. Refer to
Figure 5426.1-1 for fleet angle measurement to the
drum groove.

59

|
_JL @‘VW

\_~-3.5deg

3.5 deg—»|


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

(20)

ASME NOG-1-2020

Figure 5426.1-2 Sheave Fleet Angle

¢ Rope

1

/
85deg™ 1|, 90 deg

E, = (099N x (0.98)N (16)
where
N, = total number of running sheaves using antifric-
tion bearings divided by the number of ropes
leading from the drum(s)
N; = total number of running sheaves using sleeve
bearings divided by the number of ropes
leading from the drum(s)

——
——T

1

¢ Sheave

of the holok, other than localized strain concentration in
the area for which additional material has been provided
for wear| or

(b) prpvide(s) one load-attaching point designed such
that it prjovides 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
lll Crane§). Single-failure-proof mechanical features are
not requjred.

5428.3 Analytical Procedure for Curved Beams.
Hook stiesses 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. Foy hook configuration and calcwlation procedures,
see paral 5470.

5428.4 Indication of Maximum Sling Angle on Sister
Hooks (Tlypes |, Il, and Ill.Hoists). When sister hooks are
provided| the maximum, permitted included angle of the
slings befween the sister hook prongs shall be stamped on
the hoo

5429 Reeving Efficiency (Types |, II, and Il Cranes).
Hoist rople reeving efficiencies are based on the number of

5430 Trolley Drives

(a) Type I Cranes. Trolley drives shall consist of ope of
the following arrangements, which are shown in
Figure 5430-1. Each four-wheel trolley shall
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\¥vheels 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 unacfept-
able excursion, the'design shall incorporate single-failure-
prooffeatures tg ensure that the trolley can be broughttoa
safe stop.

(1) A-1Drive. The motor is located near the cenfer of
the trolleéy'and is connected by means of a flexible coupling
to a.self’contained gear reduction unit also located gt the
center of the trolley, which shall be connected to th¢ line
shaft by solid or half-flexible couplings. The line shaft is in
turn connected to the trolley wheel axles by meaps of
floating shafts with half-flexible couplings.

(2) A-1A Drive. Same as A-1 drive, except the|self-
contained gear reduction unit is located closer tq one
of the trolley wheel axles.

(3) A-1B Drive. Same as A-1 drive, except the|self-
contained gear reduction unit is located outsidg¢ the
trolley frame close to one of the trolley wheel axlef.

(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 prgssed
and keyed to their axles or attached directly tq the
wheel. Floating shaft couplings shall be half-flexible
type at wheel and reducer connections. If splicing of
floating shafts is required, couplings shall be of the
solid type.

(5) A-3Drive. The motorislocated atthe center ¢f the

running sheaves per lead line and the types of bearings
used with each sheave (i.e., antifriction or sleeve bear-
ings). For the purpose of calculating reeving efficiencies
and rope loads, the efficiency of each running sheave shall
be assumed as 0.99 for sheaves using antifriction bearings
and 0.98 for sheaves using sleeve bearings.

The total efficiency of the hoist reeving system shall be
established as

trolley and is connected directly to the line shaft by half-
flexible couplings. Self-contained gear reduction units
located near each end of the trolley shall be connected
to the trolley wheel axles by means of floating shafts
with half-flexible couplings or directly with full-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

(20)


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

ASME NOG-1-2020

Figure 5427.1-1 Proportions for 24:1 Sheave-to-Rope Ratio

% 5

— ) 35 deg (min.) | C (min.)
\< /I
] T
B dia. G (min.)
A (pitch dia.) F
Sheave Wheel Contours
Rope Dia,, in. A B c D E F G|
Y 12 11Y%, 1%, Y2 Y Yo v/
5 15 14%, 2 ., % Yas e
% 18 17Y, 2Y, B, A Yo 1}
A 21 20% 2%, 34 A Yea 1%
1 24 23 2%, 5%s 1 Yea 1%
1% 27 257 3 34 1% Yea 1%
1Y, 30 28%, 3% Wi 1Y, Yie 17
1% 33 31% 3% % 1% Y6 2%
1% 36 34Y, 3% %6 1Y, Vi 24

GENERAL NOTES:

(@) R, (min.) = the lesser of 25% rope diameter-or %, in.

(b) R, (min.) = % in.
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Figure 5427.1-2 Proportions for 30:1 Sheave-to-Rope Ratio

S

35 deg (min.) | C (min.)
D
. \/ |
o) T
B dia. G (min.)
A (pitch dia.) F

Sheave Wheel Contours

Rope |Dia., in. A B c D E F G
Y, 15 14Y, 1%, Y2 s Yo %
a 18%, 18% 2 W % Yas e
A 22Y, 21%, 2, s % Yo 1%
/s 267, 25% 2% *Vea s Yoa 1%
1 30 29 2%, 3%ed 1 Yea 1Y%,
A 33%, 32% 3 Opa 1% Yea 1'%
Ya 37Y, 36Y, 3Y, 7P 1Y, Yie 1%
% 41Y, 397 3Y % 1% Yie 2%6
Y 45 43Y, 3%, e 1Y, Yie 2Y,

GENERAL NOTES:
(@) Ry (min.) = the lesser of 25% rope diameter or 7 in.
(b) R; (min.) = %, in.
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Figure 5430-1 Arrangement of Crane Trolley Drives

¢ crane
| A-1 Drive
! —sH
| A-1A Drive
A=1B"Drive
A-2 Drive
A-3 Drive
cbo | by
\~|.|.\1r'.l i l.'.'\;.l.\,/ A-4 Drive
A-5 Drive
A-6 Drive
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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 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

5433 Trolley Brakes
5433.1 Type | Cranes

(a) Service Brakes. A trolley drive system shall be
provided with a service braking means that may be satis-
fied by the emergency brake, a separate control brake, or
as part of the motor controls. Service brake requirements,
brake sizes, and brake designs are specified in
Section 6000.

or by gedTs fastened to the truck whneers. (b)—Emergency amdParking Brakes Eacir primary

(7) R-5 Drive. The motor is located near the center of
the trollefy and is connected by means of a flexible coupling
to a self-fontained gear reduction unit located near the
center of the trolley. This reduction unit shall be connected
by sectigns of line shaft having solid or half-flexible
coupling$ to self-contained gear reduction units located
near each end of the trolley, and these in turn connect
to trolley wheel axles by means of floating shafts with
half-flexiple couplings or directly by means of full-flexible
couplingg.

(8) A-6 Drive. The motors are located near each end
ofthe tro|ley and are connected with a torque shaft. On the
drive end, the motors shall be connected to self-contained
gear redyction units by means of flexible couplings. Gear
reduction units are to be connected to trolley wheel axles
by mean§ of floating shafts with half-flexible couplings.
High-speled shafts between motors shall be connected
by meang of half-flexible couplings. All other couplings
shall be ¢f the solid type.

(b) Types Il and III Cranes. Arrangement of trolley
drives is|the same as for Type I cranes.

5431

otors — Trolley

5431.1 Type | Cranes. Each motor in a trolley drive
arrangement (refer to para. 5430) shall connect directly or
indirectlly to two opposite wheels fgritraversing the
trolley, ¢r, if individually driven Wwheels are used, a
motor shall be provided to drive:opposite wheels.
Motors afre to be selected per para. 6400.

5431.2 Types Il and Il Cranes. Trolley drive motors
shall be $elected in accérdance with para. 6400.

The actual horsepower imposed on the gearing shall be
considered as the rated motor horsepower at its normal
time rating as defined in Section 6000. If 60-min series
wound motors are used, then special consideration
shall be given to the short time torque ratings of such
motors.

5432.2 Types Il and Ill Cranes. Gearing for trolley
travels shall be established in accordance with the provi-
sions of CMAA 70.

trolley drive motor shall be provided with an emergency
and a parking brake. Brake sizing and design até\spedified
in Section 6000.

5433.2 Types Il and Ill Cranes. Tfolley brakes [shall
be in accordance with CMAA 70.

5440 Bridge Drives

(a) Type I Cranes. Bridge-drives shall consist of ope of
the following arrangements, which are shown in
Figure 5440-1. Each Mour-wheel bridge shall yse a
drive arrangement that has at least 50% of the wheels
driven. Bridge$.having more than four wheels, su¢h as
eight-wheel, tiwvelve-wheel, or sixteen-wheel, shall have
at least 25% of the wheels driven. Bridge drives ghall
be located directly opposite each other on rectilinear
trayeling overhead and gantry cranes [see Figure
5440-1], and diagonally opposite on polar cranes|[see
Figure 5440-2].

In bridge 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 unacfept-
able excursion, the design shall incorporate single-failure-
prooffeatures to ensure thatthe bridge can be broughttoa
safe stop.

(1) A-1 Drive. The motor is located near the cenfer of
the bridge and is connected by means of a flexible coupling
to a self-contained gear reduction unit also located gt the
center of the bridge, which shall be connected to th¢ line
shaft by solid or half-flexible couplings. The line shaft is in
turn connected to the bridge wheel axles by meaps of
floating shafts with half-flexible couplings [see (7), Note].

(2) 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 bridge. The bridge w
shall be driven through gears. that are either pr ssed
ctly
to the wheel. Line shaft couplings at the center
reducer shall be either solid or half-flexible. Line shaft
couplings at the truck reduction pinion shall be of the
half-flexible type. All other couplings shall be of the
solid type [see (7), Note].

(3) A-3Drive. The motor islocated at the center of 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

(20)
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Figure 5440-1 Arrangement of Crane Bridge Drives

G crane

A-1 Drive

A-2 Drive

A-3 Drive

A-4 Drive

A-5 Drive

A-6 Drive
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Figure 5440-2 Arrangement of Polar Cranes

%

#

Typical Bridge Single Drive

L — — — |

/]

AN

]

Typical Bridge Dual Drive

66


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

ASME NOG-1-2020

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 by means of either suitable shafts with couplings
or directly mounted to the wheel axle shaft extension.
Ano
highispeed and final reductions by locating the motors
near|each end of the bridge without torque shafts. The
motq@rs 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.

(5) A-5 Drive. The motor is located near the center of
the bYridge and is connected by means of a flexible coupling
to a fself-contained gear reduction unit located near the
center of the bridge. This reduction unit shall be connected
by spctions of line shaft having solid or half-flexible
couplings to self-contained gear reduction units located
near| each end of the bridge, and these, in turn, shall
be cpnnected to bridge wheel axles by means of floating
shafts with half-flexible couplings [see (7), Note].

(6) A-6 Drive. The motors are located near each end
of the bridge and are connected with a torque shaft. On the
drive¢ end, the motor shall be connected to a self-contained
gear|reduction unit by means of flexible couplings. Gear
redulction units are to be connected to bridge wheélaxles
by njeans of floating shafts with half-flexible €ouplings.
Highl-speed shafts between motors shall/be connected
by hplf-flexible couplings. All other couplings shall be
of the solid type.

(7) Typical bridge drive arrangements for polar
crangs are shown in Figure 5440-2. These drives use
the A-4 drive arrangement with the axis of bridge
whegl rotation passing through the center of the crane
runway diameter.

NOTH: A-1,A-2,and A-S drives canresultin a torsionally very soft
drivelsystem if centér gear ratios and/or bridge spans are of large
magrjitude. Naturalfrequency and amplitude of total torsional
deflection of the drive system should be determined. Low
freqyencieSiand large total deflections are undesirable for
crang opetation.

5441.2 Types Il and Ill 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.

5442 Bridge Travel Gearing

5442.1 Type | Cranes. Bridge travel gearing shall be

} i } - - t for the
areas delineated in this Section. The actual hofsepower
imposed on the gearing shall be considergd as the
rated motor horsepower, at its normal tim rating,
unless 60-min series wound motors are ufed (see
para. 5441.3).

5442.2 Types Il and Ill<Cranes. Gearing for bridge
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 drive system|shall be
providedwith a service braking means that may be satis-
fied:byythe parking brake, a separate control brake, or as
past of the motor controls. Service brake requ|rements,
brake sizes, and brake designs are specifigd under
Section 6000.

(b) Emergency and Parking Brakes. Each|primary
bridge drive motor shall be provided with an efergency
and a parking brake. Brake sizing and design are|specified
under Section 6000.

5443.2 Typesllandlll Cranes. Bridge brakqs shall be
in accordance with CMAA 70.

5450 General Mechanical Components
5451 Couplings (Types I, 1, and Il Cranes)
5451.1 General

(a) Couplings connecting the motor(s) to the hoist and
travel gear reducer(s) shall be the flexible typq. Grease-
lubricated couplings are preferred with gear types. Flex-
ible motor couplings are not required for self-qontained
bridge and trolley gear reduction units with| integral
motors.

(b) Cross-shaft couplings, other than the flexjble type,

(b~ Types1tamd i Cranes ATTangement of Dridge
drives is the same as for Type I cranes.

5441 Motors — Bridge

5441.1 Type | Cranes. Each bridge drive arrange-
ment, as described in para. 5440 and shown in Figures
5440-1 and 5440-2, shall use one or more motors for
traversing the bridge. Motor(s) shall be selected in accor-
dance with para. 6400.

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 manufac-
turer’s rating and applicable service factors for crane
motions compared to the applied torque on the coupling,
giving consideration to the following:
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(1) motor output

(2) gear ratio

(3) efficiency of system

(4) wheel slippage 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
the applifable 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 yvith treads accurately machined. Wheels may
have eitHer straight treads or tapered treads assembled
with the(large diameter toward the center of the span.
Drive wheels shall be matched pairs within 0.001 in./
in. of digmeter, or a total of 0.010 in. on the diameter,
whichever is smaller. When flangeless wheel and side
roller asfemblies are provided, they shall be of a type
and design recommended by the crane manufacturer.

5452.2 Material. Wheels shall be rolled or forged
from steel for Type I cranes. Types II and III cranes
may have wheels cast of carbon or alloy steel. Wheel
treads shpll have aminimum surface hardness of 300 BHN.

5452.3 Loading. Wheels shall be designed to carry
the maxjmum wheel load under normal conditiong.
The alloyable maximum wheel load is determined by
dividing the allowable wheel load in Table 5452.351 by
the apprqpriate speed factor of Table 5452.3-2. The allow-
able wheel load shown in Table 5452.3-1 is that load
produced with trolley handling the rated {ead in the posi-
tion to pfoduce the maximum load and shall be used for
determinfing wheel sizes. Impact loading due to handling
rated load is not included in the 'allowable wheel loads.

5452.4 Clearances

(a) Bridge Clearances‘Wheel treads shall be a minimum
of %, in. yider than the rail head for nontapered wheels.

(b) Tholley Clearances. Wheel treads shall be a
minimunp of % in>wider than the rail head for nontapered
wheels.

(c) Tapered Wheel Clearances. Tapered tread wheels

5452.5 Wheels With Rotating Axles. When rotating (20)

axles are used, wheels shall be mounted on the axle with a
press fit. Axles of drive wheels shall not rely on friction
alone to transmit driving torque.

5452.6 Overhung Wheels. Overhung wheels shall
not be used.

5453 Axles — Bridge and Trolley

: ither
of the fixed or rotating type.

(a) Load Combinations, Allowable Stresses, @nd’Sdrvice
Factors. The bridge and trolley axles shall be designgd to
resist the load combinations of Table 5453,1-1 with cprre-
sponding values of allowable stresses.and service fagtors.

(b) Computation — Analysis. Analytical stress compu-
tations shall be performed aceording to procedurgs in
para. 5470.

5453.2 General — Type Il Cranes. Axles shalll be
designed according ta. CMAA 70.

5453.3 General — Type Il Cranes. Axles shdll be
designed according to CMAA 70.

5454 Drive Shafts — Bridge and Trolley

5454.1 General — Type | Cranes. Drive shafting|shall
be designed for the rated load maximum wheel logad in
combination with the required torque. The magr‘lj:ude
of the torque shall be based on the drive output
torque, skid torque, or braking torque, whichevir is
limiting.

(a) Computation — Analysis. Analytical stress compu-
tations shall be performed according to procedurps in
para. 5470.

(b) Service Factors. Service factors shall be ap
according to para. 5320.

(c) Torsional Deflection. The torsional deflection df the
cross-shafts and floating shafts shall not exceed the vdlues,
shown in Table 5454.1-1. The types of drives referredto in
this table are defined in para. 5440. The percent 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 betyeen
the motor and the shaft. If 60-min series wqund
motors are used, short time rating torques should be

considered. The allowable angular deflection is exprgssed
Ld LEE)

plied

may have a clearance over the rail head of 150% of
the clearance provided for straight tread wheels, or as
recommended by the crane manufacturer.

(d) Special Conditions for Wheel Clearances. Wheel
tread clearances may be greater than those specified in
Figure 5452.4-1, if determined necessary to meet
runway expansion requirements caused by excessive
temperature and pressure. Refer to Section 1000. For
guidance on wheel width and height, refer to Table
5452.4-1.

68
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5454.2 General — Types Il and Ill Cranes. Drive
shafting shall be designed according to CMAA 70.
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Table 5452.3-1 Allowable Wheel Loads for Rim-Toughened Crane Wheels, P, lb, for Speed Factor = 1

Rail Section

BETH & USS BETH & USS BETH & USS
Wheel Diameter, in. ASCE 30#  ASCE 40#  ASCE 60# 104-105# 135# 175# BETH 171#
8 11,840 13,930
9 13,220 15,670 21,940
10 14,800 17,410 24,370
12 17,770 20,890 29,250 31,340
15 22,210 26,110 36,560 39,170
18 26,650 31,340 43,880 47,010 56,410 78,350 B7,760
21 36,560 51,190 54,850 65,820 91,410 02,380
24 58,500 62,680 75,220 104,470 17,010
27 70,520 84,620 117,530 31,640
30 78,350 94,020 130,590 46,260
36 112,830 156,710 75,520
Effdctive rail width 1.063 1.250 1.750 1.875 21250 3.125 3.500

GENHRAL NOTES:
(a) Allowable wheel load P = KbD, where
j = effective width rail head
I = diameter of wheel
0.333

(b) k= 1,300(@)

260
(c) BHN for rim-toughened wheels = 320

allowable wheel load

= 1,393

(d) Apllowable maximum wheel load=
speed factor

Table 5452.3-2 Speed Factor for-Determining Allowable Maximum Wheel Load

Wheel Travel Speed, ft/min
Digmeter, in. 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 1.558 1.631
9 0944 1.001 1033\ 1.066 1.098 1130 1.163 1.227 1292 1356 1421 1.485| 1.550
10 0932 0984 (1.020 1.049 1.079 1108 1137 1.195 1.253 1312 1369 1427 1.485
12 0915 0958 ,1.001 1.025 1.049 1.074 1.098 1.146 1195 1.243 1.292 1.340| 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 1.253 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 1.195 1.227
21 0879 0903 0927 0952 0977 1.001 1.015 1.043 1.070 1.098 1.126 1.153| 1.181
24 0.873 0.894 0915 0937 0958 0980 1.001 1.025 1.049 1.074 1.098 1.122| 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 0915 0932 0949 0967 1.001 1.020 1.040 1.059 1.079f 1.098
36 0.860 0.873 0.887 0901 0915 0929 0944 0973 1.001 1.017 1.033 1.049 1.060

GENERAL NOTE:

m — 31.5 2
Forrpm <31.5: speed factor = [1 + (TT)]

rpm — 31.5)

Forrpm >31.5: speed factor = 1 + (
328.5

69


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

ASME NOG-1-2020

Figure 5452.4-1 Minimum Flange Widths and Heights

N\

h
<« Width of rail head ——
w / w
> Width of rail head + 3/gin. For trolley wheels-min.
10 deg
Width of rail head + 3/, in. For bridge wheels min.
Straight Tread Wheels
Span
3/8 r
<~——— Width of rail head\————
\ / /
w w
Width-of rail head + 11/8 in. For bridge wheels min
10 deg
Tapered Tread Wheels
Table 5452.4-1 Guide for Wheel Flange Width and Height
Wheel Flange Wheel Diameter, in.
idth and Height 8 9 10 12 15 18 21 24 27 30 36
Flange width, w, in. A A A A A A A 1 1 1Y% 1Y,
Flange height, h, in. A A Y % % A /A 1 1 1 1
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Table 5453.1-1 Load Combinations — Bridge and Trolley Axles

Type of Loading [Note (1)]

Load Service
Combination Maximum Side Output Slipping Brake Allowable Factor
Crane Type [Note (2)] Wheel Load Thrust Torque Torque Torque Seismic Stresses Minimum
Type I crane 1 X X X [Note (3)] X [Note (3)] 0.2 ULT 1.0
2 X X X [Note (3)] X [Note (3)] 0.75 Y 1.0
3 NA

Types Il and I11

cranes

Per CMAA 70

NOTHS:
(1) Type of loading:
-| Maximum wheel load: live load + dead load + impact load

-| Brake torque: applicable percentage of rated motor torque

- Seismic: earthquake condition
- Live load: rated load

(2) Lpad combinations:

-{ Load combination 1 — normal operating

- Load combination 2 — maximum overload-drive torque

-{ Load combination 3 — seismic not applicable

(3) Minimum value of either output, sliding, or braking torque.

Table 5454.1-1 Deflections

Maximum Allowable

Typg of Drive Deflection, deg/ft Motor Torque, %

A-1 0.080 67
A-2 0.080 50
A-3 0.080 67
A-4 0.070 100
A-5 0.080 50
A-6 0.070 100

5455 Bearings
5455.1 Antifriction‘Bearings (Type | Cranes)

(a) The type, size/and mounting of bearings shall be
determined by criteria outlined in this Section. Computa-
tionq confirming the adequacy of the bearing to meet the
critefia shall\bé included as part of the crane analysis.
(b} Béaxings with a calculable predicted life expectancy

of a minimum of 5,000 hr shall be selected.

- Output torque: motor rating (nameplate) x gear ratio x efficiency x factor for drive arrangement
- Slipping torque: maximum wheel load x 0.2 x diameter of wheel/2

- Side thrust: force due to contact between wheel flange and side of rail head

- Dead load: weight of crane (for bridge) or weight of trolley (for trolley)

(4) Infrequentloads, such as impact or seispic, need
not)be considered in bearing life computation.

(5) Bearing life computations shall be bas¢d on the
full rated speed except as exempted herein. Thgy may be
based on less than full rated speed only if confirnfed by the
load spectrum, unless otherwise specifiefl by the
purchaser.

(6) Bearing life computations shall be bas
following minimum percentages of maximum
load combinations.

(-a) Bridge drive bearings shall be compyted using
75% of the maximum load, and shall be computed with no
load acting against the wheel flange.

(-b) Trolley drive and wheel bearings
computed using 65% of the maximum load,
be computed with no load acting against the whg

(-c) Hoistbearings shall be computed usi
the full rated load.

(c) Bearings shall be selected to withs
maximum forces that may be imposed.

(1) Bearing capability shall be determined|from the
manufacturer’s published data or certified extgnsion of

bd on the
load and

shall be
ind shall
el flange.
hg 65% of

and the

(1) Bearing life expectancy shall be determined from
the bearing manufacturer’s published data or certified
extension of published data.

(2) Bearing life expectancy shall be expressed as the
number of hours of operation in which 90% of the bear-
ings are expected to operate without failure.

(3) Analytical procedures may be based on L10 or
B10, as defined by the American Bearing Manufacturers
Association (ABMA).

71

published data.
(2) The basic static capacity of the bearing shall not

be exceeded by load combinations as outlined herein.

(-a) All bearings shall be sized to resist the
maximum operating force that can be imposed by the
driving motors.

(-b) Wheel bearings shall be designed to resist
forces due to the maximum wheel load.
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(3) Loadsimposed by the safe shutdown earthquake
(SSE) shall not exceed 90% of the bearings’ minimum frac-
ture limit.

(d) Mounting fits and internal clearances shall be as
recommended by the bearing manufacturer.

(e) All bearings shall be provided with proper lubrica-
tion or means of lubrication.

(f) Bearing enclosures shall be designed as far as prac-
tical to exclude dirt and prevent leakage of oil or grease.

(g) Aspem

publishegl data. Certified confirmation of the bearing’s ca-
pacity bejond published rating must be obtained from the
manufacfurer.

(i) Forbearings of load blocks that are to be immersed
ubricants of these bearings shall be compatible
with the ¢hemistry of the liquid (refer to Section 1000 for
special epvironmental conditions)

(2) provisions shall be made for relubricating the
bearings pnce the block has been removed from the liquid

5453%.2 Antifriction Bearings (Types lland Il Cranes)

(a) Reffer to CMAA 70.
(b) Fof bearings ofload blocks that are to be immersed
(1) lubricants of these bearings shall be compatible
with the ghemistry of the liquid (refer to Section 1000 for
special ehvironmental conditions)
(2) provisions shall be made for relubricating the
bearings pnce the block has been removed from theliquid

545%.3 Sleeve Bearings (Type | Cranes)

(a) Only bearings with published afid/or certified
propertig¢s shall be used.

(b) The PV (pressure velocity)-rating of the bearing
shall not|be exceeded for any eombination of operating
loads.

(c) Fofces 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 njeans of lubrication.

(e) Mqunting\fits and clearances shall be as recom-
mended py the bearing manufacturer.

(f) Bearingenclosures shall be designed as far as prac-

(2) Cranes that travel over the reactor pool or fuel
pool shall use fasteners that do not depend upon lock
washers unless they are so located as to be caught
upon removal by drip pans or crane structure. For
these cranes, when other than high-strength bolts are
used, preferred locking methods are thread-upsetting
fasteners, plastic insert fasteners, tack welding,
cementing, or lock wire. High-strength bolts are consid-
ered restrained when torqued in accordance with the AISC
anual of Steel Construction, Ttion, Section
(b) Type IlI Cranes. Fasteners shall be in accordance
with CMAA 70.

5456.2 Allowable Stresses

(a) Types Iand Il Cranes. Maximufii\}combined str¢sses
induced in the fasteners by normaloperating loads| (but
notincluding pretensioningloads) shall not exceed 2% of
the ultimate strength of the fasteners. Limiting loads (such
as seismic, stall torque,.and load hang-up) shall induce
combined stresses (nat including pretensioning strepses)
that do not exceed,90% of the yield stress of the fastepers.

(b) Type Il €ranes. Maximum combined strgsses
induced in the‘fasteners by normal operating lpads
(not including pretensioning loads) shall not exceed
20% of therultimate strength of the fasteners.

5456.3 Mounting of Machinery

(a) Types I and Il Cranes
(1) Mounting surfaces for machinery (excepjt for
bridge cross-shafting) shall be machined for djrect
mounting or with allowance for shimming as dicfated
by the design.
(2) Single machinery elements such as motorq and
gear reducers shall not be mounted on mulfiple
support structures that can deflect with respeft to
each other unless the design specifically allows foq this
deformation.
(3) Machinery or machine parts whose alignmgnt is
important to its operation shall not depend on frictioh but
shall use positive means such as dowel pins, shear bafs, or
fitted bolts to maintain alignment.
(4) Gear engagements shall be protected suchf that
equipment deformation could not cause disengagement
and drop the load.
(5) Dowel pins, shear bars, jacking screws, fitted
bolts, or similar restraints that are stressed by the

tical to exclude dirt and prevent leakage of oil or grease.

5455.4 Sleeve Bearings (Types Il and Il Cranes).
Refer to CMAA 70.
5456 Fasteners — Mechanical Components
5456.1 Fastener Restraints

(a) Types I and Il Cranes
(1) Fasteners shall not loosen under normal oper-
ating loads and vibration.

lifted load shall be designed so that combined stresses
from the rated load (not including pretensioning loads
for bolts) do not exceed 20% of the minimum ultimate
strength of the restraint materials, not including the
effects of friction. For extreme environmental and
abnormal event conditions, such as seismic, load hang-
up, and two-blocking, combined stresses (but not
including pretensioning loads for bolts) shall not
exceed 90% of the minimum yield stress of the materials,
not including the effects of friction.

(20)

(20)
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(6) Machinery weights shall be adjusted by appro-
priate factors when considering seismic loads, analyzed
by the static method, to determine fastener mounting
loads. Allowable 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

5457.3 Enclosures for Gears (Type | Cranes)

(a) All gears not enclosed in gear cases shall be
provided with guarded enclosures. This is primarily for
the final gear reduction at the hoist drum and travel
motion drive wheels.

(b) All gear enclosures shall be designed to retain lubri-
cant.

(c) Openings shall be provided in the top section for the
inspection of the gearing at the mesh lines. Covers for

by tlfe design.

(2) Single machinery elements such as motors and
reducers shall not be mounted on multiple

support structures that can deflect relative to each

othef unless the design specifically allows for this defor-

matipn.

(3) Machinery or machine parts whose alignment is
rtant to its operation shall not depend on friction but
use positive means such as dowel pins, shear bars, or

| bolts to maintain alignment.

(4) Gear engagements shall be protected such that

bment deformation could not cause disengagement

Hrop the load.

geaf]

impd
shall
fitte

equi
and

5457 Gear Cases, Enclosures, and Guards
5457.1 Gear Cases (Type | Cranes)

(a) All gears except final reduction gears shall be com-
pletdly enclosed in gear cases. All gear cases shall be oil-
tight] and sealed with compound or gaskets.

(b} Unless otherwise approved by the owner, the hoist
motipn gear case base shall be split in one plane thtough
the bearing center lines above the oil level ‘except in
micrpdrives and worm drives.

(c] Openings when provided shall be provided in the
top jection for the inspection of gearing-at mesh lines.
Covgrs for these inspection holes. shall be sealed to
prevent leakage.

(d) Splash oil lubrication-of .bearings may be used
unlegs otherwise specifieds

(e} Oil pumps shall be used if vertical gearing exceeds
two freductions. The @il level on horizontally arranged
gearfng shall be high enough to immerse the bottom
portjon of at leasttwo gears.

(f) Solid oil.seals should be selected to allow replace-
ment with:split seals, if possible.

(g} Easily accessible drain plugs and breathers shall be
provided.

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 td retain the lubri-
cant.
(e) Gearenclosures shall be proyided with lugp or other
means of lifting.

5457.4 Enclosures/for-Gears (Types E:Land I
Cranes). Gear enclosureés.shall be in accordance with
CMAA 70.

5457.5 Guards for Moving Parts (Types |,
Cranes)

I, and 1l

(a) Exposed moving parts such as gears, seft screws,
projectingkeys, chains, chain sprockets, and reciprocating
conmiponents, which may constitute a hazard) shall be
guarded.

(b) Guards shall be securely fastened.

(c) Each guard shall be capable of suppo
weight of a 200-1b person without permanent
tion, unless the guard is located where itis impos
person to step on it.

ting the
deforma-
bible for a

5457.6 Guards for Hoisting Ropes (Types |,
Cranes)

11, and Il

(a) If hoisting ropes run near enough to othef parts to
make fouling or chafing possible under normal ¢perating
conditions, guards shall be installed to prevent this condi-
tion.

(b) A guard shall be provided to prevent contact
between bridge or runway conductors and|hoisting
ropes if they can come into contact under normal oper-
ating conditions.

5458 Bumpers and Stops
5458.1 Bridge Bumpers (Type | Cranes)

(h) All hoist gear cases shall be mounted on machined
surfaces.

(i) Gear cases shall be provided with lugs or other
means of lifting.

(j) Means for checking oil level shall be provided.

5457.2 Gear Cases (Types Il and Ill Cranes). Gear
cases shall be in accordance with CMAA 70.

73

taBumpersshattbe-sizedtoHmitimpaetand critical
load excursions to facility acceptable magnitudes.

(b) A crane shall be provided with bumpers. These
bumpers shall have the following minimum characteris-
tics:

(1) energy absorbing (or dissipating) capacity to
stop the crane when traveling with power off in either
direction at a speed of at least 40% rated load speed
(refer to para. 5459 on limit switches for limiting
speed upon bumper impact)
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(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 direction at 20% of rated
load speed

(3) mounted such that there is no direct shear on
bolts upon impact

(c) Bumpers shall be designed and installed to mini-
mize parts falling from the crane in case of breakage
or looselfing

(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 rptation is desired.

5458.2 Bridge Bumpers (Types Il and Il Cranes).
Bridge bfimpers shall be in accordance with CMAA 70.

545
(a) B

load excy

(b) A
bumpers
tics:

(1) energy absorbing (or dissipating) capacity to
stop thq trolley when traveling with power off in
either difrection at a speed of at least 50% rated load
speed (refer to para. 5459 on limit switches for limiting
speed upon bumper impact)

(2) ftapable of stopping the trolley (not including
load blodk and lifted load unless guided vertically)lat a
rate of feceleration not to exceed an average of
4.7 ft/se¢” when traveling with power off in eithér direc-
tion at ope-third of rated load speed

(3) mounted such that there is ne~direct shear on
bolts upqn impact

(c) Bumpers shall be designed-and installed to mini-
mize paifts falling from the crahe’in case of breakage
or loosenjing of bolted connéctions.

(d) When more than onétrolley islocated and operated
on the sgme bridge, bumpérs shall be provided on their
adjacent [ends to meet-the requirements stated above.

.3 Trolley Bumpers (Type | Cranes)

pers shall be sized to limit impact and critical
rsions to facility acceptable magnitudes.
rolley shall be provided with bumpers. These
shall have the following minimum characteris-

5458.4 Trolley Bumpers (Types Il and Ill Cranes).
Trolley Bumpers shall be in accordance with CMAA 70.

545

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) Tracktype for bridge and trolley travel motion (see
para. 6447 for application and function).
(b] Geared type for upper and lower travel hoist motion

Favel
ion).
pvice

(C] Welght and paddle operated type for uppert
hoist motion (see para. 6447 for application and-func
(d) A trolley track-type limit switch or ‘other d
shall be provided and positioned to ensure that, ;:l?der
operating conditions, the trolley spée@ cannot exjceed

50% of rated load speed on engaging the trolley gtops
and bumpers.
(e) A bridge track-type limit/switch or other de¢vice

shall be provided and positioned to ensure that, 1):|£1der
operating conditions, the-bridge speed cannot exjceed

40% of rated load speed on engaging the bridge §tops
and bumpers.
5459.2 Limit Switches (TypesIland lll Cranes). Limit

switches shall*be in accordance with CMAA 70.

5459.3 Clearances. For determining clearalnces
betweén the trolley structure and the load block in its
high*position, allowance shall be made for lift, trip| and
drift as shown in Figures 5459.3-1 and 5459.3-2.

5460 Lubrication
5461 Type | Cranes

ated
k for

(a) Sheave bearings shall be individually lubrig
and accessible for lubrication from the trolley dec
the head block assembly and the operating floof for
the load block assembly. Load blocks that are immgrsed
in water shall have special provisions to prevent lgss of
lubricant to the water (refer to para. 1100).

(b) Hoisting ropes, except for stainless steel rppes
(consult manufacturer), shall be lubricated. When
ropes are immersed in water, the lubricant type ghall
be selected to reduce the loss of lubricant to the water.

(c) Lubricants for gears, bearings, and wire ropesjshall
resist effects of gamma or neutron radiation when |such
effects are present, or facilities shall be provided for ¢han-
ging of the lubricants.

(a) Stops shall be provided at the limits of travel of the
trolley.

(b) Stops shall be designed to withstand the forces
applied to the bumpers as specified in para. 5458.

(c) If a stop engages the tread of the wheel, it shall not
be of a heightless than the radius of the wheel. Stops enga-
ging other parts of the crane are recommended.

(d) Stops shall be mounted such that there is no direct
shear on the bolts upon impact.

74

(d) If lubricants cannot be conveniently changed, but
are subjected to neutron or gamma radiation, then lubri-
cants shall be NLGI Grade 0 oil containing molybdenum
disulfate or NLGI Grade 1% grease with sodium aluminate
thickener. They shall be oxidation and rust inhibited with
the exception of wire rope lubricants.

(e) Provisions shall be made to prevent lubricants
falling from the crane.

(f) For all above paragraphs, refer to Section 1000.
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Figure 5459.3-1 Power or Control Circuit Limit Switch Figure 5459.3-2 Power or Control Circuit Limit Switch
With Geared Upper Limit Switch
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5462 Types Il and Ill Cranes. Lubrication shall be in
accordance with CMAA 70, unless the crane is subjected
to radiation. If Types II 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
language for the terms, symbols, data, and formulas
that apply most frequently in the process of mechanical

on whether ox or oy are basically bending or tension-
compression stresses. Stress concentration factors
must be entered into calculation even if equal to 1.0.

5472 Nomenclature. See para. 5168.

5473 Working Stresses. The maximum working
stresses in Class I crane machinery components shall
not exceed the maximum allowable stresses, og4, Ona,
Ox4, Oya, Ta, OF Try, Uunless otherwise specified by the

crane erjgineering. The effects of service and stress
concentrfitions are treated separately from the allowable
stresses fo 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 stiresses throughout the industry. Where applica-
ble, formplas and symbols shall be used as defined in this
Standard| All other formulas and symbols used in design
calculatigns shall conform as far as possible to the method
outlined|and shown. The given data apply to low and
medium [carbon steel (usually used as hot rolled and
normalifed) and to heat treated alloy steel (usually
used as quenched and tempered).

(b) Mdterial strength properties have been treated on
the basis|of ultimate strength because it has a good rela-
tionship [to the fatigue strength. No differentiation has
been mafde between various materials because of the
wide scdtter of fatigue strength for each individual
heat or ¢ach finished component. Heat treated alloy
bar has, |on the average, higher fatigue strength than
medium ¢arbon steel of the same ultimate tensile strength.

(c) Prpgressive fatigue failure represents the most
commo1] mode of failure in crane machifiery. The
design criteria of this Standard are, therefore, directed
mainly tp the prevention of accumulative damage to
the matefial of mechanical crane components.

5471 §

(a) Stfess concentration factors, Kyp Kys and Kyr, for
shafting {n bending, shear, and torsion may be obtained
from Stress Concentratioti Eactors by R. E. Peterson.! These
factors sHall give consideration to the effects on the fatigue
strength pf fillet radii;"as well as keyways, combined with
heavy prpss fits!

Stress|concentration factors for all other forms of
notches [(e\g5 lubrication holes, threads, grooves) as

tress Concentration Factors (Type | Cranes)

purchaser. Tie WOTKINgG SITeSSEs (0g, On, O&sN, O&B] OEN
Ox Oy, OExy, OExyT» T TT TET, Txy, and Tgxyr) are-unigxial,
biaxial, shear, combined, or equivalent stresses, which are
induced in a mechanical component by theé working
(operational) loads. The maximum werking loads shall
include dead loads, maximum live loads;and acceleration
and deceleration forces that result frorh normal operation
of the crane. The maximum calculated working str¢sses
shall include both service and stréss concentration fagtors.

5474 Allowable Stresses. The allowable stresses| oy,
Ona, Ta, and T4, Wwhich shall be obtained ffrom
Figures 5474-1,/5474-2, and 5474-3, vary witHf the
minimum ultimate: tensile strength, oyr, of the maferial
in use, as wéll as with the fluctuation ratios, Rz R), Rs,
and Rr, of'the working stresses. ox4 and oy, shall be
selected from Figure 5474-1 or Figure 5474-2, deperlding
upon-wWhether ox or oy are basically bending or tengion-
compression stresses. 74 shall be selected directly from
Figure 5474-3.

5475 Service Factors. Service factors, Ksg, Ky, Ks4 and
Ksr, are to be based on para. 5320. Not all compornents
within a crane drive system are necessarily subjgcted
to the same service. Service factors shall give consiglera-
tion to the following:

(a) risk and consequences of potential failure

(b) indeterminate load reactions (e.g., trolley with
frame supported on four track wheels)

(c) unpredictability of operation conditions (e.g., U
pected accidents within the building)

(d) dynamic effects (e.g., impacts in hoist mecharnlisms
and seismic effects)

rigid

nex-

5476 Basic Stress Equations

(a) Where applicable, egs. (17) through (31) mukt be
used in determining basic stresses in crane machinery
components. For determining size of machinery compo-

well as other modes of stressing must also be considered
and may be obtained from Stress Concentration Factors.*

(b) A combination of stress concentration factors must
take place when two or more stress concentrations super-
impose in one location — for example, keyway and/or
press fit extending in the critical region of a shaft fillet.
The proper stress concentration factors, Kyg or Kyy,
mustbe applied in calculating oy or oy stresses, depending

1 Peterson, R. E,, Stress Concentration Factors, John Wiley & Sons, New
York, NY, 1974.
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Nents, maximum working (operational] moments and
shear loads, as well as critical section moduli, must be
entered into these formulas.

(b) Sign convention must be observed when entering
ox and oy in eqgs. (29) through (31). (Tension is positive;
compression is negative.)

(c) Only stresses that occur simultaneously at the loca-
tion where stress is being calculated should be combined.
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Figure 5474-1 Allowable Bending Stress
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Figure 5474-2 Allowable Tension or Compression Stress
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Figure 5474-3 Allowable Shear Stress
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2 Timoshenko, S., Strength of Materials, Second Edition, Part 2, D. Van

Nostrand Co., New York, NY, 1941, p. 65.

(d) In egs. (23) through (31), anisotropy and stress 2 1/2
fluctuation have been given consideration in a simplified OEN = 61%7 + (GN_AJ (T}%T) 27)
manner for easier use in the design engineering process. TA
(e) For sample calculation, refer to Nonmandatory
Appendix B, para. B-5476.
. : ; .2
(f) The following are the basic stress equations: 0N = onKan < ong ksi (28)
M,
og = (S_B)(KSB)(KNB) < O'BA]kSi (17)
B L L 21
O
OEXY = {%2‘*‘ (o 2)( XA) }
P OYA
oN = (Z)(KSN)(KNN) < oNp ksi (18) 12 (29)
- (e[ 22 e >}}
o < XA, ksi
qEBN = 0B + [ﬁ]((’N) < opa ksi (19
ONA
opxyr = (ox){Kexy) < oxa,ksi (30)
7 = (%)(?)(KSS)(KNS) < TNA,kSi (20)
2
O
OpXYT = (02)( XA) ‘
OYA
1.33P
75 = ( )(KSS)(KNS) < 7p ksi 2
A (ax) (o)) (1)
2
OXA
M =4
= [S_T)(KST)(KNT) < 77A ksi 25 " (TTA] (zexer )’
T
5477 Analytical Method for Hook of Approximate
Trapezoidal Shape (Types I, II, and lll Cranes)
T =77 + [ - ](TXY) ksi (23) (a) Method of Analysis. The analytical method given in
4 this section is intended to apply to hooks with cross-
sections having a shape as shown by the full life of
Figure 5477-1, which does not deviate significdntly
_ A ) 24) from a trapezoidal form. This includes a large nugnber
ERYT = 7T F [TXYAJ(TXY) < rra ki of practical crane-hook sections, such as shown in
Figure 5477-2. This method, while approximate, is
much faster than the numerical integration method,
12 and, in the cases to which it has been applied, if has
o 2 given close agreement with the latter method.
opfr=- of + [ﬁ] (e&7) (25) Essentially, the analytical method is based oy the
TTA assumption of an equivalent trapezoidal section hgving
an area equal to that of the actual section. The stress
computed in this way is then corrected for the stress
opp = 0pKgp < a4, ksi (26) increase in the neutral section resulting from the fact

that the fibers nearest the center of curvature are
farther from the neutral axis than in the case of the equiva-
lent trapezoidal section. It is assumed that the resultant
load on the hook passes through the center of curvature of
the curved part and that the critical section is at 90 deg to
the resultant load.
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In Figure 5477-1, the full lines represent the actual hook
section, and the dashed lines the equivalent trapezoidal
section. The equivalent section is so chosen that the
shaded area 4, is equal to the areas 4, + As. Likewise,
A'y = A’y + A'5. In Figure 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

a=b/b (37)

B =r,/r (38)
With these notations, the formulas for bending stress, Sy,
at point 4, Figure 5477-3, at the inside of the trapezoidal
section as derived from curved-bar theory becomes

the rfeutral axis, the bending stress at point B 1n the actual
hool will be appreciably larger than that at point 4 by an
amont S, as shown. If is the distance between the points
B ang 4, then the stress augment S, will be given approxi-

matgly by
ds
S, = ()| —
0 (1)[dy]

where (ds/dy), is the value (at point 4, Figure 5477-3) of
the derivative of the stress S with respect to distance y
fron] the neutral axis. From the equations of curved-
bar theory, the derivative (ds/dy) may be obtained,
and py substitution in eq. (32) using the previous nota-
tiong, the stress augment S, becomes

(32)

0

SpKohy

(Vi)(Kz - ﬁ]

e K, is given by eq. (41).
e stress due to direct tension is

So (33)

whe
Th

S = P/A (34)

where A is the area of the cross-section

Ao h,(6, ¥ b;)
2

(35)

whefe h, is the de€pth of the equivalent trapezoid
(Figyre 5477-1):

THe maximum stress, Spax in the hook at the critical
sectjon will*be the sum of the bending stress, S,
[eq.(39)]) the stress augment, S, [eq. (33)]; and the

2PK1(K - L)
p—1

S (39)
T (L + (G —K)
where
1 2a + 1
- 40
K A1 3a+1) (*+0)
1
1
& = (ﬁ_afZ( +a) (41)
[(/J—l)lnﬂ] -(1-a)

In"general, the factors K; and K; should be calculpted to at
least four significant figures. For a sample calculption, see
Nonmandatory Appendix B, para. B-5477.

(b) The method of analysis and design o
(duplex) hook shall be made using the straig
configuration for the hook. Design of the sister
(duplex) hook shall include due consideratioh for the
sling angles (rigging) to be used during crane dgperation.
Unless otherwise specified, hook design shall include
provisions for a maximum sling angle of 30 fleg from
vertical (60 deg included sling angle). F¢r sister
(duplex) hooks provided with pinholes, the design
shall include checks of the hook pinhole to enspre addi-
tional stress concentrations and shear tean out are
addressed.

(1) Figure 5477-4 shows the general outl
shade of a sister hook without a pinhole.

(2) Figure 5477-5 shows the general ou
shape of a sister hook with a pinhole.

(c) References for Para. 5477

a sister
ht beam

ne and a

fline and

diredt_fension stress, S. [Pq (?41] This gives

Smax =Sp + S + §1 (36)
For Figure 5477-1, let
b; b, = inside and outside widths of equivalent trape-
zoid, respectively
r, r, = inside and outside radii of equivalent trape-
zoid, respectively

81

(1] Str (:Ilyl,l'l uf Muter iul'.s, S- Tiluubllcu}u., Second
Edition, Part 2, D. Van Nostrand Co., New York, NY,
1941, p. 65

(2) Stresses in Curved Bars, H. C. Perkins, Transac-
tions of ASME, Vol. 53, 1931, p. 201

(3) Mathematical Methods in Engineering, Thomas
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
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Figure 5477-1 Typical Hook Cross-Section Figure 5477-2 Fish Hook Configuration
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Figure 5477-3 Equivalent Section
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Figure 5477-4 Sister Hook Without a Pinhole

Figure 5477-5 Sister Hook With a Pinhole

Latch
(if required or provided)

5480 Se¢ismic Analysis
5481 Type | Cranes

(a) Anjalysis confirming that the critical load will not be
dropped|as a result of the forces generated by seismic
events shall be performed (see Section-4000).

(1) 'he analysis may be static f\it/includes loads
equivalgnt to those that would. be“imposed by the
seismic dvent specified.

(2) Loads due to verticalahd horizontal motions
shall act[together and shall\bé combined in accordance
with parg. 4100.

(3) All elements which support the critical load shall
be analyZed as follows and should not consider material
fatiguing stress\concentration factors, and infinite life
criteria.
(-¢) \The stress level at all critical points shall be

Latch
(if required or provided)

rules in para. 5300 are to be algebraically added t¢ the
forces and torques under normal operation.
(b) Analysis shall be performed to confirm that those

components that would damage safety related equipment
if dropped will remain in place during the seismic eyvent.
(c) Components whose major resonant frequenicy is
greater than 33 Hz may be analyzed as a lumped rpass.
(1) Analysis shall consist of the determination qf the
stress level of the mounts when applying maxinum
dynamic forces to the center of gravity of the item
(2) Loads shall be combined as in (a)(2).
(d) Components whose major resonant frequency is
less than 33 Hz shall be analyzed dynamically.

5482 Type Il Cranes

(a) Analysis shall be performed to confirm that those

determined.

(-b) The gross cross-section shall be used in deter-
mining the stress level.

(-c) The maximum stress level shall not exceed
90% of the yield stress of the material.

(4) All computations are to be based on the bulk
cross-section of the material without consideration to
any fatiguing effects of stress risers, or to the endurance
limits of the material. The seismic forces according to the

84

components that would damage safety related equipment
if dropped will remain in place during the seismic event.
(b) Such components shall be delineated by the bidding
documents.
(c) Analysis shall be as listed in para. 5481.

5483 Type Ill Cranes. Seismic analysis is not required
unless specified by the purchaser.
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5500 MISCELLANEOUS

5510 Pendant Hoist and Travel Drives (Types |, II,
and Il Cranes)

5511 Crane Pendant Mounting. The crane purchaser
shall prescribe whether pendant control stations, if fur-
nished, are to be mounted from the trolley frame, fixed
positions on the brldge or a messenger trace on the
bridge = e
crang 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 dlectrical conductor cable. A chain or wire rope strain
relief should be provided, unless the pendantis suspended
diregtly from a motorized cable reel.

5912 Messenger Track System

) The track itself should consist of a commercially
available profile section, such as a rolled I-beam or an
extryision. A guide wire arrangement commonly known
as a|Tag-Line System shall be unacceptable for Type I
crangs.

(b) Messenger trolleys shall be compatible with the
track and shall be of sufficient load carrying capacity
to spispend the combined weights of the pendant,
cablgs, and accessories, as well as the pull that could
be developed while maneuvering the control station.
Mesgenger trolley rollers shall be mounted on sealed antiz
friction bearings and shall be provided with lubrication
fittings unless bearings are lubricated for life. Individual
mesgenger trolleys should be interconnected by strain
relief chains or cables to reduce strains on-the-electrical
contfol cables when traversing.

5913 Motorized Traversing. The crane purchaser shall
presgribe whether pendant traversing is required. If fur-
nished, the traversing tractor shall-be controlled from the
pendant station. If cable reels are suspended from a
mess$enger track, consideration should be given to a
motqrized traversing.systém. Consideration should also
be gjven to ensure that the pendant station is accessible
to the operator after)it has been lifted or lowered by a reel.

5314 Vertical Travel of Control Pendant. In cases
where pefidant crane control is required from several
elevationis/the purchaser shall specify such requirements.
Metl isi i
determined and specified by the purchaser, depending
on prevailing conditions. Commonly used and readily
available lifting and lowering devices 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.
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5515 Speeds. For pendant hoist and travel speeds,
refer to para. 5334.

5520 Load Weighing Devices (Types |, Il, and Il
Hoists)

(a) Load weighing devices for a hoist unit shall be
provided if requested by the purchaser.

(b) Weighing accuracy, location and type of readout,
z 3 ified by the
purchaser.

(c) Refer to Section 6000 for overload-devides.

5530 Welded Construction

5531 Typel Cranes. All welding:désign and prjocedures
shall conform to the current_issue of AWS D14J1. Where
special steels or other materials are used, the manufac-
turer shall provide welding’procedures.

5532 Types Il andllCranes. Welding shall be
dance with CMAA:70.

inaccor-

5540 Hydraulics (Types I, II, and Il Cranies)

selected
on expo-
shall be

(a) Hydraulic components and fluids shall be
to withstand maximum facility lifetime radiat
sure,*unless a detailed maintenance program
supplied.

(b) Critical loads or facility equipment
protected from leakage.

(c) Commercial industrial hydraulic compongnts in the
critical load path shall be selected and rated to npt exceed
20% of the average ultimate strength of the miaterial.

shall be

5550 Ordering Information

Orders for cranes under this Standard shall include the
following information:

(a) Load Spectrum Information. Refer to para}5111(a).

(b) Seismic Consideration for Type Il 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
5335(hb).
(g) Bearing Life Computations. Rlefer to
para. 5455.1(b)(6)(-a).
eismic Analysis jor Type ranes, 1] Required.

Refer to para. 5483.

(i) Crane Pendant Mounting. Refer to para. 5511.

(j) Motorized Traversing. Refer to para. 5513.

(k) Vertical Travel of Control Pendant. Refer to
para. 5514.

(1) Loading Weighing Devices. Refer to paras. 5520(a)
and 5520(b).

(20)
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Section 6000
Electrical Components

(20) 6100 GENERAL

@

special requirements for components in accordance with
the folloyving:

(1) limiting the use of aluminum, zinc, mercury, and
other spg¢cified materials (para. 6130)

(2) painting (para. 6140)

(3) life at specified values of radiation exposure
(para. 6150)

(4) gnvironmental conditions (para. 6160)

(5) fuality assurance (para. 6170)

(c) Gehperally available equipment that conforms,_to

industry| standards, such as those of NEMA, shall be
used unlgss special designs are necessary.

(b) Injaddition to the emergency
para. 63 16{c);a i o g
stop shall be provided at ground level (or an appropriate
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 acces-
sible to crane operation support personnel other than the
crane operator.

(c) Any inadvertent short circuit or ground shall be
considered a single component failure.

stop(s) required by

=W Cl v
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(d) The avoidance of two-blocking shall be,a¢
plished by the use of single-failure-proof featureq and
shall not rely on any action by the operator.|The
normal hoist limit switch shall be supplemented Hy an
independent final hoist limit switeh-operated by the
load block to remove power fromthe hoist motor and
brakes.

Com-

6120 Seismic Considerations (Types |, Il, and Il

Cranes)

(a) TypelCranes. The user shall provide the equippnent
that shall de-energize the crane power supply in the ¢vent
of either a safe’ shutdown earthquake (SSE) or an opera-
tional basis.earthquake (OBE). The hoist brakes shdll be
capable 6f'holding the credible load during an SSE orjOBE
event,'as determined in accordance with para. 64221 (b).
All electrical equipment shall remain on the crane dyiring
these seismic events.

(b) Type Il Cranes. Seismic considerations for elecfrical
components are not required for Type II Cranes, except
that all electrical equipment shall remain on the drane
during an SSE and OBE seismic event.

(c) Type IlI Cranes. Seismic considerations are
required for Type III cranes.

not

6130 Limiting the Use of Specified Materials
(Types I, 1l, and 11l Cranes)

(a) If the crane specifications require that the content
of certain specified materials for use on a crane be kegtata
minimum [para. 1145(a)], but it is not practical to ¢lim-
inate these specified materials completely, the elecfrical
supplier shall tabulate their weight or surface area or the
content of an alloy under the following categories:
(1) exposed, as in the head of a master switch
(2) bare, within a ventilated enclosure, as in the
ane-rotor-barsotf-a—vertiated-sqwirrel-eage—otor
(3) bare, within a nonventilated enclosure, as in a
totally enclosed nonventilated squirrel cage motor

(4) covered, as in insulated windings within a
nonventilated motor, lighting transformer, reactor, etc.

(b) Galvanized conduit may be used except when speci-
fically prohibited by the crane specifications.

shaft

(20)
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6140 Painting (Types |, II, and lll 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)].

6150 Radiation Exposure [Types|, I, and lll Cranes
(Para. 1141)]

6170 Quality Assurance (Type | Cranes)

Appropriate elements of the crane manufacturer’s
Quality Assurance Program (see para. 2100) for Type I
cranes shall apply to electrical or electronic components
relied upon to respond to a malfunction, failure, or inad-
vertent operator action to remain within a safe operating
envelope. The scope of the Quality Assurance Program
applied to these electrical or electronic components

may be limited to a commercial gr:\dn dedication

If the crane is in a location where radiation levels
are ljkely to be a factor in the life of the electrical equip-
menf, the maximum rate of radiation and the total accu-
muldted exposure at the crane elevation shall be stated in
the qrane specifications.

(b)) Insulation in rotating machines, brakes, and
maghetic device coils may be required to meet an accu-
muldted dosage of 107 rad in 40 yr. Components, such as
regulator cards, that can be removed without discon-
necting wiring may be required to meet an accumulated
dosage of only 10* rad, on the basis that such components
can e removed and stored in a location where they will
not e exposed to more than normal atmospheric radia-
tion furing the long time intervals in which the crane will
not pperate after the power plant has been placed in
service. If the user prefers not to remove the components,
it wi|l be permissible to establish a routine maintenance
procpdure of installing new components after they have
accumulated a total exposure of 10 rad.

(c] The electrical equipment supplier shall submit data
dempnstrating that the type of insulation used in the
equipment being supplied meets the radiation require-
ments in the crane specifications.

(a]

6160 Environmental Conditions (Types'l, Il, and Il
Cranes)

The electrical equipment specifications shall state en-
viropmental conditions to which that equipment may be

subjected, e.g.,

(a) high humidity or High or low temperatures during
prolonged intervals when the crane is in storage or not in
use

(b} outside service

(1) temporary — during construction only
(2) centiriuous
(c] pressure (para. 1143)

1) maximum pressure

process consistent with ASME NQA-1, Part N Subpart
2-14. At a minimum, the following componelnts shall
be demonstrated as acceptable through the commercial
grade dedication process:

(a) thehoistoverspeed, overlodd;and unbalanced load,
as discussed in para. 6441.1.

(b) emergency stop,devices, as spedified in
para. 6310(c)

(c) drumemergencybrake actuation devices thatsense
a component malfufietion or failure in the hoist Joad path
for the hoist dxive configuration descygibed in
para. 5416.1(a)

(d) thosé€ intervening electrical devices (e.g.,
contactors) that change state in order to remo
from thé hoist holding brakes and hoist motor
mentthe safety function of the deviceslisted in (3|
(e}

(e) integral electrical devices that actuate
holding brakes specified in para. 6422.1

(f) those additional components specifically
in the electrical procurement documents

relays or
/e power
to imple-
,(b),and

the hoist

required

6180 Duty Cycle or Duty Class (Types |, |
Cranes)

,and Il

The specifications shall state the duty cycle
ments in accordance with para. 6418.2 or the
duty class that applies to each motion as defermined
by Table 6472.3-1. If the crane is to be used for fonstruc-
tion purposes, the duty cycles or classes requiregd for that
service shall be specified. In addition, any reqyirements
for prolonged operation at reduced speed shall|be speci-
fied.

require-
electrical

6200 WIRING MATERIALS AND METHODS
I, Il, AND IIl CRANES)

(TYPES

(2) rate of change in pressure
(d) spray [para. 1145(a)]
(e) ambient temperature (para. 1142)
(1) rated
(2) short-time exposure to temperatures outside
rated ambient range
(f) humidity (para. 1144)
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6210 Generat
(a) Applicable Standards:
(1) National Electrical Code (NEC, Article 610,
“Cranes and Hoists”)
(2) American Society for Testing and Materials
(ASTM) B8 and B174

(3) National Electrical Manufacturers Association
(NEMA) Pub. No. ICS 1
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(b) The provisions of this Section apply to intercon-
necting wiring both within and external to control
panel enclosures. It does not apply to wiring that
forms an integral part of equipment such as motors, in-
dividual control components — for example, contactors,
transformers, and relays — and electronic control subas-
semblies.

(c) The complete raceway system including wire shall
be assembled on the crane at the crane manufacturer’s

6222 Raceways

(a) Wiring external to control panel enclosures or
assemblies of control panels with integral raceways
shall be installed in rigid metal conduit except as other-
wise permitted in this Section or as specifically approved
by the purchaser.

(b) Shortlengths of open conductors shall be permitted
at collectors and within enclosures or guards for resistors,
reactors, and transformers

facility. \Vitere disassembly 15 necessary for snipment,
compongnts shall be match-marked for ease of field erec-
tion. Whgre any portion of a raceway run must be discon-
nected of dismantled to permit shipment, the wire shall
not be pulled through that raceway during shop assembly.
Wire not] pulled shall be cut to approximate length and
bound in|coils marked for the circuit for which it applies.

(d) The wiring system shall meet the applicable re-
quirements of NEC, Article 610.

(e) Fof Types I and II cranes, the raceway system shall
be securdd and braced to withstand forces due to specified
seismic gqvents.

(f) Foy cranes located inside the containment, consid-
eration $hall be given to rapid pressure changes as
required| by the specification. Pressure relief openings
in electri¢al enclosures shall be provided where necessary
to equalife these pressures.

6220 Mpterials
6221 Conductors

(a) Indlividual conductors including those in multicen-
ductor cgdbles shall have a maximum operating tenipera-
ture ratipg not less than 167°F.

(b) Multiconductor cable shall be permittedsin wiring
the crang, Uses of the cable shall comply with the National
Electric (ode. Multiconductor cable used\in applications
where flpxibility is required shall (besuitable for the
bending fadius, physical stresses;"and general environ-
ment in Which it will be used.

(c) All control conductors and cables used with AC
inverter [type controls afidshaving operating voltages
less than| 110 V shall be‘of a shielded type.

(d) Mipimum 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) Canductors shall he annealed capper with

(c) Conduit smaller than %, in. diameter trade size|shall
not be used.
(d) An electrically continuous system, €éither ligquid-
tight or properly drained, shall be used~\For a liquid-
tight system, gaskets, bushings and seals shall be used
where appropriate.
(e) Flexible metal conduit may be used to en¢lose
conductors to stationary or inffequently moved dejices
such as motors, brakes,master switches, and ]imit
switches, or to equipment subject to vibration.| The
length of flexible conduit shall not exceed 3 ft.

(f) Connections'to'moving parts (e.g., bridge to tr
bridge or trolley to-pendant push-button station) m
made by flexible”cable not enclosed in conduit.

(g) Conduit shall be rigidly attached to the crarje by
conduit'supports. Welding of conduit shall nqt be
permittéd. Conduit supports may be welded to strudtural
members; welding shall be in accordance with para. 4230.

lley,
y be

6230 Wiring Methods

(a) All conductors shall be identified at each terrhina-
tion by marking with a number to correspond to the $che-
matic diagram.

(b) Conductors shall be run from terminal to terrhinal
without splices except at devices with integral leadls or
within junction boxes where connections shall be
made with bolted ring-type pressure connectors.

(c) Pressure-type connectors shall be provided dn all
wires connected to terminals not equipped with mears for
retaining conductor strands.

(d) All external conductors for control circuits sh
routed through terminal blocks with no more than
conductors terminated at each connection point.

(e) Panelwiringshall be neatly routed and supported in
amanner that will not interfere with inspection and rhain-
tenance of devices.

(A Contral conductorc axvtarnal +o AC 1nuartar
7 coRtFor€6 exteriarto-roHhverter

1l be
two

trols

Fay
cOT

minimum stranding as follows:
(1) ASTM B8 Class B for nonflexing service
(2) ASTM B174 Class K for flexing service
(f) Color coding, if specified, shall be per NEMA Part ICS
1-112.64.
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THereretoTrs

that connect to components subject to detrimental effects,
due to electromagnetic interference induced in the
conductor from other conductors or electrical equipment,
shall be of a design or installed in such a manner that
prevents such effects. Examples include the following:

(1) Use individually shielded twisted pair conduc-
tors for tachometer or encoder connections.

(2) Route such conductors through a separate
conduit.
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(3) Refrain from splicing connections.

6300 PERFORMANCE SPECIFICATIONS (TYPES I,
Il, AND III CRANES)

6310 General

(a) The rated load speeds recommended in
paras. 5331, 5332, and 5333 are normal speeds based

on the—+rated—capacity—of-the—crane—The-characteristies
tee P Y e t

6330 Bridge

(a) The bridge design rated load speed and speed load
characteristics shall be in accordance with para. 5333.

(b) Bridge acceleration rates with rated loads should be
limited 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 situations

such as emergency stop, overspeed, and limit trips, the
deceleration-rate mc\y evceed-the selected acc leration

of drive systems can vary widely with respect to
spegds at other than rated load and with respect to
lowdring speeds at any load. Drive systems shall be
choden to conform to any speed-load constraints
statgd in the specifications.

(b} Ifmorethan one control stationisrequired (e.g., cab
contfol and radio remote control), performance criteria
for dach of the stations shall be specified.

(c) An emergency stop shall be provided on each
operfator control device (cab control, pendant station,
radip control, etc.) and shall be within reach of the
operjator in any operating position. The emergency
stop|shall open or de-energize a power device that is
not fequired to open and close during normal run-stop
operptions. A fail-safe circuit shall be used to implement
this provision. No method shall be used to maintain power
to aﬂ)y motion of the crane while the emergency stop is
actugted.

6320 Hoist

(a) Hoist design rated load speed and speed load:char-
actefistics shall be in accordance with para.5331. The
corrpsponding rated load lowering speed*shall not
excepd 125% of the hoisting speed.

(b} The maximum lowering speedswith 125% capacity
test Joad shall not exceed the maximum lowering speed
with|rated load by more than 10%.

(c] Auxiliary hoists on Type Icranes shall meet the re-
quir¢ments of single-failure-proof design if they handle
critical loads. If, through administrative control or
othegr means, assurance is provided that no critical
load|will be handled by an auxiliary hoist, it shall meet
the performance+equirements of hoists for Type Il cranes.

(d} The heiStdrive characteristics shall be such thatthe
peal] acceleration and deceleration of the load does not
excepd 5.ft/sec?.

rate and normal deceleration rates.

(c) Typelcrane bridge control with a high:sp¢ed, light-
load feature shall be equipped with a means of locking out
this feature when handling a critical lead.

(d) When specified, a drift pointin the contrpl system
shall be provided for the lowest/operating point of the
selected speed mode (i.e., normal, inching, etc.).

6340 Trolley

(a) The trolleyc«design rated load speed and speed load
characteristics shall be in accordance with parp. 5332.
(b) Trolleyracceleration rates with rated load should be
limited to‘the values shown in Table 6472)2-2. The
operator should have control of deceleration to minimize
load.swing or wheel slip. In emergency situatior]s such as
emergency stop, overspeed, and limit trips, the decelera-
tion rate may exceed the selected acceleration|rate and
normal deceleration rates.
(c) TypeIcrane trolley control with a high-sp¢ed, light-
load feature shall be equipped with a means of locking out
this feature when handling a critical load.
(d) When specified, a drift point in the contrpl system
shall be provided for the lowest operating point of the
selected speed mode (i.e., normal, inching, etc.).

6400 COMPONENT SELECTION(TYPES|, |
CRANES)

,ANDIII

6410 Controllers
6411 General

6411.1 Applicable Standards. Controllgrs shall
conform to NEC, ASME B30.2, and NEMA Paifts ICS 2-
213, 3-442, 3-443, and 6-110.

6411.2 Voltage Variations. At an ambient fempera-
ture between 32°F and 100°F, the controller shall be

(e O Typetrame hoiststhat hamdtecriticattoads;
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 lowering the maximum critical load at its
maximum speed unless specified otherwise by the
purchaser.

89

capable of operating at a deviation not more than 10%
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 temperature
shall be above 32°F but shall not exceed 100°F. If the speci-
fications state that the equipment is to be operated at


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

(20)

ASME NOG-1-2020

ambient temperatures outside this range, the control
manufacturer shall be consulted.

6411.4 Enclosure Requirements. The enclosures, if
required, shall be in accordance with NEMA, Part ICS
6. Consideration shall be given to high humidity or wash-
down locations, pressure equalization requirements, and
outdoor usage requirements when enclosures are
selected.

6411 . unless
otherwige specified, enclosed control panels in high
humidityf locations shall have space heaters to reduce
the posdibility of condensation. If heaters are used,
they shopld be energized when the crane is to be out
of service¢ for more than 8 hr.

6411.6 Hoists

(a) Al hoists shall be provided with controlled
lowering| capable of meeting the performance specifica-
tions in para. 6300.

(b) Hqisting shall take place only when the master
switch if in a hoisting position. For all loads up to
rated load, lowering shall take place only when the
master spvitch is in a lowering position.

(c) In the event of an emergency stop or other emer-
gency donditions, the two brakes required by
para. 6442.1(a) shall be de-energized without intentional
time deldy.

(d) Botthsides of shuntbrake coil circuits on hoists shall
be opendd when the brake is de-energized.

(e) Type I hoists shall be provided with a visual of
audible Roist direction indicator that is available @t -the
operatorf(s control location. This hoist direction indicator
signal sh3ll be obtained from actual drive train motion and
shall be Independent and electrically separate from the
hoist corjtrol system. This hoist direction indicator will
be used py the hoist operator to_compare actual hoist
motion to commanded hoist'mbotion. For control
systems that have a load float-feature, the hoist direction
indicatorfshall indicate no diteetion (neutral) while in load
float.

6412 Type Selection:The type of control supplied shall
resultin ¢perationcomplying with the performance speci-
fications|in para: 6300, taking into consideration any
supplementalTequirements stated in the crane specifica-
tions. Anjof the following types of control that will meet

(b) For TypeIhoists, provision shall be made to comply
with the maximum hoisting and lowering speed limita-
tions 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
provisions are to include the following:

(1) Adouble set of conductors and collectors shall be

connected to the series field series brake circuit:

(2) Any resistance in the armature cikcuit when
lowering shall have a continuous rating equal t¢ the
motor-rated current.

(3) If the dynamic lowering contaetor in the afma-
ture circuit is not closed when the.master switch is i any
lowering position, the spring-closed emergency dynamic
braking contactor shall remainclosed.

(4) Temperature-sensitive devices in the motorishall
warn the operator when'the temperature approacles a
value that could be injurious to the insulation.

6413.2 Travel. The travel control shall be the r¢ver-
sing, contactér-résistor type with controlled pluggihg.

6414 ‘Constant Potential AC
6414.1 Hoist

{a) Speed control may be achieved by the following:
(1) contactors and resistance in the secondary (f the
wound rotor motor
(2) staticpower devicessuch as saturable reactdrs or
thyristors in the secondary of the wound rotor mogor
(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) Type I cranes shall be provided with the following:
(1) open and reverse phase protection
(2) a circuit to ensure that power is applied tp the
hoist motor(s) before the brakes (para. 6422) are reldased
(3) acircuitto de-energize the hoist motor and fo set
the brakesifthe electrical load brake is not energized $uffi-
ciently to limit the speed when the control is in a podition
requiring electrical load brake torque
(4) temperature-sensitive devices in motorg and
load brakes to warn the operator when the temperture

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.

Of T TOtOT OT" toad brake approacies a vatue tratcould 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
(2) staticpower devicessuch as saturable reactors or
thyristors in the secondary of the wound rotor motor
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(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

(a) Control shall include a contactor that will discon-
nect power to any drive not in use.

features, if agreed to by the user, crane builder, and elec-
trical equipment supplier(s).

6416 Adjustable Voltage AC

(a) 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 braking
and may include a feature that will keep the electrical

(b} Control shall include controlled electrical braking
and may include a feature that will keep the electrical
bralfing circuit energized until the motor approaches
zero|speed when the operator wishes to stop.

(c] A contactor shall be provided in the DC motor arma-
ture fircuitifa generator is the source of DC power, but the
contactor can be in either the AC or DC power circuit if
statif power conversion is used.

(d}) Motor field loss protection shall be provided.

6415.1 Hoist
(a

Hoists with static power supplies shall include
means to automatically remove power from the motor
and to set the brake(s) if the drive does not develop
bralfing torque as required when lowering a load or
when the operator attempts to reduce speed.

(b} In addition to (a), hoists handling critical loads on
Typ4q I cranes shall be provided with the following:

(1) provisions to maintain proper field excitation to
bly with the speed limitation in para. 6300. Activationt
s speed-limiting feature shall be the responsibility of
lesignated person responsible for moving critical
[see para. 6320(e)].

(2) a protective circuit to ensure current flow in
r armature circuit before brakes can"be energized
ent check circuit or torque proving circuit).

(3) a temperature-sensitive device in the motor to
warh the operator when temperature approaches a
valu¢ that could be injurious.

(4) temperature-sensitive devices in or near the
resistors that are required to absorb “pump back
energy” to warn thegperator when the resistors approach
a value that could cause them to fail.

(c] Hoists withsseries motors and brakes shall provide
dyngmic braking lowering and include a spring-closed off
positiondynamic braking contactor to provide self-exci-
tation of-the motor series field in the lowering direction.

com
of th
the

load

mot
(curt

braking circuit energized until the motor approaches
zero speed when the operator wishes to_stop:

6416.1 Hoist

(a) The secondary may have-a’ fixed impedance,
although a means may be provided-to increase the resis-
tance in the secondary of thesWound rotor motor for
operation at reduced speeds for prolonged pgriods or
if frequent deceleration.is*anticipated.

(b) Anelectricalloadbrake may be used with the above.

(c) Type I cranes'shall have protection as reguired in
para. 6414.

6416.2. Travel

bedance,
the resis-

(a) "The secondary may have a fixed im
althotigh a means may be provided to increase
tance in the secondary to permit prolonged op¢ration 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 isolating any motor
and to continue operation with the remaining jmotor(s)
with normal protection features if agreed to by the
purchaser, crane builder, and electrical equipment

supplier(s).
6417 AC Variable Frequency

(a) Control shall consist of a variable frequehcy drive
(VFD) with a full load ampere (FLA) rating eqpal to, or
greater than, the FLA of the corresponding mator(s).

(b) Control shall include, as a minimum, the following
protective features:

(1) output phase loss
(2) under voltage
(3) over voltage
(4) motor thermal overload
(5) VFD overheat
[c) Controlshall provide a control braking mefns using

6415.2 Travel

(a) Fieldloss protectionisnotrequired ontravel 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
with the remaining motor(s) with normal protection

91

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
harmonic and EMI/RFI emissions produced by inverters.
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6417.1 Hoist

(a) The VFD control shall incorporate a speed feedback
device to sense loss of speed control during any motor
operating condition. Hoists with mechanical load
brakes are exempt from this requirement.

(b) Control dynamic braking shall be sized for a
minimum of 150% of motor full load torque, but shall
not, under any circumstances, be less than the torque
(or corresponding current) limit setting of the VFD in

6418.2 Types |, I, and Ill Cranes. The crane specifi-
cations shall state all required repetitive duty cycle opera-
tions 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

the hoistjng direction.

NOTE: Comtrol dynamic braking on hoists with mechanical load
brakes shjll be sized such that the combined retarding torque in
the lower|direction of the dynamic braking and the mechanical
load brakg are equal to or greater than the torque (or corre-
sponding furrent) limit setting of the VFD in the hoisting direc-
tion.

(c) Control shall sense sufficient motor torque (or
corresponding current) before releasing holding brake

itions to within +5% of the commanded speed.
ecified by the owner, control shall be capable of
operating at higher than base speed as a function of load
(constanfhorsepower operation) forloadsless than 100%
rated lo
H Ty
capabilit
6)
operator
)
operator
heated.
(3) A warning device shall be proyided to warn the
operatorfof a hoist holding brake failure. Fhe detection of a
brake faijure shall limit hoist speed in the up direction.
(g) Type Il and III cranes equipped with a brake failure
detection] circuit shall be provided with a warning device
to warn the operator of ashoist holding brake failure.

6418 Bizing Procedure. Control ratings shall be in
accordanjce with NEMA standards with the following
qualifications.

e I cranes shall have controls with the following
es:

A warning device shall be provided to warn the
of a pending motor overheat condition.

A warning device shall be provided to warn the
that the dynamic braking resistors have over-

reactor ratings shall have a continuous rating equal to the
greater of the steady state currents in those devices 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 control
braking means.
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6421 General (Types |, II, and Il Cranes). Thissseftion
covers the requirements for friction-type brakep for
purposes of holding, emergency, parking/and sefvice
brakes.

6421.1 Applicable Standards. The brake selecfions
shall be in accordance with the defihitions and brale re-
quirements of ASME B30.2, with further specific require-
ments as covered by this section and para. 6100.

6421.2 Brake Operation. The brakes shall hdve a
thermal capacity for the frequency and duration off the
specified operations to prevent overheating of the
brake wheel, disks, brake linings, and other pprts.
Brake manual rélease mechanisms shall be furnished
to permit drive movement during power outages| and
shall be’of-the manual-release self-reset type, operptive
only when held manually in the release position. Prag
brakes shall not be used.

6421.3 Electric Brakes

(a) The electrical operating and excitation system|shall
have athermal rating for the frequency and duration ¢fthe
specified operations, and the thermal time rating fshall
equal or exceed the corresponding drive motor [time
rating.

(b) Brakes with DC shunt coils shall release at 809
operate without overheating at 110% of the rated e
tion system voltage. Whenever DC shunt coils are us¢d on
hoist brakes, the combination of the brake coil and ejcita-
tion system shall result in a quick response of brake
release and set.

(c) Brakes with AC coils shall release at 85%| and
operate without overheating at 110% of rated excitption
system voltage.

6421.4 Brake Lining, Friction Material. Brake l{ning
material shall permit brakes to maintain adequate tgrque
iff i Tti t the
lining temperatures resulting from the frequency and
duration of the specified operations. Manual or automatic
means shall be provided to adjust the brake operating
mechanism to compensate for the effect of lining wear.

and
cita-
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6422 Hoist Brakes (Types |, Il, and Il Cranes)

6422.1 Hoists That Handle Critical Loads on Type |
Cranes

(a) Thebraking system shall comply with atleast one of
the following:

(1) Three or more holding brakes shall be provided
for stopping and holding the load, such that after failure of
any one holding brake or hoist machinery component, at
leas T T T
load|lowering.

2) Two brakes, each capable of stopping and holding
the Ipad, may be provided if one of these acts directly on
the yire rope drum shell or a flange or disc attached
thergto, 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
acting on the drum must have sufficient thermal capability
to pgrmit emergency lowering of rated load from normal
high| hook position to normal low hook position at
maximum design full-load lowering speed in one contin-
uouq operation, and must have a torque-modulating
method of manual release.

(3) Two brakes, each capable of stopping and holding
ad, may be provided if the hoist also has a mechanical
or electrical control braking means that prevents the rated
load ffrom lowering faster than design maximum lowering
speed with power off. The control braking system must be
capaple thermally and in all respects of lowering rated
load| from normal high hook position to normal tew
hool§ position in one continuous operation. Oné«of the
two|stopping and holding brakes and theleontrol
bralling means must remain effectively connected to
the hoist drive train after failure of the other brake or
any fomponent of the hoist machinery.

Each holding brake shall have aterque rating notless
125% of the full (rated) load jhoisting torque at the
fof brake application, and’shall be capable of stopping
owering movement(within amounts of motion
rein damage to load, or facility would not occur. A
mum lowering-~distance of 3 in. is recommended.
The |design of the~brakes and the arrangement of the
braking system.shall enable recovery from an inoperable
brakg by repaift of the brake in place or replacement of the
brakg, with-rated load on the hoist, or by an alternative
recoyery means acceptable to the purchaser.

brakes are mounted and adjusted, and linings run in prop-
erly for the torque settings required in (a), the brake
system shall be capable of stopping and holding the cred-
ible critical load during an SSE or OBE event. The values
used for this determination shall be based on the
maximum acceleration forces at the brake(s) computed
for the crane SSE or OBE specifications, and the total
torque required on the brake system to hold the credible
critical load.

thel

than
poin
the

whe
max]
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(c) Provision shall be made for emergency lowering of
the critical load by an alternative means of operation of the
holding brakes. The alternative release mechanisms shall
permit control of the braking torque and shall also provide
the ability to restore the “brake set” condition promptly,
thereby allowing the operators of the alternative release
mechanisms to control the lowering speed. A device for
indicating lowering speed shall be located at the emer-
gency release station. Intermittent lowering shall be
€ brake mpchanism
to obtain adequate heat dissipation and to prevent reduc-
tion in braking torque that can occur as thé.resulf of exces-
sive heat.

(d) Thedetrimental effects of radiation expos
brake linings shall be determinedand a routing
ment procedure established so'asto maintain an
torque.

(e) Each holding and.entergency brake shall
pendently actuated by)at least two contacto
possible, each contactor coil should be controlle
pendent controller*outputs. If only one controllpr output
exists, the coftactor coils may be wired in paralle]. The two
sets of contacts shall be wired in series between the power
supplyand each brake coil. Hoists with DC Serigs brakes
are exempt from this requirement.

reonthe
replace-
hdequate

be inde-
's. When
by inde-

6422.2 Hoists on Types Il and Il Cranes and Hoists
That Do Not Handle Critical Loads on Type | Cranes. At
least one holding brake shall be provided. Each brake shall
have not less than the following percentage of the rated
load hoisting torque at the point where the bypake(s) is
applied:

(a) 125% when used with a control brakir
other than mechanical

(b) 100% when used with a mechanical contr
means

(c) 100% if two holding brakes are providefl

Holding brakes that are controlled by pariable
frequency controls shall be actuated by at least fwo inde-
pendent contactors. When possible, each contactor coil
should be controlled by independent controller
outputs. If only one controller output exists, the fontactor
coils may be wired in parallel. The two sets of| contacts
shall be wired in series between the power supply and
each brake coil. Hoists with mechanical load hrakes or
DC series brakes are exempt from this requirement.

g means

1 braking

Cranes)
6423.1 Application

(a) All travel drives shall have service braking means.

(b) When a friction brake is used for service braking,
the brake torque shall be sufficient to stop the drive within
a distance in feet equal to 10% of the rated load speed in
feet per minute when traveling at full speed with rated
load.
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(c) Emergency brakes shall be of the friction-type that
will set automatically upon power failure and shall be
capable of stopping the drive within the distance specified
in (b).

(1) For TypelCranes. Emergency and parking brakes
shall be provided for the travel drives. Parking brakes shall
be automatically applied and shall be provided with time
delay relays, if necessary, to eliminate interference with
service brake operation.

(2) [For Types
shall be provided when required by the specification.

(d) Any combination of service, emergency, and
parking flunctions may be performed by a single friction
brake, prpvided the emergency and parking functions can
be obtaijed without having power available.

6427

(a) Orn] cab-operated cranes, trolley service braking
shall be provided asrequired by para. 6423.1(a) with suffi-
cient torfjue to satisfy the deceleration requirements of
para. 6423.1(b).

(b) O floor-, remote-, or pulpit-operated cranes,
trolley efnergency brakes with torque rating to satisfy
the deceleration requirements of para. 6423.1(b) shall
be providled.

.2 Trolley Brake Sizing Procedures

6427

(a) Oncab-operated cranes with cab on bridges, bridge
service braking shall be provided with sufficient torque to
satisfy thle deceleration requirements of para. 6423.1(b):

(b) On cab-operated cranes with cab on trolley, bridge
emergenlcy brake(s) with torque rating to satisfy the
decelerafion requirements of para. 6423.1(b) shall be
provided| in addition to bridge service braking.

(c) 01 floor-, remote-, or pulpit-operated cranes,
bridge gmergency brake(s) shall be-provided with
torque rjting to satisfy the deceleration requirements
of para. $423.1(b).

.3 Bridge Brake Sizing Procedures

6430 Disconnecting Means
6431 General (Types+,1lI, and Il Cranes)

643].1 Applicable Standards. All crane discon-
necting devices shall be selected and installed as required
by NEC Article;610; ASME B30.2, Section 2-1.10.5; and
NEMA P3rts#ICS 3-442 and 3-443.

NEC 610-33 plus any additional continuous load. This
disconnectshall be enclosed asrequired by environmental
conditions. Unless overcurrent protection is provided by
other means, it shall be incorporated in this main line
disconnect and the user shall specify available rms
symmetrical short circuit current.

6432.3 Motor Power Circuit Disconnecting Device
(Type | Cranes). A device shall be furnished to open
ircuj i i vice
shall be capable of being opened from all operator stations.
The device shall open automatically upon failure and|shall
be unable to reclose until a reset function is)performed.
The minimum size of this device shall be not less|than
that required by NEC 610-33. The opening of this device
shall cause the holding and emergéndy brakes to sgt.

6432.4 Motor Power Circuit Disconnecting Device
(Types Il and IlIl Cranes). Unless a deyice
(para. 6432.3) is supplied;ithe crane disconnect (para.
6432.2) must be accessible for opening by the opefator
and must be connected,in a way that the functional prptec-
tion required by para. 6432.3 is provided.

6432.5 Motion Power Disconnecting Devices (Tjype |
Cranes). Control shall include a separate disconnefting
means for-each crane motion.

6433 Auxiliary Disconnects (Types I, Il, and IlI
Cranes). The crane manufacturer shall provide digcon-
hecting means in the form of fused safety switches or
circuit breakers as required by NEC to protect and digcon-
nectall auxiliary equipment supplied by the manufacfurer
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
Ground fault circuit interrupters, if required for conyeni-
ence outlets, shall be a part of the user’s specificatjons.

6440 Limit Devices

6441 General (Types|, Il, and Il Cranes). A limit device
is defined as a switch or sensing system to provide coptrol
functions on the crane. This paragraph includes require-
ments for control limit devices that activate when the

6432 Main Disconnects

6432.1 Runway Disconnects (Types I, 1l, and 11l
Cranes). A circuit breaker or motor circuit switch selected
in accordance with NEC 610-31 shall be provided in the
leads to the runway conductors.

6432.2 Crane Disconnect (Types |, Il, and Il Cranes).
All cranes shall have a main line disconnect in accordance
with NEC 610-32, and shall be rated in accordance with

94

normal operating envelope has been reached and
safety-critical limit devices that indicate malfunction,
failure, or inadvertent operator action.

Additional limit device requirements not addressed in
this section shall be incorporated in the specifications. AC
cranes shall have phase reversal protection.

6441.1 Type | Crane Safety-Critical Limit Devices.
This paragraph includes additional requirements for
the following safety-critical limit devices:

(20)
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— final hoist overtravel

— hoist overspeed

— hoist overload

— hoist unbalanced load

— hoist drum rope mis-spooling

(a) Manual Reset. When a safety-critical limit device is
activated, a manual reset is required. This may be accom-
plished by means of a key switch on the crane or some
other administrative control that will prevent the
cranfe operator Irom resetting the atfected function
befofre a person knowledgeable in the crane control
systgm shall determine and correct the cause of device
activiation.

(b} Safety-Critical Limit Devices. Safety-critical limit
deviges shall be separate from the controller provided
for normal operation and shall be added separate from
contfol limit devices that provide normal operational
limits. Safety-critical limit devices may separately
monjtor a control device that is included in the normal
operpting control system.

6442 High Limits

6442.1 Typel Cranes. All hoists, including hoists that
do npt handle critical loads, shall include two separate
overhoist limit switch systems as required in (a) and (b).

(a}) First High Limit. The first upper hoisting limit shall
be a[control circuit device such as a geared-type, weight-
operjted, or paddle-operated switch. Actuation of this
switrh shall result in the removal of power from the
motgr and setting the hoist brakes. The operatormay
lowg¢r or back out of this tripped switch without
further assistance.

(b) Final Overtravel High Limit. The (Second upper
hoisting limit shall be actuated by the‘lower block by
s of a weight or paddle, and shall operate

switch (or may interrupt the’motor leads directly)
se the removal of power to the hoist motor and set
oist brakes. Actuation’ of this limit switch shall
nt further hoisting.et lowering.

442.2 Types-lland Il Cranes. One high limit switch
shalllbe provided.}fthe high limit switch operates in rela-
tion [to drunmi_turns, then an additional limit switch or
devire that\operates independent of the drum turns
shalll be ‘provided.

6443.2 Final Overtravel Low Limit (Type I Cranes).
Hoists that handle critical loads shall include, in addition
to a first low limit as specified in para. 6443.1, a final
lowering limit switch of the control circuit type that
shall be mechanically and electrically independent of
the first low limit. Operation of this limit switch shall
de-energize a power device other than the device operated
by the first low limit to interrupt all power to the hoist
motor and the hoist brakes. Actuation of this limit switch
Shall prevent further jowering or hoistng. When this
occurs, a person knowledgeable in the hoist control
system shall determine and correct the causé of tripping
of the final low limit switch. That pesson/Shall dlirect the
raising out of the final low limit afterestablishing a back
out mode that shall prevent furtherlowering. Th¢ first low
limit shall be tested for proper.operation beforg making
any additional lifts.

6443.3 Low Limitsi(Hoists on Types Il and (Il Cranes
and Hoists That Do:Net Handle Critical Loads pn Type |
Cranes). A low limit'shall be furnished

(a) asrecommended by ASME B30.2, para. 2-[.10.5(e),
when speciffed in the crane specifications, or
(b) whentequired by ASME B30.2, para. 2-1.11.3(c)(1)

6444 Hoist Overspeed Limits (Type | Crangs)

{a) Hoists that handle critical loads shall irjclude an
overspeed limit device (switch or sensing system).
When handling a critical load, hook speeds oyer 115%
of the design critical load lowering speed shall actuate
this device, causing all holding brakes to set withutinten-
tional time delay. Operation of this device may algo initiate
any control braking means normally used for stppping of
the load. It shall be necessary to position the hoift motion
master switch in the neutral or off position and [to manu-
ally reset the overspeed limit device (or the oyerspeed
circuit) before operation can be resumed.

(b) The overspeed device shall be located $o that it
monitors drum rotation irrespective of a single failure
in the drive train.

(c) On hoists that provide high-speed, light load
features, provisions may be made to permit|override
of this overspeed limit device when handling npncritical
loads.

6445 Hoist Load Limits

). HOISTS that
handle critical loads shall include two separate low
limits, as required in paras. 6443.1 and 6443.2.

6443.1 First Low Limit (Type I Cranes). Each hoist
that handles critical loads shall include an overtravel
low limit switch. This switch may be of the control
circuit type. Actuation of this switch shall stop the
lowering motion and set the hoist brakes. The operation
of this switch shall not prevent hoisting.

ranes). A
load sensing system shall be provided for Type I
cranes to protect 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 associated drive. The high-load
limit (system set point) shall prohibit hoisting but
permit lowering. The sensing system shall be set at a
maximum 125% of the rated load unless analysis deter-
mines that greater than 125% is acceptable. If it is
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necessary to change or bypass the high-load limit, the
procedure shall be included in an administrative
control program.

Aload sensing system is not required for Types Il and II1
cranes.

6445.2 Unbalanced Load Limits (Type | Cranes).
Dual reeved hoists that handle critical loads on Type I
cranes shall include a device to detect excessive move-
ment of i i ippi i
device shall initiate a flashing warning light visible to
the crang operator and shall shut down the hoisting
motion. Means shall be provided to allow the use of
hoist undler administrative control. Reeving shall then
be corredted before returning hoist to additional service.

6446 Hoist Drum Rope Mis-Spooling Limits

6446.1 Hoist Drum Rope Mis-Spooling Limits (Typel
Cranes). [Hoists that handle critical loads shall include a
hoist drfim rope mis-spooling limit switch to detect
improper threading of hoist rope in hoist drum grooves.

Actuat]on of this switch shall result in removal of power
from the hoist motor and setting the hoist holding brakes.

Actuatiion of this limit device shall prevent further
hoisting|or lowering until a key-operated bypass is
used to ehable lowering out of the mis-spooled condition,
with further hoisting prevented until the mis-spooled
conditiop 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 Illf 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|, Il,
and Il Cranes). Bridge and trolley overtravel limits shall
be furnished when specified. Refer tg"paras. 5131(b) and

6448 Restricted Handling-Path (Type | Cranes). On
some Type I cranes, it majnbe essential that the hook
follow a [restricted critical-load-handling path. The re-
quirements for such paths vary widely with individual
nuclear pllant desigfis=The crane specifications shall desig-
nate the rfequiredaccuracy, positions where redundancy is
required| and any test and signal system required.

or 2, for appropriate application. Multispeed pendant
pushbuttons shall be rated per NEMA A150 or N300.

6453 Voltage Ratings. The voltages in pushbuttons,
master switches, and similar control circuit devices
shall not exceed 150 V AC or 300 V DC.

6454 Radio Controls. If radio control of cranes in the
containment area has been provided for construction
operation, that equipment shall be removed before the
lant
unless the effect of radio transmission on reaetor’plant

instrumentation has been analyzed.

6455 Multiple Control Stations. On cranes and refated
equipment provided with multiple contrpl stations, [elec-
trical interlocks shall be included in(the system to pgrmit
operation from only one station ata‘time. Electrical ipter-
lock is defined as effective isolatien of the control cirjcuits
with the use of rotary switch-contacts, relay contacts, or
similar equipment. Emergéncy functions shall remain

operable from all hardwired control stations.

6460 Auxiliary Equipment (Types |, II, and I}
Cranés)

6461 General. Auxiliary electrical equipment shdll be
provided as specified. All necessary mounting hardyare,
wikihg, disconnecting means, and associated coptrol
means shall be included. For Types I and II cranef, all
auxiliary equipment shall be mounted and securgd so
as not to become dislodged or to fall from the drane
during a seismic event.

6462 Light Fixtures. Light fixtures shall be as spegified
in the crane specifications.

6463 Signal Systems. Signal systems shall be as speci-
fied in the crane specifications.

6464 Heating, Ventilating, and Air Conditioning.
Heating, ventilating, and air conditioning shall be as speci-
fied in the crane specifications.

6465 Convenience Outlets. Convenience outlets[shall

be as specified in the crane specifications.

ther-
shall

6466 Power for Auxiliary Equipment. Unless o
wise specified, power for all auxiliary equipment
be from a separate protected branch circuit conngcted
ahead of the main drive motor disconnecting m¢ans,

6450

. —and-Radio
Controls (Types |, I, and Il Cranes)
6451 General

6451.1 Applicable Standards. All such devices shall
comply with ASME B30.2.

6452 Contact Ratings. Contacts in master switches,
pushbuttons, and radio control interface panels should
be heavy duty rated per NEMA ICS 2-125. See Table 1

96

so that power is available to auxiliary equipment when
the main drives are shut down.

6467 Wiring for Auxiliary Equipment. All wiring for
auxiliary equipment shall be in accordance with NEC.
All equipment shall be grounded.
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6470 Motors (Types |, Il, and Il Cranes)
6471 General

(a) Direct Current Motors. DC motors shall be in accor-
dance with either NEMA MG-1 or AIST TR-01.
(b) Alternating Current Motors
(1) Definite Purpose Inverter-Fed Motors. AC squirrel
cage motors applied to variable frequency drives (VFDs)
shall be specifically designed for inverter duty and shall

hp = horsepower
K, = service factor from Table 6472.3-1
V' = rated full load hoisting speed, ft/min
W = weight of the rated load on the hook plus the

weight of the load block, Ib

6472.2 Bridge and Trolley

(a) The force required to drive the bridge or trolley

confprm to NEMA MG-1, Part 31, or other standard as
apprpved 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 Motors. All other AC motors not already
descfibed shall conform to NEMA MG-1.

(c] All AC or DC motors shall have enclosures and time
ratings as required for the duty and environmental con-
ditiops.

6472 Motor Size Selection, AC or DC

(a) The motor size selection is determined by the duty
clasgor duty cycle for each motion, not the Type I, II, or 11
crang 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
consjideration, any attempt to develop a procedure for
seledting motor ratings becomes quite involved. When-
ever| possible, the specifications should indicate thé
mosf severe repetitive duty (or duties) that.each
motqgr will be required to meet, especially including-inter-
vals pf slow speed operation, if any. The suppliershall be
resppnsible for selecting ratings that will meet the speci-
fied gluty with the type of control specified. In the absence
of dyty cycle requirements, the specifications shall clearly
identify the duty class to be used.for' each motion in the
prodedure described herein, The rating of auxiliary
devites (such as mechanicalor electrical load brakes)
musf also be selected to’meet the specified duty or
duty] class.

(b} For ambient temperatures above 100°F, the motor
design (frame size, insulation class, enclosure, and venti-
latiop) shall betselected to compensate for the increased
ambjent so\thé total insulation temperature will not
excegd thevalue allowed by NEMA for the selected insula-
tion flass. For example, in a 140°F ambient, a motor with

ClassF Insulation rated at Class B rise might be selected.

6472.1 Hoists. The hoist motor shall be so selected
that its nameplate rating will not be less than that given by
the following formula:

hp = KsWV /33,000E,E, )
where
E, = gearing efficiency [see para. 5413.1(g)]

=
1

reeving efficiency [see para. 5429]

consists of that necessary to overcome rolling friction,
and that necessary to accelerate the crane. Thérqlling fric-
tion is proportional to the total weight of thelergne and is
assumed to be constant at all speeds. Unless dqtherwise
specified, a friction factor per Table 6472.2-1 shall be
used for antifriction bearing cranésjMechanica] efficien-
cies are included in these factdrs!

(b) Unless otherwise specified, the accelergtion rate
with rated load for eith€r AC or adjustablq voltage
(AV) drives is to be-selected from the sloy values
shown in Table 6472.2°2.

(c) The size of the'bridge and trolley motor shall not be
less than the.computed from eq. (2):

hp = KK W,V ()
where
K,»= afactor that includes power for both overcoming
friction and accelerating the crane of trolley.
Based on certain assumptions, values|of K, for
either AC drives or adjustable voltage drives
with constant motor field strength gre given
in Figure 6472.2-1. The rate of accelgration is
based on the total time to accelerate from
zero speed up to rated speed. Thg factors
assume the rotating inertia to be 10% of the
equivalent load inertia (based on W,), d mechan-
ical efficiency of 95%, and an average motor
torque equal to 150% of the motpr-rated
torque when K = 1.0. K, factors for [constant
potential DC series motor drives arel to be in
accordance with AIST TR-06, noting|that the
acceleration rates may exceed those ghown in
Table 6472.2-2 since they apply only hip to the
speed attained on the resistor, as explained in
that standard. Due to wheel-slip considerations,
it is suggested that the maximum acdeleration
rate not exceed the values in Table $472.2-3,
based on a wheel-to-rail adhesion of 20%.

K, = aservice factor to provide an allowance for motor
heating resulting from repetitive operations
(Table 6472.3-1)

V = specified speed, ft/min
W, = total weight of the crane or trolley plus rated load,

ton

(d) After selecting an approximate motor by eq. (2),
obtain data on the Wk? of the motor, brake wheel,
couplings, and pinion. The sum of these values is the

(20)
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h = [(X/R)Sg X (W + Wp) X TE]/33,000
rotating Wklz2 Calculate the equivalent Wk of the load by PrL I )Sp > (Wr v ] ®)
the following equation:

2 —
WiZ = 2,000W(V/27Ny) (3) hp = hpg + hppy ©)
. . where
(e) Ifthe motor is being selected for a duty class rather _ .
than a specified duty cycle, the motor rating should not be hp = total horsepower (.)f brlc?ge motors
less than hpg = horsepower to drive bridge (less trolley and
load)
hpr, = additional bridge motor horsepower to {irive
hp = Kg[(W; 2000V)/(33,000T,)] @ trolley and load
2 2 R = radius of bridge (span/2) (see Figure 6472/ 2-2)
X [(/2,000) + a/(32.2E) + a/(32.2) x Whit/Wh{] Sp = speed of bridge at wheel, ft/min [see
where Figure 6472.2-2)
a = gverage acceleration rate, ft/sec” TE i tra.ctl}:/e iff)org Ib/ton
E = thechanical efficiency, per unit Ws ~ Wefght Of 1 ridge, ton
f = friction factor, Ib/ton Wi - wels t of load, ton
T, = dverage per unit motor torque provided during Wr = welght of trolley., Q! . .
) X = radius from bridge centerline to poinpt of

cceleration if K, = 1

Using eq. (4) and K; = 1.0, E = 0.95, T, = 1.5, and

WKE/ Wi]

NOTE: Fo
drive whg

=0.1.

edhp > 1.0[(W;2,000V)/(33,000 x 1.5)]
X [(f/2,000) + a/(32.2 X 0.95)
X (a/32.2) x 0.1]

I constant potential DC series motor drives (or any
re the free-running speed exceeds the motor-rated

speed at the applied voltage), multiply V in eq. (4) by Ng/N,

where Nj
and N, is
used, a ap

is the motor-rated speed at the applied . voltage
the free-running motor speed. If this procedure is
lies only up to Ng, and should be selected-onthat basis.

See pdra. B-6472.3 for sample bridgesmotor horse-

Use tractive effort constant from

maximumYhook approach (
Figure 6472.2-2)

see

TE = 22.5 + Sg/20 (10)

This value of TE gives approximately 1 ft/sec” accdlera-

tior For running horsepower to select the drive s
ratio, use the actual rolling friction in lb/ton in j
of TE in the above equations.

peed
lace

Table 6472.2-1 Overall Friction Factors
(Antifriction Bearings)

Wheel Diameter, in.

Friction, lIb/ton

8 22
power cdlculations. 10 18
(f) Th¢ speed ratio for bridge and trolley drives will be 12 15
determined as shown in para. 6473; computing the free-
running hp from eq. (5) 15 1>
18 15
hp = fW¥/33,000 (5)
where f # rolling frictien, Ib/ton. For f= 15 lb/ton, 21 12
24 12
hp = 0.000455 W,V (6) 27 12
30 10
(g) PolariCranes: ]'\nrcnpnurnr for ]r\rh“gn drives 36 10
hpg = [(2/3)Sg X Wp X TE]/33,000 (7

98
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Table 6472.2-2 Suggested Acceleration Rates for AC or AV Travel Drives

AC or AV Drives Rated Speed Acceleration Rate [Notes (1) and (2)]
[Note (3)] Slow [Note (4)] | Medium | Fast

ft/min ft/sec a, ft/sec? t, sec a, ft/sec? t, sec a, ft/sec? t, 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
300 5.0 0.7 7.14 0.9 5.55 1.1 4.5

NOTHS:

(1) Sjnce acceleration rates are for full-load conditions, lesser loads on the same drive will produce faster acceleration ratesumless thgdrive has a
regulator that provides controlled rate acceleration.

(2) Due to wheelsslip considerations, it is suggested that the maximum acceleration rate not exceed the values in Table.6472.2-3 based on a wheel
tp rail adhesion of 20%. If the adhesion is less than 20% or if a multimotor drive withouta line shaft is being used, the maximum rate should be
rgduced accordingly.

(3) 200 ft/min is considered the maximum for pendant operated cranes.

(4) Sknce fastacceleration may result in less precision for spotting and jogging, acceleration rates less thanthese shown in the slow cplumn may
b

e desirable where precise positioning is required.
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Figure 6472.2-1 K, Factors for AC and Adjustable Voltage DC Motors (Without Field Weakening)
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Table 6472.2-3 Suggested Maximum Acceleration Rates

Wheels Driven, % Maximum a

50 2.4 ft/sec?
33Y% 1.6

25 1.2
16% 0.8
12%, 0.6

Figure 6472.2-2 Typical Polar Crane
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S

— Rajj
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6472.3 Service Factors

(a) As stated in para. 6472(a), the most severe require-
menfs should be stated in the specifications whenever
possjible so the supplier can check the specific motor
and fontrol required.

(b} If the crane specifications do not indicate.a specific
duty|but state the duty class for each motion,the’K, values
forefs. (1), (2),and (4) are listed in Table 6472.3-1. There

is n¢ guarantee that these values will result in the
optignum motor selection, but they-do indicate relative
ratings.

472.4 Calculation of Motor Heating

(a) When definite operating requirements have been
specified, the time, motor torque, and average motor
speeld can be calcudlated for each step of acceleration,
runrling, and decelération. The procedure for checking
the thermal adequacy of the motor will vary, depending
on the type\ef'motor and motor enclosure. For totally
enclpsed-series wound AIST TR-01 DC mill motors
used|for'constant-potential DC control at 230 V, published

motors being checked. In totally enclosed mqtors, 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. Sinjilarly, in
AC motors, losses are divided into fixed and |[variable.
As an approximation, the variable losses can b consid-
ered to be proportional to secondary current|squared.
Also, for a given value of secondary resistgnce, the
secondary current can be calculated by

I= \/ torque X slip/resistance (11)
all on a per unit basis. (If the calculated per unit I is less
than the corresponding per unit T, use the per unjt T value.
Also, in order to take into consideration the|primary
copper losses at very low values of torque, thq value of
per unit I shall not be less than 0.4.)

(c) The AC motor thermal evaluation ¢ould be
performed as follows. Establish a duty cycle [with the
time and torque for each step calculated.|Convert

curves may permit determining whether or not the allow-
able 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 friction and
windage losses.

(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

torque to per unit current using eq. (11) or the
torque-current speed characteristics of the type of
control to be used. Add the square of the per unit
current x time (in seconds) x per unit variable losses
to the operating time (in seconds) x per unit fixed
losses. If that total is less than the sum of the seconds
x the dissipation factors for each step in the cycle, the
motor has adequate thermal capacity. The variable
losses, fixed losses, and dissipation factors are to be
obtained from the selected motor manufacturer, or the
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Table 6472.3-1 Duty Classes

Time Rating K
[Note (2)], | DC, AV, and
min CP AC — Hoist [Note (3)] AC — T&B
Includes Includes
Maximum Maximum Resistance for Resistance for Fixed

Duty Time On, [Note (1)] Countertorque Fixed Slow Speed and Resistance
Class % Cycles/hr  Hoist T&B Hoist T&B and Slow Speed Resistance Plug [Note (4)]

1 20 15 30 30 1.0 1.1 1.0 1.1 1.1 1.3

2 30 25 30 60 1.0 1.2 1.0 1.2 1.2 1.4

3 40 35 60 60 1.0 1.3 1.1 1.3 1.3 15

4 50 45 60 60 1.0 1.4 1.2 1.4 1.4 1.6

GENERAL INOTE: If mechanical considerations make it desirable to keep motor-rated hp as low as possible, and if atmospheric conditions g

ventilated
the motor
resistance

NOTES:
(1) Unlesq
(@)
(b)
(2) For A
(3) Forah
that hg
the red

motors, use duty class 1 K; values for all duty classes above Class 1 to determine the motor 60-min, self-ventilated hprating, then nj
by adding forced ventilation. This does not eliminate the necessity of checking the adequacy of an AC drive with a fixed seco|
f prolonged slow speed operation is required.

otherwise specified, a cycle is defined as follows:
For a hoist — raise rated load, lower rated load, hoist empty hook, lower empty hook — same distances.
For a trolley (T) or bridge (B) — carry rated load in one direction and return same distance With empty hook.

drives with static controls, the minimum time rating shall be 60 min.
oist, the specified full-load hoist speed must be obtained at not more than rated motorterque. To meet this requirement foran A
s some permanent secondary resistance during full-speed hoisting, and to includé.the selected service factor in a way that allo
uction in per unit slip when the service factor increases the motor rating, use thefollowing equation instead of eq. (1) of Section

ermit
odify
hdary

hoist
s for
6000.

The mptor rating shall not be less than

Obvio

In othg¢r words, the minimum motor rating is the mechanical hp-required for steady-state hoisting of rated load at rated speed.
esistance means no secondary contactors to change sécondary resistance, although there may be controlled reactance.

(4) Fixed

cycle suthmary shall be submitted to the manufacturer.
See para| B-6472.4 for an example of AC motor heating
calculatign.

6472.5 Duty in Excess of Class 4

(a) Above 50% time-on or.'more than 45 cycles per
hour, thq required duty cye¢le,capability shall be stated

hp = [K; — 1 = 0.97/(1.0 per unit res. )]WV /33,000 E)

sly, if K; = 1 and the slip rings are shorted on a motor with the 3% internal resistance that is assumed on these calculatipns,
hp = WV /33,000 E

6473 Drive Speed Ratios. Drive speed ratios (SR)shall

be determined as follows:

SR = (zDNj)/(12RV) (12)

pitch diameter of drum for hoists or wheel
diameter for traverse drives, in.

by the specification writer, who should consider the N; = motor rpm corresponding to the free-running
possible pdvantages of self-ventilated, forced-ventilated, (i.e., steady state or developed) hp not inclyding
or air-over-frame, meotor construction, depending upon any accelerating hp, taking into consideratioh the
the atmospherie.conditions at each installation. The ac- voltage and control used as stated in (a) thrpugh
ceptable [type(s)-shall be indicated in the specifications. (d)

(b) 1fgretonged (over 30 sec) or repetitive operation at R = mechanical advantage of the rope system for
reduced DPCCL‘I TS 1cqui1 !:.'b‘l, t—strattbe bpcuificd. Au_y hoists
reduced speed operations that fall below 5% speed for = 1 for traverse drives
prolonged periods or that are repetitive shall not be eval- V = specified speed, ft/min

uated 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.

(a) For 230 V DC series motors, the manufacturer’s
characteristic curves for 230 V shall be used. At a
constant-potential voltage other than 230 V, obtain an
equivalent 230 V hp by multiplying the free-running hp
by 230 divided by the applied voltage. From the
curves, use this equivalent hp to obtain the motor
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speed at 230 V. Calculate the approximate N; by multi-
plying the rpm so obtained by the applied voltage
divided by 230.

(b) For AC wound rotor motors, the typical character-
istic curves for wound rotor motors in Figure 6473-1 shall
be used, taking into consideration the total secondary
resistance at full speed. The curves are based on
motors providing 3% slip at rated torque with rings
shorted and with rated voltage applied to the primary

6482 Conductor System Categories. Conductor
systems shall be considered in the following three
general categories.

6482.1 Runway Systems. Conduct power from the
building supply to the crane.

6482.2 Bridge Systems. Conduct power and control
between the bridge and trolley portions of the crane.

6482.3 Auxiliary Systems. Such as pendant push-

hppu = Tpu(l — Tpu X Res.pu)/0.97 (13)

Per unit horsepower (hp,,) for use of these curves

__ developed hp (not incl. acceleration) (14)

hp rating of motor

[The
K, =

A
torq
read
spee]

developed hp for a hoist is calculated by eq. (1) with
1, and for a bridge or trolley by eq. (9).]

the calculated per unit horsepower, read per unit
e from appropriate hp-resistance curve and then
per unit synchronous speed at that torque on the
 curve for the same resistance. The dashed line is
an ekample at 0.75 per unit horsepower and 20% total
resigtance, resulting in approximately 0.88 per unit
torqyie and 0.82 per unit synchronous speed.

(c]) For DC adjustable voltage shunt motors, obtain
manffacturer’s rated speed for armature voltage and
field|strength used.

(d} For AC squirrel cage motors, use the motors-spe-
cific |characteristic curves, to be supplied by the motor
manpfacturer.

6480 Conductor Systems (Types 1, 1I, and Il
Cranes)

6481 General

(a]
with|
limit]
the ¢

(b

radis

Conductor types and sizes shall be in accordance
NEC, taking intoConsideration the voltage drop
ations affecting-the allowable voltage variations at
ontroller specified in para. 6411.2.

If insulated;the insulation shall be rated for the
tion deSe’ specified, if any.

(c]) Eachumulticonductor control cable shall include
sparg cenductors. The quantity of spares shall be approxi-

dlz 1004 ofthatatal butnaotlaccthan tvayn and not o ara
mat
1y 70-01tHe-to e DUt Hotre SStRah-tweo-ahRehotiere

button, communication, remote control, and inlstrumen-
tation cables.

6483 Conductor System Types

used, the
nclude a

(a) When AC variable frequency controls are
runway and bridge conductor systems shall
grounding conductor.

(b) The following threé general types of ¢
systems shall be conSidered to meet the nee
three categories in ‘para. 6482:

(1) Contact,Conductor. These systems may
either a rigid bar or taut wire with a sliding
collector, To)ensure continuous contact on T
or III systems that use AC variable frequency
DC metor drives, there shall be at least tw
loaded contact shoes per phase on main line
in“the primary circuit of AC motors and i
motor armature circuit that does not supply c
a series brake. Adequate expansion means shall
porated to allow for building expansions and con
as specified. Where low-contact resistance is reg
low-current or low-voltage pilot devices, such
ometer generators, a combination of condu
collector materials shall be suitable for that us

bnductor
s of the

Consist of
r rolling
ype I, 11,
drives or
spring-
systems
any DC
lirrent to
be incor-
tractions
uired for
as tach-
ctor and
age.
NOTE: While taut wire arrangements are present
existing systems, the use of an uninsulated taut wi
is not recommended on new applications due to
safety issues.

on many
re system
inherent

nsist of a
slip-ring

contact.
for low-
chometer
materials

(2) Brush-Type Cable Reel. These systems c(
cable, which is payed out off of a reel, and uses 4
and brush arrangement to maintain electrica
Where low-contact resistance is required
current or low-voltage pilot devices, such as ta
generators, a combination of slip-ring and brush
shall be suitable for that usage.

(3) Flexible Continuous Conductor. These| systems

than five being required.

(d) For repeated flexing service, the bending radius for
the cable and the cable support system shall be not 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.
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coTrsTstofacomtimuous ftexibtecabte;—=etther flat or
round, that is suspended in a festooned arrangement
from a trolley and track system or in a cable carrier.

6500 ELECTRICAL EQUIPMENT TESTING
REQUIREMENTS (TYPES I, 1l, AND III
CRANES)

All electrical equipment shall be tested in accordance
with Section 7000.


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

ASME NOG-1-2020

Figure 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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Section 7000
Inspection and Testing

(20) 710({ TESTS AND ACCEPTANCE CRITERIA

The following list identifies the specific tests and accep-
tance criteria for the inspections and tests specified by
Tables 7210-1 and 7210-2:

(a) drop-weight test per ASTM E208 or Charpy impact
test per ASTM A370. The owner or the owner’s designated
representative shall establish the acceptance criteria
unlegs stated otherwise in this Standard.

(b} 100% radiographic test (RT) or ultrasonic test (UT)
of bytt welds in accordance with AWS D14.1. Acceptance
critefia shall be in accordance with AWS D14.1.

(c] 10% magnetic particle test (MT) or dye penetrant
test (PT) of the linear feet of each weld that exceeds 10 in.
in lepgth unless stated otherwise in this Standard. Tech-
niqup and acceptance criteria shall be in accordance with
AWSY D14.1.

(d} ultrasonic (UT) volumetric testing
(1) Plate Materials. UT volumetric tests shall be
perfprmed in accordance with ASTM A435. Any area
whefe one or more discontinuities produce a continyous
loss pf back reflection accompanied by continuous ifidica-
tion§ on the same plane that cannot be endompassed
withfin a circle whose diameter is 3 in. ‘or)one-half of
the glate thickness, whichever is greater, is unacceptable.
(2) Bar and Forged Material. Ultrasonic volumetric
tests{shall be performed in accordance with the applicable
sectipns of ASTM A388 after foerging and heat treatment,
butHefore any machining thatwould render the ultrasonic
test fesults indeterminatéyAdditional requirements and
acceptance criteria follow:

(-a) Solid shafts, bars, and forgings with parallel
surfgces (i.e., providing an adequate back reflection to
conduct theest) shall be ultrasonic tested using the
strajght-beam back-reflection technique. The test
results shall be unacceptable if one or more reflectors
produce indications accompanied by a complete loss of

distance-amplitude correction curves. Discentinuity indi-
cations in excess of the response from a”-in. flat-
bottomed hole at the estimated discontinuity depth
shall be unacceptable.
(-c) Ringsand hollow forgings shall be tegted using

the angle beam examination technique when a alid test
using the back reflection/technique through [the axial
direction cannot be performed. One or more geflectors
that produce indications' exceeding the amplityde refer-
ence line from the,appropriate calibration notchgs shall be
unacceptable.
(e) hooks for a Type I hoist. Hooks shall be proof load
tested at,200% of the maximum critical load or|in accor-
dance with ASME B30.10 for the rated load, whichever test
load is'greater. Dimensional inspection of the hodk (before
and after proof load testing) and the testing procedure
§hall be in accordance with ASME B30.10. Adceptance
criteria shall be in accordance with ASME Bj30.10 or
shall be specified by the owner.
(1) Each load path of a dual load path hook shall be
tested independently.
(2) Each load attaching point on the hool shall be
tested separately. For example, the testing of a sister
hook with a pinhole must include separate [tests for
the sister hook prongs and the pinhole.
(3) Testing of the load path through the sifter hook
prongs shall be performed in a manner that represents 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 strengtl in accor-
dance with Federal Specification RR-W-410 or yvire rope
manufacturer’s published data. The sample usqd for the
test shall be taken from the wire rope furnishg¢d.
(g) magnetic particle (MP) and liquid penetfant (LP)
surface testing

back reflection 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)
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

(1) M +i ticletasti £ £ d
B agneticparticle testing for surface de cts 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:
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(-a) linear indications greater than % in. long in
material under % in. thick, greater than % in. long in mate-
rial from 5/8 in. thick to under 2 in. thick, and greater than
%6 in. long in material 2 in. thick and over

(-b) rounded indications with any dimension
greater than Y in. in material under % in. thick, and
greater than %, in. in material % in. thick and over

(-¢) inany thickness of material, four or more rele-
vant indications separated by ¢ in. or less, edge-to-edge

vant indications in any 6 in.? of surface with the major
dimensipn of the area not to exceed 6 in., with the
area taken in the most unfavorable orientation relative
to the inflications being evaluated

Relevapt indications are those that result from mechan-
ical discdntinuities and have a major dimension greater
than !/, in. Indications may be explored to determine if
they are [the result of material discontinuities, material
properties, or part geometry. Linear indications are
those whose length is more than three times the
width. Rpunded indications are those that are circular
or elliptidal with the length less than three times the width.

7200 MANUFACTURING

Inspections and testing of Types I and II cranes shall
conform [to this Standard. Assurance of implementation
of the regguirements of this Subsection for Types I and
I cranes|shall be in accordance with Section 2000. The
manufa¢turer’s standard inspection and testing
program|shall apply to Type III cranes if not otherwise
specified|in this Standard or contract document.

7210 Régceipt and In-Process Inspection and
Testing Requirements

(a) Rekeipt inspection and testing shall be performed
for thosejitemslisted in Table 7210-1 for Type I cranes and
Table 7210-2 for Type Il cranes. In~process inspection and
testing ghall be performed in.accordance with Table
7210-1 fpr Type I cranes_and-/Table 7210-2 for Type II
cranes. ([See para. 7100)for definitions of inspections
and testq required by tables.)

(b) Ddcumentation‘required by Table 7210-1 or Table
7210-2 shall be reviewed and accepted by the crane manu-
facturer prior:to the assembly of any item listed in these

of welds and repair shall be in accordance with AWS D14.1.

7220 Electrical Documentation

On Type I cranes, reports of standard NEMA tests shall
be furnished by the electrical equipment manufacturer for
hoist and travel motors and brakes.

106

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 complete.
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 crane

d i may
verify that crane components are being inStalled,
assembled, or connected in compliance with~the lptest
appropriate drawings, codes, standards, and procedres.

7240 Electrical Inspection Requirements

Inspections shall be performed. at-the crane manpfac-
turer’s plant to verify the folloewing:

(a) terminal connections for*tightness

(b) panels and resistors-are properly placed

(c) required fuses are/installed

(d) panels, switches, resistors, and other parts
materials are in_accordance with job drawings an
properly identified

(e) raceways are properly installed, and raceways
removed for shipment are to be properly fitted for
installation

(f)no interferences involving electrical items
when trolley moves through its full range

(g) electrical items do not protrude beyond the
confines of the crane as established by the job drawings

(h) electrical items requiring routine maintenancg are
accessible

(i) no wiring is touching resistor heating parts

(j) portions of conductor systems that are designgd to
move in order to accommodate crane motion move ffeely

(k) ancillary electrical items are properly installed

(1) pendantcable strain relief(s) is supplied for perldant
push-button, station-operated cranes

(m) overload relay current sensing elements afe in
accordance with job drawings

(n) motor connections are properly made

(o) contactors and electromechanical relays whose
armatures are accessible operate freely by hand

and
| are

to be
field

ExXist

(p) electrical enclosures are correct NEMA typd and
panel doors operate properly
(q) brushes are properly seated
<) —eleetrieal-holding-brakes—ares eetrect

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
and used by the crane manufacturer in conducting the
shop no-load test.
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Table 7210-2 Required Inspections or Tests — Type Il

Tests [Note (1)]

Material RT or UT of MT or PT of Weld Filler
Test Butt Welds Completed Welds  Impact Test Material C.C.
Items Reports  [Para. 7100(b)] [Para. 7100(c)] [Para.7100(a)] Typical Value
Trolley load girt structure X X
Trolley girt frame — structural welds X X
Girder top and bottom plates [Note (2)] X X
Girder top and bottom plate butt welds [Note (3)] X X X X
Girder web plates X
Girder web to top and bottom cover plate X X
stfuctural welds
Girder internal stiffeners and diaphragm welds X
Girder to end truck attachment X
Girder to end truck — structural welds X
End|tie — structure X
End|tie — structural welds X
Girder end trucks — structure X
Girder end trucks — structural welds X
Bridge and trolley — seismic restraints — X
stfuctural
Bridge and trolley — seismic restraints — X
stfuctural welds
Weldl test plates [Note” (2)] X
Welfls % in. or greater [Note (4)]
Fastenerimaterial for structural interconnnection X X
[Note’(5)]
NOTES:

(1) Test identification detailed in para. 7100.
(2) As required by para. 4212.

(3) As required by para. 4232.

(4) See para. 4251.4.

(5) As required by para. 4222.
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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.

7251 Prerequisites. Prior to conducting the shop no-
load test,_the crane or applicable portions to be tested

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

As a minimum, the preparation for shipment of Types I,
II, and III cranes shall meet the requirements of
Section 8000.

shall be assembled and wired subject to the following:

(a) The crane or its applicable portions need not be
completgly assembled, wired, or painted at time of
testing if subsequent work will not influence or alter
the resulfs of the test.

(b) Temporary electrical connections for test purposes
are accepitable for normally installed field wiring. Where
conductgr bar systems are used, only enough of the
conductdr bar lengths need be installed to set collector
shoes anfl check trolley operations.

(c) When testing the operation of mechanical portions
of the crane, the use of a temporary controller is accept-
able.

(d) When testing electrical portions of the crane, the
crane wijll be tested with the actual crane controls
unless specifically excepted by the purchaser.

7252 Mechanical Requirements. As a minimum, the
following mechanical functions shall be verified:

(a) trdverse of the trolley frame with wheel assemblies
and othefr trolley-to-bridge interface items for tracking
and clearances on the bridge (powered operationtis
preferable if conditions permit).

(b) pojwered operation of bridge and trolley,drive and
hoist unifs.

(c) opegration of accessories and components, including
ited to such items as safety dévices, emergency
pil clamps, limit switches, overspeed switches,
and loadHimiting or load-detection’systems, in accor-
dance with design criteria.

(d) Type I Cranes. Type 1 hoists shall be two-blocked to
demonsfrate that the equipment is capable of with-
standing[two-blocking Without damage. It is recommend-
ed that the two-bloeking test be conducted at the highest
hoisting §peed preduced by normal operations. However,
the owndr and'supplier may agree on alternative speeds
for this t¢ster-alternative methods for demonstrating the
capability-of-the-egtipmentto-wi and-two-blecking—2
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 recom-
mended to be based on the highest normal hoisting speed;
again, the owner and supplier may agree on alternative
criteria.

7253 Electrical Requirements. A test of the crane elec-
trical system shall be made to verify proper operation of
the controls.

112

7270 Final Verification of Document Requireants

htive
biled

The owner or the owner’s authorized represent
shall verify the documentation that has been com
by the manufacturer as required by.para. A-7613.

7300 RECEIPT AND STORAGE REQUIREMENT|S
FOR STORAGE FACILITY AND/OR SITE

Assurance of implementdtion of the requiremen
this subsection for Types'l and II cranes shall be in a
dance with Section 2000.

ts of
Ccor-

7310 Receiving Inspection

This subsection defines requirements for the re
inspection of cranes to be fulfilled by the organization
responsible for performing the handling, storage) and
reshipment of the equipment. These requiremlents
outline the criteria involved in the inspection to verify
that the crane components have been received in afcor-
dance with contractual requirements. The receipt in$pec-
tion verifies that the quality of the crane has not peen
reduced due to corrosion, contamination, deteriordtion,
or physical damage resulting from its being shippefd.

Ceipt

uire-
d III

7311 Requirements. The following minimum req
ments for receipt inspection apply to Types I, II, ar
cranes.

7311.1 Receiving Inspection Plan. A Receli
Inspection Plan shall be prepared by the owng
owner’s designated representative. The plan
provide instructions for performing receiving inspe
covering the following activities:

(a) documentation
(b) visual inspection
(c) marking and tagging

ving
r or
hall
Ction

(e) preparation for storage

7311.2 Receiving Inspection 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 ship-
ment documents, equipment identification numbers,
purchase order document numbers, and other item iden-
tification.

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
outline the criteria involved in the inspection to verify
that the crane components have been handled in an ac-
ceptable manner. The handling inspection verifies that the

— . — n‘n:tlifynffhn cranehasnothbeenreduced duetol naccept-
f313.1 Preliminary Inspection. A preliminary able methods and procedures for handling the|crane.
inspection shall be performed prior to unloading to iden-
tify flamage that may have occurred. Observations for 7321 Requirements. An inspection progranj shall be
unugual conditions shall include established by the owner or the owner’s designated repre-
(a) Fire.Charred paper,wood, or paint, indicating expo- sentative for equipment and riggingsin accordgnce with
sure|to fire or high temperature. Section 8000.
(b) Excessive Exposure. Weather-beaten, frayed, rusted, .
or stained containers indicating prolonged exposure 7330 Storage Inspection
durihg transit. Prior to the commencement of storage activities, the
(CJ Environmental Damage. Water or oil marks, damp  owner or the owner’s“designated representative shall
conditions, dirty areas, or salt film (indicating exposure to establish and maintain a storage inspection [program
seawater or winter road salt chemicals). consistent with the requirements of this Standard. The
(d) Tie Down Failure. Shifted, broken, loose, or twisted  program shall'specify the inspection surveillancelintervals
shipping ties, and worn material under ties. for thes€Zequirements.
(e} Rough Handling. Splintered, torn, or crushed .
contpiners indicating improper handling; review of 7331."Requirements. Inspections and exanpinations

impdct recording instrument readings, when required.

7313.2 Item Inspection. Item inspection shall be
performed at the designated receiving area. Unless the
pacKage marking prohibits unpacking, the contents.of
all shipments shall be visually inspected to ascértain
compliance with specified packing and shipping/require-
menfs. [tems packaged in separate, moisture*proof, trans-
parehtbags shall be visually inspected witheut unpacking.
Inspections shall be performed in atmanner to avoid
contamination of the item during inspection.

7314 Marking and Tagging. Items shall be inspected to
verify that the markings and-tags are affixed in accordance
with|Section 8000 and the-purchase order documents. The
Recejiving Inspection Plan'shall identify these marking and
tagging requirements.

7315 Testing:\Inthose cases where the purchase order
docymentséand para. 7100 require testing during
recefivingsinspection, the Receiving Inspection Plan
shall| delinéate the test requirements and provide docu-
mentation instructions

shall be performed on a planned and systematic basis
consistent with the requirements of Types I, I, and III
cranes to verify that the integrity of the stofed item
and its protective cover, as provided for in para. 7260,
are being maintained. Verification during the ipspection
activity shall be in accordance with Section 800.

7340 Preparation for Reshipment

This subsection defines the requirements for
tion for reshipment of cranes to be fulfilled by the,
the owner’s authorized representative.

prepara-
owner or

7341 Requirements. The following minimun] require-
ments for reshipment apply to Types I, 1], and ][I cranes.
Measures shall be established and documented fo ensure
that the equipment has been maintained and preserved in
accordance with established instructions, procgdures, or
drawings to prevent damage, deterioration, and Ipss as per
paras. 7320 and 7330.

Prior to reshipment, the requirements of pgra. 7260
shall be verified or reestablished. The owper may

7316 Preparation for Storage. When the receiving
inspection of an item has been completed, the item
should be in satisfactory condition for storage. Assurance
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 storage.

113

waive specific reguirements if waiving the is not
g T 5

adverse to quality, and provided the minimum require-
ments of 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.


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

ASME NOG-1-2020

7400 SITE

Assurance of implementation of the requirements of
this section for Types Iand Il cranes shall be in accordance
with Section 2000.

7410 Installation
7411 Preinstallation Verification

(f) Jigs, fixtures, and equipment for special processes, if
required, are available at the site and conform to specified
requirements.

(g) 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.

7411.1 General. Prior to the actual installation of 7411.4 Physical Condition and Record Review (Types
Types I, [I, and III cranes, there are certain preliminary |, II, and Il Cranes). Inspections or checks, as appropfiate,
inspectidns, checks, and similar activities that shall be shall be performed to verify that the crane itenms ajre in
completdd to verify that the crane and the installation accordance with the specified requirements-and|that
area conform to specified requirements, and that the nec- quality has been maintained. These inspections or
essary repources are available to assure that the quality of ~ checks shall include the following vefifi¢cations:
the crang will be maintained as the installation proceeds. (a) Protective measures and physical integrity dfiring

The qufality requirements and quality assurance actions storage have been maintainedSin' conformance with
thatare rjecessary during installation shall be planned and paras. 7330 and 7430, and Sé€etion 8000.
reviewed so that they are understood by the responsible (b) Nonconformances“have been satisfactgrily
individudls. disposed of or controlled.

74112 Identification (for Type | Cranes). Checks SC] Items havi beegcleaned in accordance with speci-
shall be made to verify that the identity of received equip- led requirements:
ment haq been maintained and is in accordance with the 7411.5 Site Conditions (Types |, II, and Il Crapes).
latest approved-for-construction drawings, equipment Inspections.or'checks, as appropriate, shall be perfofmed
lists, spgcifications, and established procedures. If  toverify¢hat conditions of the installation area confoym to
these checks disclose apparent loss of identification,  specified requirements and precautions have been tpken
the ident]ty shall be reaffirmed prior to release for instal- to prevent conditions that will adversely affect the qality
lation. Chlecks shall be made to verify that a control system of\the item during installation. These inspection cHecks
for mainfaining identification of items throughout instal- Shall verify the following:
lation haf been established. Provisions shall be made for (a) Protection from adjacent construction activit]es is
an alternpative system for equipment identificationxte being provided, including implementation of appropriate
drawingg, specification, or records when identification exclusion and area cleanness requirements.
or markings must be destroyed, hidden, orsentoved (b) Protection from inclement weather and dther
from an |tem. ambient conditions adverse to quality is being provjded.

7411.3 Processes and Procedures {Types I and Il . (c] Mateﬂla(lis that maglb;al d((ialeterlous to the crane items
Cranes). Consistent with the construction dctivities sched- eing Instaned are controtied.

. . : (d) Installation of the crane will not adversely affe¢t the
ule, inspdctions or checks shall be perfermed to verify that . ) . .

. . subsequent installation of other equipment, and repgir or
proceduifes are ready when needed-for use in the installa- S
. . . rework on any nonconforming items can be perfoymed
tion of the crane components/These inspections or checks tisfactoril
shall include the verification\of the following items: satistactortly.
. (e) Permanent crane runway (or approved tempofary)
(a) Approved procedares, drawings, manuals, or other . . - .
. . . : supports and mountings that will properly interface|with
work indtructions are provided to the installer at the .
. . the crane have been installed.
construction site, Servici int tivit lated to istal
(b) Spkcial inStrdctions and checklists as required are | t(f) }::rwglng or rr;aln eréance activity refated to ystal-
available|at the installation area or attached to the item. ation has been pertormed.

(c) Approved procedures and instructions for special

7412 Control During Installation. For Types I apd II

processes such as coating, welding, and nondestructive
examination are available at the site.

(d) Where applicable, personnel, procedures, and
instructions shall have been qualified through the
preparation of workmanship standards, samples, or
mockups that simulate actual job conditions.

(e) Installation preparations have been completed,
including such tasks as removal of packaging, condi-
tioning, cleaning, and preliminary positioning.

114

cranes, checking, inspection, examination, or testing activ-
ities shall be performed during the installation of crane
components to ensure that the crane is being assembled in
accordance with prescribed procedures. These activities
shall be performed in a systematic manner to ensure
surveillance throughout the installation process. A proce-
dure shall be provided for the coordination and sequen-
cing of these activities at established inspection points in
successive stages of installation.
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A method shall be implemented to ensure that engi-
neering and design changes are documented and
controlled during installation.

7413 Process and Procedure Control. For Types [ 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,

(a) proper positioning of mating parts, such as
couplings

(b) completion of proper greasing or lubrication

(c) priming, venting, and filling of casings, reservoirs,
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

drawings, and instructions are being followed
(b} Qualified and approved processes, materials, tools, midpoint of Span . .
and ¢pther equipment are being used by qualified person- ) (?ontrol (_)f special bolt_lng method ; s
nel. (h) inspection of electrical connections for good
. . . . . contact and conformance with wiring diagram
(c] The status of installation, inspections, examina- o . .
tiong, or tests is clearly indicated or identified in inspec- (0 1nspect10n of bridge conducfer-collector system for
tion kecords. proper alignment
(di,, The ins.tatllgtiodn, inspection, and testing sequence 7420 Preoperational Testing and Inspectjon
are heing maintained.
(e] Identification, appropriate segregation, and dispo- This subsection defides\requirements for pregp testing
sitioh of nonconforming items are being controlled. and inspection to ensure that the equipment wil| perform
(f)l Inspection and test reports are current, accurate, as required for handling of items during constquction. A
and fomplete. preop testingand-inspection program shall be established
.. . . to demonstrate that the crane will perform satigfactorily
7414 Ex.amlnatlon. Nondestruct'lve examlnatlops, in servicé,/THe preop testing shall be performed|in accor-
when required, shall be performed in accordance with dancewith written test procedures which incorgorate the
paraf 7100. requirements and acceptance criteria contained in appli-
7415 Inspection (Types |, I, and Il Cranes). Inspec- cdble documents, which include applicable manpfacturer
tiong of the work areas and the work in progress shall recommendations. The owner or the owner’s d¢signated
be performed to verify that crane components are representatives shall conduct and be responsibje for the
beinfg located, installed, assembled, or connected\in preop tests called for in these procedures, shall flirnish all
compliance with the latest approved-for-construction facilities necessary for the performance of such tests, and
drawings, manufacturer’s instructions, codes, installation shall ensure that proper communications are esgtablished
instrjuctions, and procedures. Inspections performed shall for control of testing.
inclyde, as appropriate, the following: Preop testing and inspection requirements digcussed in
(a) identification this subsection shall be applicable to Types I, ]I, and III
(b} location and orientation of cofponents cranes; these testing requirements shall be c¢mpleted
(c] leveling and alignment after the equipment has been installed and|prior to
(d) clearances and tolerances construction-operational use of the crane.
(€] tlghtness of connectjoys-and fasteners 7421 No-Load Test. A no-load test will be pprformed
(f) fluid levels and pressures on cranes, after the power supply has been verifigd to be in
(g clean.ness \ ) . ) conformance with the crane specifications, to yerify the
(h) welding operations including materials and process following:
contfols (a) motor rotation is correct
(i_) adequacy of housekef.eping, be.u‘riers, and protective (b) lubrication and cooling systems are in s¢rvice
equi )m.ent to.énsure that 1tem§ will not be damaged or (c) limit switches, interlocks, and stops are|properly
'cc.)nt hmihated as a result of adjacent construction activ- adjusted and set
ities (d)—instrumentation-is—calibrated-and-in-sbrvice as

7416 Assembled Inspection (Types I, II, and IlI
Cranes). Checks shall be performed to verify that all
components have been correctly installed. If construction
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:

115

required

(e) controls are adjusted properly for all drives for
hoist, trolley, and bridge through the speed ranges

(f) for TypeIhoists: components, systems, and features
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 cali-
brated
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7421.1 Additional Requirements. At the same time
the no-load testing is being performed, the following infor-
mation shall be recorded or observed:

(a) Electrical for (Full-Speed Conditions)

(1) motor volts

(2) motor amps

(3) motor rpm

(b) Mechanical

(1) noise level

(4) Lower the test load, stop, and hold the load with
the brakes.
(5) Verify that the nameplate reflects load rating per

(a).

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
shall be signed by representatives of all parties partici-
pating in the test

and

(2) pirleaks
(3) pxcessive vibration » 7430 Cranes Used for Construction (Types I, I,
(4) fomplete check of crane to certified clearance
_ lll Cranes)
drawing
(5) gear alignment and engagement Temporary use of cranes to which this Stahdard apjplies

(c) Stnuctural
(1) pverall clearances
(2) trolley end approaches

7422
loaded af]
facturer’
center sh
the crarn

Full-Load Test. The crane shall be statically
mid-span to a maximum of 100% of hoist manu-

rating, and the deflection of the bridge at its
all be measured and recorded. With this load,
e shall be operated through all drives for
hoist, trdlley, and bridge, and through all speed ranges
to demofstrate speed controls and proper function of
limit switches, locking, and safety devices. Each hoist
shall be|verified to stop and hold 100% load while
lowering at maximum speed upon loss of power.
Opening [the mainline magnetic contactor by means of
the E-Stop may be used to simulate a loss of power condi-
tion. For [Type I cranes, the manual critical load lowering
device(s) shall be tested. For Type I cranes, each helding
brake shdll be tested individually to verify that it will'stop
and hold|the test load. The manual means of moying the
trolley aipd bridge shall be tested.

7423 Rated Load Test. After the no<oad test and full-
load test§ are completed, and prior to use of the crane to
handle ldads, the crane shall be rated load tested.

operatio

&)

ift the testload a distance to ensure that the load

shall appFes 3
the event use area restrictions are lmposed

(3) Transportthe testload by means of the bridge for
the full length of the runway in one direction with the
trolley as close to the extreme right-hand end of the
crane as is practical in the event use-area restrictions
are imposed, and in the other direction with the
trolley as close to the extreme left end of the crane as

is practical in the event use-area restrictions are imposed.
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that are to become part of the completed project m
desirable. However, authorization for-such usage shall be
as provided for in the contract of,by'written approval from
the responsible organization.\Such use shall not supject
the crane to conditions forywhich it was not designed.
The temporary use authorization shall include

(a) conditions of use

(b) maintenante requirements

(c) inspectigng’and test as required to maintain
ability and.quality during periods of temporary use d
crane

(d) requirements for maintaining operating and rhain-
tenahce logs
When temporary use is completed, condition
temporary use shall be evaluated to verify tha
crane continues to satisfy the specified requiren
for its permanent intended use.

ly be

per-
fthe

s of
the
ents

7500 QUALIFICATION FOR PERMANENT PLANT
SERVICE

Assurance of implementation of the requirements of
this subsection for Types I and II cranes shall be in afcor-
dance with Section 2000.

7510 Construction Use Record Review

7511 Requirements. Measures shall be established and
implemented for the reviewing of construction use
records for Types I, II, and III cranes. As a minifium,
the following construction use records shall be revigwed
by qualified personnel:

(a) maintenance log

7512 Documentation. Documentation to substantiate
that construction use record review has been completed
as required by para. 7511 shall be validated. This docu-
mentation shall be maintained in accordance with para.
A-7630. These records shall be considered valid only if
stamped, initialed, signed, or otherwise authenticated
and dated by authorized personnel.
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Figure 7521.2-1 Inspection for Wheel Wear

(e) Couplings shall be inspected for tight bolts, elonga-
tion 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
Figure 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

GENHRAL NOTES:

(a) Wheels should be replaced when wheel flanges become thin and
vlsible curling begins to appear at A.

Vhen crane or trolley tends to run out of square as evidenced by
ersistent wheel flanging, check tread diameter B of all mechani-
hlly interconnected wheels. If the circumferences are
ismatched by more than !/4 in. at the center of the tread,
heels should be replaced.

(b)

= 85 09 <

7520 Inspection Prior to Performance Testing

This subsection is intended to outline the inspection
irements necessary to qualify Types I, II, and III
crangs for permanent plant service after construction use.

7521 Requirements. Systems and procedures shall be
established by the owner or the owner’s designee\to
ensure that the inspection requirements as delin€ated
withfn this Section are accomplished and documented
by qualified personnel. These requirements.dre mini-
munjs and may be added to after review of ¢onstruction
use rjecords if applicable. Discrepancies.shall be corrected
and feinspected in accordance with.this Standard.

521.1 General

(a) Prior to making mechanical and electrical inspec-
, the constructionsuse’logs shall be reviewed as
requiired by para. 7510.0f this Standard. Special attention
shall|be given to inspection of problem areas as noted in
consfruction use logs.

(b} Craneg’shall be checked for cleanness. Dirt and
foreign material shall be removed prior to inspection.

neglect.
(i) Verify camber and compare with recordjng made
per para. 7416(f).
(j) Sheaves shall be inspected for wear'dnd deffects that
could damage wire rope.
(k) Bumpers and stops shall-be-verified as iptact and
operable.
(1) Bearing housings shall be inspected for
lubrication, and cleanness.
(m) Bridge rail clipsand bridge rails shall be fnspected
for tightness, excessive wear, and alignment.
(n) Cab glasshall be inspected and replaced as nec-
essary.
(o) Wire rope shall be inspected for broKen wire,
strands, twists, kinks, or signs of wear.
(p)\ €apacity signs shall be inspected for visibjlity from
the operating floor.
(q) Hoist drums shall be inspected for wear ar]d defects
that could damage wire rope. If groove root digmeter is
worn in excess of one-fourth the rope diameter, dfum shall
be replaced.
(r) Hook shall be inspected in accordance wjth ASME
B30.10. Hook dimensions shall be validated. A fecord of
this validation shall be maintained in accordqnce with
para. A-7630.
(s) Topnutonhook shank shall be verified to pe secure
and not turned on shank.
(t) Hook shall be inspected to see that it swivlels easily
and that thrustbearing is lubricated and in good dondition.
(u) All hydraulic and pneumatic systems|shall be
inspected for leaks and damage.

7521.3 Electrical Inspection (Visual) Whilg Crane Is
Immobile. A qualified electrician shall be assigred to the
electrical inspection. All electrical power to the drane is to
be locked out and under the control of the inspector.

ntegrity,

. . (a) Motors
521.2 Mechanical Inspection (1) Inspect all brushes for wear, even corftact, and
(a) Inspection covers shall be cleaned and opened, and damage.

exposed components shall be inspected for physical
damage.

(b) Oilinreservoir shall be visually inspected for clean-
ness, filling to proper level, and foreign material.

(c) Gears shall be rotated so that all teeth on all gears
can be inspected for pitting, featheredges at the tips of
teeth, and misalignment.

(d) Bolts shall be inspected for tightness.

(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 brittle-
ness.

(6) Verify that motor bearings are properly lubri-
cated.

(b) Other Electrical Components
(1) Inspect connections for tightness.
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7552 Crane Used for Construction. When used for
construction, the crane, including any components
installed subsequent to construction usage, shall be recer-
tified by a qualified individual in accordance with
paras. 7420 and 7500. The record of successful completion
of these tests shall be signed by all participating parties.

(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 properly
set.

(6) Verify thatall panel doors shut properly and door
seals are intact.

(7)

or cracks

(8)

7600 DOCUMENTATION

s-owmnershall define spurchase-documents, the
requirements for the collection, storage, and maintérance
of documentation applicable to procurement,idefign,
manufacture, shipment, receipt, storage,‘installation,

in insulation.
[nspect disconnect switches and overload

devices.

(9) Inspect master switch(es) or pendant push- and startup of cranes covered by this Standard. Guidance
button sfation contacts for operation, tight connections, ff)r d.etermmlng do'cumentatlon requlremerllts to b'fJ spect-
and weaf or pitting (unless contacts are sealed). fied in the owner’s purchase documents is provide¢d in

(10) Inspect limit switches for operation, tight NonmanQaFory Apper}dlx A. )
connectipns, and wear or pitting (unless contacts are . Asa R, d.eSIgn and m'anufacturmg documpnta-
sealed) tion to be specified in the owner’s purchase documents for

(11)| Inspect electrical enclosures for cleanness. all cranes shall include ‘assémbly and outline drawjings;

(12)| Verify pendant cable strain relief(s) is installed electrical schematicsiand wiring diagrams; acceptlance
and funcfioning properly test plans and procedures; software test plan$ for

(c) Vekify the integrity of electrical enclosures and controls; operdting instructions; maintenance insfruc-
conduit dystems tions; and software programs. Installation documentation
to be specified in the owner’s purchase documents fpr all

H H cranes shall include records of high strength bolt torquing,

7530 Te¢sting Requirements g g quing
) ] datacsheets or logs on equipment installation inspeftion

The crane shall be tested in accordance with para. 7420. and alignment, lubrication records, documentati¢n of

. . testing performed after installation and prior to ag¢cep-

7540 Mpdification and Changes tance, results of end-to-end electrical tests, final

Modifi
and appr
sentative

cations and changes in design shall be reviewed
pved by the owner or owner’s designated repre-
These changes in design shall be inspeeted and

system adjustment data, acceptance test procedures

and results, and load tests. Additionally, for Ty

bes |

and II cranes, design calculations and load summary

tested in|accordance with this Standard. reports shall be included.
The owner’s quality assurance program shall dgfine
7550 Recertification which of these quality assurance documents are pefma-
7551 Crane Not Used for Consfruction. When the nent records. Assurance of the implementation of the
crane ha; ot been used for conétruction ar;d has been quality assurance documentation requirements contdined
S . . . in the owner’s purchase documents for Types I ahd II
certified|in accordance withpara. 7420, it requires no . . .
recertifichtion cranes shall be in accordance with Section 2000.
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Section 8000
Packaging, Shipping, Receiving, Storage, and Handling

810$ GENERAL Type III cranes shall meet requirements of-progurement
documents.

Receiving, storage, and handling functipns, per
Table 8100-1, are normally applicable to orgapizations
other than crane manufacturers-who perform under
the requirements of this Standard.

The packaging, shipping, receiving, storage, and hand-
ling [of Types I and II nuclear facility cranes shall be
govdrned by the applicable sections of ASME NQA-1,
Part II, Subpart 2.2 and the modifications of this
Sectjon, as listed in Table 8100-1, or shall meet the
quallty assurance requirements specified by the owner.

Table 8100-1 Applicable Requirements of ASME NQA-1-1994, Part Il, Subpart 2.2, With Modifications of Section 8000

Subject Applicable'Section of ASME NQA-1-1994, Part II, Subpart 2.2, and Modificatiops

Gengral 1- and 1.1

Gengral requirements 2-, 2.1 [Note (1)], 2.2 [Note (1)], 2.2.3 [Note (2)], and 2.2.4 [Note (3)]

Packaging 3.1, 3t2,.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, B.4.2, 3.5,
and)3.5.1

Shigping 41y4.2,4.2.1,4.2.2,4.2.3 [Note (7)],4.3.1,4.3.2,4.3.3,4.3.4,4.3.5,4.3.6,4.3.7,4.4,4.5.1,4.5.2,45.3,4.5.4,
and 4.5.5

Recpiving [Note (8)]

Storjage 6.1,6.1.1,6.1.2 [Note (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, 6.3.56.4, 6.4.1
[Note (10)], 6.4.2, 6.4.3, and 6.5

Harldling 7.1

GENHERAL NOTE:,Requirements of ASME NQA-1-1994, Part II, Subpart 2.2 not referenced are not invoked by this Standard.

NOTHS:
(1) |[Concerhing the referenced Introduction of this Part (Part II), omit Paragraph 2, Part 4.1.
(2) [This classification includes additionally totally enclosed electrical components and omits Category (R).
(3) This classification includes:
(a) crane bridge girder, end trucks, and separators
(b) trolley trucks and separators
(c) 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) may satisfy Item (d) requirements of 3.2.1, or Item (b) re-
quirements 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) Plgnned engineered lifts (PELs), as defined in ASME
B30.2, are lifts in excess of the rated load, which are
required|from time to time on a limited basis for specific

. 9300.

(d) Additionally, the following shall apply to planned
engineergd lifts that are to be made at nuclear facilities:
(1) PELs may apply to the bridge or gantry-only in
accordanice with para. 9500, or to the hoistand trolley only
in accordance with para. 9600.
(2) Temporary interlocks or stops-may be required
in accordance with para. 9700.
(3) Load testing may be requiredin accordance with
para. 98(0.
(4) Lrane wheelloads shallmeet the requirements of
para. 99¢0.

9200 CAPACITY LIMITATIONS

(a) Planned edgineered lifts shall be permitted for
powered cranes having a load rating of 5 tons and
above, providéd the PEL capacity is limited as follows:

(-a) Calculations to determine the maximum PEL
load shall include a vertical impact factor based on'0.3% of
the hoisting speed in feet per minute, but not less [than
15%.

(-b) Calculations shall be performed by the qrane
manufacturer or by a qualified persen.

(b) Seismic shall be included if specified by the owner.
“Extreme Environmental” loading conditions shall bejused
for the seismic load case!

9300 LIFT FREQUENCY LIMITATIONS

(a) Planned engineered lifts shall be permifted,
provided thé\frequency for making the PELs is limited
to a maximum of 20 lift occurrences on the cfane
within any’consecutive 10-yr period.

(b)~Alift occurrence for making PELs shall be the Hand-
lingof a single component or single component sedtion.

(c) The raising and lowering of a single componeht or
component section several times, for final position,|load
balancing, or for fit up, shall be considered a single lift
occurrence.

(d) Theremoval ofacomponentand then the laterjrelo-
cation or replacement of the same component shdll be
considered two separate lift occurrences.

9400 INSPECTION FREQUENCY

The ASME B30.2 inspections shall be performed bgfore
and after each PEL, except that for PELs that are perfoymed
in sequence, such as lifts made during a steam genefator
replacement, the ASME B30.2 inspections shall be
performed before and after the first PEL, before and
after the maximum PEL, and after the last PEL.

9500 PLANNED ENGINEERED LIFTS FOR BRIDGE
OR GANTRY ONLY

(1) etther 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
rating, the PEL shall not exceed thatload, verified by calcu-
lation, which produces stresses under the operating
loading conditions, using the PELload in lieu of the original
rated load, where the allowable stresses are increased to
the “Severe Environmental” levels

(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) Inthe 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
having a rating equal to or exceeding the load of the
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planned 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
then
with

lift e
but i
hoist

Ing PELs.

trolley to make lifts in excess of the rated load,
only the components and structures associated

An existing crane bridge or gantry may have a
er rating than its individual hoist and trolley units.
re the maximum load for the planned engineered
xceeds the rating of the existing hoist and trolley,
s below that of the bridge or gantry, then only the
and trolley need to be qualified for making PELs.

9700 REQUIRED INTERLOCKS OR STOPS

(a
prey
in pl
vert
mak

(b

prov

over
the ¢

of th
qual

appy
not
whe

) Temporary interlocks or stops, to restrict or
ent bridge, trolley, or hoist operation, shall be put
hce for cases where the crane system could be inad-
ently operated outside the qualified mode when
ng the planned engineered lifts.

Specifically temporary interlocks or stops shall be
ided for the following cases:
(1) to prevent existing crane trolley (or TLD) motion
sections of the bridge that would be stressed beyond
ualified levels
(2) to prevent bridge or gantry motion over sections
e building runway that would be stressed beyond the
fied levels
(3) to limit the existing crane trolley (or TLD)
oach to the runway rail to a distance that would
ncrease runway stresses, enditruck stresses, or
] loadings beyond the qualified’levels

(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 nonoper-

ating 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

(d) An acceptable electrical interlock to prew

tion of an existing crane hoist, or to majntdin a
crane trolley in a stored location, would Be to g
de-energize or open the hoist or trolley unit’s

control circuits, prior to making-the PEL.

9800 LOAD TESTING REQUIREMENTS

(a) Testing the crane for the PEL shall be by
lifting the PEL load @»short distance as specified
B30.2.

(b) An additional independent test load equ
PEL shall be required if

(1) the crane has not been previously tes
load at\least equal to the PEL or

(2) as a result of the PEL calculation revie
structural modifications of the structures, or m
modifications of the hoist, are required

topera-
existing
hysically
bower or

means of
in ASME

al to the
ted for a

'w, either
pchanical

(c) The full-load test and rated load test of pafas. 7422

and 7423, respectively, are not required or app|
planned engineered lifts.
9900 CRANE WHEEL LOADS

The PEL wheel loads shall not exceed 1.33
values established in accordance with para. 54

licable to

imes the
52.3.
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MANDATORY APPENDIX I
ADDITIONAL REQUIREMENTS

1-1100 (LEN ERAL

1-1180 Conversion Factors

See Taples I-1180-1 and I-1180-2 for conversion infor-
mation rglative to this Standard.

1-4200 MATERIALS AND CONNECTIONS

1-4250 Connections
1-4251| Welded Connections

1-4251.2 Qualification of Impact Tests — Welding
Procedures. Impact qualification of materials in AWS
D14.1, Table 1, Class II shall be considered as procedure
qualificafion for welding other steels in these classes or
combinafions of them having a lower minimum yield
stress. Ithpact qualification of materials in AWS D14.1,
Table 1, {lass Il shall be considered as a procedure quali-
fication for welding of material of the specification and
grade, clpss, or type in Class III to which the specimen
is certified or combinations of this material with materials
in Class If, or combinations of materials in Class Il with a
lower yi¢ld stress. Impact qualifications of materials in
AWS D14.1, Table 1, Class 111, IV, or V, which are postweld
heattreated per para.4251.5 for production'welding, shall
be condulcted on a specimen that has been postweld heat
treated tp the same procedure as_preduction welding.

Qualifiration for all weld types.cavered by a procedure
shall be dbtained by the welding-ef a full penetration butt
weld witlh any joint preparatien‘allowed by the procedure.
The effedtive throat of the-weld in the qualification test
shall equpl or exceed theymaximum covered by the proce-
dure, exdept that qualification with a 2% in. thick plate
shall quplify welds of unlimited size that have the
same postweld heat treatment. If the procedure covers
welding [veptically from the bottom up, the test plate

All specimens shall be removed from a location‘as|near
as practical to a depth midway between the Surfacq and
the center. The coupons for the heat-affected zone inypact
specimens shall be taken transverse to theaxis of the weld
and etched to define the heat-affected zone. The notch of
the Charpy V-notch specimen shall be-cut as normal tp the
heat-affected zone as possible jn the fracture plane. When
the material thickness permits,'the axis of the specjmen
should be inclined to allo®-the root of the notch to plign
parallel to the fusion line/The coupons for the base rhate-
rial shall be removedfsom the unaffected base materjal at
approximately thé,same distance from the surface af the
heat-affected zone specimens. The axis of the base rhate-
rial specimens\for Charpy V-notch tests shall be paralfel to
the axis of the heat-affected zone specimens, and thq axis
of the notch shall be normal to the surface of the [base
material.

The minimum operating temperature at which thefbase
material may be used shall be determined| per
para. 4212(a). Three Charpy V-notch specimens r¢pre-
senting the heat-affected zone and three Chargy V-
notch specimens representing the unaffected base mate-
rial 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 lateral
expansion value of the three heat-affected zone specifens
is equal to or greater than the average value for the yinaf-
fected base material specimens, the qualification test|shall
be considered acceptable. The welding procedure may be
used for all temperatures at which qualified base matgrials
may be used as determined by para. 4212.

The results of the impact testing shall be recorded ih the
Welding Procedure Qualification Record.

1-4251.4 Nondestructive Examination Reqtire-
ments — Ultrasonic Testing of Base Material|and
Weld Subject to Shrinkage Strains in the Through-Thick-

shall be welded in that position. Otherwise, the
welding position is optional. The heat input shall be as
near as possible to the maximum permitted by the proce-
dure. 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 designa-
tors as the corresponding Standard paragraphs except for the prefix “I-”

ness Direction. The welds requiring this examination shall
be identified on detailed fabrication drawings with refer-
ence 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 examined. The
width of the region to be examined shall be equal to
the width of the weld plus a distance on either side of
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Table 1-1180-1 SI Conversion Factors

Quantity English to SI Units SI to English Units

Length 1in. = 2.54 cm 1 cm = 0.3937008 in.

1 ft = 0.3048 m 1 m = 3.2808399 ft

1 mil = 25.4 um 1 um = 0.03937008 mil
Area 1in? = 6.4516 cm® 1 cm® = 0.1550003 in.?

1 ft* = 0.09290304 m? 1 m?® = 10.76391 ft*
Volufne 1in? = 16.387064 cm® 1 em® = 0.06102374 in?

1 £ = 0.028316847 m® 1 m® = 3531467 ft*

1 gal = 3.785412 1 11=0.26417205 gal
Velogity 1 ft/sec = 0.3048 m/s 1 m/s = 3.280839)ft/sec

1 ft/min = 0.00508 m/s 1 m/s = 196.8504 ft/min

1 rpm = 0.1047197 rad/s 1 rad/s9,549297 rpm
Mass 11b = 0.45359237 kg 1Kkeg~= 2.2046226 1b

1 ton = 1016.0469088 kg 1 kg = 0.00098420653 ton

1 ton = 1.016047 metric ton 1 metric ton = 0.98420653 ton
Acceleration 1 ft/sec® = 0.3048 m/s? 1 m/s? = 3.280840 ft/sec?

1 std g = 9.806650 m/s? 1 std g = 32.174 ft/sec?
Forcg 1 Ibf = 4.44822 N 1 N =0.224809 Ibf
Bending, torque 1 ftlbf = 1.35582"N"m 1 N'm = 0.737562 ft-Ibf
Presfure, stress 1 Ibf/iné (= 6894.76 Pa (N-m?) 1 Pa = 0.000145038 Ibf/in.?

1 kip/in? = 6.89476 MPa 1 MPa = 0.145038 kip/in.?

1 Ibf/in.2 = 0.0703070 kg/cm? 1 kg/cm? = 14.22334 Ibf/in.?
Energy, work 1 Btu = 1055.056 ] (N-m) 1] =0.000947817 Btu

1 ft-lbf = 1.35582 ] 1] =0.737562 ft-lbf
Pow¢r 1 hp = 745 W (J/s) 1 W = 0.00134102 hp
Temperature t. = (tr- 32)/1.8 tr= (t. x 1.8) + 32
GENHRAL NOTE: For-others, see [EEE/ASTM SI 10.
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(20) Table 1-1180-2 Conversion Factors for Weight in Tons

English to SI Units

SI to English Units

1 ton (long)
= 1.0160469 metric ton

1 metric ton
= 0.9842065 ton (long)

U.S. Customary to SI Units

SI to U.S. Customary Units

1 ton (short)
=0.9071847 metric ton

1 metric ton
=1.1023113 ton (short)

English to

U.S. Customary Units U.S. Customary to English Units

1 ton (long}

1 ton-fshert)
\S J

When the side opposite the weld is not accessible, the
base metal adjacent to the weld on all members shall be
examined from the accessible sides by a straight beam
ultrasonic scan. Any area of the base metal that exhibits
total loss of back reflection shall be marked. If the adjacent
base metal meets the acceptance criteria of ASTM A578,
Level I, the weld and the base metal below the weld, which
is subject to shrinkage strains, shall be examined by angle
beam ultrasonic scanning. The procedure and acceptance

=112 t

J

n (short) = 0.8928571 ton (long)

GENERAL

the weld
base met]
be condu
When
be condu
ined froz
should
area shal
tion of lo
acceptan
direction
ASTM Af
shall be

NOTE: For others, see IEEE/ASTM SI 10.

of at least 2.5 times the thickness of the thickest
al subject to the shrinkage strains. Testing shall
cted after welding and any required stress relief.
hccessible, a straight beam ultrasonic scan shall
cted over the entire area of the plate to be exam-
n the side opposite the weld. The procedure
e per ASTM A578, except that the scanned
be as defined above. When the principal direc-
hd transfer is parallel to the axis of the weld, the
ce shall be per ASTM A578, Level I. For other
s of load transfer, the acceptance shall be per
78, Level II, except that the size of the circle
educed to 2 in. diameter.

Criteria snall be per AWS D14.1, Section 1U.15. IT the|base
metal adjacent to the weld exhibits aloss of back refleftion
in a position that would interfere with the nermal weld
scanning procedures, the alternate scanning ‘procedures
in the referenced sections may be employed. When ekam-
ining the base metal below the weldythe criteria fof the
angle of the transducer should be similar to that for pval-
uating the fusion zone; i.e., the’sound path should be as
nearly perpendicular to any suspécted laminar reflecfor as
possible.

1-5100 GENERAL

1-5110 Load-Spectrum Crane Classification

See
port

I-5111 Crane Service Data Report Form.
Form I-5171 for an example Crane Service Data Rg
Form:
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MANDATORY APPENDIX II
CRITERIA REQUIRED FOR STRUCTURAL QUALIFICATION OF AN
EXISTING CRANE BRIDGE FOR USE WITH AN ASME NOG-1 TYPEI

This Mandatory Appendix provides criteria to structu-
rally qualify an existing EOCI #61 or CMAA Specification
No. 70 cfane bridge to support an ASME NOG-1 Type I
trolley ahd hoist for handling critical loads. If loadings
on the bridge increase as a result of the new ASME
NOG-1 Type I trolley and hoist, these loadings shall be
evaluated, and as necessary, modifications shall be
made to the bridge, all in accordance with this Mandatory
Appendik. This approach parallels the NRC guidance
for modification of existing cranes for compliance with
NUREG}0554, as presented in NUREG-0612,
Nonmanglatory Appendix C.

HOIST AND TROLLEY

The runway and runway support strieture also re
an evaluation to ensure that they are designed to suy
the crane with a lifted load for, a*credible seismic ¢
This runway and runway suppart structure evaluati
not covered under this Mandatory Appendix.

This Mandatory Appendix addresses the quality a
ance, design documentation, inspection, and testin|
quirements forysthe/structural qualification d
existing bridgé,~as well as the basic criteria for
required straetural modifications of an existing b

juire
port
yent.
on is

Esur-
O re-
f an
any
idge,

all to support a new NOG-1 Type I trolley and hoist

(see Tables II-1 and II-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

A. Quality assurance requirements Required for activities addressed in

B.D
re

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 modifications, shall conform to the

requirements of para. 2100(a) of this Standard.

sign documentation
luirements

(1) Required documentation of the
crane bridge design specification

(2) Required documentation of the
crane bridge welding standard

(3) Required CMAA operating load
calculations

(4) Required seismic load
caleulations

I'he existing crane bridge design specification shall be
being either EOCI #61 or CMAA Specification/No. 7|
later. [Note (1)]

The existing crane bridge welding standard shall be
having been either AWS D1.1 or AWS D14.1 from tl
manufacturer’s drawings, calculations, documentsg
standards, etc. See item D.(2) if it cannot be confirm
crane was welded to eitherzAWS D1.1 or AWS D]

Bridge structural calculatiens yerifying compliance

Specification No. 70 for the design rated load are|
These calculations shadllbe to the existing bridge’s orig]

specification, and to-the original specified crane se

unless use with the new Type I trolley and hoist
different service class.

(a) Existiig CMAA structural calculations are acc
provided‘the existing trolley loadings envelope the nf
loadings on the existing bridge, the effects of any c
service class can be addressed, and any subsequent
modifications to the bridge have been addressed.

(b) New CMAA structural calculations are require
the following cases exist:

(1) CMAA Structural calculations do not exist.

(2) Loadings from the new trolley exceed thos
original trolley.

(3) The bridge was originally designed to EOC

(4) The existing bridge was structurally modifig
calculations confirming CMAA compliance.

(c) If new CMAA structural calculations are requ
design input to these calculations shall be based up|
Supplemental Criteria B(3)-1 of this Mandatory Apy

Bridge seismic calculations verifying compliance with
seismic licensing basis are required, noting that t
calculation must have included the maximum credi
load. [Note (2)]

(a) Existing bridge seismic calculations are accep
provided

berified as
D, 1975 or

berified as
he original
d design
bd that the
4.1.
ith CMAA
required.
inal CMAA
vice class,
arrants a

bptable
ew trolley
pange in
structural

d if any of

b of the

#61.
d without

red, then
on the
endix.

the plant’s
his

ble critical

table

(1) The maximum credible critical load was used in the

existing calculation.

(2) The trolley mass has not increased.

(3) Substantial modifications to the bridge havi
made that would invalidate the existing seismic cal

(4) The existing calculation confirms that the 1
trolley would not be dislodged from their rails by desi
loads.

not been
ulation.
ridge and
bn seismic

(5) Other load calculations (that
may be required)

(b) If new bridge seismic calculations are required, then they
shall be in accordance with para. 4150 of this Standard.

(a) 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) wind load criteria of one of the

following:

(1) thestored windload criteria of CMAA Spec.No. 70,1983

or later, under the load case 3, or

(2) the design wind load criteria of this Standard, for the

load case Pcg in para. 4140(c).

127


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

ASME NOG-1-2020

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

(b) Tornado Wind Loads. If applicable, based upon the plant’s
licensing basis, calculations shall be provided to verify that the
bridge can accommodate the tornado load criteria of this
Standard, for the load case P14 in para. 4140(d).

(c) Load Hang-Up. Calculations mustbe provided to verify the
bridge structural integrity, for the load case P.;¢in para.4140(e),
unless one of the following conditions is met:

C. Inspect]

D. NDE r¢g

E. Load tgst requirements

on requirements Crane bridge inspections

(1) Girder bottom cover plate butt
welds

quirements

(2) Other NDE requirements.for
welds

(1) Bridge.rated load testing

(2) Bridge cold-proof load testing

(1) Interlock circuitry is provided preventing movemgnt of
the bridge and trolley while hoisting as addressed in
Nonmandatory Appendix C of NUREG-0612, or

(2) Thehoistis not capable of producing loadsgreaterfthan
125% of rated capacity, including machinery inertia loads.

(a) ASME B30.2 Inspection. The crane/bridge structural
components shall be inspected in acecordance with the perjiodic
inspection criteria of ASME B30:2,/[Note (3)]

(1) Welds displaying déformation, cracks, or corrosjon
shall require the paint to be removed and shall then be giyen a
visual inspection per AW§D14.1, with corrective action takpn as
needed.

(b) Critical Load Path Weld Inspection. Crane bridges
requiring coldéproof testing shall have external critical load|path
welds visually inspected before and after the cold-proof tes}. See
item D.(2),of this Mandatory Appendix. [Note (4)]

(c)¢Allycrane bridge inspections shall be documented.

Bridge girder bottom cover plate butt welds shall be MT ¢r PT
examined per para. 7100 of this Standard, unless such yelds
were originally provided with a UT or RT examination. [[Note
()

Ifitcannotbe confirmed that the crane was welded to either|AWS
D1.1 or AWS D14.1, then additional weld NDE shall bed
performed based upon the Supplemental Criteria D.(2) of this
Mandatory Appendix.

The crane bridge shall be given a current 125% rated load flest if
any of the following conditions exist [Note (6)]:
(a) The original crane was never givena 125% rated load test.
(b) The original crane load test documentation indicatjng a

test load of 125% of the design rating is not available.
(c) Structural modifications were required of the bridge for

compliance with either CMAA Spec. No. 70 criteria, seisnpic

criteria, or other load conditions as listed in item B.(5) above.
(d) The loads applied to the bridge during the original 125%

load test would be exceeded with the new Type I trolley] and

hoist, such as due to a new higher rating. [Note (7)]

Cold-proof testing, where the crane bridge is given a 125%load
test, at a temperature that will become the minimum
operating temperature for the crane, is required, unless gne of

the following criteria is met:

(a) Bridge load-supporting structural materials meet the
fracture toughness criteria of para. 4200 of this Standard.

(b) The crane will only be operated at a temperature of 70°F
or higher, as discussed in NUREG-0612,
Nonmandatory Appendix C.

See item C.(b) for weld inspection criteria if cold-proof testing
is required.
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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
F. Bridge modifications (if (1) As required to meet CMAA 70 Structural modifications if required by item B.(3), to provide
required) criteria compliance with CMAA Spec. No. 70, shall require all new
materials and connections to be per para. 4200 of this
Standard, with testing and inspections for all new materials
and connections being per Section 7000 of this Standard.
(2) As required to meet seismic Structural modifications if required by item B.(4), to provide
eriterte seismic-comphance—shat-requireat-mew-matertals and
connections to be per para. 4200 of this Standard, wjith testing
and inspections for all new materials and cennectjons being
per Section 7000 of this Standard.
(3) As required to address other Structural modifications if required by item B.(5), t¢ address
loading criteria design (stored) wind loads, tornado,loads, or loadl hang-up
loads, shall require all new materials-and connectior|s to be per
para. 4200 of this Standard, withtesting and inspectjons for all
new materials and connegctions being per Section 7P00 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, which is not covered by thistManatory Appendix, must also be feismically
gualified for the case where the crane is lifting the maximum credible critical load.
(3) Fpr this Mandatory Appendix, a structural member shall consist of plates and shapes,as well as any connecting welds, bolts, niits, pins, or
rjvets.
(4) The critical load path for the bridge (from the bridge wheels to and including the bridge rails) is that area of the bridge that shoyld a failure
ofcur, the bridge would no longer be able to support the hoist and trolley.
(5) Hacurrent MT or PT surface examination is required and this examination indicates a possible issue with weld quality, then thesewelds 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 notaddress load testing of the new Type I trolley and hoist, where such tests may belperformed
i either the shop or the field once installed on the existing‘bridge.
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(20) Table 1I-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 If structural design details from the original manufacturer, by means of drawings,
calculations 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,
minimum possible member sizes shall be used or sizes shall be determined by making
accessholesthat are sized so that the structural integrity of the member is not affected.
All member sizes determined by such inspections shall be documented.

Material properties, including welds and bolts, as used in generating the néw EMAA
calculations shall be based upon one or more of the following:

(a) 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 stress of 30<ksixshall be assumed.

(f) If bolts are not identified on the manufacturer’s drawings, or by head marlfings,
bolts equivalent to A307 bolts shall be assumed.

D(2)-1 Additional NDE of welds (if required) Additional NDE of welds, for welding not perfermed to either AWS D1.1 or AWS 14.1,
shall be as follows, unless the maximum weldstress or, for members subject to repg¢ated
loads, the weld stress range (maximuni 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% volumetrjcally
inspected per para. 7100.
(2) All external accessible fillet welds within the critical load path shall be vijually
inspected for workmanship.Areas displaying poor workmanship shall have the paint
removed and visually reinspected per the requirements of AWS D14.1, and corrdgctive
action shall be taken.as needed.
(3) A minimunvof 10% of the total length of each accessible critical fillet weld in the
critical load path-greater than 10 in. shall be subjected to magnetic particle test (M[T) or
dye penetranttest (PT) per AWS D14.1 requirements. If unacceptable indicationf are
found, thén an additional 25% of the weld lengths shall be inspected, and corregtive
actiohs\shall be taken. If the additional 25% inspection finds additional unaccepfable
indications, then the weld shall be inspected 100%, and corrective actions shall be thken.
(b) Internal Welds
(1) Aminimum of 10% of the internal fillet welds within the critical load path shpll be
visually inspected for workmanship. Areas displaying poor workmanship shall havie the
paint removed and be visually reinspected per the requirements of AWS D14.1, hnd
corrective actions shall be taken as needed. If unacceptable indications are found, thpn an
additional 25% of the weld lengths shall be inspected, and corrective actions shgll be
taken. If the additional 25% inspection finds additional unacceptable indications, thegn the
weld shall be inspected 100%, and corrective actions shall be taken.
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NONMANDATORY APPENDIX A!
RECOMMENDED PRACTICES

A-3230 Coatings and Finishes
A-B231 Surface Considerations

-3231.1 Profiles. When preparing surfaces for
coating with inorganic zinc systems, an important consid-
eratipn for proper adhesion is the number of peaks per
unit [area of surface. The required 5% inclusion of grit,

depgnding on numerous conditions, such as the age of the
working mix at a given facility. Lower levels will require
the gurchaser’s approval. This approval may be obtained
by a feview of a sample of the mixture to be used and/or a
sample panel prepared per the crane specification re-
quir¢ments with the intended mixture.

-3231.2 Moisture. Figure A-3231.2-1 may be used
uick reference guide to establish when the ambient
itions will allow painting or surface preparatien:
br determination can be made using more precise
pmatic charts for the exact conditions at any specific

asa
cond
Bett
hygr
time

A-
type
may
fillen
to th
used
of ad

3232 Fillers. To minimize rust staining and similar
5 of problems, small spaces between'abutting parts
be filled using a qualified (fof €ategory A coating)
compatible with the coating system and acceptable
e coating manufacturer( Seal welding may also be
for this condition where permitted by the design
jacent structural welds.

A-3233 Deviations and Corrections

A-3233.1General Requirements. Corrections of
tions ar&not intended to be limited to the following.
Alternative-methods of correction may be used where
accepted-by the coating manufacturer and the purchaser.

devi

(c) Areasdamaged during shipment or erectic
corrected by the purchaser in accordahce’w
methods.

nmay be
th these

A-3233.2 Correction of Deviations in|Blasted

Surfaces

after the
s, scabs,
roved by

(a) Surface imperfectiofis detected during or
coating process, such as.weld flaws, delaminatio]
and slivers, shall be_corvected with methods apy
the manufacturer’s design engineer.

(b) Gouges,in(Surfaces may be repaired by t
appropriately. qualified caulking compounds
approvat)yof the manufacturer’s design e
Gouges\shall not be filled using these compouj
area:is to be overcoated with inorganic zin
aneas may be filled after application and curing o
ganic zinc systems where the two materials ar
tible.

he use of
with the
hgineer.
Wds if the
c. These
the inor-
e compa-

A-3233.3 Correction of Deviations in Coating During
Coating Application

(a) Runs and sags may be corrected durin
application by either brushing out the excess
to give a smooth film within the required t
range or by brushing out and reapplying a
coating within the specified film thickness ran

(b) Areas not receiving the necessary wet fi
ness may be immediately recoated before flas
occurs. For inorganic zinc systems, if flash dj
occurred, the area to be recoated shall be c
then sweep-blasted before additional coating. If
of the system is delayed beyond the maximun] allowed
recoat time established by the coating manufacturer,
the coating manufacturer shall be contacted to determine
an acceptable recoat procedure.

(c) For otherthaninorganiczincsystems, recdating can

b coating
material
hickness
Iditional
be.

Im thick-
h drying
ying has
ired and
Fecoating

(aAmy deviations 1w the coating SyStent or Surtace
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 guidance for
the use of this Standard. The Nonmandatory Appendix paragraphs have
the same designators as the corresponding Standard paragraphs, except
for the prefix “A-”
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be performed any time after the time intervalindicated by
the coating manufacturer. If an extended period of delay
occurs until recoating, the surfaces shall be cleaned of dirt,
oils, grease, dust, and other contaminants by sweeping,
brushing, wiping, using pressurized air, scraping,
solvent cleaning, steam cleaning, or any combination of
these or similar methods as appropriate for the contami-
nants involved.
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Figure A-3231.2-1 Ambient Conditions Chart
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A-3233.4 Corrections of Deviations in Coating After
Curing

(a) Overspray may be removed by sanding, wire
screening, or other appropriate means.

(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, addi-

QAdllNg IMd dl g ncn o

orked to fill discontinuities.
Gouges or scratches (including areas damaged due

e use of certain destructive inspection instruments)

ication of the filler, all loose coating shall be
ved and the area feathered a minimum of 2 in.
the film coating.

) Runs and sags notrepaired while coating is wet may
bmoved by sanding or grinding. If occurring in the
e coat and upon removal the necessary minimum
thickness is maintained, recoating of additional
prinjer is not required. Where additional coating is
requlired, full-bodied or thinned coats may be applied
in acfordance with the requirements of the coating manu-
factyrer. The application of a thinned coat may be used to
improve the appearance of repaired areas.

(e] Localized blistering may be corrected by power
sanding or grinding to firm coating or substrate. After.
grindling, a needle gun should be used to roughen the
surface. Edges shall be feathered a minimum of2 in.
ontg the firm coat. All dust and chalk.shall be
rem¢@ved, and, where not detrimental to.the coating,
the grea shall be solvent wiped. The area may then be
recoited by an appropriate method.

(f)| Film thickness below the specified minimum may be
corr¢cted as indicated in para. A;3233.3 or by removal of
all material back to bare substrate-and repreparation and
application in accordance with-the original requirements.

(g) Localized areas withfilm thickness above the speci-
fied maximum may bexedticed by sanding or grinding. For
inorganic zinc systénis, wire screening down to the
requjred thickness may be done if the coating is accept-
able) except for\the excess thickness. An example of this
would be the'case of an inorganic zinc coating that exhibits
no mud ¢racking but exceeds the required film thickness. If
the ¢xcess film thickness is considered by the coating

A-7600 DOCUMENTATION

This subsection defines recommendations for the
collection, storage, and maintenance of Quality Assurance
Records applicable to the procurement, design, manufac-
ture, 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

A-7610 Manufacturer

The crane manufacturer should establish a system for
the administration of the colleetionn and temporary
storage of records received apd'génerated dyiring the
design, manufacture, and shipment of the crang.

A-7611 Records Receivéd. The crane man
will typically receive the-following types of reg

(a) material testizeports

(b) nondestructive examination (NDE) repo

(c) NDEinspector and examiner qualification
dance with"ANSI/ASNT CP-189

(d) petformance test reports

(e) other test reports as generated by subsy

ords:

ts
inaccor-

ppliers

A-7612 Records Generated. The crane man
Wwill typically generate the following types of r

(a) material test reports

(b) NDE reports

(c) NDEinspector and examiner qualifications
dance with ANSI/ASNT CP-189

(d) performance test reports

(e) nonconformance reports

(f) supplier deviation requests

(g) load summary report

A-7613 Records Submitted to Owner. The
Quality Assurance Records should be submitt
owner’s designated representative for Types
cranes. Additional requirements for records;
included in the crane procurement documents

A-7613.1 Records Submitted During De
Manufacture

pcords:

inaccor-

ollowing
bd to the
[ and II
may be

5ign and

(a) assembly and outline drawings
(b) electrical schematics and wiring diagran
(c) seismic calculations

w

manufacturer and the purchaser to not be detrimental
to the integrity of the system, the system may be accepted
with the excess film thickness at the discretion of the
purchaser. If the excess film thickness is considered by
the coating manufacturer and the purchaser to be detri-
mental 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.
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(d) supplier deviation requests
(e) load summary report (see para. 4140)
(f) inspection and test plan

A-7613.2 Records Submitted Upon Completion of
the Crane

(a) material testreportsasrequired by Table 7210-1 or
Table 7210-2

(b) NDE reports as required by Table 7210-1 or Table
7210-2

ifacturer (20)

ifacturer (20)
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