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FOREWORD

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

DL 1 I M | 10072 1 DL 1 P | 1 J N4 b VA N AW AN a P ) e

Ntretear—Facitities—n—1983the Nuclear-nderhtung—and-Monorait-INtAvh-Sttbeommittee—was
established to develop a standard to cover the design, fabrication, installation, and testing of
underhung and monorail equipment used in nuclear facilities. The NUM-1 Standard is the result
of the Subcommittee’s work.

The first edition of ASME NUM-1 was approved by the American National Standards Institute
(ANSI) on October 28, 1996. The second edition of ASME NUM-1 was approved bySANSI on
May 3, 2000. The third edition of ASME NUM-1 was approved by ANSI on August/17, 2004.
The fourth edition of ASME NUM-1 was approved by ANSI on December 22, 2009.

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

This Standard is split into four major sections: NUM-G, General Specifications (applicable to
all equipment); NUM-I, Type I equipment (i.e., equipment that isdised to handle critical loads
and is required to withstand a seismic event); NUM-II, Type Il équipment (i.e., equipment that
is not used to handle critical loads and is required to withstanda seismic event); and NUM-III,
Type III equipment (i.e., equipment that is not used to handle*critical loads and is not required
to withstand a seismic event).

Suggestions for the improvement of this Standard arewelcome. They should be addressed to the
Secretary, ASME Committee on Cranes for Nuclear Facilities, The American Society of Mechanical
Engineers, Two Park Avenue, New York, NY 10016-5990.

The 2016 edition of ASME NUM-1 was appzaved by ANSI on June 16, 2016.
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ASME NUM-1-2016
SUMMARY OF CHANGES

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

after publiic Teview, ASME NUM-1=2016was approved by the AImerican INatonal standards
Institute on June 16, 2016.

The 2016 Edition of ASME NUM-1 includes revisions, additions, deletions, corrections,~and
editorial changes introduced in ASME NUM-1-2009, as well as the following changes identified
by a margin note, (16), placed next to the affected area.

Page Location Change

4 NUM-G-3200 Reference to Nonmaridatory Appendix A
corrected

NUM-G-3400 Paragraph (b) reference to

Nonmandatory Appendix A corrected

8 NUM-G-4230 First paragraph reference to
Nonmandatory Appendix A corrected

10 NUM-G-5200 First paragraph reference to
Nonmandatory Appendix A corrected

11, 13 NUM-G-6100 Definitions of braking torque, momentary

peak load added; definition of reeving
updated; alphabetical order of some
definitions updated

15 NUM-G-7100 References updated to latest editions;
ANSI/AGMA 9002-B04, ANSI/ AGMA
9003-B08, ANSI/AGMA 9103-B08,
ANSI/AGMA 9112-A04 added

19 NUM:I-5400, NUM-1-5420 Added for proper nesting
21 NUM-I-7730, NUM-1-7740 Added for proper nesting
NUM-I-7749 Added
NUM-1-7931 Paragraph (c) references to figures
updated
Figure NUM-1-7931-1 Figure number updated
22 NUM-I-7942.1 Added for proper nesting
Figure NUM-1-7931-2 Figure number updated
23 Figure NUM-I-7931-3 Figure number updated
24 NUM-I-7945 Paragraph (a) revised to add “keys”
26 NUM-I1-7947 NUM-1-7947.1, NUM-1-7947.2, NUM-I-

7947.6 added; NUM-1-7947.4 deleted;
others redesignated

27 NUM-I-7950, NUM-1-7952 Added for proper nesting
NUM-I-7970 Redesignated, reference to NUM-III-
7970(a) updated
28 NUM-I-8212, NUM-1-8320,  Added for proper nesting
NUM-I-8332

NUM-I-8340, NUM-I-8345 Added

xi
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Page Location Change
29-30 Table NUM-I-8210-1 Note (3) reference to tables corrected
NUM-1-8420 Added for proper nesting
36 NUM-I-8532 Added for proper nesting
40 NUM-1I-8210 Added for proper nesting
NUM-II-8213 Editorially revised
41 NUM-II-8215.3.5 Paragraph (c) equations renumbered
43,44 Table NUM-II-8215.3.6-1 General Note added
NUM-II-8215.3.10 Equations renumbered
45 NUM-1I-8320, NUM-II-8410, Added for proper nesting
NUM-II-8520, NUM-II-
8521.2
55 NUM-III-3222 Revised
60 NUM-III-4422 Motor sizing cross-réference corrected
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RULES FOR CONSTRUCTION OF CRANES, MONORAILS, AND
HOISTS (WITH BRIDGE OR TROLLEY OR HOIST OF THE
UNDERHUNG TYPE)

NUM-G-1100 GENERAL

(a

sect
all ¢

is ug
stan|

is n
with

that
not
Sect

(b
desi
men
The
wor
and
is ng

This Standard is split into the following four major

ons:
(1) NUM-G: General Specifications, applicable to
quipment
(2) NUM-I: Type I equipment, i.e., equipment that
ed to handle critical loads and is required to with-
d a seismic event (see Section NUM-G-6000)
(3) NUM-IL: Type Il equipment, i.e., equipment that
t used to handle critical loads and is required to
stand a seismic event (see Section NUM-G-6000)
(4) NUM-IIL: Type III equipment, i.e., equipment
is not used to handle critical loads and is
required to withstand a seismic.event (see
on NUM-G-6000)

Equipment covered under this Standard shall be
ened in accordance with the Standard’s require-
ts, but not necessarily with {its) recommendations.
word “shall” is used to dendte a requirement, the
H “should” is used to.denote a recommendation,
the word “may” is used to denote permission, which
ither a requiremeht'rior a recommendation.

NU

-G-1200._SCEOPE

is Stanidard covers underhung cranes, top-running

bridge and'gantry cranes with underhung trolleys, trav-
eling wall cranes, jib cranes, monorail systems, overhead

Section NUM-G-1000
Introduction

facilities. All of the above cranes, whether sing]|

or mul-

hoists, and hoists withintegral trolleys used i} nuclear

tiple girder, are covered by this Standard with t
tion of multiple-girder cranes with both top|
bridge and/trolley, which are covered by ASMHE

NUM-G-1300 APPLICATIONS

This Section of the Standard applies to thg
manufacture, testing, inspection, shipment, sto
erection of the cranes, hoists, and monorails co
this Standard.

NUM-G-1400 RESPONSIBILITY

The equipment covered by this Standard is
into three types (see Section NUM-G-6000, eq
Types I, 1I, and III) depending on the equipmen
and usage of the equipment at a nuclear facili

The owner shall be responsible for determi
specifying the equipment type. The owner sha
responsible for determining and specifying the
mental conditions of service, performance requ
type and category of coatings and finishes, an|
of quality assurance.

Determining the extent to which this Standa

e excep-
-running
NOG-1.

design,
age, and
vered by

lassified
uipment
location
ty.

hing and
1 also be
environ-
rements,
d degree

d can be
\ nuclear

used either in part or in its entirety at other thaj

facilities shall be the responsibility of those re1erencing

the use of the Standard.
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Section NUM-G-2000
Environmental Conditions of Service

NUM-G-2300 TEMPERATURE

The oyvner shall specify environmental conditions for
operatiop and storage. This equipment shall be designed
to with4tand the effects of the conditions specified
herein. Where the ability of the equipment to withstand
the effects is unknown or limited, the manufacturer shall
specify guch limitations and their basis for acceptance
by the oner prior to order.

NUM-G-2110 Clearances

The cfane or monorail shall be designed to provide
clearancg between the equipment and the building and
surrounding obstructions. For traveling cranes, jib
cranes, gnd monorails, at least 3 in. of clearance shall
be provided between the highest point of a moving
crane ormonorail component and the lowest overhead
obstructjon after taking into account variables that affect
the elevation of the overhead structure relative to the
equipmgnt, including, but not limited to, external loads
such as gnow, wind, etc. The clearance between the sides
and ends of traveling cranes, jib booms, or hoist and
trolley ynits and the building columns and other, ob-
structior}s shall not be less than 2 in. with the(grane
centered| on the runway rails and the hoist and*trolley
unit cenfered on the operating flange. In addition, the
equipmgnt must clear the obstructions when operational
variable§ including, but not limited tojmaximum wheel
float, crgne skew, rail alignment, civilinstallation toler-
ances, aid thermal expansion are.considered.

NUM-G-200 RADIATION

(a) Thie owner shallspecify the accumulated radiation
dosage gxpecteddo be seen by the crane, hoist, or mono-
rail, ovef the life-of the nuclear facility.

(b) Cdmponents whose normal life could be reduced
by the effecfs o ified radiati
and submitted to the owner.

(c) Components of equipment whose failure due to
specified radiation could result in loss of load either
shall be designed to withstand the specified radiation
or shall have a specific replacement period. Where state
of the art is such that sufficient data is not available,
periodicinspections shall be made by the owner to deter-
mine when replacement should be made. The inspection
requirements and their bases are to be specified by the
manufacturer and provided to the owner.

(a) The owner shall specify the following tempergture
requirements in the area where the crane, hoist;-6r mpno-
rail operates:

(1) maximum operating temperatiife
(2) minimum operating temperature
(3) ambient temperature forumotors

(4) maximum constructiofvtemperature
(56) minimum constrdction temperature

(b) The crane, hoist, or monorail shall be designé¢d to
withstand the effects\of the specified temperatures, or
the limitation of the equipment’s design concerping
these temperature conditions shall be specified by the
manufacturerd, The inspection requirements and their
bases are. to~be specified by the manufacturer and |pro-
vided to the owner.

NUM-G-2400 PRESSURE

(a) The owner shall specify the following pregsure
requirements in the area where the crane, hoist, or mpno-
rail operates:

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

(b) The crane, hoist, or monorail shall be designed to
withstand the effects of the specified pressures, ot the
limitations of the equipment’s design concerning these
pressure conditions shall be specified by the manfifac-
turer. Specifically where there are changes in presgure,
enclosures shall be vented. The inspection requirenjents
and their bases are to be specified by the manufacfurer
and provided to the owner.

HUMIDITY.

(a) The owner shall specify the humidity conditions
in the area where the crane, hoist, or monorail operates.

(b) The crane, hoist, or monorail shall be designed to
withstand the effects of the specified humidity, or the
limitations of the equipment’s design concerning the
humidity condition shall be specified by the manufac-
turer. The inspection requirements and their bases are
to be specified by the manufacturer and provided to the
owner.
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NUM-G-2600 CHEMICAL

(a) Spray Systems
(1) If the crane, hoist, or monorail may be subject
to any spray systems, then the chemistry of the spray
shall be specified by the owner. Any restrictions on the
use of materials due to the effects of the spray shall
also be specified. Specifically, where a corrosive spray
is present, the possibility of hydrogen generation exists,

and therefore the use of exposed aluminum . —magne-
O

of the equipment design concerning the pool chemistry
and lubrication requirements shall be specified by the
manufacturer. The inspection requirements and their
bases shall be specified by the manufacturer and pro-
vided to the owner.

NUM-G-2700 WIND

The crane, hoist, or monorail shall be designed to

I
siunf, galvanized steel, and zinc is to be minimized. If
thesp materials are used, the amounts and location shall
be grovided to the owner.
(2) The crane, hoist, or monorail shall be designed
to withstand the effects of the specified spray and shall
not |use the specified restricted materials. Any limita-
tion$ of the design concerning the spray condition and
the juse of any restricted materials shall be specified
by the manufacturer prior to the manufacture of the
equipment. The inspection requirements and their bases
shal] be specified by the manufacturer and provided to
the pwner.
(b) Liquid Immersion
(1) If the hoist load block and wire rope are to be
imnjersed in a liquid, then the owner should identify
the immersion liquid and the manufacturer should select
the Jubricants and component materials that are compat-
ible with the immersion liquid. Compatibilities between
lubrfcants used in the manufacture of wire rope angd
the fmmersion liquid should also be addressed. Design
reqdirements should address liquid entrapment infcom-
ponents such as sealed bearings, load blocks,(and the
wird rope to prevent degradation of lubri¢ants and to
protect the components from corrosion.
(2) Load blocks and wire ropesithat are to be im-
merped shall be lubricated with a-ltibricant that meets
the $pecified lubrication requirements. Any limitations

operate under any specified operating windconditions,
and shall be designed to withstand the effécts |n a non-
operating secured position under anyrspecifigd stored
or tornado wind conditions.

NUM-G-2800 SEISMIC

(a) The owner shall spécify the safe shutdown earth-
quake (SSE) paraméters for Type I and |Type II
equipment.

(b) As specified under the NUM-I and NUM-II sec-
tions of this document, Type I and Type II equipment
shall be designed to withstand the effects of the ppecified
seismic ¢onditions.

(c) Seismic design for Type III equipment js not re-
quired’ unless specified by the owner.

NUM-G-2900 DRAINAGE

Box sections, when required by environmental condi-
tions, shall be drained to prevent moisture fromfaccumu-
lating. Where internal full-depth diaphragmp extend
from the top flange to the bottom flange, the fompart-
ment 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 girdef of each
compartment formed by the diaphragms.
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Section NUM-G-3000
Performance Requirements

(a) Indlividual performance requirements for equip-

ment arg
of equip
covered
plement
ance re
applicab
(b) Th
speeds,

NUM-G-

The o
rail, and|
meet thd

addressed in each section for the various types
ment. General and common requirements are
n this Section. These requirements may be sup-
bd by the owner to define the special perform-
quirements of the given nuclear facility as
e.

e owner shall specify the service class, capacity,
ind dimensional requirements.

3200 SERVICE CLASS

vner shall specify the applicable crane, mono-
hoist service class as determined necessary to
application. The owner shall state any specific

requirenjents deviating from the selected service class

descript

NUM-G-]

Servic
the hois
Table NT

NUM-G-]

Servic
with intd

on. See NUM-A-1000 regarding service class.

8210 Crane and Monorail Service Class

b classes for cranes and monorails, excluding
and hoists with integral trolley, are givén in
UM-G-3210-1.

8220 Electrically Operated Hoist'Service
Class

b classes for electric hoists ‘and electric hoists
gral trolleys are givenin Table NUM-G-3220-1.

Service classes for air-operated air-powered hoists
air-operated integral trolleys are . given
Table NUM-G-3230-1.

NUM-G-3300 CAPACITY

(a) The capacity of the equipment is defined a
maximum rated load that the'equipment handles.
capacity shall be specified by the owner.

(b) In the case whereimore than one trolley hoist

and
in

the
This

will

or may operate on a.crane bridge or monorail, thefh the

crane bridge or monorail shall be specified to hg
the most severé lpading conditions.

NUM-G-3400 SPEEDS

(a)-The operational speeds of the crane, trolley,
hoist shall be specified by the owner. These sp
depend on the nature of the load, load clearances, w{
of load, position of the operator, load positioning
racy, and type of drive. Speeds are for rated load c(
tions and shall be such as to allow for contrg
handling of the equipment and the load.

(b) Suggested operating speeds are providg
NUM-A-2000.

NUM-G-3500 OTHER CONSIDERATIONS

The owner shall determine if true vertical 1
required.

ndle

and
beds
ight
ccu-
ndi-
lled

d in

ft is
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Table NUM-G-3210-1 Service Classes for Cranes and Monorails

Cran¢ and
Monprail
Class

Service Class

Service Conditions

A

Infrequent
or standby

Light

Moderate

Heavy

Severe

Continuous
severe

This service class covers cranes and monorails that-may be used in inst

llations

where precise handling of equipment at slow speeds with long idle pdriods be-

tween lifts is required. Capacity loads may_be handled for initial insta
equipment and for infrequent maintenanee:

This service class covers cranes and.monorails that may be used where
quirements are light and the speed’is slow. Loads may vary from no |

casional full-rated loads wjthw2.to 5 lifts per hr, averaging 10 ft per liff.

This service class coversicranes and monorails that may be used where
quirements are maderate. In this type of service, the crane will handlg
that average 50%, of*the rated capacity with 5 to 10 lifts per hr, avera
with not morecthan 50% of the lifts at rated capacity.

This service-glass covers cranes and monorails that may be used where
produgtien is required. In this type of service, loads approaching 50%
rated capacity will be handled constantly during the working period. H
Speeds are desirable for this type of service with 10 to 20 lifts per hr,
15 ft, with not more than 65% of the lifts at rated capacity.

This type of service requires a crane or monorail capable of handling log
proaching rated capacity throughout its life, with 20 or more lifts per H
near the rated capacity.

This type of service requires a crane or monorail capable of handling lo3
proaching rated capacity continuously under severe service conditions
out its life. Applications may include custom-designed specialty crane
to performing the critical work tasks affecting the total production faci
cranes shall provide the highest reliability, with special attention paid
maintenance features.

lation of

Bervice re-
ad to oc-

Bervice re-
loads
king 15 ft,

heavy-duty
of the

gh
averaging

ds ap-
r at or
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through-
essential
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Table NUM-G-3220-1

ASME NUM-1-2016

Service Classes for Electrically Operated Hoists

Operational Time Ratings at k = 0.65

Uniformly
Distributed Work Periods Infrequent Work Periods
Max. Max.
Hoist Number Max. On Time Number
Duty Max. On Time, of Starts, From Cold of Starts,
Class Service Conditions min/hr (%) per hr Start, min per pr
H1 Hoists used primarily to install 7.5 75 15 10
and service heavy equipment (12.5)
where loads frequently ap-
proach rated load, and where
the hoist is idle for periods of
1 month to 6 months between
periods of operation
H2 Loads and utilization randomly 7.5 75 15 10
distributed. Rated loads infre- (12.5)
quently handled. Total running
time not more than 12.5% of
the work period
H3 Loads and utilization randomly 15 150 30 20
distributed. Total running time (25)
not more than 25% of the
work period
H4 High-volume handling of heavy 30 300 30 30
loads, frequently near rated (50)
load, with total running time
not more than 50% of the
work period. Manual or autot
matic cycling operations of
lighter loads, with rated loads
infrequently handled, with to-
tal running time<{reguently
50% of the work“period
H5 Duty cycle$ approaching continu- 60 600 N/A N/
ous,operations are frequently (100) [Note (1)] [Note [(1)]
necessary. User shall specify
exact details of operation, in-
cluding weight of attachments
NOTE:

(1) N/A = Not applicable since there are no infrequent work periods in class H5 service.
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Table NUM-G-3230-1 Service Classes for Air
Wire-Rope and Air Chain Hoists

Hoist
Duty
Class Description
A4 Loads normally less than 50% of
rated load with running time
up to continuous
Loads normally above 50% of
rated load with running time
up to 50% of work period
A5 Loads normally above 50% of

rated load with running time
above 50% of work period
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Section NUM-G-4000
Coatings and Finishes

NUM-G-4230 Additional Requi Anplicable to

The oyvner shall specify either coating service Level I
or Level[Il as defined below.

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

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

NUM-G-$:200 SPECIFIC REQUIREMENTS FOR
COATING SERVICE LEVELS

NUM-G-4210 Requirements for Coating Seryice
Level |

(a) Cdating requirements for coating service Level I
shall be fin accordance with ASTM P5144.

(b) Infaccordance with ASTM D5144, coating service
Level I flequires a quality assufafce program.

(c) Ingpection and testing.of coatings for coating ser-

All Coatings

Additional requirements for coatings and-finisheg are
listed in (a) through (o) below. Further informatiof for
coatings and finishes is provided in NUM-A-3000

(a) If not specified by the owner, the type of cogting
shall be determined by the manufacturer to meef the
specified environmental conditions of service and ¢oat-
ing service level. Specifically;\the selected coatings phall
be suitable for any specifiéd'radiation, temperaturej and
chemical immersion @r chemical spray environment.

(b) Welding through coatings shall not be allqwed
unless the coating system is specifically designed|and
formulated as’ a”weldable system and documentgtion
can be provided by the coating manufacturer to gttest
to this capability. The use of these coatings shall be
approvéd by the owner.

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

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

(e) Contact surfaces of friction-type joints to be joined
by high-strength bolts shall not be coated with a speci-
fied coating system except for organic or inorganic|zinc
coating systems not prohibited by NUM-G-2600.

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

P .
~CITVILT

Level Il

(a) Coating requirements for coating service Level II
shall be as specified by the owner. The owner may invoke
applicable sections of ASTM D5144.

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

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

atter installation of the equipment.

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

(h) Fillers, sealants, and caulking compounds shall be
compatible with the coating system.

(i) Finished components (such as motors, brakes, gear
reducers, limit switches, electrical dials and gauges, con-
trol enclosures, brake rectifier cabinets, control masters,
safety switches, auxiliary heaters, push-button stations,

(16)
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transformers, manual magnetic disconnects, light fix-
tures, reactors, resistor banks, protective guards, cross-
shaft bearing blocks, unitized hoists, interior of control
cabinets, festoon trolley cable spacer systems, cab interi-
ors, and radio control equipment) may be furnished with
conventional coatings unless otherwise specified by the
owner.

(j) For coating service Level I applications, the equip-
ment manufacturer shall supply the estimated surface

surface conditions required by the appropriate Steel
Structures Painting Council (SSPC) surface preparation.

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

(0) Preparation of surfaces shall be accomplished by
the methods originally used, except that small areas
requiring repair or touchup where conventional blasting
is not desirable may be reprepared by one of the follow-

ared ot exposed parts provided with conventional
coatfngs.

() Nameplates and warning labels of factory-
finighed components that are recoated shall be masked
to pfeserve legibility.

(I} Items such as fasteners and conduits shall be sup-
pliel with the specified coating system, galvanized or
plated. Galvanizing or plating shall be subject to the
reqiirements of NUM-G-2600. When specifically
reqyested by the owner, a list of galvanized or plated
partp shall be provided by the equipment manufacturer.
(m) Surface contaminants such as grease and oil
detected after blasting shall be removed to produce the

ing methods, listed in descending order of effedtiveness:

(1) Vacuum blasting to clean an abrasive fifish with
a minimum 2.0-mm profile; the minithiim blgsting air
pressure shall be 50 psi at the blasting nozzle

(2) Power tool cleaning using grinding| wheels,
sanding disks, or other devicés_to provide a minimum
2.0-mm profile in accordance with SSPC SP-3} the use
of a needle gun to roughen’ the surface after jgrinding
is recommended.

(3) Hand sanding to obtain as clean a styirface as
possible in accordance with SSPC SP-2, or wire prushing
in accordancéwith SSPC SP-2.
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Section NUM-G-5000
Quality Assurance

Guidance for determining documentation requirements
T

turers o
Type I
the own
(c) A
of Type
listed in
by the o
(d) A
of Type
cal comp
required

NUM-G-

A spe
ers of Ty
by the o

NUM-G-

The o
the requ
nance o
design, 1

ents specified by the owner.

pecific quality assurance program for manufac-
f mechanical and electrical components for
bquipment is not required unless specified by
Pr.

pecific quality assurance program for suppliers

[ equipment structural components that are not
NUM-II-8500 is not required unless specified

wner.

bpecific quality assurance program for suppliers
equipment structural, mechanical, and electri-
onents that are not listed in NUM-I-8500 is not
unless specified by the owner.

5120 Type Il Equipment

ific quality assurance program for manufactur=
pe [II equipment is not required unless specified
wner.

5200 DOCUMENTATION

ner shall define, in its pur¢hase documents,
rements for the collection, storage, and mainte-
[ documentation appli¢able to procurement,
hanufacture, shipment, réceipt, storage, installa-

tion, angl startup of cranes\covered by this Standard.

to be specified in the ov(\jmer’s purchase documer
provided in Nonmandatory Appendix A.
(1) As a minimum, design and manufacturing d
mentation to be specified in the owner/s ptirchase d
ments for all cranes shall include thefollowing:
(1) assembly and outline drawings
(2) electrical schematics and'wiring diagrams
(3) acceptance test planssand procedures
(4) software test plahs)for controls
(6) operating instriictions
(6) maintenanceé instructions
(7) software programs
(b) Minimfuiw installation documentation fo
cranes shalkinclude the following:
(1) records of high-strength bolt torquing
(2)rdata sheets or logs on equipment installaj
inspection, and alignment
(3) lubrication records
(4) documentation of testing performed 3
installation and prior to equipment acceptance
(5) results of end-to-end electrical tests
(6) final system adjustment data
(7) acceptance test procedures and results
(8) load test
Additionally, for Types I and II cranes, system cal
tions and load summary reports shall be included|
The owner’s quality assurance program shall d
which of these quality assurance documents are pe
nent records.
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Section NUM-G-6000
Definitions

NUM-G-6100__DEFINITIONS

abngrmal operating conditions: environmental conditions
that|are unfavorable, harmful, or detrimental to or for
the pperation of the crane trolley (carrier) or hoist, such
as excessively high or low ambient temperatures, expo-
sur¢ to weather, corrosive fumes, dust-laden or
moigture-laden atmospheres, and hazardous locations.

acceptance criteria: specified limits placed on characteris-
tics [of an item, process, or service defined in codes,
stanfdards, or other required documents.

amppcity: the current-carrying capacity expressed in
ampleres.

auxifiary girder (outrigger): a girder arranged parallel to
the main girder for supporting the platform motor base,
opefator’s cab, control panels, etc., to reduce the tor-
sionfl forces such load would otherwise impose on the
maip girder.

brakg: a device other than a motor used for retarding,or
stopjping motion, or holding in a rest position.

brak
reta

, drag: a friction brake that provides a continuous
ding force having no external control:

brake, holding: a brake that automatically prevents
motjon when power is off.

brakg, mechanical load: an automatic type of friction brake
used for controlling loads in"a,lowering direction. This
unidirectional device requirestorque from the motor to
low¢r a load but does ot impose any additional load
on the motor when-hoisting a load.

brak¢, mechanical (load (manual chain hoist): an automatic
typ¢ of brakeésused for holding and controlling the
desdent of leads. This unidirectional device requires a
force¢ applied to the hand chain to lower the load but
doeg notimpose additional hand-chain pull when lifting

1’11’/11(1'1’137 Jeadus. ﬂnwfvn]~ a mnﬂ‘\nﬂ nF Fﬁnff‘l’\]]iﬁﬂ Qpeed by

removing energy from the moving body or byoillhparting
energy in the opposite direction.

braking torque: torque on a drive system/creatdd by the
application of a brake and by dynamic motor|braking.

camber: the slight upward vertical‘curve given o bridge
and/or runway girders toseompensate partjially for
deflection due to hook load,and weight of the crane.

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

capacity: the maximum rated load that an item [of lifting
equipment is.designed to handle.

carrier: sée trolley.

certification: the act of determining, verify|ng, and
attesting in writing to the qualifications of pgrsonnel,
processes, procedures, or items in accordance wjth speci-
fied requirements.

clearance: distance from any part of the crane tp a point
of the nearest fixed obstruction.

controller, spring-return (dead man): a controller tHat, when
released, will return automatically to a neutral [position.

countertorque: see plugging.

crane: a machine for lifting and lowering a Joad and
moving it horizontally. Cranes, whether fixed oy mobile,
are driven manually or by power, or by a conjbination
of both.

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

crane, under-running: an electric overhead traveling crane
having the end trucks supported on track attached to
the bottom flanges of beams or supported on the bottom
flanges of the beams. These beams make up flhe crane

the load.

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

braking, dynamic: a method of controlling speed by using
the motor as a generator, with the energy being dissi-
pated in resistors.

braking, eddy current: a method of controlling or reducing
speed by means of an electrical induction load brake.

11

runway.

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

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

drift point: a point on a travel motion controller that
releases the brake while the motor is not energized. This
allows for coasting before the brake is set.


https://asmenormdoc.com/api2/?name=ASME NUM-1 2016.pdf

ASME NUM-1-2016

driving head: a motor-driven carrier head that is sup-
ported from and propelled by the load-bearing wheels.

drop section: a mechanism that will permit a section of
track to be lowered out of alignment with a stationary
track.

electric baffles: conductors that are wired to cut off electric
current to approaching motor-driven equipment if
switchers, etc., are not properly set for passage of

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

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

(e) uppermost point of hoist on wall-mounted and
ceiling-mounted hoists

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

hoist, hand-chain-operated: a suspended machinery unit

equipmgrt: that by Use of hand-chaii manuat operation 15 usefl for
end stop| a device located at the end of the track to lifting or lowering a freely suspended (unguided))]oad.
prevent the carrier from running off the end of the track.  hoist, lug-suspended: a hoist suspended fronma-trollgy or
end truck: the assembly consisting of the frame and ~ Permanent structure by means of bolt(s) or pin(s)

wheels that supports the crane girder or sill and allows
movement along the runway.

equalizer] a device that compensates for unequal length
or stretch of a rope or chain.

fork: a mechanical device for use on interlocking transfer
equipmgnt to mechanically prevent passage of a trolley
or carrier when the elements are not securely locked.

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

girder: the principal horizontal beam of the crane bridge
that supports the trolley and is supported by the end
trucks.

hand chdin: an endless loop of chain grasped by the
operator| to apply force required for lifting, lowering,
and traveling motions.

hand-chafn drop: the distance to the lowest point of the
hand chjin measured from a known reference:

hand-chafn overhaul: the number of feet the hand chain
must trajvel to raise the load hook 1 ft.

hand-chafn pull: the average force measured in pounds
exerted py the operator on the hoist-hand chain to lift
the rated load.

hand-chafn wheel: a wheel With formed pockets on its
peripherly to allow torquete.be transmitted when a force
is applied to the hand.chain.

hanger rofl: steel rods-that together with other fittings are
used to quspend.the track from the supporting structure.

hazardouf locations: locations where fire or explosion haz-
ards majy exist. Locations are classified depending on

through a rigid-type or swivel-type lug:

hook approach: the minimum horizontal distance betyeen
the center of the runway rail and.the hook.

hook latch: a mechanical deviceto'close (bridge) the throat
opening of a hook.

idler sprocket: a device that is free to rotate and chahges
the direction of thé ¢hain. This device is sometjmes
called idler wheel; idler sheave, pocket wheel, or dhain
wheel.

impact allowance: additional hook load assumed to result
from the\dynamic effect of the rated load.

inspéction: examination or measurement to verify|that
an, item or activity conforms to specified requirements.

interlocking mechanism: a mechanical device to [lock
together the adjacent ends of two cranes or a crate to
a fixed transfer section or spur track to permit the tfans-
fer of carriers from one crane or track to the other

L10 bearing life: the minimum expected life, in hougs, of
90% of a group of bearings that are operated at a given
speed and loading.

lift: the maximum safe vertical distance through which
the hook, magnet, or bucket can move between its upper
and lower limits of travel.

lift section: a mechanism that will lift a section of frack
out of alignment with a stationary track.

lift, true vertical: lift in which the load hook travels|in a
vertical path with no horizontal displacement betyeen
the lower limit of lift and the upper limit of lift.

load: the total weight superimposed on the load bjock,

hook or carrier.

the properties of the flammable vapors, liquids, or gases,
or combustible dusts or fibers, that may be present, and
the likelihood that a flammable or combustible concen-
tration or quantity is present.

headroom: the distance measured with the load hook at
its upper limit of travel from the saddle of the load hook
to the following;:
(a) saddle of the top hook on hook-suspended hoists
(b) centerline of the suspension holes on lug-
suspended hoists

12

load block: the assembly of hook or shackle, swivel, bear-
ing, sheaves, pins, and frame suspended by the hoisting
ropes.

load-carrying part(s): any part(s) of the equipment for
which the induced stress is influenced by the load on
the hook.

load chain: the load suspension chain in the hoist con-
sisting of a series of interwoven links formed and
welded.
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load, credible critical: combinations of lifted loads and
plant seismic events that have probabilities of occurrence
equal to or more than 1077 times per calendar year. The
critical loads handled by the crane and their durations
of lifts shall be used in the calculations to determine the
credible critical load to be considered for the crane in
the crane design load combinations that include seismic
loadings. The credible critical load shall be specified by

the owner.

noncoasting mechanical drive: a drive that results in decel-
erating a trolley or bridge when power is not available.
The braking effort will be established automatically
when power to the drive is interrupted.

nondestructive examination: methods for determining the
integrity of structural materials without physically dam-
aging the material; methods of inspection include visual,
radiographic, ultrasonic, magnetic particle, and liquid
pen etrant

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

load |hangup: the event in which the load block and/
or lpad is stopped during hoisting (or traversing) by
snagging or entanglement with heavy or fixed objects,

creafing a sudden and potentially severe overload.
load jhook: the hook used to connect the load to the hoist.

load) live: a load that moves relative to the structure
undpr consideration.

load{ rated: the design rated load to be lifted and trans-
ported by the equipment that by definition is not consid-
ered as the critical load, including an allowance for
ing accessories that are not part of the equipment.

load) seismic lifted: the maximum lifted loadunder the
evalpated seismic conditions where the grane or mono-
rail ptructure and hoist and trolley unit- mtst remain in
placp. This lifted load is not a critical load; therefore,
the Joad itself need not be retairled under the seismic
evernt.

load|sprocket: a hoist compenent that transmits motion
to the load chain. This component is sometimes called
load wheel, load sheave,*pocket wheel, chain wheel, or

load |test, dynamic-a test to demonstrate the ability of
hoisting equipment to safely handle its rated load by
exeflcising.the equipment through vertical and hori-
zonfal movement along its lines of travel, using a load
of spedific weight.

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

overload: any load greater than the rated load.

overtravel restraint: any device used to prevent [the slack
load chain from inadvertently being lowered qut of the
load sprocket.

owner: the organization.Jegally responsible for|the con-
struction and/or opération of a nuclear facility includ-
ing, but not limited\to, one who has applied fof or been
granted a constfuiction permit or operating lirense by
the regulatofy authority having lawful jurisdigtion.

parts (liles):"number of lines of hoisting ropefor chain

supporting the load block or hook.

plugging: a control function that provides br
feversing the motor line voltage polarity or
that the motor develops a countertorque that
retarding force.

hking by
bhase so
exerts a

push-button station: a device consisting of push-button-
operated contacts in an enclosure used by the|operator
for control of the powered motions of the carrfer, hoist,
and other auxiliary equipment.

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

btematic
bnice that
satisfac-

quality assurance: all those planned and sy
actions necessary to provide adequate confid
a structure, system, or component will perform
torily in service.

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

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

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

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

momentary peak load: load conditions due to emergency
braking, motor locked rotor torque, or drivetrain failure.
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reach: the distance from the saddle of the load hook at
its lower limit of lift to the upper point of the headroom
measurement. Reach is equal to lift plus headroom.

reeving: the system of hoisting rope or chain, and sheaves
or sprockets, supporting the load block or hook.

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

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


https://asmenormdoc.com/api2/?name=ASME NUM-1 2016.pdf

ASME NUM-1-2016

runway conductors: the main conductors mounted on or
parallel to the runway that supply current to the crane.

safety lug: a mechanical device fixed securely to the end
truck or trolley yoke that will limit the fall of the crane
or carrier in case of wheel or axle failure.

shall: the word “shall” indicates that the rule is manda-
tory and must be followed to conform to the Standard.

should: t
recomm
the facts]

sills: ho
lower eff
one runy

single f
included
ure of a
of capab
facility-4

slew driv

WOTCl ) NA1CALE (01d
bndation, the advisability of which
in each situation.

depends on

izontal structural members that connect the
ds of two or more legs of a gantry crane on
vay.

ilure-proof features: those features that are
in the crane design such that any credible fail-
single component will not result in the loss
ility to stop and hold the critical load within
cceptable excursion limits.

p: the mechanism (including motor and gearing)

track opener: a section of monorail track arranged to lift
or swing out of line to make an opening through which
a door may pass.

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

trolley: the unit carrying the hoisting mechanism that
travels on the bridge rails or bottom flange of a monorail

and axles that supports the bridge girders, the)end
of an overhead crane, or the sill of a gantryl¢rane

two-blocking: the act of hoisting beyond the inte
upper limit in which the load block comes into ph
contact with the head-block (upperblock) or its support-
ing structure, preventing further upward movement of
the load block and creating.a sudden and potentjially
severe overload.

Type I equipment: a crane; monorail, or hoist that is fised

to handle a critical lead. It shall be designed and |con-
structed so thatit'will remain in place and support the

used to potate a jib boom about a vertical axis. L . o
critical load during and after a seismic event, but foes
span: the horizontal distance center-to-center of run-  not have to.be operational after this event. Type I eduip-
way railg. ment shall’be designed with either single failure-groof
static congtrol: a method of switching electrical circuits featy€s (Type‘IA) or enhanced safety features' (Typ IB)'
without lthe use of contacts. Ty;?e IA equzpment: a Type I crane, monorail, or hoist
' ] . ) ) that includes single failure-proof features so that|any
swztc.h: a (.ieV1ce for rpak.mg,'breakmg, or changing con- \\“4redible failure of a single component will not resylt in
nections|in an electric circuit. the loss of capability to stop and hold the critical Joad.
switch, cfoss-track: a track switch containing one straighit .Type IB equipment: a Type I crane, mor}orai.l, or hoist
section df track, pivoted at the center, that can be fotated Wlt_h enhanced safety features, including incre 1s'ed
to align [it with other crossing tracks to allofy passage  design fact.ors and r.edundant components that minymnize
of the cafrier through the junction without changing the the pqt?ntlal for failure that woulq‘result in the lops of
directiod of the carrier motion. capability to stop and hold the critical load.
switch, glide (slide): a track switch with a movable inner Type IT equipment: a crane hoist, or monorail Fhat 13 not
. . . used to handle a critical load. It shall be designed|and
frame c¢ntaining straight or cufved sections of track. o L ; .
. . . constructed so that it will remain in place during a [seis-
The inngr frame may be moved)to align these sections .
. . . : mic event; however, the crane need not support thelload
of track|with other fixed fracks to permit routing of . .
. nor be operational during and after such an event. Single
carriers. 4 )
failure-proof features are not required.
switch, tfack: a device w1th.a moving section .Of track Type I1I equipment: a crane, hoist, or monorail that i} not
tha’f can be mgved to permit passage of a carrier frf’m used to handle a critical load; no seismic considerations
an incoring fixed"track(s) to one of various outgoing e necessary, and no single failure-proof features are
fixed track(s): required.
tracgabﬂi“y- the abilitz to trace the hich‘\ry npp]irnl’inﬂ wpper hlack: a fixed black located on 2 frn]]o} hat,

or location of an item and like items or activities by
means of recorded identification.
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through a system of sheaves, bearings, pins, and frames,
supports the load block and its load.
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Section NUM-G-7000
Referenced Codes and Standards

NUM-G-7100 GENERAIL

ASTM A48 / AASM-0Q3 (’7(\1 2), Qpnhiﬁpnh'nn for Pray Iron

References are made to portions of other specifications
within the text of these specifications. Where conflict
occyrs, this specification shall prevail. The following is
a list of publications referenced in this Standard:

AN$I/AGMA 2001-C95, Fundamental Rating Factors
d Calculation Methods for Involute Spur and
HeElical Gear Teeth

01 Alexander Bell Drive, Reston, VA 20191
ww.asce.org)

E B30.10-2009, Hooks
E B30.11-2010, Monorails)and Underhung Cranes
E B30.16-2012, Overhead Hoists (Underhung)
E B30.17-2006, Overhead and Gantry Cranes (Top
Ryinning Bridge,Single Girder, Underhung Hoist)
ASMIE HST-4-1999) Performance Standard for Overhead
Electric Wire-Rope Hoists

ASME NOG=1>2010, Rules for Construction of Overhead
arfld Gantry Cranes (Top Running Bridge, Multiple
Glrder)

Castings
ASTM A275/A275M-98, Standard Test Mefhod for
Magnetic Particle Examination of Steel Forgings
ASTM A325-10, Specification for Struetural Bo|ts, Steel,
Heat Treated, 120/105 ksi Minimum Tensile|Strength
ASTM A370-10, Standard Test\Methods for M¢chanical
Testing of Steel Products
ASTM A388/A388M-10, Standard Practice f
sonic Examination ef\Steel Forgings
ASTM A435/A435M=90, Standard Specificdtion for
Straight-Beam Wltrasonic Examination of Stgel Plates
ASTM A490-12;-Specification for Heat-Treafed Steel
Structurdl™Bolts, 150 ksi Minimum Tensile Strength
ASTM B899, Specification for Concentric-Lay-ptranded
Copper Conductors, Hard, Medium-Hard, dr Soft
ASTM B174-02, Specification for Bunch-Stranded
Copper Conductors for Electrical Conductofs
ASTM D5144-00, Standard Guide for Use of Protective
Coating Standards in Nuclear Power Plants
ASTM D5161-04, Standard Guide for Sppcifying
Inspection Requirements for Coating and Lining Work
(Metal Substrates)
ASTM E114-10, Standard Practice for Ultrasorjic Pulse-
Echo Straight-Beam Contact Testing
ASTM E165-02, Standard Test Method fo3
Penetrant Examination
ASTM E208-06, Standard Test Method for Copducting
Drop-Weight Test to Determine Nil-Ductility
Transition Temperature of Ferritic Steels
ASTM E380-93, Standard Practice for Use of the
International System of Units (SI) (The Mofernized
Metric System)
ASTM E709-01, Standard Guide for Magnetig
Examination
Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Dtive, P.O.
Box C700, West Conshohocken, PA 19428-2959

r Ultra-

Liquid

Particle

ASI\/IE r\IQA-l—nGT‘, Quah’t_y ADDUIGL[LE RE\iuilClllUlliD
for Nuclear Facility Applications

Publisher: The American Society of Mechanical
Engineers (ASME), Two Park Avenue, New York, NY
10016-5990 (www.asme.org)

ASTM A6/A6M-13, Standard Specification for General
Requirements for Rolled Structural Steel Bars, Plates,
Shapes, and Sheet Piling

ASTM A36/A36M-12, Specification for Carbon
Structural Steel
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(www.astm.org)

AWS D1.1M:2010, Structural Welding Code — Steel

AWS D14.1-97, Specifications for Welding of Industrial
and Mill Cranes and Other Material Handling
Equipment

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

CMAA 74-2010, Specifications for Top Running and
Under Running Single Girder Electric Overhead
Cranes Utilizing Under Running Trolley Hoist
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Publisher: Crane Manufacturers Association of America, RR-W-410E, Wire Rope and Strand, February 2002
Inc. (CMAA), 8720 Red Oak Boulevard, Charlotte,

, Publisher: Federal Specifications, Superintendent of
NC 28217 (www.mhi.org/cmaa)

Documents, U.S. Government Publishing Office

EPRI NP-5380-1987, Visual Weld Acceptance Criteria (GPO), 732 North Capital Street, NW, Washington, DC
Publisher: Electric Power Research Institute (EPRI), 20401 (Www.gpo.gov)

3420 Hillview Avenue, Palo Alto, CA 94304

(www.epri.com) SSPC Systems and Specifications Steel Structures
NEMA ICS 1-2000 (R2005, R2008), Industrial Control Painting Manual, Volume 2, eighth edition, 2000

and Systems-Genera GeHFerRents blisher-SSRC—The-SecietyforPretective-Coatings, 40
NEMA 1ICS 6-1993 (R2001, R2006), Industrial Controls 24th Street, Pittsburgh, PA 15222 (www.sspc.org]

or: National Electrical Manufacturers The AISC Manual of Steel Construction:|Allowjable
Assocfation (NEMA), 1300 North 17th Street, Rosslyn, Stress Design, ninth edition, 1989

VA 22009 (www.nema.org) Publisher: American Institute of Steel Construdtion

NFPA 7(0-2014, National Electrical Code (AISC), One East Wacker Drive, Suite 700, Chidago,
Publishgr: National Fire Protection Association (NFPA), IL 60601 (www.aisc.org)
One Batterymarch Park, Quincy, MA 02169
(wwwinfpa.org) Wire Rope Users Manual; third edition
RR-C-271D, Chains and Attachments, Welded and Publisher: Wire Rope Technical Board (WRTB)/ 801
Weldless, September 1990; Amendment 1, North Fairfax Stfeet, Alexandria, VA 22314-1757
Noverhber 1995 (www.domestiewirerope.org/wrtb /index.html)
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Section NUM-G-8000
Nomenclature

NUlI:ﬁ:BlO.ﬂ_E.EN.ERN
Tlhe nomenclature used in this Standard is listed and

defi

hed in the area where it is used.

17
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Section NUM-1-1000
Introduction

rncﬂnnmhﬂﬁ‘ of the owner to determine if T‘IPD IA or
This Spction of the Standard covers Type I equipment Zyplfcalt]? quulpment is appropriate for a spgrific
and shall be used in conjunction with NUM-G, NUM-II pl}?h dditi . )
e additional requirements for Type I equipment are
All NUM-I paragraphs are either new requirements included under the following NUM-I headings:
in additjon to NUM-II and NUM-III requirements or NUM-I-5300 Mechanical (for Jib, Granes)
supersede existing NUM-II or NUM-III requirements. If ~ NUM-I-6300 Mechanical (for Monorail Systems)
-I requirements supersede the NUM-II or ~ NUM-I-7700  Under-Running, Trolleys
NUM-II] requirements, the NUM-I paragraph will state ~ NUM-I-7900 Hoist Common"Requirements (Over-
. head Hoists)and Under-Running
Type Ilequipment is used to handle critical loads and is Trolleys)
required|to withstand a seismic event. Type I equipment NUM-I-8200  Structutral (Common Requirements(and
its component parts and accessories, shall be Criteria)
designefl and constructed to remain in place in the =~ NUM-I-8300,Mechanical (Common Requirements
loaded and unloaded conditions during a seismic event and Criteria)
ipment shall support the load but need not =~ NUM-I-8400 Electrical (Common Requirements and
remain dperational during or after such an event. Type I Criteria)
equipmgnt shall be designed with either single failure-  NUM-=[-8500 Inspection and Testing (Common
proof feptures (Type IA) or enhanced safety features Requirements and Criteria)
). Both of these types of design features are (NUM-I-8600 Hoist Marking (Common
outlined|in this Standard. Requirements and Criteria)
Requirements designated for Type IA equipmént
apply only to Type IA; requirements designated for L
Type IB[equipment apply only to Type IB;all*other NUM-1-1300  APPLICATIONS
requirements apply to both Types IA™and IB. This Section of the Standard applies to the depign,
Table NUM-I-1100-1 provides a summary of the major =~ manufacture, testing, inspection, shipment, storage| and
design differences between Types IACand IB. It is the  erection of Type I equipment.
Table NUM-1-1100-1 Major Design Differences Between Types IA and IB
Type IA Type IB
Single Failure-Proof Features Enhanced Safety Features
(Design Factors Based (Design Factors Based
Itgm on Ultimate Strength) on Ultimate Strength) Reference S¢ction
Reeving Dual load path design Single load path design NUM-I1-7942.B
(redundant reeving) (single or double reeving)
Drum bearings/shaft 5:1 5:1 NUM-I-7942.2
with drum restraint with drum restraint
10:1
without drum restraint
Gear box Redundant or a brake Twice the torque NUM-1-7945
on the rope drum rating of the gears
Two-blocking Designed to withstand Designed to prevent NUM-1-7930

two-blocking

two-blocking

18
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Section NUM-I-5000
Jib Cranes

Iffa jib rotation allows the boom to move into an area
of fgcility unacceptable excursion, positive means to tie
down or restrain the boom for storage shall be provided.

(16) NUM-1-5400 ELECTRICAL

NUM-I1-5420 Electrical Components
UM-1-5423 Brakes. In lieu of NUM-III-5423,
motprized jib booms shall have brakes in accordance

with NUM-1-8332.1.

(16)

19
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NUM-1-6300__MECHANICAL

ASME NUM-1-2016

Section NUM-1-6000
Monorail Systems

NUM-I-6B360 Vertical Drop or Lift Sections

Type ]

vertical drop or lift sections shall have struc-

tural, mpchanical, and electrical components meeting

the Type

I requirements. The drop or lift section hoist

shall be fither a Type IA or Type IB hoist.

20
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Section NUM-1-7000
Overhead Hoists and Under-Running Trolleys

Fig. NUM-1-7931-1 Type IA Dual

NU’l\‘raIJ_Znn_LI.ISLD.ElhRLI.ISI.ISI.I.ISLE_IRﬂlIFVq
NUM-I-7730 Structural Design

NUM-1-7732 Trolley Frames. In lieu of
NUM-III-7732(a), safety lugs (drop lugs) shall be pro-
vidgd on the trolley frame to limit the drop to no greater
thar] 1 in., should an axle or wheel fail.

NUI\EI-7740 Mechanical
N

M-I-7746 Brakes. Inlieuof NUM-III-7746, trolley
brales are required for motorized trolleys and shall be
in a¢cordance with NUM-I-8332.1.

NUM-I1-7747 Bumpers. In lieu of NUM-III-7747,
bunipers are required and shall be supplied in accor-
dan¢e with NUM-I-8333.

NUM-1-7749 Key and Keyway Design for Power
Transmission and Braking. Key and keyway design
shal| be per NUM-I-8345.

NU:I-I-7900 HOIST COMMON REQUIREMENTS

NUM-I-7910 General

In| lieu of the requirements of NUM-III-7910, this sec-
tionf combined with NUM-III-7900, provides all require-
ments that are common to manual(and power (electric or
air) pperated hoists for verticalllifting service involving
handlling of freely suspended; unguided loads using
wirq rope or welded-linktype load chains as a lifting
ium for Type I equipment. This Standard does not

~

seismic event. See NUM-1I-8323.4 for allowable stresses
for mechanical fasteners on trolleys and hoist-to-trolley
connections.

NUM-I-7931 Type 1A
(a) The hoisting machinery from the motor to the
drum shall be designed to provide assurance that a fail-
ure of a single component would not result in the uncon-
trolled movement of the lifted load. The wire rope drum
shell is exempted from this requirement.

21

Ho?st Drive Unit With Single Drum

Gear box

—Lll

Drum

Motor

—

Gear box

GENERAL NOTE: This figure is a block diagram prgvided to
show conceptual layouts only. The machinery together with
the reeving arrangement shall comply with the verfical

alignment requirements in NUM-1-7942.3(b).

path of a
o facility

(b) Load motion due to failure of one load
redundant load path hoist shall be evaluated as
acceptability.

(c) Figures NUM-I-7931-1, NUM-I-793
NUM-I-7931-3 provide some block diagrams ill

-2, and
istrating
Lirations.
These block diagrams are not meant to show actual
configurations and may be rearranged as needed to meet
the specific application. These diagrams are only a few
of many acceptable configurations.

(d) The hoisting machinery and wire rope reeving
system, in addition to other affected components, shall
be designed to withstand the most severe potential over-
load, including two-blocking and load hangup. Allow-
able stresses for hoisting machinery components during
these events shall be limited to 75% of the yield strength.

(16)
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Fig. NUM-I-7931-2 Type IA Single
Hoist Drive Unit With Drum Brake

Drum brake

Drum

severe overloads including two-blocking and load
hangup shall be submitted to the owner.

NUM-I-7940 Mechanical
NUM-I-7941 Hooks and Load Blocks

NUM-1-7941.1 Hooks. Hooks(s) shall be designed
for twice the rated load (e.g., for a 5-ton rated load, the
design load shall be 10 tons) or shall be of single failure-

GENERAL NOTE: This figure is a block diagram provided to
show copceptual layouts only. The machinery together with
the reeving arrangement shall comply with the veftical
alignment requirements in NUM-I-7942.3(b).

Wire rople stress shall be limited {6 40% of the manufac-
turer’s pblished breaking strength. Design calculations
and conponent sizing shall‘take into consideration the
maximupm forces resultifigifrom the kinetic energy of
the hoisfing machinery,Operating at maximum normal
full-load| or unloaded-oOperating speed at the onset of
the overoad condition. Motor stall torque shall be con-
sidered, ps well-as all other factors contributing to maxi-
mum lodding of the equipment components. The system
or complanents (which mav include fnrqnp—]imifing or

proot design.

NUM-I-7941.2 Load Blocks. Load blocksshall have
double the normal design factors (e.g., for a b-ton gated
load, the design load shall be 10 tons) orsshall be|of a
single failure-proof design.

NUM-1-7941.3 Upper Blocks. ™ The upper bllock
shall have double the normal{design factors or shall be
of single failure-proof design,

NUM-I-7942 Wire Rope
(a) Rated Load
(1) Type IA.dn lieu of NUM-III-7942(b), the fated
load divided by the total number of parts of the frope
shall not exceed 12.5% of the nominal breaking strepgth
of the rope on the total system, or 25% on each of the
dual systems.
(2)" Type IB. In lieu of NUM-III-7942(b), the gated
load divided by the total number of parts of the fope
shall not exceed 10% of the nominal breaking strehgth
of the rope on the total system.
(b) Inlieu of NUM-III-7942(d), end terminations ghall
be in accordance with the Wire Rope Users Manual and
shall be equal to the required rope strength. Wire frope
clips shall not be used as the primary end terminatjons.
(c) In lieu of NUM-III-7942(g), the rope fleet anglle to
the drum grooves shall be limited to 3% deg, excea: the
last 3 ft of the maximum lift elevation, which shalll be
limited to 4 deg. Refer to Fig. NUM-I-7942-1 for |fleet
angle measurement to the drum grooves.
(d) In lieu of NUM-III-7942(h), the rope fleet gngle
for sheaves shall be limited to 3% deg, except thq last
3 ft of maximum lift elevation, which shall be linpited
to 4% deg. Refer to Fig. NUM-1-7942-2 for fleet gngle
measurement to the sheaves.

NUM-I-7942.1 Sheaves

energy-absorbing components or systems) used to miti-
gate the effects of two-blocking and load hangup shall
permit the hoisting machinery and crane to be returned
to service without need for repair or replacement of
components. Should any device in the hoist drivetrain
such as a clutch or torque limiter fail to hold the load, the
emergency brake (or other secondary/redundant load
path) shall be caused to engage (or remain engaged)
and safely retain the load. Design calculations demon-
strating the capability of the crane system to withstand

22

NUM==7942:2DBrums

(a) Provisions shall be made to retain the drum and

the load in the event of drum shaft or bearing failure.

(b) Type IB. As an alternative to (a) above, the drum

shaft and bearings shall be designed for twice the
rated load.

NUM-I-7942.3 Reeving
(a) Type IB. The reeving system may have a single
load path design, using either a single or double reeving
arrangement. See Fig. NUM-I-7942.3-1 for an example.

(16)
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(16) Fig. NUM-1-7931-3 Type IA Dual Hoist Drive Unit With Dual Drum
Gear box
Motor
Drum ‘ ‘ Drum
Brake
Brake
Motor
Gear box

GENERAL NOTE: This figure is a block diagram provided to show conceptual
layouts only. The machinery tagether with the reeving arrangement shall comply
with the vertical alignment«éguirements in NUM-I1-7942.3(b).

Fig. NUM-I-7942-1 ) Drum Fleet Angle
Fig. NUM-I-7942-2 Sheave Fleet Ang

¢\Groove
» |
— o ¢ R\ope
l 1
'\ L
A L 3.5 deg > |
I i 90 deg
i !
L AR |
1 I j
i |1 35deg { ] ___________

.:3.___.____

€ Sheave
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Fig. NUM-I1-7942.3-1 Type IA Redundant Reeving With Single Drum (With Upper Equalizer Sheaves)

2D

~&— Hoist drum

1D

2A

1A

(b) Type IA. The reeving system shall-be divided into
two sepgrate (redundant) load paths-so that either path
will support the load and maintain vertical alignment
in the event of rope breakage~or failure in the rope
system. pee Figs. NUM-1-7942.3-1, NUM-1-7942.3-2, and
NUM-I-7942.3-3 for examples of Type IA reeving sys-
tems. These figures.show three of many acceptable
configurptions.

NUI‘[-I-7942.4 Equalizer Systems (Type IA). Equal-

izer sysfems-shall be able to withstand the dynamic

forces fromload—transfer dpon failure of onewire rope

GENERAL NOTE: Relative position oflsheaves is extended and angle of view is distorted
to clarify reeving paths. An equalizersystem between the two ropes is required but is not
shown for clarity. The machingry.together with the reeving arrangement shall comply with
the vertical alignment requirements in NUM-I-7942.3(b).

(Y ) <+ Upper equalizer
sheaves

. -«— Lower block
sheaves

the
the

keys, and couplings or other connection means
strength and durability shall be based on twics
torque required to lift the rated load.

(b) Type IA. Gearing and associated shafts and |cou-
plings or other connection means shall be redundant
(i.e., provide two separate load paths from the hoist
brakes to the wire rope drum) with each independent
gear train rated at full hoisting horsepower. As an dlter-
native, a single hoist gear train may be providgd in
conjunction with two holding brakes, one of which phall
act directly on the wire rope drum and set automatifally

and shall not load the remaining intact reeving system
more than 40% of the breaking strength of the wire rope.

NUM-1-7942.5 Equalizer Systems (Type IB). The
equalizer for a Type IB reeving system, when provided,
may be a sheave or a bar and shall be designed for twice
the rated load.

NUM-I-7945 Hoist Gearing
(a) Type IB. In lieu of the requirements stated in
NUM-III-7945(a)(1) for gearing and associated shafts,

24

upon failure or overspeed of the hoist drivetrain.
NUM-I-7946 Hoist Brakes

NUM-I-7946.1 Power-Operated Hoists
(a) In lieu of NUM-III-7946.1(a), the braking system
shall consist of at least two holding brakes and a control
braking means and shall perform the following
functions:
(1) stop hook motion and hold the load when the
controls are released
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Fig. NUM-I1-7942.3-2 Type IA Redundant Reeving With Single Drum (With Equalizer Bar)

~&— Upper sheaves

2B

(_) <—— Ldwerblock
sheaves

GENERAL NOTE: Relative position of sheaves is extended and angle-of view is
distorted to clarify reeving paths. The machinery together with.the reeving arrangement
shall comply with the vertical alignment requirements in NUM-J-7942.3(b).

Fig. NUM-I-7942.3-3 Type IA Redundant Reeving With Dual Drum

Hoist drum1 —

Hoist drum 2 —

Upper sheaves and
equalizer system

2A

B
2B

& ) <—Lower block
sheaves

GENERAL NOTE: Relative position of sheaves is extended and angle of view is
distorted to clarify reeving paths. The machinery together with the reeving arrangement
shall comply with the vertical alignment requirements in NUM-I-7942.3(b).
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(2) limit the speed of the load during lowering to
a maximum speed of 120% of rated lowering speed for
the rated load
(3) stop and hold the load hook in the event of a
complete power failure
(b) In lieu of NUM-III-7946.1(b), each hoist holding
brake shall have a torque rating not less than 125% of
the full (rated) load hoisting torque at the point of brake
application, and shall be capable of stopping the low-

provide control functions on the crane. This subsection
includes requirements for control limit devices that acti-
vate when the normal operating envelope has been
reached and safety-critical limit devices that indicate
malfunction, failure, or inadvertent operator action.
Additional limit device requirements not addressed in
this section shall be incorporated in the specifications.

NUM-1-7947.2 Type | Crane Safety-Critical Limit
Devices

ering mpvement within amounts of motion wherein
damage fo load or facility would not occur. A maximum
lowering distance of 3 in. is recommended. Under nor-
mal opetating conditions, the brakes shall apply auto-
maticallly on power removal. The application of the
second [and any other additional) brake(s) shall be
delayed [to minimize shock to the hoist drivetrain.

(c) Type IA. The braking system shall comply with at
least ong of the following;:

(1) [Three or more holding brakes shall be provided
for stopping and holding the load, such that after failure
of any onje holding brake or hoist machinery component,
at least fwo holding brakes remain available for emer-
gency lopd lowering.

(2) fwo brakes, each capable of stopping and hold-
ing the lpad, may be provided if one of them acts directly
on the wfire rope drum shell or a flange or disk attached
thereto, {s not the primary stopping and holding brake,
and doe$ not set prior to the wire rope drum coming to
a complete stop during normal operation. The brake
acting o the drum shall have sufficient thermal capabil=
ity to p¢rmit emergency lowering of rated load. from
normal high hook position to normal low hook.pésition
at maximmum design full-load lowering speed)in one
continuus operation, and shall haye a torque-
modulating method of manual release.

(3) fwo brakes, each capable of-stepping and hold-
ing the load, may be provided if the hoist also has a
mechanifal or electrical control'braking means that pre-
vents the rated load from lowering faster than design
maximufm lowering speed.with power off. The control
braking [system shall.be“capable thermally and in all
respects|of lowering\the rated load from normal high
hook pogition to iermal low hook position in one contin-
uous oppration.\One of the two stopping and holding
brakes apd the)control braking means shall remain effec-
tively cqnnected to the hoist drivetrain after failure of

(a) This paragraph includes additional requifenjents

for the following safety-critical limit devices:
(1) final hoist overtravel
(2) overload limit
(3) hoist drum wire rope mis-spooling
(4) hoist overspeed
(56) equalizer travel

(b) Manual Reset. When a‘safety-critical limit d¢vice
is activated, a manual réset is required. This maly be
accomplished by means6f a key switch on the crame or
some other administrative control that will prevenf the
crane operator from resetting the affected fundtion
before a personnknowledgeable in the crane control| sys-
tem shall determine and correct the cause of d¢vice
activation.

(c) Safety-Critical Limit Devices. Safety-critical
deviCes shall be in addition to and separate fron
litniting means or control devices provided for operd
unless independently monitored.

NUM-1-7947.3 Overtravel Protection. In lidu of
NUM-III-7947 1(a), power-operated hoists shall have the
following;:

(a) First High Limit. The first upper hoisting limit
shall be a control circuit device such as a geared-{ype,
weight-operated, or paddle-operated switch. Actugtion
of this switch shall result in the removal of power from
the motor and setting the hoist brakes. The opefator
may lower or back out of this tripped switch without
further assistance.

(b) Final Overtravel High Limit. In addition to the]first
upper limit switch, a final power circuit hoisting |imit
switch shall directly remove power from the hoist njotor
and set the hoist brakes.

(c) If the hoist is designed to withstand two-blocking,
only the first high limit switch is required. In this fase,
the ropes shall not be cut or crushed, nor the hoist dam-

imit
the

tion

the other brake or any component of the hoist machinery.

The design of the brakes and the arrangement of the
braking system shall enable recovery from an inoperable
brake by repair of the brake in place or replacement of
the brake, with rated load on the hoist, or by an alterna-
tive recovery means acceptable to the purchaser.

NUM-I-7947 Limit Devices

NUM-1-7947.1 General (Types I, Il, and Ill Cranes).
A limit device is defined as a switch or sensing system to

26

aged 1n the event of load block overtravel.

(d) Low Limit. The hoist shall include an overtravel
low limit switch. This switch may be of the control circuit
type. Actuation of this switch shall stop the lowering
motion and set the hoist brakes. The operation of this
switch shall not prevent hoisting.

NUM-I-7947.4 Overload Limiting Devices. Overca-
pacity lifts shall be detected by means of a load-sensing
system. The high-load limit shall be set to prevent lifting
of more than the rated load, but to permit lowering. The
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sensing system shall be set at a maximum 125% of the
rated load unless analysis determines that greater than
125% is acceptable.

NUM-1-7947.5 Hoist Drum Wire Rope Spooling
Monitor. Hoists shall include a wire rope spooling
device to detect improper threading of the hoist rope in
the hoist drum grooves. Actuation of this device shall
result in removal of power from the hoist motor and
settiprg—o T T1Tg Arcttrattorroftthristmd
device shall prevent further hoisting. A mechanical rope
guide that encompasses the circumference of the drum
and [provides spooling of the wire rope onto the drum
may| be used in lieu of a spooling device.

NUM-I-7947.6 Hoist Overload Limits (Type | Cranes)

(a) Electrically operated hoists that handle critical
loads shall include an overspeed limit device (switch or
senging system). When handling a critical load, hook
spedds greater than 115% of the design critical load-
lowering speed shall actuate this device, causing all
holding brakes to set without intentional time delay.
Opefation of this device may also initiate any control
braljing means normally used for stopping of the load.
It shiall be necessary to position the hoist motion master
swifch in the neutral or OFF position and to manually
resef the overspeed limit device (or the overspeed cir-
cuit] before operation can be resumed.

(b) The overspeed device for wire rope hoists shall
be lgcated so that it monitors drum rotation irrespective
of a|single failure in the drivetrain.

(c) On hoists that provide high-speed, light.load fea-
turep, provisions may be made to permit overrite of this
overlspeed limit device when handling nonctitical loads.

NUM-1-7947.7 Equalizer Travel Error Indication
Device (Type IA). A sensing and signaling means shall
be provided to automatically shut down the hoist and
provide indication to the operator if displacement
between the separate reeving systems exceeds design
operating limits.

NUM-I-7949 Motor Shafts (Type IB). Motor shafts
for Type IB hoists shall be designed for twice the rated
oacunle i HAQ g drop of

the load after motor shaft falure.

NUM-I-7950 Electrical

NUM-1-7952 Motors. Hoist metors shall have phase
loss and phase reversal protection:

NUM-I-7952.1 Variable-Frequency Drive (VFD) Hoist
Controls. Hoists shall havecontrols with the fpllowing
capabilities:

(1) A warning deviee shall be provided to warn the
operator of a peniding motor overheat conditipn.

(b) A warning-device shall be provided to arn the
operator that the dynamic braking resistgrs have
overheated.

NUM:I7970 Hoist Marking

(a) For Type I hoists, the maximum critical lopd rating
(MCL) shall be marked on the hoist or load |block in
lieu of the rated load as identified in NUM-II|-7970(a),
using the terminology MCL as part of the mayking.

(b) For Type I hoists that lift loads in exceps of the
MCL, the terminology DRL (design rated load) shall be
used and shall also be marked on either the| hoist or
hoist load block.
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Section NUM-I-8000
Common Requirements and Criteria

NUM-I-

1(a),

NUM-I-8210 General

The base materials listed in Table NUM-I-8210-1 are
consideted acceptable for the structural components.
The marfufacturer shall list all structural materials actu-
ally emplloyed for the owner and shall provide the mate-
rials t¢sts and certifications as required in
Tables NNUM-I-8210-2 and NUM-I-8210-3. Structural
material|s not listed in Table NUM-I-8210-1 may be
acceptable with approval by the owner.

NUM--8212 Description of Loads

-1-8212.4 Extreme Environmental Loads. In
M-II-8212.4(b), for Type I equipment, the seis-

specify the seismic lifted load.

NUM-I-
NUM-I-
NUM-8323 Seismic Analysis

300 MECHANICAL

20 Design and Performance Criteria

bumpers shall be provided.

NUM-1-8340 General Mechanical Components

NUM-1-8345 Key and Keyway.Design for Power
Transmission and Braking. This section is applicalfle to
hoist, bridge, and trolley drive components.

(a) Keyed shaft-hub connieetions shall be used for
power transmission in hoistdrive systems. Keyless|con-
nections per AGMA 9003'or AGMA 9103, as applicpble,
may be used for power transmission in bridge and [trol-
ley drive systems.

(b) Keys used in hoist drives shall be of the parpllel,
square, or xectangular type only.

(c) The following maximum allowable stresses fhall
be determined using the rated torque of the driving
motor or braking torque during normal operafion,
whichever is greater. The allowable stress for sufface
hardened components shall be based on their individual
material properties at the core.

(1) Compressive Bearing Stress (o, Ib/in.%). The|key,
shaft, and hub compressive bearing stresses shall satisfy
the following requirement:
(-a) For torque-reversing drive systems (i.e.,|trol-

ley and bridge)

T
rzchc

»n

g, =

< M

(-b) For nonreversing systems

wn

T

= Y
travel syptems. However, in those cases where failure of O = e, S 2 2
a compopent cotild result in an owner-specified facility-
unaccep ablemotion, the design shall chrpor.ate single where
failure-praof features to ensure that the bridoe isbrought
3 = - A; = compressive area of key in contact with shaft
to a safe stop.

NUM-I-8332 Bridge Brakes

NUM-I-8332.1 Emergency and Parking Brakes.
Emergency and parking brakes shall be provided for
bridge drives and for jib crane slew drives. Any combi-
nation of service, emergency, and parking functions may
be performed by a single friction brake, provided the
emergency and parking functions can be obtained with-
out having power available.
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or hub, in.2. Compressive area shall not include
chamfers or key-end radii.

average radius at compressive load area, in.

y = the minimum tensile yield strength of key,
shaft, or hub material at the keyway section.
The allowable stress for surface hardened com-
ponents shall be based on their individual
material properties at the core, psi

shaft torque, Ib in.

Toe =

(16)
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Table NUM-I1-8210-1 Acceptable Materials and Reference Properties for Structural Components

Yield Tensile
ASTM Grade Strength, Strength,
Specification or Class Form Size [Note (1)] ksi ksi
A36 Plates, shapes, and bars Plates and bars < 8 in. and shapes [for shapes, 36 min. 58-80
see Note (2)]
A53 B Pipe Diameters < 26 in. 35 min. 60 min.
A242 Plates, shapes, and bars Plates and bars < % in.; 50 min. 70 min.
and shapes with flange or leg thickness < 1% in.
A242 Plates, shapes, and bars Plates and bars > 7/, in. and < 14 in.; 46 min. 67 min.
and shapes with flange thickness > 1 in. and
<2in.
A242 Plates, shapes, and bars Plates and bars > 1% in. and < 4 in,; 42,min. 63 min.
and shapes with flange thickness > 2 in.
A333 3and 7 Pipe Diameters < 26 in. 35 min. 65 min.
A333 4 and 6 Pipe Diameters < 26 in. 35 min. 60 min.
A500 B Rectangular tubing Wall < % in. and periphery < 64 in. [Note (3)] 46 min. 58 min.
A501 Tubing Square and rectangular with sides < 10 in._and wall 36 min. 58 min.
<1 in.; and round < 24 in. diameter andywall < 1 in.
A516 65 Plates Thickness < 8 in. 35 min. 65-85
A516 70 Plates Thickness < 8 in. 38 min. 70-90
A537 1 Plates Thickness < 2% in. 50 min. 70-90
A537 1 Plates Thickness > 2% in. and < 4 in. 45 min. 65-85
A537 2 Plates Thickness < 2% in. 60 min. | 80-100
A537 2 Plates Thickness > 2% in. and-&.4)in. 55 min. 75-95
A537 2 Plates Thickness > 4 in. and < in. 46 min. 70-90
A537 3 Plates Thickness < 2 in. 55 min. | 80-100
As37 3 Plates Thickness > 2% ifiand < 4 in. 50 min. 75-95
A537 3 Plates Thickness > 4 {nyand < 6 in. 40 min. 70-90
A572 42 Plates, shapes, and bars Plates andbars < 6 in.; and shapes 42 min. 60 min.
A572 50 Plates, shapes, and bars Plates and bars < 4 in.; and shapes 50 min. 65 min.
A572 55 Plates, shapes, and bars Platescand bars < 2 in.; and shapes 55 min. 70 min.
A572 60 Plates, shapes, and bars Platés*and bars < 1Y in,; 60 min. 75 min.
and shapes with flange or leg thickness < 2 in.
A572 65 Plates, shapes, and bars Plates and bars < 1% in,; 65 min. 80 min.
and shapes with flange or leg thickness < 2 in.
A588 Plates, shapes, and-bars Plates and bars < 4 in.; and shapes 50 min. 70 min.
A588 Plates, shapes, and-bars Plates and bars > 4 in. and < 5 in. 46 min. 67 min.
A588 ce Plates, shapesy and bars Plates and bars > 5 in. and < 8 in. 42 min. 63 min.
A618 IA, IB, and  Tubing Wall < % in. 50 min. 70 min.
Il
A618 IA, IB, and  Tubing Wall > %, in. and < 1% in. 46 min. 67 min.
Il
A618 1] Tubing All tubing 50 min. 65 min.
A633 A Plates Thickness < 4 in. 42 min. 63-83
A633 Cand D Plates Thickness < 2 in. 50 min. 70-90
A633 C and’D Plates Thickness > 2% in. and < 4 in. 46 min. 65-85
A633 E Plates Thickness < 4 in. 60 min. 80-100
A633 E Plates Thickness > 4 in. and < 6 in. 55 min. 75-95
A709 36 Plates, shapes, and bars Plates and bars < 4 in.; and shapes [for shapes, 36 min. 58-80
see Note (2)]
A709 50 Plates, shapes, and bars Plates and bars < 4 in.; and shapes 50 min. 65 min.
A709 50W Plates, shapes, and bars Plates and bars < 4 in.; and shapes 50 min. 70 min.
A737 B Plates Thickness < 2% in. 50 min. 70-90
A737 C Plates Thickness < 2% in. 60 min.  80-100
A913 50 Shapes All shapes 50 min. 65 min.
A913 60 Shapes All shapes 60 min. 75 min.
A913 65 Shapes All shapes 65 min. 80 min.
A913 70 Shapes All shapes 70 min. 90 min.
A992 Shapes All shapes [Note (5)] 50-65 65 min.
[Note (4)]
A992 Patented shape track
[Note (4)]
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Table NUM-I-8210-1 Acceptable Materials and Reference Properties for Structural Components (Cont’d)

GENERAL NOTE:
NOTES:

The above data was obtained from the ASTM 2007 publication.

(1) For additional material information, see the referenced ASTM specification.
(2) For wide flange shapes with flange thickness over 3 in., the 80 ksi maximum tensile strength does not apply.
(3) The exceptions from fracture toughness requirements in NUM-1-8510 [Tables NUM-I-8210-2 and NUM-I-8210-3; Note (4)] do not apply

to this material.

(4) Mechanical properties, standard sizes, and design/selection criteria or patented shape track are under the auspices of the individual
manufacturers. Patented shape track is comprised of an upper T-section (compression member) of standard structural steel and a

lower |oad-carrying T-section (tension member) of high-strength alloy steel. The two sections are welded continuously from both sides,
web-td-web. Patented shape track is also used for crane bridge girders and jib crane booms with under-running trolleys or haists/vith

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

(2) Phear Stress (7). The key shear stress shall satisfy
the following requirements:

wn

T
<

Y
®3)
1aAs 3

T =

1

where
A, =

T, =

shear area, in.?
average shaft radius along length of key, in.

(d) The following maximum allowable stress shall be
determiped using extreme environmental loads per
NUM-I-$212.4.

The kpy shear stress, 7,, shall satisfy the following
requirenpent:

T _0758,

1A \/g

(e) The following maximum allowable stresses shall
be determined using momentary peak loads:

The kpy shear stress, 7, shall satisty the following
requirenment:

(#)

T =

T (098,

Tee = N

1A \/5

(1) For torque-revetsing drives, the key, shaft, and
hub comjpressive stresses, o, shall satisfy the following
requirenpent:

o < (.75S,
(2) Fornonreversing drives, the key, shaft, and hub

©)

NUM-I-8400 ELECTRICAL

NUM-1-8420 Electrical Components
NUM-I-8423 Brakes

NUM-I-8423.1 _Rarking brakes shall be autorhati-
cally applied. WhHentwo friction brakes are used jon a
single drive, altime delay means shall be providdd to
prevent simttlfaneous application of both brakes.

NUM-I-8424 Disconnects and Protective Devicgs.
Contrélyshall include a separate disconnecting mfeans
for“each crane/jib motion.

NUM-1-8427 Conductor System Design
(a) Bridge and runway conductors shall use a sepgrate
ground conductor.

(b) Bridge and runway contact conductors shal
tandem collectors.

use

NUM-I-8500 INSPECTION AND TESTING

NUM-1-8510 General

This section, combined with NUM-II-8500|and
NUM-III-8500, provides the inspection and tegting
requirements for all Type I equipment.

NUM-I-8520 Inspection by Seller Prior to and Duking
Manufacture

NUM-I-8521 Structural

compredsive stresses, g,
requirement:

0. < 0.9S,

(f) Interference Fit.The key and keyway shall be
designed to transmit the total design torque with no
allowance or credit applied for any interference fit
between the components.

(g) Keyway. The design shall provide positive reten-
tion of the key. The bottom of the keyway in the hub
and shaft shall be filleted per AGMA 9002 or AGMA
9112 as applicable.

shall satisfy the fn”nwing

30

NUM-1-8521.1 Test and Acceptance Criteria. The
following identifies the specific criteria for the inspec-
tions and tests specified by Tables NUM-1-8210-2 and
NUM-I1-8210-3:

(a) Welding

(1) All structural welds shall be visually inspected
over their entire lengths. Acceptance criteria of welds
and repairs shall be in accordance with AWS D1.1. Non-
destructive testing of groove welds shall be in accor-
dance with Tables NUM-1-8210-2 and NUM-I-8210-3.

(16)
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(2) Magnetic particle test (MP) or dye penetrant
test (PT) shall be performed on 10% of the length of
each weld that exceeds 10 in. in length unless stated
otherwise in this Standard. Technique and acceptance
criteria shall be in accordance with AWS D1.1.

(3) Welders and welding procedures shall be quali-
fied or prequalified in accordance with AWS D1.1.

(b) Drop weight test shall be per ASTM E208 or
Charpy impact test shall be per ASTM A370.

(-b) Discontinuity indications in excess of the
response from a %s-in.-diameter flat-bottomed hole at
the estimated discontinuity depth shall not have their
indicated centers closer than 1 in.

(-c) Elongated (stringer) type defects in excess of
1 in. in length shall not be acceptable if at any point
along the length the discontinuity indication is equal to
or greater than the response from a %o-in.-diameter flat-
bottomed hole.

(c) UT Volumetric Test
(1) UT volumetric testing and acceptance criteria
shall be in accordance with ASTM A435 for plate
material.
(2) UT volumetric testing shall be in accordance
with ASTM E114 and ASTM A388 for wrought or forged
material.

(-a) Acceptance criteria for forged material shall
be i accordance with the following:

(-1) Straight Beam. A forging or bar shall be
unagceptable if the results of straight beam examinations
show one or more reflectors that produce indications
accgmpanied by a complete loss of back reflection not
associated with or attributable to geometric configura-
tionp. Complete loss of back reflection is assumed when
the pack reflection falls below 5% of full calibration
screen height.

(-2) Angle-Beam Rule. A forging or bar shall be
unag¢ceptable if the results of angle-beam examinations
shoy one or more reflectors that produce indications
excgeding the amplitude reference line from the appro-
priafe calibration notches.

(-b) Acceptance criteria for material without par-
allel| surfaces (e.g., sheave pins and shafts) shall be in
accgrdance with NUM-1-8522.1.2(b)(2).

NUM-I-8522 Mechanical
NUM-1-8522.1 Hooks

NUM-I-8522.1.1 Proef-Load Test. A proof load
test| including dimensional inspection, shall be per-
fornmped on the hook(s) in‘accordance with ASME B30.10
priof to assembly én-the hoist.

NUM-I1-8522.1.2 Nondestructive Examination
(NDE)

(a) Afterithe proof load test, surface NDE shall be
perfprmeéd on the hook and its shank, bolt, and nut as
outlined in NITTM-TII-8322 1 2

NUM-I-8522.2 Wire Rope and Chain

NUM-I-8522.2.1 Wire Rope. ACsegment of the
wire rope shall be pull tested. Breaking strength shall
meet or exceed published breaking strength |n accor-
dance with the Wire Rope UsersyManual.

Where end fittings are uséd-in the design off the load
path, at least one identical\fitting shall be tested with the
rope sample being pulled ‘to failure. During the testing,
failure shall occur in the rope, not the crimp qr fitting.

NUM-1-8522:2.2 Chain. A segment of |the load
chain shall bespull tested. Breaking strength shall meet
or exceed, published breaking strength in acfordance

with Fedéral Specification RR-C-271 or the chajn manu-
facturer’s published data.
NUM-I-8523 Electrical

NUM-I-8523.1 Visual. Inspections shal| be per-

formed at the crane, monorail, or hoist manufacturer’s
plant (or during field erection if not possible to| perform
at the plant) to verify the following:

(a) terminal connections for tightness

(b) panels and resistors are properly placed|

(c) required fuses are installed

(d) panels, switches, resistors, and other parts and
materials are in accordance with drawings and fre prop-
erly identified

(e) raceways are properly supported and
and raceways to be removed for shipment are
marked and fitted for field reinstallation

(f) no interferences involving electrical itgms exist
when trolley moves through its full range

(g) electrical items do not protrude beyond|the con-
fines of the crane, monorail, or hoist as established by
the drawings

(h) electrical items requiring routine maintenpance are

nstalled,
properly

(b) After forging or casting, hook(s) shall be UT volu-
metric tested in accordance with ASTM E114 and
ASTM A388 for wrought or forged material.

(1) Acceptance criteria for forged material shall be
in accordance with section NUM-I-8521.1(c).
(2) Acceptance criteria for the tensioned area of the
hook(s) shall be in accordance with the following:
(-a) Discontinuity indications in excess of the
response from a 4-in.-diameter flat-bottomed hole at the
estimated discontinuity depth shall not be acceptable.

35

accessible

(i) no wiring is touching resistor heating parts

(j) portions of conductor systems that are designed
to move in order to accomodate crane, monorail, or hoist
move freely

(k) pendant and festoon cable strain relief is properly
installed

(1) overload relay current sensing elements are in
accordance with drawings

(m) motor connections are properly made
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(n) contactors and electromechanical relays whose
armatures are accessible operate freely by hand

(0) electrical enclosures are correct NEMA type, and
panel door operates properly

(p) motor brushes are properly seated

(q) electrical holding brakes are adjusted to correct
torque settings

(r) conductors are identified at each termination and
correspond to the schematic diagrams

(c) input values of zero, zero crossing, and
approaching zero from either direction

(d) minimum and maximum input data rates in
worst-case configurations to determine system capabili-
ties and responses to these environments

NUM-I-8580 Site Load Testing

NUM-]-8582No-LoadTJesting

NUM1I-8524 Control Software. Desk audits, peer
reviews,|and static analysis tools/techniques shall be
used thfoughout the development process to verify
implemgntation of design requirements in the source
code, with particular attention paid to the implementa-
tion of iflentified safety-critical functions such as fault
detection and safing or correcting logic.

NUM-I-

A shop no-load test shall be performed at the crane/
hoist mgnufacturer’s facility. Procedures shall be pre-
pared arjd used by the manufacturer in conducting the
sequent manufacturing or associated activities
validity of this test or portions thereof, the

30 Shop Operational Tests

-1-8532.1 Mechanical Requirements. As a
, the following mechanical functions shallube
verified:

(a) Traverse the trolley on the bridge, verify inhterfaces
of auxiligry equipment (powered operation is preferred).

(b) Operation of mechanical components shall be ver-
ified to meet design criteria.

(c) (Type IA) Type IA hoists shall be two-blocked at
maximum hoisting speed to demonstrate that the equip-
ment is|capable of withstafiding high-speed two-
blocking] and load hangupithout damage and within
allowablle stress limits inyaceordance with NUM-I-7930.

NUM-I1-8532.2 Electrical Requirements. A test of
the crang/hoist electrical system shall be made to verify
proper dperation’ef the controls. For remote-controlled
cranes/Roiststhe transmitter-receiver system shall be
used for| this-test.

NUM-I-8582.1 Additional Requirements. ~Whilp the
no-load testing is being performed, the following infor-
mation shall be recorded or observed:

(a) Electrical (full-speed conditios)

(1) motor volts

(2) motor amps

(3) motor rpm

(b) Mechanical

(1) noise levels

(2) oil leaks

(3) excessive vibration

(4) clearances per drawings and specification

(5) ‘gear alignment and engagement

(6))wire rope or chain condition

(¢)*Structural
(1) overall building clearances
(2) bridge and trolley end approaches
(d) All software faults
(e) Components, systems, and features having single
failure-proof functions related to retaining the lodd in
event of failure in the primary load path are functioping
correctly and are properly adjusted and calibrated

NUM-I-8583 Full-Load Test The crane/hoist/mpno-
rail shall be statically loaded at bridge midspan (oy end
of boom) to 100% (+5%, —0%) of hoist manufacturer’s
rating, and the deflection of the bridge (at its cent]}) or
monorail rail (at its center) or boom (at its end) shall be
measured and recorded. With this load, the crane /hgist/
monorail shall be operated through all drives for Hoist,
trolley, and bridge/boom, and through all speed raphges
to demonstrate speed controls and proper functiqn of
limit switches, locking, and safety devices as pradtical

NUM-1-8532.3 Software Requirements. For pro-
grammable logic controller (PLC) controlled cranes/
hoists, the PLC software shall be installed and used
during the test. Software testing (either breadboard or
as part of the crane/hoist testing) shall include the fol-
lowing, as a minimum:

(a) hardware, software, and operator input failure
mode testing

(b) boundary, out-of-bounds, and boundary-crossing
test conditions

36

with full load. Manually operated load-lowering
devices, if supplied, shall be tested. Each holding brake
shall be tested individually to verify it will stop and
hold the test load.

NUM-I-8584 Rated-Load Test After the no-load and
full-load tests are completed and prior to handling loads,
the equipment shall be rated load tested.

(a) The crane, monorail, or hoist shall receive a load
test of 125% (+5%, —0%) of the rated capacity.
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(b) The test shall consist of the following operations,
as a minimum:

(1) Lift the test load approximately 2 ft and hold
the load for a minimum of 10 min to verify no drum
rotation and test weight drift.

(2) The hoist overload-detection devices shall be
tested to verify that they activate when the test weight
is greater than 125% of rated load.

(3) Perform loss-of-power test by interrupting the

as practical. When cranes operate on more than two
runways (multiple-track cranes), the crane shall trans-
port the test load for the full length of the runway with
the test load under each of the intermediate tracks.

(6) Verify that the nameplate reflects the load rating
per NUM-I-8584(a).

(7) For jib cranes, verify that there is jib boom
motion with the trolley located at each end and at the
center of the boom.

maif electrical power or air supply while lowering the
test Joad at slow speed to verify that the holding brakes
(and emergency brakes, if applicable) set and hold the
load|.
(4) Transport the load by means of the trolley (or
carrjer) from one end of the crane bridge, jib, or monorail
to the other. The trolley shall approach the limits of
travel as close as practical if use area restrictions are
imppsed.
(5) For bridge and gantry cranes, transport the test
for the full length of the runway in one direction
the trolley as close to the extreme right-hand end
e crane as practical, and in the other direction with
trolley as close to the left-hand end of the crane

load
with
of th
the

NUM-1-8600 HOIST MARKING

(a) For Type I bridge cranes, wall\cranes, jip cranes,
and monorails, the maximum critical load ratir)g (MCL)
shall be marked on the bridge beam, jib boom, ¢r mono-
rail in lieu of the rated-load as identfified in
NUM-I-8584(a), using théterminology MCL as part of
the marking.

(b) For Type I bridge cranes, wall cranes, jip cranes,
and monorails that lift loads in excess of the MCL, the
terminology DRL(design rated load) shall be yised and
shall also be\marked on the bridge beam, jib boom, or
monorail;
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Section NUM-1I-1000
Introduction

Tipe I eguinment and the components thereof
7T T T T

shall

The NUM-II part of the NUM-1 Standard covers
Type II pquipment used in nuclear facilities and shall
be used fin conjunction with NUM-G and NUM-IIL

The emtire NUM-III Section is applicable for Type II
equipmgnt, but it is not repeated here in Section NUM-IL
Section INUM-II as it appears builds on Section NUM-III
while pfoviding additional requirements needed for
Type II ¢quipment.

All NUM-II paragraphs are either new requirements
in addifion to NUM-III requirements or supersede
existing [NUM-III requirements. If the NUM-II require-
ments sypersede the NUM-III requirements, the NUM-II
paragraph will state which paragraph it supersedes.

Type ]I equipment is equipment that is not used to
handle gritical loads, is required to withstand a seismic
event, aiid is not required to be single failure-proof.

be designed and constructed to remain in place wi

h or

without the load during a seismic event. The equipinent
need not support the load nor remain operatiomnal dyring
or after such an event.

The additional requirements for withstanding a
mic event are included under the_following NUM-II

headings:

NUM-1I-7100
NUM-II-8200
NUM-II-8300
NUM-1I-8400
NUM-1I-8500

NUM-II-1300
This Section

Description

Structural

Mechanijeal

Electrical

Inspection and Testing

APPLICATIONS
of the Standard applies to the de

manufacture, testing, inspection, shipment, storage
erection of Type II equipment.

Seis-

Bign,
and

38
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Section NUM-I11-7000
Overhead Hoists and Under-Running Trolleys

NUM-U-7100 _DESCRIPTION

Inj addition to the requirements of NUM-III-7100,
hois}s and trolleys shall remain in place during and after
a selsmic event.

39
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Section NUM-I11-8000
Common Requirements and Criteria

NUM-II-I?.MJIRULILLRA'
NUM-11-8210 General
NUM11I-8212 Descriptions of Loads. Loads due to

safe shytdown earthquake (SSE) are categorized as
extreme [environmental loads.

NUM-II-8212.4 Extreme Environmental Loads

(a) Eafthquake Safe Shutdown (Eg). The site SSE param-
eters shgll be used in the seismic analysis of the crane
or monforail following the guidance of section
NUM-II{8215.

(b) Sefsmic Lifted Load SSE (LLgs). For Type II equip-
ment, th¢ seismic lifted load for an SSE is the maximum
lifted lodd under the evaluated seismic conditions where
the cranp or monorail structure and hoist and trolley
unit mugt remain in place. This lifted load is not a critical
load and, therefore, the load itself need not be retained
under tHe SSE event.

Deperjding upon the facility-specific application, the
requirejent that Type Il equipment remain in place may
not require consideration of a seismic lifted load. The
owner shall specify the seismic lifted load, if any, that
shall be fconsidered.

NUM{I-8213 Load Combinations

Case 4. | A crane or monorail subjectedito’an SSE is
subject to the following loads:
DL + TL + LLgs + E§+ WLO
DL + TL + E{(+WLO
where
DL #+ dead load, the weight of all effective parts of
the bridge-structure, the machinery parts,
and the fixed equipment supported by the
structure
Es F load due to an SSE
LLgs maximum seismic lifted load during an SSE
TL = trolley load, the weight of the trolley and the
equipment attached to the trolley
WLO = operating wind load, lateral load due to wind

NUM-11-8215 Seismic Analysis for Type Il Equipment

NUM-11-8215.1 Methods of Analysis. A dynamic
analysis method (e.g., response-spectrum or time-
history method) or an equivalent static analysis shall be
used to establish the response of the equipment to a
seismic event.

40

NUM-1I-8215 2 Seismic |npu.t_nah_'l‘.hg_s.e.;ﬁ' mic
input data for the equipment seismic analysis shalll be

provided by the owner. The seismic input shall.be speci-
tied as broadened floor response spectra or time histpries
of acceleration, displacements, or velocities.defined pt an
appropriate level in the structure supporting the crafe or
monorail.

NUM-II-8215.2.1 Load Pendulum Effects. Pephdu-
lum effects of the suspended 16ad shall be consid¢red.
(In most facilities, the hotizontal load due to pendglum
effects will be negligibleé(because the load displacepent
is small. Where displacement is significant, condider
obstacle-avoidancé measures.)

NUM-11-8215.3 Dynamic Analysis

NUM-11-8215.3.1 Response-Spectrum Methqd.
The cfane or monorail shall be considered to respond
as aJinear elastic system when using the response-
spectrum method. The undamped natural modes|and
frequencies shall be computed using a model accepfable
under the rules of this section. These outputs shall gerve
as the basis for mode-by-mode computation of the
response of the crane or monorail to each of the fhree
components of seismic input.

NUM-11-8215.3.2 Time-History Analysis.
histories of structural response at the appropriate
may be used for analysis of the crane or monorail
time histories shall be provided by the owner. P
dures for assembling the mathematical model sh
in accordance with this section. The effects of the
components of ground motion shall be combin
accordance with the following requirements:

(a) The representative maximum values of the sfruc-
tural responses to each of the three components of egrth-
quake motion shall be combined by taking the square
root of the sum of the squares of the maximum repr¢sen-

. o by
each of the three components of earthquake motion at
a particular point of the structure or of the mathematical
model.

(b) The maximum value of a particular response of
interest for design of a given element may be obtained
through a step-by-step method. The time-history
responses from each of the three components of the
earthquake motions may be obtained separately and
then combined algebraically at each time step, or the
response at each time step may be calculated directly,
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owing to the simultaneous action of the three compo-  decoupled from the runway, the criteria of (a) or (b)
nents. The maximum response is determined by scan-  below shall be met.

ning the combined time-history solution. When this (a) If R, < 0.01, decoupling can be done for any R
method is used, the earthquake motions specified in the (b) If 0.01 £ R,, £ 0.1, decoupling can be done if
three different directions shall be statistically Ry< 0.8 or if Ry > 1.25.

independent. (c) IfR,,20.1,0r0.8< R¢<1.25, an approximate model

of the runway system shall be included with the model.

NUM-11-8215.3.3 Mathematical Model R,, and Ry are defined as

(a) The crane or monorail shall be represented by

a generalized three-dimensional system of nodes. INe total mass of the crane
mo%l’s geometry shall reflect the overall size, length, " = mass of the runway system @
confectivity, and stiffness of the various structural mem-
berd. An appropriate element representation of each fundamental frequency jof the cranp
member shall be used to describe all components that f = frequency of the dominantrinway mdtion @
conffribute significantly to the stiffness of the equipment.

(b) For cranes using pin-connected wheel trucks, The owner shall determiné.the mass and ffequency
pinrjed connections shall be specified for line elements ~ Ccharacteristics of the runway.
that|represent the attachment of the end trucks to the NUM-11-8215.3.6 Boundary Conditions

bridge girders or gantry legs. Where various connected
stru¢tural members of the crane do not have intersecting
centfoidal axes, stiff line elements shall be used to repre-
sent|the offset. These elements shall have stiffnesses that
are an order of magnitude higher than the stiffest struc-
tura] member of the crane.

(c) A simplified finite element representation of the
trollpy structure using stiff line elements may be used
for the crane or monorail dynamic model, provided it
can pe shown by rational analyses that the actual trolley:

strufture reeponding as an uncoupled system has natu="  maximum load resulting from the boundary dondition
ral frequencies above 33 Hz. The model used for seismic qnsidered. The crane or monorail shall be [modeled
analysis shonld be evaluated %“d revised if Fequ.ired o with the wheel-to-rail boundary conditions sp¢cified in
accqunt for hlgher frequencies if plant operations induce Fig. NUM-II-8215.3.6-1, unless additional resfraining,
sucl frequencies. driving, or holding mechanisms exist. The c¢nfigura-
NUM-11-8215.3.4 Location and Nuniber of Dynamic tions shown in Table NUM-1I-8215.3.6-1 were d¢veloped

Degfees of Freedom. Dynamic degiees of freedom shall to show standard configurations. Other configurations
be afsigned to a sufficient nuniber of node points and '€ also acceptable. . -
in sych locations that the realimass and stiffness distribu- (b) The crane or monorail boundary condjtions at

tion|of the equipment are simulated. Structural members ~ Pivot points (such as hinges at jib crane confiections)
need to be modeled in computer analysis as rotationally

fixed about the rotation of the hinge. If left free fo rotate,
the crane or monorail will be unstable and the results
of the analyses will be unrealistic. By fixing the rotation
around the pin, the stresses in the crane or monorail
will be conservative. During an actual seismfic event,
however the crane or monoraﬂ will tend to rotqte about
of the owner
to determine if uncontrolled movement about the pivot
point is acceptable (i.e., the crane or monorail movement
will not impact and damage equipment). If uncontrolled
movement is not acceptable, the owner shall specify that
restraint devices be provided that will limit or dampen
NUM-11-8215.3.5 Decoupling Criteria for the  the movement.
Runway. The crane or monorail and runway shall be (c) The crane or monorail boundary conditions at the
evaluated to determine if the equipment should be rep-  point of interface with the building structure shall be
resented as a separate model or as a model coupled  determined by the person performing the crane or
with the runway. For the equipment to be considered = monorail analysis. The boundary conditions shall take

(a) The crane ofpmonorail shall be provided with
devices so that they remain on their respective frunways
during and after'a seismic event. Characteristicy of these
devices that influence the dynamic behavior of the crane
or mondxail shall be included as boundary c¢nditions
in theimodel of the equipment. The restrain{ devices
shall\be considered to be in contact with the |resisting
structure in establishing boundary conditiond used in
the analysis for the crane or monorail. The [restraint
device and resisting structure shall be designed for the

or its equivalentmass is positioned. Crane or monorail
ponents to:be modeled as mass points (concentrated

pins: :
selected shall be con31dered adequate when additional
degrees of freedom do not result in more than a 10%
increase in responses. Dynamic coupling shall be
accounted for.

41
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Fig. NUM-11-8215.3.6-1 Boundary Conditions for Wheel-to-Rail Interface

6, 6,

A Wall
connection

Hoist
centroid

Y
Floor . V Hoist
connection ——» .
centroid 0x
NG

X
(a) Floor-Mounted Jib

(b) Wall-Mounted Jib

Hoist
Hoist centroid

6
centroid X

(c) Monorail (d) Underhung Single Girder

GENERAL NOTES:

(a) The hoist is modeled as a lumped mass at its centroid.

(b) The members are modeled at their centroidal axis.

(c) The nodes shown illustrate wheel-to-rail boundary conditions. Additional nodes are required to complete the
mathematical model.
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Table NUM-II-8215.3.6-1 Boundary Conditions for Wheel-to-Rail Interface

Restraint Condition

Translation Rotation
Node X Y V4 Ox Oy 0;

Floor Jib

A Fixed Fixed Fixed Fixed Fixed Fixed
Wall Jib

A Fixed Fixed Fixed Fixed Fixed Fixed
Monorail

A Fixed Fixed Fixed Fixed Fixed Fixed
Underhung

A Fixed Fixed Fixed Free Free Free

B Free Fixed Fixed Free Free Free

C Fixed Free Fixed Free Free Free

D Free Free Fixed Free Free Free

E Fixed Fixed Fixed Fixed Fixéd Fixed

GENERAL NOTE:

into[consideration the method of attachment and flexi-
bility of connections.

NUM-11-8215.3.7 Trolley Locations and Hoist
Positions. The crane or monorail (bridge, jib, trolley,
and|hoist as applicable) shall be analyzed under the
follqwing loading conditions:

(a) seismic lifted load on hook (if specified)

(b) no load on hook

Tlhe analysis procedure shall use the bridge, jib, trolley,
and|hoist in as many different positions as necéssary
to envelope the worst-case loading situation.Since this
Star|dard encompasses many different cranes.and mono-
railg, which may be fabricated and installed in many
diffdrent configurations, it is the responsibility of the
manufacturer to determine~Nthe worst-case
configurations.

NUM-11-8215.3.8 Crange or Monorail Damping
Val:rs. The response of each mode shall be determined
fron} the amplified response spectra for the appropriate
values of structuraldamping. A damping value of 7% of
critifal dampingshall be used for the crane or monorail
wheln the SSEdsuiised in the analysis.

NUM:1I-8215.3.9 Number of Modes Required for
Seismic@nalysis. Itisnot generally necessary to include
the F(I)ntributions of all modes to the seismic response

The nodes are shown in Fig. NUM-1I-8215.3.6-1.

shall be assumed)that the dynamic responses fhave the
sign that yields the worst case for the combinatjon being
considered:
(a) With No Closely Spaced Modes. When the results
of the.modal dynamic analysis show that the|crane or
monorail modes are not closely spaced, the eqipment’s
response to each of the three components of seismic
input shall be combined by taking the squarg root of
the sum of the squares (SRSS).
(b) With Closely Spaced Modes. When the resylts of the
modal dynamic analysis show that some or 3ll of the
modes are closely spaced (two consecutive mjodes are
defined as closely spaced if their frequencies differ from
each other by 10% or less of the lower frequency), modal
responses for each of the three components fof seismic
input shall be combined using one of the followjing three
methods:
(1) Grouping Method. Closely spaced mofgles shall

be divided into groups that include all modes having
frequencies between the lowest frequency in the group
and a frequency 10% higher [see Note (1)]. The epresen-
tative maximum value of a particular response df interest
for the design of a given element of a nuclear poyver plant
structure, system, or the crane or monorail attrjbuted to
each such group of modes shall first be obtpined by
taking the sum of the absolute values of the corfespond-

of the crane or monorail. A modal participation factor
shall be used with the modal frequencies to select signifi-
cant 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.
Additional modes shall be computed until the inclusion
of additional modes does not result in more than a 10%
increase in response.

NUM-11-8215.3.10 Combination of Modal
Responses. In combining the dynamic responses, it

ing peak values of the response of the element attributed
to individual modes in that group. The representative
maximum value of this particular response attributed
to all the significant modes of the structure, system, or
the crane or monorail, shall then be obtained by taking
the square root of the sum of the squares of correspond-
ing representative maximum values of the response of
the element attributed to each closely spaced group of
modes and the remaining modal responses for the
modes that are not closely spaced.
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Mathematically, this is expressed as follows:

1]

j
z ) |qu qul

i m=i

N P
Y Ri+X
k=1 q=1

]
R z ®)
1=
where [ # m; Rj; and R,,; are modal responses; R; and
R,, are within the gth group; i is the number of the mode
where a group starts; j is the number of the mode where

NOTES:

(1) Groups shall be formed starting from the lowest frequency and
working toward successively higher frequencies. No one frequency
shall be in more than one group.

(2) R is the representative maximum value of a particular response
of a given element to a given component of an earthquake; Ry is
the peak value of the response of the element due to the kth mode;
and N is the number of significant modes considered in the modal
response combination.

the group-ends; R, Ri-and Nare as-defined-in Note (2); fe—Combination—ofThreeConpopent—ofLartguake
and P is the number of groups of closely spaced modes, ~ Motion. The representative maximum values$of the
excluding individual, separated modes. structural responses of each of the three directional fom-

ponents of earthquake motion shall be combined by

(2) 10% Method
N i)
R=|% Ri+2XIRR| 4
k=1
where i # j; and R, Ry, and N are as defined in Note (2).

The second summation shall be done on all i and j modes
whose ffequencies are closely spaced to each other. Let
w; and dy be the frequencies of the ith and jth modes.
To verifyf which modes are closely spaced, the following
equatior] shall be applied:

(0 — @)/ w; <0.1 ()

where
1<i<j<N 6)
(3) Double-Sum Method
N N 1~
R = 2 2 |Rk Rbl €is (7)
k=1 s=1
where R} Ry, and N are as defined in.Note (2); R, is the
peak Ve:[Je of the response of the element attributed to
the sth npode; and ¢ is a correlation coefficient between
modes kand s.
(@-w) [
i y—— (8)
(IBk W + ﬁs ws)
where

[

taking the square root of the sum of the squares of the
maximum m representative values of-the codirectjonal
responses caused by each of the<three components of
earthquake motion at each node of.the crane or monprail
mathematical model.

NUM-I1-8215.4 Equivalent Static Analysis. In ¢ases
where a dynamic analysis is not necessary becaus¢ the
crane or monorailmodel is very simple (as in the cajse of
a single-span menorail or simplejib crane), an equivlent
static analysi§)cah be performed.

The
ized

NUM-11-8215.4.1 Mathematical Model.
crane or monorail shall be represented by a genera
thre¢~dimensional system of nodes. The model’s ge¢gme-
try shall reflect the overall size, length, connectivity] and
stiffness of the various structural members. An agjpro-
priate element representation of each member shalll be
used to describe all components that contribute signifi-
cantly to the stiffness of the crane or monorail.

NUM-11-8215.4.2 Decoupling Criteria fof the

Runway. Refer to NUM-II-8215.3.5.

NUM-11-8215.4.3 Trolley Locations and Hoist

Positions. Refer to NUM-II-8215.3.7.

NUM-11-8215.4.4 Crane or Monorail Dam
Values. Refer to NUM-II-8215.3.8.

NUM-11-8215.4.5 Number of Modes Requiredl for
Seismic Analysis. Only the fundamental frequengy of
the crane or monorail in each direction of earthqpake
is used. For fundamental frequencies less than or dqual
to the frequency at which the maximum spectral acdeler-
ation occurs, the maximum spectral acceleration phall

ping

W = wkkl - ﬁ)vz

B = B+ P, (10)

d Wk

where w; and Sy are the modal frequency and the damp-
ing ratio in the kth mode, respectively, and ¢, is the time
duration of the earthquake.

44

be tsed. For fundamentat frequencies greater than the
frequency at which the maximum spectral acceleration
occurs, the actual spectral acceleration depicted on the
response spectra curve shall be used. The maximum
spectral acceleration may conservatively be used with-
out calculation of the fundamental frequency.

NUM-I1-8215.4.6 Combination of Modal
Responses. Since only one mode is calculated in each
direction, an increase factor of 1.5 shall be used on the
acceleration to account for other modes.
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NUM-11-8215.4.7 Combination of Three
Components of Earthquake Motion. The representative
maximum values of the structural responses of each of
the three directional components of earthquake motion
shall be combined by taking the square root of the sum
of the squares of the maximum representative values of
the codirectional responses caused by each of the three
components of earthquake motion at each node of the
crane or monorail mathematical model.

NUM-II-8400 ELECTRICAL
NUM-II-8410 General

NUM-II-8411 Seismic. Analyses shall be performed
to confirm that those electrical components that, if dis-
lodged, would damage safety-related equipment shall
remain in place during the seismic event.

NUM-11-8412 Allowable Stresses for Fasteners. Fas-
teners for mounting electrical components, such as con-

NUM-II-8300 MECHANICAL

NUj—II-8320 Design and Performance Criteria
UM-II-8323 Seismic Analysis

NUM-11-8323.1 Criteria. Analyses shall be per-
formped to confirm that those mechanical components
that/ if dislodged, would damage safety-related equip-
ment shall remain in place during the seismic event.

NUM-II-8323.2 Component Analysis (> 33 Hz).
Conpponents whose major resonant frequency is greater
thar] 33 Hz may be modeled as a lumped mass.
(a) Analysis shall consist of the determination of the
stregs level of the mounts when applying maximum
dyngmic forces to the center of gravity of the item.

(b) Loads due to vertical and horizontal motions shall
act fogether and shall be combined in accordance~with
NUM-II-8215.

NUM-11-8323.3 Component Analysis (%33 Hz).
Conjponents whose major resonant, frequency is less
thar| 33 Hz shall be analyzed dynamically. The compo-
nenf shall be represented by.a generalized three-
dimensional system of nodes.\The model’s geometry
shal] reflect the overall size, length, connectivity, and
stiffhess of the various structural members. An appro-
priafe element represehtation of each member shall be
used to describe all ¢components that contribute signifi-
cant]y to the stiffness.

NUM-II-8323.4 Allowable Stresses for Fasteners.

Seismic oads shall induce stresses that, when combined
with appropriate dead and live loads, do not exceed
90% i

45

trol enclosures, shall comply with the requirements of
NUM-II-8323.4.

NUM-11-8500 INSPECTION AND TESTING

NUM-1I-8520 Inspection by Selter Prior to and
During Manufacture

NUM-II-8521 General

NUM-1I-8521.1 Structural Welds. Welds whose
failure during a sefsmic event could cause the crane/
monorail /hoist to.fall shall be nondestructively tested.
For butt welds, radiographic testing (RT) or yltrasonic
testing (UT))shall be performed in accordapice with
NUM-II¥8521.5(a). For other welds, magnetid particle
testing\(MT) or dye penetrant testing (PT) shall be per-
formed in accordance with NUM-II-8521.5(b).

NUM-11-8521.2 Component Fit-Up. The
ments under NUM-III-8521.2 apply.

NUM-II-8521.3 Structural Materials.
reports shall be required on structural material
ing seismic restraints, whose failure during 3
event would cause the crane/monorail/hoist fo fall.

NUM-II-8521.4 Fasteners. Material tes} reports
shall be required on fasteners, including those fof a seis-
mic restraint, whose failure during a seisnfic event
would cause the crane/monorail /hoist to fall

NUM-II-8521.5 Nondestructive Tests. Th¢ follow-
ing are the nondestructive tests for the welds ifentified
in NUM-II-8521.1:

(a) 100% RT or UT of butt welds in accord,

require-

Matgrial test
, includ-
seismic

with AWS D1.1.

(b) 100% MT or PT of each weld 10 in.
length; 10% MT or PT of each weld that excegds 10 in.
in length. Technique and acceptance criteria shall be in

(16)
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Section NUM-III-1000
Introduction

NLIM-II1-3000 Tor-Running Bridge and Cantrs
T te] o] ”

is equipment that is not used to handle critical loads, is
not required to withstand a seismic event, and is not
required| to be single failure-proof.

The NUM-III part of the NUM-1 Standard is divided
into the ffollowing Sections:

NUM-III-1000 Introduction
NUM-III-2000 Underhung Cranes

Cranes
NUM-III-4000 Traveling Wall Cranes
NUM-III-5000 Jib Cranes
NUM-III-6000  Monorail Systems

NUM-III-7000  Overhead Hoists and\Under-Runfing

Trolleys
NUM-III-8000 Common Requirements and Crits

NUM-III-1300 APPLICATIONS

This Section of the Startdard applies to the de
manufacture, testing,nspection, shipment, storage
erection of Type JII équipment.

ria

bign,
and
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Section NUM-III-2000
Underhung Cranes

NUM-1I-2100 _DESCRIPTION

NUM-U11-2200  STRUCTURAL

accordance with the introduction for Type III
pment defined in Section NUM-III-1000,
on NUM-III-2000 applies to the following:
underhung, single-girder cranes whose wheels
ate on the bottom flange of a runway track (see
NUM-III-2100-1)

underhung, multiple-girder cranes whose wheels
ate on the bottom flange of a runway track (see
Figs| NUM-III-2100-2 and NUM-III-2100-3)

(c} semi-gantry cranes having one end of the bridge
supjpported by wheels operating on the bottom flange of
a rupway track and having one end of the bridge rigidly
supported on a leg, with the leg supported on a top-
runiing end truck (covered in Section NUM-III-3000)
opefating on a fixed rail or track (see
Fig. NUM-III-2100-4)

In
equ
Sect

(a
opet
Fig.

(b
opet

Fig. NUM-111-2100-1 Single-Girder Underhung Crane

/—Crane bridge

NUM-III-2210 General

This section covers structural requirements arfd design
criteria specific to Type III underhung'cranes. For other
structural requirements and cfiteria commpn to all
cranes, refer to NUM-III-8200.

NUM-III-2220 Design Critefia
NUM-III-2221 Atlowable Deflections and Cgmbers

Sttructure
end ties,

NUM-111-2221.1 Miscellaneous
Deflection. ~Deflections of components such as
end trucks, trolley load bars, and auxiliary begms shall
not impair the functions for which they were flesigned
or dause any attachments to the crane to becpme dis-
lodged or leave the crane.

Carrier stop —%9

T ‘..—T
T
=
Hoist
unway
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Fig. NUM-1lI-2100-2 Double-Girder Underhung Crane With Underhung Trolley

/ Crane bridge

=

N

I y.)

N— A

Carrier stop -/

-

Fig. NUM-111-2100-3 Double-Girder Underhung Crane With Top-Running Trolley

Crane bridge
NN

D

<

I y-)

Carrier stop -

SN NERC

‘_A

NUN-111-2221.2-Girder Deflection.
vertical

The maximum
Heflection.of the girder produced by the bridge
dead logd, ¢rolley dead load (including hoist dead
weight),|afid-design rated load shall not exceed Y of

-]
Hoist
1 1
A~ | L~ ]
\ Runway —)\

=

NUM-111-2230 Components Design

NUM-III-2231 Girders, Beams, or Tracks. Giiders
may be standard rolled beams, patented shape tradk, or

the span. Tmpact need not be considered n determining
deflection. For interlocking cranes, the deflection shall
not exceed 1/1,000 of the span.

NUM-III-2221.3 Girder Camber. Where girders are
cambered, the recommended amount of camber is equal
to the bridge dead load deflection, plus Y, of the deflec-
tion caused by the trolley dead load (including hoist
dead weight), plus % of the deflection caused by the
design rated load. Girder camber and deflection shall
be considered when determining vertical clearances.

48

1ot 1ac] JA L 1 1ac] 1o llbe
t’l({lc ELL\ACL O. VYVIICIT ITICCTOOdATL )’, “UI\LLLL{L)’ ELL\ACLD olld
used to support overhanging loads to minimize torsional
moments on and lateral deflections of the girder. The
analysis required for girders shall be in accordance with
NUM-III-8200. On spans longer than 16 ft, the ratio of
span to top flange width shall not exceed 60 to 1.

NUM-III-2232 End Trucks. The crane bridge shall be
carried on end trucks designed to carry the rated loads
when lifted at one end of the crane bridge (closest
approach). Load combinations and basic allowable
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Fig. NUM-111-2100-4 Single-Girder Underhung Semi-Gantry Crane

Bridge girder

/- Runway

Carrier stop

Gantry leg

stregses shall be in accordance with NUM-III-8213 and
NUM-1II-8231. The wheel base of the outermost wheels
shal| be Y4 of the span or greater.

End trucks may be of the rotating-axle or fixed-axle
typd. Provisions shall be made to prevent a drop of the
cranfe not more than 1 in. in the case of axle failure.
When appropriate, equalizer bridge trucks shall be
incofporated to promote sharing of the bridge wheel
loads. Equalizer pins shall be provided between equal-
izer[truck and equalizer beams and/ok rigid bridge
strugtures. A rail sweep shall be previded in front of
each outside wheel. End trucks shall*be in accordance
with} applicable sections of NUM=IH-8200.

NUM-1I-2300 MECHANICAL

-111-2310 General

is section covers the specific mechanical require-
s and criteria for underhung bridge cranes. For
mechanical requirements and criteria common to
anes; refer to NUM-III-8300.

NUM-II11-2321 Bridge Drive. The bridge drive
arrangements normally used with underhung bridge
cranes are illustrated in Figs. NUM-III-2321-1 and
NUM-III-2321-2. An underhung bridge has a minimum
of four pairs of wheels and shall use a drive arrangement
where at least one pair of wheels is driven on each end
truck. Underhung bridges running on multiple runways
may be driven by wheel pairs on two or more end trucks.
End trucks may be driven by more than one wheel pair.

A2

NUM-III-2321.1 Bridge Drive Arrangement
(aANA-2 Drive

(1) The motor is connected to a self-contained gear
reducer unit located near the center of the bridge. The
gear reducer is connected to a set of squaring shafts that
in turn are connected to the end truck drive|pinions.
The pinions drive the geared section of the wheels.

(2) The motor is connected by chain and gprockets
or through a self-contained reducer to a squarjng shaft
that in turn is connected to the axle of the rubbgr wheels
at each bridge end truck. The rubber drive wheels are
arranged to provide spring-loaded contact to the under-
side of the runway rail for traction drive.

(b) A-4 Drive

(1) A mechanically independent drive is provided
at each bridge end truck. The drive motor if directly
connected to the integral self-contained gear feduction
unit that in turn is connected to the drive pipion that
drives the geared section of the bridge wheelq.

(2) A mechanically independent drive is provided
at each bridge end truck. The drive motor if directly
connected to the integral self-contained gear feduction
: i i e rubber
wheel. The rubber drive wheel is arranged to provide
spring-loaded contact to the underside of the runway
rail for traction drive.

NUM-III-2322 Bridge Interlocking Mechanisms
(a) Interlock mechanisms for underhung cranes shall
maintain alignment between mating track sections and
shall provide smooth trolley transfer across sections.
(b) Stops or forks shall be part of the interlock mecha-
nisms to prevent the trolley from rolling off open track
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Fig. NUM-11l-2321-1 Arrangement of Crane Bridge Drives (A-2 Drive)
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are not glignéd and the interlock mechanisms are not
engaged| stops or forks shall be in the closed position.
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NUM-111-2331 Underhung Trolley Drive. Trqlley
drives for single-girder bridge cranes shall be in a¢cor-
dance with NUM-III-7741. Underhung trolley drives for
double-girder bridge cranes shall be driven on both gides
similar to bridge drives and in accordance yith
NUM-II1-8300.

(c) Interlock mechanisms shall be designed to limit
vertical misalignment to less than % in.

(d) Interlocking cranes and mating tracks shall have
a gap of less than Y, in. between adjacent ends of the
load-carrying flange.

NUM-III-2330 Underhung Trolley

Underhung trolleys are covered by NUM-III-7700. If
the trolley is top running, refer to ASME NOG-1 (for
trolley design only).
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NUM-111-2340 Hoist

The hoist shall be in
Section NUM-III-7000.

accordance with

NUM-III-2400 ELECTRICAL
NUM-III-2410 General

(a) Except as noted under (b) below, the following
information applies to underhung cranes that have an
electric motor-operated bridge.
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Fig. NUM-I11-2321-2 Arrangement of Crane Bridge Drives (A-4 Drive)
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(b) For underhung cranes that do not have an electric
motor-operated bridge, but use either an electrically
operated hoist or electrically operated trolley, the infor-
mation listed in the following sections will still apply:
NUM-III-2424, NUM-III1-2425, NUM-III-2427, and
NUM-III-2430.

NUM-III-2420 Electrical Components

(b) The location of the pendant push-button station
controllers shall be one of the following;:
(1) suspended from the hoist and trolley
(2) suspended from a festooned messenger track
system along the bridge span
(3) suspended from a single point off the bridge
(4) remote-mounted off the crane
(c) A crane operator station of any type shall meet
the criteria of NUM-III-8425.

Crane controls shall

NUM{i=2z21Crane Controts.
meet thq criteria of NUM-III-8421.

NUM-JII-2422 Motors. Traverse drive motors for an
electric thotor-operated bridge shall meet the criteria of
NUM-II}-8422, with motor sizing in accordance with
NUM-II]-8422.4.

NUMAIlI-2423 Brakes

(a) A1 electric motor-operated bridge shall be fur-
nished with either a noncoasting mechanical drive or
spring-set, friction-type brakes for each traverse drive
motor.

(b) A poncoasting mechanical drive shall be capable
of stoppng the motion of the bridge within a distance
in feet equal to 10% of the full-load speed in feet per
minute yhen traveling at full speed with rated load.

(c) Spfing-set, friction-type brakes shall be in accor-
dance wjith NUM-III-8423.

NUMII-2424 Disconnects and Protective Devices.
Disconngcts and protective devices shall be provided in
accordarjce with NUM-III-8424.

NUMAIII-2425 Operator Stations and Controllers
(a) Thie type of operator station and its location shall
be specified by the owner.

NUM-III-2426 Electrical Enclosures. Electrical ej\clo-
sures shall be in accordance with the criteria of
NUM-III-8426, suitable for the owner-specified environ-
mental conditions of service.

NUM-111-2427 Current Conductor Systems
(a) The type and location of runway system conjduc-
tors shall be specified by thewner.

(b) All current conductorsystems shall meet the drite-
ria of NUM-III-8427.

NUM-111-2428 Watning Devices. Warning ddvice
information andrcriteria shall be in accordance with
NUM-III-8428.

NUM-III-2429 Auxiliary Electrical Equipment. Ajxil-
iary electrical equipment information and criteria, puch
as for travel limit switches, shall be in accordance with
NUNI-ITI-8429.

NUM-11I-2430 Wiring Materials and Methods

Wiring materials and methods shall meet the criferia
of NUM-III-8430.

NUM-11I-2500 INSPECTION AND TESTING

Perform inspection and testing of underhung crpnes
in accordance with NUM-III-8500, as applicable.
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Section NUM-III-3000
Top-Running Bridge and Gantry Cranes

to the fnp flange or surface of the ]nri(‘]gp girders are

accordance with the introduction for Type III
pment defined in Section NUM-III-1000,
on NUM-III-3000 applies to the following:

top-running, single-girder cranes whose end
ks operate on fixed rails or tracks attached to the
flange or surface of runway girders. Overhead
ts of the underhung type (covered in
on NUM-III-7000) may be rigidly suspended or trol-
buspended from the bridge girder. If the trolley is
ended, the trolley will operate on the bottom flange
e bridge girder. The bridge girder may be a patented
be, a structural shape, a reinforced patented or
ctural shape, or a fabricated section (see
NUM-III-3100-1).

top-running, double-girder cranes whose end
ks operate on fixed rails or tracks attached to the
flange or surface of runway girders, and that use an
brhung, trolley-suspended hoist. Overhead hoists of
inderhung type (covered in Section NUM-III-7000)
be rigidly suspended or trolley suspended from
pridge girders. The trolley operates on the bottom
e of the bridge girders, which may be a patented
e, a structural shape, a reinforced patented or struc-
shape, or a fabricated section (see Fig. NUM-III-
-2). Top-running, double-girder.cranes with trolley-
E units that operate on fixed rails'or tracks attached

Fig. NUM-11I-3100-1 Single-Girder Top-Running Crane

53

covered by ASME NOG-1.

(c) top-running, semi-gantry cranes having|one end
of the bridge supported by an end triigk opegating on

a fixed rail or track attached to the top.flange
of a runway girder, and one end.of the brid
supported on a leg with the.leg) supported o
truck operating on a fixed, rail or track. Hoists
and girders are the same ds’described in (a) al
Fig. NUM-III-3100-3)

(d) top-running, \garitry cranes having both
the bridge rigidly‘supported on legs, with the
ported on end. trucks operating on fixed rails
Hoists, trolleys, and girders are the same as g
in (a) abeve’(see Fig. NUM-III-3100-4).

NUM-HI-3200 STRUCTURAL
NUM-III-3210 General

This section covers structural requirements ar
criteria specific to Type III top-running bridge
try cranes. For other structural requirements an|
common to all cranes, refer to NUM-III-8200.

NUM-III-3220 Design Criteria

surface
rigidly
an end
trolleys,
ove (see

ends of
egs sup-
r tracks.
escribed

d design
hnd gan-
 criteria

NUM-III-3221 Allowable Deflections and Cgmbers

NUM-III-3221.1 Structure Deflection. De
of components such as end ties, end trucks, trg

flections
lley load
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Fig. NUM-111-3100-2 Double-Girder Top-Running Crane With Underhung Trolley

Fig. NUM-11I-3100-3 Single-Girder Top-Running Semi-Gantry Crane
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Fig. NUM-III-3100-4 Single-Girder Top-Running Gantry Crane

N/

bars} and auxiliary beams shall not impair the functions
for Which they were designed or cause any attachments
of the crane to become dislodged or leave the crane.

NUM-III-3221.2 Girder Deflection. The maximum
vertjcal deflection of the girder produced-by:the bridge
dead load, trolley dead load (including hoist dead
weight), and the design rated load shall not exceed Yoo
of the span. Vertical inertia forces ieed not be considered
in determining deflection. For (interlocking cranes, the
deflgction shall not exceed 1/1,000 of the span.

NUM-1II-3221.3 Girder-Camber. Where girders are
campered, the recommended amount is equal to the
bridge dead load {eflection, plus 1/2 of the deflection
cauded by the trolley dead load (including hoist dead
weight), plus % of the deflection caused by the design
ratedl load. Girder camber and deflection shall be consid-
ered when determining vertical clearance.

NUM-ilI-
be designed to withstand wind-loading conditions as
specified by the owner. If loads are not specified, a load
of 30 Ib/ft* on the projected area, under nonoperating
conditions, is to be used. For through-leg gantries, a
check is to be made using a 5-1b/ft* wind loading with
the lifted load at the end of the bridge.

NUM-III-3230 Components Design

NUM-III-3231 Girders, Beams, or Tracks. Girders
may be standard rolled beams, patented shape track, or

plate girders. Where necessary, auxiliary girderp shall be
used to support overhanging loads to minimize forsional
moments on and lateral deflections of the gitder. The
analysis required for girders shall be in accordgnce with
NUM-III-8200. On spans longer than 16 ft, th¢ ratio of
span to top flange width shall not exceed 60 to 1.

NUM-1II-3232 End Trucks. The crane bridg¢ shall be
carried on end trucks designed to carry the rdted load
when lifted at one end of the crane bridge|(closest
approach). Load combinations and basic ajlowable
stresses shall be in accordance with NUM-III-$213 and
NUM-III-8231. The wheel base of the outermogt wheels
shall be % of the span or greater.

End trucks may be of the rotating-axle or fjxed-axle
type. Provisions shall be made to prevent a drpp of the
crane not more than 1 in. in the case of axl¢ failure.
When appropriate, equalizer bridge trucks|shall be
incorporated to promote sharing of the bridge wheel
izi i i b1 equal-
izer truck and equalizer beams and/or rigid bridge
structures. A rail sweep shall be provided in front of
each outside wheel and shall project below the top of
the runway rail. End trucks shall also be in accordance
with applicable sections of NUM-III-8200.

NUM-1II-3300 MECHANICAL
NUM-1II-3310 General

This section covers the specific mechanical require-
ments and criteria for top-running bridge and gantry
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Fig. NUM-11I-3320-1 Arrangement of Crane Bridge Drives (A-1 Drive)
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Fig. NUM-11I-3320-2 Arrangement of Crane Bridge Drives (A-2 Drive)
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NUM-III-3320 Bridge Drive

Bridge drive arrangements normally used with top-
running bridge cranes are illustrated in
Figs. NUM-III-3320-1, NUM-III-3320-2, and
NUM-III-3320-3. A top-running bridge has a minimum
of four wheels and shall use a drive arrangement where
at least one wheel is driven on each end truck.

(a) A-1 Drive. The motor is located near the center of
the bridge span and is connected to a self-contained

1]
'-1— ¢ Crane

Fig. NUM-11I-3320-3 Arrangement of Crane Bridge Drives (A-4 Drive)
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connected to the wheel axles.

(b) A-2 Drive. The motor is located near the center of
the bridge span and connected by a flexible coupling to
a self-contained gear reduction unit, also located near
the span center, that in turn is connected to a set of line
shafts by solid or semiflexible couplings. Each line shaft
is connected to a pinion at the end truck that meshes
with the drive gear. Connecting couplings between line
shaft and pinion are semiflexible. All other couplings,
if required, are of the solid type.
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(c) A-4 Drive. Two mechanically independent drive
arrangements are provided, one unit at each end truck
of the bridge. Motors are connected to the gear reduction
units that in turn are connected to the wheel axles.

NUM-III-3321 Travel Drives for Gantry Cranes. For
travel drives on gantry cranes, the number of driven
wheels shall be selected based on crane acceleration
rates to prevent wheel skidding.

spring-set, friction-type brakes for each traverse drive
motor.

(b) A noncoasting mechanical drive shall be capable
of stopping the motion of the bridge within a distance
in feet equal to 10% of the full-load speed in feet per
minute when traveling at full speed with rated load.

(c) Spring-set, friction-type brakes shall be in accor-
dance with NUM-III-8423.

NUM-HH-3424Disconnects—and-Protective-Devices.

NUM-III-3322 Gantry Crane Drive Brakes. Each
motprized drive on gantry cranes shall be provided with
a sujtable brake and sized as described in NUM-III-8300.

NUM-111-3330 Underhung Trolley

Uhderhung trolleys are covered by NUM-III-7700. If
the frolley is top running, refer to ASME NOG-1 for the
entife crane.

NUM-111-3331 Underhung Trolley Drive. Trolley
drives for single-girder bridge cranes shall be in accor-
dange with NUM-III-7741. Underhung trolley drives for
douple-girder bridge cranes shall be driven on both sides
simjlar to bridge drives and in accordance with
NUM-III-8300.

NUM-III-3340 Hoist

The hoist shall
Sectjon NUM-III-7000.

be in accordance with

NU:I-III-3400 ELECTRICAL
NUM-III-3410 General

(a) Except as noted under (b) below,(the following
information applies to top-running bridge and gantry
cranes that have an electric motor-Operated bridge.

(b) For top-running bridge and gantry cranes that do
not lhave an electric motor-operated bridge but use either
an dlectrically operated hoist’ or electrically operated
trolley, the informationdisted in the following sections
willl still apply: NUM-III-3424, NUM-III-3425,
NUM-III-3427, and NUM-III-3430.

NUM-III-3420 <Electrical Components

UM-III-3421 Crane Controls.
mee} the eriteria of NUM-III-8421.

Crane controls shall

Disconnects and protective devices shall be pigvided in
accordance with NUM-III-8424.

NUM-III-3425 Operator Stations and"Contrgllers
(a) The type of operator station‘and its locafion shall
be specified by the owner.
(b) The location of the pendant push-butto
controllers shall be one gf/the following;:
(1) suspended from:the hoist and trolley
(2) suspendedifrom a festooned messen
system along thé<bridge span
(3) suspended from a single point off the
(4) remote-mounted off the crane
(c) A ‘erane operator station of any type sh
the criteria of NUM-III-8425.

NUM-1II-3426 Electrical Enclosures. Electri
sures shall be in accordance with the cr
NUM-III-8426, suitable for the owner-specified|
mental conditions of service.

NUM-III-3427 Current Conductor Systems
(a) The type and location of runway systemn)
tors shall be specified by the owner.

(b) All current conductor systems shall meet
ria of NUM-III-8427.

NUM-III-3428 Warning Devices.

h station

ber track
bridge

all meet

al enclo-
teria of
environ-

conduc-

the crite-

Warning device

information and criteria shall be in accordance with
NUM-III-8428.
NUM-11I-3429 Auxiliary Electrical Equipmentf. Auxil-

iary electrical equipment information and critdria, such
as for travel limit switches, shall be in accordance with
NUM-III-8429.

NUM-III-3430 Wiring Materials and Methods

Wiring materials and methods shall meet the criteria
of NUM-III-8430.

NOM-TIT-3422 Motors. Traverse drive motors for an
electric motor-operated bridge shall meet the criteria of
NUM-1II-8422, with motor sizing in accordance with
NUM-III-8422 4.

NUM-III-3423 Brakes
(a) An electric motor-operated bridge shall be fur-
nished with either a noncoasting mechanical drive, or

57

NUM-I11-3500 INSPECTION AND TESTING
NUM-III-3510 Performance

Perform inspection and testing of top-running bridge
and gantry cranes in accordance with NUM-III-8500, as
applicable.
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Section NUM-III-4000
Traveling Wall Cranes

NUM-1lI-4100__DESCRIPTION

NUM-11-4230 Component Design

In acdordance with the introduction for Type III
equipment defined in Section NUM-III-1000,
Section NUM-III-4000 applies to traveling wall cranes
whose vertical frame is supported on trucks that operate
on tracks or rails by manual operation or power opera-
tion. Thejib boom can be single girder or multiple girder;
top bracgd, under braced, or full cantilever; and is usu-
ally fixedl (nonrotating) to the vertical frame.

On sifgle-girder and multiple-girder booms, the jib
boom mfay be a patented shape, a structural shape, a
reinforcdd patented or structural shape, or a fabricated
section.

On sirfgle-girder booms, overhead hoists of the under-
hung type (covered in Section NUM-III-7000) may be
rigidly guspended or trolley suspended from the jib
boom. Iffthe trolley is suspended, the trolley will operate
on the bpttom flange of the jib boom.

On mpltiple-girder booms, overhead hoists of the
underhung type (covered in Section NUM-III-7000) may
be rigidlly suspended or trolley suspended from thesjib
boom gitders. If the trolley is suspended, the trolleymay
operate pn the bottom flange of the boom girders-or on
fixed rails or track attached to the top flange ‘o' surface
of the bgom girders (see Fig. NUM-III-4100-1).

NUM-I1114200 STRUCTURAL

NUM-III-4210 General

This section covers the“structural requirements and
design cfiteria specific to Type III traveling wall cranes
as descilibed in NUM-II11-4100. For other structural
requirempents andi.criteria, refer to NUM-III-8200.

NUM-III-|4220 Design Criteria

NUM-1II-4231 Booms. Crane booms may bé-fhbri-
cated with standard rolled beams and reinferced with
angles, channels, or plates as necessary. Auxiliary njem-
bers may be of standard shapes, structuzal tube, or fpbri-
cated plates. Structural analysis shall\be in accordance
with NUM-III-8200.

NUM-III-4232 End Tie Structure
(a) End tie structure may be fabricated with stanflard
rolled shapes, structurab-tdabe, or plate and reinfdrced
with the same. Structural analysis shall be consistent
with the requiremients of NUM-III-8200.
(b) Loads induced from drive mechanisms, accelera-
tion and brakifig, motor stall, bumper stops, and vanying
loads fromya swinging boom, where used, shall be
considered.

NUM-111-4233 Braces and Secondary Members.
Braces and secondary members may be fabricatdd of
standard rolled beams, angles, tees, rods, structural fube,
or other structural shapes. They shall be analyzgd in
accordance with NUM-III-8200.

NUM-111-4240 Design Requirements for Wall Crane
Supports

(a) The manufacturer shall provide general arrange-
ment drawings to define all reactions and spe¢cial
attaching considerations at all the tie points to the [sup-
porting structure. The general arrangement drawjings
shall specify rail alignment tolerances applicable t¢ the
design.

(b) The owner shall analyze the supporting strug¢ture
for all loading conditions imposed by the wall drane
and any auxiliary system.

NUM-I1I-4300 MECHANICAL

NUM-III-4221 Allowable Deflections

NUM-III-4221.1 Boom Deflections. The maximum
vertical deflection of the boom and its end tie structure
produced by the boom dead load, the trolley dead load
(including the hoist dead weight), and the design rated
load shall not exceed Y of the span. When a motorized
trolley is specified, the allowable vertical deflection may
be increased up to Y5 of the span. Impact shall not be
considered in determining deflection.

58

NUM-MT-43T0 Generat
This section covers the specific mechanical require-
ments and criteria for traveling wall cranes. For other

mechanical requirements and criteria common to all
cranes, refer to NUM-III-8300.

NUM-111-4320 Truck Assembly

NUM-I1I-4321 Wall Crane Configuration. The wall
crane shall have vertical and horizontal end trucks and
a cantilevered girder. The driven vertical truck may be
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Fig. NUM-111-4100-1 Traveling Wall Crane
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top running with wheels on standard rails or underhung
from the lower flange of an I beam or patented track.
The horizontal reaction idler trucks may be constructed
similar to the vertical truck, top running or under run-
ning (see Fig. NUM-III-4100-1).

NUM-111-4322 End Truck Assembly. For the truck
assembly drive, if the vertical wheels are top running,
a minimum of two wheels shall be driven. If the vertical
wheels gre—und EECEY, i i
wheels ghall be driven.

NUM-111-4322.1 Crane Drive Brakes. Each motor-
ized drive shall be provided with a suitable brake, sized
as descrijbed in NUM-III-8300.

NUM-III]:330 Underhung Trolley

Undethung trolleys are covered by NUM-III-7700. If
the trollpy is top running, refer to ASME NOG-1 (for
trolley design only).

NUM1ll1-4331 Underhung Trolley Drive. Trolley
drives fqr single-girder bridge cranes shall be in accor-
dance with NUM-III-7741. Underhung trolley drives for
double-girder bridge cranes shall be driven on both sides
similar tp bridge drives and shall be in accordance with
NUM-I}-8300.

NUM-111-44340 Hoist

The |hoist shall
Section INUM-III-7000.

be in accordance with

NUM-111;4400 ELECTRICAL
NUM-111-4410 General

(a) Except as noted under (b) below, the* following
informafion applies to traveling wall-cranes that have
an electtic motor-operated crane traverse motion.

(b) Fof traveling wall cranes that,do not have an elec-
tric motqr-operated crane traverse motion, but use either
an electtically operated hgist) or electrically operated
trolley, the information listed in the following sections
will stillfapply: NUM-II:4424, NUM-III-4425, NUM-III-
4427, anfl NUM-II1-4430.

NUM-III

NUM{III-4421 Crane Controls.
meet th criteria of NIIMIIT.R421

420_Electrical Components

Crane controls shall

(b) A noncoasting mechanical drive shall be capable
of stopping the motion of the wall crane, within a dis-
tance in feet equal to 10% of the full-load speed in feet
per minute when traveling at full speed with rated load.

(c) Spring-set, friction-type brakes shall be in accor-
dance with NUM-III-8423.

NUM-1II-4424 Disconnects and Protective Devices.
Disconnects and protective devices shall be provided in

Q4N

NUM-III-4425 Operator Stations and Controllers
(a) The type of operator station and its location
be specified by the owner.
(b) The location of the pendant push‘button stgtion
controllers shall be one of the following:
(1) suspended from the hoist-and trolley
(2) suspended from a féstooned messenger {frack
system along the wall crarie’s boom
(3) suspended frem-a single point off the
crane’s vertical framé:or boom
(4) remote-mounted off the crane
(c) A crane operator station of any type shall
the criteria of INUM-III-8425.

NUM-III4426 Electrical Enclosures. Electrical epiclo-
sures shall be in accordance with the criteria of
NUM-III-8426, suitable for the owner-specified environ-
mental conditions of service.

NUM-1II-4427 Current Conductor Systems
(a) The type and location of runway system conjduc-
tors shall be specified by the owner.
(b) All current conductor systems shall meet the drite-
ria of NUM-III-8427.

NUM-111-4428 Warning Devices. Warning dgvice
information and criteria shall be in accordance with
NUM-III-8428.

NUM-11I-4429 Auxiliary Electrical Equipment. Alxil-
iary electrical equipment information and criteria, puch
as for travel limit switches, shall be in accordance with
NUM-III-8429.

shall

wall

meet

NUM-III-4430 Wiring Materials and Methods

Wiring materials and methods shall meet the criteria
of NUM-III-8430.

NUM-III-4422 Motors. Traverse drive motors for an
electric motor-operated wall jib shall meet the criteria
of NUM-III-8422, with motor sizing in accordance with
NUM-III-8422 4.

NUM-III-4423 Brakes

(a) An electric motor-operated wall crane shall be fur-
nished with either a noncoasting mechanical drive, or
spring-set, friction-type brakes for each traverse drive
motor.

60

NUM-I1I1-4500 INSPECTION AND TESTING
NUM-III-4510 Performance

Perform inspection and testing of traveling wall cranes
in accordance with NUM-III-8500, as applicable, and the
following (to be performed after installation at site):

(a) Check the levelness and alignment of the wall
crane, without load.

(b) Check deflection of the boom with crane loaded to
rated capacity and load positioned at maximum distance
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from support rails/flanges. Deflection shall not exceed
the maximum specified in NUM-III-4200 or by the
owner. Verify that the trolley does not drift along the
boom at rated load.

(c) Verify proper alignment and engagement of all
wheels with support rails/flanges and proper operation
through all modes of travel during rated-load and no-
load conditions.
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Section NUM-I1I-5000
Jib Cranes

NUM-1II-5100__DESCRIPTION

NUM-II-5221 2 Miscellaneous Structure Deflec-

In acdordance with the introduction for Type III
equipment defined in Section NUM-III-1000,
Section NUM-III-5000 applies to the following:

(a) Wqll-Mounted Jib Cranes of the Top-Braced, Under-
Braced, of Full-Cantilever Type. The jib boom may be fixed
or have partial rotation and can be manually or power
operated. The jib boom may be a patented shape, a
structurpl shape, a reinforced patented or structural
shape, of a fabricated section. Overhead hoists of the
underhung type (covered in Section NUM-III-7000) may
be rigidlly suspended or trolley suspended from the jib
boom. If trolley suspended, the trolley will operate
on the| bottom flange of the jib boom (see
Fig. NUM-III-5100-1).

(b) Frdestanding Pillar Jib Cranes of the Base-Mounted or
Insert-Mpunted Type. The jib boom may be fixed or have
partial of full 360-deg rotation (specified degree of over-
lap or cqntinuous) and can be manually or power oper-
ated. Jih boom, hoists, and trolleys are the same as
describefl in (a) above (see Fig. NUM-III-5100-2).

(c) Mgst-Type Jib Cranes of the Top-Braced, Under-Braced,
or Full-(antilever Type. The jib boom may be fixed or
have paftial or full 360-deg rotation (specified degree
of overldp or continuous) and can be manually or power
operated. Jib boom, hoists, and trolleys-are-the same as
describefl in (a) above (see Fig. NUM:III-5100-3).

NUM-III15200 STRUCTURAL
NUM-III45210 General

This section covers~the structural requirements and
design ctiteria specificto Type III jib cranes as described
in NUMLHII-5100¢ For other structural requirements and
criteria, fefer.toANUM-III-8200.

NUM-III-5220 Design Criteria

tion. In the case of jib cranes that are self-suppotting
(such as freestanding or mast type) the entire-strug¢ture
shall not produce a deflection greater than|that given
in NUM-III-5221.1 under jib boom deflection.

NUM-11I-5230 Components Design

NUM-III-5231 Jib Booms, Beams, or Tracks.| Jib
booms may be standard rolléd”beams and reinfqrced
with angles, channels, or plates. Where necessary, alixil-
iary members shall be\iséd to act as bracing whien a
full cantilever is not-used.

The analysis required for jib booms shall be in a
dance with NYM-III-8200.

NUM-III:5232 Columns, Posts, or Masts. Colgmns
may be standard rolled beams, plate girders, strucfural
tube, Or structural pipe, and reinforced with angles,
channels, or plates. The analysis shall be as statedl for
jibsbooms in NUM-III-5231.

NUM-III-5233 Braces and Secondary Members.
Braces and secondary members may be fabricatgd of
standard rolled beams, angles, tees, rods, structural {fube,
or other structural shapes. They shall be analyzdd in
accordance with NUM-III-8200.

[COT-

NUM-III-5240 Design Requirements for Jib Crane
Supports

(a) All attachment point locations and load reactions
to the interfacing structures and foundations shajl be
provided by the manufacturer.

(b) The owner shall analyze the interfacing strucfures
and foundations for all loading conditions the jib grane
may impose through its full rotational movement.

(c) Interfacing structures and foundations shafl be
designed such that the maximum resisting morhent
against overturning (based upon dead load plus fated
load) will provide a safety factor of 2. Ila

NUM-III-5221 Allowable Deflections and Cambers

NUM-III-5221.1 Jib Boom Deflection. The maxi-
mum vertical deflection of the boom produced by the
boom dead load, the trolley dead load (including the
hoist dead weight), and the design rated load shall not
exceed Y4 of the span. When a motorized trolley is
specified, the allowable vertical deflection may be
increased up to Viso of the span. Impact shall not be
considered in determining deflection.
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(d) For the purposes of sizing baseplates of jib cranes
attached to concrete, the manufacturer shall assume a
concrete ultimate compressive strength of 2,000 psi
unless otherwise specified by the owner.

NUM-III-5300 MECHANICAL
NUM-III-5310 General

This section covers the specific mechanical require-
ments and criteria for jib cranes. For other mechanical
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Fig. NUM-11I-5100-1 Wall-Mounted Jib Cranes

L&

requirements and criteria common to all cranes, refer to
NUM-III-8300.

(a) If the jib crane is subject to damage due to wind
loading, a means shall be provided to tie down or
restrain the boom during storage.

(b) If the jib crane’s boom is located 16 ft or more
above the operating floor, or if the jib crane is subject
to wind loading, the jib boom’s rotation should be hand-
gear powered or motorized

== H|

(a) Top-Braced Wall-Mounted Jib Crane

: s C o
)
L

(b) Under-Braced Wall-Mounted.Jib Crane

) I

NUM-111-5320 Underhung Trolley
Underhung trolleys are covered by NUM-II|-7700.

NUM-I1I-5321 Underhung Troltey Drive. | Trolley
drives for jib cranes shall\be’in accordarce with
NUM-III-7741.

NUM-III-5330 Hoist
The hoist shallkbe in accordance with NUMHII-7000.

NUM-III-5340. Wall-Bracket-Type Jib Cranes

Rotational stops for the jib boom shall be ppecified
by théyowner, if required.

NUM-111-5350 Freestanding or Mast-Type Jib Cranes

Jib boom rotation shall be limited unless the power
service connection provides for continuous rotation.

NUM-III-5400 ELECTRICAL

NUM-III-5410 General

(a) Except as noted under (b) below, the fpllowing
information applies to jib cranes that hav¢ motor-
operated boom rotation.

(b) For jib cranes that do not have a motor-pperated
boom, but use either an electrically operated| hoist or
electrically operated trolley, the information [listed in
the following sections will still apply: NUM}III-5424,
NUM-III-5425, NUM-II1-5427, and NUM-III-5430.

NUM-III-5420 Electrical Components

NUM-111-5421 Crane Controls

(c) Full-Cantilevered Wall-Mounted Jib Crane
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(a) Crane controls for a motorized boom shall have a
cushioned start device or other controlled acceleration
means.

(b) Crane controls of any type shall meet the criteria
of NUM-III-8421.

NUM-III-5422 Motors. A jib slew drive motor for a
motorized boom shall meet the criteria of NUM-III-8422,
except that the motor rating, which is basically the
mechanical horsepower with consideration for the effect

(16)
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Fig. NUM-11I-5100-2 Freestanding Pillar Jib Cranes
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(a) Base-Mounted Pillar Jib’'Crane
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(b) Insert-Mounted Pillar Jib Crane
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Fig. NUM-111-5100-3 Mast-Type Jib Cranes

H ) o

Yoot

C

)

of control, shall be sized as follows for indoor and out-
doof applications:

(a) Slew Drive Motor-Size Selection, Indoor Cranes. The
jib slew drive motor shall be selected so that the horse=
powfer rating is not less than that given by the following
formula:

__ LN
P = T 19K, g
whejre, referring to Fig. NUM-III-5422-1
E = system efficiency
[, = load moment of inertia
= WL x RL?

K: = torque factor which is the equivalent steady-
state torquerelative to rated motor torque that
results inaecelerating up to rated motor rpm
in the same time as the actual variable-torque
speed characteristic of the motor and
control characteristic used (see
fable NUM-III-8422.4-5 for standard values
of Ky

where HP is as specified above and

TN

HPwina = 5550 EK,

and where, referring to Fig. NUM-III-5422-1

@

HPyina = horsepower required to overcome wind

load
T = PSF [(Aboom)(RB) + (Aload)(RL)]

where
Apoom = projected area of boom, ft?

Alad = projected area of load, ft*
HB = height of boom, ft
HL = height of load, ft
LB = length of boom, ft
LL = length of load, ft

PSF = operating wind load, psi (use 5 j

N = rotational speed, rpm
RL maximum load radius, ft
WL = rated load plus the hoist weight, 1b

(b) Slew Drive Motor-Size Selection, Outdoor Cranes.
The jib slew drive motor shall be selected so that the
horsepower rating is not less than that given by the
following formula:

Total required horsepower = HP + HPyying
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1 - o 11 1
OUICTWISC SPECICU Dy LIS OWIICT

= LB X HB

si if not

RB = radius to centroid of projected area of

boom, ft
= LL X HL
RL, N, E, and K; are defined in (a) above.

(c) See NUM-B-2000 for a jib slew drive sample calcu-
lation and NUM-B-3000 for derivation of the simplified

horsepower formula.
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Fig. NUM-11I-5422-1 Slew Drive Motor-Size Selection

< LB
L4 Boom IHB
i_-ﬂ_l:_‘_
—L Slew
motor
I () () [} [ l
v
wB
Load [¢— LL <= I:
/ \ wL
RB >
« RL >
NUMAII-5423 Brakes (4) mounted on the mast of a self-supported |ib
(a) A motorized boom shall be furnished with.either (56) remote-mounted off the crane
a noncodsting mechanical drive or a spring-set,friction- (c) A crane operator station of any type shall meet
type brake. the criteria of NUM-III-8425.
(b) A honcoasting mechanical drive shall be capable . i
of stopping the motion of the jib bogim within a distance NUM-11I-5426 ‘Electrlcal Enclosurgs. Electn;al epclo-
in revolfitions equal to 10% of the: full-load speed in  SUres shall be in accordance with the criteria of

revolutigns per minute when tfaveling at full speed with
rated logd.

(c) Alspring-set, fricfion-type brake shall have a
torque rating of at least'50% of the rated motor torque
and shall meet the_additional criteria of NUM-III-8423.

NUM{II-5424. Disconnects and Protective Devices.
Disconngcts@nd protective devices shall be provided in
accordancewith NUM-II1-8424.

NUM-III-8426, suitable for the owner-specified environ-

mental conditions of service.

NUM-III-5427 Current Conductor Systems
(a) Unless otherwise specified by the owner, the fnain
power to a motorized jib or manual jib with eithgqr an
electrically operated hoist or electrically operated trplley
shall be provided by the owner.

(1) Location of the main power supply intefface

NUM-1II-5425 Operator Stations and Controllers
(a) The type of operator station and its location shall
be specified by the owner.
(b) The location of the push-button station controllers
shall be one of the following:
(1) suspended from the hoist and trolley
(2) suspended from a festooned messenger track
system along the boom
(3) suspended from a single point off the jib boom,
or suspended off the jib hood for a self-supported jib

66

stratt-bespecified by theowrrer:
(2) For aself-supporting jib, the main power supply
interface is normally identified as either a top-entry or
bottom-entry system.
(b) All current conductor systems shall meet the crite-
ria of NUM-III-8427, with jib boom conductors meeting
the same criteria as those specified for bridge systems.

NUM-111-5428 Warning Devices. Warning device
information and criteria shall be in accordance with
NUM-III-8428.
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NUM-III-5429 Auxiliary Electrical Equipment. Auxil-
iary electrical equipment information and criteria, such
as for travel limit switches, shall be in accordance with
NUM-III-8429.

NUM-III-5430 Wiring Materials and Methods

Wiring materials and methods shall meet the criteria
of NUM-III-8430.

(b) Check deflection of the boom with rated load
applied at maximum distance from wall, mast, or col-
umn support. Deflection shall not exceed the maximum
specified in NUM-III-5200. Verify that the trolley does
not drift along the boom at rated load.

(c) Verify proper rotation of the jib throughout its
full range of travel with the rated load applied at the
maximum distance from the wall, mast, or column sup-
port as permitted by the test load configuration. Verify

NU:j\-III-SSOO INSPECTION AND TESTING
NUM-III-5510 Performance

Pq
dan
ing

(a

or J1

rform inspection and testing of jib cranes in accor-
be with NUM-III-8500, as applicable, and the follow-
to be performed after installation at site):

Check the levelness and alignment of the boom
b, without load.

that the amount of boom drift under these-cdnditions
is acceptable.

67
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Section NUM-I1I-6000
Monorail Systems

NUM-1lI-6100__DESCRIPTION

Fig =ll- =

In acdordance with the introduction for Type III
equipment defined in Section NUM-III-1000,
Section NUM-III-6000 applies to single-track monorail
systems [including curves, switches, transfer devices, lift
and drdp sections, and associated equipment (see
Figs. NUM-1II-6100-1 through NUM-III-6100-6). Mono-
rail equipment may be manually operated, power oper-
ated, ol automatic and may be controlled by floor
operatiop, cab operation, pulpit operation, or remote
operatioh. For monorail systems, the trolley operates on
the bottgm flange of the track. The monorail track may
be a pafented shape, a structural shape, a reinforced
patented or structural shape, or a fabricated section.

NUM-III16200 STRUCTURAL
NUM-III46210 General

This section covers the structural requirements and
design citeria specific to Type III monorail systems as
describefl in NUM-III-6100. For other structural require-
ments affpd criteria, refer to NUM-III-8200.

NUM-II146220 Design Criteria
NUM{III-6221 Allowable Deflections and Cambers

NUM-III-6221.1 Miscellaneous Structure Deflec-
tion. Deflections of components stich as end ties, end
trucks, gnd auxiliary beams shall not impair the func-
tions forfwhich they were designed or cause any attach-
ments t¢ the crane to become dislodged or leave the
crane.

NUM-111-6221.2{ Monorail Beam Deflection. The
maximum vertical deflection of the monorail beam pro-
duced bl the_beam dead load, the trolley dead load
(including theshoist dead weight), and the design rated
load shal not exceed Y of the span between supports.

NUM-I1II-6222 Inertia Forces From Drives. The inprtia
forces occur during acceleration or deceleration of ftrol-
ley motion and depend on the driving and braking
torques applied by the drive units and brakes dyring
each cycle. These loads are longitudinal to the monprail
only. This load shall be taken as 10% of the combjined
trolley dead load and the rated load.

NUM-III-6223 Allowable Stresses and Wheel Loads

NUM-I111-6223.1 Lower Load-Carrying (Tengion)

Flange. The allowable stress in the lower load-carrying
(tension) ﬂangp shall be 20% of the minimum ultilnate

Impact need not be considered in determining
deflection.

NUM-I1I1-6221.3 Monorail Camber. Where mono-
rail beams are cambered, the recommended amount of
camber is equal to the beam dead load deflection, plus
Y of the deflection caused by the trolley dead load
(including hoist dead weight), plus % of the deflection
caused by the design rated load. Monorail beam camber
and deflection shall be considered when determining
vertical clearance.
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strength of the material used.

NUM-III-6223.2 Compression Flange. The allow-
able stress in the compression flange shall be determined
per NUM-III-8200.

NUM-III-6223.3 Allowable Wheel Loads. Allow-
able wheel loads shall take into account the stress
imposed on the lower load-carrying flange when a car-
rier transfers from one track to another. Where track
sections are diagonally cut at transfers, the wheel loads
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Fig. NUM-111-6100-2 Two-Way Switches

shall be limited by the stress imposed on the lower load-
carrying flange.

NUM-III-6224 Monorail Supports

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

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

Fig. NUM-111-6100-3 Three-Way Switches

Fig. NUM-IH=6100-4 Cross-Track Switches

or carriers.
(c) Where multiple hanger rods are used at-q suspen-
sion point, consideration shall be given,to the|unequal
load induced in the rods.
(d) Means shall be provided te’restrain the track
against damaging lateral and Jongitudinal moyvement.
(e) Where the track is suspended from hapger rod
assemblies, restraining niedns shall be provided to pre-
vent the hanger rod nuts from backing off the hanger
rods.
(f) All monorail beam supports shall confom to the
minimum design parameters as specified in
NUM-III-8200 and The AISC Manual ¢f Steel
Construétion.

NUM-III-6225 Girders, Beams, or Tracks. | Girders
may be standard rolled beams, patented shape|track, or
plate girders. Where necessary, auxiliary girderp shall be
used to support overhanging loads to minimize fforsional
moments on and lateral deflections of the gitder. The
analysis required for girders shall be in accordgnce with
NUM-III-8200. On spans longer than 16 ft, th¢ ratio of
span to top flange width shall not exceed 60 to 1.

NUM-III-6230 Components Design

NUM-I11-6231 Track Joints. Web-type or other suit-
able couplings shall be provided at all track jdints. The
maximum gap between ends of the load-carrying flange
shall not exceed % in.

NUM-III-6232 Monorail Curves. Monora}l curves
shall be of such radius as to permit operatign of the
carrier without binding.

NUM-111-6233 Building Expansion Joints. [Where a
track system crosses building expansion joints, provision
shall be made to accommodate for differential ekpansion
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of the building and track.

NUM-III-6300 MECHANICAL
NUM-III-6310 General

This section covers the specific mechanical require-
ments and criteria for monorail systems. For other
mechanical requirements and criteria common to all
cranes, refer to NUM-III-8300.
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Fig. NUM-111-6100-5 Interlocking Mechanisms
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Fig. NUM-111-6100-6 Lift/Drop Sections
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NUM-111-6320 Carrier (Trolley)

NUM-I111-6321 Carrier Drives. Carrier drives for
monorail cranes shall be in accordance with
NUM-III-7741.

NUM-111-6330 Hoist

The hoist shall
Section NUM-III-7000.

be in accordance with

and stationary track and shall prevent a carrier from
running off the open ends of the movable or stationary
track when the movable track is not in alignment with
the stationary tracks.

NUM-I11-6400 ELECTRICAL
NUM-III-6410 General

Tl £:11 H

NUM-III-6340 Track Switches

UM-III-6341 Track Switch Types. Track switches
shall] be of the tongue, rotary, cross-track, or sliding type.
Tradk switches shall maintain alignment of the incoming
tracks and switch tracks with a maximum gap of % in.
between adjacent ends of the load-carrying flanges.
Swi{ches may be operated by pull chains or ropes, manu-
ally,[ or by electric, pneumatic, or hydraulic operated
devices.

UM-I11-6342 Track Switch Stops. Stops shall be
proyided as an integral part of the switch to protect the
end |of an incoming track when the switch track is not
aliged with the incoming track. Stops shall resist the
imphct forces of a fully loaded carrier traveling at a
speqd of 150 ft/min or 50% of the full-load speed if the
carrjer is motor propelled. Guards shall also be provided
to pfevent a carrier on the movable track from running
off the movable track when it is not engaged with an
incoming track.

UM-111-6343 Track Switch Holding. Means shall be
proyided to hold the movable frame in alignment-during
pasdage of carriers through the track switch:

NUM-111-6350 Track Openers

Track openers, when required,(shall be specified by
the pwner. The gap between the adjacent track and the
track opener shall be not mofe than %4 in. Forks or stops
shal| be provided to prevent a carrier from running off
eith¢r of the open endsof the track when the movable
sectfon is not in alignment with the track.

NUM-III-6360_Vertical Drop or Lift Sections

UM-111-6361 Alignment
(a) Vettical drop or lift sections shall maintain align-
ment of-the stationary tracks and the movable tracks

rail sys-
tems that use either an electrically operated|hoist or
electrically operated trolley, or that use eléctricdlly oper-
ated track devices.

13aL, 41 1: L
meTromrowingrotrmatton—apprcS—to— Mot

NUM-111-6420 Electrical Components

NUM-1II-6421 Electrically-Operated Track Dpvices
(a) The owner shall spéeify if track devices pre to be
electrically operated.
(b) Standard track-devices that are electricallly oper-
ated are as follows:
(1) track switches and turntables
(2) traek<nterlocks
(3) yertical track lift and drop sections
(4l electric baffles
(). Electric baffles shall be provided as required by
ASME B30.11.

NUM-11I-6422 Motors. Motors for electricdlly oper-
ated track devices shall meet the criferia of
NUM-II-8422, except that time rating and size election
shall be as required for the specific track dejvice and
application.

NUM-III-6423 Brakes

(a) Vertical track lift and drop sections sha
nished with a spring-set, friction-type brake
torque rating of at least 125% of the rated mot
of the track device hoisting motor.

(b) Spring-set, friction-type brakes shall be
dance with NUM-III-8423.

1 be fur-
having a
r torque

N accor-

NUM-III-6424 Disconnects and Protective Devices.
Disconnects and protective devices shall be pr¢vided in
accordance with NFPA 70, Article 610.

NUM-III-6425 Operator Stations and Contrgllers
(a) The type of operator station and its locption for
controlling electrically operated track devices| shall be

witha maximum gap of 7, in. befween adjacent ends
of the load-carrying flanges.

(b) When sections are operated by electric, pneumatic,
or hydraulic power, means shall be provided to limit
the vertical travel for alignment of the movable track
with the stationary tracks. Vertical misalignment
between the movable track and stationary tracks shall
not exceed Y in.

NUM-III-6362 Track Stops for Vertical Drop or Lift
Sections. Stops shall be an integral part of the movable

71

specified by the owner.
(b) The location of the push-button controllers shall
be one of the following:

(1) suspended from the track device or from the
track itself near the device, offset from the track to allow
clearance for the hoist, trolley, and load

(2) mounted on a fixed building column or other
structure near the track device

(3) combined with the controllers of a suspended
push-button station from the hoist and trolley
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(4) combined with the controllers of a suspended
push-button station from an interlocking bridge
(5) remote-mounted off the monorail

NUM-III-6426 Electrical Enclosures. Electrical enclo-
sures shall be in accordance with the criteria of
NUM-III-8426, suitable for the owner-specified environ-
mental conditions of service.

NUM-111-6427 Current Conductor Systems. All cur-

(b) Track Switches. Check track switches for

(1) proper alignment and operation

(2) spacing (gaps)

(3) stops or guards on open ends of track and on
movable track

(4) means of holding movable track when carrier
(trolley) is being moved on it

(5) electric baffles (if provided to prevent load path
from interfering with load path of adjacent track)

rent copductor systems shall meet the criteria of
NUM-III-8427, with monorail system conductors meet-
ing the dame requirements as those specified for bridge
conductgrs.

NUM;lII-6428 Warning Devices. A gong or other
warning| means shall be provided for all cab-operated
and rempte-operated monorail systems.

{Il1-6429 Auxiliary Electrical Equipment. Elec-
rlocks and travel limit switches shall be pro-

INSPECTION AND TESTING

510 Performance

NUM-111;6500
NUM-III

(1) track levelness

(2) proper location and installdtionh of supports
(e.g., hamjger rods)

(3) pracing to prevent excessive sway

(4) tail couplings (splice.plates)

(5) rail spacing (gaps)

(6) track radii

(7) proper clearanges

(8) pnd stops

NOTE: Track switches shall only operate with an unloadedl car-
rier unless otherwise specified and designed for.

(c) Track Openers. Check track openers, if"provided,
for

(1) proper alignment and operation

(2) spacing (gaps)

(3) proper installation of{forks or stops to prgvent
carrier (trolley) from running off open ends of frack
when movable section is‘riot aligned with the track

(d) Vertical Drop and Lift Sections. Check vertical flrop
and lift sections for

(1) proper alignment

(2) spacihig(gaps)

(3) end\stops

(4) ‘clearances

(5)selectric baffles (if provided for cab-operated
riets’or automatic-dispatch carriers)

(e) Clearances. Check clearances of lateral or overhead
obstructions for compliance with NUM-G-2110.

(f) Locking and Safety Devices. During no-load opera-
tional testing, check all locking and safety devicep for
interlocking mechanisms, track switches, drop sectjons,
and lift sections.

(g) Deflection. Check deflection of track and frack
components at rated load for compliance yvith
NUM-III-6200.

(h) Rated-Load Testing. During rated-load tesfing,
check the trolley for smooth motion in all directjons,
around all curves, across all rail splices, and through all
switch configurations and travel directions. Check for
proper structural bracing to prevent excessive sway and
to check for proper alignment of track splices|and
switches under load.

car-
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Section NUM-III-7000
Overhead Hoists and Under-Running Trolleys

(b) A1l hoists listed above are considered overhead

In accordance with the introduction for Type III
jpment defined in Section NUM-III-1000,
on NUM-III-7000 applies to overhead hoists and
er-running trolleys. The various types of hoists cov-
by this Section are as follows:

(1) Electric Wire-Rope Hoist. An electric-powered
t using wire rope as the lifting medium (see
INUM-III-7100-1 and subsection NUM-III-7200).
(2) Hand-Chain Hoist. A manually operated hoist
pted by a hand chain and using chain as the lifting
ium (see Fig. NUM-III-7100-2 and subsection
VI-111-7300).

(3) Electric-Chain Hoist. An electric-powered hoist
g chain as the lifting medium (see
NUM-III-7100-3 and subsection NUM-III-7400).
(4) Air-Operated Wire-Rope Hoist. An air-powered
t using wire rope as the lifting medium (see
NUM-III-7100-4 and subsection NUM-III-7500).
(5) Air-Operated Chain Hoist. An air-poweréd
t using chain as the lifting medium~(see
NUM-III-7100-5 and subsection NUM-III-7600).

Fig:\NUM-I11-7100-1 Electric Wire-Rope Hoist

hoists and are to be used for vertical lifting orJowering
a freely suspended, unguided load.

(c) The type of hoist suspension shall be by either
an under-running trolley (see Fig, NUM-III-7100-6 and
subsection NUM-III-7700) or by another means as
described in the paragraph pertaining to the garticular
hoist type.

NUM-11I-7200 ELECTRIC WIRE-ROPE HOISTS

NUM-III-7210  General

This section applies to electric wire-rope Hoists for
vertical lifting service involving material handling of
freely ‘suspended, unguided loads using wirgd rope as
a difting medium with one of the following [types of
suspension (see Fig. NUM-III-7210-1):

(a) lug

(b) hook

(c) trolley

(d) base or deck mounted
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(e) wall mounted
(f) ceiling mounted

Fig. NUM-11I-7100-2 Hand-Chain Hoist

NUM-III-7220 Common Design Considerations

For design considerations common to all hoist types,
refer to NUM-III-7900. The following is a list of applica-
ble NUM-III references:

NUM-III-7910 General

NN L7020
TN OV TIT7 \vy

A 1 P

Application

NUM-III-7930 Design Considerations

NUM-III-7940 Mechanical

NUM-III-7941 Hooks and Load Blocks

NUM-III-7941.1 Hooks

NUM-III-7941.2 Load Blocks

NUM-III-7942 Wire Rope

NUM-III-7942.1  Sheaves

NUM-III-7942.2 Drums

NUM-1II-7942.3  Reeving

NUM-III-7944 Bearings and Rotating Shafts

NUM-III-7944.1  Bedrings

NUM-III-7944.2 ¢ Rotating Shafts

NUM-III-7945 Gearing

NUM-III-7946 Hoist Brakes

NUM-III-7946.1 Power-Operated Hoists

NUM-III=7947 Overtravel and Overload-Limitihg
Devices

NUM-III-7947.1  Overtravel Protection

NUM-III-7947.2  Overload-Limiting Devices

NUM-III-7948 Motor Size Selection

NUM-III-7950 Electrical

NUM-III-7951 General

NUM-III-7951.1 Hazardous Location

NUM-III-7951.2  Fungus Protection

NUM-III-7952 Motors

NUM-III-7953 Controllers

NUM-1II-7953.1  Types of Control

NUM-III-7953.2 VFD Hoist Controls

NUM-III-7953.3 Contactors

NUM-III-7953.4 Pendant Control

NUM-III-7953.5 Pull-Cord Control

NUM-III-7954 Control Enclosures

NUM-III-7955 Resistors

NUM-III-7956 Current Conductor System

NUM-III-7970 Hoist Marking

NUM-111-7230 Specific Design Considerations

All design considerations for electric wire-rope hoists
are covered in NUM-III-7900.

NUM-III-7300 HAND-CHAIN HOISTS
NUM-III-7310 General

This section applies to hand-chain manually operated
chain hoists for vertical lifting service involving material
handling of freely suspended, unguided loads using
welded-link-type load chain as a lifting medium with

74
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Fig. NUM-11I-7100-4 Air-Operated Wire-Rope Hoist

Fig. NUM-11I-7100-6 Under-Running Tro
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Fig. NUM-1ll-7210-1 Electric Wire-Rope Hoist, Suspension Types
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GENERAL NOTE: lilustrations shown are not intended to confine the use of single or double reeving. Each of the mountings may be

used with either type of reeving.
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Fig. NUM-11I-7310-1 Hand-Chain Hoist, Suspension Types
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one| of the following types of suspensions(see = NUM-III-7945  Gearing

(a) Hook or Clevis Suspended (b) Trolley Suspended (c) Trolley Suspended (integral)

S

o

Fig. INUM-III-7310-1): NUM-III-7946 Hoist Brakes
(a) clevis NUM-III-7946.2  Manual-Operated Hoists
(b} hook NUM-III-7947 Overtravel and Overload-Limiting
(c) trolley Devices
Differential pulley and self-locking worm-drive-type =~ NUM-III-7947.1 Overtravel Protection
hoisfs are not included. NUM-III-7970  Hoist Marking
NUM-III-7320 Common Design Considerations NUM-1II-7330 Specific Design Considerationg

Fgr design considerations common to all hoist types,
refey to NUM-III-7900: The following is a list of para-
graphs applicable to hand-chain hoists:

For design considerations specific to hand-chain
hoists, refer to the paragraphs below.

NUM-III-7910 General NUM-III-7340 Mechanical

NUM-III-7920 Application )

NUM-II=7930  Design Considerations NUM-1II-7341 Hand Chains

NUM-III-7940 Mechanical (1) Hand chains shall be of the link-chain tyjpe. Each
NUM-III-7941 Hooks and Load Blocks link shall be of uniform size and shape with an accurate
NUM-III-7941.1 Hooks pitch to reliably pass over and around the hand-chain
NUM-III-7941.2  Load Blocks wheels.

NUM-III-7943 Chains (b) Hand chains shall be endless-link chain and shall
NUM-III-7943.1 Load Chains reach to within 18 in. to 24 in. of the operator’s floor
NUM-1II-7943.2  Load Sprockets level or as specified by the owner.

NUM-III-7943.3 Chain Containers (c) Hoist hand chains shall withstand, without per-
NUM-III-7944 Bearings and Rotating Shafts manent distortion, a pull of either three times the pull
NUM-III-7944.1 Bearings required to lift the rated load or 300 Ib, whichever is
NUM-1II-7944.2  Rotating Shafts greater.
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NUM-III-7410-1 Electric-Chain Hoist, Suspension Types
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(d) Typical hand-chain pull and overhaul characteris-
tics are presented in Table NUM-A-4000-1.

NUM-III

7400 ELECTRIC-CHAIN HOISTS

NUM-IlI47410 General

This s¢

ction applies to electric-chain hoists for,vertical

lifting sgrvice involving material handling of freely sus-

pended,
link typs

unguided loads using load chain.of the welded-
with one of the following types ‘of suspension

p-—y
(a) Hook or Clevis (b) Lug (c) Trolley (d) Trolley
Suspended Suspended Suspended Suspended (Integral)

NUM-HI-7944
NUM-III-7944.1
NUM-III-7944.2
NUM-III-7945
NUM-III-7946
NUM-III-7946.1
NUM-III-7947

NUM-III-7947 .1
NUM-III-7947.2

Bearings and Rotating Shafts
Bearings

Rotating Shafts

Gearing

Hoist Brakes
Power-Operated Hoists
Overtravel and Overload-Limitihg
Devices

Overtravel Protection
Overload-Limiting Devices

(see Fig.|NUM-III-7410-1): NUM-III-7948 Motor Size Selection

(a) hopk or clevis NUM-III-7950 Electrical

(b) lug NUM-III-7951 General

(c) trdlley NUM-III-7951.1 Hazardous Location

NUM-III-7951.2  Fungus Protection

NUM-III{7420 Common-Design Considerations NUM-III-7952 Motors

For ddsign considetations common to all hoist types, =~ NUM-III-7953 Controllers
refer to NUM-TH7900. The following is a list of para- ~ NUM-III-7953.1  Types of Control
graphs gpplicable to electric-chain hoists: NUM-III-7953.2  VFD Hoist Controls
NUM.IILZ810 Coeal NUM-III-7953.3 Contactors

o o NUM-III-79534  Pendant Confrol
NUM-III-7920 Application
. . . NUM-III-7953.5 Pull-Cord Control
NUM-III-7930 Design Considerations
NUML-IIL-7940 Mechanical NUM-III-7954 Control Enclosures
NUM-III-7955 Resistors

NUM-III-7941 Hooks and Load Blocks
NUM-II-7941.1  Hooks NUM-III-7956 Current Conductor System
NUM-II-7941.2  Load Blocks NUM-III-7970  Hoist Marking
NUM-III-7943 Chains

NUM-III-7943.1
NUM-III-7943.2
NUM-III-7943.3

Load Chains
Load Sprockets

Chain Containers

78

NUM-11I-7430 Specific Design Considerations

All design considerations for electric-chain hoists are
covered in NUM-III-7900.
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NUM-III-7500 AIR-OPERATED WIRE-ROPE HOISTS

NUM-III-7510 General

This section applies to air-operated wire-rope hoists
for vertical lifting service involving material handling
of freely suspended unguided loads using wire rope as
a lifting medium with one of the following types of
suspension (see Fig. NUM-III-7510-1):

NUM-11I-7600 AIR-OPERATED CHAIN HOISTS
NUM-111-7610 General

This section applies to air-powered chain hoists for
vertical lifting service involving material handling of
freely suspended unguided loads using load chain of
the welded-link type with one of the following types of
suspension (see Fig. NUM-III-7610-1):

(a) hook or clevis

(B hook (c) trolley
(c) trolley

(d) base or deck mounted
(e} wall mounted
(f] ceiling mounted

NUM-III-7520 Common Design Considerations

Fgr design considerations common to all hoist types,
refef to NUM-III-7900. The following is a list of para-
graphs applicable to air-operated wire-rope hoists:

NUM-III-7910 General

NUM-III-7920 Application

NUM-III-7930  Design Considerations

NUM-III-7940 Mechanical

NUM-III-7941 Hooks and Load Blocks

NUM-III-7941.1 Hooks

NUM-III-7941.2 Load Blocks

NUM-III-7942 Wire Rope

NUM-III-7942.1 Sheaves

NUM-III-7942.2  Drums

NUM-III-7942.3  Reeving

NUM-III-7944 Bearings and Rotating Shafts

NUM-III-7944.1  Bearings

NUM-III-7944.2  Rotating Shafts

NUM-III-7945 Gearing

NUM-III-7946 Hoist Brakes

NUM-III-7946.1 Powef-Operated Hoists

NUM-III-7947 Opvertravel and Overload-Limiting
Bevices

NUM-III-7947 .1\ \-Overtravel Protection

NUM-1II-7947:2-  Overload-Limiting Devices

NUM-III-7948 Motor Size Selection

NUM-III=7960 Pneumatic

NUM-III-7620 Common Design Consideration

B

For design considerations comrhoh to all hojst types,
refer to NUM-III-7900. The following is a list|of para-
graphs applicable to air-operatéd chain hoists
NUM-III-7910 General
NUM-III-7920 Application
NUM-II-7930 Design Considerations
NUM-III-7940 Mechanical
NUM-III-7941 Hooks and Load Blocks
NUM-III-7941:1 Hooks
NUM-1I17941.2  Load Blocks
NUM-HI-7943  Chains
NUM-III-7943.1  Load Chains
NUM-1II-7943.2  Load Sprockets
NUM-III-7943.3  Chain Containers
NUM-III-7944 Bearings and Rotating Shaf{s
NUM-III-7944.1 Bearings
NUM-1II-7944.2  Rotating Shafts
NUM-III-7945 Gearing
NUM-III-7946 Hoist Brakes
NUM-1II-7946.1 Power-Operated Hoists
NUM-1II-7947  Overtravel and Overload-Limiting

NUM-III-7947.1
NUM-III-7947 .2
NUM-III-7948
NUM-II-7960
NUM-II-7961
NUM-III-7962
NUM-III-7962.1
NUM-II-7962.2
NUM-II-7962.3
NUM-III-7970

Devices

Overtravel Protection
Overload-Limiting Devices
Motor Size Selection
Pneumatic

Air Motors

Air Motor Controls
Pendant Control

Pull Control

Rod Control

Hoist Marking

NUM-II-7961

Adr-Meotoxrs

NUM-III-7962
NUM-III-7962.1
NUM-III-7962.2
NUM-III-7962.3
NUM-III-7970

Air Motor Controls
Pendant Control
Pull Control

Rod Control

Hoist Marking

NUM-III-7530 Specific Design Considerations

All design considerations for air-operated wire-rope
hoists are covered in NUM-III-7900.

NUM-IT1-7630Specific Design Considerations
All design considerations for air-operated chain hoists
are covered in NUM-III-7900.

NUM-III-7700 UNDER-RUNNING TROLLEYS
NUM-III-7710 General

This section applies to plain-type, hand-chain-
operated, and motor-driven under-running trolleys.
Trolleys may be suspended from multiple girders or
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(16) Fig. NUM-11l-7510-1 Air-Operated Wire-Rope Hoist, Suspension Types
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used with either type of reeving.

80


https://asmenormdoc.com/api2/?name=ASME NUM-1 2016.pdf

(16)

ASME NUM-1-2016

Fig. NUM-111-7610-1 Air-Operated Chain Hoist, Suspension Types
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fron} a single girder. Trolleys may be either integral with:
a hqist or furnished as separate units to which a hoist
or Igad could be attached.

NUM-III-7711 Design Considerations. Factors to be
congidered in the design of the trolley include curved
bearps, beam switches, exceptionally longruns, and con-
tinupus operation.

NUM-11I-7720 Application

Sg¢e NUM-A-5000 regarding under-running trolley
application.

NUM-I1I-7730 Structural Design

A]l structural\design shall be in accordance with
NUM-III-8200.

UM-Il7731 Impact Allowance. Where powered
hoiststare’ used, an impact allowance shall be 0.5% of

NS -y NS
(a) Hook or Clevis (b) Lug (c) Trolley (d) Trolley
Suspended Suspended Suspended Suspended (Integral)

NUM-III-7740 Mechanical
NUM-III-7741 Trolley Drives

NUM-III-7741.1 Plain (Push) Type. Trolley motion
is induced by pushing/pulling the load or by|use of a
tag line.

NUM-III-7741.2 Hand-Chain Operated
(a) Trolley motion is induced by pulling ony an end-
less-link chain driving a sprocket wheel. The motion of
the sprocket wheel shall be transmitted througl} suitable
gearing to wheel-gear pinion sets. A minimumn of two
wheels shall be driven on each trolley.
(b) The chain pull required to move the tro}ley shall
not exceed 60 lb. The hand chain shall reach {o within
18 in. to 24 in. of the operator’s floor level or as ppecified
by the owner.
(c) Trolley hand chains shall withstand, without per-
manent distortion, a force of three times the pulljrequired
to traverse the trolley at rated load or 300 Ib, wthichever
is greater

the ratedtoadforeacthfoot permmirute of toisting speed
with a minimum allowance of 15% and a maximum
of 50%.

NUM-1II-7732 Trolley Frames
(a) Safety lugs or brackets should be provided on the
trolley frame to limit the drop to no greater than 1 in.
should an axle or wheel fail.
(b) The trolley frame shall be of rigid construction
such thatlifted loads do not cause deflections that impair
the proper operation of machinery.

81

(d) The hand chains shall be guided to guard against
disengagement from the hand-chain wheel and to per-
mit operation of the hand chain from an angle 10 deg
out from either side of the chain wheel.

NUM-I1II-7741.3 Motor-Operated Trolleys. Motor-
operated trolleys shall be one of the following
arrangements:

(a) adriving mechanism where traction is dependent
upon the wheel load of the driving wheels running on
the top side of the lower flange.

(16)
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(b) a tractor drive that provides traction by pressure
of the driving wheel or wheels on the underside of the
track. The pressure of the driving wheel or wheels on
the tractor drive shall be adjustable. Tractor drives may
be separate units or combined with the load-supporting
wheels.

(c) acushioned start or variable-speed drive is recom-
mended for trolley speeds above 100 ft/min and for
trolleys used on beams with curved sections.

NUM-III-7900 HOIST COMMON REQUIREMENTS
NUM-III-7910 General

This section applies to all requirements that are com-
mon to all (electric or air) manual and power-operated
hoists for vertical lifting service involving material han-
dling of freely suspended, unguided loads, using wire
rope or welded-link-type load chains as a lifting
medium.

NUM
accordai

llI-7742 Wheels. Trolley wheels shall be in
ce with NUM-III-8344.

NUM-
be in ac

1I-7743 Drive Shafts. Trolley drive shafts shall
ordance with NUM-III-8343.

NUMAlIl-7744 Bearings

(a) Wlheel bearings shall be in accordance with
NUM-II]-8344.4.

(b) Beprings for motorized trolleys shall be selected
to provigle a minimum L10 life of 1,250 hr for Class A
service, 2,500 hr for Class B service, 5,000 hr for Class C
service, pnd 10,000 hr for Class D service. (For service
class, refer to NUM-G-3200.)

(c) Bepring life shall be based on 75% of the wheel
load (impact not included) for full rated speed of motor-
propellef trolleys. For manually propelled trolleys, use
a speed pof 150 ft/min.

(d) Beprings other than wheel bearings shall be in
accordarjce with NUM-III-8342.

NUM{III-7745 Gearing. Trolley gearing other\than
chain gprockets shall be in accordance.-with
NUM-II]-8341.

NUM1Ill-7746 Brakes. Trolley brakes)when speci-
fied, shalll be in accordance with NUM-III-8332.

NUM-
be in ac

I-7747 Bumpers. Bumpefs, if specified, shall
ordance with NUM-III-8333.

NUMilII-7748 Mechanical Component Design. All
other mgchanical components shall be designed in accor-
dance wjith NUM-111:8320.

NUM-IlI{7750%Motors
Motorp shall be in accordance with NUM-III-8400 for

NUM-III-7920 Application

Hoists shall be capable of vertical lifting drlowgring
a freely suspended unguided load within itheir gated
load. The supporting structure, including trolley, mpno-
rail, or crane, if any, shall be designed:to withstandl the
loads and forces imposed by the hoists during opergtion
at rated loads and speeds.

NUM-III-7930 Design Considerations

(a) The hoist and ijts\means of suspension supplied
with the hoist shall he designed to withstand all str¢sses
imposed under normal operating conditions while han-
dling the rated\load.

(b) All lead=carrying parts for power-operated hpists
shall be.désigned so that the static stress calculatedl for
the ratedload shall not exceed 20% of the average|ulti-
maté strength of the material.

(c) For power-operated hoists, the power trangmis-
sion parts shall be designed so that the dynamic str¢sses
calculated for the rated load shall not exceed the fafigue
and endurance limits established in accordance with
NUM-III-8340 for the specified service class.

(d) All load-carrying parts for manually operpted
hoists shall be designed so that the static stress calcu-
lated for the rated load shall not exceed 25% of the
average ultimate material strength.

(e) Modifications to upgrade, rerate, or modefnize
hoist equipment shall be as authorized only by the grigi-
nal equipment manufacturer or a qualified person

NUM-III-7940 Mechanical

Mechanical component connections shall be desi
to accommodate all dynamic forces, such as t
induced by motor starting (where applicable) and |
ing applications.

NUM-III-7941 Hooks and Load Blocks

rned
hose
rak-

electric motors and NUM-III-7961 for air motors.

NUM-III-7751 Motor Controls. Controls shall be in
accordance with NUM-III-7950 (electric) or
NUM-III-7960 (air).

NUM-11I-7800 INSPECTION AND TESTING

Perform inspection and testing of hoists and under-
running trolleys in accordance with NUM-III-8500.

82

NUM-III-7941.1 Hooks

(a) If the hooks are of the swiveling type, they shall
be capable of rotating through 360 deg when supporting
the rated load, unless otherwise specified by the owner.

(b) Hook latches shall be provided, unless the applica-
tion makes use of the latch impractical. When required,
a hook latch shall be provided to bridge the throat open-
ing of the hook for the purpose of retaining slings,
chains, etc., under slack conditions. Depending on the
conditions of service, consideration shall be given to the
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use of hook latches constructed of corrosion-resistant
materials.

(c) All hooks and latches shall comply with
ASME B30.10.

NUM-II-7941.2 Load Blocks. Load blocks shall be
of the guarded/enclosed type and shall guard against
rope or load-chain jamming under normal operating
conditions.

NUM-III-7942.2 Drums

(a) Rope drums shall be grooved and the grooves shall
be smooth and free from surface irregularities that could
cause rope damage. The cross-sectional radius at the
bottom of the groove should form a close-fitting saddle
for the size of the rope used. The top edge of the grooves
shall be rounded to minimize rope damage and wear.

(b) Rope drums shall be flanged to guard against
ropes sliding over the ends of the drum. Drums that are

NUM-II-7942 Wire Rope

(a) Wire rope shall be of a type and construction suit-
able| for hoist service.

(b) The rated load divided by the number of parts of
the fope shall not exceed 20% of the nominal strength
of the rope as defined in the Wire Rope Users Manual.

(c) The rope ends shall be attached to the hoist in
suclf a manner as to prevent disengagement throughout
rategl hook travel.

End terminations shall be in accordance with the
Rope Users Manual.

Rope clips shall be drop forged. Clip application
be in accordance with the Wire Rope Users Manual.
If a load is supported by more than one part of
ropd, the tension on all parts shall be equalized.
Rope fleet angles for the drum shall be limited to
4 deg.
Rope fleet angles for sheaves shall be limited to
4 deg 45 min.

NUM-III-7942.1 Sheaves

Sheave grooves shall be smooth and free”from
surfpce irregularities that could cause rope ddmage. The
crosp-sectional radius at the bottom of the(groove should
be sjich as to form a close-fitting saddle, for the size of
the fope used, and the sides of the-groove should be
tapgred outwardly to facilitate entrance of the rope into
the groove. Flanges shall be rounded, and the rims shall
run ftrue about the axis of rotation.

(b) Sheaves shall be miotmted and guarded to protect
agaihst the entrance«of foreign objects, wire-rope jam-
minjg, and wire-rope displacement during normal
opetation.

(c) All runhing sheaves shall use antifriction bearings.
All funning sheave bearings, except permanently lubri-
catefl béatings, shall be equipped with means for lubri-
catign.

mounted in the hoist structure such that the rope cannot
slip over the drum ends do not require flang

(c) All rope drums shall have only one-layef of rope
and the drum shall be designed to stoxe the entire length
of rope for the rated lift with the load block in ifs upper-
most position.

(d) No less than two wraps*of rope shall rgmain on
each anchorage of the hgist,drum when the hpok is in
its lowest position unless' a lower limit devide is pro-
vided, in which case no'less than one wrap shall remain
on each anchorage of the hoist drum.

(e) Minimum‘drum groove depth shall be
the rope diameter.

(f) The)minimum drum groove pitch is ei
times the rope diameter or the rope diameter p
whicheéver is smaller.

(g) The rope drum pitch diameter shall ngt be less
than that indicated in Table NUM-III-7942.2-1

NUM-11I-7942.3 Reeving. Hoist reeving
either single or double and may be one part
ple parts.

(a) On single-reeved hoists, one end of th
attached to the drum. Continuous drum grooyiing runs
in one direction. The load block moves laterally in the
direction of the axis of the drum as the rope winds onto
or off of the drum. Refer to Fig. NUM-III-7942.3-1.

(b) On double-reeved hoists, both ends of jthe rope
are attached to the drum. The drum is grooyed with
left-hand and right-hand grooves beginning at Qoth ends
of the drum, then grooving toward the center of the
drum. The load block will follow a true vertjcal path
(true vertical lift) as the ropes wind toward [or away
from each other onto or off of the drum. Refer to
Fig. NUM-III-7942.3-1.

NUM-III-7943 Chains
NUM-III-7943.1 load Chains

.5 times

her 1.14
us % in.,

may be
r multi-

P rope is

(d) Equalizer sheaves shall be provided with bronze
bushings, oil-impregnated bearings, antifriction bear-
ings with grease fittings, or other means to ensure that
the sheave bearing remains lubricated, ensuring its capa-
bility to provide the rotation required to equalize the
reeving.

(e) The pitch diameter of running sheaves shall not
be less than that indicated in Table NUM-III-7942.1-1.

(f) The pitch diameter of nonrunning sheaves (equal-
izers) shall not be less than 12 times the rope diameter.
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(a) Load chain shall be alloy steel and of the link-
chain type suitable for hoisting applications. The chain
links shall be electric or forge welded. Each link shall
be of uniform size and shape, and free from scale and
laminations at the welds.

(b) Chains shall pass over and around the load sprock-
ets without binding or other malfunctions.

(c) The ends of the load chain shall be securely
attached to the hoist or provided with a means to prevent
the end of the chain from passing through the hoist. The
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Table NUM-III-7942.1-1 Minimum Pitch Diameter of Running Sheaves

Hoist Class 6 x 37 Class Rope 6 x 19 Class Rope
H1 and H2 16d 20d
H3 18d 24d
H4 20d 24d
H5 24d 30d

GENERAL NOTE: d = rope diameter.

Table NUM-III-7942.2-1 Minimum Pitch Diameter of Drums

Hoist Class 6 x 37 Class Rope 6 X 19 Class Rope
H1 and H2 16d 20d
H3 18d 24d
H4 20d 24d
H5 24d 30d

GENERAL NOTE: d = rope diameter.

Fig. NUM-111-7942.3-1()Single and Double Reeving
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Table NUM-III-7944.1-1 Bearing Life Expectancy

Table NUM-III-7945-1 Hoist Service Factor, C,

Minimum Life Class of Service Cq
Class Expectancy, hr

H1 0.64
H1 1,250

H2 0.72
H2 2,500

H3 0.80
H3 5,000

H4 0.90
H4 10,000

H5 1.00
H5 20,000

chaih shall also be designed to allow easy removal and
replacement.

(d) Load chains shall be proof tested by the chain
marfufacturer or hoist manufacturer with a load at least
equivalent to 1% times the hoist’s rated load divided by
the humber of chain parts supporting the load.

(e} If a load is supported by more than one part of
load chain, the tension on the parts shall be equalized.
(f] Load chain should be lubricated.

NUM-111-7943.2 Load Sprockets

(a) Load sprockets shall have pockets formed to allow
proper and reliable engagement of the load chain.

(b) Load sprockets shall be guarded to minimize the
entrfince of foreign objects.

(c) Provision shall be made to guard againstload
chaip jamming.

NUM-I1I-7943.3 Chain Containers. “If provided,

NUM-11I-7944.2 Rotating Shafts. Rotating shafts
shall be supported by antifriction, lubricated} or self-

lubricated bearings or bushings. All sliding [surfaces
shall be lubricated.

NUM-11I-7945 Gearing
(a) All Hoists
(1) Gears shall be constructed of steel or other mate-
rial of adeqtiate strength and durability to meet the
requirements for the intended class of service For the
purpose 0Of this specification, the strength and durability
shall.be based on the torque required to lift the rated
load.
(2) Means shall be provided to ensure
and proper lubrication on all gearing.
(3) All gearing not enclosed in gear caseq shall be
guarded with provision for lubrication and ingpection.
(b) Power-Operated Hoists
(1) Due consideration shall be given to the maxi-
mum brake torque that can be applied to the Hrive.
(2) The horsepower rating for all spur, helical, and

hdequate

chaih containers shall be as follows: herringbone gearing shall be based on AGMA P001-C95
(a) sized to store all the “not in"use” portion of the  and manufactured to AGMA quality class 6 ¢r better.
loaqd chain and maintain tension in the slack chain  For the purpose of this specification, the power formula
between the chain guide and the stored chain when the is as follows:
hook is in its highest position
(b) constructed with.drains when used for outdoor Allowable strength horsepower
applications N,d FS,J
NUM-III-7944 Bearings and Rotating Shafts Par = 126,000 * K,K,,P4SKp ©)
NUM-IIl-7944.1 Bearings Allowable durability horsepower
(a) AlLFHoists
(1y7Shaft bushings or bearings shall be enclosed N N,FI / Sach/,\z
against entry of dirt, dust, and other foreign material. T 126,000 KK, CiKy \ G, ) )
(2) All bearings and bushings shall be provided
with means of lubrication. where
(b) Power-Operated Hoists C; = hoist service factor (durability); see
(1) Bearings shall be selected to give a minimum Table NUM-III-7945-1
B10 life expectancy based on full rated speed from C; = hardness factor (durability)

Table NUM-III-7944.1-1.
(2) Bearing loads, for life computation purposes,

shall be determined using a mean effective load factor
of 0.65.
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C, = elastic coefficient

pitch diameter of pinion, in.

net face width of the narrowest of the mat-
ing gears

R
I

(16)
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Table NUM-III-7945-2 Hoist Service Factor, Sf

(2) 100% when used with mechanical control brak-
ing means

Class of Service S¢ . . .
(3) 100% for each holding brake if two holding
H1 0.75 brakes are provided
(c) Each independent hoisting unit, except worm-
H2 0-85 geared hoists, the angle of whose worm is such as to
H3 0.90 prevent the load from accelerating in the lowering direc-
tion, shall be equipped with control braking means to
H4 0.95 control lowering speeds. Control braking means shall
be mechanical, hydraulic, pneumatic, or electri¢-pgpwer
H5 1.00 (such as eddy current, dynamic, regenerative, 0t cqunt-

I =|geometry factor (durability)
] =|geometry factor (strength)
Kp =|rim thickness factor
K,, =|load distribution factor
K, =|dynamic factor
K, =|mean effective load factor that equals 0.67
N, =|pinion speed, rpm
P,. =|allowable durability, horsepower
P, =|allowable strength, horsepower
P, =|transverse diametral pitch, 1/in.
Sqac =|allowable contact stress number (durability)
Su =|allowable bending stress for material, psi
(strength)
S; =|hoist service factor (strength), see

Table NUM-III-7945-2

The vplues for I, |, G, Cp,, Kp, Ky, Ky Sp, and Sy
can be determined from the tables and curves in the
approptiate AGMA specification; Sy isl-in
Table NUM-III-7945-2; and the remaining values are
physical|characteristics pertaining to the gears.for their
operatiopal characteristics.

(3) When worm gearing is called\for, it shall be
rated with appropriate service factors,

NUM{II-7946 Hoist Brakes

NUN-111-7946.1 Power-Operated Hoists
(a) Thie braking systentishall consist of a brake and a
control Hraking means.and shall perform the following
functionp under normal operating conditions with rated

ertorque). All methods shall be capable of maintaining
controlled lowering speeds. The inherent régenergtive
controlled braking means of a squirrelscage motor |may
be used if the holding brake is designed to meef the
additional requirement of retarding a descending [load
upon power removal.

(d) The braking system.‘shall have thermal cap
for the frequency of opexation required by the hoist
service classification.

(e) The hoist helding brakes shall have provisio
adjustment to compensate for lining wear.

NUM-1ll-7946.2 Manual-Operated Hoists
(a) The hoist shall be equipped with a mechahical
load brake that shall perform the following funcfions
under'normal and rated test loads:
(1) stop and hold the load when the hand chajin(s)
is released
(2) permit smooth, controlled lowering of the
when manual power is applied to the hand chains
(b) The mechanical load brake shall have prov
for adjustment to compensate for wear.
(c) The mechanical load brake shall have heat
dissipation capability for the specified frequendy of
operation.

hcity
Huty

h for

load

sion

NUM-I11-7947 Overtravel and Overload-Limiting
Devices

NUM-111-7947.1 Overtravel Protection
(a) Power-Operated Hoists

(1) A lift-limiting device shall be provided so|that

load and under fated test conditions: the load hook, either loaded or empty, shall not exceed
(1) ptop_allthook motion and hold the load when  the upper limit of travel.

the contfols ‘are released (2) A lower-limiting device of the geared type
(2) lindit the speed of the load during lowering to should be provided to prevent the wire rope or dhain

a maximum speed of 120% of rated lowering speed for
the rated load

(3) stop and hold the load hook in the event of a
complete power failure

(b) Hoist holding brakes shall have minimum torque

ratings, stated as a percentage of the rated load hoisting
torque, at the point where the holding brake is applied
as follows:

(1) 125% when used with a control braking means
other than mechanical

86

from completely unwinding from the drum.

(b) Manual-Operated Hoists. The load chain shall be
restrained to prevent it from being completely run out
of the hoist. The restraint, with no load on the hook,
shall be designed to withstand the chain load developed
by applying a hand-chain force in the downward direc-
tion equal to two times the force required to lift the
rated load. With rated load on the hoist, the restraint
shall withstand a hand-chain force in the downward
direction equal to the force required to lift the load.
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NUM-1II-7947.2 Overload-Limiting Devices

(a) An overload-limiting device, when furnished,
shall be designed to permit operation of the hoist within
its rated load and to limit the amount of overload that
can be lifted by a properly maintained hoist, under nor-
mal operating conditions.

(b) The overload-limiting device may allow the lifting
of an overload, but shall be designed to prevent the
lifting of an overload that could cause damage to the

1 for the majority of controls, such as AC
wound rotor magnetic or static systems where
there are no secondary permanent slip resistors,
systems for squirrel-cage motors, and constant
potential magnetic systems with DC power
shop supplies

m = the number of rotating sheaves between the
drum and equalizer passed over by each part
of moving rope attached to the drum

red when lifting a freely suspended load on the
. Therefore, an overload device cannot be relied

hoisfing control circuit and, therefore, will not prevent
damnfage to the hoist, trolley, or crane if excessive over-
loads are induced into the hoisting system when the
hoisfing mechanism is in a nonoperating or static mode.

UM-III-7948 Motor Size Selection. Electric and aif

motprs shall have a required rated motor horsepower
not |ess than that given by the following formula:
Hprequired = Hpmechanical X Kc (5)
whejre
WV
HPpmechanical = m (6)
and
B = mechanical efficiency between the load and the
motor, expréssed in decimal form, where
E — Egﬂ X Esﬂl
E{ = efticiency per gear reduction
= _0:97"for spur, herringbone, and helical gearing
supported on antifriction bearings
— 1 n QQ F{\V SDLLLE hﬂvrihﬂ]"\ﬁﬁﬂ Qﬂ!“ ]"I{J]I.I‘Q] (TDQT‘"I’\(Y
Ir 7 (] (=] (=]

= the number of gear reductions
V = specified speed when lifting weight-Wy, ft/min
W = total weight to be lifted, Ib (rated load plus the
weight of the load block)

K. values for AC wound roterisystems, mapnetic or
static control, with secondary\permanent slip fesistors,
shall be as follows:

mptor-rated full load, rpm

motof eperating rpm, at rated torqiie
with perfnanent slip resistors, when hoisting

K. =

K. values.for power supplies rectified on fthe hoist
shall be determined by consulting with the mjotor and
controhmanufacturers.

NUM-III-7950 Electrical

NUM-III-7951 General. All electrical equipgnent fur-
nished shall conform to the applicable sectiofis of the
latest issue of NFPA 70. The owner shall sppcify the
voltage, frequency, and phase of the power supply. The
supply voltage shall be maintained within +1(% of the
rated motor voltage of the hoist with motor gperating
at rated load.

NUM-III-7951.1 Hazardous Location. When hoists
are used in hazardous locations as defined by NFPA 70
(latest issue) or other special codes, modifications or
additional safety precautions not covered by this
Standard may be required. Only hoists designdd for the
conditions encountered shall be used in these lpcations.

NUM-I1I-7951.2 Fungus Protection. In|tropical
areas or other warm and humid atmosphereq, fungus
growth may occur on unprotected organic maferials or
on accumulations of dust. There are materials aTd proce-

dures that will minimize these effects.

supported on sleeve bearings (for worm gear-
ing, consult the gear and hoist manufacturer)
E; = rope system efficiency per rotating sheave
0.99 for rotating sheaves supported on antifric-
tion bearings
= 0.98 for rotating sheaves supported on sleeve
bearings
K, = control factor, which is a correction value that
accounts for the effects the control has on motor
torque and speed

NUM-III-7952 Motors

(a) Motors shall be reversible, with torque characteris-
tics suitable for hoist or trolley service, and capable of
operation at rated loads and speeds in accordance with
the class of service specified.

(b) Temperature rise of motors shall be in accordance
with the latest NEMA standards for the class of insula-
tion and enclosure used. The hoist manufacturer will
assume 104°F (40°C) ambient temperature unless other-
wise specified by the owner.
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Table NUM-III-7952-1

Standard Rated Motor Voltages

Power Supply Nominal System, V

Permissible Motor

Rated Motor Voltages, V Operating Range, V

AC, single phase 60 Hz 120 115 104 to 126
240 230 207 to 253
AC, polyphase 60 Hz 208 200 180 to 220
240 230 207 to 253
480 460 414 to 506
600 575 518 to 632
AC, polypHase 50 Hz 208 200 180 to 220
230 220 198 to,242
400 380 342 to, 418
DC 125 115 104'to 126
125 120 108 to 132
250 230 207 to 253
250 240 216 to 264

(c) All AC motors at rated frequency and all DC
motors shall be capable of operation within +10% of
rated mgtor voltage, but not necessarily at rated voltage
performance.

(d) Standard rated motor voltage shall be in accor-
dance wjith Table NUM-III-7952-1.

(e) For nominal system voltages other than shown in
Table NUM-III-7952-1, the rated motor voltage should
not be lgss than 95% or more than 100% of the nominal
system Yyoltage.

(f) For additional general motor requirements, see
NUM-IIJ-8422.

NUM-II-7953 Controllers

-11I-7953.1 Types of Control. The'type of con-
lied for a hoist and trolley shallresult in opera-
plying with the performance as defined in
UM-G-3000. See NUM-III-8421 for control
and requirements,

-11-7953.2 VFD Hoist Controls

(a) The VFD contrel\shall incorporate a speed feed-
back deyice to detect1oss of speed control during any
motor dperating condition, unless the hoist has a
mechanifal control braking means. When speed feed-

back is frovided, upon detection of unacceptable speed
deviatioh-Qr (‘nmp]pfp loss of Qppnr‘] feedback the VED

the load from dropping, additional means may be fised
to maintain pewer to the hoist system if power is
removed fromthé mainline contactor. These means phall
not override.or bypass the push button or switch corjtrol-
ling the‘mainline contactor.

(c)_Control dynamic braking shall be sized for a thini-
mum of 150% of motor full-load torque, but shall|not,
under any circumstances, be less than the torque (or
dorresponding current) limit setting of the VFED in the
hoisting direction.
NOTE: Control dynamic braking on hoists with mechanica} 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 correspopding
current) limit setting of the VFD in the hoisting direction.

(d) Control shall sense sufficient motor torque (oq cor-
responding current) before releasing holding brake(s)
(i.e., torque proving). Hoists with mechanical Joad
brakes are exempt from this requirement.

(e) Control shall maintain speed control unddr all
motor operating conditions to within +5% of the ¢om-
manded speed.

(f) If specified by the owner, control shall be cagable
of operating at higher than base speed as a functi¢n of
load (constant horsepower operation) for loads less fthan
100% rated load.

shall post a fault, discontinue outputting voltage to the
motor(s), and set the brake(s). Hoists with mechanical
load brakes are exempt from this requirement.

(b) VED controls for hoists with one holding brake
and no mechanical control braking means shall incorpo-
rate hoist holding brake failure detection. The detection
of a brake failure shall be annunciated and shall limit
hoist full speed in the up direction. When a hoist that
is equipped with a brake failure detection circuit detects
a brake failure and requires system power to prevent
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NUM-III-7953.3 Contactors. Each magnetic control
shall have contactors sized for the specified service.
Reversing contactors shall be interlocked to guard
against line-to-line faults.

NUM-III-7953.4 Pendant Control
(a) Motion control actuators shall automatically
return to the OFF position.
(b) The pendant control station shall be mechanically
supported to protect the electrical conductors against
strain.
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(c) The pendant control station shall be clearly
marked to indicate the function of each actuator.

(d) The order of control functions, unless otherwise
specified and as applicable, from top to bottom,
should be

(1) stop-start (off-on, power off-power on) (the
stop/off/power off control actuator shall be red)

(2) hoist

(3) trolley

means for heat dissipation and shall be installed to mini-
mize the accumulation of combustible matter. Provision
shall be made to contain broken resistor parts or molten
metal.

NUM-III-7956 Current Conductor System. Current
conductor systems are not normally supplied with elec-
tric wire-rope hoists. When required, they shall be speci-

fied by the owner. Standard systems include the
follomarimes:

(4) other functions
Any pendant station that might present a hazard to
perator if a ground fault occurs shall be grounded.
The maximum voltage in the pendant control sta-
shall be 150 V AC or 300 V DC.
(gp Unless otherwise specified by the owner, the con-
trol[station shall be 3 ft to 4 ft above the specified
opefating level.

NUM-I1II-7953.5 Pull-Cord Control

(a) Pull-cord control, when furnished, shall consist of
a se]f-centering, return-to-neutral controller or master
swifch for the motion of hoist or trolley. Two noncon-
ducfing pull cords with suitable handles, clearly marked
for flirection, shall be provided for operation of each
conffroller or master switch.

(b) Unless otherwise specified by the owner, the pull-
cord control station shall be 3 ft to 5 ft above the specified
opefating level.

NUM-I11I-7954 Control Enclosures. Control enclo-
sures, unless otherwise specified by the owner, shall be
NENIA Type 1, general purpose for indoor applications,
in adcordance with NEMA ICS 6. Other types,‘as defined
by NEMA, include, but are not limited to

tion

(ap NEMA Type 3: watertight, dust-tight, and sleet
(ice)| resistant; outdoor

() NEMA Type 3R: rainproof-dnd sleet resistant;
outdoor

(c) NEMA Type 4: wateftight and dust-tight; indoor
and [outdoor

(d) NEMA Type 4X;watertight, dust-tight, and corro-
sion| resistant; indoer-and outdoor

(e} NEMA Type’7: Class I, Groups A, B, C, and D;

indqor hazafdous locations (explosive atmosphere)
(f| NEMA“Type 9: Class II, Groups E, F, and G; indoor
hazgrdods locations (explosive atmosphere)

(g o . i "
drip-tight; indoor

NUM-III-7955 Resistors. Resistors, when furnished,
shall have sufficient thermal capacity for the class of
service specified. Enclosures for resistors shall provide
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(a) flexible cable

(b) coiled cord

(c) festooned cable arrangement
(d) cable reel

(e) rigid conductor

NUM-III-7960 Pneumatic

NUM-1II-7961 Air Motors. The air motor|shall be
an air-driven piston“6? rotary vane type and|shall be
provided with anairinlet connection fitted for the use of
air hose assemblies. Also, the air motor shall be provided
with an oilerand air filter between the motoq and the
air inlet/conhection. The motor shall have gdequate
capacity,_to lift 125% of the rated load.

NUM-I1I-7962 Air Motor Controls. Hoists|and air-
operated trolleys shall have pendant, pull, or ro¢l control.
Control actuators shall automatically return to the OFF
position when released. Unless otherwise spekified by
the owner, the control station shall be 3 ft to 5| ft above
the specified operating level.

NUM-111-7962.1 Pendant Control. The pendant
control station shall be supported to protect the pneu-
matic hoses and connections against strain. The pendant
control station shall be clearly marked to indjicate the
function of each actuator.

NUM-11I-7962.2 Pull Control. Pull control shall
consist of two pull chains or cords with suitgble han-
dle(s) clearly marked for direction.

NUM-11I-7962.3 Rod Control. Rod control ghall per-
mit control of hoist or trolley (air operated) mjotion by
linear or rotary movement of the rod handle, or|a combi-
nation of both. Rod handle shall be clearly mgrked for
direction of motion.

(a) The rated load of the hoist shall be marked on the
hoist or load block.

(b) Hoists shall have additional markings in accor-
dance with ASME B30.16.
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Section NUM-III-8000
Common Requirements and Criteria

(d) Vertical Inertia Forces fnr Motorized Craues and

ctural, mechanical, electrical, and inspection
ng.

quirements of Section NUM-III-8000 apply to
s and monorails as described in the specific
equipment Sections, NUM-III-2000 through
NUM-II}-6000. (Requirements for hoists and underhung
trolleys gre given in Section NUM-III-7000.)

and test
The rd
all crang

NUM-II118200 STRUCTURAL
NUM-III-8210 General

This s
als, and
nents th.

NUM{II-8211 Nomenclature. All terms and defini-
tions used in equations are defined in their respective
sections

NUM-
(a) Lo

pction covers the design, design criteria, materi-
abrication procedures for the structural compo-
it apply for all Type III equipment.

I11-8212 Descriptions of Loads
pd Categories. Loads acting on the structure are
divided finto the following four categories:

(1) principal loads, such as dead loads, lifted loads,
and inertia

(2) ldditional loads, such as_dead loads, lifted
loads, and inertia forces

(3) pxtraordinary loads, such_ds stored wind loads
and collfsion forces

(4) pxtreme environmental loads, such as tornado
wind lodds

(b) Ofher Loads. lh addition to the load categories

above, tprsional forces and moments, bridge end truck
loads, apd abnormial event loads shall be considered
during desighs Test loads are specified in NUM-III-8583.

NUNL-1-8212.1 Principal Loads

Hoists. The vertical inertia forces include those(djfe to
the motion of the cranes or crane components-and those
due to lifting or lowering of the hoist load' These 4ddi-
tional loadings may be included in a simplified mapnner
by the application of a separate factor.for the dead [load
and for the hoist load by which the'vertical acting 1gads,
the member forces, or the stresses due to them mupt be
multiplied.

(1) Dead Load Factor ¢(DLF). This factor covers fonly
the dead loads of the crane; trolley, and their assocjated
equipment and shall be taken according to the following:

travel speed, ft/min
2,000

DLF ={1.3<1.05 + <12

(2) Hast Load Factor (HLF). This factor appli¢s to
the motien of the rated load in the vertical dire¢tion
and.eovers inertia forces, the mass forces due tq the
sudden lifting of the hoist load, and the uncertaihties
in allowing for other influences. The hoist load factor
is 0.5% of the hoisting speed in feet per minute, buf not
less than 15% or more than 50%, except for buckeff and
magnet cranes for which the impact value shall be thken
as 50% of the rated capacity of the bucket or madgnet
hoist.

HLF = 0.15 < 0.005 x hoist speed < 0.5

(e) Inertia Forces From Motorized Drives (IFD).|The
inertia forces occur during acceleration or decelergtion
of horizontal drive motions and depend on the driving
and braking torques applied by the drive units|and
brakes during each cycle.

The lateral load due to acceleration or decelergtion
shall be a percentage of the vertical load and shall be
considered as 7.8 times the lateral acceleration or decel-
eration rate (ft/sec?) but not less than 2.5% of the veftical
load. This percentage shall be applied to both the] live
and dead loads, exclusive of the end trucks. Thellive

(a) Dead Load (DL). The weight of all effective parts
of the bridge structure, the machinery parts, and the
fixed equipment supported by the structure.

(b) Trolley Load (TL). The weight of the trolley and the
equipment attached to the trolley.

(c) Lifted Load (LL). The lifted load consists of the
working load and the weight of the lifting devices used
for handling and holding the working load, such as the
load block, lifting beam, bucket, magnet, grab, and other
supplemental devices.
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load shall be located in the same position as when calcu-
lating the vertical moment. The moment of inertia of
the entire girder section about its vertical axis shall be
used to determine the stresses due to lateral forces. The
inertia forces during acceleration and deceleration shall
be calculated in each case with the trolley in the worst
position for the component being analyzed.

NUM-III-8212.2 Additional Loads
(a) Operating Wind Load (WLO). Lateral load due to
wind shall be considered as an operating load of 5 Ib/ ft*


https://asmenormdoc.com/api2/?name=ASME NUM-1 2016.pdf

(16)

ASME NUM-1-2016

Fig. NUM-111-8212.2-1 Wheel-Skewing Forces (From

CMAA 74)
0.15

Ssk  0.10 //
0.05

motion of the structure with the trolley in its worst
position. Should the crane application require that maxi-
mum deceleration rates and/or stopping forces be lim-
ited due to suspended load or building structure
considerations, or if bumper impact velocities greater
than 40% of maximum crane velocity are to be provided
for, such conditions shall be defined at the time of the
crane purchase.

NU

3 4 5 [§] 7 <]

Span

Ratio = ——
atio Wheelbase

of pfojected area. Where multiple surfaces are exposed
to the wind, such as crane girder and auxiliary girder,
and [the horizontal distance between surfaces is greater
thar| the depth of the member on the windward side,
condideration shall be given to increasing the effective
area| exposed to the wind. For single surfaces, such as
cabd, a projected area shall be considered to be 1.2 times
the projected area to account for negative pressure on
the far side of the enclosure.

(b) Forces due to Skewing (SK). When wheels roll along
a rafl, the horizontal forces normal to the rail and those
tending to skew the structure shall be taken into consid-
eratfon. The horizontal forces shall be obtained by multi-
plying the vertical load exerted on each wheel by
coefficient Sy, which depends on the ratio of the span
to the wheel base (see Fig. NUM-III-8212.2-1). The wheel
basq is the distance between the outermost wheels.

NUM-111-8212.3 Extraordinary Loads

(a) Stored Wind Load (WLS). This is thé maximum
wingl that a crane is designed to withstand during out-
of-s¢rvice condition. The speed and-test pressure vary
with the height of the crane above the surrounding
groynd level, geographical loeation, and degree of expo-
sure| to prevailing winds (see-ASCE/SEI 7).
(b) Collision Forces (CF)y Special loading of the crane
strugture resulting from the bumper stops shall be calcu-
latedl with the cranedt 0.4 times the rated speed, assum-
ing the bumper\system is capable of absorbing the
energy withih its design scope. Load suspended from
lifting equipnient and free oscillating load need not be
taken into)consideration. Where the load cannot swing,
the humper effect shall be calculated in the same manner,

and degree of exposure. Additional tornado-generated
loads that should be consideréd are pressure dlrop and
tornado missiles.

NUM-III-8212.5 Torsiohal Forces and Momients

(a) Due to the Startirigland Stopping of the Bridge Motors.
The twisting momeht due to the starting and ptopping
of bridge motots shall be considered as the| starting
torque of thedbridge motor at 200% of full-load torque
multiplied ‘by the gear ratio between the mptor and
cross shaft.

(B)\Due to Vertical Loads. Torsional moment due to
vertical forces acting eccentric to the vertical nefutral axis
of the girder shall be considered as those verti¢al forces
multiplied by the horizontal distance between| the cen-

the centerline of the forces and the shear cen
girder.

NUM-III-8212.6 Abnormal Event Load, A..| Abnor-
mal event loads are loads caused by failure|of plant
equipment that impose jet or missile loads on the crane.
The owner shall be responsible for the effects of, and
shall establish the criteria for, these loads.

NUM-III-8213 Load Combinations. The fpllowing
tabulated load designations are descrfjbed in
NUM-III-8212 and are listed in Table NUM-IJI-8213-1.
The various load combinations, using the load|designa-
tions, are listed herein. The crane operational lpads and

taking into account the value of the load. The kinetic
energy (KE) released on the collision of two cranes with
the moving masses of M; and M, and a 40% maximum
traveling speed of V; and V', shall be determined from
the following equation:

_ MiMy(04Vry + 0.4V )

KE 2 (M, + M)

@)

The bumper forces shall be distributed in accordance
with the bumper characteristics and the freedom of the
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the construction foad combinations are appiicable to
Type III cranes. Also listed is the loading combination
involving tornado wind, which is to be used if required
by the owner.

(a) Principal Loads (Stress Level 1): Case 1. Crane in
regular use under principal loading (stress level 1)

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

where DLFy and DLFy refer to the bridge and trolley
load factors.

(16)
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Table NUM-III-8213-1 Load Designations

NUM-III-8221 Base Materials. The base materials
for the components of Type III cranes shall be structural
steel and shall conform to ASTM A36 specifications or
be an accepted type for the purpose for which the steel
is to be used and for the operations to be performed onit.

NUM-I1I-8222 Fastener Materials

(a) The fastener materials for structural components
of cranes shall be in accordance with NUM-III-8231.5.
jable

) _The fastenerfinish-andtelerances-shall be-swd

Load Load Designation
Trolley dead load TL
Bridge dead load DL
Rated load LL
Inertia forces from drives IFD
Forces |due to skewing SK
Operat|ng wind load WLO
Stored|wind load WLS
Tornadp wind load wLT

(b) Additional Loads (Stress Level 2): Case 2. Crane in
regular juse under principal and additional loading
(stress l¢vel 2)

DL(DLFg) + TL(DLFy) + LL(1 + HLF) +
IFD + WLO + SK

(c) Ex
subjecte

raordinary Loads (Stress Level 3): Case 3. Crane
l to out-of-service wind

DL + TL + WLS

Crane|in collision

DL + TL + LL + CF

(d) Exgreme Environmental Loads (Stress Level4): Case
4. Crang subject to tornado wind load

TL + DL + WLT

NUM-]II-8214 Tolerances. Dimensions on the clear-
ance drapvings are the maximun dimensions of the crane
and shalll not be exceeded by the manufacturer. Height
and end| dimensions shall;be shown in relationship to
the operpting surfacesatid centerline of the beam or rail.
Cumulaftive measurements of crane components are
permitt

The ryinwaysshall be straight, parallel, level, and at

the samle elevation within the tolerances given in
Fig, NUM-:=I-8214-1 or Pig NUM-II1-8214-2 The crane

for the type of connection in which they are emplgyed.

NUM-I11-8223 Welding Materials. All welding mate-
rials shall be in compliance with the requifements of
AWS D1.1 or AWS D14.1, as applicable.

NUM-III-8224 Connections

NUM-1II-8224.1 Welded Connections. Welded|con-
nections shall comply with’the requiremenfs of
AWS D1.1 or AWS D14.1-as applicable.

NUM-III-8224.2 Bolted Connections

NUM-I11-8224.2.1 Structural Joints Using ASTM
A325 or A490 Bolts. Structural joints using ASTM A325
or A490 bolts¢shall be designed and installed in agcor-
dance with'the Specification for Structural Joints Using
ASTM_AS25 and A490 Bolts, as included in The AISC
Manual of Steel Construction: Allowable Stress Depign.
Boltholes shall not be burned. Standard holes shall have
a‘maximum diameter % in. in excess of the nonpinal
bolt diameter. Holes for alignment (bound) bolts phall
be reamed to close tolerances as required. Slotted|bolt
holes shall not be used for connections of end tru¢ks.

NUM-I111-8224.2.2 Structural Joints Using Bolts
Other Than ASTM A325 or A490. Structural joints ysing
bolts other than ASTM A325 or A490 shall be bedring
type, and shall comply with the requirement for hon-
high-strength bolts specified in the Specification for
Structural Steel for Buildings — Allowable Stress Dgsign
and Plastic Design, as included in The AISC Manual of
Steel Construction: Allowable Stress Design. All polts
shall be torqued to a pre-tension load on the bdlt of
60% to 70% of the minimum yield strength of the|bolt
materials. Standard holes shall have a maximum digme-
ter %4 in. in excess of the nominal bolt diameter. Holes
for alignment (bound) bolts shall be reamed to ¢lose
tolerances as required.

manufacturer shall design the crane to operate
properly within the runway tolerances given in
Figs. NUM-III-8214-1 and NUM-III-8214-2.

NUM-III-8220 Materials and Connections

All materials of the structural components of the crane
shall be an accepted type, suitable for the purpose for
which the materials are to be used, and shall be in com-
pliance with any additional requirements specified
herein for the materials.
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NUM-III-8224.2.3 Gauge and Edge Distances.

The minimum gauge between centers of bolt holes and
minimum and maximum edge distances from the center
of a bolt hole to any edge shall be as stipulated in the
Specification for Structural Steel for Buildings —
Allowable Stress Design and Plastic Design, as included
in The AISC Manual of Steel Construction: Allowable
Stress Design.

NUM-11I-8224.3 Field Connections. All field con-
nections of structural components shall be bolted unless
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Fig. NUM-111-8214-1 Building Runway Alignment Tolerance for Patent Track
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Fig. NUM-111-8214-2 Building Runway Alignment Tolerance (From CMAA 74)
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otherwide approved by the owfier.: The manufacturer
shall prgvide sufficient information on drawings or in
installatfon manuals on the,requirements for all field
connectipns.

NUM-III8230 Design-Criteria

NUM-JII-8231.'‘Basic Allowable Stresses for Structural
Steel Mgmbers

NUM-HI-
Buckling. For members not controlled by buckling, the
basic allowable stresses in structural steel members of
the crane shall not exceed the values in
Table NUM-III-8231.1-1.

NUM-III-8231.2 Compression Members Controlled
by Buckling. For compression members with an equiva-
lent slenderness ratio

Kl
~<C ®)

94

where

2m2E
9y

0
[

and

C. = column slenderness ratio separating elastiq
inelastic buckling

E = modulus of elasticity

k_=_effective length factor
I = unbraced length of compression member
r = radius of gyration of member
o, = yield point

The allowable axial compression stress, oy, is

2C2

and

©)
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Table NUM-III-8231.1-1

Allowable Stresses (Members Not Controlled by Buckling)

Stress Type

Stress Loading and Case

Compression

(All Expressed in Terms of o) Tension [Note (1)] Shear Bearing
Principal — 1 0.60 0.60 0.35 0.75
Additional — 2 0.66 0.66 0.375 0.80
Extraordirar—3 O-#5 0-+5 043 6-90
Extreme environment — 4 0.90 0.90 0.50 n/p
NOTH:
(1) Fpr gross section.
Table NUM-III-8231.2-1 Table NUM-III-8231.5-1 “Bolt Allowable Stresses
Modifying Coefficient, N Loading Condition ]
Extreme (Expressed in Terms Stress Typq
Principal  Additional  Extraordinary Environment of Ultimate Strength) Tension $hear
1.2 1.2 0.9 0.67 Principal 0.33 D.17
Additional 0.33 D.17
where . Extraordinary 0.44 D.23
DF = design factor
Extreme environment 0.50 D.26

V(
cong
F

ness

The
the

Tlhe required design factor shall be equal to

3

C C

FS =N g (10)

lues of N, the modifying coefficient for éach loading

lition, can be found in Table NUM-HI-8231.2-1.

r compression members with an‘equivalent slender-
ratio

>\C 11)

allowable axial.compression stress shall not exceed
balue
127°E

2
23N (kl)

r

(12)

NUM-III-8231.5 Bolts
(a) ASTM A325 or A490 Bolts. Allowable
stresses for operational or construction loads s
accordance with the Specification for Structu
Using ASTM A325 and A490 Bolts, as include
AISC Manual of Steel Construction: Allowah
Design. Allowable working stresses for other
shall be as follows:
(1) Bearing-Type Joints. Allowable working
for bearing-type joints may be increased by a
1.33 for extraordinary loadings and by a factq
for extreme environmental loadings.
(2) Friction-Type Joints. Allowable working
for friction-type joints shall not be increased fo1
dinary loadings or extreme environmental loa
(b) Bolts Other Than ASTM A325 or A490. A

working
hall be in
al Joints
d in The
le Stress
loadings

r stresses
factor of
r of 1.50

r stresses
extraor-
dings.

llowable

stresses shall be in accordance

with

NUM-I11-8231.3 Bending Stress. The allowable

bending stress shall conform to AISC Part 5, Chapter F,
Beams and Other Flexural Members, divided by 1.12N
for the different loading conditions.

NUM-111-8231.4 Welds. Basic allowable stresses in

welds shall be as specified in AWS D14.1. Allowable
stresses for all types of welds may be increased for
extraordinary load combinations by a factor of 1.33 and
increased for extreme environmental load combinations
by a factor of 1.50.
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Table NUM-III-8231.5-1.
NUM-III-8232 Combined Stresses

NUM-III-8232.1 Axial Compression and Bending.
Members subjected to both axial compression and bend-
ing stresses shall satisfy the following requirements:

CnxOpx

i " Cmya-by
a, o a
(1 - _) Oubx (l - _) Oaby
Oex Oy

<10

(13)

(16)
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g Oy b
—+=4+-2<10 (14)
Oq Ogbx  Onby

When (0/0;,) < 0.15, the following equation may be
used in lieu of egs. (13) and (14):

g Opy gy
—p T (15)
Oa  Oabx  Oupy

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

(1) for members whose ends are restrained against
rotation in the plane of bending, C,, = 0.85

(2) for members whose ends are unrestrained

In eqd. (13), (14), and (15), the subscripts x and y,
combined with subscripts b, m, and e, indicate the axis
of bending about which a particular stress or design
property] applies, and

0, gg| = allowable axial and bending stresses,
respectively

(See NUM-III-8231.1.) It is to be noted that

0, =| oy, in NUM-III-8231.1 and NUM-III-8231.2
0z =| 0, as given in NUM-III-8231.1 only

2

5 = 27E : 16
23N (E>
p
where

Cy =|a coefficient whose value shall be as given in

(a), (b), and (c) below
k =|the effective length factor in the plane of
bending
I =| the actual unbraced length in the plane of
bending
N =|a loading condition factor. given in
NUM-III-8231.2

r =| the corresponding radius of(gyration

o =| computed axial stress
oy =| computed compressivé _bending stress at the
section under consideration

(a) For compression(gnembers in frames subject to
joint trampslation, C,, = )0.85.

(b) Fof rotatiomally restrained compression members
in framep bracedagainst joint translation and not subject
to transvierséloading between their supports in the plane
of bendihg

against rotation in the plane of bending, C,, = (]

NUM-I1II-8232.2 Axial Tension and Bending. Mem-
bers subject to both axial tension and bending str¢sses
shall be proportioned at all points along their lengfh to
satisfy the following equation:

Ot b Thy
4+ 4 <10 (18)
Oat OabyNOaby

where

owx = the alloWable bending stress about the njem-

ber”s wraxis

oay = the allowable bending stress about the npjem-

ber’s y-axis

Oa’= the allowable axial tension stress as dpter-

mined from Table NUM-III-8231.1-1

0y = the computed bending stress about the njem-

ber’s x-axis

oy = the computed bending stress about the nem-
ber’s y-axis

0; = the computed axial tension stress

However, the computed bending compressive stress
arising from an independent load source relative t¢ the
axial tension, taken above, shall not exceed the appjlica-
ble value required in NUM-III-8231.3.

NUM-I11-8232.3 Local Bending of Flanges dye to
Wheel Loads
(a) Each wheel load shall be considered as a corjcen-
trated load applied at the center of the wheel coptact
with the flange [see Fig. NUM-III-8232.3-1, illustrgtion
(a)]. Local flange bending stresses in the lateral (x)| and
longitudinal (y) directions at certain critical points|may

M,
C, = 06— 04[22 17)
M,

but not less than 0.4, where M; /M, is the ratio of the
smaller to larger moments at the ends of that portion
of the member unbraced in the plane of bending under
consideration. M; / M, is positive when the member is
bent in reverse curvature and negative when it is bent
in a single curvature.

be calculated from the following formulas. Other suit-
able formulas/analysis in lieu of the below may be
adopted to address the local flange bending stresses.

(1) Underside of flange at flange-to-web transition,
Point 0

P

0w = Cy—5 (19)
t,
P

O'yg = CyO t_z (20)

(16)
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Fig. NUM-11I-8232.3-1 Local Bending of Flanges due to Wheel Loads (From CMAA 74)
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(2) Underside of flange directly beneath wheel con-
tact point, Point 1

P

Oy1 = C.r] ) (21)
ta
P

D—yl = Cy] F (22)
a

(3) Topside of flange at flange-to-web transition,
Point 2

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

(b) The localized stresses due to local bending effects
imposed by wheel loads calculated at Points 0 and 1 are
to be combined with the stresses due to Case 2 loading
specified in NUM-III-8213 of this specification.

Oy = —0y (23)
Oy2 = —0y0 24)
(4) [For tapered flange sections [see
Fig. NUM-III-8232.3-1, illustration (b)]
Cyp = -1.096 + 1.095A + 0.192¢%* (25)
Cy = 3.965 — 4.8351 — 3.965e 2075 (26)
Cyo = —0.981 — 1.479A + 1.120e!%2* 27)
Cy1 = 1.810 - 1.150A + 1.060e”77* (28)
b a
te = ti— =] +|= 29
~fei+ 8 @

for standlard “S” section, where
ty = published flange thickness for standard “S” sec-

fion, in.
(5) [For parallel flange section
[Fig. NUM-III-8232.3-1, illustrations (c) and (d)]

When calculating the combined stress, the f1ange
bending stresses shall be diminished to 75% of theifalue
calculated per (a) above.

The combined stress value (ot) obtainéd by the
method prescribed in (f) below shall not exceed the
allowable Case 2 stress level of 0.660;, where o, = Yield
strength of the material.

(c) Additionally, in the cas€ of'welded plate gifders
only, the localized stresses on'thé top side of the flange at
the flange-to-web transition (Point 2) shall be combiined
with the stresses due to\the Case 2 loading specifi¢d in
NUM-1II-8213 of this specification.

The combinedsstress value (o) in the weld at Pojint 2
obtained by the method prescribed in (f) below phall
not exceed the allowable weld stress specified in
NUM-111-8224.1, nor shall the stress range in the weld
exceedsthe value specified in Table NUM-III-8234.11 for
joint category E.

(d) The local flange bending criteria |per
INUM-III-8232.3 shall be met in addition to the gemeral
criteria of NUM-III-8213 and NUM-III-8231.

Cxo = —2.110 + 1.9774 + 0'0076‘_316 f::A 30) (e) At load transfer points, consideration shoulld be
Ca = 10.108 - 7.408) — 10‘108§ 015 . (31) given to lower flange stresses that are not calculable by
Cyo = 0050 - 0.5804 + 0'14828 - 2) " the formulae presented in NUM-III-8232.3.
Gy = 2230 - 14904 + 1.390e™ (33) (f) Combined Stresses. Where a state of combjned
(6) [For single-web symmetrical sections plane stresses exists, the reference stress, oy, can be calcu-
[Fig. NUM-I1I-8232.3-1, illustrations(6) and (c)] lated from the following formula:
- . iat (34) o = \/ ol + a'y2 — 00y + 3*rxy2 < o (36)
g where
where o, = allowable stress
b = dection width-detoss flanges, in. oy, 0y, = normal stress in respective x ard y
directions
(7) For othey cases [Fig. NUM-III-8232.3-1, illustra- 7, = shear stress in plane
tion (d)]
For welds, the maximum combined stress, o, shdll be
F— L 35)  calculated as follows:
b= k?) o, =% (Ux + Uy) +Y \/(a'x - a'y)2 +47 <oy (37)
where .
a = distance from edge of flange to point of wheel tiOSr:eee)gIIIrJll\/{—eBAOOO for a lower flange bending calcula-
load application, in. (center of wheel contact) pie.
b’ = distance from centerline of web to edge of NUM-11I-8232.4 Shear and Tension of Bolts
flange, in. (a) Bolts subject to combined shear and tension shall
P = load per wheel including HLF, Ib be so proportioned that the tension stress, in psi, pro-
t, = flange thickness at point of load application, in. duced by forces applied to the connected parts, shall
t, = web thickness not exceed the allowable tension value, oy;.
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Table NUM-III-8232.4-1
Bolt Shear and Tension Factor, R

Extreme
Environmental
Principal ~ Additional Extraordinary Conditions
1 1 1.33 1.50

of 1/b shall not exceed 60; and the ratio of b/t shall not
exceed

(262 x 10K, 2
_ x OFB (operating condition)

ap

(where b is the unsupported plate width between longi-

tudinal stiffeners, webs, or cover plate) or
30-99~kH2/DFByoperating-conditontorA36steel and
Fgr A325 bolts in bearing-type joints where
b = distance between web plates, in
o, = 55,000R — 1.87< 44,000R (38) h = depth of web, in.
I = in.
Fagr A490 bolts in bearing-type joints = :}P\)i?ll(,ntar;s of web plate, &
oy = 68,000R - 1.87 < 54,000R (39) NUM-111-8233.3 Spacing-of Transverse Stiffeners.
) o ) o The spacing of the transverse stiffeners, 4, in., [shall not
Fgr other bolting materials in bearing-type joints exceed the amount given'by the formula
Oy = 0-60va - 1.67 (40) 11,068t
a = (43)
whepre 7 (the shear stress produced by the same forces) JT
shall not exceed the value for the shear given in h
NUM-III-8231.5. The variable o, is the yield stress ~ "V''*'¢ )™ fici ble bel
(thg proof stress may be used). R is given in ¢ = S}Ii’fi‘lz(lrr:g coef fent (seelta € be ow)
Tabl NUM-TII-8232.4-1. P i ness of the web p ate, In-
(b} For bolts used in friction-type joints, the shear 7)= shear stress in plate, psi
stregs (’Ta) allowed in NUM-III-8231.5 shall be reduced hor shall it exceed 72 in., or h, the depth of lthe web,

so tlat
for A325 bolts

7, < 15,000 (1 — o, A,/ Ty) 1)
for A490 bolts
7, 20,000 (1 — o, Ay /) (42)
wheyre
A} = the tensile stress area
T} = the specified prefténsion load of the bolt
o} = the average tensile stress due to a direct load
applied to-dll~of the bolts in a connection
In| friction-typejoints, the allowable shear stress shall

be incredsed due to environmental conditions.

NUM-HI-8232.5 Shear and Bending. The maxi-
murh Comibined shear stress due to shear, bending, and

not

whichever is greater.

Loading Condition Spacing Coefficienf, ¢

Operating 1
Construction 1
Severe environment 0.75
Extreme environment 0.6

NUM-I111-8233.4 Stiffness of Longitudinal and
Transverse Stiffeners. The required stiffness of the lon-
gitudinal stiffener and the stiffness of the tfansverse
stiffeners shall be in accordance with CMAA ¥4.

NUM-1II-8233.5 Girder Deflection. The tojtal verti-
cal deflection of the girder during operational loading
for the rated live load plus trolley (P4 + Pj,)|and not
including impact or dead load of the girder, phall not
exceed 1/1,000 of the span.

The total vertical deflection of the girder dufing con-
structional loading for the construction load pltis trolley

direCtStresses siatt ot exceed the attowabie vaites for

shear as given in NUM-III-8231.1.
NUM-111-8233 Buckling

NUM-11I-8233.1 Local Buckling or Crippling of Flat
Plates. The structural design of the crane to avoid local
buckling of plates shall conform to ASME NOG-1, paras.
NOG-4331 through NOG-4332.1.

NUM-111-8233.2 Proportion for Fabricated Box
Girders. The ratio of I/h shall not exceed 25; the ratio

99

(Par + P,,,), and not including impact or dead Ioad of the
girder, shall not exceed Yoo of the span.

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

NUM-I11I-8233.6 Girder Camber. Girders shall be
cambered an amount equal to the dead load deflection,
plus % of the deflection caused by the live load, plus
trolley [camber = A (Pg) + 0.5A(Py + Pp)].

(16)

(16)
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Table NUM-III-8234.1-1

Allowable Stress Ranges

Allowable Stress Range Fso, kips/in.? [Note (1)]

CMAA int C

Service Joint Category

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

GENERAL NOTE:
NOTE:

NUM{III-8234 Fatigue Requirements. If the owner
determines that more than 20,000 full-load cycles are
required} the owner shall specify the cycles and load
class pell NUM-III-8234.1. The allowable stresses for the
appropriate service level shall be used, but shall not
exceed the basic operating stress allowables specified in
NUM-II}-8231.

NUM-11I-8234.1 Allowable Stress Range, Repeated
Loads. Members and fasteners subject to repeated loads
shall be|designed so that the stress range (maximum
stress minus minimum stress) does not exceed allowable
values | for various categories as listed in
Table NUM-III-8234.1-1. The minimum stress is consid=
ered as rfegative if it is opposite in sign to the maximum
stress. | The categories are described in
Table NYM-III-8234.1-2 with joint configuratiorrillustra-
tions shpwn in Fig. NUM-III-8234.1-1. The allowable
stress range shall be based on the condition most nearly
approximated by the description ahd)illustration.

NUM:l111-8235 Hardness. The minimum Brinell
hardnes§ (BHN) of the lowerload-carrying (tension)
flange shall be 195 for patented track systems. For A36
materialf the normal hdrdness produced by normal mill
processihg shall be sufficient.

NUM;111-8236 ¢Stability. The crane shall be stable
under all loading conditions. A factor of safety of 1.5
shall be provided against the combination of loads pro-

Allowable stress ranges from CMAA 74.

(1) Stress range values are independent of material yield stress.

NUM-III-8241.2 Materials. Materials for consfruc-
tion of footwalks, handrails, platforms, stairs, and|lad-
ders shall meet the requirements of NUM-III-8220

NUM-I1I-8241.3 Design. Footwalks, handnails,
platforms, stdirs/and ladders shall be designed fof the
appropriate.dead load and the live loads as specifi¢d in
ASME B3(:117. Structural design shall be in accordpance
with NUM-III-8230.

NUM-11I-8242 Operator’s Cab (When Specified)

NUM-III-8242.1 General

(a) The general arrangement of the cab and the Joca-
tion of the control and protective equipment shajl be
such that all operating control devices are within cqnve-
nient reach of the operator when facing the area o be
served by the load block or when facing the dire¢tion
of travel of the cab. The operator’s cab shall be ppen
type for indoor service unless otherwise specified
(b) The cab shall be clear of all fixed structures wjthin
its area of possible movement. Clearances shall Be in
accordance with the latest edition of ASME B30.11 and
ASME B30.17. The cab shall be so located as n¢t to
interfere with the hook approach.
(c) The arrangement of equipment in the cab shpuld
be approved by the owner.
(d) Cabs shall be designed for maximum opefator
visibility. The arrangement of the cab should allow the
operator a full view of the load block in all positjons.

. . " . .
duClng maxmumrovertarnimgTorces:

NUM-111-8240 Components Design

NUM-I111-8241 Footwalks, Handrails, Platforms,
Stairs, and Ladders

NUM-I1II-8241.1 General. Platforms and footwalks
shall be provided as required for access and mainte-
nance. Dimensions and clearances for footwalks, hand-
rails, platforms, stairs, and ladders shall be in accordance
with the latest edition of ASME B30.17.

A visibility diagram shall be furnished to the owner for
approval when requested.

(e) The operator’s cab shall have a clear height, with
equipment installed, of not less than 7 ft, except where
dimensional interferences or other design considera-
tions require the use of a smaller cab. Cab heights of
less than 7 ft shall be approved by the owner, and in no
case shall be less than 5 ft.

Provision shall be made in the operator’s cab for place-
ment of the necessary equipment, wiring, and fittings.
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Table NUM-III-8234.1-2 Fatigue Stress Provisions — Tension (T) or Reversal (Rev) Stresses

General
Condition

Situation

Joint
Category

Example
of a
Situation [Note (1)]

Kind
of
Stress

Plain

material

Built-up

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

Base metal and weld metal in members without

A

1,2

3,4,57

T or Rev

T or Rev

mq

Groo
we

Groo
we

mbers

(]

(o]

attachments, built up; of plates or shapes con-
nected by continuous complete or partial joint
penetration groove welds or by continuous fil-
let welds parallel to the direction of applied
stress

Calculated flexural stress at toe of transverse stif-
fener welds on girder webs or flanges

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

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

Base metal and weld metal in or adjacent to com=
plete joint penetration groove welded splices ‘at
transitions in width or thickness, with wetds
ground to provide slopes no steeper than'1 to
2Y/, and weld soundness established by UT or
RT examination

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

Base metal and weld metal in or adjacent to com-
plete joint penetration groove welded splices
either not requiring transition or when required
with frahsitions having slopes no greater than
140°2%/, and when in either case reinforce-
ment is not removed and weld soundness is
established by UT or RT examination

8,9

10, 11

17

8,9, 10, 11

T or Rev

T or Rev

T or Rev

T or Rev

T or Rev

T or Rev

101
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Table NUM-III-8234.1-2 Fatigue Stress Provisions (T) or Reversal (Rev) Stresses (Cont’d)

Example Kind
General Joint of a of
Condition Situation Category Situation [Note (1)] Stress

Base metal and weld metal at complete joint pen- B 19, 20
etration groove welded splices of sections hav-
ing similar profiles or at transitions in
thickness to provide slopes no steeper than 1
to 2Y/, with permanent backing bar parallel to

the direction of stress when welds are ground
and weld soundness established by UT or RT
examination. Backing bar is to be continuous,
and, if spliced, is to be joined by a full-penetra-
tion butt weld. Backing bar is to be connected
to parent metal by continuous welds along
both edges, except intermittent welds may be
used in regions of compression stress

Groove- Base metal at details of any length attached by
welded groove welds subjected to transverse or longitu-
connectfons dinal loading, or both, when weld soundness
transverse to the direction of stress is estab-
lished by UT or RT examination, and the detail
embodies a transition radius, R, with the weld
termination ground when
(a) for longitudinal loading
R > 24 in. B 13
24 in.>R>6in. C 13
6in.>R>2in. D 13
2in.>R>0 E 12,13
(b) for transverse loading,
materials having equal or unequal thickness
sloped, welds ground‘web connections
excluded
R > 24 in. B 13 T or Rev
24 in. X R2 6 in. C 13 T or Rev
6<in=> R > 2 in. D 13 T or Rev
2in.>R>0 E 12, 13 T or Rev
(¢) for transverse loading,

materials having equal thickness, no ground,
web connections excluded

102
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Table NUM-III-8234.1-2  Fatigue Stress Provisions — Tension (T) or Reversal (Rev) Stresses (Cont’d)

Example Kind
General Joint of a of
Condition Situation Category Situation [Note (1)] Stress
R =24 in. C 13 T or Rev
24 in.>R=6in. C 13 T or Rev
6.in. >R >2in. D 13 T or Rev
2in.>R>0 E 12, 13 ForHev
(d) for transverse loading,
materials having unequal thickness, not sloped
or ground, including web connections
R > 24 in. E 13 T or Rev
24 in.>R2>6in. E 13 T or Rev
6in.>R>2in. E 13 T or Rev
2in.>R=>0 E 12,13 T or Rev
Grooye-welded or Base metal at details attached by groove or fillet
fillet-welded welds subject to longitudinal loading where the
comnections detail embodies a transition radius, R, less
than 2 in., and when the detail length, L, paral-
lel to the line of stress is
L<2in. C 12, 14, 15, T or Rev
16, 18
2in.<L<4in. D 12, 18 T or Rev
L>4in. E 12, 18 T or Rev
Filletjwelded Base metal at details attached by fillet welds or
cofinections partial penetration_groove welds parallel to the
direction of stfess, regardless of length, when
the detail embpdies a transition radius, R, 2 in.
or greatet and with the weld termination
ground:\When
R='24 in. B 13 T or Rev
24 in.>R>6in. C 13 T or Rev
6in.>R> 2 in. D 13 T or Rev
Base metal at junction of axially loaded members E 21, 22, 23 T or Rev
with fillet-welded end connections. Welds shall

be disposed abouf the axis of the member so
as to balance weld stresses

103
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Table NUM-III-8234.1-2 Fatigue Stress Provisions — Tension (T) or Reversal (Rev) Stresses (Cont’d)

Example Kind
General Joint of a of
Condition Situation Category Situation [Note (1)] Stress
Fillet Shear stress on throat of fillet welds F 21, 22, 23 S
welds 24, 25, 26
27, 28
Base metal at intermittent welds attaching trans- C 7, 14 T or Rev
verse stiffeners and stud-type shear connectors
Base metal at intermittent welds attaching longitu- E 7, 29 T orRev
dinal stiffeners or cover plates
Stud weld Shear stress on nominal shear area of stud-type F 14 S
shear connectors
Plug and {lot Base metal adjacent to or connected by plug or E 30 T or Rev
welds slot welds
Shear stress on nominal shear area of plug or F 30431 S
slot welds
Mechanicdlly Base metal at gross section of high-strength B 32 T or Rev
fastened bolted friction-type connections, except connec-
connectfons tions subject to stress reversal and axially
loaded joints that induce out-of-plane bending
in connected material
Base metal at net section of other mechanically D 33 T or Rev
fastened joints
Base metal at net section of high-strength bolted B 32, 33 T or Rev

bearing connections

NOTE:
(1) Examgle numbers are from CMAA 74.

104


https://asmenormdoc.com/api2/?name=ASME NUM-1 2016.pdf

Caf

Fig. NUM-111-8234.1-1

ASME NUM-1-2016

Joint Configuration (From CMAA 74)
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All cabs should be provided with a swiveled seat unless
otherwise specified.

(f) There shall be means of egress from cab-operated
cranes to permit departure under emergency conditions,
at any cab location.

NUM-I1I-8242.2 Materials. Materials for construc-
tion of the operator’s cab shall meet the requirements
of NUM-III-8220.

NUN-1II-8242.3 Design. The operator’s cab shall
be desighed for dead and live loads as specified by the
owner. $tructural design shall be in accordance with
NUM-1I}-8230.

NUN-111-8242.4 Construction

NUM-III-8242.4.1 General. Cabs shall be con-
structed in accordance with ASME B30.11 or
ASME Bj30.17.

NUM-111-8242.4.2 Enclosed Cabs. Enclosed cabs
shall haye watertight plate roofs that slope to the rear,
and shall be provided with sliding, hinged, or drop
windowp on the three sides, and with sliding or hinged
doors. Steel plates for enclosing sides, when used, shall
not be lpss than ' in. thick. Window sash shall be
equippefl 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 “in. gheet steel guard, extending to within 2 in. of
the floor} and shall be provided with handles and stops,
which wiill prevent catching the operator’s hands or toés
when opjerating the windows. Drop windows shall be
counterweighted.

NUM-111-8242.4.3 Open Cabs. Open cabs shall
be encldsed with panels not less than.’4in. thick or
standard railing 42 in. high. Railing ehclosures shall be
provided with midrail and steel toe plate. Where the top
rail, or tgp panel, interferes with the operator’s vision, it
may be Jowered, with the owner’s approval.

NUM-III
NUM-III
This s

8300 MECHANICAL
8310 General

betion covérs the mechanical requirements and
criteria gomion to all cranes. Requirements for hoists
are covefed’under NUM-III-7000.

NUM-11I-8320 Design and Performance Criteria

NUM-11I-8321 Allowable Stresses. Load-carrying
parts, except structural members and gears, shall be
designed such that the calculated static stress in the
material, based on rated load, shall not exceed 20% of
the published average ultimate strength of the material.
Castings, forgings, stampings, and fasteners shall be
designed with allowable stress not to exceed 20% of the

NUM-III-8322 Service Factors. All load ¢embina-

tions and factors including stress concentrations phall
have service factors as stated for the design’of spgcific
mechanical components, as indicated in“NUM-III-$340.
NUM-III-8330 Component Design

NUM-I11-8331 Bridge Drivés

NUM-111-8331.1 Typées-of Bridge Drives. Referpnce
specific bridge sectionsfor acceptable bridge drive
arrangements.

NUM-I1I1-8331.2 Bridge Drive Motors. Bridge drive
motors shall “be selected in accordance yvith
NUM-III-8400.

NUM-I11-8332 Bridge Brakes

NUM-III-8332.1 Design. On all powered cranfes, a
braking means shall be provided.

(a) A bridge brake or noncoasting mechanical qrive
shall be provided that is capable of stopping the mgtion
of the bridge within a distance in feet equal to 106 of
full-load speed in feet per minute when traveling af full
speed with full load.

(b) The braking means shall have thermal capfcity
for the frequency of operation.

(c) Brakes shall be provided with adjustment to ¢om-
pensate for wear.

(d) If holding brakes are provided, they shall hdve a
torque rating of at least 50% of the rated motor topque
and be adjustable to a minimum of 25% of the gated
motor torque.

NUM-III-8333 Bumpers and Stops

NUM-I1II-8333.1 Bumper Design

(a) Bridge bumpers should be provided.

(b) 1f bridge bumpers are specified by the owner,ithen

NUM-III-8311 Lubrication Subject to Radiation. If
the crane is subjected to radiation, the lubricants shall
resist the effects of gamma or neutron radiation or provi-
sions shall be made for changing the lubricants. If lubri-
cants cannot be conveniently replaced, then lubricants
shall be National Lubrication and Grease Institute
(NLGI) Grade 0 oil containing molybdenum disulfate
or NLGI Grade 1.5 grease with sodium aluminate thick-
ener. Lubricants shall be oxidation and rust inhibited
with the exception of lubricants for wire rope.

106

they shall be designed and installed to minimize parts
falling from the crane in case of breakage.

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

(d) Bumpers shall have the energy-absorbing (or
energy-dissipating) capacity to stop the crane when trav-
eling with power off in either direction at a speed of at
least 40% of the rated-load speed. The bumpers shall
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also be capable of stopping the crane (not including load
block and lifted load) at a rate of deceleration not to
exceed an average of 3 ft/sec when traveling with power
off in either direction at 20% of rated-load speed.

NUM-I11-8333.2 Stop Design
(a) Runway stops shall be provided and shall be
located at the limits of the bridge travel, such that no
part of the crane (with bumper fully compressed) will

Table NUM-III-8341.2-1 Crane Service Factor, S¢

Crane Class S¢
A 0.75
B 0.85
C 0.90
D 0.95

encfoach upon the required clearance specified in
NUM-G-2110.

Runway stops shall be attached to withstand the
e applied when contacted.

Runway stops engaging the tread of the wheel
not be used for motorized cranes.

NUM-I111-8334 Couplings. Couplings shall be
selegted for the torque and alignment requirements at
the point of application. Solid couplings shall be steel
or thinimum ASTM A48, Class 40 cast iron or equal
material.

NUM-III-8335 Mounting of Bridge Drive Components

(a) Drive components, such as motors and gear
redycers, shall not be mounted on multiple support
strufctures, which can deflect relative to each other,
unlg¢ss the design specifically allows for this
defdrmation.

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

(cp Mechanical component connections shall be
desipned to accommodate all dynamic ferces, such as
thoge induced by motor startifig ‘and braking
applications.

NUM-1iI-8336 Guards

(a) Exposed moving pafts,~such as gears, setscrews,
projecting keys, chains,<hain sprockets, and reciprocat-
ing lcomponents, that-may constitute a hazard under
northal operating-coniditions shall be guarded.

(b} Guards shall’be securely fastened.

(c) Each guard shall be capable of supporting, without
perthanerit-deformation, a weight of 200 lb, unless the
guafdsisdocated where it is not probable for a person

GENERAL NOTE:  Crane service factor, Sp, from CMAA 74

NUM-III-8341.1 Materials. .<All gears and pinions
shall be constructed of steel 0r_other materij of ade-
quate strength and durability.to meet the requirements
for the intended class of\Sefvice, and manufa¢tured to
AGMA quality class5-or better.

NUM-III-8341.2¢ Allowable Strength Horsepower.
The horsepower(rating for all spur, helical, and| herring-
bone gearing<shall be based on AGMA 2001{C95. For
the purpose/of this Standard, the power formula is as
follows:

N,d FSuJ

tosteproit———————— & = sllewable bendingstressformuatdrial, psi

NUM-III-8340 General Mechanical Components

NUM-III-8341 Gearing. Gearing shall be designed
and manufactured in accordance with the procedures
presented by the American Gear Manufacturers
Association (AGMA).

When worm gearing is specified, it shall be rated with
appropriate service factors. Consideration shall be given
to lock up when selecting gear ratios for travel drives.

107

Pt = 126,000 KoK, PaSiKs @
2
P _ NFL (SMC,,) )
126,000 K,K,,Syz C,
where
Cy = hardness factor (durability)
C, = elastic coefficient
d = pitch diameter of pinion, in.
F = net face width of the narrowest of the mating
gears, in.
I = geometry factor (durability)
] = geometry factor (strength)
Kg = rim thickness factor
K,, = load distribution factor
K, = dynamic factor
N, = pinion speed, rpm
P,. = allowable durability, horsepower
P, = allowable strength, horsepower
P; = transverse diametral pitch, 1/in.
(strength)
S¢ = crane service factor (strength)
Sp = crane service factor (durability)

The values for K, K,,,, Kp, Cp, J, I, Sae, and S,; can be
determined from the tables and curves in the appro-
priate AGMA specification previously mentioned; S¢
from Table NUM-III-8341.2-1; and the remaining values
will be physical characteristics pertaining to the gears
for their operation characteristics.

(16)
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Table NUM-III-8341.2-2
Machinery Service Factor, C4

NUM-III-8342.2 Lubrication. All bearings shall be
provided with proper lubrication or means of lubrica-
tion. Bearing enclosures shall be designed to exclude

Cl f Servi C
a5 oF denviee ? dirt and prevent leakage of oil or grease.

A 064 NUM:-111-8343 Bridge and Trolley Drive Shafts

B 0.72 NUM-III-8343.1 General. Drive shafting shall be
designed for the maximum wheel load in combination

C 0.80 . .
with the maximum torque load.

D 0.90

GENERAL NOTE: Machinery service factor, C4, from CMAA 74.

Table NUM-III-8342-1 AFBMA L10 Bearing Life

Class Bearing Life, hr
A 1,250
B 2,500
C 5,000
D 10,000

GENERAL NOTE: AFBMA L10 bearing life from CMAA 74.

Crane|service factor Sy shall be determined from the
formula|Sy = C4 x Ky, For values of specific K, refer
to eq (49), and for C;, which is the machinery factof;
refer to fable NUM-III-8341.2-2.

K, = 2(maximum loaf:l) + (minimum load) (46)
3(maximum load)

NUN\-111-8341.3 Lubrication. Means shall be pro-
vided to|ensure adequate and propgr tubrication on all
gearing.|All gearing, except thesfinal reduction at the
wheels, $hall run in oil or be splash lubricated. Selection
of lubridants shall be based<on the guidelines found in
AGMA (9005 or as recommended by the gear
manufadturer.

NUM-IlI-8342  Antifriction Bearings

(a) Anftifrictionfvbearings shall be selected to give a
minimuin life-expectancy based on full rated speed as
shown in Table NUM-III-8342-1.

NUM-I1I-8343.2 Material. All shafts, excepf the
bridge cross-shaft sections, that do not carry gears, phall
be of cold-rolled shafting quality or equivalent.

NUM-I111-8343.3 Bearing Spacing for Rotating
Shafts. The bearing spacing for rotafing shafts lessz‘l:han
400 rpm shall not exceed that calculated per the follow-
ing equation:

KIS . . S
L= /432,000[)2 (47)

where
D = shaft diafneter, in.
L = distance\between bearing centers, in.

When the shaft speed exceeds 400 rpm, the begring
spacing‘shall not exceed that determined by the foljow-
ing fofula or the preceding formula, whichever isfless,
in order to avoid objectionable vibration at critical $haft

speeds.
/4,760,000D
L= 12N 48
where
N = maximum shaft speed, rpm

NUM-III-8343.4 Torsional Deflection of the Bridge.
The torsional deflection of the bridge cross shaft phall
not exceed 0.10 deg/ft when 67% (A-1 Drive), 50% (A-
2 Drive), 100% (A-4 Drive) full-load bridge drive gated
motor torque, increased by any gear reduction between
the motor and the shaft, is applied. In addition,| this
applied torque shall result in a bridge drive wheel move-
ment no greater than 1% of the wheel circumferenge or
Y in., whichever is less.

NUM-1I1-8343.5 Stress Calculations. All shafting
shall be designed to meet the stresses encounterdd in
actual operation, including the effects of brake tofque.

The crane service factors for strength il horsepower
are shown in Table NUM-III-8341.2-2.

(b) Use Ky, load factor for all applications.

(c) Due consideration shall be given to the selection
of the bearing if a crane is used for a limited time at an
increased service class, such as during a construction
phase.

NUM-I111-8342.1 Sleeve Bearings. Bronze sleeve
bearings shall have a maximum allowable unit bearing
pressure of 1,000 psi on the projected area.

When signiticant stresses are produced by other rorces,
these forces shall be positioned to provide the maximum
stresses at the section under consideration. Impact shall
not be included.
(a) Static Stress Check for Operating Conditions

(1) For shafting subjected to axial loads, the stress
shall be calculated as follows (for shafting not limited
by buckling):
(49)

o =

L
A

(16)
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re
cross-sectional area of shaft, in.
total axial load, 1b

This axial stress shall not exceed

wn

u

5

(2) For shafting loaded in bending, the stress shall

(5) When combinations of stresses are present on
the same element, they shall be combined as follows:
For axial and bending stresses

g =0+ 0+ 03..+ 0y

and shall not exceed

g

be ¢

whe

shal|

whe

J

T

hiculated as tollows:
o= Mr (50)
I
re
= bending moment of inertia at point of
examination
= bending moment at point of examination, in.-Ib

outside radius of shaft at point of examina-
tion, in.

Tlhis bending stress shall not exceed

S

u

5

(3) For shafting loaded in torque, the shear stress

be calculated as follows:
T
T=— 51
i (1)
re
= polar moment of inertia of shaft at point of
examination
= torque at point of examination, in.slb

Tlhis shear stress shall not exceed

cula
F

Su
&
(4) Transverse shedr stress in shafting shall be cal-

ted as follows:
r solid shaft

For shear stresses
T=mM+ N+ 0. +%
and shall not exceed
5y
5
For axial and bending with shear

o = [ + 37

and shall not exceed

(54)

Su
5

aximum
mbined.
he center
o or tor-

Note thatbending and torsional stresses are 1y
on the outer fibers of the shaft and must be ¢
The transverse shear stresses are maximum at t
of the shaft and do not combine with bendin
sional stresses.

(b) Fatigue Stress Check for Fluctuating, J
Stresses. Any shafting subjected to fluctuating]
such as the bending in rotating shafts or the t
reversing drives, shall be checked for fatigue. T
shall be performed at points of geometric disc
where stress concentrations exist, such as fillets, holes,
keys, press fits, etc. Pure stresses shall be cqlculated
using appropriate stress multiplication factors. The
allowable stresses are as follows:

perating
stresses,
brsion in
his check
ntinuity

1.33V (1) Tensile and bending stress
T=— (52)
4 S
K; < =* 55
whelre TRE1C (55)
Al=_cross-sectionalareaatpointofexamination in=
V = shear load at point of examination, b (2) Shear and combined shear
For holl haft S
or hollow shafts < S 56)
2v K3
=7 (53)

(3) For combined stresses, where all of the shear
and bending are fluctuating

S
<

(Koo + 3K, < (57)

gy =
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Table NUM-III-8343.5-1 Crane Class Factor, K,
Crane Class K.
A 1.000
B 1.015
C 1.030
D 1.060

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

is calculated by dividing the radial load by the
jected area

where

pro-

GENERAL ILOTE: Crane class factor, K., from CMAA 74.

Table NUM-111-8343.5-2 Surface Condition

Factor, K,

d Shafting Type

1.40 For polished, heat-treated, and inspected
shafting

1.90 For machined, heat-treated, and inspected
shafting

0.75 For machined, general-use shafting

GENERAL WOTE:

4
part of {

Ot

N
I

K: S
+ \/(o;w i/ R 0-7)2 + 3(7,10
Se

=| crane class factor (see-Table NUM-III-8343.5-1)

=| surface

Surface condition factor, K., from CMAA 74.

For combined shear and bending, where only
he stresses are fluctuating

K Sy \2 Sy
—=—|"'<—= (58
s, X (58)

stress amplificationfactor for shear
condition factor
Table NUM-I11-8343.5-2)

stress amplification factor for tension or
bending

(see

=| endurance strength of shaft material

0.36-5;/Kc

W
I

average tensile strength of shaft material

a4 = the shatt diameter
L = the length in bearing

This bearing stress shall not exceed 50% of the 1
mum yield for nonrotating shafting.

This bearing stress shall not exceed20% of the 1
mum Yyield for oscillating shaftingswhen not limite
the bushing material.

NUM-III-8344 Wheel Assembly

NUM-1II-8344.1 Top-Running Bridge Wheel De
(a) Unless other means of restricting lateral m
ment are provided (such as side rollers), wheels sh3

nini-

nini-

d by

Sign
ove-

11 be

double flangéd with treads accurately machined. Bijidge

wheels mayhave either straight treads or tapered ti
assembled-with the large diameter toward the cent
the span. Drive wheels shall be machined in pairs w
0.0001:in./in. of diameter with a maximum of 0.01
on'the diameter, whichever case is smaller.

(b) Sizing of Wheels and Rails. Wheels shal
designed to carry the maximum wheel load under
mal conditions without undue wear. The maxin]
wheel load is that wheel load produced with the tr
handling the rated load in the position to produc
maximum reaction at the wheel, not including im
When sizing wheels and rails, the following param
shall be considered:

D = wheel diameter, in.
K = hardness coefficient of the wheel
= BHN X 5 (for wheels with BHN < 260)
= 1300(BHN/260)"3 (for wheels with BHN >}
W = effective rail head width, in.

The bridge and trolley durability wheel loading]
different wheel hardnesses and sizes in combing
with different rail sizes are shown

pads
er of
thin
D in.

1 be
nor-
hum
lley
e the
bact.
bters

260)

5 for
tion
in

Table NUM-T111-8344.1-1. The values in the tabl

are

N n
:\
I

minimum tensile strength of shaft material
minimum yield strength of shaft material

= that part of the bending stress not due to fluctu-

ating loads

that part of the bending stress due to fluctuat-
ing loads

that part of the shear stress not due to fluctuat-
ing loads

that part of the shear stress due to fluctuat-
ing loads

established by the product of KDW.

(c) To use Table NUM-III-8344.1-1, first determine the

equivalent durability wheel load P..
P, = maximum wheel load X K;
Kui = KpCsSpm

(d) Load factor Ky, can be determined as follows:

« = O75(BW) + f (LL) + 05(TW) - 0.5 (TW)
o = 0.75(BW) + 1.5f (LL)

(59)
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Fig. NUM-I11-8344.1-1 Bridge Span (From CMAA 74)

[©)

L ]
‘%’* X
L i Span
A4~ ¢ Rail A ¢ Rail
Table NUM-III-8344.1-2 Bridge Load Factor, K,
Bridg Capacity, ton
Span, ft 3 5 7.5 10 15 20 25 30
20 0.812 0.782 0.762 0.747 0.732 0.722 0.716 0.714
30 0.817 0.785 0.767 0.750 0.736 0.725 0.718 0.71
40 0.827 0.794 0.777 0.760 0.744 0.732 0.723 0.72]
50 0.842 0.809 0.791 0.771 0.758 0.740 0.738 0.73
60 0.861 0.830 0.807 0.290 0.773 0.754 0.747 0.74
70 0.877 0.844 0.825 0.807 0.789 0.768 0.760 0.75]
80 0.888 0.857 0.835 0.818 0.802 0.779 0.770 0.76
GENERAL NOTES:
(@ K basgd on worst case with trolley againststop.
(b) Bridge] load factor, K, from CMAA 74.
where (f) The wheel service factor, S, is equal to 1.25 tjmes
BW = bridgeweight the machinery service factor, C4, and is showjn in
f 3 X/spatiusee Fig. NUM-III-8344.1-1) Table NUM-III-8344.1-4. This factor recognizes that the
LL = trolley weight + rated load interaction between rail and wheel is more demanfding
TW 3 frolley weight in terms of durability than well-aligned and lubridated

See Table NUM-III-8344.1-2.

(e) The speed factor, C;, depends on the rotational
speed of the wheel and is listed in
Table NUM-III-8344.1-3. These factors are obtained from
the following formulas:

for rpm < 31.5

for rpm > 31.5

_ rpm - 31.5
C _1+< 3285 )

Lo — L h 1 :
HHTICIACUIUIT Ul IITaCIircyu Pcll LS.

(¢) The wheel load service coefficient is
Ky = KpoCsSii

and K, may not be smaller than the K;;; minimum shown
in Table NUM-III-8344.1-4.

(h) The equivalent durability wheel load, P,, shall not
exceed the wheel load in Table NUM-III-8344.1-1.

(i) Proper Clearance for Bridge Wheels. A total of
approximately % in. to 1 in. wider than the rail head is

112
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Table NUM-III-8344.1-3  Speed Factor, C;

Wheel Speed, ft/min
Diameter,
in. 30 50 75 100 125 150 175 200 250
5 0.952 1.020 1.078 1.136 1.194 1.252 1.310 1.368 1.485
6 0.932 1.001 1.049 1.098 1.146 1.194 1.243 1.291 1.388
8 0.907 0.958 1.013 1.049 1.086 1.122 1.158 1.195 1.267
9 0-898 0544 +6060% 633 +066 1098 =136 63 1.227
10 0.892 0.932 0.984 1.020 1.049 1.079 1.108 1.137 1.195
12 0.882 0.915 0.958 1.001 1.025 1.049 1.074 1.098 1.146
15 0.872 0.898 0.932 0.967 1.001 1.020 1.040 1.059 1.098
18 0.865 0.887 0.915 0.944 0.973 1.001 1.017 1.033 1.066

GENHRAL NOTE: Speed factor, Cs, from CMAA 74.

Table NUM-III-8344.1-4
Wheel Service Factor, S,,, and Minimum'Load
Service Factor, K,

Class of
Crane Service

N W >

Kwi , min. Sm
0.%25 0.80
0:75 0.90
0.80 1.00
0.85 1.12

GENERAL NOTE:
factor, K, from CMAA 74

the proper clearance. Tapered tread wheélsymay have a
cleatance over the rail head of 150% of the clearance
proyided for straight tread wheels.

(j1 When rotating axles are-used, wheels shall be
moynted on the axle with press-fit alone, press fit and
keyd, or keys alone.

NUM-I111-8344.2 «Under-Running Bridge Wheel
Desiign

(a) All under-fumning bridge truck wheels shall be
desipned to suitsthe surface on which they run. Drive
whegls shall'\be the same diameter within a tolerance of
0.019 in,

(b) When flangeless wheels are used, they shall be
provt ; ; .
(c) Wheels shall be designed to carry the maximum
wheel load under normal conditions. The wheel load
shown in Table NUM-1II-8344.2-1 is that load produced
with the trolley handling the rated load, in a position to
exert the maximum load, not including impact.

NOTE: A reduction in the allowable wheel load may be necessary
to satisfy the runway lower flange stress requirements.

NUM-III-8344.3 Material. Wheels shall be cast iron
or rolled, forged, or cast steel with a minimum hardness

Wheel service factor, S,,, and minimum load service

of 200 BHN. For special applications, other mateyials may
be used with permission of the owner and with fonsider-
ation of hardness, impact strength, and brittlerjess.

NUM-III-8344.4 Bearings. Wheel bearingg shall be
single or double row, combination radial and thtust, anti-
friction precision type. Bearings shall be preltibricated
and sealed or provided with fittings and seals for pressure
lubrication.

NUM-III-8344.5 Safety Lugs. All wheel gets shall
have drop plates limiting the movement of the immmediate
structure to 1 in. in the event of axle or bearing failure.

-111- i us.

NUM-III-8351 Hand-Chain Wheels

(a) Hand-chain wheels shall have pockets formed to
allow proper engagement of the hand chain.

(b) The wheels shall be equipped with a chain guide
that will permit operation of the hand chain from an
angle 10 deg out from either side of the chain wheel
without slipping or jumping the wheel rim.

(c) All hand chains shall be guided to guard against
disengagement from the hand-chain wheel.

113
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Table NUM-III-8344.2-1 Maximum Wheel Loads/l Beams and Wide Flange Beams

Contour Tread, in. [Note (1)]

Convex Tread, in.

Wheel Diameter, D,

in. w=1Y w=1 w=1Y% w=2 w=1Y w=1 w=1Y, w=2
4 2,000 4,000 6,000 8,000 1,200 2,400 3,600 4,800
5 2,500 5,000 7,500 10,000 1,500 3,000 4,500 6,000
6 3,000 6,000 9,000 12,000 1,800 3,600 5,400 7,200
7 3,500 7,000 10,500 14,000 2,100 4,200 6,300 8,400
B 4,000 8,000 12,000 16,000 2,400 4,800 7,200 D,600
D 4,500 9,000 13,500 18,000 2,700 5,400 8,100 10,800
1 5,000 10,000 15,000 20,000 3,000 6,000 9,000 1,000

GENERAL NOTES:
(@ For coptour tread, P (wheel load) = 1,000 WD, lb.
(b) For copivex tread, P (wheel load) = 600 WD, lb.

(©) W = Width of wheel tread exclusive of flange, in.; D = diameter of wheel, in.

(d) Chartgd values are based on wheels with BHN of 200. Larger wheel loads are obtainable with suitable ‘haterial and with higher BHN.

(e) Maximum wheel loads/l beams and wide flange beams from CMAA 74.

NOTE:

(1) Wherelwheel tread matches the rolling surface of the lower flange of the track beam.

NUM-II-8352 Hand Chains

(a) Hgnd chains shall be of the link-chain type. Each
link shall be of uniform size and shape and have an
accurate|pitch to reliably pass over and around the hand-
chain wheels.

(b) Hgnd chains shall be endless-link chain and shall
have a difjop that is approximately 2 ft above the operator’s
floor levpl.

(c) Hand chains shall withstand, without permanetit
distortiop, a force of three times the pull required.tdrotate
the boorh with a capacity load on the boom.

NUM-III{8400 ELECTRICAL
NUM-1II-B410 General

This s¢ction covers the electtical requirements and cri-
teria common to all cranesy Requirements for hoists are
covered under NUM-III-7000.

NUM-I11-B420 Electrical Components

NUM;llI-8421.“Cfane Controls. The type of control
supplied forza\traverse drive shall result in operation
complyhpg with the specified performance as defined in

be furnished<n other ratios, such as 2 to 1 or 4 to 1 falso
see NUM-HI-8421.2).
(3) variable-speed AC magnetic reversing, which is
a typeof constant potential AC control that uses resisgance
in,the secondary of an AC wound rotor induction mpotor.
Three to five speed steps are normally provided, with
the speed at each step varying depending on the lgad.
(4) ACvariable-frequency control, which uses ajp AC
squirrel-cage induction motor and provides either
stepped or stepless speed control by varying the motor
frequency (see NUM-III-8421.6).
(b) Other Control Systems. Other control systems, such
as adjustable-voltage DC and adjustable-voltage AC,|may
be required depending on the specific applicatign or
owner specifications.

NUM-III-8421.2 Cushioned Start Devices

(a) Cushioned start devices are used with single-speed
and two-speed AC magnetic-reversing controls in qrder
to control the rate of acceleration by limiting the stafting
voltage of the AC squirrel-cage induction motor.
(b) A cushioned start device should be used on sipgle-
speed and two-speed applications that require load syving

NUM-G-3000:

NUM-I1I-8421.1 Types of Control
(a) Common control systems may be one of the
following;:

(1) single-speed AC magnetic reversing, which uses
an AC squirrel-cage induction motor (also see
NUM-III-8421.2).

(2) two-speed AC magnetic reversing, which uses
a dual-wound AC squirrel-cage induction motor. Speed
ratios under any load are normally 3 to 1, but may also

114

(c) A cushioned start device shall be used for the fol-
lowing applications:
(1) single-speed drives greater than 100 ft/min
(2) two-speed drives greater than 100 ft/min that
do not use a time delay between the two speeds
(d) Standard cushioned start devices are as follows:
(1) solid-state reduced-torque starters, which pro-
vide for the adjustment of the initial torque upon starting
and adjustment of the time for reaching full motor torque

(16)
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