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The next edition of this Standard is scheduled for publication in 2008. There will
be no addenda or written interpretations of the requirements of this Standard issued
to this edition.

ASME is the registered trademark of The American Society of Mechanical Engineers.

This code or standard was developed urider procedures accredited as meeting the criteria for American
National Standards. The Standards Cemmittee that approved the code or standard was balanced to assure
that individuals from competent andyconcerned interests have had an opportunity to participate. The
proposed code or standard was made available for public review and comment that provides an opportunity
for additional public input frornindustry, academia, regulatory agencies, and the public-at-large.

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

ASME does not take @ny, position with respect to the validity of any patent rights asserted in connection
with any items mentioned in this document, and does not undertake to insure anyone utilizing a standard
against liability forinfringement of any applicable Letters Patent, nor assumes any such liability. Users
of a code or standard are expressly advised that determination of the validity of any such patent rights,
and the risk‘ofNhfringement of such rights, is entirely their own responsibility.

Partiefpation by federal agency representative(s) or person(s) affiliated with industry is not to be
interpréted as government or industry endorsement of this code or standard.

ASME accepts responsibility for only those interpretations issued in accordance with governing ASME
procedures and policies which preclude the issuance of interpretations by individual volunteers.

Copyright ASME International
Provided by IHS under license with ASME

NO part of this document may be reproduced 1 any form,
in an electronic retrieval system or otherwise,
without the prior written permission of the publisher.

The American Society of Mechanical Engineers
Three Park Avenue, New York, NY 10016-5990

Copyright © 2005 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All rights reserved
Printed in U.S.A.

Licensee=Shaw Group Inc/5948357001, User=Vyavanad Kizhakepad, Dilip

No reproduction or networking permitted without license from IHS Not for Resale, 07/22/2009 02:34:56 MDT



https://asmenormdoc.com/api2/?name=ASME NOG-1 2004.pdf

CONTENTS

o) 11 Y] f I P Vi
Committee ROSIEr . . oo vii
Prgparation of Technical Inquiries to the Committee on Cranes for Nuclear Facilities ......... (N~ ix
Sumary of Changes . ....... ... .V X
Segtion 1000 Introduction ......... ... ... .. .. ... i 1
1100 General ... 1
Segtion 2000 Quality Assurance ............ ... ..o i 12
2100 Requirements .......... . SN 12
Sedtion 3000 Coatings and Finishes .......... ... ... ... ... .. Tl 13
3100 Coating Service Levels ... ... . N 13
3200 Specific Requirements for Coating Service Levels (o0 . oo oot 13
Segtion 4000 Requirements for Structural Components ... . QO . ... ... ..l 15
4100 General .. N 15
4200 Materials and Connections ..............0 .. 23
4300 Design Criteria ... i@ 30
4400 Component Design ....... .. ... N 35
Segtion 5000 Mechanical .......... ... ... . . oD 40
5100 General ... 40
5200 Materials ... ... T 43
5300 Design and Performance €fiteria ...t 43
5400 Component Design . ¢ v o 45
5500 Miscellaneous . ... ... 82
Segtion 6000 Electrical Components ......... ... .. ... i 84
6100 General .. 84
6200 Wiring Mdterials and Methods (Types I, 1l, and [l Cranes) .................... 85
6300 Performange Specifications (Types I, II, and Il Cranes) ............. .. ... .... 87
6400 Compepent Selection (Types I, 1I, and Il Cranes) ..............cooiiiiiin... 87
6500 Electrical Equipment Testing Requirements (Types 1, I, and Ill Cranes) ......... 102
Segtion 7000-\Inspection and Testing ........ ... .. .. 103
7100 Tests and Acceptance Criteria ............o.uuutuetit it 103
7200 Manufacturing .. ... 104
7300 Receipt and Storage Requirements for Storage Facility and/or Site ............. 109
7400 Site 111
7500 Qualification for Permanent Plant Service ............ ..., 114
7600 Documentation . ... ... 116
Section 8000 Packaging, Shipping, Receiving, Storage, and Handling ....................... 117
8100 General ..o 117
Section 9000 Planned Engineered Lifts .......... ... ... . .. . i 118
9100 GEneral oo 118
9200 Capacity Limitations ........... .. 118

Copyright ASME International
Provided by IHS under license with ASME

iii

Licensee=Shaw Group Inc/5948357001, User=Vyavanad Kizhakepad, Dilip

No reproduction or networking permitted without license from IHS Not for Resale, 07/22/2009 02:34:56 MDT


https://asmenormdoc.com/api2/?name=ASME NOG-1 2004.pdf

9300 Lift Frequency Limitations ..........couiiutmin e 118
9400 Inspection FrequenCy ...... ... .. i 118
9500 Planned Engineered Lifts for Bridge or Gantry Only .......................... 119
9600 Planned Engineered Lifts for Hoist and Trolley Only ......... ... ... ... ..... 119
9700 Required Interlocks or Stops ...... ... 119
9800 Load Testing Requirements ........... .. ..ot 119
9900 Crane Wheel Loads ...... ..o 119
Figures
4154.3-1 Crane Mathematical Model for Seismic Analysis .......... ... ... ... ... 80 20
4160-1 Runway Rail Alignment Tolerance .............. .. .. .. .. .. .. ... 24
5411.5(c)-1 Drum Shell Design ...t eI 46
5413.1(e)-1 Allowable Yield Strength N € TR 48
5416.1-1 Typical Single-Hoist Drive Unit ....... ...l oo, 52
5416.1-2 Typical Dual-Hoist Drive Units ..........oiiiiiiii s e 53
5420-1 Single Failure-Proof Reeving Example .......... ... ... .08/ .. 55
5420-2 Single and Double Reeving ....... ... ... .. . . N 56
5426-1 Drum Fleet Angle ... ... ... .. ... e 57
5426-2 Sheave Fleet Angle ... 57
5427.1-1 Proportions for 24:1 Sheave-to-Rope Ratio .......{ .. ., 58
5427.1-2 Proportions for 30:1 Sheave-to-Rope Ratio ... &) . ... ..., 59
5430(a)-1 Arrangement of Crane Trolley Drives ...... .. . .o 61
5440(a)-1 Arrangement of Crane Bridge Drives .. ... o o 63
5440(a)-2 Arrangement of Polar Cranes .......... 5. o i 64
5452 .4-1 Minimum Flange Widths and Heights (o oo 67
54%9.3-1 Power or Control Circuit Limit Switeh With Geared Upper

Limit Switch ... oo D 73
54%9.3-2 Power or Control Circuit Limit. Switch ... ... ... ... . i 73
5474-1 Allowable Bending Stress . 8. . . 76
5414-2 Allowable Tension or COMPression Stress ............ooeiuiiiiiiiiieniennen.. 77
5414-3 Allowable Shear Stress™ 5. ... . 78
54Y7-1 Typical Hook Cross-SeCtion ........... ..ot 79
54Y7-2 Fish Hook Configuration ....... ... ... . it 80
54Y7-3 Equivalent Section ....... ... ..o 81
54Y7-4 Sister Hook Without a Pinhole ....... ... .. .. i 82
54Y7-5 Sister Heok/With a Pinhole ... ... .. .. 82
64Y2.2(c)-1 K, Faetors’ for AC and Adjustable Voltage DC Motors (Without

Rield"Weakening) . ... ... 97
6472.2(g)-1 Typical Polar Crane ... . 100
64Y3(b)-1 Typical Characteristic Curves for AC Wound Rotor Motors (Examples for

0.75 Per Unit hp and 20% Total Resistance) .............c.ccooviiiiiiiann. 101
7521.2(f<1 Inspection for Wheel Wear ... ... .. i 115
Talples
4153.7-1 Crane Loading Conditions for Seismic Analysis, Static and

Dynamic Load Cases ......... ...t 21
4153.7-2 Representative Maximum Values of the Structural Responses of

the Three-Directional Components of Earthquake Motion Plus

Static Loads ... ... 22
4154.3-1 Restraint Condition at Nodes .......... ... .. i 23
4211-1 Reference Properties of Acceptable Materials for Structural Components ........ 25
4212-1 Required C, Energy Values for Structural Materials (Except Bolting) ............ 26

iv

Copyright ASME International

Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS Not for Resale, 07/22/2009 02:34:56 MDT

Licensee=Shaw Group Inc/5948357001, User=Vyavanad Kizhakepad, Dilip


https://asmenormdoc.com/api2/?name=ASME NOG-1 2004.pdf

Copyright ASME International

4221-1 Reference Properties of Acceptable Fastener Materials for Structural

Connections of Type | and Type Il Cranes ............coiiiiiininninnn.
4221-2 Fastener Materials That May Be Galvanized ............ ... ... ... . ...
4222-1 C, Energy Values for Fastener Materials ........... ... ... .. i i
4232-1 Test Temperature for Filler Metal — Charpy V-Notch Impact Tests With

20 ft-lb Average Energy ......... ...
4251.5-1 Exemptions to Mandatory Postweld Heat Treatment ...........................
4311-1 Maximum_Allowable Stresses in Structural Steel Members ...... ... ... ... ... ...
4315-1 Allowable Stresses for Bolts Other Than ASTM A 325 or A 490 ..............
433%2.1-1 Value of the Buckling Coefficients K, and K, for Plates Supported

at Their Four Edges ...... ... .. i O
5331.1-1 Rated Load Recommended Hoist Speeds .............. ... ... . ...\ 0oL
5332.1-1 Rated Load Recommended Trolley Speeds .........................CH......
5333.1-1 Rated Load Recommended Bridge Speeds ....................... () oot
5413.1(e)-1 Gearing Allowable Stresses ...... ... ..o i N
5413.1(f)-1 Load Distribution Factors ............o i 0L,
5415.1-1 Load Combinations — Hoist Drive Shafting .............<cNt. oo oL,
54$2.3-1 Allowable Wheel Loads for Rim-Toughened Crane Wheels~P, Ib, for Speed

Factor = 1 o N
54$2.3-2 Speed Factor for Determining Allowable Maximum<{Wheel Load ...............
54%2.4-1 Guide for Wheel Flange Width and Height .. .S ). . ... ... ... o it
54%3.1(a)-1 Load Combinations — Bridge and Trolley Axles<....... ...t
54%4.1(c)-1 DefleCtions . ... e N
64Y2.2(a)-1 Overall Friction Factors (Antifriction Bearings) ..............cooiiiiiiiiinno...
64Y2.2(b)-1 Suggested Acceleration Rates for AC or{AV Travel Drives .....................
6472.2(b)-2  Suggested Maximum Acceleration Rates ............ ... .. .. i
64Y2.3(b)-1 Duty Classes .................0ul o
7200-1 Required Inspections or Tests —Type | ...... ... ... .. ..
7200-2 Required Inspections or Tests\a= Type Il ... .. ... ..
8000-1 Applicable Requirements of“ASME NQA-1, Part Il, Subpart 2.2, With

Modifications of 8000 . ... ..
Mandatory Appendix
. S
Nopmandatory Appendices
Al
B COMMIBIAIY .« o oot ettt e et et e e e e

Provided by IHS under license with ASME Licensee=Shaw Group Inc/5948357001, User=Vyavanad Kizhakepad, Dilip
No reproduction or networking permitted without license from IHS Not for Resale, 07/22/2009 02:34:56 MDT

34
44
45
45
49
49
51

66
66
67
68
68
96
98
98
99
05
08

17

20

24
29


https://asmenormdoc.com/api2/?name=ASME NOG-1 2004.pdf

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 Facilities.
This Standard was developed under procedures accredited as meeting the criteria fof
American National Standards. The Standards committee that approved the Standafrd
was balanced to ensure that individuals from competent and concerned interests have
had an opportunity to participate.

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

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

The first edition of NOG-1 was approved in 1983; the.Se¢ond edition was approved
in 1989; the fourth edition was approved in 1998; and“the fifth edition was approved
in 2002. This 2004 edition is a compilation of revisions made since the 2002 edition.
ASME NOG-1-2004 received ANSI approval on Décember 9, 2004.

Copyright ASME International
Provided by IHS under license with ASME

vi

Licensee=Shaw Group Inc/5948357001, User=Vyavanad Kizhakepad, Dilip

No reproduction or networking permitted without license from IHS Not for Resale, 07/22/2009 02:34:56 MDT



https://asmenormdoc.com/api2/?name=ASME NOG-1 2004.pdf

ASME COMMITTEE ON
CRANES FOR NUCLEAR FACILITIES

(The following is the roster of the Committee at the time of approval of this Standard.)

OFFICERS

B. P. Lytle, Chair
S. N. Parkhurst, Vice Chair
S. Burke, Secretary

COMMITTEE PERSONNEL

S. Burke, The American Society of Mechanical Enginéeérs
M. B. Fitzsimmons, Rochester Gas and Electric Cofp!

. N. Fowler, Entergy Nuclear South

. D. Jones, NASA, Kennedy Space Center

. S. Kureck, Electromotive Systems, a Magnetek Co.

. X. Lissy, Navy Crane Center

. P. Lytle, NASA, Kennedy Space Center

. E. McCoy, Bechtel Bettis, Inc.

. E. Nelson, Ederer LLC

. O. Osborn, Jr., BWXT

. N. Parkhurst, Material Handling Equipment, Inc.

. J. Parler, Framatomg 'ANP

. Pope, Fluor FederakServices

. E. Thomas, United States Nuclear Regulatory Commission
. A. Townes, B.E., Inc.

. V. Vine, NMC

. L. Weamer, Bechtel National, Inc.

D. P. Weber, PAR Systems

SUBCOMMITTEE ON NUCLEAR UNDERHUNG AND
MONORAIL CRANES

Nelson, Chair, Ederer LLC

Jones, NASA, Kennedy Space Center

Kureck, Electromotive Systems, a Magnetek Co.
Lissy, Navy Crane Center

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

. E.
. D.
.S.
. X
. P. Lytle, NASA, Kennedy Space Center
. E. McCoy, bechtel Bettis, Inc.

. O. Osborn, Jr., BWXT

. N. Parkhurst, Material Handling Equipment, Inc.

. J. Parler, Framatome ANP

. Pope, Fluor Federal Services

. R. Reisinger, FKI Industries, Inc.

. T. Tang, United States Nuclear Regulatory Commission
. V. Vine, NMC

L. Weamer, Bechtel National, Inc.

D. P. Weber, PAR Systems

vii

Licensee=Shaw Group Inc/5948357001, User=Vyavanad Kizhakepad, Dilip
Not for Resale, 07/22/2009 02:34:56 MDT



https://asmenormdoc.com/api2/?name=ASME NOG-1 2004.pdf

SUBCOMMITTEE ON NUCLEAR OVERHEAD AND
GANTRY CRANES

G. A. Townes, Chair, B.E., Inc.

D. M. Beilfuss, Electromotive Systems, a Magnetek Co.
M. B. Fitzsimmons, Rochester Gas and Electric Corp.
W. A. Horwath, Whiting Corp.

L. D. Jones, NASA, Kennedy Space Center

I. X. Lissy, Navy Crane Center

r. Lylhﬂ, IV/:\DI“‘\, I\Cllllcdy OPdLE LETIET

. O. Osborn, Jr., BWXT

N. Parkhurst, Material Handling Equipment, Inc.

. J. Parler, Framatome ANP

. Pope, Fluor Federal Services

. E. Thomas, United States Nuclear Regulatory Commission
. V. Vine, NMC

J. L. Weamer, Bechtel National, Inc.

D. P. Weber, PAR Systems

R o

= ™

viii

Copyright ASME International
Provided by IHS under license with ASME Licensee=Shaw Group Inc/5948357001, User=Vyavanad Kizhakepad, Dilip
No reproduction or networking permitted without license from IHS Not for Resale, 07/22/2009 02:34:56 MDT


https://asmenormdoc.com/api2/?name=ASME NOG-1 2004.pdf

PREPARATION OF TECHNICAL INQUIRIES TO THE
COMMITTEE ON CRANES FOR NUCLEAR FACILITIES

INTRODUCTION

The ASME Committee on Cranes for Nuclear Facilities (CNF) will consider written requests
for interpretations and revisions to CNF Standards and develop new requirements if dictated
by technological development. The Committee’s activities in this regard are limited strictly
to interpretations of the requirements or to the consideration of revisions to the present/Stan-
dard on the basis of new data or technology. As a matter of published policy, ASME-does not
“approve,” “certify,” “rate,” or “‘endorse’’ any item, construction, proprietary device, or
activity and, accordingly, inquiries requiring such consideration will be retdraéd. Moreover,
ASME does notactasa consultanton specificengineering problems or orfthe general applica-
tion or understanding of the Standard requirements. If, based on the ihquiry information
submitted, it is the opinion of the Committee that the inquirer should seek assistance, the
inquiry will be returned with the recommendation that such assistance be obtained.

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

1o

INQUIRY FORMAT

Inquiries shall be limited strictly to interpretations of the requirements or to the
consideration of revisions to the present Stafidard on the basis of new data or technology.

Inquiries shall be submitted in the folfowing format.

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

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

(c) Inquiry Structure

(1) Proposed Question(s). The inquiry shall be stated in a condensed and precise
questiondormat, omitting superfluous background information, and, where appropriate,
compgsed® in such a way that ““yes” or “‘no” (perhaps with provisos) would be an
acceptable reply. The inquiry statement should be technically and editorially correct.

(2) Proposed Reply(ies). State what it is believed that the Standard requires. If, in
the inquirer’s opinion, a revision to the Standard is needed, recommended wording

shall be provided.

Copyright ASME International
Provided by IHS under license with ASME

(a7 Submittal. The mquiry shall be submitted 1 typewritten form, however, legible,
handwritten inquiries will be considered. It shall include the name and mailing address
and telephone number of the inquirer and be mailed to the following address:

Secretary

ASME Committee on Cranes for Nuclear Facilities
Nuclear Department

Three Park Avenue

New York, NY 10016
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ASME NOG-1-2004

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

bublic review, ASME NOG-1-2004 was approved by the American National Standards Institute gn
December 9, 2004.
SUMMARY OF CHANGES
ASME NOG-1-2004 consists of NOG-1-2002 as well as the following additional changes.
Changes given below are identified on the indicated pages by a margin note (04) placed next to the
hffected area. The pages not listed are the reverse sides of the listed pages andcontain no changes.
Page Location Change
10, 11 1160 Revised
D5 Table 4211-1 Revised invits entirety
B3 4331 Equations corrected by errata
B4 4333 Equation corrected by errata
B6 4412 Revised
10 5111(b) Cross-reference revised
16, 47 5413.1 Second paragraph added
50 5413.1(3) Cross-reference updated

5416.1 Editorially revised
b7 5426 Revised in its entirety

Fig. 5426-1 Revised

Fig. 5426-2 Added
79, 80 5477(a) Equation (35) corrected by errata
B6, 87 6230(f) Revised
DO 6417 (1) Subparagraph (b) deleted

(2) Former subparas. (c) through (f) re-
designated (b) through (e), respectively

o1 64221 Cross-Teference updated
92 6432.5 Added
95 6471(a) Cross-reference updated
96 6472.2(c) Cross-reference updated
98 6472.4(a) Cross-reference updated
102 6483 Revised in its entirety
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Page Location Change

103 7100 Cross-references updated in subparas.
(d)(1), (d)(2), and (g)(1)
109 7270 Cross-reference corrected by errata
111 7341 Last cross-reference corrected by errata
114 7512 Cross-reference corrected by errata
115 7521.2(r) Cross-reference corrected by errata
xi
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RULES FOR CONSTRUCTION OF OVERHEAD AND GANTRY CRANES
(TOP RUNNING BRIDGE, MULTIPLE GIRDER)

11090 GENERAL

Clanes covered under this Standard shall be de-
signed in accordance with the Standard’s require-
menfts, but not necessarily with its recommendations.
The|word shall is used to denote a requirement,
the fvord should is used to denote a recommenda-
tionf and the word may is used to denote permission,
whigh is neither a requirement nor a recommen-
datign.

1119 Scope

This Standard covers electric overhead and gantry
mulfiple girder cranes with top running bridge and
trolley used at nuclear facilities and components’of
cranes at nuclear facilities.

1129 Applications

This Standard applies to the design, manufacture,
testing, inspection, shipment, storage, and erection
of the cranes covered by this .Standard.

1139 Responsibility

The cranes covetéd by this Standard are classified
into [three types\(see para. 1150, Definitions, crane
typep) depending upon crane location and usage of
the frane.atva nuclear facility.

The._owner shall be responsible for determining
and [spécifying the crane type. The owner shall also

Section 1000
Introduction

1140 Environmental Conditions (Types I, I}, and
Il Cranes)

1141 Radiation

(a) The purchasg “specification shall spedify the
accumulated radiation dosage expected to He seen
by the cranedin the life of the nuclear faciljty.

(b) Cemponents whose normal life could|be re-
ducediby "the effects of the specified radiatign shall
be fabulated and submitted to the crane purfhaser.

(c) Components whose failure, due to radliation,
could result in loss of one of the single failurg-proof
features which hold the load either shall be d¢signed
to withstand the specified radiation or shall jhave a
specific replacement period. Where state-oftthe-art
is such that sufficient data are not available, periodic
inspections shall be made by the purchaser tq deter-
mine when replacement should be made.

1142 Temperature

(a) The purchase specification shall spedify the

following temperature requirements in the area
where the crane operates:

(1) maximum operating temperature,

(2) minimum operating temperature,

(3) ambient temperature for motors,

(4) maximum construction temperature| and

(5) minimum construction temperature.

(b) The crane shall be designed to withstdnd the

effects of the specified temperatures, or the|limita-

be responsible for determining and specifying the
environmental conditions of service, performance
requirements, type and service level of coatings and
finishes, and degree of Quality Assurance.

Determining the extent to which this Standard
can be used, either in part or in its entirety, at other
than nuclear facilities, shall be the responsibility of
those referencing the use of this Standard.
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ture conditions shall be specified by the crane de-
signer.

1143 Pressure
(a) The purchase specification shall specify the
following pressure requirements in the area where
the crane operates:
(1) normal operating pressure and
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(2) any test or abnormal event of these pressures
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.

RULES FOR CONSTRUCTION OF OVERHEAD AND

GANTRY CRANES (TOP RUNNING BRIDGE, MULTIPLE GIRDER)

chemistry and lubrication requirements shall be spec-
ified by the manufacturer.

1150 Definitions

acceptance criteria: specified limits placed on char-
acteristics of an item, process, or service defined in
codes, standards, or other required documents.

1144 Humidity

(@) The purchase specification shall specify the
humidity conditions in the area where the crane
operatgs.

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

1145 Chemical

(a) §pray Systems

(1) If the crane may be subject to any spray
systemg, then the chemistry of the spray shall be
specifigd in the purchase specification. Any restric-
tions on the use of materials due to the effects of
the spray shall also be specified. Specifically, where
a corrgsive spray is present the possibility of H,
generafion exists and, therefore, the use of exposed
aluminpm, magnesium, galvanized steel, and zidc
is to bp minimized.

(2) The crane shall be designed to withstand
the eff¢cts of the specified spray and shalthot use
the spdcified restricted materials. Any limitations of
the crgne’s design concerning the(spray condition
and the use of any restricted ‘materials shall be
specifi¢d by the manufacturer (prior to the manufac-
ture of| the crane.

(b) fools

(1) If the crane’sdead block and wire rope are
to be [mmersed,then the chemistry of the pool
shall He specified in the purchase specification.
Requirgments for the materials and lubricants of the
load bllock-and wire rope shall also be specified to
insure [compatibility with the pool chemistry. In

alligatoring: see checking.

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

approval: an act of endorsing of “authorizing, or
both.
appurtenance: a part thatds attached to a comipo-

nent that has been completed.

as-built data:
plete item.

docuinentation describing a dom-

audit: a plantfed and documented activity per-
formed to detefmine by investigation, examinafion,
or evaluation of objective evidence the adeq{iacy
of and*¢empliance with established procedures} in-
structions, drawings, and other applicable dpcu-
ments, and the effectiveness of implementation| An
audit should not be confused with surveillanck or
inspection activities performed for the sole purpose
of process control or product acceptance.

audit, external: an audit of those portions of andther
organization’s quality assurance program not upder
the direct control or within the organizational sfruc-
ture of the auditing organization.

audit, internal: an audit of those portions of an
organization’s quality assurance program retajned
under its direct control and within its organizatipnal
structure.

authorized: appointed by a duly constituted admin-
istrative or regulatory authority.

auxiliary hoist: see hoist, auxiliary.

barrier: a flexible material designed to withsfand
the penetration of water, water vapor, greasd, or

reactor and fuel pools, the lubricants shall basically
be nonwater-soluble and shall be free of halogenated
compounds, halogens, mercury, and other deleteri-
ous 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
limitations of the crane design concerning the pool

harmful gases.

blisters: bubble-like protrusions formed in a cured,
or nearly cured, coating film; see ASTM D 714-56
for photographic examples.

boom, gantry crane: an extension of the trolley
runway, which may be raised or retracted to obtain
clearance for gantry travel.
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boom, overhead crane: a horizontal member
mounted on the trolley to permit hoisting and low-
ering the load at a point other than directly under
the hoist drum or trolley.

brake: a device, other than a motor, used for
retarding or stopping motion by friction or power
means.

ASME NOG-1-2004

accuracy traceable to national standards, to detect,
correlate, report, or eliminate by adjustment any
discrepancy in accuracy of the instrument or measur-
ing device being compared with the standard.

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

brale, drag: a friction brake that provides a continu-
ous [retarding force having no external control.

bralle, emergency: a brake for bridge and trolley
that |s released during normal operation and arranged
to dpply a retarding force when initiated by the
opetfator during an emergency, or to automatically
applly a retarding force upon loss of power.

brake, mechanical load: an automatic type of fric-
tion|brake used for controlling loads in a lowering
diregtion; 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 lopd.

brake, parking: a brake for the bridge and trolley
that|may be automatically or manually applied in an
atternpt to prevent horizontal motion by restraining
whepl rotation.

brake, service: a brake for bridge or trolley used
. by the operator, during normal operation, to apply
© a refarding force.

bridge: that part of a crane consisting“of two or
- morg girders, trucks, end ties, footwalks, and drive
. mechanism, which carries the tfolley or trolleys.

- bridge travel: the crane moyément in a direction
¢ pardllel to the crane runway:

bubples: gas pocketsthat rise through the wet
coatjng film to the(surface. An example of a bubble
can [be observed on runs shown in Fig. 10-8 of the
ASTM ManuaRof Coating Work.

bumper @also known as buffer): a device for reduc-
ing Impaet when a moving crane or trolley reaches

Antilavar aanfe ranas  con rana  agantn canti-
CHHHEV-CF—EHH S craRe—EahHYS

lever.
carrier: the transporting agency.

certificate of conformance: a document signed or
otherwise authenticated by anaythorized individual
certifying the degree to whiehsitems or servicgs meet
specified requirements.

certification: the act’of determining, verifyirjg, and
attesting in writing to the qualifications of perfonnel,
processes, procédures, or items in accordande with
specified reqdirements.

certified ‘test report: see report, certified teft.

characteristic: any property or attribute of aph item,
process, or service that is distinct, describable, and
measurable.

checking: a defect in the coating manifeqted by
slight breaks in the coating film that do not pgnetrate
to the underlying surface per ASTM D 660-44. Line-
type checking is commonly known as alligdtoring.

classification: the organization of items acqording
to their susceptibility to damage during shiipping,
receiving, and storage. Classification does nof relate
to the function of the item in the completed $ystem.

cleanness: a state of being clean in accdrdance
with predetermined standards, usually impligs free-
dom from dirt, scale, heavy rust, oil, or other cpntam-
inating impurities.

clearance: the distance from any part of th¢ crane
to a point of the nearest obstruction.

the ||\JI Uf Itb lJCIIIIittClJI tIClVC:/ Ul VV:ICII tVVU IIIUV;IIS
cranes or trolleys come into contact. This device
may be attached to the crane, trolley, or runway stop.

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

calibration: comparison of two instruments or mea-
suring devices, one of which is a standard of known

Iloct ; e afactina o H £ I t|n
coffector—mrent—areantaetredeveetoreallecting

current from runway or bridge conductors.

condition adverse to quality: an all-inclusive term
used in reference to any of the following: failures,
malfunctions, deficiencies, defective items, and non-
conformances. A significant condition adverse to
quality is one which, if uncorrected, could have a
serious effect on safety or operability.
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conductors, bridge: the electrical conductors lo-
cated along the bridge structure of a crane to provide
power and control to the trolley(s).

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

RULES FOR CONSTRUCTION OF OVERHEAD AND

GANTRY CRANES (TOP RUNNING BRIDGE, MULTIPLE GIRDER)

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

cracking: a defect in the coating, manifested by a
break in the coating film, that extends from the
surface to substrate per ASTM D 660-44. Irregular

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

control| braking means: a method of controlling
speed py removing energy from the moving body
or by {mparting energy in the opposite direction.

control braking means, dynamic: a method of con-
trolling| speed by using the motor as a generator,
with the energy being dissipated in resistors.

controll braking means, eddy current: a method of
controlfing or reducing speed by means of an electri-
cal induction load brake.

control| braking means, emergency: a method of
decelefjating a drive when power is not available.
The brpking effort may be established as a result
of actipn by the operator or automatically when
power [to the drive is interrupted.

controll braking means, mechanical: a method" of
controlling or reducing speed by friction.

controller: a device or group of devjces that serves
to govgrn in some predetermined manner the power
delivergd to the apparatus to which it is connected.

controller, manual: a controltér having all of its
basic finctions performed by devices that are oper-
ated by hand.

controller, spring=feturn: a controller that, when
releasefl, will refurn automatically to a neutral po-
sition.

contro
netic, s - - ;
the flow of power to or from a motor or other
equipment in response to signals from a master
switch, pushbutton station, remote control, automatic
program control, etc.

panél: an assembly of components (mag-

!

corrective action: measures taken to rectify condi-
tions adverse to quality and, where necessary, to
preclude repetition.

Lo H 1 1 1 Lo
LICl\.,I\IIIg Lis] LUIIIIIIUIII)’ NITUVWIT asS TITuu LIQLI\IIIE.

crane: a machine for lifting and lowering a |oad
and moving it horizontally, with the hoisting mefha-
nism an integral part of the machine. Cranes, whgther
fixed or mobile, are driven manudlly or by pojver,
or by a combination of both.

crane, cab-operated: a cranie controlled by an dper-
ator in a cab attached te.the bridge or trolley

crane, floor-operatedi»a crane that is controllegl by
a means suspended\from the crane by an opefator
on the floor orlan”independent platform.

crane, gantty:Va crane similar to an overhead cfane
except that the bridge for carrying the trolley or
trolleysdis” supported on two or more legs runhing
on_fixed rails or other runway.

&rane, gantry, cantilever: a gantry or semigdntry
crane in which the bridge girders or trusses exfend
transversely beyond the crane runway on ong¢ or
both sides.

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

crane, overhead: a crane with a multiple girder
movable bridge carrying a movable or fixed hoigting
mechanism and traveling on an overhead fixed frun-
way structure.

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

crane, power-operated: a crane whose mechafi
is driven lectric, air, hydraulic, or internal
bustion means.

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

crane, remote-operated: a crane controlled by an
operator not in a pulpit or in the cab attached to
the crane, by any method other than a means
suspended from a crane.
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crane, semigantry: a gantry crane with one end of
the bridge rigidly supported on one or more legs
that run on a fixed rail or runway, the other end
of the bridge being supported by a truck running
on an elevated rail or runway.

crane, standby: a crane that is not in regular service
but that is used occasionally or intermittently as

ASME NOG-1-2004

design output: documents such as drawings, speci-
fications, and other documents defining technical
requirements of structures, systems, and components.

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

required.

crane, Type I: a crane that is used to handle a
criti¢al load. It shall be designed and constructed
so that it will remain in place and support the
critital load during and after a seismic event, but
doeq not have to be operational after this event.
Single failure-proof features shall be included so
thatfany credible failure of a single component will
not fesult in the loss of capability to stop and hold
the fritical load.

crane, Type ll: a crane that is not used to handle
a critical load. It shall be designed and constructed
so that it will remain in place with or without a
load| during a seismic event; however, the crane
need not support the load nor be operational during
and [after such an event. Single failure-proof features
are hot required.

crane, Type Ill: a crane that is not used to handle a
criti¢al load; no seismic considerations are necessary,
and|no single failure-proof features are required.

cratgr: the result of bubbles that rise through the
wet [coating film and burst at thessurface creating
a bgwl-like depression (see Fig.\10-13 of the ASTM
Marjual of Coating Work for phetographic examples).

delamination: separatjien-ef one coat or layer from
another coat or layertof’a coating system.

design, final: approved design output documents
and [approvedsehanges thereto.

desipgnated:> "selected or assigned by the employer
or thetemployer’s designated representative as being

deviation: a departure from specified requirgments.

disconnecting means: a device, or grolipof devices,
or other means by which the conductors of a|circuit
can be disconnected from their-soutce of syipply.

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

document: any writtén or pictorial informatjon de-
scribing, defining, specifying, reporting, or ceytifying
activities, requifements, procedures, or results.

drift point&_a’point on a travel motion master{switch
or on_a ‘manual controller that releases thg brake
whilethe motor is not energized; this allqws for
coasting.

drum: the cylindrical member around which the
ropes are wound for lifting or lowering the|load.

end tie: a structural member that connects the ends
of the bridge girders to maintain squareness| of the

bridge.

equalizer: a device that compensates for unequal
length of stretch of a rope.

equipment, measuring and testing: devices [or sys-
tems used to calibrate, measure, gage, test, or jnspect
in order to control or acquire data to verify fonfor-
mance to specified requirements.

examination: an element of quality verif|cation
consisting of investigation of items or servjces to
determine conformance to specified requirements.

exposed: a condition in which hazardous pbjects
are not adequately guarded or isolated (cappble of
being contacted inadvertently)

|| - Id L Lo
qualmmedto PerTtornT SpeCTiT. auaes.

designated representative: an individual or organi-
zation authorized by the purchaser or owner to
perform specified functions.

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

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

flaking: a defect in the coating film manifested by
actual detachment of pieces of the film either from
its substrate or from coating previously applied per
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ASTM D 772-47 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.
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and other supplemental devices used for ease of
handling certain types of loads; the weight of these
devices is considered part of the rated load.

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

load, credible critical: combinations of lifted loads
and planf seismic_events that have Inmhahilifipg of

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

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

handligg: an act of physically moving items by
hand of mechanical machinery, not including trans-
port mpdes.

hoist: |a machinery unit that is used for lifting and
lowerinjg a load.

hoist, quxiliary: a supplemental hoisting unit, usu-
ally 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 automati-
cally applied and prevents motion when power ig.off.

holiday: a discontinuity in the coating (film that
exposep the substrate; types of holidays are pinholes,
skips, ¢r voids.

hydraufic: a method of contrdlling or powering
drive ¢r braking by means ¢f ,displacement of a
liquid.
in plade: remaining on\the runway and retaining
its phypical integrity.

inspecfion: examination or measurement to verify
whethdr an itéf)’ or activity conforms to specified
requirements:

inspector{ a person who performs inspection activi-

occurrence equal to or more than 107 timies| per
calendar year at the plant of the crane ipstallafion.
The critical loads handled by the crane/and their
durations of lifts, shall be used in thescalculatfions
to determine the credible critical lodd to be consid-
ered for the crane in the crane design load comhjina-
tions that include seismic loadings. The credible
critical load shall be spedified by the purchas¢r.

load, critical: any lifted’ load whose uncontrglled
movement or reledse’ could adversely affect [any
safety-related system when such a system is reqyired
for unit safety™or could result in potential offtsite
exposure indexcess of the limit determined by| the
purchaser:

loadZrated: the maximum load for which a cfane
oriindividual hoist is designed and built by a manu-
facturer; the rated load is shown on the equiprment
nameplate(s).

load block: the assembly of hook or shadkle,
swivel, bearing, sheaves, pins, and frames suspended
by the hoisting rope; this shall include any ifems

reeved in the hoisting ropes.
main hoist: see hoist, main.
man trolley: see trolley, man.

manufacturer: one who constructs or fabricatep an
item to meet prescribed design requirements.

material test report: see report, material test.

modification: a planned change accomplishefl in
accordance with the requirements and limitafions
of applicable codes, standards, and specificatins.

ties to verify conformance to specific requirements.

item: an all-inclusive term used in place of any of
the following: appurtenance, assembly, component,
equipment, material, module, part, structure, subas-
sembly, subsystem, system, or unit.

lifting device: a device that is not reeved onto the
hoist ropes, such as hook-on buckets, magnets, grabs,

mud cracking: see cracking.

noncoasting mechanical drive: a drive that results
in automatically decelerating a trolley or bridge
when power is not available

nonconformance: a deficiency in characteristic,
documentation, or procedure that renders the quality
of an item or activity unacceptable or indeterminate.
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nondestructive examination: methods for determin-
ing the integrity of structural materials without physi-
cally damaging the material; methods include visual,
radiography, ultrasonic inspection, magnetic particle
inspection, and liquid penetrant inspection.

normal operating conditions, floor-operated
crane: conditions during which a crane is per-

fOF o710 O %Y S ope—U COTTETTa

rane but operated with the operator off the
crane and with no other persons on the crane.

actiyity, or service based on observations, measure-
menfs, or tests that can be verified.

orange peel: a dimpled appearance of a dried
coatjng film that resembles the texture and appear-
ancg of an orange peel.

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

ovetthead crane: see crane, overhead.

ovethead crane boom: see boom, overhead crané:
ovellload: any load greater than the rated load!

ovelspray: spraying of coating on adjacent&urfaces;
textyre can range from that of sandpaper)to orange
peel| (see Fig. 10-5 of the ASTM Manual of Coating
Work for photographic examples).

owner: the organization legally responsible for the
congtruction and/or operation ‘of a nuclear facility
inclyiding, but not limited-to, one who has applied
for dr who has been gfanted a construction permit or
operating license ldy-the regulatory authority having
lawfpl jurisdictian,

package: thé shipping container plus the contents
of t:[e centainer.

pachage” unit: _any assembly of mechanical and/

ASME NOG-1-2004

10-14 of the ASTM Manual of Coating Work for
photographic examples).

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

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

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

procurement document:\~purchase requisitiofs, pur-
chase orders, drawifgs,” contracts, specificatipns, or
instructions used¢o'défine requirements for pufchase.

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

purchasér “Vthe organization responsible for| estab-
lishment of procurement requirements and for issu-
ancéor administration, or both, of procufrement
documents.

push-button station, pendant: means suspended
from the crane for operating the controllefs from
the floor or other level beneath the crane.

qualification, personnel: the characteristics dr abili-
ties gained through education, training, or fexperi-
ence, as measured against established requirgments,
such as standards or tests, that qualify an individual
to perform a required function.

qualified person: a person who, by possesfion of
a recognized degree or certificate of profdssional
standing, or by extensive knowledge, trainirjg, and
experience, has successfully demonstrated thg ability
to solve or resolve problems relating to the pubject
matter.

qualified procedure: an approved procedufe that
has been demonstrated to meet the specified rpquire-
ments for its intended purpose.

or electrical components and parts that can be
disassembled without destroying the integrity of the
individual parts.

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

pinhole: a minute hole through the thickness of a
coating film, allowing exposure of substrate (see Fig.

Copyright ASME International

quality assurance: all those planned and systematic
actions necessary to provide adequate confidence
that a structure, system, or component will perform
satisfactorily in service.

quality assurance record: a completed document
which furnishes evidence of the quality of items
and/or activities affecting quality.
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quality control: those quality assurance actions that
provide a means to control and measure the charac-
teristics of an item, process, or facility to established
requirements.

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

RULES FOR CONSTRUCTION OF OVERHEAD AND
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running sheave: a sheave that rotates as the load
block is raised or lowered.

runway: an assembly of rails, beams, girders, brack-
ets, and framework 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 or sloped surface area (see Fig.

receivipg: taking delivery of an item at a designated
locatiof.

regenefative: a method in which the electrical en-
ergy génerated by the motor is fed back into the
power [system.

remotg-operated crane:
erated.

see crane, remote—op—

repair:| the process of restoring a nonconforming
characferistic to a condition, such that the capability
of an ifem to function reliably and safely is unim-
paired,|even though that item still does not conform
to the foriginal requirement.

report, |certified test: a document signed by a quali-
fied pajty that contains sufficient data and informa-
tion to|verify the actual properties of items and the
actual fesults of all required tests.

report, |load summary: the report provided by the
manufdcturer that furnishes the numerical values, of
the crane loads at the crane-building interfaceg for
the lodd combinations of each category of\loads
listed fpr the structural design of the crane.

report,| material test: a report from-the material
suppligr that identifies the furnished\material in terms
of hea{ number, physical and_chemical properties,
etc., af appropriate.

reworkf the process byswhich an item is made to
conforn to original reguirements by completion or
correctjon.

right of access?, the right of a purchaser or desig-
nated fepresentative to enter the premises of a sup-
plier fdr thepurpose of inspection, surveillance, or
qualitylassurance audit

10-9 of the ASTM Manual of Coating Watll for
photographic examples).

scaling: detachment of coating film from/substfate.

semigantry crane: see crane, semigantry.

service: the performance of agtivities such as| de-
sign, fabrication, inspection), nondestructive expmi-
nation, repair, or installation.

shall: indicates that‘which is mandatory and fnust
be followed.

should: indjeates a recommendation, the advisabil-
ity of whickpdepends on the facts in each situation.

side pulls~the portion of the hoist pull acting lori-
zontally*when the hoist lines are not operated verti-

cally:

sill: a horizontal structural member that conrects
the lower ends of two or more legs of a ggntry
crane on one runway.

single failure-proof features: those features thaf 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 |oad
within facility acceptable excursion limits.

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

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

special process: a process, the results of whicH are
highly dependent on the control of the procegs or
the skill of the operators, or both, and in which
the specified quality cannot be readily determ|ned

rope: refers to wire rope unless otherwise specified.

run: the flow of an excessively applied coating
that results in an elongated pattern of irregular coat-
ing films over a small vertical or sloped surface
area such as a point or an angle (see Fig. 10-8 of
the ASTM Manual of Coating Work for photographic
examples).

by Tspection or test of the product.

specification: a concise statement of a set of re-
quirements to be satisfied by a product, material,

or process.
standby crane: see crane, standby.

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

ASME NOG-1-2004

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

testing: an element of verification for the determina-
tion of the capability of an item to meet specified
requirements by subjecting the item to a set of
physical, chemical, environmental, or operational

the frane load.

subdtrate: the uncoated base surface to which the
coatjng is to be applied.

supplier: any individual or organization who fur-
nishes items or services in accordance with a pro-
curgment document; an all-inclusive term used in
plack of any of the following: vendor, seller, contrac-
tor, [subcontractor, fabricator, consultant, and their
subtler levels.

survgillance: the act of monitoring or observing to
verifly whether an item or activity conforms to speci-
fied [requirements.

switch:  a device for making, breaking, or changing
coniections in an electric circuit.

swilch, emergency stop: a manually operated
switth to cut off electric power independently of
the fegular operating controls.

switth, limit: a switch that is operated by-~some
part|or motion of a power-driven machipeor equip-
ment to alter or disconnect the electric.circuit associ-
ated| with the machine or equipment.

switfh, main: a switch on the=crane controlling
the main power supply to (the crane.

switfh, master: a switch that dominates the opera-
tion Jof contactors, relays, or other remotely operated
devires.

temperature, Tpinimum operating: the minimum
ambjient tefperature at which the crane is operated,
eith¢r during the construction phase or plant in-
servlcezphase of use of the crane.

Lo
COMNMArtrorns.

traceability: the ability to trace the histery) applica-
tion, or location of an item and like iteémsor adtivities
by means of recorded identifications

transit carriers, closed: trucks, trailers, railrodd cars,
barges, aircraft, or ships that*do provide prgtection
of items from the enviréament.

transit carriers, operi=~ytrucks, trailers, railrogd cars,
barges, aircraft, or ships that do not provide protec-
tion of items from the environment.

transportation” mode: a method identified py the
conveyance used for transportation of itemg. It in-
cludessany motor vehicle, ship, railroad ¢ar, or
aircraft; each cargo-carrying body (trailer, vaf, box-
€ar, etc.) is a separate vehicle.

trolley: the unit that travels on the bridge rdils and
supports the load block.

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

trolley frame: an assembly consisting of two side
frames or trucks that are connected together py one
or more load girts to form a one-piece unit dapable
of transmitting the load to the crane bridge vithout
undue deflection. The hoist machinery and slipports
for the sheaves or equalizer are assembled irfto and
supported by the trolley frame.

truck: the unit consisting of a crane, wheeld, bear-
ings, and axles, which supports the bridge girders,
the end ties of an overhead crane, or the sl of a
gantry crane.

upper block: a fixed block located on a frolley,

test, break strength: a physical test to destruction
performed on a sample of an item to verify the
rated strength of that item.

test, dynamic load: a test wherein designated loads
are hoisted, lowered, rotated, or transported through
motions and accelerations required to simulate han-
dling of the intended item.

which, through a system of sheaves, bearings, pins,
and frames, supports the load block and its load.

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

verification: the act of reviewing, inspecting, test-
ing, checking, auditing, or otherwise determining
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and documenting 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.
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Systems and Specifications Steel Structures Painting
Manual, Volume 2, 8th Edition, 2000

Publisher: The Society for Protective Coatings, Steel
Structures Painting Council (SSPC), 40 24th Street,
6th Floor, Pittsburgh, PA 15222-4643

ANSI/AGMA 2001-C95, Fundamental Rating Factors

waiver] documented authorization to depart from
specifigd requirements.

web p
and lo

hte: the vertical plate connection and upper
er flanges or cover plates of a girder.

wrap: |a flexible material formed around the item
or pacKage, to exclude dirt and to facilitate handling,
marking, or labeling.

1160 References

The [following is a list of codes and standards
referenfed in NOG-1. These codes and standards
apply tp the extent invoked at the point of reference.

The following three documents are contained in
the AI4C Manual of Steel Construction (ASD), Ninth
Edition
Code ¢f Standard Practice for Steel Buildings and

Bridges, March 7, 2000
Specifigation for Structural Steel Buildings Allowable

Stresp Design and Plastic Design, June A4,x1989
Specifigation for Structural Joints Using ASTM A 325

or Al 490 Bolts, June 23, 2000

PublisHer: American Institute of Steel Construction
(AISE), One East Wacker, Dtive, Chicago, IL
606(1-2001

AISE TR No. 1, 1991, DG/Mill Motors

“AISE TR No. 6, 20007 Specification for EOT Cranes

for Steel Mill Service

ifAISE TR No. }15-1997, Brake Standards for Mill

Motqrs

'fPublisher: Association of Iron and Steel Engineers

(AISELXThree Gateway Center  Pittshurgh, PA

and Calculation Methods for Involute Spur |and
Helical Gear Teeth
AGMA 9005-E02, Industrial Gear Lubrieation

Publisher: American Gear Manufacturers Associdtion
(AGMA), 1500 King Street, Afexandria,| VA
22314-1560

NFPA 70-1999, National.Eléctrical Code

Publisher: Nationaltkire Protection Associafion
(NFPA), One Batterymarch Park, Quincy, |MA
02269-9101

ASME B30.2-1996, Overhead and Gantry Crnes
(TopiRunning Bridge, Single or Multiple Gitder,
Top; Running Trolley Hoist)

ASME B30.10-1999, Hooks

ASME NQA-1-2002, Quality Assurance Require-
ments for Nuclear Facility Applications

Publisher: American Society of Mechanical Engineers
(ASME International), Three Park Avenue, New
York, NY 10016-5990; Order Department: 22 [Law
Drive, Box 2300, Fairfield, NJ 07007-2300

ASTM A 275/A 275M-98, Magnetic Particle Exanina-
tion of Steel Forgings
ASTM A 370-02, Standard Test Methods and Ddfini-
tions for Mechanical Testing of Steel Produdts
ASTM A 388/A 388M-01, Standard Practice for Ultra-
sonic Examination of Heavy Steel Forgings
ASTM A 435/A 435-82/A 435M-90, Standard Speci-
fication for Straight-Beam Ultrasonic Examindtion
of Steel Plates for Pressure Vessels
ASTM D 5144-00, Standard Guide for Use of Prgtec-
tive Coating Standards in Nuclear Power Plants

15222-1097

SNT-TC-1A-1996, Recommended Practices for Non-

destructive Testing Personnel Qualification and
Certification

Publisher: American Society for Nondestructive Test-
ing (ASNT), 1711 Arlingate Lane, Columbus, OH
43228

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

10

ASTM D 5161-96, Standard Guide for Specifying
Inspection Requirements for Coating and Lining
Work (Metal Substrates)

ASTM E 114-95 (R2001), Standard Practice for Ultra-
sonic Pulse-Echo Straight Beam Examination by
the Contact Method

ASTM E 165-02, Standard Test Method for Liquid
Penetrate Examination
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ASTM E 380-93, Standard Practice for Use of the
International System of Units (SI) (the Modernized
Metric System)

ASTM E 709-01, Standard Guide for Magnetic Parti-
cle Examination

Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Drive, West

FaNita Vot —Pat

ASME NOG-1-2004

NEMA ICS 1-2000, Industrial Control and Systems:
General Requirements

NEMA ICS 2-2002, Industrial Control and Systems:
Controllers, Contactors, and Overload Relays
Rated 600 Volts (Addendum/Errata 5/23/2002)

NEMA ICS 3-1993, Industrial Control and Systems:

Factory Build Assemblies
NEMA ICS 6-1993 (R2001), Industrial Control and

L 1 L DA EWat Ral
C FISTIOTTOCRKETT, T/ 1TIJ520=-27J07

AWB D1.1/D1.1M-2002, Structural Welding
Code — Steel

Publisher: American Welding Society (AWS), 550
NW Le Jeune Road, Miami, FL 33126-5671

CMAA 70-2000, Specifications for Top Running

Bilidge and Gantry Type Multiple Girder Electric
Operhead Traveling Cranes

CMAA 74-2000, Specifications for Top Running and

Upder Running Single Girder Electric Overhead

Traveling Cranes Utilizing Under Running Trol-

ley Hoist

Publisher: Crane Manufacturers Association of
America (CMAA), 8720 Red Oak Boulevard, Char-
lofte, NC 28217-3992

aystems tn(.iosures
Publisher: National Electrical Manufacturers/Associa-
tion (NEMA), 1300 North 17th Street, Rosslyn,
VA 22209-3801

OSHA Safety and Health Standards, Title 29
of Federal Regulations Part{1910 (29 CFR
Occupational Safety apdSHealth Standard

Publisher: U.S. Departmentof Labor — Occupfational
Safety and Health~Administration (OSHA)

Code
1910),

1170 Nomenclature

The nomenclature used in this Standard i$ listed
and defined/in the Section in which it is uped.

1180.‘Conversion Factors

Conversion factors, including metric equiyalents,

are provided in the Mandatory Appendix I.
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Section 2000
Quality Assurance

2100 ‘{EQUIREMENTS

(@ 1
facture
and Sy
or shal
specifig

(b) A
ufactur|
specifig

(c) A
chanic
quired
ments.

he quality assurance program of the Manu-
of Types | and Il cranes shall meet the Basic
pplemental Requirements of ASME NQA-1,
| meet the Quality Assurance Requirements
d by the owner.

specific quality assurance program for man-
brs of Type Ill cranes is not required unless
d in the procurement documents.

specific quality assurance program for me-
| components for Type Il cranes is not re-
unless specified in the procurement docu-

(d) A specific quality assurance program foy
pliers of electrical components for Types-|
Il cranes is not required unless specified in
procurement documents.

(e) A specific quality assurance‘program for

KUp-
and
the

Kup-

pliers of Type | crane structural’and mecharical

components which are not/listed in Table 720
and for Type Il crane struétifal components w
are not listed in Table 7260-2, is not required u
specified in the precufement documents.

(f) The quality assurance program for packag
shipping, receiting, storage, and handling of T
| and Il crapes.shall be in conformance with Seq
8000.

0-1,
hich
less

ing,
pes
tion
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Section 3000
Coatings and Finishes

310‘) COATING SERVICE LEVELS

The owner shall specify either coating service
leve| 1 or Il as defined below.

o

Coating Service Level I. For use in areas
whefe coating failure could adversely affect the
opetation of post-accident fluid systems and, thereby,
impair safe shutdown. With few exceptions, coating
service level | applies to coatings inside a nuclear
power plant’s primary containment.

(H) Coating Service Level Il. For use in areas
whefe coating failure could impair, but not prevent,
normal operating performance. The function of coat-
ing tervice level Il coatings is to provide corrosion
protection and decontaminability in those areas out-
side[primary containment subject to radiation expo-
sure| and radionuclide contamination. Coating ser-
vice|level Il also applies to coatings in nonradiation
areap.

3200 SPECIFIC REQUIREMENTS.‘EOR COATING
SERVICE LEVELS

3219 Requirements for Coating Service Level |

(4@ Coating requifements for coating service level
| shall be in accordance with ASTM D 5144, Standard
Guij!e for Use~of Protective Coating Standards in
Nuc]ear Pawér’ Plants.

() Inzaccordance with ASTM D 5144, coating
servlcestevel | requires a quality assurance program.

3220 Requirements for Coating Service Leyel Il

(a) Coating requirements for coating servide level
[l shall be as specified by the owner. The|owner
may invoke applicable sections of ASTM D] 5144,
Standard Guide for Use of Rfotective Coatinp Stan-
dards in Nuclear Power Plants.

(b) Quality assurancelrequirements for
service level Il shallconly apply as specified
owner.

(c) Inspectiomrand testing requirements for ¢oating
service leveldl shall be in accordance with para.
7700.

Coating
by the

3230" Additional Requirements Applicable to All
Coatings

Additional requirements for coatings and finishes
are listed in (a) through (o) below. Further information
for coatings and finishes is provided in Nonfanda-
tory Appendix A, Section A3240.

(a) If not specified by the owner, the type of
coating will be determined by the manufacturer to
meet the specified environmental conditions|of ser-
vice and coating service level. Specifically, fthe se-
lected coatings shall be suitable for any sgecified
radiation, temperature, and chemical immerfion or
chemical spray environment.

(b) Welding through coatings shall not be dllowed
unless the coating system is specifically d¢signed
and formulated as a weldable system and dogumen-
tation can be provided by the coating manufacturer
to attest to this capability. The use of these cpatings
shall be approved by the owner.

(c) Surfaces exposed to the environment, biit inac-

(c) Inspection and testing of coatings for coating
service level | shall be in accordance with para.
7700. Specific coating inspections shall be specified
by the owner, dependent upon the coating system
being used. See ASTM D 5161, Standard Guide for
Specifying Inspection Requirements for Coating and
Lining Work (Metal Substrates), for selecting and
specifying the appropriate inspection requirements.
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cessible after assembly, such as wheel wells and
hubs, shall be coated prior to assembly.

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

(e) Contact surfaces of friction-type joints to be
joined by high-strength bolts shall not be coated
with specified coating system except for organic or
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inorganic zinc 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 protected
by means of an appropriate preservative for shipment

RULES FOR CONSTRUCTION OF OVERHEAD AND
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ished components that are recoated shall be masked
to preserve legibility.

() ltems such as fasteners and conduits shall be
supplied with the specified coating system, galva-
nized, or plating. Galvanizing or plating shall be
subject to the requirements of para. 1145. When
specifically requested by the owner, a list of galva-
nized or plated parts shall be provided by the

and/or ptorage. The manufacturer shall specify which

equipment manufacturer.

preservlatives must be removed by the owner for (m) Surface contaminants, such as greasesand oil,
proper [operation of the equipment. Other preserva- detected after blasting shall be removed tg-produce
tives mpy be removed by the owner after installation the surface conditions required by the. appropfiate

of the jequipment.
(g) Horced curing or drying of the coating system
shall npt be performed unless recommended by the

Steel Structures Painting Council (SSPE) surface grep-
aration requirement.

(n) If there is visible deterioration of the surface

coatind manufacturer. beyond the specified SSPC preparation, reprepardtion
(h) Hillers, sealants, and caulking compounds shall of the surface shall beZrequired.

be compatible with the coating system. (o) Preparation of surface shall be accomplighed
(i) Hinished components, such as motors, brakes, by the methods qriginally used, except that small

gear rgducers, limit switches, electrical dials and
gauges| control enclosures, brake rectifier cabinets,
control[ masters, safety switches, auxiliary heaters,
push-bfitton stations, transformers, manual magnetic
disconmects, light fixtures, reactors, resistor banks,

areas requiring fepair or touchup where conventipnal
blasting is pot desirable may be reprepared by [one
of the following methods. These methods are ljsted
in descending order of effectiveness.

(1) Vacuum blasting to clean an abrasive finish

protectjve guards, cross-shaft bearing blocks, unit- with*a minimum 2.0 mil profile; the minimum
ized hqists, interior of control cabinets, festoon trol- blasting air pressure shall be 50 psi at the blagting
ley calple spacer systems cab interiors, and radio nozzle.

control| equipment, may be furnished with conven- (2) Power tool cleaning using grinding wheels,

tional [coatings unless otherwise specified by, the sanding discs, or other devices to provide a minirphum

owner. 2 mil profile in accordance with SSPC SP-3;| the
(j) Hor coating service level | applicafions, the use of a needle gun to roughen the surface pfter

equipnjent manufacturer shall supply thé.estimated grinding is recommended.

surface] area of exposed parts provideghwith conven- (3) Hand sanding to obtain as clean a surface

tional goatings. as possible in accordance with SSPC SP-2; or Wwire

(k) WNameplates and warning-labels of factory fin-

brushing in accordance with SSPC SP-2.

14
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Section 4000
Requirements for Structural Components

ASME NOG-1-2004

41 0‘) GENERAL

4119 Scope

Sdction 4000 specifies the design criteria, design,

matgrials, and fabrication procedures for the struc-

tural components of Types |, Il, and Il cranes. The
strugtural components of the crane are identified in
paral 4400.

4120 Nomenclature

The nomenclature listed herein is used in the
equdtions in 4000. For further information on nomen-
. clatdre, application, and units of measurement, see

~ the
. L,

Section 4000 references noted in parentheses.

tensile stress area of bolt, sq in. (para.
4323)

coefficient for spacing of transverse stifs
feners of web (para. 4334)

column slenderness ratio separating*elas-
tic and inelastic buckling (parac4312)
coefficient applied to bending:"term in
interaction formula for prismatic mem-
bers, and dependent upen’column curva-
ture caused by applied moments (para.
4321)

= design factor (para. 4312)
= design factor~fer buckling (paras. 4332,

4333)

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

buckling coefficient (paras. 4331, 4332.1,
4333)

effective length factor for compression

M,

= abnormal event Joad’ (paras. 4130
= constructiondlifted load (paras.

larger of end moments in meénjber in
plane of bending being considered (para.
4321)
modifying coefficientfor “loading |condi-
tion (paras. 4312, 4321)
4140)
4130,
4140)
crediblecfitical load with operating basis
earthduake (OBE) (paras. 4130, 4140)

credible critical load with safe shiitdown
earthquake (SSE) (paras. 4130, 4140)

bridge or gantry frame dead load|(paras.
4130, 4140)

= trolley dead load (paras. 4130, 4]140)

= longitudinal horizontal load (paras

= critical load (paras. 4130, 4140)

OBE load (paras. 4130, 4140)
SSE load (paras. 4130, 4140)
4130,
4140)
transverse horizontal load (paras.
4140)

4130,

design rated lift load (paras. 4130] 4140)

= plant operations induced loads transmit-

= vertical impact load (paras. 4130

ted to the crane (paras. 4130, 4140)

containment static test pressurp load
(paras. 4130, 4140)
4140)

= plant design basis wind load (paras| 4130,

4140)
crane operating wind load (paras
4140)

4130,

= tornado wind load (paras. 4130, |4140)
= multiplying factor for loading copdition

Copyright ASME International
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(paras. 4331, 4332.1, 4333)

buckling coefficient for shear (paras.
4331, 4332.1)

bending moment at end of member in
plane of bending being considered
smaller of end moments in member in
plane of bending being considered (para.
4321)

No reproduction or networking permitted without license from IHS

(para. 4323)

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

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

= structural response (Table 4153.7-1)
= specified pre-tension load of the bolt, Ib

(para. 4323)
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plate length for direction parallel to the
direction of compression force (Table
4332.1-1); unsupported length of web
plate between transverse (vertical) stiffen-
ers, in. (para. 4334)

plate width for direction perpendicular
to the direction of the compressive force
(para. 4331); unsupported length of web

RULES FOR CONSTRUCTION OF OVERHEAD AND
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7 = computed shear stress, psi (para. 4333)
T allowable shear stress, psi (para. 4323)
7., = shear critical buckling stress, psi (para.

4331)

4130 Description of Loads

The loads described herein are the loads to be

plate between longitudinal stiffeners, in.
(Table 4332.1-1)

distance between web plates, in. (para.
4333)

depth of web, in. (para. 4333)

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

unbraced length of member (para. 4312)
actual unbraced length in plane of bend-
ing (para. 4333)

radius of gyration, in. (para. 4312)
thickness of plate, in. (paras. 4331, 4333,
4334)

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

stress ratio (Table 4332.1-1)

rotation at node (Table 4144.3-1)
Poisson’s ratio (para. 4331)

computed axial stress, psi (para. 4321)
allowable axial stress, psi (para. 4321)
allowable bending stress in the plahe
of bending being considered, psi (para.
4321)

allowable compressive stress without con-
sideration for buckling, psi\(para. 4321)
allowable tensile stress.(para. 4323)
computed stress in plane of bending, psi
(para. 4321)

computed compressive stress, psi (para.
4332)

equivalent . compressive stress, psi (para.
4332.19

criticabhcomparison buckling stress, com-
pressive stresses only, psi (para. 4331)

= ‘ctitical comparison buckling stress, com-

used for the analysis and design of the strucfural
components of the crane. The loads aré\tq be
combined as outlined in para. 4140. AthNoads| de-
scribed, except the crane dead loads, shall be stated
by the purchaser in the purchase spécification

4131 Dead Loads
(@) Trolley Py : the totdl weight of the trglley
including all machinerand equipment attaghed
thereto.
(b) Bridge or Gantry Frame Py, : the total weight
of the bridge op gantry frame structure including all
machinery arddyequipment attached thereto, trdcks,
wheels, and/end ties.

4132\Live Loads

@\~Rated Load P,,. The design rated load t¢ be
lifted and transported by the crane which by defini-
tion is not considered as the critical load. An allow-
ance for lifting accessories which are not paft of
the crane, such as yokes, spreader beams, etd., is
to be included in the design rated load.

(b) Critical Load P,.. For the definition of critical
load, see para. 1150. In addition to listing ¢ach
critical load, the purchaser shall furnish the durdtion
in hours per year that each critical load is expefted
to be on the crane hook. An allowance for lifting
accessories is to be included in each critical Ipad.

(c) Construction Load P.,. The maximum| ex-
pected construction load to be lifted and transpdrted
by the crane during the plant construction pHase,
prior to its use as a plant operating crane.

(d) Credible Critical Load P., P.. P., is|the
weight of lifted load which may be considerefl in

= combination with the operating basis earthqyiake
pressive_and shear stresses in combina- (OBE). P, is the weight of lifted load which tnay

tion, psi (para. 4332)

Euler buckling stress, psi

Euler buckling stress divided by a modi-
fying coefficient for design factor, psi
(para. 4321)

proportional limit, psi (para. 4331)
specified minimum vyield stress of the
material, psi (paras. 4311, 4323)

No reproduction or networking permitted without license from IHS

be considered in combination with the safe shutdown
earthquake (SSE).

Alternatively, P., and P.; may be defined to be
lifted loads in credible combinations with seismic
events other than OBE and SSE. If this alternative
method is used, the appropriate substitution for P,
and P, shall be made in load combinations P.qq
and P.q,.
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The loads and seismic events shall be specified
by the Purchaser.

4133 Impact Loads

(a) Vertical Impact Load P,. Shall be taken as
15% of the maximum lifted load.

(b) Transverse Horizontal Load Py,;. The horizontal
load transverse to the bridge is induced by the

4136 Seismic and Abnormal Events Loads

(a) Safe Shutdown Earthquake P. The site SSE
parameters shall be used in the seismic analysis of
the bridge crane or the gantry crane following the
procedures outlined in para. 4140.

(b) Operating Basis Earthquake P.. The site OBE
parameters shall be used in the seismic analysis of
the bridge crane or the gantry crane following the

accgleration or deceleration of the bridge crane or
gantfy crane along its runway and shall be taken
as 5o each of the bridge or gantry frame dead load,
the {rolley dead load, and the maximum lifted load.
d Longitudinal Horizontal Load Pp. The hori-
zontpl load longitudinal to the bridge is induced by
the fcceleration or deceleration of the trolley on
the frane bridge girder rails and shall be taken as
10% of the trolley dead load and the maximum
lifted load.

—

4134 Wind Loads. The following wind loads are
to be considered to act in any direction.

(@ Operating Wind P,, The maximum wind
load| under which the crane will be permitted to
opetate. If none is stipulated by the purchaser, then
the pominal wind load specified in CMAA 70 shall
be ysed.

(H) Design Wind P,,4. The plant design basis wind
load| resulting from the 100 year recurrence, “fastest*
milgl of wind.” Under this loading, the crané\will
not pe operational, but be secured.

(4 Tornado Wind P,, The plant design basis
tornfido loads. Tornado pressure differentials associ-
ated| with the plant design basis «tormado shall be
inclided in the loading. Tornada:-generated missiles
shal| be considered. The purchaser shall be responsi-
ble for the missile parameters-and method of evalua-
tion fof tornado loads anditernado-generated missiles.
Under these loadings,\tie crane will not be opera-
tional, but be sectired. Indoor cranes may be sub-
jectgd to the design basis tornado if the building
enclpsures have been designed to fail.

4135CNormal Plant Operating Loads
Plant Operation Induced Loads P,. The loads

o

procedures outlined in para. 4140.

(c) Abnormal Event Loads P, Loads.cauped by
failure of plant equipment which impose|jet or
missile loads on the crane. The Putchaser spall be
responsible for the effects of, arid’shall establish the
criteria for, these loads.

4140 Load Combinations

The following tabulated loads and their dpsigna-
tions are described'in para. 4120. The variofis load
combinations,, using the load designations, arg listed
herein. Alldoad combinations are applicable t¢ Types
I and [IRN/cranes, whereas the Crane Operfational
Loads<ahd the Construction Loads combinatipns are
applicable to the Type Il cranes.

Load Load Designation
Trolley Dead Load Py;
Bridge/Grantry Dead Load P
Rated Load P,
Critical Load Pre
Credible Critical Load With OBE Peo
Credible Critical Load With SSE P
Construction Load P,
Vertical Impact Load P,
Transverse Horizontal Load Pp:
Longitudinal Horizontal Load Ph
Operating Wind Load Puo
Design Wind Load Pud
Tornado Wind Load P
Plant Operation Induced Loads Py, Py
SSE Loads P
OBE Loads P,
Abnormal Event Loads P,

(a) Crane Operational Loads'

Ler=Lopr P )

imposed on the crane through the supporting struc-
ture due to normal operation of plant equipment.
The crane is not operating.

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

Pco = Pap + (Pae + Pi) + Py + Py

Pcs = Pap + (Pyt + Pp) + Ppe + Py

! In the event that simultaneous operation of motions is permitted,
the appropriate combinations of impact loads shall be used.
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Pcy = Pap + (Pyc + Ppp) + Ppp + Py

PC5 = de + Pdr + (Pp or P[p)

(b) Construction Loads'

Pce = Pap + (Pge + Pep) + Py + Py

RULES FOR CONSTRUCTION OF OVERHEAD AND

GANTRY CRANES (TOP RUNNING BRIDGE, MULTIPLE GIRDER)

4153 Linear Analysis

4153.1 Response Spectrum Method. The crane
shall be considered to respond as a linear elastic
system when using the response spectrum method.
The undamped natural modes and frequencies shall
be computed using a model acceptable under the
rules of this Section. These outputs shall serve as

Pc7 = Pap + (Pgi + Pep) + Ppe+ Puo

Pcg = Pap + (Pye + Pep) + Ppp+ Py

evere Environmental Loads

(c) §

Pcog = Pyp + Pyt + Pug

(d) Extreme Environmental Loads

Pcio = Pap + (Par+ Pey) + Per + Py
Pc11 = Pyp + Py + P + Py

Peia = Pap + (Par + Peo) + Pe + Puo
P13 = Pyp + Py + Pe + Py

Pcig = Pyp + Pyr + Py

LiIC bdbib Irul IIIUdC—by—lHUdU LUII]PULdLiUII Ulr the
response of the crane to each of the three~compo-
nents of seismic input.

4153.2 Time-History Analysis. Time histpries
of structural response at the appréppiate level may
be used for analysis of the crane._The time histdries
shall be provided by the purchaser, and shall accpunt
for parametric variation jm\thé supporting strucfure.
Procedures for assembling the mathematical mpdel
shall be in accordapcerwith this Section. The effects
of the three compenents of ground motion shall be
combined in aceordance with the following reqtire-
ments.

(a) The representative maximum values of| the
structuraDresponses to each of the three comporjents
of earthquake motion shall be combined by taking
the \square root of the sum of the squares of| the
maximum representative values of the co-directipnal
responses caused by each of the three components

of earthquake motion at a particular point of| the

(e) fAbnormal Event Loads structure or of the mathematical model.
(b) The maximum value of a particular resppnse
Pcis = Pap + Py + Py + Pyo of interest for design of a given element may be
obtained through a step-by-step method. The t|me-
history responses from each of the three components
4150 §eismic Analysis for Types~I-and Il Cranes of the earthquake motions may be obtained sgpa-
rately and then combined algebraically at each fime
4151 Methods of Analysis.;~A dynamic analysis step, or the response at each time step may be
methodl (e.g., response spgctrum or time-history calculated directly, owing to the simultaneous adtion
method) shall be used«t@“éstablish the response of of the three components. The maximum resppnse

the cradne to a seisndic-event.

4152 Seismi¢ mput Data. The seismic input data
for the[crane.$eismic analysis shall be provided in
the sp¢cifieation for the crane. The seismic input
shall b¢ specified as broadened floor response spec-

is determined by scanning the combined time-higtory
solution. When this method is used, the earthqiake
motions specified in the three different direc:l;ons
shall be statistically independent.

4153.3 Crane Mathematical Model

tra 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 load will be studies of site
seismicity and expected crane usage (see para. 4132).

18

(a) The crane shall be represented by a general-
ized three-dimensional system of nodes. The model’s
geometry shall reflect the overall size, length, con-
nectivity, and stiffnesses of the various structural
members. An appropriate element representation of
each member shall be used to describe all compo-
nents which contribute significantly to the stiffness
of the crane. The elements shall include, but not
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necessarily be limited to, the following structural
members: bridge girders, trolley frame, gantry legs,
end ties, end trucks, platform supports, and cab
supports; and for cranes required to be analyzed
for credible critical loads, drum, upper block sup-
ports, and hoist ropes. Line elements emanating
from the end truck shall be used to represent the
connectivity of the wheels of the crane to the run-

ASME NOG-1-2004

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

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

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

(c) If Rp=20.1, 0or 0.8 < R< 1.25, an approximate
model of the runway system shall be included with

way| rail.

(H) For cranes using bogeyed wheel trucks, pinned
confpections shall be specified for line elements
whigh represent the attachment of the end trucks
to the bridge girders or gantry legs. Where various
conmected structural members of the crane do not
havg intersecting centroidal axes, stiff line elements
shal| be used to represent the offset. These elements
shall have stiffnesses which are an order of magni-
tudgl higher than the most stiff structural member
of the crane.

—

d A simplified finite element representation of
the [rolley structure using stiff line elements may
be ysed for the crane dynamic model, provided it
can [be shown by rational analyses that the actual
trolley structure responding as an uncoupled system
has |natural frequencies above 33 Hz. The model
used for seismic analysis should be evaluated and
revided if required to account for higher frequencies
if plant operations induce such frequencies.

4153.4 Location and Number of :Dynamic
Degfees of Freedom. Dynamic degree{ of freedom
shall be assigned to a sufficient number of node
points, and in such locations that\the real mass

the crane model.
R., and Ry are defined as:

total mass of the crane
mass of the runway system

m =

~_ _ fundamental fregliency of the crane
"™ frequency of the dominant runway motion

The purchaser @shall determine the mass apd fre-
quency characteristics of the crane runway.

415326“Boundary Conditions at Trollgy and
Runway. Rails. The crane bridge (including|gantry
legs,if applicable) and trolley shall be provided
with devices so that they remain on their respective
runways during and after a seismic event. Chgracter-
istics of these devices that influence the dynamic
behavior of the crane shall be included as boundary
conditions in the model of the crane. The rstraint
devices shall be considered to be in contagt with
the resisting structure in establishing boundary|condi-
tions used in the analysis for the crane. The rpstraint
device and resisting structure shall be designed for
the maximum load resulting from the boundary

and stlffn]ess d.sg.buno%‘of the-crahe are snzlullatesl. condition considered. The crane shall be modeled
Strugtura members su Je,Ct, tg~concentrate 0ads with the boundary conditions specified |n Fig.
shal| be provided with additienal nodes at the points

whefe a concentrated{foad or its equivalent mass

4154.3-1, unless additional restraining, driving, or

holding mechanisms exist. Basic boundary [condi-

s p smqned. Crang Com(;j)olnegts t?] l?le 'moldzledbas tions for the crane model shall be consistent with
mas bpol'.nts_ ((éoncentrate oad S: sha I;TCL]J( e, but the figure and the rational displacements, dgforma-
not Ibe limitedhto; upper and lower blocks, gear tions, and forces in the structure under considg¢ration.

caseps, motors; brakes, heavy electrical control cabi-
nets) cabswheel assemblies, and trunnion pins. The
total] pumber of masses, or degrees of freedom,
seletted

Chﬂ” hD r‘nncir*larorl QAﬂﬁllﬁfﬂ \l\/th ﬂf*lf““_

4153.7 Trolley Locations and Hoist Pogitions.
The crane (bridge and trolley) shall be arlalyzed
under two separate loading conditions:

tional degrees of freedom do not result in more
than a 10% increase in responses. Dynamic coupling
shall be accounted for.

4153.5 Decoupling Criteria for the Crane Run-
way. The crane and runway shall be evaluated to
determine if the crane can be represented as a
separate model or a model coupled with the runway.

(a) credible critical load on hook

(b) no load on hook

The analysis procedure shall use three different
trolley positions. These correspond to: the trolley at
its extreme end positions on the bridge span; the
trolley at the /4 point of the span positions; and
the trolley at mid-span. In calculating the '/, and
mid-span positions, a location on the trolley which
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Trolley

Centroidal axis, typical
for girders, end ties,
and trucks

Top of

Y

Fig. 4154.3-1

is appfoximately equal to the center between the
closest|[trolley wheel to the loaded hook shall be
positioned at the appropriate point on the span.
Two ppsitions of the loaded hook shall also be
analyz¢d: hook up and hook down. The hook posi-

Top of trolley rail

Crane Mathematical Model for Seismic Analysis

Tanway ra,
typical

¢

Additionalimodes shall be computed until the irfclu-
sion of\additional modes does not result in more
than.@ 10% increase in response.

4153.10 Combination of Modal Responses. In
tions shall be specified by the purchaser. Table combining the static and dynamic responses, it ghall
4153.7t1 shows 21 independent load cases which be assumed that the dynamic responses have| the

are to pe considered. sign which yields the worst case for the combindtion
The Jmaximum combined structural responses being considered. The loading conditions for| the
SRmax gt each node, in terms of displacemeny/ forces, static and dynamic load cases which are reqdired
momesilts, stresses, is to be considered, and the corresponding strucfural
responses (SRy, SRy, etc.) are listed in Tgble

YRmax = largest of SRy, SRa3 A 1,SR29, SR3 4153.7-1.
(a) With No Closely Spaced Modes. When| the
4153.8 Damping Valués.)The response of each results of the modal dynamic analysis show thaf the
mode phall be determinged/from the amplified re- crane modes are not closely spaced, the crane’s
sponse|spectra for the;appropriate values of structural response to each of the three components of seigmic
damping. A dampingyalue of 7% of critical damping input shall be combined by taking the square [root

shall be used for-the crane when the SSE is used
in the fpnalysis.XA damping value of 4% of critical
damping shall* be used when the OBE is used in
the anglysis:

of the sum of the squares (SRSS).

(b) With Closely Spaced Modes. When the repults
of the modal dynamic analysis show that somg or
all of the modes are closely spaced (two consecitive

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

20

modes are defined as closely spaced if their frequen-
cies differ from each other by 10% or less of the
lower frequency), modal responses for each of the
three components for seismic input shall be com-
bined using one of the following three methods.
(1) Grouping Method. Closely spaced modes
shall be divided into groups that include all modes
having frequencies between the lowest frequency
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Table 4153.7-1
Crane Loading Conditions for Seismic Analysis, Static and Dynamic Load Cases

Trolley Position on Bridge

Loading Condition End /4 Span Mid-Span

Static Load Cases

Dead load, bridge and trolley with:
Load on hook [Note (1)] SR; SRg SRy5
No load on hook SR, SR, SRy6

Dynamic Load Cases
Horizontal direction earthquake [Note (2)]:

Transverse SR3 SR1o SRy

Longitudinal SR4 SR]] SR18
Vertical direction earthquake:

No load on hook SR; SR, SRig

Load on hook, hook up [Note (1)] SR SR13 SRyo

Load on hook, hook down [Note (1)] SR SR14 SRy,

GENERAL NOTES:

(@) SR denotes structural response.

(b) See Table 4153.7-2 for combining the 21 load cases listed above_ foobtain the maximum structural
responses.

NOTES:

(1) Credible critical load.

(2) Increase in horizontal load due to pendulum effect need Wotbe considered due to the relatively small
displacement of the load.

in the group and a frequency 10% higher [see Note number of the mode where a group starts; | is the
(1) Helow]. The representative maximum value ©f a number of the mode where the group ends| R, Ry,
particular response of interest for the desjgh- of a and N are as defined in Note (2) below; A is the
giveh element of a nuclear power plantistructure, number of groups of closely spaced modes, ¢xclud-
systgm, or the crane attributed to each“stch group ing individual separated modes.

of modes shall first be obtained hy\taking the sum (2) Ten-Percent Method

of the absolute values of the ¢onresponding peak
valugs of the response of the(element attributed to N i
indiyidual modes in that gfoup. The representative R=| > RI+25|RR|
maxjmum value of this particular response attributed k=1

to all the significant modes of the structure, system,
or the crane shall/theh be obtained by taking the
squdre root of the sum of the squares of correspond-
ing fepresentative maximum values of the response
of the elemént attributed to each closely spaced
groyp of-modes and the remaining modal responses
for the\modes that are not closely spaced. Mathemati-
cally, this Ts expressed as follows:

where i # j; and R, Ry, and N are defined iph Note
(2) below. The second summation shall be dpne on
all i and j modes whose frequencies are [closely
spaced to each other. Let w; and w; be the freqiiencies

of the ith and jth modes. In order to verify| which
of tho mades qro PI{‘\CQI\// cparar*', the fo Iowing

equation shall be applied:

N | 1/2
R=|Z Ri+ = 3 3 [RgRng (o= @) /0= 01
k=1 g=1l=im=i
Also,
where [ # m; R, and R, are modal responses, R,
and R,, within the gth group, respectively; i is the 1<i<j<N
21
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(3) Double-Sum Method:

N N 1/2
R = 2 2 ‘RkRs‘eks
k=1s=1

where R, R, and N are as defined in Note (2)
below.
element attributed to the sth mode, and ¢, is a
correlafion coefficient between modes k and s.

Do el 1 ] £ el L el
N 15 OTC PCaR™ varaC U e TCSPUTTSTOT e

(0 —w) |2
(B'rwi + B'sws)

in whi¢ch

ok = ox[1 - BT

B’k = Bk + 2/t ok
where jw; and By are the modal frequency and the
damping ratio in the kth mode, respectively, and ty
is the fime duration of the earthquake.
NOTES:

(1) Groups shall be formed starting from the lowest frequeney
and working toward successively higher frequencies., Notone
frequencl shall be in more than one group.

(2) R Js the representative maximum value of a-particular
response| of a given element to a given component-of an earth-

quake; R is the peak value of the response-fithe element due
to the Kh mode; and N is the number of significant modes
consider¢d in the modal response combination.

(c) Combination of Three~Components of Earth-
quake Motion. The representative maximum values
of the|structural respanses of each of the three-
directignal componefits-of earthquake motion shall
be conpbined by taking the square root of the sum
of the qquares gf.the maximum representative values
of the [co-digectional responses caused by each of
the thr¢e_cgmponents of earthquake motion at each
node of'the crane mathematical model. Table

RULES FOR CONSTRUCTION OF OVERHEAD AND

GANTRY CRANES (TOP RUNNING BRIDGE, MULTIPLE GIRDER)

Table 4153.7-2
Representative Maximum Values of the Structural
Responses of the Three-Directional Components of
Earthquake Motion Plus Static Loads

Trolley Location

At End
SRy, = SR, + (SR2 + SR2 4+ SR2)%
SR,; = SR; + (SR? + SR + SR2)”
SR,4 = SR, + (SR2 + SR2 + SR2)”
At '/, Span
SRy5 = SRy + (SR%, + SRAALISR3;)%
SRys = SRy + (SRZA/SR%, + SR3,)%
SRy; = SRy + (SR3+ SRZ, + SR,)”
At Mid-Spari
SRZB = SR-|5 + (SR%7 + SR%S + SR%Q)VZ
SRy%= SRy5 + (SR3, + SRZg + SR%)”
SRy = SRye + (SRZ, + SR% + SR3g)%

sponses of each of the three-directional componjents
of earthquake motion, i.e.,

SRmax = |argest of SR22,. . .,SRzg, SR30

4154 Nonlinear Time History for Slack Rope
Condition. For the case when the credible crifical
load is being supported by the hoist ropes, and the
results of the linear analysis of para. 4153 indicate
a slack rope condition, that is, rope going linto
compression, the nonlinear time-history methofl of
analysis shall be used to determine the maxirpum
rope tension loads resulting from a slack rope cqndi-
tion. These loads shall be used for the sizing of the
rope only.

Nonlinear analysis concerns the performance of
a dynamic analysis of the crane, when subjefcted
to earthquake-induced forces, taking into accpunt
the nonlinear properties (for example, tension pnly

4153.7-2 lists the representative maximum values
(SRy,, SRy3, etc.) for each of the three-directional
components of earthquake motion which are re-
quired to be calculated.

The maximum combined structural response
(SRmax) at each node, in terms of displacements,
forces, moments, and stresses, is the largest of the
representative maximum values of the structural re-
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of the hoist ropes). To perform such an analysis,
computer programs are available to solve the equa-
tions of motion via direct integration techniques at
discrete time intervals over the time history of the
earthquake.

4154.1 Crane Mathematical Model. The crane
finite element model shall be similar to the one
described in para. 4143.3 for the linear analysis,
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Table 4154.3-1 Restraint Condition at Nodes

Restraint Condition

ASME NOG-1-2004

4160 Tolerances

Dimensions of welded beams, girders, and built-
up members shall be within the tolerances specified

Translation Rotation
by AWS D1.1. All measurements shall be based
= Node X Y z Oy 0, 0, on 70°F ambient temperature and be taken at the
; / : :
A Fixed  Fixed  Fixed (Note (1] m'anufactu.rgr s plant prior to sh;pmen}, unless other-
B Fixed Free Fixed wise specified. A minimum dimensional check of
C Free fxed Fxed rrermber-wHconstder Dtla;s{ltllc)b, LaIIIlJCI, lateral
D Free Free Fixed deviation of web to flange center lines, and|depth.
E Fixed  Fixed  Fixed Overall crane dimensions shall be i accgrdance
F Fixed Fixed Fixed ith th fact s cl d . f
G Free Fixed  Fixed wi e crane manufacturer’s cleagancé draying o
H Free Fixed Fixed the crane. Dimensions on the glearance drawings
are the maximum dimensions ofthe crane arjd shall

TE:
All nodes are considered to be free to rotate.

excqpt that the crane 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 three-dimensional model
are ot significant. A nonlinear spring (tension mem-
ber pnly) shall be used to represent the hoist ropes.

4154.2 Location and Number of Dynamic
Degfees of Freedom. Dynamic degrees of freedom

not be exceeded by the manufacturer. Height and
end dimensions shall be,shown in relationfhip to
the top of the runway.sail center line. Cumulative
measurements of crafie components are permitted.

The accuracy of the runway rail dimensions shall
be the respopsibility of the purchaser. The funway
rails shall bestraight, parallel, level, and at the same
elevatior_within the tolerances given in Fig| 4160-
1. Theyxcrane manufacturer shall design theg crane
to operate properly within the runway rail tol¢rances
given in Fig. 4160-1.

4200 MATERIALS AND CONNECTIONS

shall be assigned to a sufficient number of node

points and in such locations that the real mass.@hd All materials of the structural componentsf of the
stifffess distribution of the crane is simulated. An crane shall be an accepted type, suitable for the
imp¢rtant consideration for modeling thé\erane for purpose for which the materials are to bq used,
the ponlinear analysis is that the fundamental fre- and shall be in compliance with any additional

quemcy of the crane system in jts\unloaded (no
load| on the hook) configuration approximates that
detefmined by the linear analysis.

4154.3 Boundary Conditions at Trolley and
Runyay Rails. Boundary conditions for the crane
model shall be consistent with those specified in
paral 4153.6, Fign4154.3-1, and Table 4154.3-1.

4154.4<Trolley Locations and Hoist Positions.
A c¢mbirted*trolley and loaded hook position shall
be s¢lected so as to result in a crane system frequency
whi

requirements specified herein for the materipls.

4210 Base Materials

4211 Material

(a) The base materials listed in Table 421]-1 are
considered acceptable for the structural compgonents
identified in para. 4400 of Types | and Il [cranes
when they meet the requirements of para.| 4212.
The manufacturer shall report the materials gctually
employed to the purchaser. Other suitable mgterials,
which are in compliance with the other prgvisions

{or—materials—specified—herein—may—be—aceeptable

hneadiicnc tha covaract clacle vona condivianc
h-produces—the—severestslack— Aeitions
Trolley locations and hoist positions specified in
para. 4153.7 shall be considered.

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

23

P 7
subject to approval by the purchaser.

(b) The base materials for the components of
cranes not included in (a) above shall be in accor-
dance with Specification CMAA 70.

4212 Fracture Toughness
(a) Material for the structural components defined
in para. 4211(a) for Types | and Il cranes shall be
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~

T < g L<50ft, A=3/qin.

| a
3 TS
4 J' g 50 ft < L <100 ft, A=1/,in.
% : €
] < 4
S s § L>100 ft, A=3/gin.

Span

+B

Ll

B=3/g in. (maximum in
20 ft length)

Straightness

L —

&1

C=3/gin. (maximum in

Rail-to-Rait'Elevation

—T7 20 ft length)
+C .
Elevation -C
' Span L b L<50ft, D=13gin.
— __
= 50 ft < L <100 ft, D=+, in.

L>100 ft, D=+3jin.

Fig. 4160-1 Runway Rail Alignment Tolerance
impactftested in accorfdance with (a)(1) below, except specimen depth shall be at least as far from| the
as proyided in (b)_below. Materials for Type Il material surface as that specified for tensile | test
cranes [shall hé,in" accordance with Specification specimens in the material specification. The]| nil-

CMAA|70. Thewpurchaser shall specify the minimum
operatipg_temperature as defined in para. 1150.
(1]_For material greater than “/ in. thick, Charpy

ductility transition temperature shall be a minirhum
of 30°F below the minimum operating temperafure.
(3) The Charpy V-notch test shall be performed

V-notch tests shall be performed in accordance with
(@)(3) below, or drop weight tested in accordance
with (2)(2) below.

(2) The drop weight test shall be performed in
accordance with ASTM E 208 using specimen type
P-1, P-2, or P-3. The sampling shall be in accordance
with ASTM A 20 when applicable or ASTM A 673
frequency P except for the type of specimen. The

24

in accordance with ASTM A 370 using full-size
specimens if possible. For Type |, cranes the sampling
shall be in accordance with ASTM A 673 frequency
P. For Type Il cranes, the sampling shall be in
accordance with ASTM A 673 frequency H for
specified minimum yields of 55 ksi or less, and
frequency P for higher strength steels. The test tem-
perature shall be a minimum of 30°F below the
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Table 4211-1 Reference Properties of Acceptable Materials for Structural Components (04)
ASTM Yield Point/
Specifi- Grade Strength, Tensile
cation or Class Product Form Size [Note (1)] Min., ksi  Strength, ksi
A 36 o Plates, shapes, and bars  Plates to 8 in.; shapes to 426 Ib/ft 36 58-80
[Note (2)]
A 53 B Pipe To 26 in. diameter 35 60 min.
A 2 e r;dlcb, );Id}JCb, d.llu‘ bdlb r[dlUb dllU’ ;Jdlb [L8) —{4 ill., b;ld[JCb (GTOUpPS dlld ] U U llin.
Plates and bars > %, in. to < 1% in,; shapes (Group 3) 46 67 Imin.
Plates and bars > 1% in. to < 4 in.; shapes (Groups 4 42 63 min.
and 5)
A 333 3,7 Pipe To 26 in. diameter 35 65 |min.
4,6 Pipe To 26 in. diameter 35 60 [min.
A 501 o Tubing Square and rectangular to 10 in.; round to 24 in. 36 58 Imin.
A 516 65 Plates To 8 in. 35 65185
70 Plates To 8 in. 38 70490
A 537 1 Plates To 2 in. 50 70490
>2% in. to < 4 in. 45 651485
2 Plates To 2% in. 60 804100
>2% in. to < 4 in. 55 75495
>4 in.to <6 in. 46 70490
3 Plates To 2% in. 55 801100
>2% in. to < 4 in. 50 75495
>4 in. to < 6 in. 40 70490
A 57 42 Plates, shapes, and bars  Plates and bars to 6_in§/Shapes (all Groups) 42 60 |min.
50 Plates, shapes, and bars  Plates and bars to 4«in.; shapes (all Groups) 50 65 |min.
60 Plates, shapes, and bars  Plates and bars te 1, in.; shapes (Groups 1-3) 60 75 |min.
65 Plates, shapes, and bars  Plates and bar§to 1 in.; shapes (Groups 1-3) 65 80 |min.
A 588 . Plate, shapes, and bars Plates and bars < 4 in.; shapes (all Groups) 50 70 Jmin.
Plates and’bars > 4 in. to <5 in. 46 67 Imin.
Plates-and bars > 5 in. to < 8 in. 42 63 |min.
A 678 la, Ib, and Il Tubing Te 4 in. diameter, wall < ¥, in. 50 70 Jmin.
Fo 24 in. diameter, wall > %, in. to < 1% in. 46 67 |min.
1] Tubing To 24 in. diameter, all wall thicknesses 50 65 |min.
A 633 A Plates, shapes, andbars  To 4 in. 42 63483
C,D oo To 2" in. 50 70490
>2Y,in. to <4 in. 46 65185
E =, To 4 in. 60 804100
A 709 36 Plates, shapes, and bars  Plates and bars to 4 in.; shapes to 426 Ib/ft 36 58480
[Note (2)]
50 Plates, shapes, and bars  Plates and bars to 4 in.; shapes (all Groups) 50 65 |min.
50W Plates, shapes, and bars  Plates and bars to 4 in.; shapes (all Groups) 50 70 |min.
A 737 B Plates To 2 in. 50 70490
C Plates To 2% in. 60 801100
A 913 50 Shapes Shapes (all Groups) 50 65 |min.
60 Shapes Shapes (all Groups) 60 75 Jmin.
65 Shapes Shapes (all Groups) 65 80 min.
70 Shapes Shapes (all Groups) 70 90 min.

GENERAL NOTE: For additional details, see the referenced specification.

NOTES:

(1) For shape Groups, see ASTM A 6.

(2) For wide flange shapes over 426 Ib/ft (634 kg/m), the 80 ksi (550 MPa) maximum tensile strength does not apply.
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Table 4212-1
Required C, Energy Values for Structural Materials (Except Bolting)
[Extracted from Table ND-2311(a)-1, Section lll, Division 1,
1980 Edition, ASME Boiler and Pressure Vessel Code]

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

40 or Less Over 40 to 55, Incl. Over 55 to 105, Incl.
Average Lowest Average Lowest Average Lowest
—Ntomimat-Tickmress, of3 of—3 of—3 of—3 of—3 of3
Over 4 to %, incl. 13 10 15 10 20 15
Over ¥, to 1, incl. 15 10 20 15 25 20
Over 1 to 1%, incl. 20 15 25 20 30 25
Over 1Y% to 2%, incl. 25 20 35 30 40 35
Over 2% 30 25 40 35 45 40

minimgm operating temperature. The acceptance
criteria shall be as shown in Table 4212-1. The
results pbtained with sub-size Charpy V-notch speci-
mens dhall be converted to full-size specimens in
accordpnce with ASTM A 673 Table 1 before com-
parison| with the acceptance criteria.

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

(1} the nominal thickness is %/ in. or less;

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

(3) the maximum tensile stress (including resid-
ual strgsses if the component is not postweld-freat
treated| under all conditions of loading required in
para. 4100 does not exceed 6000 psi;

(4) the component is fabricated feom an austen-
itic staipless steel or a nonferrous material not subject
to a diictile brittle transition;

(5) the component is fabri¢ated from normal-
ized APTM A 516 Grade70-steel and the required
test terpperature or the JoWest service temperature
is greafer than O°F;

(6) the componeént is fabricated from normal-
ized ASTM A 537 Class 1 steel and the required
test terpperatute”or the lowest service temperature
is greafer_than —30°F.

(b) The fastener matetials for structural compo-
nents of cranes not incldded in (a) above shall be
in accordance withkSpecification CMAA 70.

(c) When nat restricted by para. 1145, the fastener
materials in<Table 4221-2 may be galvanizegdl or
coated with«zinc-rich paints. Fastener materials pvith
a hardpess*higher than 320 BHN shall not be gdlva-
nized,

(c)"The fastener finish and tolerances shal
suitable for the type of connection in which
employed.

be

it is

4222 Fracture Toughness
(a) Fastener materials for connections definefd in
4221(a) shall be impact tested in accordance with
(@)(1) below except as provided in (b) below. [The
purchaser shall provide the minimum operating fem-
perature as defined in para. 1150.
(1) Charpy V-notch tests shall be performed in
accordance with ASTM A 370. For bolts and sfuds,
the sampling shall be in accordance with ASTM A
320. For nuts, the sampling shall be in accorddnce
with ASTM A 194. The test temperature shal| be
equal to or less than 30°F below the minirhum
operating temperature as defined above. The acdept-
ance criteria shall be as shown in Table 4222{1.
(b) Fastener materials shall be exempt from impact
inal

4220 Fastener Materials

4221 Material

(a) The fastener materials in Table 4221-1 are
considered acceptable for the structural interconnec-
tions of Types | and Il cranes. The manufacturer
shall report the materials actually employed to the
purchaser.
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size of the bolt or stud is 1 in. or less.

4230 Welding Materials

4231 Material. All welding materials shall be in
compliance with the requirements of AWS D1.1
and the additional requirements specified herein.
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Table 4221-1 Reference Properties of Acceptable Fastener
Materials for Structural Connections of Type | and Type Il Cranes
Grade Proof Yield Tensile
ASTM Class Stress Strength, Strength, Hardness,
Spec. Type Size, in. Min., ksi Min., ksi ksi BHN
A 325 1,2,3 % t01B 85 92 120 min. 248-331
1%t 1% B 74 81 105 min. 223-293
o 1% N 144 352 max
1% to 1% N 144 143-352
A 687 1 1% t03S 105 150 max.
A 563 D 7,03 N 150/165 163-352
A 563 DH 7,03 N 180/200 248-352
A 193 B7 B16 4t02'4 B, S . 105 125 mip¢
2%5t04 B, S 95 115 min,
4%1t078B,S . 75 100-min.
A 320 L7 4t 2, B, S 105 125 min.
A 320 L43 7,104 B, S 105 125 min.
A 194 7 07 N 135/150 159-352
A 194 2H 07 N 150/175 248-352
A 490 1,3 ,t0 1, B 120 130 150-170 311-352
hto1'h N 175 248-352

GENERAL NOTE: For additional requirements, see the referenced specification; N = nut; B = bolt;
S = stud.

Table 4221-2 on a component per para. 4211(a) that is oyer 2,
Fastener Materials That May Be* Galvanized in. thick, and is subject to applied tensile §tresses
ASTM A 307 - in excess of 6000 psi, low hydrogen type eleftrodes
ASTM A 325 Type 1 shall be used.
ASTM A 449 o
ASTM A 563 Grade DH 4232 Fracture Toughness
ASTM A 194 Grade 2H

(a) The filler metal defined in para. 4231(h) shall
be impact tested in accordance with (a)(1)|below
except as provided in (b) below. The pufchaser
shall provide the minimum operating temprature
as defined in para. 1150.

(1) Charpy V-notch tests shall be performed in

(@ Matching filler metal of adequate toughness
per paka. 4232 shall be used. For the shielded metal

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

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

(c) If the SMAW process is employed for connec-
tions per (b) above but one of the base metals is

27

accordance with the filler metal specification. The
difference between the minimum operating tempera-
ture 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) above, provided:

(1) the base materials are exempt per paras.

4212(b)(1), (2), (3) or (4); or
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C, Energy Values for Fastener Materials

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

Over 55 to 105, Incl.

55 or Less [Note (2)] Over 105 to 145, Incl.

Nominal Average Lowest Average Lowest Average Lowest
Diameter, in. of 3 of 3 of 3 of 3 of 3 of 3
Over 1 to 2', 25 20 30 25 35 30
Over ', 10 4 30 25 35 30 40 35
Over 35 30 40 35 45 40

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

NOTES:

(1) Whep a minimum yield strength is not a part of the material specification, the actual yield strength shall be determified per ASTM 4

and
(2) Stock
templeratures above —90°F without additional testing.

sed to determine the required energy.

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

°F Below Minimum
Operating Temperature

fied Minimum
e Strength, ksi

Spec
Tensi

fasteners having an average energy of 20 ft-lb and a minimum energy of 15 ft-Ib at —~150°F may be used-fer minimum ope

370

ating

4251.2 Qualification Impact Tests. The Weld
procedure qualification shall be exempt from impact
testing as reqdired per Mandatory Appendix |, pgara.
14251.2, pfevided one of the following is met

(a) thenbase materials are exempt per pfra.
4212(b)» or

;5; ?Or |9e;sind ;8 (b)"the base materials are in Material Groyp 1
Over 95 70 of Table 3.1 of AWS D1.1, the weld is mad¢ by
shielded metal arc welding, submerged arc welding,

gas metal arc welding, or flux cored arc welding,

. _ _ and the filler metal is exempt per para. 4232(bj); or

. (2) the effective throat of the nominal weld is (c) the base materials are in Material Grop 1
/g in. pr less. of Table 3.1 of AWS D1.1, the weld is mad¢ by
shielded metal arc welding, submerged arc welding,

4240 Welded Studs gas metal arc welding, or flux cored arc welding,
and the weld is postweld heat treated per para.

Welded studs shall not be emgloyéd for the con-
nectiorls of the structural components defined in
para. 4400. Studs welded_to the structural compo-
nents of the crane shall cemply with the requirements
for studs specified jn~AWS D1.1, and shall be
compatible with thebase material.

4250 Connections

4251 Welded Connections. Welded connections

4251.5.

4251.3 Combination of Weld Types. If twp or
more of the general types of welds (groove, flllet,
plug, slot) are combined in a single joint, the allow-
able capacity of each shall be separately comppted
with reference to the axis of the group in ordgr to
determine the allowable capacity of the combinafion.

4251.4 Nondestructive Examination Require-

shall comply with the requirements of AWS DT.1
except as specified herein.

4251.1 Welding Procedures. All welds for
Types | and 1l cranes shall be performed in accor-
dance with written procedures that establish limita-
tions of variables consistent with AWS D1.1. These
welds may be either prequalified or qualified in
accordance with AWS D1.1.
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ments. All welds shall be visually inspected over
their entire lengths. Additional inspection and testing
of the joints of the three types of cranes shall be
as stated below. Examination and acceptance criteria
of welds and repairs shall be in accordance with
AWS D1.1 unless otherwise stated below.

(a) Types I and Il Cranes. The following inspec-
tions and tests shall be applied to welded structural
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connections. Percents of welds specified for inspec-
tion are measured along each face. This doubles
the length for fillet welds on both sides of a joint.
The length subject to examination of other welds
shall be considered as doubled when welds are

ASME NOG-1-2004

Table 4251.5-1 Exemptions to
Mandatory Postweld Heat Treatment

Effective Throat of Weld, in.

Material Class Not Toughness Toughness Tested

- . [Note (1)] Tested [Note (2)] [Notes (2) and (3)]
made from both sides. Areas examined shall be
randomly distributed along the weld length. l 1' or less 4 or less
. . o 1] 1, or less 4 or less

(1) Full penetration butt welds: 100% volumet- . X iy
. . . . . . . LLLI 1 O 1E55 = O 1T
ric gxamination by either radiographic or ultrasonic E
testipg unless the specification for the crane stipulates NOTES:

h method to use.

(2) Other welds with an effective throat over
3g ih.: dye penetrant or magnetic particle testing as
follgws unless the specification for the crane stipu-
latey 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 speci-
ficajon.

(4) Base materials (greater than /s in. thick)

whi

(1) Groups are per Table 3.1 of AWS D1.1. Carbpn-and lpw alloy
steels not in this table shall be exempt.from postweld heat
treatment for thicknesses of '/, in. or less, provided the carbon
does not exceed 0.35%.
(2) The manufacturer may test materialsjor procedures dtherwise
exempted from toughness testing in order to afply this
exemption to postweld heat'treating.

Materials qualified by testing.to para. 4212. Weld pr
qualified by testing topata: 4251.2.

cedures

3)

Whengpostweld heat treating is employgd, the

with[ highly restrained welded connections subject following*shall be observed.
to weld shrinkage strains in a through-thickness () All required postweld heat treating shall be
diregtion shall be ultrasonically tested per Mandatory covered by a written procedure.

Appgendix |, para. 14251.4

(H) Types Ill Cranes. Nondestructive examination
requirements for welds and base metal shall be in
accqrdance with Specification CMAA 70 andcthe
manjufacturer’s standards unless otherwise stated in
the ppecification for the crane.

4251.5 Postweld Heat Treatment

Types | and Il Cranes. \Nelded connections
shall be postweld heat treated”(stress relieved) in
accgrdance with AWS D1l except where exempted

o

(2) Localized postweld heat treating mpay be
employed as stated above, when approved |by the
design engineer. A written procedure must address
the same seven points outlined in (a)(3) below for
furnace postweld heat treating.

(3) For furnace postweld heat treating, the pro-
cedure must address the following:

(a) temperature at start of thermal cycle;
(b) rate of heating;

(c) maximum allowable variation of tempera-
ture throughout the portion of the part being {reated;

by Table 4251.5-1. However, exempted material (d) maximum temperature tolerance 4t stress
may| be postweld heat\treated at the manufacturer’s relief temperature;
optipn. Times and4emiperatures per AWS D1.1 shall '

be gmployed.

Wlhen it 4§, 'not practical to postweld heat treat
an g¢ntirecassémbly, local postweld heat treatment
shal| bé“employed. Local postweld heat treatment
shallLbé accomplished by heating a band of metal

(e) holding time at stress relief tempgrature;
(f) rate of cooling to temperature duitable
for removal of work from the furnace; and
(g) location of thermocouples and th¢ num-
ber required.

that includes the joint. 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 effective
throat of the weld. The material outside the heated
band shall be protected to avoid harmful temperature
gradients.
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Vibratory conditioning to improve dimensional
stability may be used at the option of the Manufac-
turer. The conditioning shall be done in accordance
with the recommendations and procedures estab-
lished by the manufacturer of the equipment.

(b) Type Ill Cranes. The manufacturer shall deter-
mine the need for postweld heat treatment. When
used, PWHT shall comply with AWS D1.1.
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4251.6 Stud Welding. The welding of studs
shall be in accordance with AWS D1.1. The thickness
of the base material to which studs are welded shall
equal or exceed 20% of the nominal stud diameter
to minimize burnthrough.

4252 Bolted Connections

RULES FOR CONSTRUCTION OF OVERHEAD AND

GANTRY CRANES (TOP RUNNING BRIDGE, MULTIPLE GIRDER)

4300 DESIGN CRITERIA

4310 Basic Allowable Stresses for Structural
Steel Members

4311 Members Not Controlled by Buckling. For
members not controlled by buckling, the basic allow-
able stresses in structural steel members of the crane

42652.1 Structural Joints Using ASTM A 325 shall not exceed values in Table 4311-T.
or A 490 Bolts. Structural joints for structural compo-
nents {dentified under para. 4400 using ASTM A 4312 Compression Members Controlled-by Buck-
325 or|A 490 bolts shall be designed and installed ling. For compression members with fan ‘equivglent
in accqrdance with the AISC “Specification for Struc- slenderness ratio
tural Jgints Using ASTM A 325 or A 490 Bolts.”
Bolts holes shall be subpunched and reamed or 5
drilled.| Standard holes shall have a diameter nomi- ki C. = 2 E
nally '} in. in excess of the nominal bolt diameter. r Ty
Slotted| bolt holes shall not be used except for
connedtions which may require field adjustment for where
fitting the crane to the runway. E = modulls of elasticity

42152.2 Structural Joints Using Bolts Other oy = Yigld point
Than ASTM A 325 or A 490. Structural joints using
bolts dther than ASTM A 325 or A 490 shall be The allewable axial compression stress shall| not
bearing type and shall comply with the requirements excegd the value
for nop-high-strength bolts specified in the AISC
“Speciffcation for Structural Steel Buildings, Allow- o, = [1 = (ki/r?/2C¥ (0,/ D)
able Sfress Design and Plastic Design.” All bolts
shall bp torqued to a pre-tension load on the boft
of 60% to 70% of the minimum yield strength of the where .
bolt mjterial. Standard holes shall have a_didrieter DF = design factor
nomindlly ;¢ in. in excess of the nomipal bolt k = effective length facFor
diametgr, except for bound bolts. I = length of compression member

r = radius of gyration of member

4252.3 Pitch and Edge Distances. The mini-
mum plitch bgtween centers of-bolt holes and mini- The required design factor shall be equal to:
mum gdge distances from the eenter of a bolt hole
to any| edge shall be as™stipulated in the AISC
“Specilcation for Structural Steel Buildings, Allow- - Erl : g 3
able Stress Design and-Plastic Design. DF = Ni3+3 clsle

4252.4 Bolt<Identification. The bolting of the
structufal jojritsvof the Types | and Il cranes shall
be identifiable. A unique marking system shall be . o :
used tp \identify type and/or grade of bolts and Yaﬁl'ue Oi /‘\f“fo'r: efCh1 l?'adlrfg vconoll‘tl:ovn“li. ?Eira z)ng’

nuts used.

4253 Field Connections. All field connections of
structural components shall be bolted unless other-
wise approved by the purchaser. The manufacturer
shall provide sufficient information on drawings or
in installation manuals on the requirements for all
field connections.
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extreme environmental, 0.67. For compression mem-
bers with an equivalent slenderness ratio

ki/r> C,

The allowable axial compression stress shall not
exceed the value
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Table 4311-1

ASME NOG-1-2004

Maximum Allowable Stresses in Structural Steel Members

Stress Type (All Expressed in Terms of o))

Compression

Loading Condition Tension [Note (1)] Shear Bearing
Operating 0.50 0.50 0.4 CMAA 70
Construction 0.50 0.50 0.4 CMAA 70
Severe Environmental 0.67 0.67 0.45 NA
Extreme Environmental 0.90 0.90 0.5 NA
NOTE:
(1) For gross section.
_ 127%F Table 4315-1 Allowable Stresses for
Oa = 1\ Bolts Other Than ASTM A 325 or A 49D
23N|— .
( r ) Stress Type (Exprelised in
Terms of Ultimate Ytrength)
In li¢u of calculating the allowable stress by formula, Loading Conditiof Tension Shear
the fallowable stress listed in AISC divided by N _
mavl be used Operating 0.33 0.17
Y : Constructiba 033 0.17
. . Severe Environmental 0.44 0.23
4313 Bending Stress. The allowable bending ExtrefdeEnvironmental 0.50 0.26
stress for members other than those girders conform-
ing [to the dimensional criteria outlined in para.
433} shall conform to AISC “Specification for Struc- (b) Bolts Other Than ASTM A 325 or A 490.
tural Steel Buildings, Allowable Stress Design and Allowable stresses shall be in accordance with Table
Plasfic Design” Chapter F divided by 1.12N for-the 4315-1.
diff¢fent loading conditions.
4320 Combined Stresses
4314 Welds. Basic allowable stresses\in welds . . .
shal| be as specified in AWS D1.1. Allowable stresses 4321 Axial Compression and Bending. Mpmbers
for Il types of welds may be inceeased for severe subjected to both axial compression and bending
envifonmental load combination$.by a factor of 1.33, stresses shall satisfy the following requiremqnts:
and for extreme environmental fead combinations by
a faftor of 1.50. o, GO CmyOy 1 1
9 1o b 1-—¢ b
4315 Bolts O-’ex awx O"ey i
(@ ASTM A 325,61 A 490 Bolts. Allowable work-
ing Istresses forl\operational or construction loads
shal| be in accordance with AISC “Specification for O O Ty gy 2
StrugturalJoints Using ASTM A 325 or A 490 Bolts.” Cac Oabx  Oaby
Allovable)'working stresses for other loadings shall
be ds follows. When o/o, < 0.15, the following equation hay be

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

(2) Friction-Type Joints. Allowable working
stresses for friction-type joints may not be increased
for severe or extreme environmental loadings.

31

used in lieu of the above equations:

o

O,

Obx

O abx

g,
+ =2 <10
O aby

In Egs. (1), (2), and (3), the subscripts x and vy,
combined with subscripts b, m, and e, indicate the
axis of bending about which a particular stress or
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design property applies; and o, o, = allowable
axial and bending stresses, respectively. (See paras.
4311 and 4312. Note that o, = o, in paras. 4311
and 4312; o, = o, as given in para. 4311 only.)

, 127 E
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bending tensile stress, taken alone, shall not exceed
the applicable value according to para. 4311.

4323 Shear and Tension

(a) Bolts subject to combined shear and tension
shall be so proportional that the tension stress, psi,
produced by forces applied to the connected parts,
shall not exceed the following.

T

(In the|expression for ¢, [ is the actual unbraced Tar = 55,000k - 1.87 < 44,0008
length [n the plane of bending, ris the corresponding (2) For A 490 bolts in bearing-type joints
radius [of gyration, K is the effective length factor

in the[plane of bending, and N is the loading

conditipn factor given in para. 4312.)

(T) For A 325 bolts n bearing-type JoInts

o, = 68,000R — 1.8%=254,000R

o = computed axial stress (3) For other bolting ‘riaterials in bearing-type
op F computed compressive bending stress at joints:

; the point under consideration
Cn F a coefficient whose value shall be as given

in (a), (b), and (c) below

{a) Hor compression members in frames subject
to’joint translation, C,, = 0.85.

(b) Kor restrained compression members in frames
braced| against joint translation and not subject to
transvefse loading between their supports in the

ga= 0.60, R - 1.67

where 1 (the “shear stress produced by the spme
forces) shall not exceed the value for the shear gjven
in para~4315. o, is the yield stress (the proof sfress
may~Pe used). R is given as follows:
(a) Operating conditions: R = 1
(b) Construction conditions: R = 1

plane ¢f bending: ] —
(c) Severe environmental conditions: R =
1.33
[, = 0.6 - 0.4 ( %) but not less than 0.4 (d) Extreme environmental conditions: B =
? 1.50
(b) For bolts used in friction-type joints, the shear
where |M;/M, is the ratio of the smalfer to larger stress allowed in para. 4315 shall be reduced so fhat:
momeits at the ends of that portiofy of the member (1) For A 325 bolts:
unbracpd in the plane of bending)under consider-
ation. M;/M, is positive whefi_the member is bent T, = 15,000 (1 — o, Ap/Tp)
in revgrse curvature and negative when it is bent
in a sipgle curvature. ’ (2) For A 490 bolts:
(c) For compressiégp~members in frames braced
against| joint tranglation in the plane of loading T, = 20,000 (1 — o Ap/Tp)
and supjected to\transverse loading between their
SUppOorts, the Yalue of Cpy may be determined by where o, is the average tensile stress due to a d|rect
rationa| aratysis; however, in lieu of such analysis,

the following values may be used.

load applied to all of the bolts in a connectior], Tp

(1) For members whose ends are restrained,
C, = 0.85.

(2) For members whose ends are unrestrained,
C, = 1.0.

4322 Axial Tension and Bending. Members sub-
ject to both axial tension and bending stresses shall
satisfy the requirements of Eq. (3). The computed

32

;D thc D'JCL/;fIUlJ' rJIUtCIID;UII }\J(ll,ll Uf t:IU :JU:t, Clll\JI Ab
is the tensile stress area.

In friction-type joints, the allowable shear stress
may not be increased due to environmental condi-
tions.

4324 Shear and Bending. The maximum com-
bined shear stress due to shear, bending, and direct
stresses shall not exceed the allowable values for
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shear as given in para. 4311, except that in severe

ASME NOG-1-2004

shall be assumed to be

and extreme environmental conditions, the allowable

shear stress may be increased by 20%.

4330 Buckling

(04)

4331 Local Buckling or Crippling of Flat Plates.

oo = 0K, (for compression)

Ty = 0o — (for shear)

e

loca
of gi

The prroCTUTat dESIgM Of The crane must guard agaimst

rbuckling of plates such as webs and coverplates
ders, etc., by limiting the allowable compression
stress along opposite edges and the uniformly distrib-

where

b/t w2 E
<

uted| shear stress assumed to be acting around all \/_I_< T 4120 - B8 760
edggs of the plate or a combination of both. '
The critical buckling stress o, shall be assumed
to b a multiple of the Euler stress o The critical buckling stress shall be assumed to be
oK)
o = wE [t ’ Oy = il 2ol (for compressipn)  (8)
c T 20 - \b 0.1836e,)” + (0eK,)
whefe
# = modulus of elasticity in compression (for o,loe K for sheah) ()
steel, 29,000,000 psi) Tor = > o, lorsned
! ! ! 3[0.1836 + (0K
= thickness of plate, in. ‘/_[ ()" + (oeke)]
B = plate width measured in the direction per-
pendicular to the compression force These formulas assume o, to be 1.32 tinjes the
M4 = Poisson’s ratio (for steel, 0.3) proportional limit o).
. ) i ) 4332 Combined Compression and Shear| Buck-
The |critical buckling stress in the elastic-/@ange,

w2 E

12 (1 - p’) 075760,

b/t

\/T{Z

whefe

buckling coefficient (Table 4332.1-1)
Ky for compression

K, for shear

For fcarbon\steel:

ling. Taking o and 7 to be the calculated cdmpres-
sion and shear stresses, respectively, in a pldte, the
critical comparison stress shall be calculgted as

(5) follows:

Ocrce =

2.1-1.
(DFB).

B is the stress ratio as defined in Table 43]

4332 1 Design Factors in Plate Buckling

|
208

2.62 X 10
T

0.75760,
b/t

— =30.99

For A 36 steel:
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(6) The critical comparison stress o, for plates shall be
compared with the equivalent compression stress of:
e = Jo +37°
Design factors DFB required for buckling are as
follows (B is defined in Table 4332.1-1):
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Table 4332.1-1

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

Value of the Buckling Coefficients K, and K for Plates Supported at Their Four Edges

No. Case a=yz K, or K,
1 Simple uniform compression: o : : a1 Ky, =4
> 1 > bl |« Ly
o= o > - —<— _ 1
1 2 o, | 2 a<1 K, = ( o+ 0()
. . 8.4
2 on-uniform compression: —> 0 —> -~ Ko =
y — b - a1 p+ T
— -
0<p<1 0, = fo, > - TV 21
|<—a—>| a<1 K(,=(0L+&) T
3 Phre bending: § = -1 or o4 - - a>? K, = 23.9
bpnding with tension —> bl | N
pfeponderant: g < -1 : : a<? K, = 15.87 \\="~ + 8.60’
0y = fo, |<— a —>| «
4 Bpnding with compression 04 -> - Kogr=NT + BIK” = BK” + 10B(1 +|B)
pfeponderant: -1 < g <0 f : b :: Smere
- —> K" = value of K, for B = 0 in Case
o2 = foy —a— No. 2
K” = value of K, for pure bendipg
(Case No. 3)
- -« -
P| h _ 4
5 re shear * W Kr—(5~34+—2)v6
) I )
- S 5.34
K.=[4+222) /3
| o a<l ( + ¥ )\/_
GENERAL NOTE: The definitions of K, and K; are in this table, and~depend on the ratio a = a/b of the two sides of the plates, the m@nner
in whichf the plate is supported along its edges (simply suppaerted), and the type of loading sustained by the plate. For other cases|than
those coyered by this table, further appropriate analysis shouldbe made.
Crgne Loading Condition Design Fattor' DFB (where b is the unsupported plate width betweenflon-
Offerating 24080 -1 gitudinal stiffeners, webs, or coverplate] or
Cohstruction 2 +03@ -1 30.99 /K, (2/DFB) operating condition for Al 36
Seyere Environmental 1.5+ 0.125(B - 1) steel.
Extreme Environmental 1.35+0075B - 1) | = span, in.
h = depth of web, in.
Therefdre, b = d1§tance between web plates, in.
t = thickness of web plate
Oce X DFB < 0¢rc 4334 Spacing of Transverse Stiffeners. The spac-
ing of the transverse stiffeners a, in., shall not ex¢eed
g the amount given by the formula:
(04) 4333_PI'UFDlﬁuu forFabricated Box-Girders—he

ratifo of I/h shall not exceed 25; the ratio of I/b
shall not exceed 60; and the ratio of b/t shall not

exceed:

\/(2.62 x 107)K,,
9p
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(operating condition)

11,068t
a =

Jre

where
c = spacing coefficient (see table below)
t = thickness of the web plate, in.
7 = shear stress in plate, psi
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nor shall it exceed 72 in. or h, the depth of the
web, whichever is greater.

Loading Condition Spacing Coefficient

Operating 1
Construction 1
Severe Environmental 0.75
Extreme Environmental 0.6

ASME NOG-1-2004

legs for the rated live load plus trolley (Py; + P)
when the deflection is calculated as a simply sup-
ported beam.

(b) The total vertical deflection of the girder canti-
lever shall not exceed /59 of the cantilever length
for the rated live load plus trolley (Py; + P;,) when
the deflection is calculated as a fixed end cantilever
beam.

4335 Stiffness of Longitudinal and Transverse
Stiffeners. The required stiffness of the longitudinal
stiffgner and the stiffness of the transverse stiffeners
shal| be in accordance with Specification CMAA 70.

4349 Allowable Deflections and Cambers

4341 Girder Deflection. The total vertical deflec-

(c) Side thrust at the runway rail due tofgantry
leg spreading caused by girder span et.cantilever
deflection or thermal movement shall be” helfl at an
acceptable level by providing adequate clgarance
between the rail head and the Wheel flanges, or by
means of other design features.incorporated ipto the
gantry structure.

4350 Fatigue Requirements

tion[of the girder during operational loading for the

rateflj live load plus trolley (Py + P), and not Cranes used fetsnuclear power plants are ngrmally

inclyding |m1pact or dead load of the girder, shall used relatively few times during the entire|life of

not pxceed /jgp0 of the span. the plant~fas) compared to typical structural [fatigue
The total vertical deflection of the girder during criteria. The number of times a typical cfane is

congtructional loading for the construction load plus cycledhfrom no live load to full capacity load peldom

trollgy (Pg¢ + Pey), and not including impact or dead exeeeds 20,000 cycles during the entire life] of the

load| of the girder, shall not exceed '/ of the span.
The total vertical or lateral deflection of the girder
duripg environmental loading shall be limited such
that[displacements do not cause the girder or any
of itp attachments to become dislodged or to ‘leave
the frane.

4342 Girder Camber. Girders shall be/cambered
an gmount equal to the dead loadtdeflection plus
onedhalf of the deflection causedyby the live load
plus|trolley [camber = A(Py4) + 0.5A(Py; + P)l.

4343 Trolley Frame Déflection. The trolley frame
shal| be of rigid constfudtion such that lifted loads
do pot cause defléetions that impair the proper
opeffation of machinery.

4344 Miscellaneous Structure Deflection. De-
flecjons_ef-components such as end ties, end trucks,
saddles,ahd equalizer beams shall not impair the
fun

ions for which thev were r‘locignpr‘l Qr cause

€rane. Because of the combined effect of Igw full-
load cycles and low allowable stresses during hormal
operation, the allowable stresses for the stiquctural
members, as specified in para. 4310, need |not be
reduced due to fatigue.

If the Purchaser determines that greatqr than
20,000 full-load cycles are required, the Pufchaser
shall then specify the cycles and load cl3ss per
Specification CMAA 70. The allowable stregses for
the appropriate service level in Specification |CMAA
70 shall be used, but shall not exceed th¢ basic
operating stress allowables specified in para] 4310.

4400 COMPONENT DESIGN

4410 General

4411 Venting. Closed sections used in strlictures
which are subject to changes in pressure shall be

any attachments to the crane to become dislodged
or to leave the crane.

4345 Gantry Frame Deflection. In addition to
the preceding criteria, the following criteria shall
apply to the gantry frame.

(a) The total vertical deflection of the girder shall
not exceed 'j000 Of the span between the gantry

35

vented. If used, vent openings shall be sized to
equalize the internal closed section (or compartment)
pressure with its external environmental pressure.
Pressure rate of change tables or graphs may be
required to determine maximum flow requirements.
Where internal full depth diaphragms extend from
the top flange to the bottom flange, the compartment
formed by a pair of diaphragms shall be vented.
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4412 Drainage. Box sections when required by
environmental conditions shall be drained to prevent
moisture from accumulating. Where internal full
depth diaphragms extend from the top flange to the
bottom flange, the compartment formed by a pair
of diaphragms shall be drained. Holes shall be
provided in the bottom flange of the box girder for
draining the whole box girder or each compartment

RULES FOR CONSTRUCTION OF OVERHEAD AND

GANTRY CRANES (TOP RUNNING BRIDGE, MULTIPLE GIRDER)

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

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

formed by the diaphragms t:laL L:lC llld/\IIIIUIII \JIIDLCUILC lJCLVVCCII GUJGLCIIL d[a'
' phragms will limit the maximum bending\>sfress
4413 Stress Concentrations. Consideration shall without impact in the trolley rail to o
be given to points where high stresses might be
encourftered, such as (but not limited to) at ends O =
of stiffgners, intermittent welds, points of attachment, (trolley wheel load, Ib)(distance bet&egn diaphragms| in.)

cut-outs, and reentrant corners. All reentrant corners
shall be shaped notch free to a radius of at least

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

', in. Pharp corner cuts are to be avoided, as are For operating and cafistfuction loading, o,} =
abrupt fhanges in section properties. Cut-outs, where 18,000 psi. For severgrenvironmental loads, o}, =
necessary, shall be made with rounded corners, and 24,000 psi. For extréme environmental loads, o}, =
their efiges shall be analyzed for reinforcement. 32:400 psi. T

: The top eOver plate of the box girder shall| not
4420 ridge Girders be consideréd as contributing to the bending prdper-

4421 General. The crane girders (bridge girders)
shall b¢ fabricated of structural steel. Structural steel
materidls shall comply with the requirements of para.
onstruction of the crane girders can be of

ties of¢the" trolley rail.

4423.5 Diaphragm Thickness. The thicknegs of
thevdiaphragm plate shall be sufficient to resis{ the
trolley wheel load in bearing, on the assumgtion

several| types, namely, welded plates to form box that the wheel load is distributed over a distdnce
sectionp, box sections fabricated from rolled shapés equal to the width of the rail base plus tyice
with on without plates, single-rolled shapes, or bilt- the distance from the rail base to the top of] the
up single web plate girders diaphragm plate.

4421 Loading Criteria. Bridge girders: shall be 4424 Single Web Girders. Single web girders may
designed to resist the load combipations specified be standard rolled beams or plate girders, reinfofced
in pard. 4140. When bridge girders and end ties with angles, channels, or plates. Where necesgary,

are mgment-connected in thechorizontal plane, the
assemibly shall be analyzed(asa rigid frame for the
transvefse horizontal loads,

4423 Fabricated-Box Girders

44023.1 Proportions. Proportions for fabricated
box gitders shall’be as specified in para. 4333.

44P3.2-stiffeners. The requirements of longitu-
dinal ahd¢{vertical stiffeners are given in para. 4330

auxiliary girders shall be used to support overhanging
loads to minimize torsional moments and laferal
deflections on the single web girder. The ana]ysis
required for single web girders shall be the spme
as required for the plate box girder in para. 4123.
The design shall be in accordance with the AISC
Specification for the Design, Fabrication and Eredtion
of Structural Steel for Buildings, but with the al{ow-
able stresses set forth in para. 4310.

Internal full depth diaphragms are required at ma-
chinery attachment points, bridge drive supports,
and line shaft bearing supports.

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

36

4430 Trolley Frames

4431 Construction. The trolley frame shall be
constructed of structural steel. If field assembly of
the trolley structure is required, the connections
shall be designed to ensure proper alignment of the
components.
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4432 Design

4432.1 Trolley Frame. The trolley frame shall
be designed to resist all loading imposed by the
motor, gearing, lifted load, and the load combina-
tions specified in para. 4140.

4432.2 Load Girt. The load girt(s) shall be
designed to carry the load to the side frames. Care
shal[be taken that the load girt deflections do no
advgrsely affect the machinery alignment.

4433 Axle Failure. Provisions shall be made to
prevent a drop of more than 1 in. in case of an
axle| failure.

4449 End Trucks and End Ties

4441 End Trucks

4441.1 General. The end truck is the assembly
congisting of wheels, bearings, axles, and structural
frame that supports the crane bridge.

4441.2 Construction. The end trucks shall be
condtructed of structural steel.

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

4441.4 Axle Failure. Provisions shall be made
to plevent a drop of more than 1 in. in case ‘of-an
axle| failure.

4441.5 Wheel Base. The wheel BHase of the
end |trucks of four-wheel cranes, or center-to-center
of olitermost wheels of multiple end:trucks for cranes
with| more than four wheels, shall’be not less than
onefseventh of the girder span:

4441.6 Rail Sweeps. A rail sweep shall be
provided in front of €ach outside wheel. The rail
sweg¢p shall projeet“below the top of the bridge
runway rail.

4442 EndAjes

4442.1" Construction. The end tie shall be con-
strugtéd~of structural steel.

ASME NOG-1-2004

provided between the equalizer trucks and equalizer
beam and/or the rigid bridge frame structure, a
flexible end tie must be used.

4442.3 Design. End ties shall be designed to
resist the loads due to crane movement and the
load combinations specified in para. 4140.

A rigid frame analysis shall be used to determine

i ; nd ties

and by the girders. The flexible end tie|shall be
designed to accommodate up to '/, in-difference
in elevation of the bridge rail between any wheels or
pair of wheels without exceeding.allowable sfresses.

4450 Gantry Frames

4451 General. Gantry.frames shall be fabyricated
of structural steel. Thestructural members ass¢mbled
to form the gantry\frame may include, but &re not
limited to, the~following: girders, end tieq, legs,
trucks, sills,{struts, saddles, and equalizer peams.
Structuralysteel materials used in the gantry| frame
membersSshall comply with the requireménts of
para~4210.

4452 Loading Criteria. Gantry frames shall be
designed to resist the load combinations specified
in para. 4140. The gantry frame assembly shall be
analyzed as a three-dimensional structure.

4453 Gantry Legs. Gantry legs shall be dg¢signed
to withstand the load combinations specified in para.
4140. The legs shall be constructed of stquctural
steel, and their configuration may vary acqording
to the clearance and overall crane geometry refjuired.

Gantry legs constructed of box sections shall be
provided with diaphragms to maintain the leg geome-
try. The legs shall be stiffened to meet the rpquire-
ments of para. 4330.

4454 Struts and Sills. Struts and sills are yised to
connect the legs and joining members. They shall
be designed to resist the load combinations sgecified
in para. 4140. Struts and sills shall be consfructed
of structural steel.

4442.2 Types. End ties for cranes with more
than four bridge wheels can be either the flexible
or rigid type. If equalizer bridge trucks are incorpo-
rated into the end carriage 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
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4455 Saddles and Equalizer Beams. Saddles and
equalizer beams are used to support the crane struc-
ture and are themselves supported by the gantry
trucks. Their purpose is to distribute the loading at
one corner of the crane equally to the bridge wheels
at that corner. They shall be constructed of structural
steel. Saddles and equalizer beams shall be designed
for the load combinations specified in para. 4140.
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- Plates or hubs used in saddles or equalizer beams
7 to support trunnions and rotating pins shall be de-
- signed to meet the bearing stress specified in Section
~ 5000.

4456 Gantry Wheel Base. The wheel base of the
end trucks of four-wheel gantry cranes, or center-
to-center_of extreme wheels of multiple end trucks

RULES FOR CONSTRUCTION OF OVERHEAD AND
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4470 Footwalks, Handrails, Platforms, Stairs, and
Ladders

4471 General. Platforms and footwalks shall be
provided as required for access and maintenance.
Dimensions and clearances for footwalks, handrails,
platforms, stairs, and ladders shall be in accordance
with the latest edition of OSHA.

for gantry cranes with more than four wheels, may

be reqpiired to exceed that ratio specified in para. 4472 Materials. Materials for constructipn.of foot-

4441.5| The gantry structure height may necessitate walks, handrails, platforms, stairs, and lagders ghall

an incfeased wheelbase in order to gain gantry meet the requirements of para. 4200, except thaf the

stability and to reduce gantry skewing. requirements of para. 4212 need not)be considgred.
ASTM A 569 is an acceptable\material for npetal

4457 Gantry Stability. The gantry crane shall bar grating.
have { safety factor of not less than 1.5 against
overturping when used in the unrestrained operating 4473 Design. Footwalks, handrails, platfofms,

conditipbn and subjected to the load combinations
specifigd in para. 4140. During severe environmen-
tal, extfeme environmental, or abnormal event load-
ing, the gantry crane shall have a safety factor of
not les§ than 1.1 against overturning. Restraints may
be usefl to prevent overturning.

4460 Rails

4461 Requirements. All bridge and trolley rails

stairs, and ladders shall"be designed for the appro-
priate dead load and the live loads as specified in
the OSHA Staidards. Structural design shall b in
accordance~ywith para. 4300.

4480 Operator’s Cab

4481 General

required to transmit vertical down and horizontal h (Ial) Jhe standard (Loca;tiohn of the gpzrator’s Cab
loads ¢lue to normal and construction loads-only shall be at one end ol the crane bridge on| the
shall chnform to the ASCE, ARA, or AREA Specifica- driving girder side unless otherwise specified. It hall
tions. \When these rails are used on Types-1 and Il be so located as not t,o interfere with the Hook

approach. The operator’s cab shall be open }ype

cranes [secondary restraints which arequot necessarily
in contct under normal loading cdnditions shall be

for indoor service unless otherwise specified. Dimen-
sions and clearances shall be in accordance with

rovidg¢d to resist the vertical up’ and horizontal S

IIooads Hue to severe environmerﬁtal and extreme the latest edition of OSHA' . .
envirojmental loading conditions. Rails required to (b_) Cabs shall lge provided with ladder or stainway
transmit vertical up and/orhorizontal loads due to leading to the bridge footwalk.

severe |environmental2and extreme environmental (c) The arrangement of equipment in the fcab
loading conditions shall meet all of the requirements shall be approved by the purchaser.

of a stucturalsteél member as covered in paras. (d) Cabs shall be designed for maximum opefator

4200 gqnd 4300

4462 _Fastening. Bridge and trolley rails shall be

visibility. A visibility diagram shall be furnished to
the purchaser for approval.
(e) If specified by the purchaser, the cab ghall

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.
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be provided with heating, ventilating, and/or air-
conditioning.

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

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

ASME NOG-1-2004

used, shall be not less than '/ in. thick. The window
sash shall be equipped with clear shatterproof 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 /3 in. sheet steel guard, extending
to within 2 in. of the floor, and shall be provided
with handles and stops which will prevent catching
the user’s hands or toes when operating the windows.

4484 Construction

4484.1 Enclosed Cabs. Enclosed cabs shall
havg watertight plate roofs which slope to the rear
and [shall be provided with sliding, hinged, or drop
winglows on the three sides, and with sliding or
hinged doors. Steel plates for enclosing sides, when

Drop windows shall be counter weighted,

4484.2 Open Cabs. Open cabs shall pe en-
closed with panels not less than 'fg)in. thick or
standard railing 42 in. high. Railing*enclosurgs shall
be provided with midrail and stéeltoe plate.|Where
the top rail, or top of the_(panel, interferds with
the operator’s vision, it may~be lowered, with the
purchaser’s approval.

39
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Section 5000
Mechanical

5100 GENERAL

(1) All mechanical components in the_¢rifical
load path, or whose failure could result gn~dngon-

5110 lload Spectrum Crane Classification trolled movement of a critical load, shall be designed
for infinite fatigue life.

5111 Type | Cranes (2) Travel drives are exempted from inf]nite

(a) The design of the mechanical components of fatigue analysis where the maxiniem excursions|due

the crgne is based on the loading conditions, the

to any postulated failure are facility acceptablg.

operating frequency, and the operating cycle in (3) Fatigue analysiseshall be based on cfane
respect| to the function within the facility. This spe- maximum rated load,
cific Idad spectrum information, or a realistic esti- (4) Design consideration shall be taken to| en-

mate ¢f the anticipated load spectrum, shall be
conveyed to the crane manufacturer by the Pur-
chaser.

(b) Hor a crane having a specific operating cycle
such a§ a typical polar crane, the service condition
(load spectrum) can be determined by the number of

sure that the faildre” of catalog-purchased compo-
nents duringtle projected life of the crane [will
not result ify facility unacceptable excursion off the
critical load.

5172 Types Il and Il Cranes. The load specfrum

operatipg cycles per hour, the type and magnitude of of Types Il and Il cranes shall be in accorddnce
applied loads, the distance of travel motion, and the with Specification CMAA 70 classifications.
numbe| of operating hours by given time period. The

user shpll also establish the service life and reliability

requirenents for the crane, considering such fadtors 5120 Hoisting Units

as techpical, economic, environmental, and probabil-

ity of opsolescence. This information is impettant so 5121 Type I Cranes

that the designer can then provide fdr the fatigue (@) The hoist components shall meet the reqjiire-

strength for the components of the ¢rane to meet the
requirements of the intended service) The information
will provide the basis for the fatigtie strength and fa-
tigue lile data criteria of the.cemponent design, which

ments of this Standard, as applicable.

(b) The hoist drive system shall be designefl to
provide assurance that a failure of a single hoist
mechanism component would not result in thef un-
controlled movement of the lifted load. This cap be

will require that a numérieal documentation of the

crane sprvice requirendents be in a form that will repre- accomplished by the application of a single [Fig.
sent th¢ duty cycle(for the crane. This duty cycle or 5416.1-1) or dual (Figs. 5416.1-2 and 5416{1-3)
service|data fopréach individual motion of the crane hoist drive unit.

shall b¢ recqrdeéd on the Crane Service Data Record (1) The wire rope drum is exempted from|this
Form 1}00Gsee Fig. 1-5111), and shall become part of requirement.

the cortract between the crane manufacturer and the (2) The hook, hook nut, trunnion, and |oad

Purchaser.

(c) The design for fatigue analysis shall be consid-
ered for the critical components of the crane mechan-
ical components. The cumulative fatigue usage fac-
tors 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.

40

block load structure may be exempted from dual
load path criteria by doubling the design service
factor.

(c) Critical load excursions due to failure in the
dual load path shall be determined and certified as
to facility acceptability.

(d) Hooks for critical loads shall have dual at-
taching points.
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5122 Types Il and Il Cranes. Hoist components
of Types Il and Il cranes shall be in accordance
with Specification CMAA 70, except as specified
herein.

5130 Bridge and Trolley Drives

5131 Type I Cranes

ASME NOG-1-2004

5161 Drum Shell Design (Para. 5411.5)

(4 Drive components shall meet the requirements
of this Standard, as applicable.
(B In travel drives, single failure-proof features
are generally not required. However, in those cases
whefe a failure in the braking mode could result
in a(facility unacceptable excursion, the design shall
incopporate single failure-proof features to ensure
that[the crane can be brought to a safe stop.

5132 Types Il and Ill Cranes. Drive components
shal| be in accordance with Specification CMAA
70, pxcept as specified herein.

5149 General Mechanical Components

5141 Type I Cranes. Couplings, wheels, axles,
drive shafts, bearings, fasteners, gear cases, enclo-
surep, guards, bumpers, stops, and limit switches
shal|] meet the requirements of this Standard, as
appliicable.

5142 Types Il and Il Cranes. General mechauical
components shall be in accordance with Speeifica-
tion|CMAA 70, except as specified herein:

5150 Critical Items

(d Critical items for a single-failure-proof han-
dling system on a Type | crarre, are those components
whigh are located betweénythe load and the source
of epergy holding the{oad.

(1) These companents require special consider-
ation as to material\design, control of manufacturing
prodesses, and-examination of final product.

: (2) Table7200-1 lists the tests and the inspec-
tiong thatlare to be applied to critical items in
-accqrdance with the requirements of Section 7000.

F = out-of-roundness value
Ksg = service factor, bending
Ksc = service factor, crushing
Mgpxy = resultant bending moment, in.-Ib
P = drum groove pitch, in.
R, = rope load, Ib
Sg = bending stress, psi
Sga = allowable bending stress, psi
Sca = allowable crushing stress, si
Scomb = combined stress on drum shellf psi
Sck = crushing stress, psi
Zg = bending section modilus, in.’
t = drum shell thickness at the boftom of

the groove, in:

5162 Allowable~Strength Horsepower
(Gearing) [Para~5413.1(a)]

at

F = ret face width of the narrowest|of the
tating gears, in.

J % geometry factor (AGMA 226.01, Geome-
try Factors for Determining the Sfrength
of Spur, Helical, Herringbone angl Bevel
Gear Teeth)

K,, = load distribution factor
K, = size factor

K; = temperature factor

K, = dynamic factor

Z
I

b pinion speed, rpm

P, = allowable strength horsepower
Py = diametral pitch, in.
S+ = allowable bending stress, psi
Sy = service factor reliability
Sy = service factor for load applicatign
d = pitch diameter of pinion, in.
5163 Allowable Durability Horsepower [— P,

(Gearing) [Para. 5413.1(b)]

, 13— Theacceptance criterta for attiterms tisted
in Tables 7200-1 and 7200-2 shall be in accordance
‘with para. 7100.

:351 60 Nomenclature

The following nomenclature is used in Section
5000 and is listed according to the article heading
where it appears.
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Cs = surface condition factor
C, = hardness factor
C,, = load distribution factor
FH = elastic _coefficient = 2300 for stedl gears
C, = size factor
C; = temperature factor
C, = dynamic factor
I = geometry factor
P,. = allowable durability horsepower
S.c = allowable contact stress, psi
S = service factor, reliability
Spe = service factor for application
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5164 Allowable Momentary Overload — W, (c) Stress Concentration Factors
(Gearing) [Paras. 5413.1(c) and 5413.1(d)] Kng = for bending
C, = overload factor (durability) Ky = for tension—compression
C,, = load spectra factor (durability) Kys = for shear
K, = overload factor (strength) Knr = for torsion
Ky = load spectra factor (strength)
G = life factor (durability) (d) Service Factors
C,[ = reliability Tactor (durability) Kp—=—for 'UU“{J'“'S ]
K| = life factor (strength) Ksy = for tension-compression
K| = reliability factor (strength) ESS - ior fhegr
Say| = allowable yield, psi st = forforsion
W, | = allowable momentary overload tangential () Moments and Forces
tooth load, b Mg = bending moment, in=<kip
. s My = torsional moment, in.-ki
21(;5 e(f}fcie(;:ai::gyEfﬁmenmes [Para. 5413.1(g)] P = :oag (Weight,) flc<)_rce, orptransverse shear
. oad reaction);,-Kips
N =| number of gear reductions Q = static moment abpout the neutral axis of
516 Reeving Efficiency (Para. 5429) the area qf that portion of the compopent
E k overall combined efficiency crossésection beyond the pl.ac3e wherq the
E4 + combined efficiency of ropes on drum and ?‘llwlear lsd_beln_g calculated, in.
antifriction bearings ro=QRet radius, in.
ET &= combined efficiency of rope on sheaves (. Stress Fluctuation Ratios
Eg # combined efficiency of gear reductions Rps oy minJog max. for bending
and antifriction bearings R,l\;, = on min/oy max. for tension-compresgion
m  total number of rotating sheaves divided Rs = T¢ min./ts max. for shear
by the number of ropes off drum Ry = 77 min./tr max. for torsion
n £ number of gear reductions
] (g) Dimensions and Properties
5167 (Table 5452.3-1) Sy = section modulus, in.?
D =| diameter of wheel, in. Sy = polar section modulus, in?
P =| allowable wheel load, Ib t = thickness of component where sfress
b =| effective width rail head, in$ is being calculated, in.

5168 Nomenclature

(Analytical Pro-

oyr = minimum ultimate tensile strength at

midradius, ksi

cedurep; Para. 5472)
(@) §ymbols (h) Maximum Allowable Stresses
A F effective cross-sectional area of critical sec- oga = for bending, ksi
tion, in.2 ona = for tension—compression, ksi
D § large diameter of a stepped shaft or round oxa = for stress about the X axis, ksi
bar, in: oyy = for stress about the Y axis, ksi
I £ maemert of inertia, in* 74 = for combined (equivalent) shear, ksi
d £ _$mall diameter of a stepped shaft or round 14 = for torsional shear (equivalent torsipnal
Bar. in. shear) stress
klp. = 1000 b , (i) Working Stresses
ksi = kips per sq in. op = bending stress, ksi
o = equivalent bending (bending and shear)
(b) Equivalent Stress Factors stress, ksi
Kegg = for combining bending and shear stresses oegy = equivalent bending (bending and tension-
Keny = for Combining tension—compression and compression) stress, ksi
shear stresses oy = equivalent tension—-compression (ten-
Kexy = for combining biaxial stresses sion—-compression and shear) stress, ksi
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orxy = equivalent biaxial stress, ksi the methods of structural design calculations within

oexyr = equivalent stress (biaxial and shear), ksi Section 4000 will provide the values of the dynamic
on = tension—compression stress, ksi analysis which will be determined for location, mag-
oy = normal stress about the X axis, ksi nitude, and direction for forces to be used as equiva-
oy = normal stress about the Y axis, ksi lent static loading. The extent of seismic consider-
7ir = equivalent torsional shear stress, ksi ation necessary for the three types of cranes is as
7s = shear stress, ksi follows.
77 = torsional shear stress, ksi (1) For Type | Cranes. Seismic loading shall be
fxy = shear stress in the X-V plane including only to ensure retention of the load and the_ppreven-

torsion, ksi

5169 Analytical Method for Hook of

Appfoximate Trapezoidal Shape (Para. 5477)

missile
safety

tion of any component from becoming a
that would be detrimental to the facjtlity’s
related equipment.

(2) For Type Il Cranes. Seismic considgrations

A = area of cross-section, in.?
K; = factor shall be made to ensure that! no comporjent of
S, = stress bending the crane could become a\missile that would be
S; = stress-direct tension detrimental to the facility‘§safety related equipment.
Shax = stress maximum (3) For Type llizCranes. Seismic analysig is not

So = stress augment required unless specified by the purchaser.
b; = inside width of equivalent trapezoid . d drauli
b, = outside width of equivalent trapezoid 5311 Desjgn*toads — Hydraulic Compohents
h, = depth of equivalent trapezoid (@) For{Types I, 1l, and Ill Cranes. The |design
r; = inside radii of equivalent trapezoid selectiorndor hydraulic components shall be based
r, = outside radii of equivalent trapezoid on thexrated load.

520]: MATERIALS 5320 Allowable Stresses

5219 Material (Type | Crane) 5321 Type I Cranes

Materials with less than 15% elongation _shall
not pe used for any mechanical component exeept
elecfrical motors and hydraulic components:

5229 Material (Types Il and Il Cranes)

Materials shall be in accordange with Specification

5321.1 Normal Operating Conditions. All load
combinations and factors including stress confcentra-
tions shall have a service factor of 1 or morg based
on the design fatigue allowable stress limit of thg mate-
rial, except as otherwise specified in Section p00O0.

Service Factor X Design Stress < Allowable Stfess

CMAA 70.
5321.2 Emergency Conditions. For all[ emer-
5300 DESIGN AND PERFORMANCE CRITERIA gency loads such as load hang-up, seismic| loads,
using the gross cross-section excluding thq stress
5319 Load Combjnations concentration factors, the service factor shall|be not
() The individual mechanical components of the less than 1 based on an allowable stress equal fo 75%
overhead organtry crane shall be designed to provide of the yield strength, unless specifically exg¢mpted

a depign factof specified for that component to resist
the {orcesyresulting from the combination of loading
spedifi€d for the component. The load combinations

elsewhere in Section 5000.

5322 Type Il Cranes

that must be considered for the individual compo-
nents vary with the component, and frequently in-
clude maximum loadings calculated in the electrical
or structural section, i.e., motor torque of a motor
or live load including wind and impact.

(b) Certain components must be designed for seis-
mic loading as a part of the load combinations. If
a lump mass approach is used in the seismic design,

43

5322.T Normal Operating Conditions. All load
combinations and factors including stress concentra-
tions shall have service factors as stated for the
design of specific mechanical components.

5322.2 Emergency Conditions (if Applicable).
All emergency loads such as load hang-up shall
have specific factors as stated for the design of
specific mechanical components.
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5323 Type Ill Cranes

5323.1 Normal Operating Conditions. Allow-
able stresses shall be in accordance with the provi-

RULES FOR CONSTRUCTION OF OVERHEAD AND

GANTRY CRANES (TOP RUNNING BRIDGE, MULTIPLE GIRDER)

Table 5331.1-1
Rated Load Recommended Hoist Speeds

Hoisting Speeds, ft/min

sions of Specification CMAA 70. Load, tons Slow Medium Fast
5323.2 Emergency Conditions. Not applicable 0-4 30 35 40
for this type of crane. 5-9 25 30 35
10-19 20 25 30
5324 Hydraulic Components — Allowable e - -
30-39 10 15 2
Stressep
5324.1 Types I, Il, and Il Cranes. Stresses 40-49 8 10 P
: : 50-69 7 8 1
imposed by the maximum rated load shall not exceed 20-99 6 -
20% of the average ultimate strength of the material 100-149 5 o
or conjponents. 150-249 4 5 ‘
. 250-349 3 4
5330 Motion Speeds 350-499 2 3
. : 500-649 2 3 1
Rateql load speeds for hoist, bridge, and trolley 650-799 \ )
shall be such as to allow controlled handling of 800-1000 1 1.5

those Ipads for which the crane is designed. These
speeds| depend on the nature of the load, load
cleararjces, position of operator, weight of load,
positioning accuracy required, and type of drive.
Design| rated load speeds recommended in paras.
5331, $332, and 5333 have been established based
on typical operator reaction time and drive perform-

ance which will allow the load to be stopped
and hdld.
5331 Hoist Speeds

5331.1 Type | Hoists

(a) The performance speed and spéed’tolerance
of the |hoist with rated load shall(be" specified by
the puichaser. The rated load test_(125% rated load
or as specified by purchaser) §peed criteria shall be
as spegified by the manufacturer.

(b) Rated load recomfended hoisting speeds are
given in Table 5331¢Ix} for slow, medium, or fast
service| for various (capacities. The design tolerance
for ratgd load hoisting speed is +10%.

- (c) Hoisting\speed for a critical load less than
the rat¢d I6agd shall be limited to 125% of the rated
load heisting speed.

be0.5 ft/mirt for a distance of 2 ft within the final
position,
(fi>The lowering speed for any critical load ghall

belimited to 125% of the rated load hoisting speed.

5331.2 Types Il and Il Hoists. Recommer)ded
rated load speeds should be as specified in e|ther
Table 5331.1-1 or the Speed Table given in Spdcifi-
cation CMAA 70.

5332 Trolley Speeds

5332.1 Type 1 Cranes

(a) The performance speed and speed tolerdnce
of the trolley with rated load shall be specifieq by
the purchaser. Rated load test speed (125% rpted
load) criteria shall be specified by the manufactyrer.
(b) Rated load recommended trolley speeds| are
given in Table 5332.1-1 for various capacities.|The
design tolerance for a design rated load speed ghall
be +10%.
(c) The trolley control shall provide an operdting
speed range of at least 10 to 1 under all loafling
conditions or be equipped with an auxiliary sygtem

- (d) Empty hook and light load speed-up controls
are permitted. Refer to para. 6320(e).

(e) When precise positioning capability is re-
quired, and the principal control system is incapable
of providing lowering speed control of 0.5 ft/min
with the load as specified by the purchaser, the
hoist system shall be equipped with an auxiliary
system. The positioning capability speed should
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To provide precise positioning capabiliies.

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

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

5332.2 Types Il and Il Cranes. Recommended
rated load speeds should be as specified in either

Licensee=Shaw Group Inc/5948357001, User=Vyavanad Kizhakepad, Dilip
Not for Resale, 07/22/2009 02:34:56 MDT


https://asmenormdoc.com/api2/?name=ASME NOG-1 2004.pdf

RULES FOR CONSTRUCTION OF OVERHEAD AND

GANTRY CRANES (TOP RUNNING BRIDGE, MULTIPLE GIRDER)

Table 5332.1-1
Rated Load Recommended Trolley Speeds

Trolley Speeds, ft/min

ASME NOG-1-2004

the recommended speeds shall be the tangential
speeds at the runway rail.

5333.2 Types Il and Il Cranes. Recommended

Load, tons Slow Medium Fast rated bridge speeds should be as specified in either
Table 5332.1-1 or the Speed Table given in Specifi-
0-49 100 125 150 cation CMAA 70.
50-99 75 100 125
100:149 >0 /> 100 5334 Pendant Hoist and Travel Speeds
5334.1 Traversing. Motorized travel Speed for
200-299 25 50 75 this motion should be 30 ft/min.
300499 20 40 60 )
500799 15 30 45 5334.2 Vertical Travel of Control Pendant. Mo-
800-1000 10 20 30 torized travel speed for this metien should|be 30
ft/min.
Table 5333.1-1 5335 Powered Hook Rotation (Types I, |I, and

Rated Load Recommended Bridge Speeds

Bridge Speeds, ft/min

Lgad, tons Slow Medium Fast
0-49 125 150 175
0-99 100 125 150

190-149 75 100 125

150-199 50 75 100

200-299 40 75 100

300-499 30 50 75

500-799 25 35 50

8¢0-1000 15 20 30

Table 5332.1-1 or the Speed Table given in-Specifi-
catign CMAA 70.

5333 Bridge Speeds

5333.1 Type I Cranes

(@ The performance speed\ahd speed tolerance
of the bridge with rated load shall be specified by
the purchaser. Rated lead/test speed (125% rated
load) criteria shall be Specified by the Manufacturer.
(H) Rated load €écommended bridge speeds are
giveh in Table 3333.1-1 for various capacities. The
design tolerance for a design rated load speed shall
be $10%,

(d) Theybridge control shall provide an operating
spedd \range of at least 10 to 1 under all loading

Il Cranes)
(a) Speed of rotation shall be specified Iy Pur-
chaser.
(b) Rotation limit shall be specified by Purghaser.
(c) Singlefailure-proof features are not refjuired.

5400 "COMPONENT DESIGN

5410 Hoist System

5411 Drum

5411.1 Description (Type I Cranes). The¢ drum
shall be of cylindrical type, varying in length and
diameter, and shall be so designed as to enspre the
accumulation of the entire length of rope fin one
single layer.

5411.2 Size (Type I Cranes). The pitch djameter
of the drum shall be not less than 24 tinjes the
hoist rope diameter for 6 X 37 rope constiuction,
or not less than 30 times the hoist rope djameter
for 6 X 19 rope construction.

5411.3 Construction (Type I Cranes). The drum
shell shall be of rolled or centrifugal cagt steel
construction with flanged ends. It shall be d¢signed
to withstand combined crushing and bending loads.
Equations (1), (2), and (3) may be used to determine
the stress in the drum shell. The drum gegr shall

conditions, or be equipped with an auxiliary system
to provide precise positioning capabilities.

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

(e) Empty hook and light load speed-up controls
are permitted. Refer to para. 6320(c).

(f) For cranes with circular polar-type bridges,
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be pressed on and keyed to the periphery of the
shell, hub, or shaft of the drum, or be bolted with
close fitting bolts (para. 5456) to the flange on the
drum, in which case the bolts transmit only torque.

5411.4 Grooves (Type I Cranes). Drum grooves
shall be machined to a minimum depth equal to
three-eighths of the diameter of the hoist rope, and
a pitch equal to 1.14 X rope diameter or rope
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| P i P I Sga = allowable bending stress, psi
Sca = allowable crushing stress, psi
Scomb = combined stress on drum shell, psi
+ + + ck = crushing stress, psi
Zg = bending section modulus, in.?
—T_ t = drum shell thickness at the bottom of the
A t groove, in., as shown in Fig. 5411.5(c)-1
l 541+1-6—Brum—(Fypes—Hand—HH—Eranes)
size, construction, and grooving for Types }\.an
F crane drums shall be established in accordance

diamet
radius
the rof

Rope
No les
on the
when
end sh
attache
specifi¢
rope ¢
manufg
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(a)

Fig. 5411.5(c)-1 Drum Shell Design

br + /3 in., whichever is smaller. The groove
shall be '3, in. larger than the radius of
e.

shall be secured to the drum as follows:
5 than two wraps of the rope shall remain
drum at each anchorage to the hoisting drum
he hook is in its extreme low position. Rope
[l be anchored by a minimum of two clamps
d to the drum, or by a socket arrangement
d by the crane or rope manufacturer. The
amp bolts shall be tightened evenly to the
cturer’s recommended torque.

11.5 Drum Shell Design (Type | Cranes)
Crushing Stress on Drum Shell

R
Scr = (P(t—iF)) (Ksd) < Sca M

(b) Bending Stress on Drum Shell

the provisions of Specification CMAA 70

With

5411.7 Single Failure-Proof Features (Type |

Cranes)

(a) Single failure-proof featurés are not reqy
for the drum shell.

(b) In the event ofcfailre of a drum shaf
bearing, the drum must be retained on the tr
in a manner which-precludes disengagement of]
gearing or brake-acting on the drum and precl
disablement~af the load-retaining function of t
componentss

(c) Inthe event of failure of a drum shaf
bearing, the drum must be retained on the tr
in<a.manner which precludes disengagement of]
gearing or brake acting on the drum and precl
disablement of the load-retaining function of t
components.

5411.8 Single Failure-Proof Features (Typ
and Il Cranes). Single failure-proof features ard
required for the drum.

5412 Drive Motors

5412.1 Type I Cranes. Each hoist drive sys
such as those indicated in Figs. 5416.1-1 thrd
5416.1-3, shall be provided with a hoist drive
tor(s) for lifting and lowering loads. Motors sha
selected per para. 6470. Motor fasteners shal
per para. 5456.

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

ired

t or
lley
any
des
hese

t or
lley
any
des
hese

ps 1
not

em,
ugh
mo-
| be

be

hall

M
Sp = (ZLXY) (Ksg) <-Spa 2)
B
. (c) Combined Stress ofi ‘Drum Shell
Scomb b (SZCR + 5%’)1/2 3)
K = eut6f-roundness value or manufacturing
tolerance (F) is subtracted from the drum
shell thickness to produce net thickness
as shown in Fig. 5411.5(c)-1
Ksg = service factor, bending
Ksc = service factor, crushing

Mpxy = resultant bending moment, in.-lb
P = drum groove pitch, in., as shown in Fig.

5411.5(c)-1

R, = rope load, Ib
Sg = bending stress, psi
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5413 Gearing

5413.1 Type | Cranes. Gearing shall be
signed and manufactured in accordance with

de-
the

procedures presented by the American Gear Manu-

facturers Association (AGMA) as modified by

this

Section. The gearing shall be designed for strength,
durability, and momentary overload which includes

the loads imposed during a seismic excursion.
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Unless positive control of accurate alignment un- where
der varying loads can be ensured, parallel shaft Cn = hardness coefficient
gearing, both enclosed and open, shall be straddle C, = elastic coefficient
mounted; that is, each shaft shall be supported by F = net face width of the narrowest of the

two outboard bearings. (The intent is to preclude
inadequately supported or inaccurately aligned over-

mating gears, in.
I = geometry factor (durability)

hung gears or pinions, shafts with three bearing Kn = load distribution factor (strength and dura-

supports, and combination gear reducer/wire rope bility) para. 5413 Eqg. (10)

drum shafts.) K, = dynamic factor (strength and durability)
(d Allowable Strength Horsepower P,;. For helical ;\lp _ g;lr:)l\?vr;bslzesg;wt;ir:stress fof) Materal, psi

and jspur gears, AGMA 2001-C95 (Fundamental Rat- 5";’2 — crane class factor (durabilit) /

ing [Factors and Calculation Methods for Involute d = pitch diameter of pifiof, in

Sputl and Helical Gear Teeth) applies. The allowable o

strer)gth horsepower P, calculated must be greater
than| the torque required to lift the load in hoisting
appllications.

b di FS.d
a7 1126,000 K, \K,,PySiKg

Values for K,, Cp,, C,, I, andS,c can be detefmined
from tables and curves inn AGMA Standard 2001-C95.

(c) Allowable Mamentary Overload Tooth Load
Wie,. Allowable mementary overload tanpential
tooth load shall be.greater than the maximum gpplied
tangential tQoth load considering stalled|motor
torque opseismic hook load.

For thé purpose of this Section, the allpwable

whefe ; .
F = net face width of the narrowest of the loadQy*pounds can be written as:
mating gears, in. 16 F/S
/ = geometry factor (strength) oy = ——— (6)
Kz = rim thickness factor 1.1Pq
K}, = load distribution factor (strength and durax
bility) para. 5413 Eq. (10) where ) )
K, = dynamic factor (strength and durability) Say = allowable yield, psi
Np = pinion speed, rpm (d) Crane Class Factor Spy (durability) shafll be:
Ay = diametral pitch (1) Hoist:
S} = allowable bending stress for ‘material, psi
(strength) Sta = (7)
S}s = crane class factor (strength) = 1.05 a 16)Z(rated load) + 3 (lower block weiglt)
il = pitch diameter ofpinion, in. ’ 3 (rated load + lower block weight)

Valdes for K,, J, Kz, andvS,; can be determined from

(2) Trolley:
(rated load) + 3 (trolley weigh})

tablg¢s and curvesdn>AGMA Standard 2001-C95. Sta = (1'16)23(rated load + trolley weight (8)
() Allowahle;Purability Horsepower P,.. For heli- (3) Bridge:

cal @nd spuf¢gears, AGMA 2001-C95 (Fundamental

Ratipg Facters and Calculations Methods for Involute Sig = 9)

Spun and-Helical Gear Teeth) applies. The allowable 2(rated load) + 3(trolley weight + bridge jweight)

dur IlJIlIt)’ hUI)CIJUVVCI lnaC \.al\.u!atcul st Iuc SlcatC| ( 16) Judlcul toad—r uu“cy Wbig;ll + IL)[]ngc e|ght)

than the rated motor horsepower considering effi-
ciency in travel drive applications and must be
greater than the torque required to lift the load in
hoisting applications.

N,FI S.cdCp\?
Pac = (5)
126,000 K, Ky S) |\ G,

47

(e) Allowable Stresses S;, Sic, Say

(1) The allowable stress for gear material varies
with material quality, heat treatment, forging prac-
tices, and material composition. Higher allowable
stress values may be permitted in some cases by
careful gear design, manufacturing procedure, and

various surface treatments, such as surface peening.
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AllowableYield Strength, 1000 psi, S,

60 s

Fig. 5413.1(e)-1

40 /
/ Annealed or normalized
20
0
100 150 200 250 300 350 400 450

Brinell Hardness Number

Allowable Yield Strength S,

: (2] The allowable design fatigue stress S,;, the for K (strength) and C (durability) factors, with| the

- allowable contactstress number S,, and the allow- exception of K., and C, will be taken from| the

: able yipld stt€ss”’S,, are shown in Fig. 5413.1(e)-1. appropriate AGMA Standards. The load distribdtion
When the gear is subjected to infrequent momentary factor depends upon the combined effects of:

high operloads, the maximum allowable stress is

(1) misalienment of axis of rotation dué¢ to

determined by the allowable yield properties rather
than the fatigue strength of the material.

(3) The allowable design bending stress and
contact stress numbers are based on 10 million
cycles of load application as defined by AGMA. If
the life is to be varied, refer to the life factor as
defined in the AGMA Standards.

(f) Load Distribution Factors K, C,. All values

48

machining errors and bearing clearances;

(2) lead deviations;

(3) elastic deflections of shafts, bearings, and
housing due to load.

The following equation should be used to determine
the load distribution [see Table 5413.1(f)-1] except
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Table 5413.1(e)-1 Gearing Allowable Stresses

ASME NOG-1-2004

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

NOTES:
(1) Quality of gearing being reducéd duie to heat treatment after cutting.

(2) Reference — AGMA Standard.

whete test data may support the application of other
factqrs.

Kn = Cn =0.03F+ R (10)

Gear EfficienciessfFor the purpose of horse-
power calculations; gear set efficiencies with anti-
frictlon bearings(for-hoist, bridge, and trolley drives
using spur orshelical gearing shall be assumed as
0.97] for oikltbricated gear sets, and 0.95 for grease
lubrfcated gear sets.

o

The Xefficiency of the gear train shall bhe estabh-

Efficiencies of other forms of gearing, shich as
herringbone, worm, and bevel, shall be per the gear
reducer manufacturer’s recommendations.

(h) Gearing Forms and Quality. Gearing|forms,
other than spur or helical, shall be desighed in
accordance with applicable procedures presepted in
AGMA Standards and shall be machined from|forged
steel blanks or rounds of certified ASTM qality.

Machining tolerance, backlash, and the inspection
of gearing shall conform to the latest AGMA Stan-
dards.

Spur and helical gearing shall he hobbed 10 con-

lished as
E = (0.97)N (oil lubricated) (11)
E = (0.95)N (grease lubricated)
where
N = number of gear reductions.
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form to a minimum AGMA quality number 8. In
cases where heat treatment is done after cutting,
consideration should be given to the effect of load
distribution Kj,,. Distortion due to heat treatment can
result in gear quality being reduced from 8 to 5.
Surface grind, which maintains the profile, would
be required to use the factors defined in Table
5413.1(f)-1, under High Quality.
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(i) Lubrication. Lubricants for gear and bearings
enclosed in gear drives and gear motor drives shall
be in accordance with the practices of AGMA 9005-
E02, Industrial Gear Lubrication, or as recommended
by the gear manufacturer.

Lubrication for bearings used that are not enclosed
in speed reducers and gear motor drives shall be
in accordance with the bearing manufacturer’s rec-

RULES FOR CONSTRUCTION OF OVERHEAD AND

GANTRY CRANES (TOP RUNNING BRIDGE, MULTIPLE GIRDER)

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

5415.1 Load Combinations, Allowable
Stresses, and Service Factors. The hoist drive ma-
chinery shafting shall be designed to resist the follow-
ing load combinations with corresponding values of
allowable stresses and service factors. Combinations

si-thearoms—hasas ol doadine are showan in Iable

ommerjdation.

Enclgsed gears shall comply with the following:
(1) shall have an oil pump when vertical gear-
ing ex¢eeds two reductions;

(2) shall have sufficient heat radiation area to
mainta|n lubricant at temperatures below maximum
operatiphg temperature; and

5415.1-1.

5415.2 Computation — Analysis~Analytical
stress computations shall be performed “accorfling
to procedures in para. 5470.

5416 Single Failure-Proof Eéatdres

(3) shall have fill and drain connections, lubri- 5416.1 'Type I Cran'es. Jhe hoist drive system  (04)
cant lelel indicator, and piping, and shall be piped shall be designed to provide assurance that a faflure
to an Accessible area on the crane of a single-hoist mechapism component would| not
result in the loss of the lifted load. This car be

See para. 5460 for all general lubrication require-
ments.

accomplished in, several ways. Typical applications
of single- and dual-hoist drive units are showp in

54(13.2 Types Il and Il Cranes. Gearing for Figs. 54169¢1 and 5416.1-2, respectively, and are
Types Il and IIl cranes shall be established in accor- defined Below.

dance with provisions in Specification CMAA 70. (a), Single-Hoist Drive. The single-hoist drive nay

. have-one gear train with a single drive motor [and

5414 Brakes — Load and Holding two holding brakes. One holding brake may be

54114.1 Hoist Control Braking Means (Types I, located at the drive motor shaft or any intermediate

Il Hoists). An electrical control braking
or a mechanical braking means capable “of
ning controlled lowering speeds shall be pro-
Flectrically controlled braking means jnclude
ative, dynamic, countertorque, and eddy cur-
ake sizing and design are spegified in para.

rated Ipad at full speed\through the expected op-

shaft (including the drum shaft axis), and the seqond
brake may be located at the drum with the drum
brake to act as a back-up with a delayed sefting
or in cases of malfunction. The torque setting of

each holding brake shall not be less than 1259 of
the required full-load drive torque at brake locdtion

© 6400. in normal operation.

¢ Mechanical load brakes, if used as the control (b) Dual-Hoist Drive. The dual-hoist drive may
braking means, shall be previded with sufficient have two gear trains with drive motor(s) and at [east
therma| capacity to accommodate lowering of the two holding brakes located on the cross shaft extgrnal

or between the gear trains, with one of the holfling

erating| distance. brakes to act as a back-up with a delayed setfing.
. . . The torque rating of each holding brake shall] not

>414.2 Hot Holding Brakes (Type | Hoists). be less than 125% of the full-load drive tofque
Two  hplding bfakes shall ‘be .prowded, moun?ed required at the brake location in normal operation.
such that thetfailure of any hoist shaft or coupling Each gear train shall be sized for the total full-Joad

will not disengage both of the hoist holding brakes.

drive torque of the motor.

Under normat operating conditions, the pbrakes witt
be automatically applied on power removal with
the application of one brake delayed to minimize
shock to the hoist drive train. Brake sizing and
design is specified in para. 6400.

5414.3 Hoist Holding Brakes (Types Il and III
Hoists). Hoist holding brakes shall be selected in
accordance with para. 6420.

50

5416.2 Types Il and Il Cranes. Single failure-
proof features are not required.

5420 Reeving System

(a) Type I Cranes. The design of the rope reeving
system shall be such that a single rope failure will
not result in the loss of the lifted load. A load
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Table 5415.1-1

ASME NOG-1-2004

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 | hoist 1 X(R) X X S Fatigue 1.0
2 X(R) X L. X L. Fatigue 1.0
3 o o X Fatigue 1.0
4 X X R 0.75, 0.5 TNote (3)]
[Note (2)]
5 X(C) X S o 0.75, 5 [Note (3)]
[Note (2)]
Typeq Il and Per Specification CMAA 70
111 hoist
NOTES:
(1) Type of loading:
Live Load: critical (C) or rated (R) load.
Dead Load: load block and attachments.

hpact: operational.
ertia: rotation and linear.
bismic: earthquake condition (refer to para. 4140).

— N = =

otor torque: nameplate rating.

(2) Bpsed on bulk section.

balapce shall be provided on each rope system. In
the pvent of a hook over travel, where the lower
blodk contacts the crane structure, the ropes shall
not pe cut or crushed.

The wire rope and fleet angle requirements-shall
be in accordance with paras. 5425.1~and 5426,
respgctively.

(1) Single Failure-Proof Features»Single failure-
prodf mechanical features for.the reeving system
shal| consist of the following.

(a) Reeving system-shall be divided into two
sepdrate load paths sothat either path will support
the oad and maintain Vertical alignment in the event
of rppe breakage{6r failure in the rope system.

ad Hang-up: motor pull-out torque and rotational inertia. (For design computations, 275% of motor nameplate rating shall
In cases of higher values than the 275% motor nameplate rating, thélratio of the actual value of percent rat
torque divided by 275% shall be considered in relation to the calculated service factor.)

B
(3) Cpmponents that are not dual or redundant shall be designed with a servicefactor of 1.0.

be used.
d motor

dance with Specification CMAA 70. Hoist
may be either single or double and may be
multiple parts.

(1) On single-reeved hoists, one end
rope is attached to the drum and the other|end is
dead ended on a stationary portion of thq hoist.
Continuous drum grooving runs in one difection.
The load block moves laterally in the diregtion of
the axis of the drum as the rope winds ontd or off
of the drum. Refer to Fig. 5420-2, sketch ().

(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 cepter of

eeving
one or

of the

Figufe 5420-1 shows one such reeving system. Other the drum. The load block will follow a true yertical

. reevjng systems that meet the above requirements path (true vertical lift) as the ropes wind toward or

~ are pcceptablé. away from each other onto or off the drum|. Refer
(b)) Upper blocks and load blocks shall be to Fig. 5420-2, sketch (b).

pn€d such that each attaching point will be able (3) Single failure-proof features are not r¢quired

desi

- to support a load of three times the load (static
- and dynamic) being handled without permanent
- deformation of any part of the block assembly. These
- assemblies shall be designed so that the sheaves
will be contained in the event of failure of the
sheave support pin.

(b) Types Il and Il Cranes. Reeving system compo-
nents for Types Il and Ill cranes shall be in accor-

51

for Type Il and Ill cranes.

5421 Upper Block

5421.1 Type | Cranes
(a) The upper block, in conjunction with the load
block, shall be designed to maintain a vertical load
balance about the center of the lifted load and shall
have a reeving system of dual design.
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Fig. 5416.1-1

(b) All design loads and allowable stresses for
mechapical and structural components of the upper

Typical Single-Hoist Drive Unit

[ | —
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Gear reduction unit
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+ Brake ¢

5422 Load Block

block shall be in accordance with paras. 5300
and 4310, respectively. The upper block shall be
accessible from above the trolley floor.

5421.2 Types Il and Ill Cranes. Upper blocks
for Types Il and Il cranes shall be established
in accordance with the provisions of Specification
CMAA 70.
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54221 Type I—Crames
(a) The load block frame shall be constructed of
rolled steel and shall be entirely enclosed except
for the rope openings. The hook(s) shall be free to
swivel on antifriction or sleeve bearing so con-
structed as to exclude dirt and also shall be provided
with a means for lubrication. Refer to para. 5460
for data relating to lubrication.
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Fig. 5416.1-2 Typical Dual-Hoist Drive Units (Cont’d)

(b) Welding of tfunnions for critical load handling able. In either case, two separate and complete
load blocks shalKnot be permitted. reeving systems shall be provided. The equal|zer,
where possible, should be designed to be accesgible

54022.2-Types Il and Il Cranes. Load blocks from the floor of the trolley and be made in guch

for Types 1l _and Ill cranes shall be established a_manner_that it can turn or swivel to align ftself

in accordance with the provisions of Specification
CMAA 70.

5423 Equalizer Systems

5423.1 Type | Cranes
(a) Where separate rope equalizing is required,
either an equalizer bar or a sheave will be accept-
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with the pull of the ropes.

(b) Equalizer sheaves, when used, shall have a
pitch diameter not less than one-half of the diameter
of the running sheaves.

(c) Rope equalizer systems shall be designed to
meet the criteria as delineated herein.

(1) Reeving equalization shall not be restricted
under normal operating conditions.
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RAL NOTES:

umber of parts of reeving may vary.

(2) Adequate free movement to cofmpensate for

opetational block swing and/or normal. rope stretch cation CMAA 70.
shal| be provided.

(3) Sensing and automatigsignaling of excessive
ropg displacement to eithep=sjde shall be provided. 5424 Sheave Pins

(4) Sensing and automatic signaling of a broken
reevjng shall be provided.
(5) In the event'ofa broken rope, the remaining

intagt reeving systém shall not be loaded to more

N
) Relative position of sheaves is extended and angle of view is distorted to clarify reeving paths.
N

Fig. 5420-1 Single Failure-Proof Reeving Example

ASME NOG-1-2004

/— Hoist drum

Ll N
TPPESTeaveS

lished in accordance with the provisions of

pecifi-

5424.1 Type | Cranes

(a) Sheave pins for the upper block anfl load
block shall be designed to withstand the combined

than| 40% of thesbreaking strength of the wire rope, line pull of the live load, plus the dead load of the
inclyiding thHe”dynamic effects of the load transfer. load block.
(6) ARe vertical displacement of the load follow- (b) Seismic effects shall be included [in the

ing p repe failure shall be minimized.

analysis.

7 The verticatdisptacement ot the toad fottow-
ing a rope failure shall be calculated and reported
to the purchaser.

(8) The effects of a broken rope on the entire
system including the equalizer assembly shall be
analyzed.

5423.2 Types Il and Ill Cranes. Equalizer bars
or sheaves of Types Il and Ill cranes shall be estab-

55

(C] Analyfical stress computation shall be per-
formed in accordance with para. 5470.

(d) Service factors shall be applied in accordance
with para. 5320.

(e) Grease lubricated sheave bearings should be
provided with individual lubrication fittings if the
pin size is sufficiently large to provide the space
for these fittings.
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Rope dead end
(on drum)

Rope dead end
(on stationary
portion of hoist)
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— Equalizer sheave

Rope dead end

(on drum) 7

Rope dead end
Y (on drum)
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(a) Single Reeving

Fig. 5420-2 Single and Double Reeving

(b) Double Reeving

54232

5425 Rope Construction, Loads, and Design

Factors

Types IT and I Cranes. Sheave pins
for Types Il and Il cranes shall be in accordance
with the provisions of Specification CMAA 70.

5425.1 Type | Cranes

(a) Rope Construction. The hoist rope shall be
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Of a construction 1or crane service, such as improved
or extra-improved plow steel grades, 6 X 37 class
construction (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 lay may be used where application
or future development in wire rope technology indi-
cates.

Licensee=Shaw Group Inc/5948357001, User=Vyavanad Kizhakepad, Dilip
Not for Resale, 07/22/2009 02:34:56 MDT


https://asmenormdoc.com/api2/?name=ASME NOG-1 2004.pdf

(04)

RULES FOR CONSTRUCTION OF OVERHEAD AND

GANTRY CRANES (TOP RUNNING BRIDGE, MULTIPLE GIRDER)

(b) Selection of Ropes. Hoisting ropes shall be
selected based on the more stringent of the following
requirements.

(1) The rated load (without impact), plus the
weight of the load block divided by the total number
of parts of rope per system, shall not exceed 20%
of the manufacturer’s published breaking strength.

2) The maximum critical load (without impact)

ASME NOG-1-2004

¢ Groove

AN e

plus| the weight of the load block divided by the — ‘ —
totall number of parts of rope, shall not exceed 10% ~| |« 35deg
of the manufacturer’s published breaking strength 35 deg\_>\
on the total system or 20% on each of the dual
systgms. Fig. 5426-1 Drumleet Angle

(3) The impact load in the transfer of the maxi-
mum critical load from one of the dual hoisting
ropg systems to the other, in the event of rope
failure, shall not exceed 40% of the manufacturer’s G Rape
published breaking strength.

(4) The seismic load (para. 4130) with all parts >

36 deg

of rgpe intact shall not exceed 40% of the manufac-
turel’s published breaking strength.

(d Breaking Strength of Ropes. The breaking
strerjgth of rope shall conform to the manufacturer’s
published values based upon the minimum values
detefmined by actual tensile tests performed on new
ropgs. The theoretical strengths based upon material
progerties and net metal cross-section shall not
be ysed.

5425.2 Types Il and Ill Cranes. Rope.construc-
tionf loads, and design factors for Types)ll and llI
cranges shall be established in accordance with the
provfisions of Specification CMAASZ0.

5426 Fleet Angles

5426.1 Type | Cranes

(@ The rope fleebangle to the drum grooves shall
be I[mited to 3'4 deg, except at the last 3 ft of the
maxjmum lift efevation it shall be limited to 4 deg.
Refef to Figu5426-1 for fleet angle measurement to
the Hrum-groove.

(H) The rope fleet angle for sheaves shall be

90 deg

1

G Sheave

Fig. 5426-2 Sheave Fleet Angle

5427 Sheaves

5427.1 Type I Cranes. Sheaves shall be pf steel
and provided with antifriction or sleeve bgarings.
Proper provision for the effects of thrust shall be
made where applicable. Figures 5427.1{1 and
5427.1-2 are recommended for running sheaye pro-
portions only. The pitch diameter of all gheaves
except equalizer sheaves shall be not less than 24
times the diameter of the hoist rope for 6[ x 37

limited to 3", deg, except at the last 3 ft of the
maximum lift elevation it shall be limited to 4'/,
deg. Refer to Fig. 5426-2 for fleet angle measurement
to the sheaves.

5426.2 Types Il and Ill Cranes. The operating
fleet angle for Types Il and Il cranes shall be in
accordance with CMAA 70.
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Tope construction, or not less than 30 times the
hoist rope diameter for 6 X 19 rope construction.

Sheave journals requiring external lubrication shall
be provided with individual grease lines, with the
fittings located such that they will be protected from
damage (see para. 5460). Means shall be provided
to prevent the wire rope from leaving the sheave
grooves.
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N\

v

% e

N\

B dia. G
A (pitch dia.) F
Sheave Wheel Contours
Rope Dia., in. A B C D E F G
y 12 11", 1%, %3 \ 39 3y
s 15 14%, 2 iy g 39 Yo
s 18 17", 2", 1375 %, 39 1
/s 21 20", 27, ea /g Yoa %6
1 24 23 2%, 34 1 Yoa 1,
1 27 257/ 3 364 1 Yoa 16
1 30 287, 3Y, e 1, 16 1/
1% 33 317 3', 3, 1% 16 26
1, 36 34", 3%, Y16 1, 6 2V,

Fig. 5427.1-1

Proportions for 24:1 Sheave-to-Rope Ratio

5427.2 Types\ll and Il Cranes. Sheaves for concentration in areas for which additional matgrial
Types |l and lll/cranes shall be established in accor- has been provided for wear, or

dance Yvith the'pfovisions of Specification CMAA 70. (b) provide(s) one load-attaching point designed

such that it will be able to support a load of six

5424 Rpooks times the critical load (static and dynamic) bking

5428.1 Single Failure-Proof Features (Type I
Cranes). Type | cranes shall be provided with (a)
hook(s) that either:

(a) provide(s) two load-attaching points designed
such that each attaching point will be able to support
a load of three times the critical load (static and
dynamic) being handled without permanent defor-
mation of the hook, other than localized strain

58

handled without permanent deformation of the hook,
other than localized strain concentration in areas
for which additional material has been provided
for wear.

5428.2 Single Failure-Proof Features (Types Il
and Il Cranes). Single failure-proof mechanical fea-
tures are not required.
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E b 35deg |C
} \\

B dia. G

A (pitch dia.) F

Sheave Wheel Contours

Rope Dia. A B C D E F G
A 15 141/, 1% %5 ', s ¥
s 18%, 18" 2 o g 32 Y6
s 22, 213, 2", 53 3, 32 1
A 26", 25% 2, 3es 7/ %4 16
1 30 29 234 3es 1 %4 1,
1 33%, 32% 3 364 1 %4 1"
1 37" 36 3V, e 1, 6 1/
1% 41Y, 3977 3, A 1% 6 2%
1, 45 43", 3%, 6 1, 16 2Y,

Fig. 5427.1-2 Proportions for 30:1 Sheave-to-Rope Ratio

5428.3 /Analytical Procedure for Curved For the purpose of calculation for the [overall
Beams. Hook stresses are calculated using the curved mechanical efficiency of the hoist, the efficjencies
beam method described by A.M. Wahl in The Journal of the gearing, rope, and drum shall be estaplished
of Abphed-Mechantes—pp—A-239toA242Septem as—fottors:

ber 1946. For hook configuration and calculation

procedures, see para. 5470. E = (E3) (E]) (Eg (12)
5429 Reeving Efficiency (Types I, II, and Il where

Cranes). The reeving efficiencies are based on the E = overall combined efficiency

total number of ropes supporting one load block E; = combined efficiency of gear reductions

either double reeved or single reeved. The values of and antifriction bearings

the reeving efficiencies are determined from Eq. (12). n = number of gear reductions

59
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The efficiency of a gear reduction mounted on anti-
friction bearings for hoist drives using spur, helical,
or herringbone gearing shall be assumed to be 0.97.
Efficiencies of other forms of gearing such as worm
and bevel shall be per the gear reducer manufactur-
er's recommendation.

ES" = combined efficiency of rope on sheaves

RULES FOR CONSTRUCTION OF OVERHEAD AND

GANTRY CRANES (TOP RUNNING BRIDGE, MULTIPLE GIRDER)

are either pressed or keyed to their axles or which
are attached directly to 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-3 Drive. The motor is located at the
center of the trolley and is connected directly to

m = total number of rotating sheaves divided the line shaft by half-flexible couplings. Self-con-

by the number of ropes off drum tained gear reduction units located near each |end

of the trolley shall be connected to the trolley)wheel

The efficiency of the rope operating on a sheave axles by means of floating shafts with fatf-flexible
that is|mounted on antifriction bearing(s) shall be couplings or directly with full-flexibléscouplings.

assumed to be 0.99 for each rotating sheave between (6) A-4 Drive. The motors_aré located hear

the drym and the equalizer. each end of the trolley withoutitéorque shafts. |The

E; £ combined efficiency of ropes on drum and motors shall be connected, to. self-contained pear

antifriction bearings reduction units by means of\flexible couplings.|The

E; £ 0.98 for two ropes off drum or 0.99 for gear reduction units shatl-pe connected to the trglley

one rope off drum wheel axles by meang~of floating shafts with half-

5430 Trolley Drives
(@)

Type I Cranes. Trolley drives shall consist of

flexible couplings o directly coupled by mear]s of
full-flexible couplings.

(7) A-55Brive. The motor is located near| the
center of:the trolley and is connected by mear]s of

one of the following arrangements, which are shown a flexible)xtoupling to a self-contained gear redudtion

in Fig. [5430(a)-1. Each four-wheel trolley shall use unit docated near the center of the trolley. [This

a drivg arrangement that provides drive to at least reduction unit shall be connected by section of
S .

50% of the wheels. Trolleys having more than four tine shaft having solid or half-flexible couplings to

wheels|shall have at least 25% of the wheels driven.

In trglley travel drives, single failure-proof features
are gerferally not required. However, in those cases
where [a failure of a component could resuit-in
a facility unacceptable excursion, the design:shall
incorpgrate single failure-proof features. to” ensure
that th¢ trolley can be brought to acsafe stop.

(1) A-1 Drive. The motor is_logated near the
center pf the trolley and is connected by means of
a flexile coupling to a self-contained gear reduction
unit aljo located at the center of the trolley, which

self-contained gear reduction units located near ¢ach
end of the trolley, and these in turn connedqt to
trolley wheel axles by means of floating shafts with
half-flexible couplings or directly by means of [full-
flexible couplings.

(8) A-6 Drive. The motors are located pear
each end of the trolley and are connected with a
torque shaft. On the drive end, the motors sha% be

connected to self-contained gear reduction units by
means of flexible couplings. Gear reduction {inits

are to be connected to trolley wheel axles by me¢ans

shaI'I be con@ected to the lihe sh'afF by solid or half- of floating shafts with half-flexible couplings. High-
flexibld couplings. Théline shaft is in turn connected speed shafts between motors shall be connectefl by
to the trolley wheel.axles by means of floating shafts means of half-flexible couplings. All other couplings
with half-flexible couplings. shall be of the solid type.

(2) A-14\Vfive. Same as A-1 drive, except the (b) Types Il and Il Cranes. Arrangement of trglley

self—corrtained gear reduction unit is located closer
to one[of(the trolley wheel axles.

drives is the same as for Type | cranes.

(3) A-1B Drive. Same as A-1 drive, except the
self-contained gear reduction unit is located outside
the trolley frame close to one of the trolley wheel
axles.

(4) A-2 Drive. The motor is connected by means
of a flexible coupling to a self-contained gear reduc-
tion unit located at the center of the trolley. The
trolley wheels shall be driven through gears which

60

5431 Motors — Trolley

5431.1 Type | Cranes. Each motor in a trolley
drive arrangement (refer to para. 5430) shall connect
directly or indirectly to two opposite wheels for
traversing the trolley, or, if individually driven wheels
are used, a motor shall be provided to drive opposite
wheels. Motors are to be selected per para. 6400.
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¢ crane

A1 Drive

A-1A Drive

A-B*Drive

A2 Drive

A3 Drive

A4 Drive

A5 Drive

A6 Drive

Fig. 5430(a)-1 Arrangement of Crane Trolley Drives

61
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5431.2 Types Il and Il Cranes. Trolley drive
motors shall be selected in accordance with para.
6400.

5432 Trolley Travel Gearing

5432.1 General — Type I Cranes. Trolley travel
gearing shall be designed in accordance with para.
5413 except for the areas delineated in this Section.

RULES FOR CONSTRUCTION OF OVERHEAD AND
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unit also located at the center of the bridge, which
shall be connected to the line shaft by solid or half-
flexible couplings. The line shaft is in turn connected
to the bridge wheel axles by means of floating
shafts with half-flexible couplings [see (a)(7) below,
Note].

(2) A-2 Drive. The motor is connected by means
of a flexible coupling to a self-contained gear reduc-

The Jactual horsepower imposed on the gearing
shall be considered as the rated motor horsepower
at its nprmal time rating as defined in Section 6000.
If 60-nminute series wound motors are used, then
special| consideration shall be given to the short
time tdrque ratings of such motors.

5432.2 Types Il and Ill Cranes. Gearing for
trolley |travels shall be established in accordance
with the provisions of Specification CMAA 70.

5433 Trolley Brakes

5433.1 Type | Cranes

(a) $ervice Brakes. A trolley drive system shall
be proyided with a service braking means which
may bq satisfied by the emergency brake, a separate
control[ brake, or as part of the motor controls.
Service brake requirements, brake sizes, and brake
designd are specified in Section 6000.

(b) kmergency and Parking Brakes. Each primary
trolley drive motor shall be provided with an emer=
gency and a parking brake. Brake sizing and desigh
are spdcified in Section 6000.

54B33.2 Types Il and Il Cranes. Trolley brakes
shall b¢ in accordance with Specification CMAA 70.

5440 Bridge Drives

tion unit located at the center of the bridge, |The
bridge wheels shall be driven through gears)which
either are press fitted or are attached diféctly tq the
wheel. Line shaft couplings at the centerveducer ghall
be either solid or half-flexible. LinesHaft couplings at
the truck reduction pinion shall)be of the half-
flexible type. All other couplings shall be of| the
solid type [see (a)(7) belowsNotel.

(3) A-3 Drive. Thésymotor is located at
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 ¢ach
end of the bridge shall be connected to the brjdge
wheel axles‘by means of floating shafts with half-
flexiblescouplings. All other couplings shall bg of
the solid type.

(4) A-4 Drive. The motors are located
each end of the bridge without torque shafts.
motors shall be connected to self-contained
reduction units by means of flexible couplings.
gear reduction units shall be connected to the brjdge
wheel axles by means of floating shafts with half-
flexible couplings or directly coupled by mears of
full-flexible couplings.

(5) A-5 Drive. The motor is located near| the
center of the bridge and is connected by mear]s of
a flexible coupling to a self-contained gear redudtion

the

hear
The
pear
The

(@) Type | Cranes. Bridge drives shall consist of unit located near the center of the bridge. [This
one of the following arrangements, which are shown reduction unit shall be connected by sections of
in Fig.[5440(a)-1. Eachsfour-wheel bridge shall use line shaft having solid or half-flexible couplings to
a drivg arrangemept.that has at least 50% of the self-contained gear reduction units located near ¢ach
wheels|driven. Bridges having more than four wheels, end of the bridge, and these, in turn, shall be
such aq eight-wiheel, twelve-wheel, or sixteen-wheel, connected to bridge wheel axles by means of flodting
sh;ill hpve dt-éast 25% of the wheels driven. shafts with half-flexible couplings [see (a)(7) be|ow,

In brjdge-travel drives, single failure-proof features Notel].
aré geruu!!‘, ot .\,U'u'i.\,d. Huvv\,v\,l/ H thuo\, €asSes (U/\ A=6—Prtve: T:IC mrotors—are :UL(:ltCU' ear

where a failure of a component could result in
a facility unacceptable excursion, the design shall
incorporate single failure-proof features to ensure
that the bridge can be brought to a safe stop.

(1) A-1 Drive. The motor is located near the
center of the bridge and is connected by means of
a flexible coupling to a self-contained gear reduction
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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 reduction units
are to be connected to bridge wheel axles by means
of floating shafts with half-flexible couplings. High-
speed shafts between motors shall be connected by
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¢ crane
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A1 Drive
A2 Drive
A3'Drive
b | ot
\J-i:\'rl-l i l.'-'\l:i-_\_ll_ A4 Drive
H |
+ A5 Drive
A6 Drive
Fig. 5440(a)-1 Arrangement of Crane Bridge Drives
half{flexible couplings. All other couplings shall be (b) Types Il and Il Cranes. Arrangement of| bridge
of the solid type. drives is the same as for Type | cranes.
(7) Typieal bridge drive arrangements for polar .
cranges are~ shown in Fig. 5440(a)-2. These drives 5441 Motors — Bridge
use [the~A-4 drive arrangement with the axis of 5441.1 Type | Cranes. Fach bridge diive ar-

bridge wheel rotation passing through the center of
the crane runway diameter.

NOTE: A-1, A-2, and A-5 drives can result in a torsionally very
soft drive system if center gear ratios and/or bridge spans are of
large magnitude. Natural frequency and amplitude of total tor-
sional deflection of the drive system should be determined. Low
frequencies and large total deflections are undesirable for crane
operation.

63

rangement, as described in para. 5440 and shown
in Figs. 5440(a)-1 and 5440(a)-2, shall use one or
more motors for traversing the bridge. Motor(s) shall
be selected in accordance with para. 6400.

5441.2 Types Il and Il Cranes. Bridge drive
motors shall be in accordance with Specification
CMAA 70.
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Typical Bridge Single Drive

Typical Bridge Dual Drive

Fig. 5440(a)-2 Arrangement of Polar Cranes

‘g - g“ ‘“@{1\\\\_//
\

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 designed in accordance with para. 5413,
except for the areas delineated in this Section. The

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

64

actual horsepower imposed on the gearing shall be
considered as the rated motor horsepower, at its
normal time rating, unless 60-min series wound
motors are used (see para. 5441.3).

5442.2 Types Il and Il Cranes. Gearing for
bridge travels shall be established in accordance
with the provisions of Specification CMAA 70.
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5443 Bridge Brakes

5443.1 Type | Cranes
(a) Service Brakes. A bridge drive system shall
be provided with a service braking means that may
be satisfied by the parking brake, a separate control
brake, or as part of the motor controls. Service brake

requirements, brake sizes, and brake designs are
el Saction £0ONN

ASME NOG-1-2004

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 diameter, or a total of
0.010 in. on the diameter, whichever is smaller.
When flangeless wheel and side roller assemblies
are provided, they shall be of a type and design
recommended by the crane manufacturer.

speHted—ter—Seetor—6006:

(H) Emergency and Parking Brakes. Each primary
bridge drive motor shall be provided with an emer-
gendy and a parking brake. Brake sizing and design
are ppecified under Section 6000.

5443.2 Types Il and Il Cranes. Bridge brakes
shal| be in accordance with Specification CMAA 70.

5459 General Mechanical Components

5451 Couplings (Types I, 1, and IIl Cranes)

5451.1 General

(@ Couplings connecting the motor(s) to the hoist
and [travel(s) shall be the flexible type. Grease lubri-
catefl couplings are preferred with gear types.

() Cross-shaft couplings, other than the flexible
type} shall be steel as specified by the coupling
manjufacturer. The coupling (other than flexible) may
be ¢ompression, sleeve, or flange type. Couplings
shal| be provided at each end truck and each side
of the motor gear reducer. Additional couplings may
be ipstalled as necessary.

5451.2 Selection

Coupling selection shall be based on the man-
ufacfurer’s rating and applicable~service factors for
crane motions compared to theyapplied torque on
the foupling, giving consideration to the following:
(1) motor output
(2) gear ratio
(3) efficiencycof\system
(4) wheel slippage with maximum operating
whegl load f(friction = p = 0.2)
(5) dyhamic effects
(6)(hbrake torque
(H) In~"no case do all of the loading conditions

o

5452.2 Material. Wheels shall be-ts|led or

forged from steel for Type | cranes. Types Il|and Il
cranes may have wheels cast of ,carlbon of alloy
steel. Wheel treads shall have a. mihimum purface

hardness of 300 BHN.

5452.3 Loading. Wheels shall be designed to
carry the maximum wheeload under normal|condi-
tions. The allowablermaXimum wheel load i§ deter-
mined by dividing the-allowable wheel load if Table
5452.3-1 by theiappropriate speed factor of Table
5452.3-2. The allowable wheel load shown ip Table
5452.3-1,.is that load produced with trolley handling
the rated<load in the position to produce thg¢ maxi-
mum, load and shall be used for determining 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. wider than the rail hdad for
nontapered wheels.
(b) Trolley Clearances. Wheel treads sha|l be a
minimum of % in. wider than the rail hdad for
nontapered wheels.
(c) Tapered Wheel Clearances. Tapered tread
wheels may have a clearance over the rail ead of
150% of the clearance provided for straight tread
wheels, or as recommended by the crane manufac-
turer.
(d) Special Conditions for Wheel Cleafances.
Wheel tread clearances may be greater thanp those
specified in Fig. 5452.4-1, if determined nefessary
to meet runway expansion requirements caysed by
excessive temperature and pressure. Refer to pection
1000. For guidance on wheel width and fheight,

occur simultaneously, and consideration should be
given to the applicable conditions, such as minimum
wheel slippage or motor output torque.

5452 Wheels — Bridge and Trolley

5452.1 General. Unless other means of re-
stricting lateral movement are provided, wheels shall
be double flanged with treads accurately machined.
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refer to Table 5452.4-1.

5452.5 Axle Fits. When rotating axles are used,
wheels shall be mounted on the axle with a press
fit alone or press fit and keys. All wheels shall have
sufficient hub thickness to permit the use of keys.

5452.6 Overhung Wheels. Overhung wheels
shall not be used.
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Table 5452.3-1 Allowable Wheel Loads for Rim-Toughened Crane Wheels P, Ib, for Speed Factor = 1
Rail Section
Wheel ASCE ASCE ASCE BETH & USS BETH & BETH & BETH
Diameter, in. 304 404 60# 104-105# USS 135# USS 175# 171#
8 11840 13930 S
9 13220 15670 21940
10 14800 17410 24370 S
12 1 Z0 20890 202000 21340
15 22210 26110 36560 39170 ..
18 26650 31340 43880 47010 56410 78350 84760
21 36560 51190 54850 65820 91410 10p380
24 58500 62680 75220 104470 117010
27 70520 84620 NNZ530 13[1640
30 78350 94020 130590 14p260
36 112830 156710 17p520
Effedtive 1.063 1.250 1.750 1.875 2.250 3.125 35500
rafl width
GENERAL NOTES:
(a) allowable wheel load P = KbD
b = effective width rail head
D = diameter of wheel
BHN\%333
(b) K = [1300 (m> = 1393
(c) BHN ffor rim-toughened wheels = 320
(d) allowpble maximum wheel load = allowable wheel load
speed factor
Table 5452.3-2 Speed Factor for Determining Allowable Maximum Wheel Load
Whedl Travel Speed, ft/min
Diametef, 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 .631
9 0.944  1.001 1033 1.066 1.098 1.130 1.163 1.227  1.292 1.356  1.421 1.485 .550
10 0.932 0.984 ~NO20 1.049 1.079 1.108 1.137 1.195 1.253 1.312 1.369  1.427 485
12 0915  0.958~001 1.025 1.049 1.074 1.098 1.146 1.195 1.243 1.292 1.340 .389
15 0.898 0932 0.966 1.001 1.020 1.040 1.059 1.098 1.137 1.175 1.214  1.253 292
18 0.887 (0915  0.944 0.973 1.001 1.017  1.033 1.066 1.098 1.130 1.163 1.195 227
21 0.879\,~0.903 0927 0.952 0.977 1.001 1.015 1.043 1.070 1.098 1.126  1.153 181
24 0873 0.894 0.915 0.937 0.958 0.980 1.001 1.025 1.049 1.074 1.098 1.122 146
27 0.869 0.887 0.906 0.925 0.944 0.963 0.982 1.011 1.033 1.055 1.076 1.098 119
30 0.865 0.882 0.898 0915 0.932 0949 0.967 1.001 1.020 1.040 1.059 1.079 .098
36 0.000  0.073 0.00 0901 0915 0929 0944  0.973 o001 Ot 033 0749 .060
GENERAL NOTE:
Speed factor determined by:
pm - 31.5 \]°
For rpm < 31.5: speed factor = [ 1+ (3T ﬂ
rpm — 31.5
> : = == -7
For rpm 2 31.5: speed factor = 1 + ( 3785
66
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Width of rail head ——

10 deg

Fig. 5452.4-1

N—~ / ~—
w w
\/ Width of rail head + 3/g in. For trolley wheels minh.
10 deg

Width of rail head + 3/, in.

Straight Tread Wheels

For bridgewheels min.

Span

Width-ef rail head ——

Width of rail head + 1/ in.

Tapered Tread Wheels

Minimum Flange Widths and Heights

i ' - ide—for-Wheel-Fi e A Lot
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3/8 r

/

w

For bridge wheels min.

Wheel Flange

Wheel Diameter, in.

Width and
Height 8 9 10 12 15 18 21 24 27 30 36
Flange width g g g 3, 3y A A 1 1 g 1Y,
w, in.
Flange height /g g g 3, A A A 1 1 1 1
h, in.
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Table 5453.1(a)-1

RULES FOR CONSTRUCTION OF OVERHEAD AND

GANTRY CRANES (TOP RUNNING BRIDGE, MULTIPLE GIRDER)

Load Combinations — Bridge and Trolley Axles

Type of Loading [Note (1)]

Load Service
Crane Combination ~ Maximum Side Output Slipping Brake Allowable Factor
Type [Note (2)] Wheel Load  Thrust Torque Torque Torque Seismic Stresses Minimum
Type | 1 X X X [Note 3)] X [Note (3)] 0.2 ULT 1.0
crane
2 X X X [Note (3)] X [Note (3)] 0.75Y 1.0
E] NA
Types Il ind
Il crangs Per CMAA 70
NOTES:
(1) Type|of Loading:

Maximum Wheel Load: live load + dead load + impact load

Output Torque: motor rating (nameplate) x gear ratio x efficiency x factor for drive arrangement

Slippjng Torque: maximum wheel load x 0.2 x diameter of wheel/2
Brak¢ Torque: applicable percentage of rated motor torque
Side [Thrust: force due to contact between wheel flange and side of rail head
Seisnic: earthquake condition
Live L.oad: rated load
Dead Load: weight of crane (for bridge) or weight of trolley (for trolley)
(2) Load|Combinations:
Load|Combination 1 — normal operating.
Load|Combination 2 — maximum overload-drive torque.
Load|Combination 3 - seismic not applicable.
(3) Minifnum value of either output, sliding, or braking torque.
5453 Axles — Bridge and Trolley

5453.1 General — Type | Cranes. Axles may
be either of the fixed or rotating type.

(a) load Combinations, Allowable Stresses, ane
Servicq Factors. The bridge and trolley axles-shall
be designed to resist the load combinations-of:Table
5453.1[a)-1 with corresponding values of allowable
stressey and service factors.

(b) Computation — Analysis, Analytical stress
computations shall be performed ac¢ording to proce-
dures in para. 5470.

5453.2 General — Type Il Cranes. Axles shall
be des|gned accordingste" Specification CMAA 70.

5453.3 General}— Type Il Cranes. Axles shall

be des|gned accerding to Specification CMAA 70.
5454
54541 General — Type I Cranes. Drive shaft-

Drive*Shafts — Bridge and Trolley

Table 5454.1(c)-1 Deflections

Maximum Allowable
Deflection, deg/ft

Type of Drive Motor Torqye, %

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

(b) Service Factors. Service factors shall be
plied according to para. 5320.

(c) Torsional Deflection. The torsional defledtion
of the cross-shafts and floating shafts shall not ex¢eed
the values, shown in Table 5454.1(c)-1. The types
of drives referred to_in_this table are definedl in

ap-

ing shall be designed for the rated load maximum
wheel load in combination with the required torque.
The magnitude of the torque shall be based on the
drive output torque, skid torque, or braking torque,
whichever is limiting.

(a) Computation — Analysis. Analytical stress
computations shall be performed according to proce-
dures in para. 5470.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

68

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 service involved, increased
by any gear reductions between the motor and the
shaft. If 60-min series wound motors are used, short
time rating torques should be considered. The allow-
able angular deflection is expressed in degrees per
foot (deg/ft).
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5454.2 General — Types Il and Il Cranes.
Drive shafting shall be designed according to Speci-
fication CMAA 70.

5455 Bearings

5455.1 Antifriction Bearings (Type | Cranes)
(a) The type, size, and mounting of bearings shall

be Cafc\rminarl by criteria outhined in thic Soctiagn

ASME NOG-1-2004

(a) All bearings shall be sized to resist the
maximum operating force which can be imposed
by the driving motors.

(b) Wheel bearings shall be designed to resist
forces due to the maximum wheel load.

(3) Loads imposed by the safe shutdown earth-
quake (SSE) shall not exceed 90% of the bearings’
minimum fracture limit

Conjputations confirming the adequacy of the bear-
ing fo meet the criteria shall be included as part
of thhe crane analysis.

(H) Bearings with a calculable predicted life ex-
pectancy of a minimum of 5000 hr shall be selected.
(1) Bearing life expectancy shall be determined
from the bearing manufacturer’s published data or
certiffied extension of published data.

(2) Bearing life expectancy shall be expressed
as the number of hours of operation in which 90%
of the bearings are expected to operate without
failufe.

(3) Analytical procedures may be based on L10
or B10, as defined by the AFBMA.

(4) Infrequent loads, such as impact or seismic,
not be considered in bearing life computation.
(5) Bearing life computations shall be based
on the full rated speed except as exempted herein.
(a) Bearing life computations may be based
on less than full rated speed only if confirmed by
the [load spectrum, unless otherwise specified by
the purchaser.

(6) Bearing life computations shal-be based
on the following minimum percentages of maximum
load| and load combinations.

(a) Bridge drive bearingsjshall be computed
using 75% of the maximum* load, and shall be
computed with no load\atting against the wheel
flange

neeq

(b) Trolley drive and wheel bearings shall be
computed using 65% of the maximum load, and
shal| be computed with no load acting against the
whegl flange:

(chyHoist bearings shall be computed using
65% of the full rated load.

(d) Mounting fits and internal clearance$yshall be
as recommended by the bearing manufactufer.

(e) All bearings shall be provided|with |proper
lubrication or means of lubrication.

(f) Bearing enclosures shal\bé designed| as far
as practical to exclude dirtand prevent lealtage of
oil or grease.

(g) Assemblies shalt-he analyzed to confi
deflection under lpad?does not exceed that
the bearing can‘accommodate.

(h) Special consideration shall be given t¢ bear-
ings whickgperate at speeds above or belpw the
manufacturer’'s published data. Certified copfirma-
tion afthe bearing’s capacity beyond puplished
rating“must be obtained from the manufactdrer.

(i) For bearings of load blocks that are| to be
immersed:

(1) lubricants of these bearings shall be cpmpat-
ible with the chemistry of the liquid (refer to pection
1000 for special environmental conditions);

(2) provisions shall be made for relubficating
the bearings once the block has been removdd from

the liquid.

m that
which

5455.2 Antifriction Bearings (Types Il and III

Cranes)

(a) Refer to Specification CMAA 70.

(b) For bearings of load blocks that are
immersed:

(1) lubricants of these bearings shall be cpmpat-
ible with the chemistry of the liquid (refer fo sec-
tion1000 for special environmental conditiops);

(2) provisions shall be made for relubficating
the bearings once the block has been removgd from
the liquid.

to be

(c) Bearings shall be selected to withstand the
maximum forces that may be imposed.

(1) Bearing capability shall be determined from
the manufacturer’s published data or certified exten-
sion of published data.

(2) The basic static capacity of the bearing shall
not be exceeded by load combinations as outlined
herein.
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5455.3 Sleeve Bearings (Type | Cranes)
(a) Only bearings with published and/or certified
properties shall be used.
(b) The PV (pressure velocity) rating of the bearing
shall not be exceeded for any combination of op-
erating loads.

(c) Forces induced by the SSE shall not exceed
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90% of the allowable compressive strength of the
bearing.

(d) All bearings shall be provided with proper
lubrication or means of lubrication.

(e) Mounting fits and clearances shall be as rec-
ommended by the bearing manufacturer.

(f) Bearing enclosures shall be designed as far
as practical to exclude dirt and prevent leakage of

RULES FOR CONSTRUCTION OF OVERHEAD AND

GANTRY CRANES (TOP RUNNING BRIDGE, MULTIPLE GIRDER)

and gear reducers shall not be mounted on multiple
support structures which can deflect relative to each
other unless the design specifically allows for this
deformation.

(3) Machinery or machine parts whose align-
ment is important to its operation shall not depend
on friction but shall use positive means such as
dowel pins, shear bars, or fitted bolts to maintain

oil or prease.

5455.4 Sleeve Bearings (Types Il and III
Cranes). Refer to Specification CMAA 70.

545 Mechanical Com-

ponen

5456.1 Fastener Restraints
(@) Types I and Il Cranes

(1) Fasteners shall not loosen under normal
operatipg loads and vibration.

(2) Cranes which travel over the reactor pool
or fuel pool shall use fasteners which do not depend
upon lpck washers unless they are so located as to
be cayght upon removal by drip pans or crane
structufe. For these cranes, when other than high-
strength bolts are used, preferred locking methods

Fasteners

alignment.
(4) Gear engagements shall be protected $uch
that equipment deformation could not ¢ause disen-
gagement and drop the load.
(5) Machinery weights shall (b@ increased by
appropriate dynamic factors and/analyzed by| the
static method to determine fastener mounting Idads.
Allowable stresses shall hetinvaccordance with para.
5456.2.
(b) Type Il Cranes
(1) MountingCsurfaces for machinery (extept
for bridge crosszshafting) shall be machined for djrect
mounting orwith allowable for shimming as dicthted
by the désign.
(2).Single machinery elements such as m
and-gear reducers shall not be mounted on mul

tors

iple
support structures which can deflect relative to ¢ach

are thrg¢ad-upsetting fasteners, plastic insert fasteners, } o .
tack wlding, cementing, or lock wire. High-strength other un!ess the design specifically allows for|this
bolts gre considered restrained when torqued in deformation. ) ) )
accordhnce with the AISC method. (3) Machinery or machine parts whose align-
(b) Type Il Cranes. Fasteners shall be in_atcor- ment is important to its operation shall not degend

on friction but shall use positive means such as

dance pwith Specification CMAA 70.
P dowel pins, shear bars, or fitted bolts to maintain
54556.2 Allowable Stresses alignment.
@ Jypes I apd II' Cranes. Maximum Combiljed (4) Gear engagements shall be protected guch
stresseq induced in the fasteners by nnormal operating that equipment deformation could not cause disen-

loads (put not including pretensioning loads) shall
not exreed 20% of the ultiniate strength of the
fastenefs. Limiting loads (such as seismic, stall torque,
and lopd hang-up) shaltrinduce combined stresses
(not ingluding pretensioning stresses) which do not
exceed| 90% of the yield strength of the fasteners.

“b) Type Ill.€ranes. Maximum combined stresses
inducefl in~the fasteners by normal operating loads
(not in¢ladirfg pretensioning loads) shall not exceed

gagement and drop the load.

5457 Gear Cases, Enclosures, and Guards

5457.1 Gear Cases (Type | Cranes)

(a) All gears except final reduction gears shall be
completely enclosed in gear cases. All gear dases
shall be oil-tight and sealed with compound or
gaskets.

20% oftheuitimate strengthof the fasterers.

. 5456.3 Mounting of Machinery
“(a) Types | and Il Cranes
(1) Mounting surfaces for machinery (except
for bridge) shall be machined for direct mounting
or with allowance for shimming as dictated by the
design.
(2) Single machinery elements such as motors

70

(b) Unless otherwise approved by the owner, the
hoist motion gear case base shall be split in one
plane through the bearing center lines above the
oil level except in microdrives and worm drives.

(c) Openings when provided shall be provided
in the top section for the inspection of gearing at
mesh lines. Covers for these inspection holes shall
be sealed to prevent leakage.
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(d) Splash oil lubrication of bearings may be used
unless otherwise specified.

(e) Oil pumps shall be used if vertical gearing
exceeds two reductions. The oil level on horizontally
arranged gearing shall be high enough to immerse
the bottom portion of at least two gears.

(f) Solid oil seals should be selected to allow

ASME NOG-1-2004

5457.6 Guards for Hoisting Ropes (Types I, II,
and 11l Cranes)

(a) If hoisting ropes run near enough to other
parts to make fouling or chafing possible under
normal operating conditions, guards shall be installed
to prevent this condition.

(b) A guard shall be provided to prevent contact
between bridge or runway conductors and hoisting

repl cement with qplit seals if .nn«ihlp
(4 Easily accessible drain plugs and breathers ropes if they can come into contact under
shal| be provided. operating conditions.

(W) All hoist gear cases shall be mounted on
machined surfaces.

() Gear cases shall be provided with lugs or
othef means of lifting.
() Means for checking oil level shall be provided.

5457.2 Gear Cases (Types Il and Ill Cranes).
cases shall be in accordance with Specification
A 70.

Gea
CM4

5457.3 Enclosures for Gears (Type | Cranes)
(@ All gears not enclosed in gear cases shall be
projided with guarded enclosures. This is primarily
for fhe final gear reduction at the hoist drum and
travgl motion drive wheels.

(H) All gear enclosures shall be designed to retain
lubr{cant.

d Openings shall be provided in the top section
for the inspection of the gearing at the mesh lines.
Covers for these inspection holes shall be sealed to
prevent leakage.

(d) Openings for shafts or other Totating parts
sucl as drums shall be providedtwith means to
retain the lubricant.

() Gear enclosures shall~be provided with lugs
or other means of lifting(

—

5457.4 Enclosures-for Gears (Types Il and Il
Cranes). Gear enclosures shall be in accordance
with| Specification/CMAA 70.

5457.5.Guards for Moving Parts (Types I, I,
and |11l (Cranes)
(d Exposed moving parts such as gears, set

hormal

5458 Bumpers and Stops

5458.1 Bridge Bumpers (Type | Craneg)

(a) Bumpers shall be sized~to limit impgct and
critical load excursions tg facility acceptable magni-
tudes.

(b) A crane shallb€provided with bumpers
bumpers shall haye'the following minimum
teristics:

(1) energy absorbing (or dissipating) chpacity
to stop the Crane when traveling with powef off in
either direction at a speed of at least 40% rated
load\speed (refer to para. 5459 on limit syitches
fer“limiting speed upon bumper impact);

(2) capable of stopping the crane (not in¢luding
load block and lifted load unless guided veftically)
at a rate of deceleration not to exceed an gverage
of 3 ft/sec> when traveling with power off ir| either
direction at 20% of rated load speed;

(3) mounted such that there is no direqt shear
on bolts upon impact.

(c) Bumpers shall be designed and installed to
minimize parts falling from the crane in qase of
breakage or loosening of bolted connection.

(d) When more than one crane is locat¢d and
operated on the same runway, bumpers shall be
provided on their adjacent ends to meet the require-
ments stated above.

(e) Bumpers are not required on polar
unless limited rotation is desired.

5458.2 Bridge Bumpers (Types Il gnd III
Cranes). Bridge bumpers shall be in accgrdance

Fay

These
harac-

cranes

screws, projecting keys, chains, chain sprockets, and
reciprocating components, which may constitute a
hazard, shall be guarded.

(b) Guards shall be securely fastened.

(c) Each guard shall be capable of supporting
the weight of a 200 Ib person without permanent
deformation, unless the guard is located where it
is impossible for a person to step on it.
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with Spct.iﬁt.aﬂun EMAA—TO:
5458.3 Trolley Bumpers (Type I Cranes)

(a) Bumpers shall be sized to limit impact and
critical load excursions to facility acceptable magni-
tudes.

(b) A trolley shall be provided with bumpers.
These bumpers shall have the following minimum
characteristics:
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(1) energy absorbing (or dissipating) capacity
to stop the trolley when traveling with power off
in either direction at a speed of at least 50% rated
load speed (refer to para. 5459 on limit switches
for limiting speed upon bumper impact);

(2) capable of stopping the trolley (not includ-
ing load block and lifted load unless guided verti-
cally) at_a rate of deceleration not to exceed an

RULES FOR CONSTRUCTION OF OVERHEAD AND

GANTRY CRANES (TOP RUNNING BRIDGE, MULTIPLE GIRDER)

under operating conditions, the trolley speed cannot
exceed 50% of rated load speed on engaging the
trolley stops and bumpers.

(e) A bridge track-type limit switch or other device
shall be provided and positioned to ensure that,
under operating conditions, the bridge speed cannot
exceed 40% of rated load speed on engaging the
bridge stops and bumpers.

averag¢ of 4.7 ft/sec’ when traveling with power

off in |either direction at one-third of rated load
speed;

(3] mounted such that there is no direct shear
on bolfs upon impact.

(c) Bumpers shall be designed and installed to
minimize parts falling from the crane in case of
breakage or loosening of bolted connections.

(d) \When more than one trolley is located and
operatgd on the same bridge, bumpers shall be
provided on their adjacent ends to meet the require-
ments btated above.

5458.4 Trolley Bumpers (Types Il and Il
Cranes). Trolley bumpers shall be in accordance
with Specification CMAA 70.

5458.5 Trolley Stops (Type I Cranes)

(a) tops shall be provided at the limits of travel
of the frolley.

(b) Jtops 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 npt be of a height less than the radiusof the
wheel. [Stops engaging other parts of the crane are
recomrhended.

(d) Stops shall be mounted sueh-that there is no
direct $hear on the bolts upop- impact.

54558.6 Trolley Stops (Types Il and Il Cranes).
Trolley|stops shall be inecordance with Specifica-
tion CMAA 70.

5459 Limit Switches

5459.1 Limit Switches (Type I Cranes)
(a) Tradk-ype for bridge and trolley travel motion
(see Seaction 6000 for application and function).

5459.2 Limit Switches (Types Il and 111 Crallles).
Limit switches shall be in accordance with(Specifica-
tion CMAA 70.

5459.3 Clearances. For determiiging clearapces
between the trolley structure and the load blodk in
its high position, allowance shatl be made for lift,
trip, and drift as shownglif Figs. 5459.3-1 jand
5459.3-2.

5460 Lubrication

5461 Type  IyCranes

(a) Sheavé bearings shall be individually Idibri-
cated anehaccessible for lubrication from the trglley
deck for the head block assembly and the operdting
flogrfor the load block assembly. Load blocks |that
are’immersed in water shall have special provigions
to prevent loss of lubricant to the water (refdr to
para. 1100).

(b) Hoisting ropes, except for stainless steel r
(consult manufacturer), shall be lubricated. When
ropes are immersed in water, the lubricant fype
shall be selected to reduce the loss of lubricant to
the water.

(c) Lubricants for gears, bearings, and wire rppes
shall resist effects of gamma or neutron radidtion
when such effects are present, or facilities shall be
provided for changing of the lubricants.

(d) If lubricants cannot be conveniently chanped,
but are subjected to neutron or gamma radiation,
then lubricants shall be NLGI Grade 0 oil contaihing
molybdenum disulfate or NLGI Grade 1'/, grpase
with sodium aluminate thickener. They shall be
oxidation and rust inhibited with the exceptiop of
wire rope lubricants

pes

(b) Geared type for upper and lower travel hoist
motion (see Section 6000 for application and
function).

(c) Weight and paddle-operated type for upper
travel hoist motion (see Section 6000 for application
and function).

(d) Atrolley track-type limit switch or other device
shall be provided and positioned to ensure that,
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(e) Provisions shall be made to prevent lubricants
falling from the crane.

(f) For all above paragraphs, refer to Section
1000.

5462 Types Il and Ill Cranes. Lubrication shall
be in accordance with Specification CMAA 70,
unless the crane is subjected to radiation. If Types
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Clearance Clearance
(1 [ I [

Drift Drift
[Lta 1] LSS
L | 7 Ll | 7
Ttip Trip //—_\

TN
)

Nl

Va
(L

Drift

Gear Upper Limit Switch
Trip

Lift

Fig. 5459.3-1
Power or Control Circuit Limit Switch
With Geared Upper Limit Switch

Lift

Fig. 5459.3-2
Power or Control Circuit Limit Switch

that apply most frequently in the process of m¢chani-
cal crane engineering. The effects of servige and
stress concentrations are treated separately frbm the

Il and 1l 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

73

allowable stresses to conform with actual service
conditions and actual design geometry.

(a) The basic stress formulas have been listed to
achieve uniformity in recording and combining of
design stresses throughout the industry. Where appli-
cable, formulas and symbols shall be used as defined
in this Standard. All other formulas and symbols
used in design calculations shall conform as far as
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possible to the method outlined and shown. The D = large diameter of a stepped shaft or round
given data apply to low and medium carbon steel bar, in.
(usually used as hot rolled and normalized) and to I = moment of inertia, in.*
. heat treated alloy steel (usually used as quenched d = small diameter of a stepped shaft or round
bar, in.
= (b) Material strength properties have been treated kip = 1000 Ib.
- on the basis of ultimate strength because it has a ksi = kips per sq in.
« good relationship to the fatigue strength. No differen-
« tiation [has been .made between Yarious materials (b) Equivalent Stress Factors
: becau§3 Pf. the wide scatter of.fa.ltlgue strength for Kez = for combining bending and shearstrdsses
 each |:|\d|v1dual heat or each finished component. Key = for combining tension—compréssion [and
eated alloy bar has, on the average, higher shear stresses
fatigue| strength than medium carbon steel of the Kexy = for combining biaxial-{tééss

same {ltimate tensile strength.

(c) Rrogressive fatigue failure represents the most
commgn mode of failure in crane machinery. The
design friteria of this Standard are, therefore, directed
mainly[to the prevention of accumulative damage
to the material of mechanical crane components.

5471 Stress Concentration Factors (Type I
Cranes
(a) Ytress concentration factors Kyg, Kns, Kyt for
shafting in bending, shear, and torsion may be
obtaingd from Stress Concentration Factors by R. E.
Peterson.! These factors shall give consideration to
the eff¢cts on the fatigue strength of fillet radii, as
well af keyways, combined with heavy press fits,
Stresp concentration factors for all other forms of

(c) Stress Concentration<Factors

(d) Service Factors

Ksp
Ksg
Kss
Ksr

(e) Moments and Forces

for bending

for tensionscompression
for shear

for torsion

=)'for bending

for tension-compression
for shear

for torsion

o Mg = bending moment, in.-kip
notches (such as lubrication holes, threads, grgaves) Mr = torsional moment, in.-kip
as wel| as other modes of stressing must also be P = load (weight, for,ce, or transverse shear
consid¢red and may be obtained from Stress Concen- load reaction), kips
tration |Factors.' Q = static moment about the neutral axis of
(b) A combination of stress concentration factors the area of that portion of the compohent
must tgke place when two or more’stress concentra- cross-section beyond the place wherq the
tions sfiperimpose in one lgcation — for example, shear stress is being calculated, in.?
keyway and/or press fit{extending in the critical r = fillet radius, in.
region pf a shaft fillet. The\proper stress concentration
factors | Kng or Kyn~must be applied in calculating (f) Stress Fluctuation Ratios
oy or |oy stresses,~depending on whether oy or Ry = og min/oy max. for bending
oy are| basically ‘bending or tension-compression Ry = oy min/oy max. for tension—-compression
stresseg. Stress‘concentration factors must be entered :
into cqleulation even if equal to 1.0. RRS _ ls m{n./Ts max. for She?r
r = Ty min./Ty max. for torsion
5(;725y:(;r(;|l§nclature (8 Dimensigns and Propgrties
. . . Sg = section modulus, in.?
A = effective cross-sectional area of critical ) .3
section, in.2 Sr = pqlar section modulus, in. .
t = thickness of component where stress is
being calculated, in.
oyr = minimum ultimate tensile strength at mid-

T Peterson, R. E., Stress Concentration Factors, John Wiley &
Sons, New York, NY, 1974.
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whether oy or oy are basically bending or tension—

ops = for bending, ksi compression stresses. T74 shall be selected directly
ona = for tension—compression, ksi from Fig. 5474-3.

oxs = for stress about the X axis, ksi

oyy, = for stress about the Y axis, ksi 5475 Service Factors. Service factors Ksg Ky,
T4, = for combined (equivalent) shear, ksi Kss, and Kgr are to be based on para. 5320. Not
Tra = for torsional shear (equivalent torsional all components within a crane drive system are

shear) stress

necessarily subjected to the same service. Service

(1) Working Stresses

sion—compression) stress, ksi
denv = equivalent tension—compression (ten-
sion—compression and shear) stress, ksi

factors shall give consideration to the following:
(a) risk and consequences of potential)fa|lure;

oy = bending stress, ksi (b) indeterminate load reactions‘(for expmple,

rip = equivalent bending (bending and shear) trolley with rigid frame supportedhon fouf track
stress, ksi wheels);

ofgy = equivalent bending (bending and ten- (c) unpredictability of opetatibn conditiong — for

example, unexpected acgidents within the biilding;
(d) dynamic effects_S<vfor example, imphcts in
hoist mechanisms afid)'seismic effects.

ofxy = equivalent biaxial stress, ksi

otkyr = equivalent stress (biaxial and shear), ksi 5476 Basic Stress Equations
Uy = tension-compression stress, ksi (a) Wheréapplicable, Egs. (13) through (2]) must
ox = normal stress about the X axis, ksi be usedm\determining basic stresses in crape ma-
oy = normal stress about the Y axis, ksi chinerrcomponents. For determining size of npachin-
rer = equivalent torsional shear stress, ksi ery «components, maximum working (opergtional)

Tehyr = equivalent shear stress in X-Y plane in- moments and shear loads, as well as critical pection

cluding torsion{ ksi moduli, must be entered into these formula.

s = shegr stress, ksi . (b) Sign convention must be observed wher enter-
7r = forsional shear stress, ksi ing oy and oy in Egs. (25), (26), and (27). (Tension
rxy = shear stress in X-Y plane, ksi is positive, compression is negative.)

5473 Working Stresses. The maximum ~orking (c) Only stresses which do occur simultajeously

stresses in Class | crane machinery components shall
not [exceed the maximum allowable. stresses opa,
Onal Oxa Oya Ta OF T74 unless otherwise specified
by the Purchaser. The working sttesses (o, on, oaN,
O, |OEN, OX Oy, Oxy, Opyr“Fx, Tr, Ter, Txy and
oexyf) are uniaxial, biaxial,)shear, combined, or
equivalent stresses, whiehare induced in a mechani-
cal fomponent by thésworking (operational) loads.
The [ maximum waorking loads shall include dead
loads, maximum_live loads, and acceleration and
decglerationAorces which result from normal opera-
tion |of the trahe. The maximum calculated working
stresses shall include both service and stress concen-

at the location where stress is being calgulated
should be combined.
(d) In Egs. (19) through (27), anisotropy anfl stress
fluctuation have been given consideration infa sim-
plified manner for easier use in the desigf engi-
neering process.
(e) For sample calculation, refer to Nonmandatory
Appendix B, para. B5476.
(f) The following are the basic stress eqations:

Mg )
o5 = | 35 (Ksg) (Kng) < 0a, Ksi (13)

tratipn\dactors. / b\
ON = kz) (KSN) (KNN) < ONA/, kSI (14)
5474 Allowable Stresses. The allowable stresses
Oga Ona T4, and 774, which shall be obtained from
Figs. 5474-1 through 5474-3, vary with the minimum TN = O + [ (% ) (oN) ] < opy ksi (15)
ultimate tensile strength oyr of the material in use, ONA
as well as with the fluctuation ratios Rg, Ry, R, Ry
of the working stresses. x4 and oy4 shall be selected Q\(P .
from Figs. 5474-1 or Fig. 5474-2, depending upon TS = (7) (?) (Kss) (Kns) < 7a, ks (16)
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Load axis
1.33P . TN
Ts = (T) (Kss) (Kns) < 7a, ksi (17)° {I\TJ
M i
T = (5—;> (Ks) (Knt) < ra, ksi (18)
TET =TT+ (%) (Txy), ksi (19) ry
TTA . ho
T =TT S (Txy) | < T7a, ki (20)
o 2 12 . AZ,\
O = ( ok + { (T_BA) (t37) } ) @1 Equivalent —
TA section \
/l: J A3’
) Actual
oeg = (0p) (Kp) < 7pa, ksi (22) section A’ b,
2 on | o 1) Fig. 5477-1¢_Typical Hook Cross-Sectidn
O =\ ONF | T (e7) (23) 8 YP
. full line of<\Fig. 5477-1, which does not fleviate
Oen = ONKen = S oy ksi (24) significaitly”from a trapezoidal form. This ijcludes
a largexnumber of practical crane-hook sgctions,
Cry = (gi + [ () (%)2] such as shown. in Fig. 5477-2. This method while
IvA approximate, is much faster than the numerical
oyq 12 integration method, and, in the cases to which it
- (ox) ((r—YA) (ay) ] ) has been applied, it has given close agreemeft with
the latter method.
< XA, ksi (25) Essentially, the analytical method is baded on
the assumption of an equivalent trapezoidal pection
Tt = (0x) (Keyy) € oya, ksi (26) having an area equal to that of the actual dection.
The stress computed in this way is then cofrected
- for the stress increase in the neutral section rgsulting
2 2 XA2 .
OpxyT = (O'X + [ (a7) (U_YA) ] from the fact that the fibers nearest the cepter of
curvature are farther from the neutral axis than in
O g4 the case of the equivalent trapezoidal sectign. It is
~| 9Dy, ) Y assumed that the resultant load on the hook|passes
through the center of curvature of the curved part
L o ’ s 2 27) and that the critical section is at 90 deg|to the
TTA om resultant load.
In Fig. 5477-1, the full lines represent the| actual
5477 Abalytical Method for Hook of hook section, apd the dashed. lines the e.quv.alent
Apploxiiate Trapezoidal Shape (Types I, Il and trapezoidal section. The equivalent section is so
"rp(. q P pe tiypes L 1 chosen that the shaded area A; is equal to thp areas

(a) Method of Analysis. The analytical method
given in this section is intended to apply to hooks
with cross-sections having a shape as shown by the

2 Timoshenko, S., Strength of Materials, Second Edition, Part 2,
D. Van Nostrand Co., New York, NY, 1941, p. 65.
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Ay + A;. LIKeWIse, A7 = A, + A3, In Fig. 5477-
3, the distribution of stress over the section due to
bending alone is indicated. It should be noted that
the stress S, calculated from Eq. (28) vyields the
bending stress at point A at the inside of the equiva-
lent trapezoid. Because of its greater distance from
the neutral axis, the bending stress at point B in
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S = P/A (30)

where A is the area of the cross-section.

ho (bo + b,)
A= — (31)
where h, = depth of equivalent trapezoid (Fig.
Latch 5477-1).
(if required . . |,
or provided) The maximum stress S,,.x in the hook at the_crifical
section will be the sum of the bendifg, Stresp S,
S / [Eg. (35)], the stress augment S, [Eg. (29)], and the
\\\\ direct tension stress S; [Eq. (30).(This gives:
\\\\\\
AN Smax = Sp S0 % S (32)

For Fig. 5477-1, let

b, b, = inside and outside widths of equivglent
trapezoid, respectively
r, r, = ipside and outside radii of equivglent

trapezoid, respectively
a = b,/b; (33)

B = ry/r (34)

With these notations, the formulas for bending sjress
Sp at point A, Fig. 5477-3, at the inside of| the

Fig. 5477-2  Fish Hook Confi ti
'8 15h ook L-onfiguration trapezoidal section as derived from curved-bar theory

becomes
the actpal hook will be appreciably larger\than that
at poirft A by an amount S, as shown. If 7 is the 2 ek [k 1
distance between the points B and Anthen the stress -t
augment S, will be given approkimately by Sb = biri (1 + o) (K; — Ky) (35)
- /] where
So = (g ( dy )0 (28)

P Qo + 1 36)
where |(ds/dy), is the) value (at point A, Fig. 5477- TR -1 3 (a+1) (
3) of the derivafive of the stress S with respect to
distancg y from the neutral axis. From the equations K - (1/2) (1 + @) 37)
of curved-bay*theory, the derivative (ds/dy) may be T Te-w
obtaingd,yand by substitution in Eq. (28) using the e_1nk 1 - (-

previous notations, the stress augment S, becomes
In general, the factors K and K; should be calculated

s = SpKaly (29) to at least four significant figures. For a sample
? 1 calculation, see Nonmandatory Appendix B, para.
(" ( fam BT) B-5477.
(b) The method of analysis and design of a sister
where K, is given by Eq. (37). hook shall be made using the straight beam configu-
The stress due to direct tension is: ration for the hook.
80
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Stress distribution
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Neutral axis

\ B
\ Acttral section

L

Equivalent section

(1) Figure 5477-4 shows the general” putline
a shade of a sister hook without & pin hole.
(2) Figure 5477-5 shows the .general outline
and |shape of a sister hook with_apin hole.

(d) References for para. 5477

. (1) Strength of Materials, 'S. Timoshenko, Sec-
-ond| Edition, Part 2, D./Van Nostrand Co., New
Yorl, NY, 1941, p. 65

(2) Stresses in Cuived Bars, H. C. Perkins, Trans-
-actigns of ASME~Vol. 53, 1931, p. 201.

(3) Mathemdtical Methods in Engineering,
Thomas voriKarman and M. A. Biot, McGraw-Hill
Book Co5:1940, p. 5.

(4), Stress Concentration Factors, R. E. Peterson,
VAL Q <l NIAVA 1074'

and

Joh

Fig. 5477-3~\Equivalent Section

(1) The analysis may be static if it igcludes
loads equivalent to those which would be imposed
by the seismic event specified.

(2) Loads due to vertical and horizontal motions
shall act together and shall be combined in]accor-
dance with para. 4100.

(3) All elements which support the critiqal load
shall be analyzed as follows and should not cpnsider
material fatiguing, stress concentration factofs, and
infinite life criteria.

(a) The stress level at all critical poinfs shall
be determined.

(b) The gross cross-section shall be ¢sed in

2 San I NIPXVVEAVA
vV IOy O OO TGy TOTIG— Y T

5480 Seismic Analysis

5481 Type I Cranes

(a) Analysis 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).

81

los I £l L 1 1
UCLCIIIIIIIIIIS arc SutsSsS TCVTT.

(c) The maximum stress level shall not ex-
ceed 90% of the yield strength of the material.

(4) All computations are to be based on the bulk
cross-section of the material without consideration to
any fatiguing effects of stress risers, or to the endur-
ance limits of the material. The seismic forces ac-
cording to the rules in para. 5300 are to be algebrai-
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(if required or provided)

Fig. 5477-4
Sister Hook Without a Pinhole

Latch
(if required or provided)

Fig. 5477-5 Sister Hook With a Pinhole

cally aflded to the forces and torques under normat

operatipn. (c) Analysis shall be as listed in para. 5481].
(b) Analysis shall be performed to confifm that

those qomponents which would damage safety re- 5483 Type Il Cranes. Seismic analysis is| not

lated dquipment if dropped will remain in place

required unless specified by the purchaser.

during |the seismic event.
(c) Components whose major resonant frequency
is greqter than 30 Hz may-be analyzed as a 5500 MISCELLANEOUS
lumped mass.
(7} Analysis shall scansist of the determination 5510 Pendant Hoist and Travel Drives (Typeq I,
of the|stress level -of the mounts when applying I, and 1l Cranes)
maximpm dynamic-forces to the center of gravity
of the [tem. 5511 Crane Pendant Mounting. The crane jpur-
2] Loads\shall be combined as in (a)(2) above. chaser shall prescribe whether pendant control|sta-
(d) Compénents whose major resonant frequency tions, if .furnishec.i,. are to be moqnted from the trglley
is less lhan—30—Hz shal-be—analyzed—dynamicaliy- frame, fixed positions on the bridge, or a messehger

5482 Type Il Cranes

(a) Analysis shall be performed to confirm that
those components which would damage safety re-
lated equipment if dropped will remain in place
during the seismic event.

(b) Such components shall be delineated by the
bidding documents.

82

trace on the bridge. The purchaser shall also pre-
scribe whether the crane is to be pendant controlled
from several elevations in the building. Whenever
possible, the pendant should be suspended in a
manner that minimizes undue strains on the electrical
conductor cable. A chain or wire rope strain relief
should be provided, unless the pendant is suspended
directly from a motorized cable reel.
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5512 Messenger Track System

(a) The track itself should consist of a commer-
cially available profile section, such as a rolled I-
beam or an extrusion. A guide wire arrangement
commonly known as a Tag-Line System shall be
unacceptable for Type | cranes.

(b) Messenger trolleys shall be compatible with
the track and shall be of sufficient load carrying

ASME NOG-1-2004

out, and increments of the readout shall be specified
by the purchaser.
(c) Refer to Section 6000 for overload devices.

5530 Welded Construction

5531 Type I Cranes. All welding design and pro-
cedures shall conform to the current issue of AWS

capicity to suspend the combined weights of the
pendlant, cables, and accessories, as well as the pull
whi¢h could be developed while maneuvering the
control station. Messenger trolley rollers shall be
mounted on sealed antifriction bearings and shall
be grovided with lubrication fittings unless bearings
are |ubricated for life. Individual messenger trolleys
shoyld be interconnected by strain relief chains or
cables to reduce strains on the electrical control
cables when traversing.

5313 Motorized Traversing. The crane purchaser
shall prescribe whether pendant traversing is re-
quirgd. If furnished, the traversing tractor shall be
controlled from the pendant station. If cable reels
are quspended from a messenger track, consideration
shoyld be given to a motorized traversing system.
Congideration should also be given 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. {n_cases
whefe pendant crane control is required from’several
elevptions, the purchaser shall specify such require-
menfs. Methods of raising and lowering the pendant
shal| be determined and specified~by the purchaser,
depé¢nding on prevailing conditions. Commonly used
and |readily available lifting and lowering devices
condist of spring-operated Joad balancing reels, or
motprized cable reelsi\ In cases where motorized
cablg reels are used; the pendant shall be suspended
diregtly from the~electrical cable, without a strain
relief rope.

5315 Speeds. For pendant hoist and travel speeds,
refer| to_para. 5334.

DT.T.Where special steels or other materipls are
used, the manufacturer shall provide welding|proce-
dures.

5532 Types Il and Il Cranes. Welding shall be
in accordance with Specification /CMAA 70

5540 Hydraulics (Types/I, H, and Il Crangs)

(a) Hydraulic components and fluids shall be
selected to withstandmaximum facility lifetime radi-
ation exposure, tinless a detailed maintenange pro-
gram shall be supplied.

(b) Critical*loads or facility equipment shall be
protected{from leakage.

(¢)Commercial industrial hydraulic components
in the critical load path shall be selected an{l rated
to-not exceed 20% of the average ultimate strength
of the material.

5550 Ordering Information

Orders for cranes under this Standard shall include
the following information.

(a) Load Spectrum Information. Refer tdg
5111(a).

(b) Seismic Consideration for Type Il Cr.
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(p).

(f) Powered Hook Rotation. Refer to [paras.
5335(a) and (b).

(g) Bearing Life Computations. Refer tq
5455.1(b)(5)(a).

(h) Seismic Analysis for Type Il Cranes,
quired. Refer to para. 5483.

para.

nes, If

para.

If Re-

5520 Load Weighing Devices (Types I, 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 read-
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(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.

(I) Loading Weighing Devices. Refer to paras.
5520(a) and (b).
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Section 6000
Electrical Components

6100 GENERAIL

comnlichad [’\\ the uce aof ginale failiira rv;\r'r\(\F {:oafures

(@
which

he specification for each crane shall state
Crane classification applies (para. 1130). Types

and shall not rely on any action by the opethtor.
The normal hoist limit switch shall be supplemented
by an independent final hoist limit switch operpted

are suthmarized from para. 1150 as follows: by the load block to remove power from the hoist
(1) Type I Cranes: single failure-proof features motor and brakes.
and se|smic considerations;
(2) Type II Cranes: seismic considerations only; L . .
3] Type Il Cranes: neither single failure-proof 6120 Seismic Considerations (Types 1, 11, and| Il
featurey nor seismic considerations. Cranes)

(b) The specifications for each crane shall include (a) Type | CranesX The user shall provide| the
any spgcial requirements for components in accor- equipment that,shall de-energize the crane pgwer
dance with the following: supply in theyevent of either a Safe Shutdpwn

(1} limiting the use of aluminum, zinc, mercury, Earthquake((SSE) or an Operational Basis Earthqyiake
and other specified materials (para. 6130); (OBE). The, hoist brakes shall be capable of holfling

(2) painting (para. 6140); the crédible load during an SSE or OBE event, as

(3] life at specified values of radiation exposure detefmined in accordance with para. 6422.1(b)| All
(para. $150); eléctrical equipment shall remain on the crane d{ring

(4) environmental conditions (para. 6160); these seismic events.

(5] quality assurance (para. 6170). (b) Type II Cranes. Requirements are the spme

(c) Qenerally available equipment which con- as for Type | cranes, except that the brakes feed
forms tp industry standards, such as those of NEMA, not be capable of holding the load during a seigmic
shall bp used unless special designs are necessary. event.

(d) The electrical equipment is not reguired to (c) Type Il Cranes. Seismic considerations| are
qualify[as IEEE 323 Class TE. not required for Type Ill cranes.

(e) The specification for each Type ¥l crane shall
state whether Secpon 6000 or QYAA 70 is to be 6130 Limiting the Use of Specified Materials
invokegl for electrical comporients.

(Types 1, 11, and Il Cranes)
6110 $ingle Failure-Proof Features (Type I (a) If the crane spe.c@fications .require that| the
Cranes) content of certain specified materials for use ¢n a
crane be kept at a minimum [para. 1145(a)], but it

(a) The electrieat system shall be designed so that is not practical to eliminate these specified matefials

it is possible 4for” the operator to stop and hold a
critical| loadregardless of the failure of any single
compohegt used in normal operation.

heir
lloy

completely, the electrical supplier shall tabulate
weight or surface area or the content of an 4
under the following categories:

(b) There shall be means at the operator’s location
that will allow him to remove power from all drive
motors and brakes by opening or de-energizing a
power device that is not required to close and open
during normal “run-stop’” operations.

(c) Any inadvertent short circuit or ground shall
be considered a single component failure.

(d) The avoidance of two-blocking shall be ac-

84

(1) exposed, as in the head of a master switch;

(2) bare, within a ventilated enclosure, as in
the shaft fan and rotor bars of a ventilated squirrel
cage motor;

(3) bare, within a nonventilated enclosure, as
in a totally enclosed nonventilated squirrel cage
motor;

(4) covered, as in insulated windings within a
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nonventilated motor, lighting transformer, reactor,
etc.

(b) Galvanized conduit may be used except when
specifically prohibited by the crane specifications.

6140 Painting (Types I, 11, and Il Cranes)

When the crane specifications include special

ASME NOG-1-2004

(b) continuous
(3) pressure (para. 1143):
(a) maximum pressure
(b) rate of change in pressure
(4) spray [para. 1145(a)l;
(5) ambient temperature (para. 1142):
(a) rated

paintimg TequiTenTents, the etectrical—iterms are ex- » (b(; chokr)t. Lme _exposure 1o lemperalures out-
empt from the special painting requirements and stde rateh a”,]d,'ent range”44
shall be furnished with a standard industrial finish (6) humidity (para. )
[see| para. 3230(i)]. .
6170 Quality Assurance (Types_l,, H, and I|I
6150 Radiation Exposure [Types I, 1I, and Il Cranes)
Cranes (para. 1141)] There shall be no Quality Assurance Pfogram
@ If the crane is in a location where radiation requirements for activiti€s(eovered by Sectior] 6000,

levels are likely to be a factor in the life of the
elecfrical equipment, the maximum rate of radiation
and [the total accumulated exposure at the crane
elevhtion shall be stated in the crane specifications.
(1) Insulation in rotating machines, brakes, and
maghetic device coils may be required to meet
an gccumulated dosage of 107 rad in 40 vyears.
Confponents, such as regulator cards, that can be
rempved without disconnecting wiring may be re-
quirgd to meet an accumulated dosage of only 10*

except for those specifically required in the elgctrical
procurement documernits (see para. 2100).

6180 Duty Cycle or Duty Class (Types I, llI, and
11l _€ranes)

Thexspecifications shall state the duty cycle re-
quirements in accordance with para. 6418.2| or the
eleotrical duty class that applies to each mation as
determined by Table 6472.3(b)-1. If the crarje is to
be used for construction purposes, the duty|cycles

rad, on the basis that such components can be or classes required for that service shall be specified.
rempved and stored in a location where they will In addition, any requirements for prolonged|opera-
not pe exposed to more than normal atmospheric tion at reduced speed shall be specified.

radi
the

tion during the long time intervals:if,'which
Crane will not operate after the powenplant has
beenp placed in service. If the user prefers not to
remve the components, it will-be\permissible to
estalplish a routine maintenance-procedure of install-
ing hew components after ;hey” have accumulated
a tofal exposure of 10* rad:

(d) The electrical eqGipment supplier shall submit
datal demonstrating.-that the type of insulation used
in the equipment-heing supplied meets the radiation
requirements in\the crane specifications.

6169 Environmental Conditions (Types I, II, and
HI-Cranes)

6200 WIRING MATERIALS AND METHOD|S
(TYPES 1, 1, AND IIl CRANES)

6210 General

(a) Applicable Standards:
(1) National Electrical Code (NEC, Article 610,
“Cranes and Hoists”)
(2) American Society for Testing and Mhterials
(ASTM) B 8 and B 174
(3) National Electrical Manufacturers Alssocia-
tion (NEMA), Pub. No. ICS 1
(b) The provisions of this Section apply t¢ inter-

(a) The electrical equipment specifications shall
state environmental conditions to which that equip-
ment may be subjected, such as:

(1) high humidity or high or low temperatures
during prolonged intervals when the crane is in
storage or not in use;

(2) outside service:

(a) temporary — during construction only
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connecting wiring both within and external to control
panel enclosures. It does not apply to wiring which
forms an integral part of equipment such as motors,
individual control components — for example, con-
tactors, transformers, and relays — and electronic
control subassemblies.

(c) The complete raceway system including wire
shall be assembled on the crane at the crane manu-
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facturer’s facility. Where disassembly is necessary
for shipment, components shall be match-marked
for ease of field erection. Where any portion of a
raceway run must be disconnected or 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

RULES FOR CONSTRUCTION OF OVERHEAD AND
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6222 Raceways

(a) Wiring external to control panel enclosures
or assemblies of control panels with integral race-
ways shall be installed in rigid metal conduit except
as otherwise permitted in this Section or as specifi-
cally approved by the purchaser.

(b) Short lengths of open conductors shall be
permitted at collectors and within enclosures or

applies

guards for resistors, reactors, and transformers.

. 3 . . i
(d) The wiring system shall meet the applicable . (c) Conduit smaller than °/; in. diametep tfade
requirements of NEC, Article 610. size shall not be used. . )
(d) An electrically continuous system, either|lig-

(e) Hor Types | and Il cranes, the raceway system
shall b¢ secured and braced to withstand forces due
to spegified seismic events.

(f) Kor cranes located inside the containment,

uid-tight or properly drained, shall be used. Fpr a
liquid-tight system, gaskets, bushings and seals ghall
be used where appropriate,

(e) Flexible metal condiitihay be used to endlose

consideration shall be given to rapid pressure conductors to stationary-or infrequently moved| de-
changes as required by the specification. Pressure vices such as motars,/brakes, master switches, |and
relief openings in electrical enclosures shall be pro- limit switches, or to,equipment subject to vibrafion.
vided \vhere necessary to equalize these pressures. The length of flexible conduit shall not exceed J3 ft.

(f) Connections to moving parts (e.g., bridge to
trolley, hridge or trolley to pendant push-bytton

station)may be made by flexible cable not enclpsed

6220 Materials in cenduit.
(g) Conduit shall be rigidly attached to the cfane
6221 Conductors by conduit supports. Welding of conduit shallf not

(a) Ipdividual conductors including those in multj-
condudtor cables shall have a maximum operating
temperpture rating not less than 167°F.

(b) Multiconductor cable shall be permitted in
wiring [the crane. Uses of the cable shall comply
with the National Electrical Code~Miulticonductor
cable dsed in flexing service shallbg"Type SO, Type
W, or f purchaser-approved glternative.

(c) All control conducters-and cables used with

AC invrter type controlstand having operating volt-
ages ldgss than 110 Vshall be of a shielded type.

(d) Minimum _sizes of conductors shall be as

follows:
(1) No-“t4 AWG for power and lighting circuits
2) No. 16 AWG for control circuits

be permitted. Conduit supports may be weldefl to
structural members; welding shall be in accorddnce
with para. 4230.

6230 Wiring Methods

(a) All conductors shall be identified at ¢ach
termination by marking with a number to corresgond
to the schematic diagram.

(b) Conductors shall be run from terminal to
terminal without splices except at devices with |nte-
gral leads or within junction boxes where conhec-
tions shall be made with bolted ring-type pregsure
connectors.

(c) Pressure-type connectors shall be provide
all wires connected to terminals not equipped
means for retaining conductor strands.

(d) All external conductors for control cirguits

on
vith

(3) No. 18 AWG for electronic circuits

(e) Conductors shall be annealed copper with
minimum stranding as follows:

(1) ASTM B 8 Class B for nonflexing service
(2) ASTM B 174 Class K for flexing service

(f) Color coding, if specified, shall be per NEMA
Part ICS 1-112.64.

86

shall be routed through terminal blocks with no more
than two conductors terminated at each connection
point.

(e) Panel wiring shall be neatly routed and sup-
ported in a manner that will not interfere with
inspection and maintenance of devices.

(f) Control conductors external to AC inverter
controls that connect to components subject to detri-

(04)
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mental 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 con-
ductors for tachometer or encoder connections.

(2) Route such conductors through a separate

ASME NOG-1-2004

(f) The stopping distance for various hoist designs
is variable. On Type | 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.

6330 Bridge

uit.
(3) Refrain from splicing connections.

COI’](I’

6300 PERFORMANCE SPECIFICATIONS (TYPES 1,
11, AND 111 CRANES)

6310 General

(d The rated load speeds recommended in paras.
5331, 5332, and 5333 are normal speeds based on
the fated capacity of the crane. The characteristics
of drive systems can vary widely with respect to
spegds at other than rated load and with respect to
lowgring speeds at any load. Drive systems shall
be ¢hosen to conform to any speed — load con-
straipts stated in the specifications.

(1) 1If more than one control station is required —
for gxample, cab control and radio remote control —
perfprmance criteria for each of the stations shall
be dpecified.

6320 Hoist

o

Hoist design rated load speed and-speed load
acteristics shall be in accordance with para.
533]. The corresponding rated_load" lowering speed
shal| not exceed 125% of the hoisting speed.

(H) The maximum lowering speed with 125%
capdcity test load shall\not exceed the maximum
lowgring speed with_rated load by more than 10%.
d Auxiliary haists' on Type | cranes shall meet
the |requirements_of single failure-proof design if
they| handlecrifical loads. If, through administrative
control or_other means, assurance is provided that
no gritieal® load will be handled by an auxiliary
hoist, it “shall meet the performance requirements

cha

—

(a) The bridge design rated load speed-anq speed
load characteristics shall be in accordagice with para.
5333.

(b) Bridge acceleration rates with rated loads
should be limited to the values’ shown in| Table
6472.2(b)-1. The operator<should have corjtrol of
deceleration to minimjZe ,load swing and| avoid
wheel slip. In emergengy’ situations such ag emer-
gency stop, overspeed) and limit trips, the dgcelera-
tion rate may exceéd the selected acceleratipn rate
and normal deéeleration rates.

(c) Type-herane bridge control with a hightspeed,
light-load feature shall be equipped with a mgans of
lockingiout this feature when handling a criticql load.

6340 Trolley

(a) The trolley design rated load speed and speed
load characteristics shall be in accordance with para.
5332.

(b) Trolley acceleration rates with ratefl load
should be limited to the values shown in| Table
6472.2(b)-1. The operator should have corftrol of
deceleration to minimize load swing or wheel slip.
In emergency situations such as emergency stop,
overspeed, and limit trips, the deceleration rdte may

exceed the selected acceleration rate and hormal
deceleration rates.
(c) Type | crane trolley control with a hightspeed,

light-load feature shall be equipped with a mgans of
locking out this feature when handling a criticgl load.

6400 COMPONENT SELECTION (TYPES 1,
AND Il CRANES)

I,

of hoists for Type Il cranes.

(d) The hoist drive characteristics shall be such
that the peak acceleration and deceleration of the
load does not exceed 5 ft/sec’.

(e) On Type | crane hoists that handle critical
loads, control with a high-speed, light-load feature
shall be equipped with a means of locking out this
feature when handling a critical load.
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6410 Controllers

6411 General

6411.1 Applicable Standards. Controllers shall
conform to NEC, ASME B30.2, and NEMA Parts ICS
2-213, 3-442, 3-443, and 6-110.

6411.2 Voltage Variations. At an ambient tem-
perature between 32°F and 100°F, the controller
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shall be capable of operating at a deviation not
more than 10% from rated nameplate value, except
that for systems using semiconductor power convert-
ers, the deviation may be limited to not more than
10% above or 5% below rated name-plate value.

6411.3 Ambient Temperature. Ambient tem-
perature_shall be above 32°F but shall not exceed

RULES FOR CONSTRUCTION OF OVERHEAD AND
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6412 Type Selection. The type of control supplied
shall result in operation complying with the perform-
ance specifications in para. 6300, taking into consid-
eration any supplemental requirements stated in the
crane specifications. Any of the following types of
control that will meet those requirements shall be

supplied.

100°F. [If the specifications state that the equipment
is to beloperated at ambient temperatures outside this
range, the control manufacturer shall be consulted.

64{11.4 Enclosure Requirements. The enclo-
sures, if required, shall be in accordance with NEMA,
Part IdS 6. Consideration shall be given to high
humidity or washdown locations, pressure equaliza-
tion refjuirements, and outdoor usage requirements
when ¢nclosures are selected.

~ 64111.5 Protection Against Condensation. Un-
less otmerwise specified, enclosed control panels in
high h¢imidity locations shall have space heaters to

6415 Constant Fotential DC

6413.1 Hoist

(a) Series motors and series brake(s) shall"be used.
Control shall provide dynamic braking fowering|and
include a spring-closed off positionldynamic braking
contactor to provide self-excitation of the motor
series field in the lowering,direction.
(b) For Type | hoists, pfevision shall be made to
comply with the maxitaym hoisting and lowdring
speed limitations whef handling critical loadyq, as
specified in paras* 5331 and 6320, with [the
overspeed protéetion specified in para. 6444. Coptrol
shall provide'that the series brakes cannot be dner-
gized unless there is a path for braking curreft in

refjuce the possibility of condensation. If heaters are the matep-armature. These provisions are to include
usgd, they shoulo! be energized when the crane is the following.
to;fbe ut of service for more than 8 hr. (1) A double set of conductors and collegtors

shall be provided in the part of the armature lowgring

64(11.6 Hoists circuit not connected to the series field series bfake
(@) All hoists shall be provided with controlled circuit.
lowering capable of meeting the performance speci- (2) Any resistance in the armature circuit when

ficatior]s in para. 6300.
(b) Hoisting shall take place only when the master

lowering shall have a continuous rating equdl to
the motor rated current.

switch [is in a hoisting position. For alf\loads up to (3) If the dynamic lowering contactor in| the
rated Ipad, lowering shall take plage~ditly when the armature circuit is not closed when the master
master [switch is in a lowering position. switch is in any lowering position, the spring-clpsed

(c) Hor Type | hoists, the (devices necessary to
comply with the emergendy Jstop requirements of
para. §110(b) shall be within reach of the operator

emergency dynamic braking contactor shall remain
closed.
(4) Temperature-sensitive devices in the notor

in any [operating position. It shall not be necessary shall warn the operator when the temperature| ap-
to confplete a cireUit in order to implement these proaches a value that could be injurious to] the
emerggncy stop provisions. insulation.

(d) In the_egvent of an emergency stop or other 6413.2 Travel. The travel control shall be the

emerggncyCeonditions, the two brakes required by
para. 6422+1(a) shall be de-energized without inten-

reversing, contactor-resistor type with contrdlled
plugging.

tional time delay.

(e) Both sides of shunt brake coil circuits on hoists
shall be opened when the brake is de-energized.

(f) Type I hoists shall be provided with an indica-
tion at the operator’s control location to confirm the
selected direction of load movement. This indication
shall be taken from the drive train motion and
electrically separated from the control circuit.
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6414 Constant Potential AC

6414.1 Hoist
(a) Speed control may be achieved by the fol-
lowing:
(1) contactors and resistance in the secondary
of the wound rotor motor;
(2) static power devices such as saturable reac-
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tors or thyristors in the secondary of the wound
rotor motor;
(3) contactor(s), and resistance in the primary
of a squirrel cage motor
(4) an electrical load brake; or
(5) a combination of these methods.
(b) Type | cranes shall be provided with the

ASME NOG-1-2004

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 braking torque as required when lowering
a load or when the operator attempts to reduce
speed.

following: (b) In addition to (a) above, hoists handling critical
(1) open and reverse phase protection; loads on Type I cranes shall be providedpwfith the
(2) a circuit to ensure that power is applied to following:

the hoist motor(s) before the brakes (para. 6422) are (1) provisions to maintain propér field |excita-

reledsed;

(3) a circuit to de-energize the hoist motor and
to s¢t the brakes if the electrical load brake is not
energized sufficiently to limit the speed when the
contol is in a position requiring electrical load
brake torque;

(4) temperature-sensitive devices in motors and

tion to comply with the speed limitation in para.
6300. Activation of this speed-:limiting featuTe shall
be the responsibility of the designated person fespon-
sible for moving critical Aoads [see para. 6320(e)].

(2) a protective cifetit to ensure current flow
in motor armature Ceircuit before brakes ¢an be
energized (currept\Check circuit or torque proving

load| brakes to warn the operator when the tempera- circuit);
ture[of a motor or load brake approaches a value (3) a tendperature-sensitive device in thd motor
that|could be injurious to the insulation or could to warn gheoperator when temperature apprpaches

inteffere with meeting the performance specifications
in ppra. 6300.

6414.2 Travel
(4 Speed control may be achieved by the fol-

a value, that could be injurious;

(4) temperature-sensitive devices in or near the
reistors that are required to absorb “pump back
energy” to warn the operator when the rgsistors

lowihg; approach a value that could cause them tol fail.
(1) contactors and resistance in the secondary 6415.2 Travel
of the wound rotor motor; (a) Field loss protection is not required or} travel

(2) static power devices such as saturaple-reac-

drives having motor field reversing and designed to

tors [or thyristors in the secondary of the wound permit coasting.
rotof motor; . ) _ (b) When two or more motors connected in paral-
(3) contactor(s) and resistancelin the primary lel are used, provision shall be made at the fontrol
of a| squirrel cage motor; panel to permit isolating any motor and to c¢ntinue
(4) an elect.rlca.I load brake; or operation with the remaining motor(s) with hormal
(5) a combination of-thése methods. protection features, if agreed to by the user| crane
() Control shall include’ controlled plugging. builder, and electrical equipment supplier(s)
4 i .
6415 Adjustable Yoltage DC ) 6416 Adjustable Voltage AC
(d) Control shall" include a contactor that will . .
. . ) (a) Speed control may be achieved by static
discpnnect power to any drive not in use. . .
power devices such as saturable reactors or thyristors

(H) Conftrol shall include controlled electrical
bralfingCamd may include a feature that will keep
the |electrical braking circuit energized until the

in the primary circuit.
(b) Control shall include controlled eldctrical

motor approaches zero speed when the operator
wishes to stop.

(c) A contactor shall be provided in the DC motor
armature circuit if a generator is the source of DC
power, but the contactor can be in either the AC
or DC power circuit if static power conversion
is used.

(d) Motor field loss protection shall be provided.

89

L}Ial\;lls atreh may trettrde—a—feattre—thrat—w| keep
the electrical 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
resistance in the secondary of the wound rotor motor
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for operation at reduced speeds for prolonged periods
or if frequent deceleration is anticipated.

(b) An electrical load brake may be used with
the above.

(c) Type I cranes shall have protection as required
in para. 6414.

6416.2 Travel

RULES FOR CONSTRUCTION OF OVERHEAD AND
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NOTE: Control dynamic braking on hoists with mechanical load
brakes shall be sized such that the combined retarding torque
in the lower direction of the dynamic braking and the mechanical
load brake are equal to or greater than the torque (or correspond-
ing current) limit setting of the VFD in the hoisting direction.

(c) Control shall sense sufficient motor torque
(or corresponding current) before releasing holding
brake(s) (i.e., torque proving). Hoists with mechanical

(a) The secondary may have a fixed impedance,
although a means may be provided to increase the
resistarfce in the secondary to permit prolonged
operatipn at reduced speed or to reduce motor
when plugging.

Vhen two or more motors are used, provision

(b)

shall bg¢ made at the control panel to permit isolating

load brakes are exempt from this requirement|

(d) In lieu of the design tolerance para. 5831 | (b),
control shall maintain speed control underall motor
operating conditions to within +£5%Mof "the dom-
manded speed.

(e) If specified by the owngr, )control shal| be
capable of operating at highéf;than base speefl as

-any m¢tor and to continue operation with the re- a function of load (constant’horsepower operation)
‘maining motor(s) with normal protection features if for loads less than 100%-rated load.
‘agreed| to by the purchaser, crane builder, and (f) Type | cranesshall have controls with| the
-electridal equipment supplier(s). following capabilities:
(1) A warnring device shall be provided to Warn
(04) 6417 AC Variable Frequency the operator Ofé.l pendi.ng motor overhegt condition.
(@) Gontrol shall consist of a variable frequency (2) Awarning device shall be provided to warn

drive (VFD) with a full load ampere (FLA) rating
equal tp, or greater than, the FLA of the correspond-
ing mdtor(s).

the operafor that the dynamic braking resistors have
overheated.

6418 Sizing Procedure. Control ratings shall Be in

(b) Control shall include, as a minimum, the accordance with NEMA Standards with the folloying
followipg protective features: qualifications.
(1) output phase oss, 6418.1 Hoists That Handle Critical Load$ on
(21 under voltage, Type I Cranes. As a minimum, contactor, resigtor,
(3] over voltage, thyristor, and reactor ratings shall have a continfious
(4) motor thermal overload, and rating equal to the greater of the steady state cur:rents
(5] VFD overheat. in those devices when hoisting or lowering rpted
(c) Control shall provide a contrl braking means load at full speed. Accelerating resistors, if ysed,

using dynamic braking or line_regéneration.

(d) Control shall have a minimum of 150% over-
load cqpability for 1 mins

(e) The cable powersstpply and electronic equip-
ment shall be protected-from detrimental effects due
to harfnonic and\EMI/RFI emissions produced by

shall be NEMA Class 90 (see NEMA, Part ICS 2-213).
Mechanical load brakes shall not be used aq the
control braking means.

6418.2 Types I, 1, and Il Cranes. The cfane
specifications shall state all required repetitive Huty
cycle operations or prolonged operations in t¢rms

invertefs. of load, distance, speed, time, and frequenc}y of
6411 7.T-Hoist repetition. All the control components (including the

(a) ThZVED control shall incorporate a speed control braking means) shall be checked by]| the
DUPP“CI tU CTISuUTT t:lat t}lcy dalrc CllJICLIUCltC fUI that

feedback device to sense loss of speed control during
any motor operating condition. Hoists with mechani-
cal 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 the hoisting direction.

90

specification.

6420 Friction Brakes

6421 General (Types I, 11, and Il Cranes). This
Section covers the requirements for friction-type
brakes for purposes of holding, emergency, parking,
and service brakes.
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6421.1 Applicable Standards. The brake selec-
tions shall be in accordance with the definitions
and brake requirements of ASME B30.2, with further
specific requirements as covered by this Section and
para. 6100.

6421.2 Brake Operation. The brakes shall have
a thermal capacity for the frequency and duration

ASME NOG-1-2004

run in properly for the torque settings required in
(@) above, the brake system shall be capable of
stopping and holding the credible critical load during
an SSE or OBE event. The values used for this
determination shall be based on the maximum accel-
eration 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

of thespeetted-operations—topreventoverheatine
of the brake wheel, disks, brake linings, and other
party. Brake manual release mechanisms shall be
furnfshed to permit drive movement during power
outages, and shall be of the manual-release-self-
resef type, operative only when held manually in
the felease position.

6421.3 Electric Brakes

(d) The electrical operating and excitation system
shal| have a thermal rating for the frequency and
durdtion of the specified operations, and the thermal
time] rating shall equal or exceed the corresponding
drivg motor time rating.

(H) Brakes with DC shunt coils shall release at
80% and operate without overheating at 110% of
the fated excitation system voltage. Whenever DC
shurjt coils are used on hoist brakes, the combination
of the brake coil and excitation system shall result
in a] quick response of brake release and set.

(d) Brakes with AC coils shall release at 85%
and |operate without overheating at 110% of rated
excifation system voltage.

6421.4 Brake Lining, Friction Material. Brake
lininfg material shall permit brakes to_maintain ade-
quate torque for the specified envirohmental condi-
tiong and at the lining temperat(res resulting from the
freqliency and duration of the specified operations.
Marjual or automatic méans shall be provided to
adjust the brake operating/mechanism to compensate
for fhe effect of lining wear.

Typ

critical load.

(c) Provision shall be made for emergendy low-
ering of the critical load by an altérpative |means
of operation of the holding brakes:\The altgrnative
release mechanisms shall permit_ eontrol of the brak-
ing torque and shall also \provide the abl|lity to
restore the “brake set” condition promptly, fhereby
allowing the operators\.6f the alternative felease
mechanisms to contyolithe lowering speed. A|device
for indicating lowering speed shall be lochted at
the emergency release station. Intermittent [gwering
shall be alléwed to provide time for cooling the
brake mechahism to obtain adequate heat dissiipation
and to-prevent reduction in braking torque that can
occur s the result of excessive heat.

(d)" The detrimental effects of radiation eXposure
on the brake linings shall be determined |and a
routine replacement procedure established sp as to
maintain an adequate torque.

6422.2 Hoists on Types Il and Il Cra
Hoists That Do Not Handle Critical Loads op Type
I Cranes. At least one holding brake shall lpe pro-
vided. Each brake shall have not less thpn the
following percentage of the rated load hoistingltorque
at the point where the brake(s) is applied:

(a) 125% when used with a control brakingimeans
other than mechanical;

(b) 100% when used with a mechanical
braking means;

(c) 100% if two holding brakes are prov|ded.

es and

Control

6422 Hoist-Brakes (Types I, Il, and Il Cranes) 6423 Trolley and Bridge Brakes (Types I, [ll, and
6422.1\Hoists That Handle Critical Loads on Il Cranes)
I Cranes 6423.1 Application

(4 _A"minimum of two holding brakes shall be (@) All travel drives shall have service lpraking

provided. These brakes shall comply with AISE TR
No. 11 or have an alternative design specifically
approved by the Purchaser. Each holding brake shall
have a torque rating not less than 125% of the full
(rated) load hoisting torque at the point of brake
application.

(b) Determination shall be made that if the hold-
ing brakes are mounted and adjusted, and linings
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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.

(c) Emergency brakes shall be of the friction-type
that will set automatically upon power failure and
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shall be capable of stopping the drive within the
distance specified in (b) above.

(1) For Type | Cranes. 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 Il _and Il _Cranes. Emergency

RULES FOR CONSTRUCTION OF OVERHEAD AND
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selected in accordance with NEC 610-31 shall be
provided in the leads to the runway conductors.

6432.2 Crane Disconnect (Types I, 11, and Il
Cranes). All cranes shall have a main line disconnect
in accordance with NEC 610-32, and shall be rated
in accordance with NEC 610-33 plus any additional
continuous load. This disconnect shall be enclosed

ss—regred—Br—errionmertad—conditors—HR less

. . N ¥

brak('efs. shall be provided when required by the overcurrent protection is provided by other.médans,

specifigation. o ) it shall be incorporated in this main line_diseconpect
(d) any combination of service, emergency, and and the user shall specify available rms symmetfical

parking functions may be performed by a single short circuit current.

friction| brake, provided the emergency and parking ). .

functiops can be obtained without having power 6432.3 Motor  Power ()Circuit  Dis-

available. connecting Device (Type | Cranes). A device ghall

be furnished to open the patyer circuit to all cfane

64223.2 Trolley Brake Sizing Procedures

(@) On cab-operated cranes, trolley service brak-
ing shalll be provided as required by para. 6423.1(a)
with slpfficient torque to satisfy the deceleration
requirements of para. 6423.1(b).

(b) On floor-, remote-, or pulpit-operated cranes,
trolley pmergency brakes with torque rating to satisfy
the deceleration requirements of para. 6423.1(b)
shall be provided.

64223.3 Bridge Brake Sizing Procedures

(@) On cab-operated cranes with cab on bridges,
bridge [service braking shall be provided with suffi-
cient tgrque to satisfy the deceleration requirements
of pard. 6423.1(b).

(b) On cab-operated cranes with cab d@ntrolley,
bridge |emergency brake(s) with torqué . rating to
satisfy| the deceleration requirenfents of para.
6423.1|b) shall be provided in addition to bridge
service| braking.

(c) On floor-, remote-, oy putpit-operated cranes,
bridge |emergency brake(§) jshall be provided with
torque rating to satisfy.the deceleration requirements
of pargd. 6423.1(b).

6430 DDisconnecting Means

6431 General (Types I, 1I, and IlI Cranes)

drive motors. This devieéishall be capable of bging
opened from all operator stations. The device ghall
open automatically‘upon failure and shall be unpble
to reclose until’a reset function is performed.

The minim(m“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 emergé¢ncy
brakes to set.

6432.4 Motor Power  Circuit  Pis-
connecting Device (Types Il and Il Cranes). Utless
a device (para. 6432.3) is supplied, the crane disgon-
nect (para. 6432.2) must be accessible for opehing
by the operator and must be connected in a way|that
the functional protection required by para. 6432|3 is
provided.

6432.5 Motion Power Disconnecting Devices
(Type I Cranes). Control shall include a sepgrate
disconnecting means for each crane motion.

6433 Auxiliary Disconnects (Types I, 11, and Il
Cranes). The crane manufacturer shall provide|dis-
connecting means in the form of fused safety switfhes
or circuit breakers as required by NEC to prgtect
and disconnect all auxiliary equipment supplieql by
the manufacturer or specified by the purchser.
Auxiliary equipment may include:

(a) lighting,

6431.1 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 Parts ICS 3-442 and 3-443.

6432 Main Disconnects

6432.1 Runway Disconnects (Types I, 1l, and
Il Cranes). A circuit breaker or motor circuit switch
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(b) signal systems,

(c) heating/ventilating/air conditioning,
(d) convenience outlet, and

(e) special devices when applicable.

Ground fault circuit interrupters, if required for con-
venience outlets, shall be a part of the user’s specifi-
cations.
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6440 Limit Switches

6441 General (Types I, I, and Ill Cranes). A
limit switch is defined as a switch that is operated
by some part or motion of a power driven machine
or equipment to alter the electric circuit associated
with the machine or equipment. This Section in-
cludes the following limit switch requirements for

ASME NOG-1-2004

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.

6443.2 Final Overtravel Low Limit (Type |
Cranes). Hoists that handle critical loads shall in-

nuclgar power pfant cranes:

(@) hoist overtravel,

() hoist overspeed,

(d) hoist overload,

(d) hoist drum rope mis-spooling, and
(d) bridge and trolley overtravel limits.

Limit switch requirements, if any in addition to the
aboye, shall be incorporated in the specifications.
AC Franes shall have phase reversal protection.

6442 High Limits

6442.1 Type | Cranes. Hoists that handle criti-
cal loads shall include two separate overhoist limit
switth systems as required in paras. 6442.2 and
6442 .3.

6442.2 First High Limit (Type I Cranes). The
first [Jupper hoisting limit shall be a control circuit
devige such as a geared-type, weight-operated, o
paddlle-operated switch. Actuation of this switch
shal| result in the removal of power from the, motor
and fsetting the hoist brakes. The operator.may" lower
or Hack out of this tripped switch without further
assigtance.

6442.3 Final Overtravel High Limit (Type I
Cranes). Hoists that handle dritical loads shall in-
clude, in addition to the fifstyupper limit switch as
spedified in para. 6442.2) a final power circuit
hoisfing limit switch.sAgtuation of this switch shall
rem¢ve power fropmthe hoist motor directly without
relying on the séquencing of any devices and shall
set the hoist brakes. Actuation of this limit switch
shal| preventfurther hoisting or lowering.

64424 High Limits (Hoists on Types Il and III
Cranes{ and Hoists That Do Not Handle Critical

cherde—t—adetton—to—a—trr—tow—hmt—as—sgecilied
in para. 6443.1, a final lowering limit switch of the
control circuit type that shall be mechanically and
electrically independent of the first lowllimit. Dpera-
tion of this limit switch shall de-energize a|power
device other than the device~gperated by the first
low limit to interrupt all power to the hoistf motor
and the hoist brakes. Actuation of this limit|switch
shall prevent further lowering or hoisting. WHen this
occurs, a person knéwledgeable in the hoist fontrol
system shall deterfiine and correct the cquse of
tripping of the final low limit switch. That |person
shall direct<the raising out of the final loy limit
after establishing a back out mode which shall
prevenh further lowering. The first low lim|t shall
be tested for proper operation before makipg any
additional lifts.

6443.3 Low Limits (Hoists on Types Il and IlI
Cranes and Hoists That Do Not Handle Critical

Loads on Type I Cranes). A low limit shall be
furnished:
(a) as recommended by ASME B30.2, 2-1.10.5(e),

when specified in the crane specifications, pr
(b) when required by ASME B30.2, 2-1.11B(c)(1).

6444 Hoist Overspeed Limits (Type | Cranes)

(a) Hoists that handle critical loads shall include
an overspeed limit switch. When handling a [critical
load, hook speeds over 115% of the desigp rated
load lowering speed for any critical load shall trip
this switch, causing all holding brakes to set yvithout
intentional time delay. Operation of this swit¢h may
also initiate any control braking means n¢rmally
used for stopping of the load. It shall be nefessary
to center the master switch and to manually reset
the overspeed limit switch (or the overspeed fcircuit)

Loads on Type | Cranes). One high limit switch
shall be provided.

6443 Hoist Low Limits (Type | Cranes). 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
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before operation can be resumed.

(b) On drives which provide high-speed, light-
load features, provisions shall be made to permit
override of this overspeed limit switch when handling
noncritical loads.

(c) When specified, clutched-in-slow-speed hoist
drives may include a bidirectional overspeed switch
to shut down hoisting or lowering if drive speed
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exceeds 115% of the rated full load slow lowering

~ speed.

6445 Hoist Load Limits

6445.1 Overloading (Types I, Il, and Il
Cranes). Overloading, including load hang-up, of
hoists that handle critical loads on Type | cranes

RULES FOR CONSTRUCTION OF OVERHEAD AND
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6448 Restricted Handling Path (Type I Cranes).
On some Type | cranes, it may be essential that
the hook follow a restricted critical load handling
path. The requirements for such paths vary widely
with individual nuclear plant designs. The crane
specifications shall designate the required accuracy,
positions where redundancy is required, and any
test and signal system required.

shall b¢ detected by means of a Toad sensing system,
or the |equivalent, in accordance with para. 6466.
The high-load limit shall be set to prevent sustained
lifting ¢f more than rated load, but to permit low-
ering. bpecifications shall designate any load limit
requireents for Types Il and Il cranes.

6445.2 Unbalanced Load Limits (Type I
Cranes). Dual reeved hoists that handle critical loads
on Tyge | cranes shall include a device to detect
excessive movement of the equalizer mechanism.
Trippinig of this device shall initiate a flashing warn-
ing light visible to the crane operator and shall shut
down the hoisting motion. Means shall be provided
to alloy the use of hoist under administrative control.
Reeving shall then be corrected before returning
hoist t¢ additional service.

6444 Hoist Drum Rope Mis-Spooling Limits

6446.1 Hoist Drum Rope Mis-Spooling Limits
(Type | Cranes). Hoists that handle critical loads
shall ifclude a hoist drum rope mis-spooling_Jimit
switch |to detect improper threading of Hoist rope
in hoist drum grooves.

Actuption of this switch shall restift'in removal
of powfer from the hoist motor and'sétting the hoist
holding brakes.

Actuption of this limit device-shall prevent further
hoisting or lowering untjl a)Key-operated bypass is
used tp enable lowering* out of the mis-spooled
conditipn, with furthef hoisting prevented until the
mis-spgoled conditien is corrected. The limit shall
be tested for proper operation before making any
additiopal Jifts,

64462 Hoist Drum Rope Level Wind Limits

6450 Master Switches, Pushbuttons, and~Radip
Controls (Types 1, Il, and 1l Cranes)

6451 General

6451.1 Applicable Standards: All such dey
shall comply with ASME B30.2.

ices

6452 Contact Ratings. Contacts in mdster
switches, pushbuttens; and radio control interface
panels should be (heavy duty rated per NEMA[ICS
2-125. See Tahl€ 1 or 2, for appropriate applicafion.
Multispeed¢pendant pushbuttons shall be rated| per
NEMA ARS0 or N300.

6453 Voltage Ratings. The voltages in pushbut-
tons,” master switches, and similar control cifcuit
devices shall not exceed 150 V AC or 300 V |DC.

6454 Radio Controls. If radio control of crines
in the containment area has been provided| for
construction operation, that equipment shall bg re-
moved before the crane is certified for servicp in
the operating plant unless the effect of radio transpis-
sion on reactor plant instrumentation has been hna-
lyzed.

6460 Auxiliary Equipment (Types I, 11, and Il
Cranes)

6461 General. Auxiliary electrical equipment
shall be provided as specified. All necessary mdunt-
ing hardware, wiring, disconnecting means, |and
associated control means shall be included.| For
Types | and Il cranes, all auxiliary equipment ghall

be—rreunted—and—sectred—so—as—not—to—becbme

(Types Il and III Cranes). Hoist drum rope mis-
spooling limits shall be furnished in accordance with
6446.1 when so specified in the crane specifications.

6447 Bridge and Trolley Overtravel Limits (Types
I, 1, and IIl Cranes). Bridge and trolley overtravel
limits shall be furnished when specified. Refer to
paras. 5131(b) and 5459.1(d) and (e).
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dislodged or to fall from the crane during a seismic
event.

6462 Light Fixtures. Light fixtures shall be as
specified in the crane specifications.

6463 Signal Systems. Signal systems shall be as
specified in the crane specifications.
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6464 Heating, Ventilating, and Air Conditioning.
Heating, ventilating, and air conditioning shall be
as specified in the crane specifications.

6465 Convenience Outlets. Convenience outlets
shall be as specified in the crane specifications.

6466 Load Sensing Devices. Load sensing devices

ASME NOG-1-2004

adequacy of the motors under consideration, any
attempt to develop a procedure for selecting motor
ratings becomes quite involved. Whenever possible,
the specifications should indicate the most severe
repetitive duty (or duties) that each motor will be
required to meet, especially including intervals of
slow speed operation, if any. The supplier shall be
responsible for selecting ratings that will meet the

shal

1} s I Ll . b
DT dS SPTLITCU T UuTe - Lrarie  SPTLITC AtUTTS.

Whégn load sensing devices provide control functions sEeaEed dUtyfV:;lth the tlype of.control sp}?m led..::.n
such as load limiting, as covered in para. 6445.1, the absence of duty cycle requirements, (e gpecifi-
they| shall be powered from the control circuit of cations shall clearly identify the duty <¢lasq to be

used for each motion in the procedure defcribed

the hssociated drive. herein. The rating of auxiliary devices (sfich as
6467 Power for Auxiliary Equipment. Except as mechanical or electrical load brakes) must glso be
statdd in para. 6466 or unless otherwise specified, selected to meet the specified duty or duty [class.

power for all auxiliary equipment shall be from a
sepdrate protected branch circuit(s) connected ahead
of the main drive motor disconnecting means, so
that [power is available to auxiliary equipment when
the main drives are shut down.

6468 Wiring for Auxiliary Equipment. All wiring
for duxiliary equipment shall be in accordance with
NEQ. All equipment shall be grounded.

6470 Motors (Types I, II, and IlIl Cranes)

6471 General

(b) For ambient tempgratures above 100fF, the
motor design (frame sjze, insulation class, endlosure,
and ventilation)  shall” be selected to compensate
for the increasedh ambient so the total insulation
temperature <will” not exceed the value alloyed by
NEMA forthe selected insulation class. For example,
in a 140°F ambient, a motor with Class F ingulation
rated. 3t Class B rise might be selected.

6472.1 Hoists. The hoist motor shall
selected that its nameplate rating will not
than that given by the following formula:

be so
be less

hp = KsWV/33,000F (1)

(04) (d Direct Current Motors. DC motors shall e’in
accqrdance with either NEMA MG-1 or AISE TR
No. |11 where
(.t: .Alternating Current Motors E = the product of the gearing efficienfy and
(1) Definite Purpose InvertersFed Motors. AC ;2(: I’saer\;;ng e?ffifclicéizcyafje ;aara.s 152491 31)‘07r
squifrel cage motors applied to'\variable frequency reev%n ef%icienc ) Y para.
drivgs (VFDs) shall be specifically designed for in- K = serviceg factor froym Table 6472.3(b)-1
vertgr duty and shall conferm’ to NEMA MG-1, Part \; _ cated full load hoistine speed ;‘t/m N
31, pr other standard asyapproved by the owner. _ . § speec,
. : W = weight of the rated load on the hogk plus
(2) Definite Pugpose Wound Rotor Induction the weisht of the block. Ib
Motprs. AC wourdd=rotor motors shall conform to _ & !
hp = horsepower

NEMA MG-1, Rart 18.501 through 18.520.

(3) Other >AC Motors. All other AC motors not
alregdy described shall conform to NEMA MG-1.

(d) AHDAC or DC motors shall have enclosures
and

me rnfingc as rpr‘:nirod forthe r'lllf\]/ and environ-

6472.2 Bridge and Trolley

(a) The force required to drive the briflge or
trolley consists of that necessary to overcome|rolling
friction, and that necessary to accelerate the| crane.

mental conditions.

6472 Motor Size Selection, AC or DC

(a) The motor size selection is determined by the
duty class or duty cycle for each motion, not the
Type I, 1l, or 1l crane classification. Because of
the large variety of crane drives available and the
difference in the effects of those drives on the thermal

95

The rolling friction is proportional to the total weight
of the crane and is assumed to be constant at all
speeds. Unless otherwise specified, a friction factor
per Table 6472.2(a)-1 shall be used for anti-friction
bearing cranes. Mechanical efficiencies are included
in these factors.

(b) Unless otherwise specified, the acceleration
rate with rated load for either AC or adjustable
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Table 6472.2(a)-1
Overall Friction Factors (Antifriction Bearings)

Wheel diameter, in. 8 10 12 15 18 21 24 27 30 36

Friction, [b/ton 22 18 15 15 15 12 12 12 10 10

voltage (AV) drives is to be selected from the slow

RULES FOR CONSTRUCTION OF OVERHEAD AND

GANTRY CRANES (TOP RUNNING BRIDGE, MULTIPLE GIRDER)

(e) If the motor is being selected for a duty class
rather than a specified duty cycle, the motor rating
should not be less than

hp = Ks [(W, 2000V)/33,000T,] X [(f/2000  (4)
+a/32.2E + a/32.2) Wkx/Wk3]

values hown i Tabte 6272 21h)=1 wiere
(c) The size of the bridge and trolley motor shall E = mechanical efficiency, per unit
not befless than the computed from Eq. (2): T, = average per unit motor torque\ prov|ded

hp = K,K,W,V 2)

K, ¥ afactor that includes power for both over-
coming friction and accelerating the crane
or trolley. Based on certain assumptions,
values of K for either AC drives or adjust-
able voltage drives with constant motor
field strength are given in Fig. 6472.2(c)-
1. The rate of acceleration is based on
the total time to accelerate from zero speed
up to rated speed. The factors assume the
rotating inertia to be 10% of the equivalent
load inertia (based on W), a mechanical
efficiency of 95%, and an average motor
torque equal to 150% of the motor rated
torque when K; = 1.0. K, factors for
constant potential DC series motor drives
are to be in accordance with AISENTR No.
6, noting that the acceleration rates may
exceed those shown in Table 6472.2(b)-
1 since they apply only (up*to the speed
attained on the resistor,Jas explained in
that standard.

K; £ a service factor t0_provide an allowance
for motor heating/resulting from repetitive
operations {Table 6472.3(b)-1]

V £ specified(speed, ft/min

W, total weight of the crane or trolley plus
ratethddad, ton

(d) After-selecting an approximate motor by Eq.

during acceleration if K; = I
a = average acceleration rate~ft/sec’
friction factor, Ib/ton

\,‘
I

Using Eq. (4) and K; = 1,0/F = 0.95, T, = 1.5,
Wk%/Wki = 0.1.

rated hp = 1.0:(W, 2000 V)/(33,000 x 1.5)]
x [(f/2000) + (a/32.2 x 0.95)
+(a/32.2) x 0.1]

NOTE: Eor)constant potential DC series motor drives (of any
drive (where the free-running speed exceeds the motor [rated
speédhat the applied voltage), multiply V in Eq. (4) by Nz/N,
where Ng is the motor rated speed at the applied voltagd and
N is the free-running motor speed. If this procedure is uspd, a
applies only up to Ng, and should be selected on that basis.

See para. B6472.3 for sample bridge motor hgrse-
power calculations.
(f) The speed ratio for bridge and trolley dtives
will be determined as shown in para. 6473, comput-
ing the free-running hp from Eq. (5):
hp = fW,V/33,000 (5)

where f = rolling friction, Ib/ton, for f = 15 Ibfton,

hp = 0.000455 W,V (6)

(g) Polar Cranes: horsepower for bridge driyes

hps = 1(2/3)Sg X Wj x TEI/33,000 7)

(2), obtain data on the Wk* of the motor, brake
wheel, couplings, and pinion. The sum of these
values is the rotating Wk%. Calculate the equivalent
Wi of the load by the following equation.

Wki = 2000 W,(V/2w Ny 3)

Nr is defined in para. 6473.1(a).
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hp = hPB + hPTL 9)
where
hp = total hp of bridge motors
hps = hp to drive bridge (less trolley and load)
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Fig. 6472.2(c)-1 K, Factors for AC and Adjustable Voltage DC Motors
(Without Field Weakening)

hTTL =) additional bridge motor hp to drive trol- X = radius from bridge center line t

ley and load

of maximum hook approach (s

ASME NOG-1-2004

point

pe  Fig.

R = radius of bridge (s
6472.2(g)-1)

pan/2) (see Fig. 6472.2(g)-1)

Sp = speed of bridge at wheel, f/min (see Fig. Use tractive effort constant from

6472.2(g)-1)
TE = tractive effort, Ib/ton
weight of bridge, ton
weight of load, ton
Wr = weight of trolley, ton

23
o
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TE = 22.5 + 5/20

(10)

This value of TE gives approximately 1 ft/sec’ acceler-
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Suggested Acceleration Rates for AC or AV Travel Drives

Acceleration Rate [Notes (1) and (2)]

AC or AV Drives Rated Slow [Note (4)] Medium Fast
Speed [Note (3)] a, t a, t a, t
ft/min ft/sec ft/sec? sec ft/sec? sec ft/sec? sec

30-60 0.5-1.0 0.15-0.30 3.3 0.2-0.4 2.5 0.25-0.5 2

120 2.0 0.4 5 0.6 3.33 0.8 2.5

180 5.0 0.5 [ 0.75 4 1.0 3

240 4.0 0.6 6.7 0.8 5.0 1.0 4

300 5.0 0.7 7.14 0.9 5.55 1.1 4.5

NOTES:

(1) Sincq acceleration rates are for full-load conditions, lesser loads on the same drive will produce faster acceleratioh rates unlegs the
drivel has a regulator that provides controlled rate acceleration.

(2) Due fo wheel slip considerations, it is suggested that the maximum acceleration rate not exceed the values inTable 6472.2(b)-2 lhased
on a|wheel to rail adhesion of 20%. If the adhesion is less than 20% or if a multi-motor drive without a lige’shaft is being used, the
maximum rate should be reduced accordingly.

(3) 200 {t/min is considered the maximum for pendant operated cranes.

(4) Sincd fast acceleration may result in less precision for spotting and jogging, acceleration rates less tha‘those shown in the slow cojumn
may pe desirable where precise positioning is required.

Table 6472.2(b)-2
Spggested Maximum Acceleration Rates

V\Iheels Driven, % Maximum a
50 2.4 ft/sec?
33 1.5
25 1.2
16% 0.8
12" 0.6

ation. for running horsepower to select the drive
speed fatio, use the actual rolling frictien in Ib/ton
in pladge of TE in the above equations.

6472.3 Service Factors

(@) As stated in para. 6472(a), the most severe
requireents should be sstated in the specifications
wheneyer possible s@)the supplier can check the
specifi¢ motor and control required.

(b) If the crane=specifications do not indicate a
specifi¢ duty butstate the duty class for each motion,
the K valgessfor Egs. (1), (2), and (4) are listed in
Table ¢472-3(b)-1. There is no guarantee that these

will vary, depending on the type of motor and mjotor
enclosurex~For totally enclosed series wound AISE
TR NoN"DC mill motors used for constant-poteptial
D€&r¢entrol at 230 V, published curves may pgrmit
determining whether or not the allowable perfent
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 ealu-
ate the effect of the increased core losses and friqtion
and windage losses.

(b) On adjustable voltage DC drives, self-
forced-ventilated shunt motors can be checke
comparing the calculated rms current and ave
speed against curves of allowable rms current v
average rpm for the motors being checked. In to
enclosed motors, the losses (armature, field, d
brush, friction, windage, and stray load) shal
summarized to see if the total is below the dissipg
capability of the selected motor operating ove
repetitive cycle. Similarly, in AC motors, losseq are
divided into fixed and variable. As an approximation,
the variable losses can be considered to be propor-
tional to secondary current squared. Also, for a gjven

and
by
age
rsus
fally
ore,
be
ting
the

values Wil result 1n the optimum motor selection,
but they do indicate relative ratings.

6472.4 Calculation of Motor Heating
(@) When definite operating requirements have
been specified, the time, motor torque, and average
motor speed can be calculated for each step of
acceleration, running, and deceleration. The proce-
dure for checking the thermal adequacy of the motor

(04)
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value of secondary resistance, 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 unit T value. Also, in order to take into
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Fig. 6472.2(g)-1 Typical Polar Crane

consid¢ration the primary copper losses at very low

values |of torque, the value of per unit I shall not be determined as follows:
be lesg than 0.4.)
(c) The AC motor thermal evaluation could be

performed as follows. Establish a duty cycle with

6473 Drive Speed Ratios. Driye speed ratios ghall

SR = wDMH2R X N¢/V

the timg and torque for each step calculated. Convert T 00262D/R X NV

torque |to per unit current using Eq. (11) or the

torquei currk;ent spgeiggar;ctenstlcs off Lhe type Qf where

controlj to be used. the square of the per unit D =_’pitch diameter or drum for hoists or wheel
currenf X time (in seconds) X per unit variable diameter for traverse drives. in

Ipsses {o the operating time (in seconds) X per unit N = motor rpm corresponding to the free-
fixed Igsses. If that total is less than the sum of the running (i.e., steady state or developed)
seconds X the dissipation factors for each step in hp not in.cl.,uding any accelerating| hp
the cydle, the motor has adequate thermal capacity. taking into consideration the voltageand
The vdriable losses, fixed losses, and dissipation control used as stated in (a) througl} (d)
factors|are to be obtained from the selected motar below

manufdcturer, or the cycle summary shall be submit- R = mechanical advantage of the rope syjtem
ted to fthe manufacturer. See para. B6472.4:fet an for hoists. R = 1 for traverse drivek
example of AC motor heating calculation. V = specified .speed ft/min

6472.5 Duty in Excess of Class.4

(a) Above 50% time-on or moré_than 45 cycles .
per hopr, the required duty cycle’ capability shall /(a) For 230 V DC series motors, the manufagtur-
be statkd by the specificatiofwriter, who should er’s characteristic curves for 230 V shall be ysed.
. . ' . At a constant-potential voltage other than 230 V,
considé¢r the possible adyantages of self-ventilated, btai Valent 230 V ho b ltiplving th
forced-ventilated, or air-over-frame motor construc- oblain an equivaien _1p by multipfyingf the
free-running hp by 230 divided by the applied

tion, d¢pending upor{the atmospheric conditions at

voltage. From the curves, use this equivalent hp to

;e:gillal:ztilrl]attlg)en.szt?fissgsﬁiable type(s) shall be obtain the motor speed at 230 V. Calculate| the
(b) 1If prolongéd (over 30 sec) or repetitive opera- Epp{ﬁg?atﬁe:l[f\E)gh;nﬂtﬁlvyigegdtze rg;g) 50 obtajned

tion at fedlced speed is required, it shall be specified. Y b E pF/)\C dg Y H o L dh
Any refluced speed operations which fall below 5% (b) For wound rotor motors, the typical ghar-
acteristic _curves for_wound rotor_motors i Fig.

speed for prolonged periods or which are repetitive
shall not be evaluated by the procedures in para.
6472.4 without consulting the electrical manufac-
turer.

(c) Because variations in motors and controls can
be appreciable, ratings selected by any duty cycle
calculations shall be checked by the electrical manu-
facturer after an order has been placed.

100

6473(b)-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,

hppy = Tpu (1 = Tpy X Res.p,)/0.97 (13)
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Per unit hp (hppu) for use of these curves

_ developed hp (not incl. acceleration)
N hp rating of motor

(14)

[The developed hp for a hoist is calculated by Eq.
(1) with K, = 1, and for a bridge or trolley by Eq. (9).]
At the calculated per unit hp, read per unit torque

RULES FOR CONSTRUCTION OF OVERHEAD AND
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6482.3 Auxiliary Systems. Such as pendant
pushbutton, communication, remote control, and
instrumentation cables.

6483 Conductor System Types

(@) When AC variable frequency controls are
used, the runway and bridge conductor systems shall

from appropriate hp-resistance curve and then read
per unjt synchronous speed at that torque on the
speed gurve for the same resistance. The dash line
is an gxample at 0.75 per unit hp and 20% total
resistar|ce, resulting in approximately 0.88 per unit
torque |and 0.82 per unit synchronous speed.

(c) Hor DC adjustable voltage shunt motors, obtain
manufdcturer’s rated speed for armature voltage and
field strength used.

(d) Bor AC squirrel cage motors, use the motor’s
specifi¢ characteristic curves, to be supplied by the
motor manufacturer.

6480 Conductor Systems (Types I, 1, and III
Cranes)

General
Conductor types and sizes shall be in accor-
vith NEC, taking into consideration the volt-

6481
(a)

dance

include a grounding conductor.
(b) The following three general types of céndyctor
systems shall be considered to meet the\Aeeds of
the three categories in para. 6482.
(1) Contact Conductor. These §ystems may gon-

sist of either a rigid bar or taut(wire with a slifling
or rolling collector. To ensure;tontinuous cortact
on Type I, Il, or Ill system$ that use AC varipble
frequency drives or DG-motor drives, there shall be
at least two spring-loaeed contact shoes per phase
on main line systems 'in the primary circuit off AC
motors and in@ny ’DC motor armature circuit[that
does not supply current to a series brake. Adequate
expansion_nmeans shall be incorporated to allow for
building “expansions and contractions as specified.
Wheye tow-contact resistance is required for
curent or low-voltage pilot devices, such as tachom-
éter generators, a combination of conductor
collector materials shall be suitable for that ugage.

age drgp limitations affecting the allowable voltage

variatid n§ at the Contml!er SpeFlfled in para. 641h& NOTE: While taut wire arrangements are present on many exjsting
(b) If 'nSUIated/ the insulation shall be rated-for systems, the use of an uninsulated taut wire system i not

the radiation dose specified, if any. recommended on new applications due to inherent safety ifsues.
(c) Bach multiconductor control cable“shall in-

clude dpare conductors. The quantity, dfispares shall (2) Brush-Type Cable Reel. These systems fon-

be appfoximately 10% of the total, byt not less than sist of a cable, which is payed out off of a reel,|and

two and not more than five beihg) required. uses a slip-ring and brush arrangement to mairjtain

(d) Ror repeated flexing sefvice, the bending ra-
dius fdr the cable and thé_cable support system
shall be not less than thexminimum recommended

electrical contact. Where low-contact resistande is
required for low-current or low-voltage pilot dev|ces,
such as tachometer generators, a combinatioph of

for the| cable by its spanufacturer. Means shall be slip-ring and brush materials shall be suitablg for
provided for supporting, extending, and retracting that usage.

the caljle to alle movement without exceeding the (3) Flexible Continuous Conductor. These|sys-
stress [imit ifn#he cable as stated by the cable tems consist of a continuous flexible cable, e|ther
manufdctufer; flat or round, that is suspended in a festoqned

arrangement from a trolley and track system dr in

6482—€0nd'uttﬂr—5'ystem—€atc5u. tes—Comdtretot

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.

102

a cable carrier.

6500 ELECTRICAL EQUIPMENT TESTING
REQUIREMENTS (TYPES 1, 1l, AND 1lI
CRANES)

All electrical equipment shall be tested in accor-
dance with Section 7000.

(04)
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Section 7000
Inspection and Testing

710]) TESTS AND ACCEPTANCE CRITERIA

The following list identifies the specific tests and
accgptance criteria for the inspections and tests
spedified by Tables 7200-1 and 7200-2.

(@ Drop weight test per ASTM E 208 or Charpy
impact test per ASTM A 370. The owner or the
ownkr’s designated representative shall establish the

accgptance criteria unless stated otherwise in this
Standard.

(H) 100% radiographic test (RT) or ultrasonic test
(UT) of buttwelds in accordance with AWS D1.1.
Acc¢ptance criteria shall be in accordance with
AW$ D1.1.

(4 10% magnetic particle test (MT) or dye pene-
tran{ test (PT) of the linear feet of each weld that
excdeds 10 in. in length unless stated otherwise in
this [Standard. Technique and acceptance criteria
shall be in accordance with AWS D1.1.

(d) UT Volumetric Test

(1) UT volumetric tests are in accordafice with
ASTM A 435/A 435M-90 for plate matefial: Accept-
ancg criteria for plate material shall he in accordance
withl ASTM A 435/A 435M-90.

(2) UT volumetric tests ar€ in"accordance with
ASTM E 114 and ASTM (A, -388/A 388M-01 for
wrolight or forged material)after forging and before
machining.

(a) Acceptance” criteria for forged material
shal| be in accardance with the following require-
menfs:

(I\Straight Beam. A forging or bar shall
be upacCeptable if the results of straight beam exami-
natipns’show one or more reflectors that produce

duce indications exceeding the amplitude felerence
line from the appropriate calibration_motehek.
(b) Acceptance criteria for the tensiong¢d area
of Type | crane hooks shall be jin.accordande with
the following:
(1) Discontinuity dnadications in exfess of
the response from a */g4(in, ‘diameter flat-boftomed
hole at the estimateds«discontinuity depth shall not
be acceptable.
(2) Diseontinuity indications in exfess of
the response from a g4 in. diameter flat-boftomed
hole at the~estimated discontinuity depth shall not
have théir ihdicated centers closer than 1 if.
(3) Elongated (stringer) type defects| in ex-
cess of 1 in. in length shall not be acceptable if at any
paint along the length the discontinuity indicgtion is
équal to or greater than the response from| a %,
in. diameter flat-bottomed hole.
(c) Acceptance criteria for material
parallel surfaces (such as sheave pins and
shall be in accordance with (d)(2)(b) above

(e) Proof load test of hooks including dimepsional
inspection as described in ASME B30.10. Accqptance
criteria shall be in accordance with ASME B30.10.

(f) Wire rope breaking strength test. Bfeaking
strength shall meet or exceed published bfeaking
strength in accordance with Federal Specification
RR-W-410 or wire rope manufacturer’s puplished
data. The sample used for the test shall bg taken
from the wire rope furnished.

(g) MT or PT

(1) MT or PT shall be performed in accdrdance
with ASTM A 275/A 275M, E 709, and/or E 165.

(2) Nonrepairable transverse indications shall

ithout
shafts)

indications accompanied by a complete loss of back
reflection not associated with or attributable to geo-
metric configurations. Complete loss of back reflec-
tion is assumed when the back reflection falls below
5% of full calibration screen height.

(2) Angle Beam Rule. A forging or bar
shall be unacceptable if the results of angle beam
examinations show one or more reflectors that pro-
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be in accordance with the following:

(a) Indications with any dimension of Ve in.
are unacceptable on material under 2 in. thick; on
material 2 in. and over, indications with any dimen-
sion over 'z in. are unacceptable.

(b) Four or more indications of any size
separated by less than ', in. edge-to-edge are
unacceptable on material under 2 in. thick; on
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material 2 in. and over, less than '/ in. edge-to-
edge are unacceptable.

(c) Ten or more indications of any size in
any 6 in.? determined with the major dimension
taken in the most unfavorable location relative to
the indications but not exceeding 6 in. in length,
are unacceptable.

RULES FOR CONSTRUCTION OF OVERHEAD AND

GANTRY CRANES (TOP RUNNING BRIDGE, MULTIPLE GIRDER)

7220 Electrical Documentation

On Type | cranes, reports of standard NEMA
tests shall be furnished by the electrical equipment
manufacturer for hoist and travel motors and brakes.

7230 Assembly Inspection Requirements

d) Indica o ensure
if they dther
materigl properties or part geometry. Only indica- than that normally done at field erection~shall be
tions rgsulting from material discontinuities shall be complete. Control panels and rigid conduit shall be
consid¢red unacceptable; however, all indications installed. It is not required to reeve the drum |and
identified that exceed the criteria in (a) through (c) blocks, to attach the cab, or to erecfon gantry [egs.
above phall be recorded in the test report. Inspections of the work shall-be performed by

(3] Nonrepairable transverse indication shall be the crane manufacturer. The, owner or the owner’s
unacceptable within the tensioned sections of the designee may verify that crane’components are being
hook. Repairs by welding on the hook shall not be installed, assembled, @rconnected in complignce
acceptgble. with the latest appropriate drawings, codes, {tan-

dards, and proceduyes.
7240 Electfical Inspection Requirements
7200 MANUFACTURING
. . Inspections shall be performed at the crane mgnu-

Inspgctions and testing of Types | and I cranes facturer’s plant to verify the following;
shall cpnform to this standard. Assgrance of .|mp|e- @) terminal connections for tightness;
mentatfon of the requirements of this Subsection for .

. . (b) panels and resistors are properly placed
Types | and Il cranes shall be in accordance with . . )
) , ; (c) required fuses are installed;
Sectior| 2000. The manufacturer’s standard inspec- . .
. . (d) panels, switches, resistors, and other partsfand
tion anfd testing program shall apply to Typexlll . . S .
A ) P materials are in accordance with job drawings|and
cranes [if not otherwise specified in this Standarg-or . e
are properly identified;
contradt document. )
(e) raceways are properly installed, and race-ways
to be removed for shipment are to be properly fltted
7210 Receipt and In-Process Inspéection and for field |.nstal]at|on; ] ) o )
Testing Requirements (f) no interferences |nV0[V|ng electrical items gxist
when trolley moves through its full range;

(a) Receipt inspection afd)festing shall be per- (g) electrical items do not protrude beyond| the
formed| for those items {istéd in Table 7200-1 for confines of the crane as established by the|job
Type I|cranes and TabJe:7200-2 for Type Il cranes. drawings;

In-prodess inspectigiyand testing shall be performed (h) electrical items requiring routine maintengnce
in accqrdance with-Table 7200-1 for Type | cranes are accessible;

and Tgble 72002 for Type Il cranes. (See para. (i) no wiring is touching resistor heating pqrts;
7100 for definitions of inspections and tests required (j) portions of conductor systems which are| de-
by tables) signed to move in order to accommodate cfane

(b) Documentation required by Table 7200-T or
Table 7200-2 shall be reviewed and accepted by
the crane manufacturer prior to the assembly of any
item listed in these tables.

(c) All structural welds shall be visually inspected
over their entire lengths for any type crane. Accept-
ance criteria of welds and repair shall be in accor-
dance with AWS D1.1.
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motion move freely;
(k) ancillary electrical items are properly installed;
() pendant cable strain relief is properly installed
on pendant push-button station-operated cranes;
(m) overload relay current sensing elements are
in accordance with job drawings;
(n) motor connections are properly made;
(o) contactors and electromechanical relays
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