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~ . All overhead cranes consist of three basic units

Bridge

The bridge is the main structural member used to span the width
of the runway area. It travels the length of the runway on rails
fastened to the runway.

Trolley
The trolley is a8 motor driven vehicle, which travels along the rails

fastened to the bridge girders, and supports the hoist and trolley
mechanism.

Hoist

The hoist unit is an epparatus which exerts a force for lifting or
lowering. It is power driven through a gear reducer and hoist
drum. The botiom block is suspended from the hoist rope reeved
between the upper block sheaves on the trolley siructure, the
bottom block sheaves, and dezd ended &t the hoist drum.

TYPICAL OVERHEAD CRANE



l WARNING '

Blocks and Hooks

Blocks

Crane blocks should be inspected regularly for
sheave conditions and bent housing. Check the

hook for excessive wear, gouging, or visible
cracks.

Hooks

Check the hook nut, trunion and swivel. Make
sure they are intact and operating freely.

The amount of allowable hook deformation may depend on the
regulatory body that governs your crane use. Commonly ac-
cepted dimensional changes such as the following are sufficient
cause to remove the hook from service.

(1) Hook throat spread A

3 i o
(8) Throat opening = + 5% I B POt
(b) Hook iram points = +5% /;' "y <'—‘|
{2) Hook point twist = 0° P
{3) Hook surface wear = 10% 130 N y

Do not weld on hooks or atiempt to repair a8 damaged hook.
Where one of the items above is found, the hook should be re-
turned to the manufacturer for examination and possible recondi-
tioning or replacement.

Hooks should be checked for cracks using magnetic particle or
some other accepiable means on a annual basis. More frequent
checks should be considered for severe duty service cranes.



NOTE THE
USE OF
EQUALIZERS
ON EACH
REEVING
SYSTEM AT
RIGHT

Reeving

The following. reeving methods are commonly used on overhead
cranes. There are more extensive reeving methods as well as
special applications. Check your crane manual for the exact

reeving style and method for your crane.




(2) DO READ znd follow &ll instruction and warning information on
or atiached 10 a crzne.

(3) REMOVE the crzne from service and thoroughly inspect and
repair as necessary if unusual performance or visual defects
(such as peculiar noise, jerky oparations, or travel in improper
direction or obviously damzaged paris) are noticed.

(4) ESTABLISH 2 rzguler schedul2 of inspection and mainiain
recoids for gll cranss with specizl emiention given 1o hooks,
ropes, brakss end limit switches.

(5) CHECK operztion of brzkss for excessive drift
(6) CHECK cpereticn of imit switchas.

(7) CHECK ior czmaged hooks or ropss.

(8) KEEP wirz rocs cizen eand well lubriceted.
{9) CHECK the wirs rope or chain for impropsar ssating, twisting,
kinking, wwear cr other cdsiscts beiore opserating the crene

(10) CHECK 7or broken wires in wirs ropa. Twwelve randomly
distributad bioksn wirzs in one rops lzy or jour broken wires
in one strand in one rops lay are sufficient cause for
replacemans.

(11) MAKE SURE a lczad clears neighboring siock piles, machinery,
or other obsiructions when raising, lowering, or traveling the
load.

4]

- {12) CENTER <hs hock cver the Icad bsfore operzting.

(13) AVOID swinging of lozd or load hook when traveling the
crane.

(14) BE SURE 1~ d a:achﬂent 1s properly sezied in the bowl

e lc
of the hock. £zlance lcad prop=rly before handiing. MNever tip
Joad,

{15} PULLinz s zra*ghz lhe $0 that neither hoist body nor load
ropes are ang'ec zround an objact.

(16) MAKE SURE ycu 1zke uo slack slowlv.



The following are Do's and Don’'ts for szfe operation of overhead
cranes. Taking precedence over any specific rule listed here,
however, is th2 most imporiant rule of all, USE COMMON SENSE.
A few minutes spent reading these rules can make an operator
aware of dangerous przciices 10 avoid and precautions to take for
his own safety and the seiety 1o othars. Frequent examinations
and perijodic inspections of the equipmant as well 2s a conscien-
tious obsarvence cf sefsty rulss may seve lives 2s weil as tima
and money.

.

P S SR

(1) NEVER T or rznspom 2 iced until 2l personnel ars cizzr.

(2) DO NOT giiow zny uncuziifizsd osrsonnel 10 o22r2t2 crane.
(3) NEVER pizk v 2z ozc Ssyond the czpzcity e-pssring ca the
crane. Owsriczling czn D2 czussd Dy isrking 2s wail zs by

(4) NEVER czrry s2rsconrzl 0a3he hosk or the loed
(2) DO NOT opzrztz crene if you ars not shysiczily fit

(€) DO NOT crzreta cranz 10 sxirams limits of wire rope.

and &nd sio0.
{8) DO NOT zzmpar with eny cans of 172 crane.
{9) . NEVER us2 ihe crene rcoe es 3 sling.
__(_1__0)__90 NOT civart emzntion from load while operating crane.
(11) NEVER I2ave a2 suspenced load unztiendec. )

(12) DO NOT zzempt 1o repair damaged wire rope.

{(13) .DO NOT Lse rope as ground for welding. NEVER touch a
live welcing electrode 10 the cranme or rope.



o vethead md gantry cranes. - 1910179
..1910.179(m)(1)(it)
(m)(1)(i)

Wt

A number of broken outside wires and the degree of distribution or concentration of
such broken wires.

(m)(1)(i)

Worn outside wires.

(m)(1)(iv)

Corroded or broken wires at end connections.

(m)(1)(Vv)
Corroded, cracked, bent, worn, or improperly applied end connections.

(m)(1)(vi)

Severe kinking, crushing, cutting, or unstranding.

(m)(2)

Other ropes. All rope which has been idle for a period of a month or more due to
shutdown or storage of a crane on which it is installed shall be given a thorough
inspection before It is used. This inspection shall be for all types of deterioration and
shall be performed by an appointed person whose approval shall be required for further
use of the rope. A certification record shall be available for inspection which includes the
date of inspection, the signature of the person who performed the Inspectlon and ‘an
identifier for the rope which was inspected.

..1910.179(n)

(n)
Handling the load -

(n)(1)

Size of load. The crane shall not be loaded beyond its rated load except for test
purposes as provided in paragraph (k) of this section.

(n)(2)
Attaching the load.

(n)(2)(D)

The hoist chain or hoist rope shall be free from kinks or twists and shall not be wrapped
around the load.

http /www osha-ste.gov/OshStd _data 1910 0179 i

223,99 1143 AN
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(n)(2)(iD)

The load shall be attached to the load block hook by means of slings or other approved
devices.

(n)(2)(iil)
Care shall be taken to make certain that the sling clears all obstacles.

(n)(3)
Moving the load.

(n)(3)(D)

The load shall be well secured and properly balanced in the sling or lifting device before
it is lifted more than a few inches.

(n)(3)(i1) -
Before starting to hoist the following conditions shall be noted:

(n)(3)(i1)(a)
Hoist rope shall not be kinked.

(n)(3)(il)(b)
Multiple part lines shall not be twisted around each other.

(n)(3)(ii)(c)

The hook shall be brought over the load in such a manner as to prevent swinging.
..1910.279(n)(3)(iil)
(n)(3)(iin)

During hoisting care shall be taken that:

(n)(3)(iit)(a)

There is no sudden acceleration or deceleration of the moving load.

(n)(3)(iii)(b)

The load does not contact any obstructions.

(n)(3)(iv)

Cranes shall not be used for side pulls except when specifically authorized by a
responsible person who has determined that the stability of the crane is not thereby
endangered and that various parts of the crane will not be overstressed.

27399 11:43 AM
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(n)(3)(v)

While any employee is on the load or hook, there shall be no hoisting, lowering, or
traveling.

(n)(3)(v1)

The employer shall require that the operator avold carrying loads over people.

(n)(3)(vil)

The operator shall test the brakes each time a load approaching the rated load is
handled. The brakes shall be tested by raising the load a few inches and applying the
brakes.

(n)(3)(viii)

The load shall not be lowered below the point where less than two full wraps of rope
remain on the hoisting drum. :

..1910.179(n)(3)(ix)

(n)(3)(ix)

When two or more cranes are used to lift a load one qualified responsible person shall
be in charge of the operation. He shall analyze the operation and instruct all personnel
involved in the proper positioning, rigging of the load, and the movements to be made.

(n)(3)(x)

The employer shall insure that the operator does not leave his position at the controls
while the load is suspended.

(n)(3)(xi)

When starting the bridge and when the load or hook approaches near or over personnel,
the warning signal shall be sounded.

(n)(4)

Hoist limit switch.

(n)(4)(1)

At the beginning of each operator's shift, the upper limit switch of each hoist shall be
tried out under no load. Extreme care shall be exercised; the block shall be "inched"” into
the limit or run in at slow speed. If the switch does not operate properly, the appointed
person shall be immediately notified.

(n)(4)(i1)

The hoist limit switch which controls the upper limit of travel of the load block shall
never be used as an operating control.

“of 3l 2/23/99 11:43 AM
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(o)

Other requirements, general -

(0)(1)
Ladders.

(0)(2)()
The employer shall insure that hands are free from encumbrances while personnel are
using ladders.

..1910.179(0)(1)(il)
(o)(1)(it)

Articles which are too large to be carried in pockets or belts shall be lifted and lowered
by hand line.

(0)(2)
Cabs.

(0)(2)(i)

Necessary clothing and personal belongings shall be stored in such a manner as not to
interfere with access or operation.

(0)(2)(iD)

Tools, oil cans, wéste, extra fuses, and other necessary articles shall be stored in the
tool box, and shall not be permitted to lie loose in or about the cab.

(0)(3)

Fire extinguishers. The employer shall insure that operators are familiar with the
operation and care of fire extinguishers provided.

(39 FR 23502, June 27, 1974, as amended at 40 FR 27400, June 27, 1975; 49 FR 5322,
Feb. 10, 1984; 51 FR 34560, Sept. 29, 1986; 55 FR 32015, Aug. 6, 1990; 61 FR 9227,
March 7, 1996]

‘..QSHA&QHEI&DSJSIMM&;MEB);BMQMD&M
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NASA-STD-8719.9
May 9, 2002

rejection of the rope (see Wire Rope Users Manual for ad ditional information on
wire rope inspections):

(1) In running ropes, twelve randomly distributed broken wires in one
rope lay or four broken wires in one strand in one lay or one valley break.

(2) Individual outside wires with wear of 1/3 the original di ameter.

(3) Kinking, crushing, bird caging, or any other damage resulting in
distortion.

(4) Evidence of heat damage.

(5) End connectors that are cracked, deformed, or with evidence of
rope pullout.

(6) Corrosion (internal or extern al) that results in reduction of rope
diameter, or at end connectors.

2] Reductions of nominal diameter (m easured with a caliper or
go/no-go gage) of more than:

(a) 1/64 inch (0.4 mm) for diameters of rope up to 5/16 inch
(8.0 mm).

(b) 1/32 inch (0.8 mm) for diameters 3/8 inch (9.5 mm) to 1/2
inch (13.0 mm).

(c) 3/64 inch (1.2 mm) for diameters 9/16 inch (14.5 mm)
through 3/4 inch (19.0 mm).

(d) 1/16 inch (1.6 mm) for diameters 7/8 inch (22.0 mm)
- through 1-1/8 inches (29.0 mm).

(e) 3/32 inch (2.4 mm) for diameters greater than 1-1/8 inches
(29.0 mm).

d. If replaced, the new rope shall be proof load tested using the associated
crane proof load value.

4.6 Personnel Certification.

4.6.1 Program. Only certified (licensed) and trained operators shall be authorized to
use/operate cranes. A training, examination, and licensing program shall be established or
made available. For those NASA installations that do not have a training program, all crane
operators shall be trained and certified by a re cognized crane certification organization that
normally performs this function. The operator certification program will be reviewed at least
annually to assure that the contents, training material, testing, and examination elements are
up-to-date with current methods and techniques; and that any “lessons-learmned” are adequately
addressed. Riggers (see Section 10) and personnel performing NDT (see paragraph 1.9) shall

3
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be certified in their discipline. Training shall be provided to observers and flagme n. All
participants in the lifting operation shall have clearly defined roles and responsibilities.

4.6.2 Levels. Two levels of operator training and proficiency will be established.
Operations where critic al lifts are involved will require a more rigid operator certification program
than those operations that involve more routine lifts that do not involve critical hardware or

unique hazards.

a. Noncritical Lifts. The certification program for noncritical lift operators
shall include the following:

ey

(2)

)

Training

(a) Classroom training in s afety, lifting equipment emergency
procedures, general performance standards, re quirements, pre-
operational checks, and safety-related defects and symptoms (for
initial certification and as needed).

(b) Hands-on training (for initial certification and as needed).

{c) An annual review of the items in paragraph 4.6.2.a(1)
above. (This may be conducted informally by local supervisory
personnel.)

Examination

(a) Physical examination (criteria to be determined by the
cognizant medical official and should comply with ASME B30.2).

(b) Written examination.

(c) Operational demonstration ( for initial certification only).
(d) Proficiency examination for recertification.
Licensing/Operator Certification

(a) An organizational element shall be designated to issue
operator licenses/operator certification. Provisions shall be made
to revoke licenses for negligence, violations of safety
requirements, or failure to meet medical standards. Provisions
shall be made for periodic checks of operators to verify they have
licenses in their possession. The licenses shall indicate the type
of crane the holder is qualified to operate. Alternately, the
organizational element may elect to maintain a master list of
licensed operators instead of issuing individual licenses, providing
copies of the list are readily available to assurance and
supervisory personnel at the work site.

(b) Renewal of all licenses shall require demonstration of
proficiency or approval of supervision that proficiency is adequate
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and current. Licenses or certifications will expire at least every 4
years. Renewal procedures will be established by each licensing
organization but, as a minimum, will include items in paragraphs

4.6.2.a.(1) and 4.6.2.a.(2).

b. Critical Lifts. Besides the training, examination, licensing, and renewal
requirements for noncritical lifts, operators that are being certified to perform
critical lifts must be trained in the specific hazards and special procedures
associated with the lift. Operators also must demonstrate proficiency a nd
operating finesse with the crane using a test load as appropriate for the initial
certification or alternately be directly s upervised by a certified operator during the
first initial lifting period. The licenses will indicate specific cranes for which the
operator is certified.

QOperations. Cranes shall be operated according to this section, the

manufacturers' recommendations, and ASME B30.2. The following practices shall be followed
for crane operations:

a. General operating procedures describing crane o peration, emergency
steps, communication requirements, and special requirements including
checklists and inspection requirements shall be prepared, approved, and
followed for each crane. There must be a formal system for review, approval,
and update to maintain valid operating procedures. Emergency procedures shall
be developed for conting ency actions such as power loss, brake failure, or other
emergencies (also, see paragraph 1.5.1.c).

b. Operations shall be analyzed for hazards. The analysis shall consider the
environment in which the operation occurs, hazards associated with crane
maintenance, and, in general, a safety analysis of the equipment, facility, load,
human factors, and interf aces as a whole in support of the lifting operation .

c. Methods and procedur es shall be developed for lowering a load i n the
event of crane failure or other contingencies. These should be demonstrated

and verified if practical.

d. A crane shall not be loaded beyond its rated load (capacity) except for
required testing.

e. Cranes shall not be used to load test items such as slings, platforms, or
lifting fixtures unless specifically identified to do so based on a specified
percentage of rated load, and a safety analysis approved by the LDEM and. the
responsible safety, engineering, ope rations, and maintenance organizations.
Test procedures shall be approved by the responsibl e safety, engineering,
operations, and maintenance organizati ons. This is to ensure that the crane is
not damaged due to sudden unloading should th e test article fail. Appendix D,
crane/hoist requirements to load test other lifting equipment, shall be followed.

f. Cranes shall not be used for side pulls unless specifically designed to do
s0.
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g. There shall be a system for documenting crane problems/discrepancies.
Prior to an operation, the operator shall review any previously noted
problems/discrepancie s to determine possible impact on planned activity.

h. The operator shall ensure that the crane is within inspection and testing
intervals by examination of the periodic recertification test tags and/or
documentation. The op erator shall adhere to all tags placed on the crane
controls.

i Before each lift or series of lifts, the operator shall perform a pre-
operational check to demonstrate operational re adiness. If controls do not
operate properly, the operator is responsibl e for notifying the supervisor. Repairs
and adjustments shall be made before operations begin.

J- The operator shall establish safety zones before initiating operations.
Safety zones should have appropriate barriers (rope, cones, or other) established
prior to lift. Personnel on the crane should be minimized during crane
movement. Any personnel on the crane shall be made aware of and avoid pinch

points at their respective location.

k. Before each lift or series of lifts, the operator shall functionally test proper
operation of the upper limit switch with no load on the hook. Upper limi: switches
shall not be used as operating controls.

I Before starting to hoist, the following conditions shall be noted: the hoist
rope shall not be kinked, multiple part ropes shall not be twisted around each
other, and the hook shall be centered over the load in such a manner as to
prevent swinging or side pulls.

m. The operator shall know the weight of the working load. When raising
loads that approach 75% of the rated capacity of the crane, the operator shall
test the holding brakes. The brakes shall be tested by raising the load minimally
above the surface and holding the load with the brake. The load shoul d be held

long enough to allow any dynamics to dampen out.

n. If radio communications are to be used, operator s and/or lift supervisors
shall test the communication system prior to each operation. Operations shall
stop immediately upon communication loss and shall not continue until
communication is restored.

o. If hand signals are required, only standard signals s hall be used
according to Appendix B. Hand signals shall be posted in a conspicuous
location.

p. Crane crew emergency egress routes should be verified to be free of
obstructions prior to hazardous operations. The availability of crane crew
protective equipment should be verifi ed prior to hazardous operations.

q. If there is a slack rope condition, it shall be determined that the rope is
properly seated on the drum and in the sheaves before starting the hoist.

34
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r. During hoisting, care shall be taken that there is no sudden acceleration
or deceleration of the moving load and that the lo ad does not contact any
obstructions.

S. Loads shall be secured, balanced, and controlled with proper slings. The
use of tag lines to keep the load stabilized shall be required whenever load
swinging is anticipated to be a viable hazard. Tag line personnel s hall take care
not to impart undesirable motion to the load.

t. Person(s) shall not ride the hook or load at anytime. If conventi onal
means of reaching a wo rksite such as an aerial platform, ladder, stairs, or
scaffold would be more hazardous or not possible because of structural design or
worksite conditions, 29 CFR 1926.550 and A SME B30.23 shall be followed for
lifting of personnel with a crane, which is considered a critical lift (see Appendix
C).

u. Personnel shall not be located under suspended or moving loads unless
the operation adheres to the OSH A-approved NAS A Alternate Standard for
Suspended Load Operations (see A ppendix A).

v. The load shall not be lowered below the point where less than two full
wraps of rope remain on the hoist drum.

w. A responsible person shall be in charge of the operation and shall instruct
all personnel involved in the proper positioning, rigging, and moving to be done.

X. An operator shall be at the crane controls at all times while a load is
suspended (OSHA requirement). Due to the length of some NAS A operations,
an operator change may be required while a load is suspended. This shall be
accomplished via a procedure designed for the specific crane and operation,
ensuring that the crane controls are manned at all times.

y. ~ Hands shall be free fram encumbrances while personnel are using crane
ladders. Articles that are too large to be carried in pockets or belts shall be lifted
and lowered by handline.

z. Necessary clothing and personal belongings in crane cab shall be stored
so as not to interfere with access or operations. Tools, oil can, waste, extra
fuses, and other necessary articles shall be stored properly and shall not be
permitted to lie loos e in the cab or on the crane. Operators shall be familiar with
the operation and care of the fire extinguisher provided.

aa. Crane crew discipline shall be maintained at all times during a crane
operation. There shall be no eating, drinking, or rowdiness during crane
operation.

ab.  Outdoor hoisting operations should not commence if winds are above 20
knots (23 mph, 37 km/hr) steady state or if gusts exceed 35 knots (40 mph, 65
km/hr). Consideration shall also be given to sail area and weather conditions
such as lightning or snow before commencing o perations.

35



NASA-STD-8719.9
May 9, 2002

ac. A carbon dioxide, dry chemical, or equivalent fire extinguis her shall be
kept in the cab or in the immed iately available vicinity of the crane.

ad. Wire rope should be used in accordance with the Wire Rope Users
Manual.

4.8 Special Criteria.
4.8.1 Handling Explosives or Electro-Explosive Devices {EED's). Special precautions

shall be taken while handling explosives or EED's.

a. DOT-packaged explosi ves shall be handled in accordance with approved
hazardous operating procedures. Barricades and warning signs shall be erected
to control access.

b. Explosives and EED's that are not within DOT-approved containers shall
be handied in accordance with approved hazardous oper ations procedures. In
addition to system configuration controls, these procedures shall ensure the
following requirements are met:

(1) Voltage checks on crane hooks that will handle explosives or
EED's shall be performed prior to the start of operations; all crane
motions shall be checked.

(2) For static sensitive systems, the crane hook shall be connected to
facility ground before connecting to explosives or EED's. Electrical
grounding of the hook and load shall be accomplished prior to lifting
operations. If a ground connection must be dis connected to facilitate
operations, an alternate ground should be connected prior to
disconnecting the existing ground. The final attachment/detachment must
be at least 10 feet (3 m) from exposed propellant grain, explosives, or
EED's.

(3) The danger potential for radio transmissions near explosives shall
be evaluated prior to th e operation.

4) Personnel limits, protective clothing, warning signs and barricades
shall be used as required.

(5) Safety surveillance requirements shall be followed.
4.8.2 Policy shall be developed and enforced for cra ne operation during electrical
storms. Operations are generally permitted without restrict ion within enclosed metal or fram ed

buildings that are properly grounded. Restrictions are necessary for outside operatio ns or for
those that cannot tolerat e power failure/loss.

5. MOBILE CRANES AND DERRICKS

5.1 General. This section establishes minimum standards for the design, testing,
inspection,maintenance, personnel certification, and operation of mobile cranes and derricks.
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PREFACE
P.1  PURPOSE

The purpose of this GPR is to define the process, requirements, and responsibilities for conducting safe
lifting operations at Goddard Space Flight Center (GSFC).

P.2  APPLICABILITY

a. This directive is applicable to all operations associated with Lifting Devices and Equipment (LDE),
including rented or leased LDE and LDE provided by on-site Support Services Contractors to the
extent provided in their contracts, at Greenbelt, Wallops Flight Facility (WFF), and other areas under
GSFC cognizance unless specifically excluded by this directive. It also applies to institutional lifts
and manual lifts.

b. This directive does not apply to tenants and their contract personnel operating in facilities
exclusively used for non-NASA operations and controlled by the tenant under a Center-level
agreement provided NASA personnel are not placed at risk.

c. When invoked as a contractual requirement by the applicable project, this directive is applicable to
the extent specified in the contract for off-site contractor installations supporting GSFC activities.

d. Lifting operations under privatization clauses shall be subjected to the provisions of this directive to
the extent provided by the contract, and the requirements shall be clearly specified therein.

e. The responsible Contracting Officer and the Project Manager shall apply requirements of this
directive to any contractor, tenant, or customer if non-NASA lifting operations place NASA
personnel, facilities, or equipment at risk.
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f. This directive does not apply to contractor lifting operations using contractor-provided LDE which
are exclusively associated with facility construction activities where the activities take place
exclusively within an area to which access by the general population of NASA employees is
excluded.

P.3 AUTHORITY
NASA-STD-8719.9, Standard for Lifting Devices and Equipment
P.4 REFERENCES

NPR 8715.3, NASA General Safety Program Requirements

GPR 1400.1 Waiver Processing

GPR 1410.2, Configuration Management

GPR 5330.1, Product Processing, Inspection and Test

GPR 8621.1, Reporting of Mishaps and Close Calls

GPR 8719.1, Certification and Recertification of Lifting Devices and Equipment

GSFC WM-001, Workmanship Manual for Electrostatic Discharge (ESD) Control

GSFC Form 23-60, Task Safety Analysis Worksheet

NASA-STD-8719.9, Standard for Lifting Devices and Equipment

Department of Health and Human Services (DHHS)/National Institute for Occupational Safety and
Health (NIOSH) Publication No. 94-110, Applications Manual for the Revised NIOSH Lifting
Equation

k. OSHA 1910.135 (a)(1), Head Protection

I. ASME B30.23, Personnel Lifting Systems

—mSQ@ oo o0 oTe

P.5 CANCELLATION

GPR 8834.1A, Lifting Operations Requirements

P6  SAFETY

Safety requirements are described throughout this GPR.

P.7  TRAINING

Supervisors shall ensure that:

a. Personnel involved in manual lifts are trained or briefed on proper lifting techniques;

b. All individuals designated to participate in a lifting operation are qualified to perform their role
safely and effectively, based on training, prior experience, and physical ability to do the operation.

This includes designated observers, safety representatives, LDE operators, communicators, and all
other participants; and
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c. LDE Operators are trained and certified in accordance with GPR 8719.1 for the type of lifting
operations required, and that training and certifications are current.

P.8 RECORDS

Record Title Record Custodian Retention
Critical Lift Procedure(s) Project Office * NRRS 8/103: Temporary.

Destroy/delete between 5 and 30
years after program/project

termination.
Completed checklists Project Office * NRRS 8/103
Stress/Stability Analyses Project Office * NRRS 8/103
Variances/Waivers Project Office * NRRS 8/103
User documents (e.g., technical | Project Office * NRRS 8/103

interface information, analyses,
problem records, and other
relevant lift-specific
information

Audit results (see P.9 Metrics) | Applicable Safety Office * NRRS 8/103
and corrective actions

RECERT follow-up actionsto | RECERT * NRRS 8/103
metrics

*NRRS — NASA Records Retention Schedules (NPR 1441.1)

Contractors generating records as required by this procedure shall retain the records and turn them over
to NASA as specified in the contract.

P9 METRICS

Safety organizations shall, on an annual basis, audit an appropriate number of executed lift
procedures (and associated documentation) of different projects and activities under their
cognizance for compliance with this Directive. Each applicable safety office shall determine which
procedures to audit, such that the audit results will, in their judgment, give good representation of
typical lift activities. Audit results shall be analyzed by the safety organization for continual
improvement. Corrective actions shall be implemented by the affected project/organization, and
tracked to closure by the safety organization. Audit results shall be submitted to the Recertification
Program (RECERT) Manager for appropriate follow up actions, such as trend analysis, lessons
learned dissemination, and directive revision.

P.10 DEFINITIONS
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Most of the terms used in this directive are defined in NPR 8715.3, NASA-STD-8719.9, and GPR
8719.1. Those that are unique or essential to this directive are listed below.

a.

Certified — An individual who has documented evidence that he/she has completed required training,
and has specific knowledge or proficiency in a skill that has been demonstrated, documented, and
approved by an accepted authority. Certification expires after a specified time period and must be
renewed to remain current. Certification, in the context of this GPR, requires approval by the
RECERT Manager.

Critical Hardware — Hardware whose loss would have serious programmatic or institutional impact,
and has been identified by the directorate, or project as being critical.

Critical Lift Coordinator (CLC) — An individual who is assigned to direct and give instructions to the
crane operator during critical crane operations due to specific project requirements, and who has
obtained the necessary training and is certified by the RECERT Manager. The CLC is an optional
position, used only when a project desires to have its own lifting expert. The role of the CLC shall
be specified in the Critical Lift Procedure.

Critical Lift Procedure — A specific step-by-step procedure to be followed by the lift team to perform
a Critical Lift operation. The procedure also defines the roles and responsibilities of all lift team
members, and pertinent items to be verified prior to the lift. See Section 3.3.

Customer — A non-NASA, government or private sector entity or organization that owns, sponsors,
or otherwise champions a project brought onto GSFC property by a current NASA contractor
exercising a contractual provision permitting such an arrangement for the purposes of utilizing
NASA facilities and/or test equipment on a lease or rental basis.

Flight Hardware — Hardware designed and fabricated for ultimate use in a vehicle intended to fly.

Hazardous Operating Procedures (HOP) — Detailed, documented procedures listing step-by-step
functions or tasks to be performed on a system or equipment to ensure safe and efficient operations.
A HOP may address such topics as special precautions, start and stop times or conditions, necessary
sequences of steps, approving official(s), etc.

Institutional Lift — A lift performed as part of the day-to-day operations of the Center, such as lifting
a section of pipe or moving a pallet of office supplies. It is not a manual lift, although a manual lift

may be included as part of an institutional lift. NOTE: an Institutional Lift can also be classified as

“critical,” depending on the hardware involved.

LDE Certification — The documented status of LDE that a set of requirements have been and
continues to be met. As used in this GPR, certification and recertification is a process performed by
the RECERT Manager that leads to the initial, or continuation of, certification that LDE is safe to
use within specific certification parameters, and includes, but is not limited to, LDE compliance and
documentation reviews, tests, inspections, nondestructive testing, and analyses.
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j. LDE Operator Certification — The documented status of LDE operators validating that they are
trained and qualified in accordance with NASA-STD-8719.9 and GPR 8719.1, and certified by the
RECERT Manager at Greenbelt or the Deputy RECERT Manager at Wallops.

k. Lift Analysis — Analysis performed to determine the maximum load the LDE is expected to
experience during the worst case lift.

I. Lift Categories — The category of lifting operations determines the number and qualifications of
personnel involved, documentation requirements, and safety requirements. The following categories
of lifts are addressed:

(1) Critical Lift — A lift where failure/loss of control could result in loss of life, loss of or damage to
critical hardware, or other items such as spacecraft, one-of-a-kind articles, or major facility
components whose loss would have serious programmatic or institutional impact. Operations
involving the lifting of personnel with a crane, and lifts where personnel are required to work
under a suspended load, shall always be defined as critical lifts (see NASA-STD-8719.9).
Operations with special personnel and equipment safety concerns beyond normal lifting hazards
shall also be designated as critical. See Appendix C for a “Process for Lifting Category
Determination.”

(2) Non-Critical Lift — A lift involving routine lifting operations governed by standard industry
rules and practices except as supplemented with unique NASA testing, operations, maintenance,
inspection, and personnel licensing requirements contained in NASA-STD-8719.9 and this
directive.

m. Lifting Devices and Equipment (LDE) — The collective term that includes both Lifting Devices (LD)
and Lifting Equipment (LE). LDs are machines such as overhead and gantry cranes (including top
running, monorail, underhung, and jib cranes), mobile cranes, derricks, gantries, hoists, winches,
special hoist-supported personnel lifting devices, Hydra Sets, mobile aerial platforms, powered
industrial trucks, and jacks. LE includes the slings and sling assemblies, strongbacks, shackles, load-
measuring devices, and hardware components used to attach the load(s) to the lifting device(s).

n. Manual Lift — A lift where a person lifts, holds, and/or moves an item.

0. Mechanical Lift — A lift that employs the use of equipment (e.g., crane, chain fall, fork lift, etc.) to
raise, lower, or move loads.

p. Off Load Operation with Constraints (OLOC) — A handling operation where LDE is used to relieve a
portion of the weight of a constrained load, i.e., a piece of hardware or an item to be lifted, due to the
impossibility of safe blocking or support of the load from the ground or floor. An example would be
off-loading the weight of a piece of hardware attached to a handling/holding fixture (i.e.,
constrained) prior to releasing the attachment fasteners. See Section 2.6, Special Requirements for
OLOC.
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w.

X.

Person in Charge (PIC) — The individual designated by the Lifting Service User to be in charge of the
operation. .

Personal Protective Equipment PPE) — Safety equipment such as hard hats, goggles, steel-toed shoes,
etc.

Pre-lift Briefing — A briefing of involved personnel held prior to the commencement of a critical lift
or other designated lift.

RECERT — An established GSFC process that provides certification and recertification expertise,
management, and oversight for lifting devices and equipment at GSFC or by GSFC contractors (see
P.2). The RECERT manager has overall responsibility for RECERT functions. The processes of
certification/recertification of LDE and operators are described in GPR 8719.1.

Rigger — An individual who selects and attaches lifting equipment to an item to be lifted. At GSFC,
a rigger is a certified LDE operator.

Safety Representative — An individual who is selected to make judgments concerning personnel,
equipment, or systems safety. The safety representative shall be qualified on the basis of a
certificate, professional standing, and/or demonstrated competence in the types of lifts they take part
in. The Safety Representative shall be selected by mutual agreement of the Lifting Service Provider
(LSP) and User, who together determine the necessary qualifications for the assigned task. The
applicable safety organization (Safety and Environmental Division, Systems Reliability and Safety
Office, or the Wallops Safety Office) shall concur with or deny the selected Safety Representative.

Tenant — A non-NASA entity or organization that has obtained GSFC’s permission to reside on
Center. The entity or organization has total control of, and responsibility for, its own operations and
activities within the agreed-upon boundaries, as long as NASA personnel or property are not put at
risk.

Waiver/Variance — Written authorization to depart from a specific requirement.

P.11 ACRONYMS

ASME American Society of Mechanical Engineers
CLC Critical Lift Coordinator

CG Center of Gravity

CMS Constant Micro Speed

DHHS Department of Health and Human Services
DOT Department of Transportation

EED Electro-Explosive Device

ESD Electrostatic Discharge

FOM Facility Operations Manager
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GSFC Goddard Space Flight Center

HOP Hazardous Operating Procedures

LD Lifting Device

LDE Lifting Devices and Equipment

LE Lifting Equipment

LSP Lifting Service Provider

NIOSH National Institute for Occupational Safety and Health
OEM Original Equipment Manufacturer

oLocC Off Load Operation with Constraints
OSHA Occupational Safety and Health Administration

PIC Person In Charge

PPE Personal Protective Equipment
QA Quality Assurance

RECERT  Recertification Program

SWL Safe Working Load

WFF Wallops Flight Facility

WOA Work Order Authorization
PROCEDURES

In this document, a requirement is identified by “shall,” a good practice by “should,” permission by
“may” or “can,” expectation by “will” and descriptive material by “is.”

This directive establishes GSFC requirements for lifting operations. It complements NASA-STD-
8719.9 to ensure the safety of all personnel and equipment involved in lifting operations at all levels of
complexity.

For use at a contractor’s facility, the requirements of this directive may be tailored and reissued as a
project document and controlled in accordance with GPR 1410.2, and invoked in the applicable
contract(s).

1.0 RESPONSIBILITIES
1.1 Lifting Service Provider (LSP)

The LSP is the organization that provides a lifting service to a user, and is usually the owner/operator of
the facility where the lift service is performed. The LSP may provide their own LDE and/or operators,
or task supporting organizations or contractors to provide LDE and/or operators. The LSP shall be
responsible for the following:

a. Verifying that LDE operators and supporting personnel are properly designated, authorized, trained,
and certified (see GPR 8719.1) at the time lifting operations are performed;

b. Verifying that lift procedures and checklists, when needed (see Section 3.1), are available and
understood for lifting operations;
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c. Verifying that deficient LDE or other lifting equipment that is removed from service is locked out or
tagged out-of-service, and that RECERT is promptly notified;

d. Coordinating outages for load testing and inspections of lifting devices with RECERT to minimize
conflicts with ongoing operations;

e. Providing lifting devices and/or lifting equipment, when requested by the Lifting Service User,
appropriate for the lifting operation, i.e., certified for critical (and non-critical) lifts, or certified for
non-critical lifts only;

f. Notifying the Facility Operations Manager (FOM) of any operations that may have unusual hazards
or safety implications (see 1.11); and

g. Safe conduct of all lifting operations.

For Critical Lifts, the LSP shall also:

h. Provide expert advice and assistance on lifting operations;

i. Support the User in developing the Critical Lift Procedure(s) for User equipment;

J.  Support the User in developing variance requests, when required;

k. Verify that all required LDE and associated tools are available, in correct operating condition, and
certified as required,

I.  Review and verify lift and critical lift procedures with the User prior to the lift operation; and

m. Certify, to the User, that all above requirements have been met prior to the lift operation.

1.2 Lifting Service User

The Lifting Service User (hereinafter referred to as “User™) is the Program or Project Manager or their
Representative that is the owner of the hardware being lifted or handled. The User is ultimately
responsible for their hardware, and therefore has key responsibilities in the lifting operations. Users
shall coordinate closely with the LSP for the conduct of lifting operations that affect their hardware.

Many Users are flight projects that use special lifting devices or fixtures and require specialized
engineering support. They may provide their own lifting equipment and/or operators, or task supporting
organizations or contractors to provide equipment and/or operators.

Users shall be responsible for the following for all lifting operations of their hardware:

a. Providing input to the RECERT Manager to identify the category of lifts for their hardware, i.e.,
critical or non-critical, so that compliance requirements for lifting operations can be established.
Appendix C “Process for Lifting Category Determination” shall be used for this determination and
input shall be obtained from the LSP, the applicable safety organization(s), and facility personnel (if
appropriate);

b. Selecting LDE for a lift based upon the maximum load it would experience in the worst case
scenario during the lift;

c. Developing or verifying availability of lifting procedures and HOPs that address the safety of their
personnel and hardware (see Section 3.1). For lifting or handling equipment not covered by NASA-
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STD-8719.9, consult and follow the equipment manufacturers’ recommendations with documented
concurrence from the applicable safety representative;

d. Designating a Person In Charge with the responsibilities described in 1.4 below;

e. Developing and approving Critical Lift Procedure(s) prior to beginning lift operations, and
concurring with changes during the lift;

f. Verifying that the LSP’s LDE and operators have current certifications as required by GPR 8719.1
for the type of lifting operations required;

g. Verifying that all applicable safety analyses (e.g., stability analysis, lift analysis, etc.) or assessments
are completed and are sufficient per the requirements of NASA-STD-8719.9, and that lift points are
above the established Center of Gravity (CG);

h. Initiating a Waiver/Variance request if any NASA or GSFC safety requirements are not met, in
accordance with NPR 8715.3 or GPR 1400.1 as applicable;

i. Providing engineering support as needed by the LSP for User hardware;

j. Providing for appropriate Safety Representative support as described in Section 1.5;

k. Providing Work Order Authorization(s) (WOAS) as required by GPR 5330.1;

I. Notifying the FOM of any operations that may have unusual hazards or safety implications (see
1.11);

m. Stopping lifting operations in the event of an actual or reported failure or unsafe condition;

n. Providing concurrence to resume operations once failures or unsafe conditions are corrected,;

0. Determining the applicability of NASA-STD-8719.9 and this procedure to off-site contractors, and
ensure that sufficient requirements are invoked in the contracts; and

p. The safe conduct of all lifting operations.

1.3 Person In Charge (PIC)

The PIC shall take overall responsibility for the conduct of the lifting operation. The PIC shall be from
the User organization or the LSP, and may be an I&T Manager, Lead Engineer, LDE Operator, the
Rigger, a Critical Lift Coordinator (CLC), supervisor, or any other individual selected and specified in
the critical lift or other applicable procedure. The PIC shall:

Verify that all involved parties meet the lift requirements;

Verify that all tools and equipment are adequate for the lift requirements;

Fill out Appendix C “Process for Lifting Category Determination”;

For any critical lift, or for any lift determined by the LSP or User to need a pre-lift briefing and walk-

through, conduct a pre-lift briefing/walk-through with all required participants. See Section 2.3;

e. Verify that adequate communications and direction are available, particularly for the LDE
operator(s); and

f.  Manage the lifting operation.

o0 oTw

1.4  Safety Representative(s)
The qualified safety representative(s) shall be responsible for the following:

a. Maintaining qualification in terms of competence, experience, training, etc.;
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b. Verifying that all applicable safety analyses or assessments are completed in accordance with
requirements of NASA-STD-8719.9;

c. Advising all personnel involved in the lifting operations of any additional hazard(s) and appropriate
methods of hazard control prior to and throughout the entire lifting operation;

d. Verifying that Incident/Mishap Reports are initiated and submitted in accordance with this document
and the requirements of GPR 8621.1;

e. Providing input to the User organization to identify the lifting operations as critical or non-critical,

f. Reviewing and approving all critical lift procedures, HOPs, and WOAs pertaining to critical lifting
operations;

g. Ensuring appropriate hazard controls have been addressed in the HOPs and/or WOASs;

h. Ensuring that the lifting operation adheres to this directive and all applicable NASA, Occupational
Safety and Health Administration (OSHA), and processing facility safety regulations (where
appropriate);

i. Providing concurrence to proceed with a hazardous lifting operation and, upon completion,
concurrence to open the controlled area and resume normal operations; and

j.  Reviewing and concurring with/denying project-initiated safety waiver/variance requests (see NPR
8715.3 or GPR 1400.1) prior to submittal to the RECERT Manager.

1.5  Lift Team Members

Lift team members shall:

Participate in Pre-Lift Briefings as described in Section 2.3;

Understand their roles and the roles of other lift team members for a given operation;

Ensure that they fully understand all applicable procedures and safety requirements; and
Wear the appropriate Personal Protective Equipment (PPE).

o0 oW

1.6 Office of System Safety and Mission Assurance at Greenbelt and the Safety Office at
Wallops

The Office of System Safety and Mission Assurance at Greenbelt and the Safety Office at Wallops shall:

a. Audit executed lift procedures and associated documentation as specified in Section P.9;
b. Concur with/deny Waiver/Variance requests submitted; and
c. Concur with/deny selected Safety Representative.

1.7  Safety and Environmental Division at Greenbelt and the Safety Office at Wallops
The Safety and Environmental Division at Greenbelt and the Safety Office at Wallops shall:

a. Provide oversight for Center industrial or institutional lifting operations for compliance with GSFC,
NASA, and OSHA requirements;

b. Monitor compliance of institutional lifting operations and operators to the requirements herein;

c. Monitor compliance to institutional safety requirements;
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d. Audit executed lift procedures and associated documentation as specified in Section P.9;
e. Concur with/deny Waiver/Variance requests submitted; and
f. Concur with/deny selected Safety Representative.

18 RECERT Manager

The RECERT Manager shall, in addition to the responsibilities described in GPR 8719.1, be responsible
for:

a. All RECERT functions described herein;

b. Reviewing results of executed lift procedure audits by the safety offices, and implementing
appropriate follow-up actions as required by Section P.9;

c. Reviewing and concurring or denying safety waiver/variance requests prior to the originator’s
submittal to other appropriate authorities and Center Director for approval; and

d. Receiving input from facility, program, user, and safety assurance personnel regarding the lifting
operation to identify the category of a lift as either critical or non-critical.

19 Deputy RECERT Manager.

The Deputy RECERT Manager shall serve as the RECERT Manager’s alternate and represent the
RECERT Manager at WFF for day-to-day operations by performing the duties in Section 1.9.

1.10 Building Facility Operations Manager (FOM).

FOMs are responsible for notifying building occupants of potential safety hazards in and around
facilities under their cognizance. When notified by the LSP or User of a lifting operation with unusual
hazards or safety implications (i.e., potential to affect occupants beyond the immediate lift area), he/she
shall review the proposed lifting operation(s) and concur prior to commencing the lifting operation(s).
1.11 Certified Critical Lift Coordinator (CLC).

CLCs shall be responsible for:

a. Maintaining a current certification as required by GPR 8719.1;

b. Coordinating the preparation and execution of the lift(s) with the PIC; and

c. When indicated in the Critical Lift Procedure, directing and commanding the lifting operation for
their organization’s hardware.

2.0 REQUIREMENTS
2.1 General Requirements for All Lifting Operations

2.1.1  Prior to any lifting operation:
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a. The LDE operator shall:

(1) Inspect all LDE in accordance with NASA-STD-8719.9, manufacturers recommendations, and
GSFC procedures;

(2) Verify appropriate PPE (e.g., hard hats, eye protection, etc.) are available and used properly; and

(3) Verify the load’s weight and the location of the CG.

b. The PIC shall:

(1) Analyze the lift for all unmitigated hazards, including lift stability. For non-hazardous
mechanical lifts, a Job Hazards Analysis or checklist may be used to document hazards in lieu of
a lift stability analysis; GSFC Form 23-60 may be used to satisfy this requirement. For routine
hazardous lifts, a one-time analysis can be done where risk mitigation controls are written into a
standard procedure for the operation;

(2) Verify that the operational requirements for the type of lifting devices and/or equipment being
used comply with NASA-STD-8719.9;

(3) Verify that all LDE are certified as described in GPR 8719.1 for the category of lift to be
performed; and

(4) Verify that all operators and riggers involved in the lift are certified for the category of lift to be
performed.

2.1.2  Suspended load operations

Suspended load operations, as defined in NASA-STD-8719.9, are discouraged at GSFC. However, if a
suspended load operation cannot be avoided, the operation shall comply with NASA-STD-8719.9,
Appendix A, “NASA Alternate Standard for Suspended Load Operations.” Prior to any suspended load
operation, the User shall prepare analysis documentation of the operation (see NASA-STD-8719.9) and
submit it to the RECERT Manager for concurrence. The RECERT Manager shall, in turn, consult with
the NASA HQ Office of Safety and Mission Assurance per HQ requirements.

2.1.3 Loads Containing Components Sensitive to Electrostatic Discharge (ESD)

The User shall be responsible for ESD protection of the load. The User shall address and coordinate
ESD protection with the LSP to ensure that the ESD requirements of the load are fully understood and
protective measures are taken. If special handling requirements are needed to ensure ESD protection,
they shall be addressed in documented procedures (see Section 3.1). Procedures shall address and
comply with the requirements of NASA-STD-8719.9 and GSFC WM-001.

2.1.4 Loads Containing Explosives or Electro-Explosive Devices (EEDs)

The User shall be responsible for all lifting operations involving loads containing explosives or EEDs.
Such lifts shall be classified as critical unless a documented risk assessment is performed that indicates
otherwise and is concurred by responsible user management and the applicable safety representative. If
it is indicated as non-critical, it shall be classified as hazardous.

CHECK THE GSFC DIRECTIVES MANAGEMENT SYSTEM AT
http://gdms.gsfc.nasa.gov/gdmsnew/home.jsp TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.
GSFC 3-17 (10/04)




DIRECTIVE NO. GPR 8834.1B Page 14 of 25
EFFECTIVE DATE: September 29, 2009
EXPIRATION DATE: September 29, 2014

2.1.5 Loads Containing Pressurized Containers

The User shall be responsible for all lifting operations involving loads containing pressurized containers
which do not conform to the Department of Transportation (DOT) or the American Society of
Mechanical Engineers (ASME) requirements. Such lifts shall be classified as critical unless a
documented risk assessment is performed that indicates otherwise and is concurred to by responsible
user management and the applicable safety representative. If it is indicated as non-critical and the
pressure containers do not conform to DOT or ASME requirements, it shall be classified as hazardous.

2.1.6 Loads Containing Hazardous Materials

The User shall be responsible for all lifting operations involving loads containing hazardous materials
which are contained in containers which do not conform to DOT or ASME requirements or the
hazardous material has been removed from the Original Equipment Manufacturer’s (OEM) packaging.
Such lifts shall be classified as critical unless a documented risk assessment is performed that indicates
otherwise and is concurred to by responsible user management and the applicable safety representative.
If it is indicated as non-critical and the containers do not conform to DOT or ASME requirements, or if
the hazardous material has been removed from the OEM packaging, it shall be classified as hazardous.

2.1.7 Hazardous Lifting Operations

The User shall be responsible for all hazardous lifting operations. Hazardous lifting operations shall be
conducted in accordance with the requirements of sections 3.8 and 7.4 of NPR 8715.3A.

2.1.9 Use of Hard Hats

In accordance with OSHA 1910.135 (a)(1), hard hats shall be worn when working in areas where there is
a potential for injury to the head from falling objects. However, the use of hard hats may introduce risk
of damage to the load from contact with a hard hat. The PIC shall examine each situation and ensure
steps (e.g., chin straps or tethering) are taken to mitigate the risk.

2.2  Special Requirements for Critical Lifts

The requirements for critical lifts detailed in NASA-STD 8719.9 shall be followed in their entirety and
Appendix C “Process for Lifting Category Determination” shall have been completed. The following
specific requirements apply, whether the critical lift is project equipment or otherwise:

a. Prior to any critical lifting operations, the PIC shall:
1) Verify that the LE is certified per GPR 8719.1 for critical lifts.
2) Verify the weight and CG location to ensure that the payload maintains stability during the lift.
3) Verify that the Critical Lift Procedures, including any required waivers/variances, are complete
and approved as described in Section 3 herein.
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4) Perform a pre-lift briefing (see Section 2.3 of the lift team) including the User’s designated
representatives, Safety Representatives, and others as appropriate to review the planned lifting
operation.

b. The lifting procedure shall contain a tabulation of LDE, including slings, hoist rings, shackles,
turnbuckles, spreader bars, lifting assemblies, Hydra Set, load-measuring devices, and any other
hardware components used in the lifting operation. The following information shall be provided for
each item attached in the load line: safe working load (SWL), expiration date, and RECERT control
number;

c. Videotaping of the Critical Lift shall be the User’s responsibility. Videotaping is encouraged but
not mandatory;

d. Asingle person (NASA or contractor) shall be designated as responsible for the safety of the
operation. This shall be the Safety Representative described in Section 1.5;

e. A Critical Lift shall not commence unless all team members required by the Critical Lift Procedure
are present, on station, and have received the pre-lift briefing;

f.  When so designated in the Critical Lift Procedure, CLCs shall be responsible for directing and
giving commands to the LDE Operator during a lifting operation and;

(1) The CLC shall instruct all personnel involved in the proper preparation, lifting, and final
positioning to be achieved, as a part of the pre-lift briefing.

(2) Coordination for directing the lifting operation shall be delineated in the Critical Lift Procedure
and emphasized in the pre-lift briefing.

(3) Any transfer of responsibility for directing the lifting operation (e.g., from CLC to the
rigger/crane operator or vice versa) shall be identified in the Critical Lift Procedure and
emphasized in the pre-lift briefing.

(4) A CLC shall not perform rigging activities or hands-on operation of lifting devices.

Appendix A of this directive is a sample checklist for critical lifts.
2.3  Requirements for a Pre-Lift Briefing

A pre-lift briefing shall be performed whenever more than one person is involved in the activity,
whenever a lift is considered critical, or whenever the PIC, a Safety Representative, or a supervisor in
the LSP or User organization requests one. In these cases, the briefing shall be conducted, regardless of
familiarization or experience of those performing the task or operation. The pre-lift briefing is generally
useful for all but the most routine operations, and is primarily aimed at ensuring the safety and
coordination of the personnel and equipment involved.

2.3.1 The PIC normally conducts the pre-lift briefing, although they may delegate this responsibility.

2.3.2 The pre-lift briefing shall be conducted prior to beginning lifting operations, and shall involve all
personnel having a role in the operation. When Lift Team members arrive after the lift has begun, such
as when a shift change occurs, the incoming personnel shall be sufficiently briefed to ensure that they
fully understand their roles, the task(s) to be performed, and all relevant elements of the pre-lift briefing.
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2.3.3 Prior to the Pre-Lift Briefing, the briefer shall:

a. Check weather forecast and/or storm code panel for adverse conditions that could potentially affect
the lift;

b. Check LDE for proper criticality category and certification;

Check LDE log book(s) to verify that there are no outstanding deficiencies;

d. Verify that required lift procedures and WOAs have been approved and signed off with all required
signatures;

e. Verify that any required lift stability analyses, HOPs, stress analyses, etc., are completed and
available;

f. Verify that the CG and total weight of the load to be lifted are known and documented; and
Verify that all 2-way radios to be used during lifting operations are fully charged, functioning
properly, and do not produce radio interference with other equipment in the vicinity.

o

2.3.4 At the Pre-Lift Briefing, the briefer shall:

Verify that all Lift Team members are present;

Verify that all Lift Team members understand their roles and responsibilities;

Perform a step-by-step review of the lifting operation;

Explain the hardware to be lifted, associated Ground Support Equipment, configuration of lifting
equipment, and associated hazards;

Verify that all Lift Team members understand the PPE requirements and are prepared to meet them;
Review any applicable safety requirements or procedures; and

Emphasize that safety is the primary consideration during the lift.

oo oTw

Q —o

2.4 Institutional Lifts

Institutional lifts are those lifts performed frequently and repetitively, often on a daily basis, and
normally involve activities such as construction or maintenance, handling of shop materials, and other
routine activities involved in the normal operation of the Center. In general, the LDE consists of cranes,
forklifts, powered pallet jacks, and other material-handling equipment.

Supervisors shall require that LDE operators that perform institutional lifts are trained in the safe
operation of the LDE in use, and certified or otherwise qualified as defined in GPR 8719.1. Supervisors
shall also confirm that any special procedures necessary to protect personnel or high-value equipment are
available and understood by operators.

If an institutional lift is determined to be a Critical Lift, Section 2.2 shall apply.
2.5 Manual Lifts
This section applies to those cases where one or more individuals manually supports or moves an object,

with or without LDE. Manual lifts of small, lightweight critical items, such as circuit board panels, do
not require all the safeguards described below. Other requirements may be determined by the supervisor
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or project manager. In such cases, supervisors or project managers shall be responsible to ensure that
there is no compromise of safety to the personnel or equipment.

Manual lifts may range in complexity from handling a lightweight item of equipment to supporting an
item of space flight hardware while LDE is repositioned. Operations as simple as helping someone
move an item of office equipment are considered manual lifts.

2.5.1 The following safe lifting and handling load limits shall apply for each manual critical lift:

35 Ibs of manageable shape and size for one person;

75 Ibs of manageable shape and size for two people;

100 Ibs of manageable shape and size for three people;

No manual lift shall be performed for a load exceeding 100 Ibs unless written concurrence from a
qualified safety representative has been obtained; and

e. All lifts shall be within limits of comfortable balance and control.

o0 o

Supervisors shall determine and document weight limits for manual non-critical lifts. In making this
determination, supervisors shall consider the guidelines of DHHS (NIOSH) Publication No. 94-110,
Applications Manual for the Revised NIOSH Lifting Equation.

2.5.2 The following rules shall apply whenever performing a manual lift. These rules may be tailored
based on the situation, but shall not compromise personnel or equipment safety or permit undue risk.

a. Plan and walk through the entire lift prior to commencing the lifting operation;

b. Visually inspect the area to identify any tripping hazards and remove them, if possible, prior to
starting. If a trip hazard cannot be moved prior to starting, a spotter shall be used to guide the
individual(s) performing the lift when approaching the hazard,;

c. Clear work area and translation path of personnel not involved in the lifting operation;

d. Pick up the load correctly to avoid injury. Minimize unnecessary bending, twisting, and lifting
above the shoulders;

e. Make use of mechanical devices such as portable carts or dollies whenever possible. Inspect carts
and dollies for any damage before use, and verify the device has a suitable load rating for the item to
be moved;

f. Ensure that the item being lifted can be handled manually without injury to personnel or damage to
the hardware and/or facility;

g. Ensure that a firm grip can be maintained from the beginning to the end of the lift;

h. Ensure that the load destination is clear of obstacles and provides a stable base to support the load;

i.  When in doubt, STOP! Contact the appropriate safety representative or safety organization.

2.5.3 If amanual lift is considered complex, and high-value equipment and/or safety are at risk, a
procedure and/or WOA shall be written and followed as required in Section 3. If the manual lift is
considered a Critical Lift, Quality Assurance (QA) witnessing is required, but Safety witnessing is not.
Manual lifts of small, lightweight critical items, such as circuit board panels, do not require QA or
Safety witnessing.
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2.6 Special Requirements for Off Load Operations with Constraints (OLOCs)

OLOC:s (see Definitions P.10.p) present additional hazards to personnel and hardware and shall only be
conducted when it is not possible to perform the same activity in a conventional, unconstrained manner.
OLOCs shall be treated as critical lifts and shall comply with Section 2.2.

Since an OLOC is an unusual lift operation and poses additional risks to the hardware or item being
handled, the Project Manager must assess, acknowledge and accept these risks before the operation is
performed. A copy of this risk assessment shall be sent to the RECERT Manager for information
purposes prior to performance of the OLOC.

An example of an OLOC (see Definitions P.10.p) would be off-loading the weight of a piece of
hardware attached to a handling/holding fixture (i.e., constrained) prior to releasing the attachment
fasteners. An OLOC must be treated as a critical lift and the total combined weight of the hardware
handling/holding fixture, the hardware lifting equipment, and the hardware must be within the SWL of
the LD (i.e., the crane or other facility equipment).

The following are additional requirements that shall apply to OLOCs to minimize the potential of
hardware damage and/or exceeding the SWL of any LE or hardware component in the load path during
the operation.

2.6.1 Two independent devices are required to measure the load and shall be monitored at all times by
a member of the lift team other than the crane operator.

2.6.2 Crane hoist speed is absolutely critical for safe execution of the OLOC and must be able to be
limited to .75 inches/minute. Thus cranes used for OLOC operations shall be equipped with a
momentary ON button that controls the Constant Micro Speed (CMS) to this limit.

2.6.3 If proper CMS control is not available a Hydra Set shall be used for hoist operations. The User
must be aware of potential Hydra Set issues such as hook height limitations, the lack of load
release incremental control, and hydraulic fluid leaks.

2.6.4 If proper CMS control is not available and a Hydra Set cannot be used, the OLOC shall be
engineered to provide another path to success — such as highly compliant LDE — and approached
with extreme caution. Otherwise the OLOC must be abandoned.

2.6.5 Load measurement instrumentation configuration shall be documented in the procedure,
including settings and a diagram of connections.

2.6.6 All equipment shall be used within the manufacture’s specifications.
2.6.7 Personnel setting up, using, and monitoring the load measuring devices and Hydra Set shall be
trained in the operation, use, and limitations of the equipment and shall be present during the

operation.

2.6.8 Pre-Operation Checks
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3.

3.1

Perform an accuracy verification check on the load measuring devices within 24 hours of the lift
by lifting a known weight.

Verify all settings and equipment configurations comply with the procedure.

Perform a load test verification check on the Hydra Set within 24 hours of the lift by lifting a
known weight.

DOCUMENTATION REQUIREMENTS

Required Procedures

Documented procedures shall be prepared, when required, for lifting operations as defined below.
Procedures shall not rely on personnel to stabilize or support any portion of a load that exceeds the
manual lift limits in 2.5.1, even in conjunction with LDE.

a.

Work Order Authorizations shall be processed and approved for project lifts as defined in GPR
5330.1.

Procedures for routine, non-critical lifts shall be available and may be generic and not lift-specific.
The requirement may be satisfied by adherence to overall standards, generic lifting procedures,
standard operating procedures, and/or original equipment manufacturer’s operating instructions,
augmented by operator training and certification.

Procedures for non-routine, non-critical lifts, such as a lift involving an unusually configured load
with an off-center CG, shall require a stress/stability analysis and lift procedure prior to
commencement of the lifting operation(s). The PIC shall determine the degree of detail and
approvals required. Normally, these procedures may be similar to those described in 3.1.b, with
additional detail added for non-routine situations.

HOPs shall be required for all operations involving unusual hazards. HOPs may be stand-alone or
incorporated in the body of other procedures. HOPs shall comply with the requirements of NPR
8715.3.

Checklists are very effective, and their use is encouraged to supplement required procedures.
Checklists for key items of LDE can reduce the work involved in producing procedures. A sample
checkilist for a critical lifting operation is given in Appendix A. A sample checklist for a non-critical
lifting operation is given in Appendix B. Other checklists should list detailed steps in the operation.
Appendix C “Process for Lifting Category Determination” is required when a decision concerning
whether or not a lift is critical is to be made.

Institutional lift procedures are usually as described in 3.1.b and 3.1.c. Supervisors shall ensure that
adequate procedures are available, and shall produce a lifting procedure and perform a pre-lift
briefing for lifts having an unusual level of risk.

Critical Lift Procedures shall be developed for each critical lifting operation, except as provided in
2.5.
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h. Waiver/variance Documentation shall be prepared and approved in accordance with GPR 1400.1 and
NPR 8715.3.

The following table serves as a guideline for determining the need for lift procedures.

Criticality Type Description Lift Procedure
Needed?
Non-Critical LDE Simple or routine No
Non-Critical LDE Non-routine or complex Yes
Non-Critical LDE Institutional with no risks No

except those inherent in any
lifting operation
Non-Critical LDE Institutional with risks in Yes
addition to those inherent in
any lifting operation

Non-Critical Manual Simple No
Non-Critical Manual Complex Yes
Non-Critical Manual High dollar Yes
Non-Critical Manual Safety risk Yes

Critical All All (see 3.1.9) Yes

3.2 Non-Critical Lift Procedures

Procedures, when required (see Section 3.1), shall be available for all LDE citing general operating
instructions, operator certification or training requirements, equipment certification requirements, and
other information needed to ensure safe performance of lifting operations. Procedures may be generic,
and may apply to multiple types of lifts for a given facility or LDE. These procedures need not be lift-
specific. They should be sufficient to ensure safe handling of lifted and lifting equipment, ensure
operator safety, and minimize or eliminate risk (Ref: NASA-STD-8719.9).

3.3 Critical Lift Procedures

Critical Lift Procedures are the responsibility of the User. As a minimum, the Critical Lift Procedure
shall be reviewed and approved by the LSP, User, Safety Representative, and the PIC before the lifting
operation. The procedures shall address the following:

a. Description of the lift operation, location, and LDE to be used, including defining the safety keep-out
zone for the operation;

Identification of lift team members, their roles, and responsibilities;

Degree and makeup of safety and mission assurance coverage;

Sequential operational requirements;

HOPs;

Checklists and other required documents;

o o0 o
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g. Emergency and contingency procedures (e.g., fire, power outage, lifting during an electrical storm,
outdoor lifts under windy conditions, etc.);

h. Special requirements for ESD, EEDs, and explosives;

i. PPE;

j. Contamination control requirements;

k. Stability analyses, stress analyses, variance(s) (if required), and any other analyses determined by the
LSP or User to be needed before the lift;

I.  Procedures for making and approving changes to the procedure after it has been approved;

m. Description of the means of communications to be used; and

n. Photo or videotape requirements.

34 Waiver/Variance Documentation

Safety waiver/variance Documentation, if needed, shall be prepared and approved in accordance with
GPR 1400.1 and NPR 8715.3.
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APPENDIX A
SAMPLE CHECKLIST
FOR CRITICAL LIFTING OPERATIONS

1. All Lift Team members are present.

2. The Lift Stability Analysis, Stress Analysis, and other required documentation are completed.
3. The Lift Procedure has been approved and has all required signatures.

4. The CG and total weight of load to be lifted are known and documented.

5. If 2-way radios are to be used, all units are fully charged, functioning properly, and do not
produce radio interference with other equipment in the vicinity.

6. All team members are wearing appropriate PPE.

7. Weather forecast and/or storm code panel (if applicable) are checked for adverse conditions that
could potentially affect the Lift.

8. LDE is certified for critical lifts.

9. The LDE Operator is certified for Critical Lifting.

[]10. The LDE Log Book indicates no outstanding deficiencies.
[]11. Conduct a Pre-Lift Briefing

O oo gggdoo

Signed by: Date

NOTE:

This is an example only. Developing custom checklists for lifts is encouraged because checklists aid in
the planning process, they document that individual steps are taken, and they eliminate the possibility of
omitting steps by mistake.
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APPENDIX B
SAMPLE CHECKLIST
FOR NON-CRITICAL LIFTING OPERATIONS

[] Determine whether the lift is simple or complex.

a. If the lift is simple and routine, the lift may be performed following industrial standards and
practices, general guidelines, and operator training.

b. If the lift is complex and/or involves an unusual load configuration with an off-center CG, the PIC
shall require that a stress/stability analysis and a lift procedure be developed and approved prior to
the lifting operations. Also confirm the following, as appropriate:

[ ] All Lift Team members are present.

[_] The Lift Procedure has been approved and signed off for all signature blocks.

[ ] The required stress/stability analysis is completed.

[] The CG and total weight of load are known and documented

[ ] If 2-way radios are to be used, all units are fully charged, functioning properly, and do not
produce radio interference with other equipment in the vicinity.

[_] Ensure that all Team members are wearing appropriate PPE.

[ ] Check weather forecast and/or storm code panel (if applicable) for adverse conditions that could
potentially affect the Lift.

[ ] Check LDE for valid certification.
[] Check LDE Log Book to ensure that there are no outstanding deficiencies.
[ ] Verify that the LDE operator’s certification is valid.

Signed by: Date

NOTE:

This is an example only. Developing custom checklists for lifts is encouraged because checklists aid in
the planning process, they document that individual steps are taken, and they eliminate the possibility of
omitting steps by mistake.
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APPENDIX C
PROCESS
FOR LIFTING CATEGORY DETERMINATION (See Note 1)
PIC:
Date:
Project:

Organization:
Description of Lift:

For the Lift in Question

YES**

1. Will LDE failure/loss of control result in serious personnel injury or loss of life?

2. Will LDE failure/loss of control result in damage or loss of program-critical flight hardware?

3. Will LDE failure/loss of control result in damage or loss of one-of-a-kind articles?

4. Will LDE failure/loss of control result in damage or loss of major facility components which will
have serious institutional or programmatic impact?

5. Will LDE failure/loss of control result in damage or loss of any article that could have serious
programmatic or institutional impact?

6. Are personnel being lifted with a crane? (see NASA-STD-8719.9, App. C & ASME B30.23)

7. Are personnel required to work under a suspended load? (see NASA-STD-8719.9, App. A)

8. Does the load contain explosives or EEDs ? (see 2.1.4 for exceptions)

9. Does the load contain pressurized containers? (see 2.1.5 for exceptions)

10. Does the load contain hazardous materials? (see 2.1.6 for exceptions)

11. Is the lift an OLOC? (see 2.6 for explanation) — See Note 2.

12. Are there any other personnel or equipment safety concerns that could be considered out of the
ordinary?

** |f the answer to any of the questions listed above is “YES”, the Lifting Operation must be declared a

Critical Lift.

Concurrence: Program/Project Manager
Safety/Facilities Manager

Notes:

1. A signed copy of Appendix C shall be sent to the RECERT Manager.
2. A signed copy of the OLOC Risk Assessment shall be sent to the RECERT Manager.
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CHANGE HISTORY LOG

Revision Effective Date Description of Changes
Baseline 8/8/2006 Initial Release
A 2/4/2008 Added new requirements for off-load operations with

constraints, NASA document designation updates, variance
processing, and other changes throughout for clarification. In
P.2, clarified Applicability for contractors.

Added Appendix C — Process for Lifting Category
Determination, modified OLOC definition (P.10) and
requirements (2.6), and other changes throughout for
clarification.

B 9/29/2009
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PREFACE
P.1  PURPOSE

This directive establishes the requirements for the GSFC Recertification Program (RECERT) to provide
Center organizations with inspection, certification, and recertification of lifting devices and equipment
(LDE). LDE Operator for cranes, mobile aerial platforms (MAP), and powered industrial trucks (PIT),
and Critical Lift Coordinator (CLC) training and certification requirements are also established. This
Center program improves safety, and minimizes or prevents potential personnel injury or fatality, and
damage or loss of hardware and facilities.

This directive is not a substitute for applicable Occupational Safety and Health Administration (OSHA)
and national consensus codes and standards (NCS) requirements. OSHA and NCS requirements apply
to all GSFC LD and LDE Operators.

P.2  APPLICABILITY

a. This directive is applicable to all LDE at Greenbelt, Wallops Flight Facility (WFF), and other areas
under GSFC cognizance, regardless of ownership, that are operated or used by NASA employees or
GSFC support services contractors, to the extent required in their respective contracts, unless
specifically excluded by this directive or by the RECERT Manager.

b. When invoked as a contractual requirement by a project, this directive is applicable to the extent
specified in the contract for off-site contractor installations supporting GSFC activities.

c. Lifting operations under privatization clauses shall be subjected to the provisions of this directive to
the extent provided by the contract, and the requirements shall be clearly specified therein.

d. The responsible Contracting Officer and the Project Manager shall apply requirements of this
directive to any contractor, tenant, or customer if non-NASA lifting operations place NASA personnel,
facilities, or equipment at risk through incorporation into their respective contracts.

e. This directive does not apply to contractor lifting operations using contractor provided LDE which
are exclusively associated with facility construction activities where these activities take place
exclusively within an area to which access by the general population of NASA employees is excluded.
P.3 AUTHORITY

NASA-STD-8719.9, Standard for Lifting Devices and Equipment

P.4 REFERENCES

The references as listed within the NASA-STD 8719.9 are applicable.
a. NPR 8715.3, NASA General Safety Program Requirements
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GPR 1400.1, Waiver Processing

GPR 8621.1, Reporting of Mishaps and Close Calls

GPR 8834.1, Lifting Operations Requirements

ASME PALD, Safety Standard for Portable Automotive Lifting Devices

NASA-STD 8719.17, NASA Requirements for Ground-Based Pressure Vessels and Pressurized
Systems (PV/S)

540-WI-8719.1.3, Lifting Devices Daily Inspection Forms

000 o

P.5 CANCELLATION

GPR 8719.1, Certification and Recertification of Lifting Devices and Equipment.

P.6 SAFETY

Detailed safety requirements are contained in applicable test and inspection procedures.
P.7  TRAINING

Training requirements are specified in Section 3.

P.8 RECORDS

Record Title Record Custodian Retention
Test & Inspection Reports for: RECERT Manager at Permanent — pending approval of
» LDE Greenbelt, Deputy RECERT record schedule. *NRRS 8/56.5A
Manager at WFF
Operator Certifications: RECERT Manager at *NRRS 3/33G
= LDE Greenbelt, Deputy RECERT | Destroy 5 years after separation of
. CLC Manager at WFF employee or when no longer needed.
Completed Daily Checklists Property Custodian Permanent. NRRS 8/56.5D
RECERT documentation RECERT Manager *NRRS 3/33G
LDEC Meeting Minutes RECERT Manager Permanent. *NRRS 1/14B (1) (a)
Retire to FRC when 2 years old.
Transfer to NARA when 20 years old.

*NRRS — NASA Records Retention Schedules (NPR 1441.1)
P9 METRICS
The RECERT Manager shall document the percentage of scheduled test and inspections completed.

P10. DEFINITIONS
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Most of the terms used in this directive are defined in NASA-STD-8719.9. Those that are critical
and or unique to this directive are listed below.

a. Certification/Recertification — Written documentation that a set of requirements has been, and
continues to be, met. As used in this GPR, certification and recertification is: 1) a process
performed by the RECERT Manager that leads to the initial, or continuation of, certification that
LDE is safe to use within specific certification parameters, and includes, but is not limited to LDE
compliance and documentation reviews, tests, inspections, nondestructive testing, and analyses; 2) a
license issued and renewed by the RECERT Manager for operation of LDE; and 3) a memo or
license issued to perform the duties of a CLC.

b. Critical Hardware — Hardware whose loss would have serious programmatic or institutional
impact and that has been identified by the installation, directorate, or project as being critical.

c. Critical Lift — A lift where failure/loss of control could result in loss of life, loss of or damage to
critical hardware or other items such as spacecraft, one-of-a-kind articles, or major facility
components whose loss or damage would have serious programmatic or institutional impact.
Operations involving the lifting of personnel with a crane, and lifts where personnel are required to
work under a suspended load, shall be defined as critical lifts (see NASA-STD-8719.9). Operations
with special personnel and equipment safety concerns beyond normal lifting hazards shall also be
designated as critical.

d. Critical Lift Coordinator (CLC) — An individual who is assigned or demonstrates a need to
direct critical lift activities due to specific project requirements and who has obtained the necessary
training and is certified by the RECERT Manager. The CLC is an optional position, used only when
a project desires to have its own lifting expert. The role of the CLC shall be specified in the Critical
Lift Procedure.

e. Daily Checklist — An inspection and/or test that is performed on a daily basis only for those days
while in use.

f. Division Office — For the purposes of this GPR, use of the term “Division Office” includes
Project Offices and Program Offices.

g. Flight Hardware — Hardware designed and fabricated for ultimate use in a vehicle intended to
fly.

h. Lifting Devices (LD) and Equipment (LE) collectively (LDE) — LDE comprises LD such as
overhead and gantry cranes (including top running monorail, underhung, and jib), mobile cranes,
derricks, hoists, winches, special hoist supported personnel lifting devices, mobile aerial platforms
(MAP), powered industrial trucks (PIT), and jacks; and LE such as Hydra-sets, load measuring
devices, hooks, slings and rigging used for lifting and support of flight hardware or personnel..
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I. LDE Operator Certification — The documented status of LDE operators (Crane Operator, MAP
Operator, and PIT Operator) validating that they are trained and qualified in accordance with
NASA-STD-8719.9 and certified by the RECERT Manager. For the purposes of the GSFC LDE
RECERT Program, an individual certified as a Crane Operator is concurrently certified as a Rigger,
and references to Crane Operators include Riggers. Jack Operators shall be designated and
authorized by the equipment owning organization.

J. MPJ - For the purposes of this directive, the collective term “MPJ” refers to MAPs, PITs and
Jacks as defined in NASA-STD-8719.9.

k. RECERT Documentation — Files that are maintained for LDE that may include, but are not
limited to, manufacturer’s/fabricator’s documents, field test data, safety analyses, results of
engineering analyses, repair history, facility descriptions, record of all safety variances, re-rating,
and correspondence.

I. RECERT Procedure — RECERT generated or OEM-provided documentation that describes the
specific steps needed to inspect, test or operate LDE.

m. RECERT Manager and Deputy RECERT Manager/WFF — Positions appointed by the Center
Director to implement and enforce the Center’s LDE and ground-based pressure vessels and
pressurized systems (PVS) Program meeting NASA-STD-8719.9 and NASA-STD-8719.17
requirements, respectively. The RECERT Manager and Deputy RECERT Manager/WFF positions
are a combination of the LDEM and PSM positions described in both NASA Technical Standards.

n. Rigger — An individual who selects and attaches LE to an item to be lifted. For the purposes of
this directive, a Rigger is a certified Crane Operator.

0. Support Services Contractors — Contract personnel who are based on-site and participate in on-
going daily operations at GSFC.

P11. ACRONYMS

ASNT American Society for Nondestructive Testing
CG Center of Gravity

CLC Critical Lift Coordinator

FMD Facilities Management Division

GSC Goddard Safety Council

GSFC Goddard Space Flight Center

IMHE Institutional Material Handling Equipment
LD Lifting Device

LDE Lifting Devices and Equipment

LDEC LDE Committee

LDEM LDE Manager
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LE Lifting Equipment

LOTO Lockout Tagout

MAP Mobile Aerial Platform

MPJ Mobile Aerial Platform, Powered Industrial Truck, and Jack collectively (see P10.i)
NDT Nondestructive Testing

NRRS NASA Records Retention Schedules

OEM Original Equipment Manufacturer

OSHA Occupational Safety and Health Administration
PIT Powered Industrial Truck

PSM Pressure Systems Manager

PVS Pressure Vessels and Pressurized Systems
RECERT  Goddard Recertification Program

WFF Wallops Flight Facility

PROCEDURES

In this document, a requirement is identified by “shall,” a good practice by “should,” permission by
“may” or “can,” expectation by “will,” and descriptive material by “is.”

1. Responsibilities

11 Center Director appoints the RECERT Manager and Deputy RECERT Manager/WFF for LDE
and PVS.

1.2 RECERT Manager shall

a. Maintain overall responsibility for the management, implementation, and enforcement of the
Center’s LDE Recertification Program;

b. Provide technical direction to the Deputy RECERT Manager and the RECERT Support Contractor;

c. Serve as the GSFC interface with NASA Headquarters and other NASA Centers on matters
pertaining to LDE.

d. Serve as the GSFC representative on the NASA LDE committee;

e. Chair the Center LDE Committee;

f. Serve as the Certifying Authority for the certification and recertification of LDE to which this
directive is applicable;

g. Serve as the final authority on interpretation of, and compliance with, this directive and its
references;

h. Establish and maintain a system for periodic inspection of LDE including review of logbooks, daily
inspection forms, identification of deficiencies, and completion of corrective actions;

i.  Furnish daily inspection forms for LDE operator’s use. Note that daily inspection forms are limited
to cranes, MAPs, and PITs. The daily inspection forms are listed in 540-WI1-8719.1.3;

J.  Ensure that certification and/or recertification tests and inspections are performed by personnel
properly qualified and certified in accordance with applicable codes and standards;

k. Provide expert advice on LD design, specification, and modification;
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Approve the re-rating of LDs;

. Review and concur/nonconcur with waiver requests per GPR 1400.1;

Review and approve specifications prior to procurement of LDs;

Establish and maintain a RECERT configuration management system for LDE;

Review, approve, and monitor the training courses for qualifying LDE Operators, and define their
training and retraining requirements;

Certify and recertify LDE Operators;

Perform compliance spot checks of LDE Operators to ensure that the requirements of this GPR are
being followed;

Provide Division Offices with an inventory of Division LDs for review and update as required; and
Coordinate with affected Center safety offices on issues of mutual interest.

Deputy RECERT Manager/WFF. The Deputy RECERT Manager shall serve as the RECERT

Manager’s alternate and represent the RECERT Manager at WFF for day-to-day operations by
performing duties in Section 1.2.

1.4
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1.5

Division Offices shall

Ensure documented compliance to this directive;

Submit LDE specifications to the RECERT Manager for review and approval prior to purchase;
Ensure that LDE are certified prior to use;

Provide resources for training and ensure that LDE operators are certified;

Ensure that LDE for which the division is responsible is appropriately certified for critical or
noncritical lifts, and provide the information to RECERT as required;

Determine the appropriate LD usage category, i.e., Active, Standby, or Idle; and classification, i.e.,
Critical or Noncritical, based on current and projected operational requirements;

Maintain a current inventory of Division LDE including slings, shackles, turnbuckles, D-rings, load
measuring devices, and other LE;

Manage and control uncertified or expired LDE to preclude inadvertent use;

Request that RECERT perform certification of new or transferred LDE prior to their use;

Notify the RECERT Manager immediately of all LDE deficiencies and failures, and initiate the
appropriate Incident/Mishap Report in accordance with GPR 8621.1;

Initiate repair for LDE deficiencies found during test and inspections;

Ensure that OEM-recommended maintenance is performed on LDE;

. Submit requirements to the appropriate budget to bring Division LDE into compliance with this

directive;

Review Division LDE inventory as requested by the RECERT Manager;

Maintain responsibility for day-to-day operations of LDE under their cognizance;

Coordinate outages for load testing and inspections of inventoried LDE with RECERT to minimize
conflicts with ongoing operations; and

Notify RECERT of any deficient LDE that is removed from service.

Safety and Environmental Division/Code 250 and Wallops Safety Office/Code 803 shall
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a. Review RECERT operations for compliance with OSHA and NASA-STD-8719.9;

b. Monitor the institutional safety requirements of this directive; and

c. Provide medical expertise via the Medical Director to establish LDE operator physical examination
criteria using applicable NASA and American National Standards Institute requirements.

1.6 Facilities Management Division (FMD)

FMD shall notify the RECERT Manager of any planned LDE acquisition, installation, upgrade, and/or
removal as part of any facilities project. To ensure compliance and certifiability, all LDE designs and
specifications shall be supplied to the RECERT Manager for review and approval prior to contract
implementation.

1.7 Certified Crane Operators shall

Ensure that the load is properly and safely rigged;

Verify the GSFC RECERT certification status of the LDE is current before commencing lifting
operations (using uncertified LDE is a violation of Center policy);

Perform crane daily inspections and tests in accordance with RECERT procedures;

Perform LE inspection before use;

Provide entry in the LD (including Hydra-set) log book for all inspections, tests, and operations; and
Perform LDE lock out procedures if any deficiencies are observed and immediately enter the
deficiencies into the log book and notify RECERT..

oo
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1.8 Certified Critical Lift Coordinators

Certified CLCs may be responsible for directing and giving commands to the Crane Operator during a
lifting operation if so designated in the Critical Lift Procedure. If the CLC is in charge of the lifting
operation, they shall, in a pre-lift briefing, instruct personnel in the proper preparation, rigging, lifting,
and final positioning of the load. Coordination for directing the lifting operation shall be delineated in
the Critical Lift Procedure and re-emphasized in the pre-lift briefing. A CLC shall not perform rigging
activities or hands-on operation of LDs.

1.9  Certified MAP and PIT Operators and Authorized Jack Operators shall

a. Verify the GSFC RECERT certification status of equipment is current before commencing
operations (using uncertified LDE is a violation of Center policy);

b. Perform daily inspection in accordance with RECERT checklist before operation;

c. Provide entries in the equipment log book for all inspections, tests, and operations; and

d. Lock out the equipment and place an out-of-service tag on the equipment if any deficiencies are

observed and immediately enter the deficiencies into the log book and notify RECERT.

2. Equipment Requirements

2.1  Types and Traceability
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2.1.1 Items Subject to RECERT. The following items are included in the RECERT Program and
shall be subjected to formal certification and recertification. Other items may be included if deemed
necessary by the RECERT Manager.

e Overhead and Gantry Cranes (Top Running e Structural Slings
Bridge, Single or Multiple Girder, Top e Lifting assemblies
Running Trolley Hoist, and Jib Cranes) e Shackles, Turnbuckles, Swivel Joints,
e Mobile Cranes Connecting Links, and other lifting hardware
e Base Mounted Drum Hoists components
e Monorails and Underhung Cranes and Hoists e Load Measuring Devices*
e Manually Operated Level Hoists e MAPs including Attachments
e Special Hoist-Supported Personnel Lifting e PITs including Fork Extensions and
Devices Attachments
e Hydra-sets e Jacks
e Crane Hooks e Shop cranes (Portable Automotive Lifting
e Wire Rope Slings Devices)
e Alloy Steel Chain Slings
e Metal Mesh Slings
e Synthetic Slings

* Load Measuring Devices are verified by RECERT for structural integrity in the load path. Calibration
of these devices shall be the owner’s responsibility.

Institutional Material Handling Equipment (IMHE) not covered by the RECERT Program may be tested
and inspected by RECERT if specifically requested in writing and funded by the owning organization.

2.1.2 Traceability to Original Equipment Manufacturer (OEM).

2.1.2.1 All LE hardware components shall be traceable to a credible source of information, such as
OSHA or OEM for certifiability.

2.1.2.2 Fork extensions and attachments to PITs that affect capacity and/or stability shall be OEM
equipment; or approved by the OEM in writing for its design and fabrication; or designed,
documented, and approved by a registered professional engineer. In all cases, a tag or notice
must be affixed to the equipment clearly showing the new CG and capacity restrictions.

2.1.2.3 All LDE shall be used consistent with their intended purpose per OEM recommendations. The
use of LDE that is contrary to OEM instructions or recommendations is not permitted.

2.2 LDE Certification and Safety Analyses

2.2.1 LDE Certification
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a. LDE shall be certified, before first use, by the RECERT Manager based upon verification and
acceptance of design safety factor, load testing, and nondestructive testing reports and by compliance
with NASA-STD-8719.9 and this directive. It shall then be recertified periodically.

b. Altered LDE shall be recertified as a system unless specifically exempted by a safety variance
reviewed and approved in accordance with Section 4 of this directive. Alteration is defined as extension,
modification, addition, replacement, or deletion of components to the original. All components
comprising a critical LE assembly shall be uniquely identified and controlled, and should not be
interchanged for use elsewhere. Replacement by identical, individually certified and tagged components
of equal or greater load rating is permissible without having to recertify the LE assembly.

c. The RECERT Manger may authorize the applicable contractor organization to perform LDE test and
inspections at Government Owned, Contractor Operated facilities by the applicable contractor
organization provided the contractor has a test and inspection plan satisfactorily addressing GSFC
requirements, including personnel qualifications, and the contractor’s plan has been reviewed and
approved by the RECERT Manager.

d. Copies of all LDE test and inspection reports, including those for applicable off-site operations and
applicable contractor installations, shall be forwarded to the RECERT manager for annual re-
certification and record keeping.

2.2.2 LDE Safety Analyses

a. A recognized Safety Analysis, such as a Fault Tree Analysis, a Failure Modes and Effects Analysis,
or an Operating and Support Hazard Analysis shall be performed by the owning organization on LDESs
and jacks used for critical lifts. The analysis shall, as a minimum, determine potential sources of danger,
identify failure modes, and recommend resolutions and a system of risk acceptance for those conditions
that could cause loss of life, personal injury, and loss of or damage to the equipment, facility, or load.

b. Safety Analyses shall be reviewed and approved by the RECERT Manager.
2.3  Operational Requirements

2.3.1 Criticality Determination. The owning organizations shall specify the category of lifts to be
performed by their LDE, i.e., critical or noncritical, so that the RECERT Manager may provide the
requisite compliance requirements for the LDE.

2.3.2 LD (except MPJ) Inspection Requirements. Inspection requirements are based on the usage
categories of LDs. Inspections are “Daily,” “Frequent” or “Periodic,” and are defined in RECERT
procedures.

2.3.2.1 Active LDs — These are devices that are available for unlimited daily use and:

e The Certified LDE Operator shall perform, prior to initial use, Daily Inspections and limit switch

tests and record entry in the log book in accordance with RECERT procedures.
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e RECERT Frequent Inspections shall be performed at monthly intervals.

e RECERT Periodic Inspections for recertification shall be performed once a year. For critical
cranes, a Rated Load Test shall be included as part of the annual Periodic Inspection. For
noncritical cranes, the Rated Load Test shall be included as part of the Periodic Inspection every
fourth year.

2.3.2.2 Standby LDs — These devices are to be secured from use by RECERT tags and locks and
operation shall be resumed only after an inspection by RECERT that allows unlimited use for a 1-month
period as an Active LD. After that the LD shall be secured again. Additionally:

e RECERT Frequent Inspections shall be performed at 6-month intervals.

e RECERT Periodic Inspections shall be performed once a year. For critical cranes, a Rated Load
Test shall be included as part of the annual Periodic Inspection. For noncritical cranes, the Rated
Load Test shall be included as part of the Periodic Inspection every fourth year.

e At remote facilities, the LD owner shall secure the equipment using OSHA standard LOTO
procedures

2.3.2.3 Idle LDs: — These devices are to be secured from use by RECERT tags and locks and there is no
planned use of the LD for the next 12 months. If idle more than 6 months, the LD must be recertified
prior to use. Additionally:

e RECERT tests and inspections are not required during an idle period.

e RECERT shall perform required tests and inspections prior to returning the LD to service.

e At remote facilities, the LD owner shall secure the equipment using OSHA standard LOTO
procedures

2.3.3 Re-rating

Owner organizations may request that RECERT re-rate their LDs. Re-rating of LDs and the subsequent
recertification shall be accomplished as follows:

a. Engineering analyses shall be performed in accordance with OSHA requirements and those of the
Crane Manufacturers Association of America to validate that the LD can be used at the new re-rated
load. Building structural support system(s) shall also be validated in terms of the new re-rated load. Re-
rating resulting in higher equipment capacity shall require RECERT Manager approval prior to
modification.

b. Certify the LD and clearly display re-rated capacity with a tag or marking.
2.3.4 Transfer of LDE

a. LDE and associated certification documentation transferred to GSFC shall be reviewed for
certification by RECERT.
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b. Certification documentation shall accompany LDE permanently transferred from GSFC to other
locations.

2.3.5 LDE (Re)Certification Tagging

Tags shall indicate the (re)certification and NDT status of all LDE. The tagging shall be done in
accordance with a Work Instruction(s) describing the tags for each application. Unless indicated
otherwise, all LDE tags shall be for a duration of one year and shall expire on the last day of the month
one year from the month in which the tag was issued.

a. One load test tag (re)certification is applied to a lift assembly where the individual items are color-
coded, tethered, or otherwise controlled as an assembly, and there are no plans to disassemble the
assembly or to rearrange the configuration. The lift assembly is load tested as a unit with each item
being individually NDT inspected and tagged as such.

b. Load test (re)certification tags are applied to each component for a lift assembly that will be
disassembled and where the individual items are not color-coded, tethered, or otherwise controlled as an
assembly. The lift assembly may be load tested as a unit or each component load tested individually
with each item being individually NDT inspected and tagged as such.

c. One load test (re)certification tag per configuration is applied to a lift assembly where the
configuration will be rearranged. The lift assembly is load tested in all applicable configurations with
each item being individually NDT inspected and tagged as such. Note that there may be variations in the
number of tags depending upon the similarities among the different configurations.

d. For loose, individual components, each component is load test (re)certification tagged and NDT
inspected and tagged.

2.4 LDE Testing
2.4.1 Load Testing

New or extensively modified LDs and MPJ shall be proof load tested in accordance with Table 1. For
periodic recertification, LDs shall be tested to 100% of their rated load. New or extensively modified
LE shall be tested in accordance with Table 2 and inspected in accordance with Section 2.4.2.

Certified test weights or calibrated load cells and test equipment shall be used for all LDE load-testing
activities.

2.4.2 Nondestructive Testing

a. All LDE designated for Noncritical Lifts shall be subjected to visual NDT inspection after the initial
proof load test, and after each periodic load test.

b. All LDE designated for Critical Lifts shall be subjected to NDT inspection in accordance with Table

2.
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3. Personnel Qualification and Certification Requirements
3.1 Personnel Performing NDT

Personnel performing LDE NDT, including visual inspections, shall be qualified and certified by their
employer in accordance with written practices meeting the requirements contained in American Society
for Nondestructive Testing (ASNT) Recommended Practice No. SNT-TC-1A, Personnel Qualification
and Certification in Nondestructive Testing. (Note: This does not apply to daily tests and inspections of
LDE performed by Certified LDE Operators.)

3.2 Crane Operators
3.2.1 Crane Operator Certification Requirements

All Crane Operator candidates shall obtain formal training in LD operations and rigging as specified in
NASA-STD-8719.9. Formal training may be available through the GSFC RECERT Program and other
recognized sources and includes classroom instructions, written examination, and hands-on proficiency
demonstration. The RECERT Manager shall evaluate and determine the acceptability of the syllabus of
all training courses for which Operator candidates claim credit. In addition, all Crane Operator
candidates shall pass the RECERT written examination and the applicable physical examination. The
following training course topics shall be included as a minimum:

NASA-specific requirements
GSFC-specific requirements

Safe rigging procedures

Safe crane operations

Safety and emergency procedures
General performance standards
Pre-operational checks
Safety-related defects and symptoms
Specific hazards

Special procedures associated with critical lifts (critical lift operator training only)
Use of standard hand signals
Lessons learned

—RTTSQ@ o0 o

Upon successful completion of the required training, the certification records are updated and an
individual license, or in some instances a roster of Certified Crane Operators, is prepared. The licenses
or the Operator roster shall be signed by the RECERT Manager and issued to the Operator, or, in the
case of the Operator roster, to appropriate supervisory personnel.

3.2.2 Categories of Crane Operator Licenses.

There are three categories of Crane Operator Permits and Licenses:

CHECK THE GSFC DIRECTIVES MANAGEMENT SYSTEM AT
http://gdms.gsfc.nasa.gov/gdmsnew/home.jsp TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.
GSFC 3-17 (10/07)




DIRECTIVE NO. GPR 8719.1A Page 15 of 21
EFFECTIVE DATE: May 8, 2009
EXPIRATION DATE: May 8, 2014

a. Apprentice Permit: Apprentice permits are typically issued with a required 40 hours of noncritical
lift operation and rigging to be attained under the direction of a licensed Crane Operator. Both the
licensed operator and the candidate’s supervisor shall attest to the attainment of these hours. One a case-
by-case basis, for candidates with prior crane operation experience seeking GSFC Operator certification,
the 40 hour apprenticeship requirement may be adjusted at the discretion of the RECERT Manager
based on the recommendation of the trainer. The candidate must complete the required hours of
operation within 12 months from Apprentice Permit issuance to prevent expiration of the Apprentice
Permit. Upon completion of the required hours and attendance at a Noncritical Lift Crane Operator
refresher class, the apprentice will be certified as a Noncritical Lift Crane Operator.

b. Noncritical Lift Crane Operator License: This license authorizes the Operator to use only the types
of Cranes and Hoists listed thereon, and rig for noncritical lifts only, excluding Hydra-sets.

c. Critical Lift Crane Operator License: This license authorizes the operator to use Cranes and Hoists
and rig for both noncritical and critical lifts, including Hydra-sets. The prerequisite for obtaining a
Critical Lift Crane Operator License is that the candidate possesses a Noncritical Lift Crane Operator
License and completes 40 hours of critical lift operation and rigging under the direction of a licensed
Critical Lift Crane Operator. Upon completion of the required 40 hours and attendance at a Critical Lift
Crane Operator class, the Operator will be certified as a Critical Lift Crane Operator. Exceptions to the
prerequisite may be reviewed and granted by the RECERT Manager on a case-by-case basis.

The operation of remote radio-controlled LD requires specific training and authorization. Specific
radio-controlled LD operator training is provided only to licensed Crane Operators. Rosters listing
trained and authorized radio-controlled Crane Operators are posted at the applicable LD. Annual radio
control refresher training is required.

3.2.3 Crane Operator Recertification

All Certified Crane Operators shall be recertified and a new license issued on an annual basis by
providing evidence of completion of refresher training, including written examination and hands-on
training, and evidence of satisfactory physical examination to be given every three years. A new license
will be issued to the Operator, or, in the case of the Operator roster update, to appropriate supervisory
personnel.

3.3  Requirements for MAP and PIT Operator Certification and Jack Operator Authorization
3.3.1 MAP and PIT Operator Certification Requirements.

All MAP and PIT Operator candidates shall obtain formal training as specified in NASA-STD-8719.9.
The RECERT Manager shall evaluate and determine the acceptability of the syllabus of all training
courses for which Operator candidates claim credit. In addition, all MAP and PIT Operator candidates
shall pass a written exam, hands on proficiency demonstration, and the applicable physical
examinations. If deemed necessary by the RECERT Manager, a written RECERT exam may be given
to verify the adequacy of the commercial training that the operator candidate claims credit.

CHECK THE GSFC DIRECTIVES MANAGEMENT SYSTEM AT
http://gdms.gsfc.nasa.gov/gdmsnew/home.jsp TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.
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Upon successful completion of the required training, the certification records are updated and an
individual license, or in some instances a roster of Certified MAP or PIT Operators is prepared. The
licenses or the Operator roster shall be signed by the RECERT Manager and issued to the Operator, or,
in the case of the Operator roster, to appropriate supervisory personnel.

3.3.2 Jack Operator Authorization.

Operators of jacks shall be instructed in their proper use per paragraph 13.6 of NASA-STD-8719.9 and
shall be designated and authorized to operate by their supervisor. The supervisor shall be responsible for
retaining documentation of this training.

3.3.3 MAP and PIT Operator Recertification

All Certified MAP and PIT Operators shall be recertified every 3 years by providing evidence of
completion of refresher training, including written examination and hands-on training, and evidence of
continuing satisfactory physical examination. A new license will be issued to the Operator, or, in the
case of the Operator roster update, to appropriate supervisory personnel.

3.4  Critical Lift Coordinators
3.4.1 CLC Certification Requirements

All CLC candidates shall attend a classroom training session equivalent to the training for critical lift
crane operators (reference Section 3.2.1). All CLC candidates shall pass a written examination
equivalent to that for critical lift operator certification but are excluded from hands-on proficiency
demonstration and the physical examination requirement. Upon successful completion of CLC training
and written examination requirements, the RECERT Manager shall certify CLCs by issuance of a signed
license or a signed roster.

3.4.2 CLC Recertification

Recertification shall be granted upon successful completion of refresher training and applicable
examinations on an annual basis.

3.5 Reciprocity with Licensing Authorities.

At the RECERT Manager’s discretion, a temporary Crane, MAP, or PIT Operator License may be
issued to personnel on temporary assignment to GSFC provided that the candidate:

a. Possesses a valid Crane, MAP, or PIT operator license or equivalent issued by another Licensing
Authority in compliance with requirements contained in NASA-STD-8719.9; and

b. The candidate’s license or equivalent remains valid for the duration of the candidate’s assignment at
GSFC.

CHECK THE GSFC DIRECTIVES MANAGEMENT SYSTEM AT
http://gdms.gsfc.nasa.gov/gdmsnew/home.jsp TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.
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Temporary Crane, MAP, or PIT Operator Licenses will be valid for the duration of the candidate’s
assignment at GSFC, but shall not exceed 90 days. Thereafter, a GSFC Crane, MAP, or PIT Operator
License will be required.

3.6 License Revocation

The RECERT Manager may revoke Crane Operator Licenses, CLC Licenses, MAP Operator Licenses,
or PIT Operator Licenses for any of the following reasons:

a. Recommendations by an appointed panel of inquiry or Mishap Investigation Board.
b. Violations of, or noncompliance with, any of the safety requirements in the documented procedures.
c. Failure to meet RECERT-required refresher training or physical examination requirements.

Revoked Operator Licenses shall be returned to the RECERT Manager within 3 business days, and may
be reinstated upon satisfactory completion of applicable refresher training or other remedial action
deemed appropriate by the RECERT Manager.

4. Waivers

a. Waivers to the requirements of this directive shall be prepared and approved as outlined in NPR
8715.3 and GPR 1400.1 prior to operation.

b. If a mandatory requirement of this directive cannot be met, a detailed waiver request package shall be
prepared by the requesting organization in accordance with NPR 8715.3 and GPR 1400.1. The waiver
request package shall be reviewed and the risk accepted by the initiating Division Office and forwarded
to the RECERT Manager for review and concurrence/nonconcurrence.

c. The RECERT Manager will submit the waiver request package to other authorities as stipulated in
GPR 1400.1. Waiver requests approved by the Center shall be forwarded to NASA HQ/QS within 14
days.

5. LDE Committee

5.1 A Center LDE Committee (LDEC) shall be established by the RECERT Manager via the GSC to
ensure that LDE governing standards are understood and applied across all organizational elements at
GSFC. In addition, the LDEC shall resolve LDE-related issues and provide a forum to exchange
information. The RECERT Manager shall serve as the Chairperson of the Committee. The Deputy
RECERT Manager/WFF shall serve as the Vice Chairperson of the Committee.

5.2 The LDEC Chairperson shall:

Accept appointees from the Directorates as Committee Members.

Include representatives from organizations conducting or having an interest in lifting operations.
Establish the Committee meeting schedule.

Conduct quarterly meetings, or more frequently as required.

Appoint an Executive Secretary for the Committee.

Report as required to the GSC regarding the activities of the Committee.
CHECK THE GSFC DIRECTIVES MANAGEMENT SYSTEM AT
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5.3 The Vice Chairperson shall:

a.
b.

Chair the Committee meeting in the absence of the Chairperson.
Report as required to the WFF Executive Safety Council regarding the activities of the Committee.

5.4 The Executive Secretary shall:

a.

b.
C.
d

Assist the Chairperson in preparing and distributing meeting agenda, minutes, and related materials.
Assist the Chairperson in coordinating Committee-related activities.

Track action items and their status.

Maintain meeting minutes and make available for review by management and safety and health
offices.

5.5 The Committee Members shall:

a.

®Poo0oT

Represent his/her Directorate in the Committee’s scheduled meetings. Invite other interested
personnel to the meeting, including supporting contractors, as appropriate.

Bring Directorate issues/concerns relating to LDE and LDE operations to the Committee.
Serve as the information conduit between the LDEC and his/her Directorate organizations.
Provide input/closure of the action items assigned by the Chairperson.

Review and provide input to the Chairperson on LDE variance requests as required.

CHECK THE GSFC DIRECTIVES MANAGEMENT SYSTEM AT
http://gdms.gsfc.nasa.gov/gdmsnew/home.jsp TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.
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TABLE 1
Load Test Requirements for New, Repaired, or Modified LDs
Proof Load Rated Load Requirement
Periodicity” | Percentage | Periodicity | Percentage
Cranes
Overhead | New, Altered 125% (+0%/-5%) | Every Four Years 100% (+5%/-0%) NASA-STD-8719.9-4.3
(Non-Critical)
Ove_rhead New, Altered 125% (+0%/-5%) | Every Year 100% (+5%/-0%) NASA-STD-8719.9-4.3
(Cl\r/llt(;g?llg New, Altered 110% (+0%/-5%) | Every Four Years 100% (+5%/-0%) NASA-STD-8719.9-5.3
(Non-Critical)
Iv_lqbile New, Altered 110% (+0%/-5%) | Every Year 100% (+5%/-0%) NASA-STD-8719.9-5.3
MAPs (Criieel New, Altered N/A Every Year 100% (+5%/-0%) NASA-STD-8719.9-11.3
(Non-Critical)
MAPs New, Altered N/A? Every Year 100% (+5%/-0%) NASA-STD-8719.9-11.3
(Critical)
PITs New, Altered N/A? Every Four Years 100% (+5%/-0%) NASA-STD-8719.9-12.3
(Non-Critical)
PITs New, Altered N/A? Every Year 100% (+5%/-0%) NASA-STD-8719.9-12.3
(Critical)
Jacks New, Altered 120% (+0%/-5%) | Every Year 100% (+5%/-0%) NASA-STD-8719.9-13.3
(Flight Hardware)

L «New, Altered” in the column entitled “Periodicity” means new, reinstalled, altered, repaired, rerated, reconditioned, and/or modified
2 oad test shall be done in accordance with manufacturer’s instructions and applicable ASME standard. In a case where both sources are
silent, 100% of the rated capacity shall be used.

CHECK THE GSFC DIRECTIVES MANAGEMENT SYSTEM AT
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TABLE 2

NDT and Load Testing Requirements for
Critical LE Certification and Recertification

PROOF PERIODIC POST- POST-
EQUIPMENT LOAD TEST LOAD TEST PROOF PERIODIC
FACTOR FACTOR NDT* NDT*
Alloy Steel Chain 2.0 1.0 Visual Visual
Slings
Wire Rope Slings 2.0 1.0 Visual Visual
Metal Mesh Slings 2.0 1.0 Visual Visual
Synthetic Rope 2.0 1.0° Visual Visual
Slings
Synthetic Web 2.0 1.0 Visual Visual
Slings
Linear Fiber Slings 2.0 1.0 Visual Visual
Structural Slings 2.0° 1.0 Critical Welds: | Critical Welds:
Surface Surface
Noncritical Noncritical
Welds: Welds:
Visual Visual
Shackles, D-rings, 2.0° 1.0 Single and Single and Non-
Turnbuckles, Lifting Non-Single Single Failure
Lugs, Safety Hoist Rings, Failure Load Load Path:
etc.>> 87 Path: Surface
Surface

1. Unless otherwise specified by design, due to material characteristics, geometry, safety factors,
etc., but in any case, at least 125 percent of the sling’s rated capacity.
2. Critical lift rope slings of synthetic material shall not be used beyond 50% of the manufacturer’s
rating to maintain an equivalent safety factor in the load system.
3. Lifting lugs, including eyebolts, which are permanently affixed to the load are considered to be
part of the load and are exempt from load testing and NDT, but must be qualified by calculation
by the owning organization.
4. "“POST-PROOF” = After the initial, first-time proof load test of new or extensively modified
items. “POST-PERIODIC” = After the annual rated load test of the item.
5. Certain restrictions on the use of turnbuckles may apply. Contact the RECERT Manager for

guidance.

6. With the exception of thimbles and tapered end fittings, metallic fittings that are integral to
slings are included. Thimbles and tapered end fitting are subject to visual NDT only.

7. This category of lifting hardware/components includes custom designed and fabricated items
that are within the load path. No protective coatings should be applied to these items prior to

NDT.

CHECK THE GSFC DIRECTIVES MANAGEMENT SYSTEM AT
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CHANGE HISTORY LOG

Revision Effective Date Description of Changes
Baseline 11/23/04 Initial Release
Baseline 10/27/05 Administratively changed to reflect responsible office change
from Code 540, Mechanical Systems Division, to Code 250,
Safety and Environmental Division.
A 05/08/09 Responsible office was changed from Code 250, Safety and

Environmental Division, to Code 540, Mechanical Systems
Division. Revised nomenclature to be consistent with latest HQ
requirements in Paragraph 4. Added Paragraph 5, LDE
Committee. General editorial changes for consistency with
GPR 8834.1.
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SURM {MIJURY FAGTS
-Are Flash / Blast-

April 2006
Report # 86-1-2006

Electricity can cause two types of burns: electrical burns from direct contact with current and
thermal burns from arc flashes and blasts. An arc flash occurs when powerful, high-amperage
currents travel, or arc, through the air. This can occur when high voltage differences exist across
a gap between conductors. The result is an instant release of tremendous amounts of energy.
Temperatures as high as 36,000°F have been recorded in arc flashes.

Hazards of Arc Flash/Blast

e The intense heat and light emitted by an arc flash can cause severe burns, destroying skin and
tissue. An arc flash can ignite or melt clothing, resulting in further burns. Victims sometimes
require skin grafts or amputations. Death is more likely with increased severity of burns, the
percent of body area affected and age.

¢ A high-amperage arc can produce a pressure wave blast with a
force of up to 1000 pounds. The victim can be thrown by the
force of this pressure. Injuries can occur from falling or colliding
with nearby objects. Hearing loss may also result from the blast.

e The intense heat may melt metal electrical components and blast
molten droplets considerable distances. These droplets harden
rapidly and can lodge in a person’s skin, ignite clothing and may
cause lung damage.

The Consequences of Arc Flash Burns Are Severe

Physically, victims may suffer from chronic pain and scarring. Workers may also have difficulty
re-integrating into the community, and may experience anxiety, depression, or other
psychological symptoms. The social and economic costs may also be high. Workers’
compensation pays only a portion of lost wages. Some workers may not be able to return to their
pre-injury job. Employers bear the costs associated with lost productivity, reduced
competitiveness, employee rehiring and retraining, as well being subject to increases in workers’
compensation premiums.



What is hotter than the surface of
the sun, explodes with the energy of
dynamite, and kills one to two work-
exs a day, each year? An wrc flash.

An arc flash is the sudden release of
electrical energy through the air when
a high-voltage gap exists and there is a
breakdown between conductors.

An arc flash happens without warn-
ing and too fast for you to react. The heat
will reach as high as 35,000 degrees
Fahrenheit—about four times as hot as
the surface of the sun. High-voltage
arcs can also produce consider-
able pressure waves by rapidly

heating the air and creating a e

blast. This pressure burst can hit

a worker with great force, and

send molten metal droplets rom

melted copper and aluminum electrical
components great distances at extremely
high velocities that can result in critical
burns, blindness, loss of hearing, and
cven death.

Surprisingly, it has just been in
recent years that the term “arc flash”
has garnered much attention, and that
companies have started to raise aware-
ness about the problem. However,
many companies do not think arc flash
is a concern to them, because they
have never had an incident. Aware-
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this deadly effect

is critical, and will help
prevent sven more injuries
and deaths.

What causas an arc flash?

An arc flash can be spontanecus or result

from inadvertently bridging electrical

contacts with a conducting object. Othor

causes may include dropped tools or the

buildup of conductive dust or corrosion.
Conditions under which an arc flash

can occur:

« Working on an energized circuit

+ Electrical equipment failure

Haw large is the problem?
According to CapSchell, Inc., a Chicago~
based research and consulting firm that
specializes in workplace injury preven-
tion, there are five to 10 arc flash explo-
sions every day in the United States.
The final cost to employers and their
insurers for a single, serious injury can
approach $10 million (CapSchell).
2,000 workers are admitted annually
to bum centers for extended injury treat-
ments caused by arc {lash, according lo
the U.S. Department ot Labor.

A recent study from the
National Institute for Occupa-
tional Safety and Health {NIOSH)
determined that during the pericd
from 1992 through 2001, there
were 44,363 electricity-related inju-
ries involving days away from work.
‘The number of non-fatal electrical shock
injuries was 27,262, while 17,101 injuries
were caused by electric arc-flash burns.

With statistics like these, companies
cannot afford to ignore electrical safety
issues surrounding accidental electro-
cution from arc flash explosions, espe-
cially when an arc flash incident could
account for more than $15 million in
direct and indirect costs.

To address this issue, the Flectrical
Safety Foundation International (ESFI} has
teamed with NIOSH and the Centers for
Disease Conirol o distribute an arc flash
awareness DVD available in English and
Spanish. The DVD includes basic informa-
tion about arc flash awareness and tells
the stories of several electrical workers
who were injured by an arc flash.

These tasks and many ather electrical
safety awareness programs are avail-
able through ESFI, which is committed
to make the public more knowledgeable
about hazards relating to electrical dan-
gers on the job. -/}
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INTRODUCTION

This document defines the procedures for daily and limit
switch inspection for cranes and hoists. This function is
important to safety as well as for the useful life of the
equipment.

1.1 Definitions

1.1.1 OSHA Frequent Inspections are those inspections
performed at daily to monthly intervals to
insure compliance with Section 1910.179 of OSHA
29 CFR 1910.

1.1.2 Goddard Space Flight Center (GSFC) Daily
inspections are performed by the certified
operator prior to first use each day the crane
is used. Daily inspections include the items
listed in Sections 4.4.4 and 6.4.4 of NASA-STD-
8719.9, as applicable.

1.1.3 Periodic inspections are performed a minimum of
once a year. OSHA 29 CFR 1910, Section
1910.179(j) (3); NASA-STD-8719.9, Sections 4.4.5
and 6.4.5, as applicable.

1.1.4 Daily inspections of all functional operating
mechanisms performed a minimum of once a day by
the certified operator. OSHA 29 CFR 1910,
Section 1910.179(j) (2); NASA-STD-8719.9,
Sections 4.4.4 and 6.4.4, as applicable.

1.1.5 Limit Switch Test. A test of the initial upper
limit switch with no load by the operator at the
beginning of the shift. OSHA 29 CFR 1910,
Section 1910.179(n) (4); NASA-STD-8719.9,
Sections 4.7k and 6.7h), as applicable.

1.1.6 Discrepancy. AaAny deviation from the normal
operating process or any change from the
original design or intended configuration of the
crane or associated equipment.

1.1.7 "Red" Warning tag. A tag used to alert all
concerned of a hazardous condition or defective
equipment. "Red" Warning tags shall be used
until the hazard is eliminated.

DESCRIPTION

This document specifically addresses the procedures for the
daily inspection of all cranes and hoists according to NASA,
OSHA, and ANSI requirements. These procedures define daily
inspections and limit switch inspections. These inspections
do not require detailed written reports, but do require log

-1~
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sheet entries to verify that the inspections were performed,
when and by whom it was performed. The log sheet is included
as an Appendix to this document. Consistent with the
requirements defined in the applicable standards, the task
shall be performed as outlined below.

REFERENCES

The following reference material is located in the file of
the ManTech Lifting System Inspectors, Building 7, Truck Lock
at GSFC and Building N-159 at WFF.

3.1 Standard For Lifting Devices and Equipment, NASA-STD-
8719.9 latest revision.

3.2 OSHA Safety and Health Standards, Part 1910, Title 29
CFR. U.S. Dept. of Labor, Occupational Safety and
Health Administration, latest revision.

3.3 American National Standards Institute.
Overhead and Gantry Cranes, ANSI B30.17 latest
revision.

3.4 GMI 1710.6, "Certification and Recertification of
Lifting Devices and Equipment and Critical Lift
Requirements” to be superseded by GPR 8719.1,
“Certification and Recertification of Lifting Devices
and Equipment, ” latest revision.

3.5 Maintenance'History File.
3.6 CMAA Specification #74, latest revision.
SAFETY REQUIREMENTS

4.1 cCetified operator shall read and be familiar with these
procedures prior to the start of operating a crane or
hoist.

4.2 When operating the controls the operator will refrain
from conversation with other people and fix his/her
attention on the movement of the crane or hoist.

4.3 A hard hat and safety shoes are required while
operating cranes or performing inspections. Safety
glasses and gloves are required when operating the main
electrical disconnect switch. (Reference: OSHA 29 CFR
1910, Section 1910.133.)

4.4 1If a crane operator discovers a discrepancy in any item
listed in this inspection procedure, the operator has
the authority and is required to. immediately remove the
crane or hoist from service by red tag, lock out the
disconnect, and report his/her findings to the
following personnel in the order noted:

-2-
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His/her Manger or Supervisor

ManTech RECERT, 6-5181 at GSFC; 1714 at WFF
RECERT Manager, S. Chan, 6-4209 at GSFC; Prasad
‘Hanagud, 1359 at WFF

4. FOM

5 Others as appropriate or directed

W

Red tags are available from the Shift Leader,
RECERT Office, or Safety Offices at Greenbelt
and Wallops.

4.5 All discrepancies shall be noted on the log and shall
be reported to the Recertification Function.

REQUIRED PERSONNEL

The daily inspection and the limit switch test shall be
performed by a certified crane operator (Critical or
Noncritical) assigned to operate the crane. (Reference NASA-
STD-8719.9, Section 4.6 and Section 6.6, as applicable.)

REQUIRED EQUIPMENT

Hard Hat

Safety Shoes

Safety Glasses

Gloves

Binoculars {optional)

Barrier Material

({Reference OSHA 29 CFR 1910, Section 1910.133.)

DAILY INSPECTION PROCEDURE FOR ELECTRIC CRANES AND HOISTS

This procedure shall be performed by the certified operator
prior to first use each day. The intent of this inspection
is to detect crane discrepancies that occurred during or
after its last use.

7.1 Check the log book located near the crane disconnect
switch to ascertain when the last daily inspection was
made. If the daily inspection has not been made on the
intended day of use, perform the required inspection.
If the daily inspection has been made on this day, the
operator may omit Paragraphs 7.2 through 7.18 and
proceed directly to Paragraph 8.0 of this procedure.

7.2 Grasp the pendant and insure that all control buttons
operate smoothly and efficiently without sticking.

7.3 Visually inspect the condition of the pendant and cable
for loose connections, cuts, chafing, abrasions,
excessive wear, dirt, or grease,.
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Locate the main electrical disconnect switch for the
crane to be inspected. All crane switches are marked
with the crane identity. Remove the lock and turn on
the disconnect switch.

Lockout and Tag Out Procedure

Safety glasses and gloves shall be worn during this
portion of the procedure. Observe the proper method
to engage/disengage an electrical switch. Stand to
the right of the switch, turn face and eyes away

from switch, and push the switch with the left hand.

Operate push button control, if applicable, for return
position check before power is turned on.

Grasp the pendant and push the power button "ON." Then
try the emergency "STOP" button to be sure the reset
drops out before proceeding with the inspection.

Operate radio control switches, if applicable, for
return position check before power is turned on.

Push the power button on and, if necessary, move the
crane to the inspection location. Be sure to 'look over
your walk area before moving the crane. Use caution
when equipment or personnel are in the vicinity.

Functional Operations of Crane Mechanisms

7.9.1 Bridge operation. Move the bridge about 10 feet
in each direction. Listen and observe for
start, smooth travel, brake action, and any
unusual noise.

With the bridge moving, depress the power button
to "STOP" and confirm that bridge travel ceases.

~1
0
[\]

7.9.3 Carefully move the bridge into the bridge limit
switch to confirm bridge travel ceases. . Move
bridge in opposite direction and repeat
procedure.

7.9.4 Trolley Operation. Move the trolley about 10
feet in each direction. Listen and observe for
start, smooth travel, brake action, and any
unusual noise.

7.9.5 With the trolley moving, depress the power
button to "STOP" and confirm trolley travel
ceases.

7.9.6 Carefully move the trolley into the trolley
limit switch to confirm trolley travel ceases.

-4-
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Move the trolley in opposite direction and
repeat procedure.

7.9.7 Hoist Operation. Move the hoist block to eye
level. Listen and observe for start, smooth
travel, braking action, unusual noise, or any
loose parts or components. During lowering,
check all speed functions available on the
pendant.

7.9.8 With the hoist moving, depress the power button
to "STOP" and confirm hoist movement ceases.

7.9.9 Carefully move the hoist block into the upper
hoist limit switch to confirm hoist movement
ceases. Move block in the down direction and
confirm hoist movement ceases.

Examine the Hook Block side plate bolts and the sheave
pin keepers for looseness.

7.10.1 Visually examine the Hook Block sheaves for
excessive wear or broken flanges.

Hook Inspection. Check the Hook for the following:
7.11.1 Visual signs of wear, cracks, or deformation.

7.11.2 Throat opening is normal.

7.11.3 The tip of the hook and the shank of the hook
are in the same plane.

7.11.4 The safety latch is on the hook and the latch
operates properly. ' |

7.11.5 The hook rotates freely and the hook bearing
shows no excessive wear.

Visually inspect the wire rope for twists, kinks,
broken wires, excessive wear, and proper seating in the
Hook Block Sheaves. If you grasp the wire rope for any
reason, wear gloves to avoid a possible injury from a
broken steel wire.

If the crane is equipped with a hoist chain in lieu of
wire rope, visually inspect the chain. Check end
connections for looseness or excessive wear. Make sure
the chain links are not twisted, distorted, or
stretched and that the chain tracks properly in the
chain wheels.

Operate the hoist in the up direction. While raising
the block, check all speed functions available on the
pendant.

-5-
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7.14 rrom the floor, look for any noticeable o0il leaks on
the underside of the crane. Look at the position of
the hoist cable as it winds on and ¢off the drum and
through the upper sheaves. Use binoculars to aid in
this check if the c¢rane is high and difficult to see
with naked eyes. If binoculars are required, contact
your Shift Leader or Supervisor. If unavailable, you
may contact the Recertification Function Office on
extension 6-1179.

7.15 Raise the hoist block to a position above head level
and move the crane to its normal parking area.

7.16 Turn off the Pendant power switch.

7.17 Wear safety glasses and gloves during this operation.
Pull the main electrical disconnect switch and install
the appropriate crane lock. Use the proper method to
engage/disengage the electrical switch. Stand to the
right of the switch, turn face and eyes away from
switch, and push the switch with the left hand.

7.18 In the Crane Inspection Log, enter the date; print and
sign your name (no initials); check off the results of
the inspection and note any departure from this
procedure.

Note: Anv discrepancies discovered during the
inspection shall be handled in accordance with
Paragraphs 4.4 and 4.5 of this procedure.

SHIFT LIMIT SWITCH TEST PROCEDURE (For electric cranes and
hoists only)

This procedure shall be performed by each certified operator
who uses the crane after the daily inspection has been
performed for that day. The operator shall perform this test
before starting normal operations.

8.1 The initial upper hoist limit switch shall be tested
under no load condition. With extreme care, the block
will be "inched" into the limit switch at slow speed.

8.2 If the limit switch fails to stop noist motion:

8.2.1 Immediately turn off the pendant power switch.

8.2.2 Pull the main electrical disconnect switch and
install the appropriate crane lock.

8.2.3 Attach a "Red" tag to the electrical disconnect
switch.



Lockout and Tag Out Procedure

Safety glasses and gloves shall be worn during
this portion of the procedure. Observe the
proper method to engage/disengage an electrical
switch. Stand to the right of the switch, turn
face and eyes away from switch, and push the
switch with the left hand.

8.2.4 In the Inspection Log, enter the date; print and
sign your name (no initials); check off the
results of the inspection; and note any
departure from this procedure.

‘Note: Any discrepancies discovered during this

test shall be handled in accordance with
Sections 4.4 and 4.5 of this procedure.

If no problem is encountered with the limit switch,
turn off the Pendant power switch.

In the log, enter the date; print and sign your name
(no initials); and check off the test results.

Note: Crane is now readv for routine operational use
by operator. Subseguent operators shall perform the
same procedure before using the crane.

DAILY INSPECTION PROCEDURE FOR MANUAL CRANES AND HOISTS

This procedure shall be performed prior to first use each day
the crane is used. The intent of this inspection is to
detect crane discrepancies that occurred during or after its
last use.

9.1

L0
w

Check the log book located near the crane to ascertain
when the last daily inspection was made. If the daily
inspection has not been made on the intended day of
use, perform the required inspection. If the daily
inspection has been made on this day, the operator may
omit Paragraphs 9.2 throuch 9.8 and proceed directly to
the lift.

If necessary, move the crane to the inspection
location. Be sure to look over your walk area before
moving the crane. Use caution when equipment or
personnel are in the vicinity.

Functional Operations of Crane Mechanisms
9.3.1 Bridge Operation. Move the bridge about 10 feet

in each direction. Listen and observe for
smooth travel and any unusual noise.

-7-
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9.3.2 Trolley Operation. Move the trolley about 10
feet in each direction. Listen and observe for
smooth travel and any unusual noise.

9.3.3 Hoist Operation. Move the hoist block to eye
level. Listen and observe for smooth travel,
unusual noise, or any loose parts or components.

Examine the Hook Block side plate bolts and the sheave
pin keepers for looseness.

9.4.1 Visually examine the Hook Block sheaves for
excessive wear or broken flanges.

Hook Inspection. Check the Hook for the following:
9.5.1 Visual signs of wear, cracks, or deformation.
9.5.2 Throat opening is normal.

9.5.3 The tip of the hook and the shank of the hook
are in the same plane.

9.5.4 The safety latch is on the hook and the latch
operates properly.

9.5.5 The hook rotates freely and the hook bearing
shows no excessive wear.

Visually inspect the wire rope or fiber rope for
twists, kinks, broken wires or strands, excessive wear,
and proper seating in the Hook Block Sheaves. If you
grasp the wire rope for any reason, wear gloves to
avoid a possible injury from a broken steel wire.

If the crane is equipped with a hoist chain or hand
chain, visually inspect the chain. Check end
connections for looseness or excessive wear. Make sure
the chain links are not twisted, distorted, or
stretched and that the chain tracks properly in the
chain wheels.

‘Raise the hoist block to a position above head level

and move the crane to its normal parking area.

In the Crane Inspection Log, enter the date; print and
sign your name (no initials); check off the results of
the inspection and note any departure from this
procedure.

Note: Anv discrepancies discovered during the
inspection shall be handled in accordance with
Paragraphs 4.4 and 4.5 of this procedure.



Instruction Sheet for Daily Inspections and
Limit Switch Log

After the daily inspection has been made, enter the following
information on the log sheet.

1, Enter the day's date, e.g., 2-1-91

2. Enter a (4) mark in the appropriate "Pass" or "Fail"
Column for each of the items listed.

If any item is indicated under "Fail," use the remarks
section to indicate the failure type.

3. Print your name, then sign your name.

Note: If a discrepancy is encountered during the
daily inspection, appropriate action shall be taken
in accordance with Sections 4.4 and 4.5 of the Daily
and Limit Switch Test Procedure.

After the operator limit switch test has been made:

4. Enter a (4) mark in the appropriate "Pass" or "Fail®
Column. If "Fail" is indicated, use the remark section
to indicate the failure type.

5. Print your name, then sign your name.

6. Enter any comments or conditions that in your judgment
are unusual. Initial your comments, e.g., Found lock
open on switch AGZ.

Exceptions

7. Use the remarks area opposite the affected device to
indicate anything that deviates from this procedure;
e€.g., Crane has no bridge limit switches, only bridge
bumpers.



Date: MM/DD/YY 1

Daily Operator Crane Inspection Log

Pass Fail Remarks

Pendant and Cable
Functional Operations
Trolley 2
Bridge
Hoist
Hoist Limit Switch
Hook Block
Hoist Rope/Chain
Grease or fluid leaks

Printed name and
Signature of Operator: -3

Limit Switch Test (Performed only after the Daily
Inspection)

Printed Name and Pass | Fail Remarks
Signature of
Operator

5 4

Comments/Unusual Conditions, etc.




Date:

Daily Operator Crane Inspection Log

Pass Fail Remarks

Pendant and Cable

Functional Operations

Trolley

Bridge

Hoist

Hoist Limit Switch

Hook Block

Hoist Rope/Chain

Grease or fluid leaks

Printed name and
Signature of Operator:

Limit Switch Test (Performed only after the Daily

Inspection)
Printed Name and Pass | Fail Remarks
Signature of '
Operator

Comments/Unusual Conditions, etc.




Radio Controlled Cranes
Basic Operating Procedures
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SAFE OPERATING PROCEDURES

RADIO CONTROLLED CRANE OPERATION

Crane radio operators responsibilities and qualifications are the same as pendant operators.
They must be capable of meeting all physical requirements, have a thorough knowiedge of crane
operations and rigging procedures, and always exercise safe operating practices and load
control.

Radio controlled cranes operate basically the same as pendant or cab controlled cranes. The
difference lies in the ability of the operator to move in areas not necessarily relative to the position
of the crane, i.e., one has no fixed connection to the crane. Due to this freedom, it is imperative
that a radio operator must always be aware of his position relative to load position and “pinch
points.”

The following are good, basic, operating practices that should be followed to help insure safe
crane radio operation. They are, general, and one must remember that other practices may apply
due to the individual facility requirements with respect to operation or physical lay out.

A.  Verify that you have the correct transmitter for the crane you intend to operate before you

turn the key or switch on.

Know the operation of the Radio Control box (posmon of relative controls).

Verify that all control levers are in the neutral or “off” position before turning the radio

control box to the “on” position.

Walk to the Crane, do not bring the crane to you.

Do not operate the crane “blindly,” the crane and load should be in clear sight and either to

the side or in front of you.

The operator should maintain a position as close to the load as safely possible.

Do not wear gloves to operate the transmitter.

The transmitter should be secured to you, using straps or belts, before turning the controls

to an “on” position.

Turn the transmitter to an “off” condition after use, or when transferring the control to

another operator.

Never block the levers in an operating position.

K. Ifthe crane does not operate correctly, or is operating intermittently, stop immediately,
shut off transmitter, report the condition to your supervisor or RECERT, and write it in the
log book immediately.

L. Radio transmitters should be kept in a designated area, and keys under the control of a
designated person, with a routine established for charging new and spare batteries.

mo ow
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PulseStar+610 System Overview

Introduction

This chapter introduces the basic conceptual information that you should know before installing,
wiring, and operating the PulseStar*610 system.

Theory of Operation

The PulseStar+610 system consists of a transmitter kit and a receiver. The transmitter, using
PulseStar’s synthesizer technology, electronically generates a carrier frequency over which it and the
receiver communicate. PulseStar+610 transmitters and receivers operate over the 400-470 Mhz
frequency range (70 cm. band). To guarantee safety when the crane is being operated in conjuction
with other radio controls, the receiver and transmitter are configured with the same address code.
This way, the receiver only seeks out and accepts commands from the transmitter with the same

address code. :

NOTE: PulseStar*610 receiver(s) and transmitter(s) already have their address code set up
before they are shipped. Never change the address code in the receiver. The only time
you should need to change the address code inside the transmitter is when you are
setting up a spare or replacement transmitter. If you have any questions about address
codes and how they are used, contact Electromotive Systems.

~
J
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Active Emergency Stop (E-STOP) Function

One of the most important features of the PulseStar*610 is Active E-STOP. The transmitter
continuously sends the Active E-STOP status signal, followed by the desired crane function. This
constant communication between the transmitter and the receiver confirm that the ongoing
operations are safe. If the Active E-STOP push-button is pressed on the transmitter, the Active E-
STOP relay module in the receiver opens, and crane motion then ceases. The receiver is then in Safe

Mode.

To restart the system after activating Active E-STOP via the Active E-STOP push-button, pull out the
Active E-STOP push-button and press the START/HORN push-button.

NOTE: There are other situations in which the system automatically goes into Active E-STOP
without the operator pressing the Active E-STOP push-button on the transmitter. These
are explained in later sections of the manual

agaagbblblliiiii

Active E-STOP responds faster than any other PulseStar function. When Active E-STOP occurs, the
system ignores any other signal it receives. Active E-STOP is the only signal that is recognized until

the problem is corrected.
Active E-STOP is fail-safe and self-monitoring in both the transmitter and receiver. When you apply

power to the receiver, it performs a self-test to make sure the Active E-STOP circuitry is working
properly. If the receiver detects an error in the Active E-STOP circuitry, the system automatcally

goes into Safe Mode.

When you first turn on the transmitter, it also performs a self-test to make sure CPU circuitry is
working properly. If it detects an error, the transmitter will not begin transmitting.

PulseStar610 Instrucion Manual — 6/21/99
1-3



Operators should be familiar with the following rules and warnings:

1.

RADIO CONTROL OF CRANE 5-5

CAUTION: ALWAYS BE IN VISUAL CONTACT WITH THE CRANE WHEN THE
RADIO IS TURNED ON.

.

ALWAYS BE IN VISUAL CONTACT WITH THE CRANE WHEN THE RADIO IS
TURNED ON.

The range between the transmitter and receiver is between 300 and 400 feet. DO NOT
operate the system outside of the working area.

Follow all OSHA and NASA crane operator rules and instructions for crane operation.

Always be aware of the crane and block location. Machines in the shop could be
damaged or a collision could occur with the High Bay crane in Building 5.

The GLT Transmitter (Joy Stick Model) for Crane 5-5 consists of the following:

1.

Active E-Stop Push-Button - Pressing the E-Stop Push-Button will turn off the main
contactor. The button must be pulled out for the transmitter to control the crane.

Power LED (light) - Indicates that power is on the transmitter and is communicating with’
the receiver on the crane. The light will flash once and after the transmitter goes through
a diagnostic check. The LED will flash green indicating that the transmitter is power up.
On/Off Switch on the right side - The switch turns the transmitter "on" and "off."

Start Button - Push the button to activate the main line contactor on the crane.

NOTE: Two strobe lights are on the crane - the amber light indicates that the main line
contactor is closed, the red light comes on when the crane is under the High Bay crane
runway. (This is to make you aware of a possible collision with the High Bay crane.)

Joy Sticks - They provide control for each hoist and control for the bridge and trolley.
Back Up Pendants - The original pendant controls are on the crane as a back up in the

event of radio failure. Contact RECERT Crane Technicians at 6-2583 to place the
pendant in service



Crane 10-1 Flux Vector Drive and Radio Control

CAUTION - ALWAYS BE IN VISUAL CONTACT WITH THE CRANE WHEN THE RADIO

IS

I!ON. L}

Flux Vector Drives provide the means for precise positioning of a
load to enhance integration work and smooth handling.

The following terms describe some of the benefit of the system.

Vector duty motors - specially designed motor to be used with
Flux Vector Drive systems. Permits slow speeds for 1long
periods of time without overheating - will hold the load at
zero speed.

Encoders - motor feedback system providing a closed loop
control - has a resolution 1040:1.

Load Float - the motor holds the load in a float or zero speed
condition for a period of time before the brakes are set.
(The time period for this drive system is 10 seconds.)

Except for an "E" stop or fault condition, the brakes do not
stop the load. The motors stop the load; and after 10
seconds, the brakes set to hold the load in position. The
timing starts after each command.

Micro Speed - sets the speed range to 10% of the normal speed.
A minimum speed of 7/16” per minute can be achieved. The load
can be bumped or jogged at .005 inch.

Accel and decel ramps - the ramps have been set to minimize
the load swing for the trolley and bridge. The hoist ramp is
faster.

Operators need to get accustomed or experienced with this
radio control system.

The radio control system consists of two transmitters - an
Emergency Stop transmitter and the operator's transmitter.
Both must be on to obtain a reset.

The Emergency Stop transmitter has one function - an E Stop
button that drops out the crane reset and sets all brakes.
(This is the remote E Stop for critical lifts.) The ON-OFF
switch must be in the ON position and the red E-Stop button
must be pulled "UP" for crane operation. A green light
indicates that the transmitter is ON.

The operator's transmitter consists of the following:

ON-OFF Switch - a green 1light indicates that the
transmitter is ON.
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Reset Button - pushing this button resets the c¢rane -
control. (NOTE: Allow at least one minute between crane
resets.) B

Fl function selector - sets up the radio interface and
selects a speed readout in feet per minute.

F2 function selector - also sets up the radio interface
and selects a speed readout in inches per minute.

F3 function selector - spare.
F4 function selector - spare.

Trolley Limit Switch By-Pass Button - provides a by-pass
for the first limit at the west end of the trolley.
(Protects the Vibration Lab monorails.) The second and
final limit at the west end cannot be by-passed.

Micro Speed selector - sets up for normal or micro speed
selection for all three motions of the crane.

Ultra Lift -~ provides a slightly faster than normal
speed.

Joy Sticks - bridge, trolley, and hoist. Provides
infinitely variable speed control for each motion.

Read-out Console - provides the percent of full load amps
for the hoist and read-out of speeds for each crane
motion. ‘

Back-up Pendant - a pendant exists on the crane bridge
that can be lowered and put in service by the crane
RECERT Group, when required. See attached layout.
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PULSESTAR 609 E-STOP
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CRANE 10-1
BRIDGE BY-PASS PROCEDURE

A BY-PASS FUNCTION HAS BEEN ADDED TO THE BRIDGE CONTROLS.

» When bridging north, the bridge will stop short of Clean Room 120.
> To continue, press and hold the by-pass button.
» STOP THE CRANE WITH THE BRIDGE CONTROL LEVER BEFORE

RELEASING THE BY-PASS BUTTON TO AVOID A SUDDEN STOP.

This will allow the bridge to decelerate slowly.

> When the bridge comes to a stop, release the by-pass button.
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RADIO CONTROL OF CRANE 24-1

Operators should be familiar with the following rules and

warnings:

1. ALWAYS BE IN VISUAL CONTACT WITH THE CRANE WHEN THE RADIO IS
TURNED ON.

2. The range between the transmitter and receiver is between
300 and 400 feet. DO NOT operate the system outside of the
working area.

3. Follow all OSHA and NASA crane operator rules and
instructions for crane operation.

4. Always be aware of the crane and block location. The

chillers in Building 24 can be damaged if caution is not
adhered to.

The GLT Transmitter (Joy Stick Model) for Crane 24-1 consists of
the following:

1.

Active E-Stop Push-Button - Pressing the E-Stop Push-Button
will turn off the main contactor. The button must be pulled
out for the transmitter to control the crane.

Power LED (light) - Indicates that power is on the
transmitter and is communicating with the receiver on the
crane. The light will flash once and after the transmitter
goes through a diagnostic check. The LED will flash green
indicating that the transmitter is power up.

on/Off Switch on the right side - The switch turns the
transmitter "on" and "off."

Start/By Pass Push Button - Push the button to activate the
main line contactor on the crane. Hold the button down for
"Bridge By Pass." The crane is interlocked that when the
trolley is over the chillers, you must hold the By Pass
button down to operate the bridge.

NOTE: Two strobe lights are on the crane - the amber light
indicates that the main line contactor is closed, the blue
light comes on when the trolley is over the chiller area.

Joy Sticks - There are two dual axis joy sticks. They
provide two step control for each hoist and five step
control for the bridge and trolley. The right joy stick
provides up and down control at the auxiliary hoist and east
west motions of the trolley. The left joy stick provides up
and down control of the main hoist and north and south
motions of the bridge. See attached sketch.
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CAUTION: ALWAYS BE IN VISUAL CONTACT WITH THE CRANE WHEN THE
RADIO IS TURNED ON.

Back Up Pendants - The original pendant controls are on the
crane as a back up in the event of radio failure. Contact
RECERT Crane Technicians at 6-3403 to place the pendant in
service
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OPERATING INSTRUCTIONS
RADIO CONTROL

CAUTION - ALWAYS BE IN VISUAL CONTACT WITH THE CRANE WHEN THE
RADIO IS "ON."

¢ Switch on the radio remote control transmitter by turning
the key switch.

An acoustic signal, long followed by a short beep, will be
emitted and, after a procedure of self-tests (max. 3 sec.),
the green "power" indicator on the top of the transmitter
will flash.

¢ Pull the Emergency Stop button "UP" to permit crane reset.

¢ Push the "START" button (possibly START/HORN) (29-1, -2, -3,
& -4).

The radio remote control is now operational and the desired
function can be activated by levers or switches.

NOTE:

The function "START" is blocked as long as one of the levers
is not in the neutral position. This is to avoid the
unintentional activation of a crane function.

¢ Before working with the crane, the safety functions (e.g.,
Emergency Stop) have to be checked according to the
requirements of the guidelines of the relevant authorities.

¢ When finishing work or interrupting for a long period of
time, switch off the radio remote control transmitter via
the key-switch. This will increase the operating period per
battery charge. By the interruption of the radio
communication, the radio remote control receiver is switched
into a secure state.

¢ When pushing the "Emergency Stop" switch, the crane control
is at once switched into a secure state. To re-activate the
crane control, the "Emergency Stop" push-button must be
pulled out and the start button re-pressed.

NOTE:
By pushing the "Emergency Stop" switch, the radio remote

control transmitter is not switched off, but "Emergency OFF"
signals are transmitted.
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After approximately 10 hours of operation, the radio remote
control transmitter will indicate the discharge of the
battery by an acoustic continuous beeping signal.

CAUTION!

The signal is emitted for about 30 seconds; during this time
the crane must be driven into a secure position. After this
period, the radio remote control transmitter switches off
automatically.

Switch off the radio remote control transmitter by turning
the key-switch and replace the battery in the base of the
housing.

The radio remote control transmitter can be put into
operation again with a charged battery.

NOTE:

If the radio communication is interrupted (in the case that
the distance is too long, interferences caused by other
transmitters), the radio remote control receiver switches
into a secure state and can only be started again by pushing
the "START" switch.

CHARGING THE BATTERY:

¢

Exchangeable battery:

Put the discharged battery into the charger. Charge time is
approximately 3 hours. A flashing green light on the
charger indicates a fully charged battery. The charged
battery can be left in the charger until it is needed for
the running of the radio remote control transmitter.
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1)

2)

3)

4)

5)

1)

2)
3)
4)

5)

6)

7)
8)

COLLISION SYSTEM

Two transmitters, two receivers, one for each crane.
A) Upper crane has #1 Receiver and #2 Transmitter.
B) Lower crane has #2 Receiver and #1 Transmitter.

Both cranes must be energized for system to operate.
SEE SIGNS ON WALL NEAR DISCONNECTS.

System is activated by lowering the hook on the upper
crane, approx. 6 inches. This action applies power to
both Transmitter and Receiver, on the upper crane.

System has three steps of operation.

A) Slow down, Alarm - Approx. 30 FT. - constant bell
sound.

B) Creep Speed - Approx. 25 FT.

C) Stop - Approx. 10 FT.

D) These distances are not exactly the same for both
cranes, due to slightly different amplifier gain,
for the radio units.

TO RESET SYSTEM

A) Crane can be driven in the reverse direction, to
move away from the slow down and alarm settings.

B) After stop is operated, the By-pass button should
be held down, to provide Bridge operation.

C) Opening the disconnect for the crane not being
operated, will disable the entire system.

OPERATION SYSTEM
TELEMOTIVE

License required. Carrier signal present, whenever
unit is reset.

Collapse of carrier frequency causes an Emergency Stop.
A dead battery will cause an emergency stop.
Blinking LED indicates charge level.

Battery saver in operating transmitter, but not the
reset transmitter.

On Crane 29-1, the yellow light on the trolley with a
*ding” sound indicates the crane control is reset.

Range is adjustable, up to 2500 FT.

Selector switches for speed of Bridge and Trolley, of
lower crane, have been installed on the transmitter.
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6.00 OPERATING THE' RADIO CONTROLLLD CRANI‘
6.01.  The crane limit SWllCh sha]l be checked at the bcgmmng of cach turn or when. .a new operator takes con-
trol of thé crane. Whlle checkmg the limit swﬂchcs the hoist should be céntered over an area ree of per-

sonnel and cqmpmcnt so that if the limit switches fail and thc hook and block assemb!y falls no one will
be mjurcd or no equupmcnt Wl" be dam'lgcd P ! ] L .
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6.02  The limit switch sha]l ncver be used as a rcgular stOppmg dewcc They are mlcndcd to-be protective
dev:ccs only L ; : . .

6.03. The bridge and trolley'bmkes slnll bc tcsted at the bcgmmng of each turn or whcn a new opcmtor lnkcs
control of the crane. They 'should bc tested wnth the: bndgc and trolley at low spcccl :

6.04° When hftmg mam}num loads or loqu near m'lxnnum the opcr'uor shall tcst the hoist brakes by rmsmgu
' the load a few inches for the floor. lIf brakés do' not hold lo'ld shall be 1mmcd|atcly Iowcrcd to thc floor
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6.06 thn makmg hfts the brldge and trollcy shall bc centcred dlrectly over the Iond to prevent swinging
when the load'is ranscd ! : L S ,

6.07 Side pulls shall be madc only wnth perm:ssmn of‘ the supervmor When such a lift is being made the
operator shall not posmon 'hlmself in the line ori path of travel of the load, but shall operate the crane
from a posmon either to thc 31dc or to the opposne of thc line of travel,

6.08 When ‘raising or lowermg a- load procced slowly and mftkc cértain the load is undcr control. Tag lines
shall be used for handlmg unusual lengths ot bulky loads Take the slack out of the chains or slings

i gradmlly .Make sure all pe?sons arc clear bcforc makingia hft ‘ : 3 5 i ! CLmed

| | .
6.09 - Cranc oper'\tor shall keep :JII parts of‘ hlS body '1w'1ylfrom the lift and shall never posmon hnmclf undcr

anyone 19 in! '1 posutlon lo be mjurcd i

6.11 ID the radlo control cralnc o'perator is being helped hc slnll not move the cranc ‘until he has rcccwcd a
sngnal from h!S helpers: thati they are in the clear.”

6.12  Loads shall not be carried ovcr workman’s hc'1d<;

6.13 If anyone is in the pnth of travcl the radio control crane Opcrator shall stop and clear the arca before
proccedmg i ;
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6.15

6.16

;2 6.17

6.18
6.19

6.20

6.21
6.22
6.23
6.24

'6.25

6.20

: thn moving the cranéithe deO control cranc Opcrator t:lnll be sure that the hook block, attachment or
- cables will not foul « on ncqrby equxpmcnt

The rz}udlo control crane opcrator shall not drag slings, ch'um cte. along the floor. They could snag on
something causing the cablcs to brcak and to strike the opcrator or a fellow workman, causing serious in-

JUTY : : ; : i

. Plugging shall not be used as a rlcguhr means of sloppmg 'the cranc. Plugging is intended lor emergency i~
- stops only, except whcn 'mlhonzcd by phnt supcrv:sor C'umon should be used when plugging with the

I . .
I the radio conlrol'cran!c oricmtbr is asked to doisomcthihg he believes unsafc, he shall call his supervisor
. for adwcc., B ‘ :

" The I‘Z!le control crane' ‘operator shall never permit anyonc to ride on the load or hook except when
- authorized by his supcrwsor*

<

}

- . 1)
R H X AR

Bumpmg into runway stops or fi..0 othcr cranes on thc f;'lmc runway is prohibited.

1

e e et ey e . — —— e eme

Where: glovcs are not rcqmrcd l“or more compcllmg mfcly reasons, thcy slmll not bc used when Opcrnlmg
the radio control box. PooL

¢

t

All loose-material or parl:, slnll bc rcmovcd from the lmd before starting the lift. Such material can fall,

strnkmg pcoplc bclow. ‘ ] N .

' -
The radio control crancJOpcraloi‘ sh:ill ho'isl lifts high fcnough o clcar a'll apparalus and workman below
th¢ crane. . = @} L b IR ‘

4 i

radio control box. | , %

L
!

—

When another crance on the same runway, is stationary with or without a load, the radio control crane
operator shall maintain '1 ::afc distance between cranes.

If the power goes ofI' the radlo control crane opcrator shall position his switches in the OFF position and -~
kccp them off until powcr |s restored. :
The radio control cranc! Opcrator shall stop operation and turn off thc appropriate on/off switch on the-

radio control box if his cranc fails to respond correctly. He should report the condition to his supcrvisor
immediatcly. ; :

Qutside crancs, suchcl to movement by winds, qtorms cle. shall be securely anchored when left unattend-
ed. If the cranc is equipped with bridge brakes, the parking brake should be sct.
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~ Fig. 3. TelTec belngwused to prevent colhsnon of the
upper crane's load with the bridge of the lower crane
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Radio Control - Crane 29-3

CAUTION - ALWAYS BE IN VISUAL CONTACT WITH THE CRANE WHEN THE RADIO.

IS

" ON R L

Crane 29-3 was revamped to provide radio control for the crane and
Flux Vector Drive for the hoist.

The Flux Vector Drive provides the means for precise positioning of
the hoist to enhance integration work and smooth handling.

The following terms describe some of the benefit of the system.

Vector duty motor - specially designed motor to be used with
Flux Vector Drive systems. Permits slow speeds for 1long
periods of time without overheating - will hold the load at
zero speed.

Encoders - motor feedback system providing a closed loop
control - has a resolution 1040:1.

Load Float - the motor holds the load in a float or zero speed
condition for a period of time before the brakes are set.
(The time period for this drive system is 10 seconds.)

Except for an "E" stop or fault condition, the brakes do not
stop the load. The motors stop the load; and after 10
seconds, the brakes set to hold the load in position. The
timing restarts after each command.

Micro Speed - sets the speed range to 10% of the normal speed.
A minimum speed of 7/16” per minute can be achieved. The
load can be bumped or jogged at .005 inch.

The bridge and trolley drive systems were not changed. They
still have five-step speed control but are operated from the
radio instead of the pendant.

The radio control system consists of two transmitters - an
Emergency Stop transmitter and the operator's transmitter.
Both must be ON to obtain a reset.

The Emergency Stop transmitter has one function - an E Stop
button that drops out the crane reset and sets all brakes.
(This is the remote E Stop for critical lifts.) To activate,
the green start button must pushed ON. A red light will come
"ON" and change to flashing green light indicating that the
transmitter is operating. To stop the crane, press the red
stop button. This button also turns the transmitter "off" at
the completion of your job.
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The operator's transmitter consists of the following:

ON-OFF Switch - turn the switch "ON" - a green flashing
light indicates that the transmitter is in operation. Be
sure to turn this switch "OFF" at the completion of your
job.

Reset Button - pushing this button resets the crane
control and sounds a horn. A light on the bridge
indicates the crane control is reset. (NOTE: Allow at

least one minute between crane resets.)

Micro Speed selector - sets up the hoist micro speed
selection.

Ultra Lift Selector Switch - provides a slightly faster
than normal speed for the hoist

Normal Speed Selector - normal hoist speed.

Joy Sticks - bridge, trolley, and hoist. Provides
infinitely variable speed control for the hoist and five-
step speed control for the bridge and trolley.

Read-out Console - provides the percent of full load amps
for the hoist and hoist speed. (Inches per minute when
in micro speed and feet per minute when in normal or
ultra lift.)

Back-up Pendant - a pendant exists on the crane bridge
that can be lowered and put in service by the crane
RECERT Group, when required.

Emergency Stop Button - this is a red push/pull button.
The button must be pulled "up" to permit a crane reset.
Pushing the button down drops out the crane reset and
sets all brakes. (Use this button to shut down the crane
at the completion of your job.)



Radio Control - Crane 29-4

CAUTION - ALWAYS BE IN VISUAL CONTACT WITH THE CRANE WHEN THE
RADIO IS “"ON."

Crane 29-4 was revamped to provide radio control. The drive
systems were not changed.

The radio control system consists of two transmitters: the
operator’s transmitter and an Emergency Stop transmitter.
Both must be ON to obtain a crane reset.

The Emergency Stop transmitter has one function - an E Stop
button that drops out the crane reset and sets all brakes.
(This is the remote E Stop for critical lifts.) To
activate, the green start button must pushed ON. A red
light will come "ON" and change to flashing green light
indicating that the transmitter is operating. To stop the
crane, press the red stop button. This button also turns
the transmitter "off" at the completion of your job.

The operator’s transmitter consists of the following:

- ON-OFF Switch (on the right side of the transmitter) -
turn the switch "ON," a green flashing light indicates
that the transmitter is in operation. Be sure to turn
this switch OFF at completion of your job.

- Reset/Horn Button - pushing this button resets the
crane control and/or sounds a horn. A strobe light on
the bridge indicates that the crane control is reset.
(Note: allow at least one minute between crane resets.)

- Emergency Stop Button - this is the red push/pull
button. The button must be pulled "up® to permit a
crane reset. Pushing the button down drops out the
crane reset and sets all brakes. (Use this button to
shut down the crane at the completion of your job.)

- Joy Sticks - bridge, trolley, and hoist. Provides
infinitely variable speed control to each motion.

- Back-up Pendant - a pendant exists on the crane bridge
that can be lowered and put in service by the crane
RECERT group when required.
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HIGH PERFORMANCE,
LOW COST SYSTEM FOR
CONTROLLING INDUSTRIAL
EQUIPMENT RELIABLY,
SAFELY, EFFICIENTLY BY
RADIO REMOTE CONTROL

The new EZ non-engineered off the
sheit product line is EZ to install, EZ
to maintain. and EZ on your budget.
Tas group of products was taken
directly from the already proven
reliable CAT-800 Series of radio
remote controls. packaged to allow
“oft-the-shelt”” delivery and designed
to 2o straight to the job with no FCC
license required. All CAT-800 EZ
mudels are micro-computer based, have
high digital message security. and
e¢mploy both system address and BCH
error detection to assure safe. reliable
centrol in harsh industrial environ-
ments.

KEYPAD TRANSMITTER/
ENCODER CONTROL UNIT

The Keypud control transmitter is a
rugged. lightweight. ‘ergonomically
designed unit that controls four, eight.
or welve operator commanded func-
tions any time the corresponding
function pushbutton is pressed. Addi-
tonally. one ON/OFF command is sent
whenever any function is active. [ater-
nally a micro-computer performs selt-
diagnostics and controls the RF
transmitter upon demand. The rugged
clastomer kevpad has large kevs, with
tuctile “"teel ™", protected by a raised grid
which helps prevent inadvertent opera-
tion. Each key is identitied by function
specttic lubels. Battery life is very long,
approdmately 240 hours. Nicad re-
charzeable  batteries  are  optionally
avaalable with 80 hours  between
charges. In normal operation a green

¢ | RGN
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LED **winks"" with each function com-
mand message and a beep is sounded
when a kev is pressed. When the bat-
tery voltage becomes low, the green
LED will change to red. alerting the
operator that approximately 30 minutes
of transmit-time remains. A short ex-
ternal antenna connected to the pulsed
RF transmitter provides the maximum
FCC allowable signal strength for
unlicensed operation. All commands
respond within 40 milliseconds of
pressing a kev and are absolute func-
tions: that is. a positive on command is
sent when the key is pressed. as well
as a positive off command when the key
is released.

RECEIVER/DECODER

The receiving and decoding hardware.
along with the relay intertace. is housed
within a compact NEMA [2 steel en-
closure. The RF receiver. decoder. and
power supply circuit boards are hous-
ed in a sub-chassis which provides EMI
shielding and isolation from the output
relay interface. The sub-chassis also
provides an EZ way to change all of the
electronics should a repair be required.
The decoder makes extensive use of the
micro-computer’s self diagnostic cap-
abilities by using a two character
display to show system status. The out-
put interface to the machine is handled
by plug-in relays rated for heavy in-
dustrial loads. both resistive AND
inductive. Euch relay has two screw
terminals. an output fuse. and an LED
indicator showing when it s on. A
secondary contact on cach relay is used
by the decoder to sense and verity cach
of the radio transmitter commands.
Should a tault condition be detected. the
Operate Reluy and all outputs will be
disabled. Automatie Salety Override
(ASO1 s 1 satety teature in all Cattron
systems.

INSTALLATION

The CAT 800 EZ groupis EZ to install.
Each transmitter button is a function.
Any or all functions can be sent at any
time. Each output can go to a separate
circuit or to a common circuit. Function
One is connected to relay One, etc. After
wiring. the transmitter is labeled as
required.

FEATURES

¢ No F.C.C. license required

® Four. eight. or twelve output func-
tions. plus On;Off (Operate: E-stop)

s Low cost

* High message security

* Power-on selt-diagnostics

* Multiple watchdog timers

* Automatic Safety Override on
every function (Output verification)

¢ Microcomputer-based encoder and
decoder

® Proven 800-Series reliability

¢ Large elastomer keypads

o Mude in U.S.A.

CAT-808 EZ
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RADIO CONTROL OPERATOR'S DUTIES

5. The Trolley shall be centered directly over the load
before starting to hoist.

THIS IS A GUIDELINE FOR RADIO CONTROL OPERA-
TION OF A CRANE, AND IS NOT INTENDED TO

SUPERCEDE ANY PLANT OPERATING PROCEDURES.
6. Side pulls should be made only under the direction of

1. Prior to lifting any loads, the following should be the foreman. Since this will cause a dragging or sliding

completed:

a. Place a fully charged battery into the control
transmitter.

b. The transmitter should be checked for obvious
defects (broken case, missing parts, etc).

C. Activate power on switch.
d. Depress alarm/reset. (optional)

e. Check each motor tunction independently in both
directions to be sure the crane is responding
correctly.

10.

motion, the operator shall not position themselves in
the line of travel.

Take slack out of the chains or slings gradually and
make sure hands and other objects are clear before
making the lift.

Keep all parts of the body away from the lifts. Also, do
not stand under a lift.

Do not make a lift or move the equipment if anyone is
in a position to be injured.

Load should not be carried over workmen's heads.

f. Where a limit switch is provided, the operator will 11. If anyone is in the path of travel, stop and sound the
check the limit switch at the beginning of each shift. alarm before proceeding.
9- Check brake operations. 12. Do not drag slings. chains, efc. along the floor.
2. Persons operating this equipment must report to the 13. Persons operating this equipment shall not use a limit
foreman any defective or missing safety equipment, stop as a utility stopping device.
mechanical or electrical defects without delay. Do not
continue operation until fully repaired. 14. Bumping other cranes or run-away stops is prohibited.
- When raisir_mg or !oweri.ng a load, pl;ocleed slowly and 15. When moving the equipment to the loading point, be
make certain the load is under control. sure that hook block. attachment, or cables will not fall
. When lifting maximum load. the person operating the on the adjacent equipment.
equipment shall test brakes by raising the load a few ‘
inches trom the floor. If the brakes will not hold. the load 16. ‘s/:li:eg claf?::;ias": C::'ggda;‘;z m’e ?;yn;?:toe': .i bﬁ':_:":
shall be immediately lowered and not moved until 9 e ‘ , S lurne
. off. both by the center main contact switch and the key-
brakes are adjusted or repaired.
lock switch.
17 Do not allow any unauthornzed person to operate the

Radio Control uni
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18.

19.

Do noat aperate the Radio Control unit from a distance 20. UNDER NO CIRCUMSTANCES should an operator

where the crane and all of the surrounding abjects are
not visible.

Do not place the transmitter in an area that it may be 21.

tampered with.

Camenne s CATTRON INC 19R0

override any of the safety features built into the Radio
Control system.

If for any reason should anyone go aboard a radio con-
trolled crane, the transmitter should be turned off and
carried with him, or placed where no one will be able
to engage the crane.



KEYPAD TYPE HAND-HELD CONTROL TRANSMITTER
CAT-800 SERIES
MODEL 816-15

4. OPERATING PROCEDURE

TRANSMITTER OPERATOR INSTRUCTIONS

1.

INTRODUCTION

The standard control transmitter 1s a ight-weight hand
held unit with 4, 8 or 12 momentary switches on a single
keypad, plus a separate emergency stop pushbutton, to
provide remote control of the equipment. It contains basic
control functions as well as some auxiliary functions,
depending on the system application. It is hand carried
with an optional belt clip, and is powered by a single
disposable or rechargeable battery pack.

BASIC CONTROL FUNCTIONS

a. The on/off switch turns the power on and off to the
control transmitter and sets the volume for the *‘click’’.
No transmissions occur until a button is depressed and
all transmission ceases when the button is released (5
seconds max). When transmitting with a good battery a
beep will be heard any time a button is pressed, or releas-
ed and the LED on top will blink green for each data
transmission. If the battery goes low the green LED will
switch to blinking RED for about 30 minutes before going
so low that power is removed from the electronic circuits.

b. Function Control Switches are identified on the side
of each keypad, and operate the functions as labeled.
All operations are momentary and must be maintained
by the operator. Release of the pushbutton will
de-energize the corresponding function and turn off the
transmitter within 5 seconds. A beep will be heard for
each push of a function.

¢. The Belt Clip, allows the unit to be carried at the waist
of the operator.

ALKALINE BATTERY REPLACEMENT/BATTERY
CHARGING (OPTIONAL)

A single alkaline battery pack or rechargeable Ni-Cad
battery pack provides power for the CAT £16-15 keypad
transmitter. This battery is located inside the transmit-
ter housing under a removable cover for battery removal
and charging. This can be accomplished by sliding two
clips upward and removing the cover. Replace the pack
and drop the battery into the charger and observe that
charging light comes on. 16 hours charge is adequate
but no damage will occur if the battery is left in the
charger for a longer period.

Batteries should be charged or replaced after the low
battery indicator has begun to flash red. This would be
typically several days after the batteries were placed in
service, because CAT 800 series greatly reduces a bat-
lery consumption by its’' designed battery conservation
cycle, and the automatic power off teature when left idle
for 5 minutes.

Battery life is normally expected to be approximately
80 hours of continuous operation with Ni-Cad’s and 240
hours with disposable alkaline packs.

5.

Place the keypad type transmitter in a comfor-
table position in your hand and rotate the power
switch. If the key “‘click’” sound is not desired, con-
tinue rotation to the mute position. This applies
power to the transmitier unit but does not send
any command at this time. Next, press the alarm
function or any function desired. This will send a
‘‘power up' message to the decoder. The
transmitter is now turned on, as indicated by the
blinking green LED. The corresponding equip-
ment mounted decoder will respond by the main
contactor of this equipment energizing. With the
mainline contactor energized, operate the motor
control switches and auxiliary function switches
as required, remembering that the push-button
must be maintained in order for the function to
continue to operate. Example: if North speed 2 is
desired, both North and 2 must be depressed and
maintained for continued operation. Any or all
functions may be operated simultaneously if the
controlled machine permits such operation. The
mainline contactor (OPR) will stay energized for
10 minutes after release of the last function com-
manded. ASO will monitor the output relays and
disable the mainline contactor if an output relay
fault is recognized.

Emergency stop can be commanded by press-
ing the emergency stop activator on the side of
the keypad controller. This will drop the OPR relay
instantly, which in turn should drop the equipment
mainline contactor. E-Stop should be presssed
before turning the transmitter power switch off at
the conclusion of operation.

BATTERY SAVING FEATURE

The keypad controller uses a micro-computer
to send digital data and control the RF transmit-
ter as well as manage the battery consumption.

This unit will automatically turn off transmit
power after all function keys are released. After
this time (5 seconds) the keyboard remains alert
and if a key is pressed the transmitter will turn on
again. If the keyboard is inactive for more than 15
minutes a deeper ‘‘sleep’ is implemented. After
this time the power and on/off switch must be cycl-
ed on and off before pressing a key swilch.

To store the unit the power on/off switch must
be turned off.

TRANSMITTER MODEL 816-15 + 2

This model is operationally and physically the same

as the standard keypad and control transmitter with
one exception; the control iransmitter is capable of
second speed operation with a single button depress-
ed. Here's how it works; if a forward command 1s

Coperart sy CATTRON INCOARORATEL *OHY



pressed, the gutput relay tor lorwvard 1s closed and the crane
typically will move «n lirst speed. If you press the speed two
button for that motor, either while holding forward, or within
two seconds of releasing lorward, both the speed relay out-
put and the lorward output will be energized (by pressing
and holding only the speed two function.) The push buttons
on this transmitter have been pre-assigned for this two speed
operation. Reler to the drawing below for this configuration.

NMotce that whide the last command direction 1S held
“memory’’ for lwo seconds after the button is released. th
direction output does not continue to run for this period I’
you press speed two alter waiting more than two second:
only the speed two output relay will energize.
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KEYPAD CONTROL TRANSMITTER
DISASSEMBLY/REASSEMBLY

Refer to the accompanying diagrams while disassembling and reassembling the radio.

To attach the belt clip to the radio:

1. Locate the mounting rails on the back side of the
radio.

MOUNTING

RAILS }

E]
E]l

\

BACK VIEW OF RADIO

sl

(LOCATING MOUNTING RAILS)

2. Position the belt clip, so the fastener end of the clip
is nearest the mounting rails, and the other end of the
clip is over the battery compartment.

MATE GROOVES

BELTCLIP ’ AND RALLS
s . o “

To remove the beit clip:

3. Align the mounting rails with the grooves. in the belt

clip. Slide the belt clip onto the mounting rails until
it latches into place (indicated by a click).

RELEASE TAB

{LOCATING RELEASE TAB)

1. Locate the belt clip release tab on the underside of
the belt clip

. Lift the release tab by inserting a key or coin
between the release tab and the back surface of the

radio.

. While holding the key or coin firmly under the
release tab, pry up until the belt clip slides slightly
toward the battery compartment.
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RECOMMENDED SAFETY RULES
FOR RADIO CONTROLLED CRANES

These are not necessarily intended to supersede rules or regulations of our customers, or any applicable
local, state or federal government organizations. The information contained herein is based on data
gathered from various users of radio crane control in this country and abroad.

TABLE OF CONTENTS

PARAGRAPH TITLE PAGE
1.00 ’ o TV PN 1
2.00 Persons Authorized to Operate RadioControlled Crane. .. .......ooveiiiiinnnnnna... 1
3.00 Training Check List for Operation of Radio ControlledCranes. ........................... 1-2
4.00 Operating Area for Radio ControlledCranes ............. ... i, 2
5.00 The Radio Control Box (Transmitter) . ......oo.ietrnnr et r e ierereiaerinneeeennnnn 2 .
6.00 Operating the Radio Controlled Crane ............coiiuiiiirinennnninerenerirennen.. 23
7.00 Boarding the Radio Controlled Crane . .......covvttiiiniienaieeerneetenneeerinnnnnens 3
8.00 Minor Repairs of the Radio ControlledCrane ...............cciiiiiiiiiiiiiiiiiinnnn.. 3
9.00 Major Repairs of the RadioControlledCrane ............. ...t iiiiiiiinnnnn, 34

10.00 Using the Radio Controlled CraneforaWork Platform...............cooiiiiiinnnnnnn.. 4

11.00 The Condition of the Radio ControlledCrane .................ccciiiiiiiiiiiiiiinnnn.. 4

SAFETY RULES

1.00 PREFACE

1.01 Radio controlled overhead travelling cranes operate in three motions. They are large, bulky pieces of
equipment that handle heavy loads efficiently at comparatively high speeds. Quite frequently they are
operated in restricted areas where workmen are engaged in various tasks on the floor below. Under these
conditions extreme care must be used by crane operators using radio control, and workmen must be con-
stantly on the alert if accidents are to be avoided.

1.02  Following are rules, assembled and issued to you to indicate how your careful and thoughtful actions may
save a life or prevent damage, protecting yourself and your fellow workmen.

1.03  These rules cover cranes when they are on radio control. If a radio crane is operated on cab control,
special care must be taken to secure the Radio Control box (transmitter.)
2.00 PERSONS AUTHORIZED TO OPERATE RADIO CONTROLLED CRANE

2.01  Only employes designated by management shall be permitted to operate such equipment and only after
they have been properly trained.

2.02 Management shall insure that the correc: transmitter to operate the crane is selected and that any spare
equipment capable of crane coatrol is secured.

2.03  Such equipment shall not be operated by any persons who cannot read and understand the signs, notices
and operating instructions.

2.04  Such equipment shall not be operated by a person with seriously defective eyesight or hearing, or who
may be suffering from a disease which may cause physical failure.

3.00 TRAINING CHECK LIST FOR OPERATORS OF RADIO CONTROLLED CRANE.
OPERATORS MUST:

3.01 have knowledge of hazards inherent 10 crane operation.

3.02 have knowledge of safety rules for radio controlled cranes.

3.03  have the ability 1o judge distance to stationary objects.

3.04 have knowledge of the radio control box (lransmitter),

3.05 have performed limit switch test procedure.

3.06 have instructions as to plugging of crane motions wherc authorized.

3.07 observe signal lights on crane.

3.08 avoid striking any obstructions in the building.

3.09 check for proper clearance of lifts or hooks before moving bridge or trolley.

3.10  provide proper storage space for radio control box when not in use.

Copyriant 9y CATTRON INC 1989
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3.3
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4.01
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5.01

5.02
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6.00
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6.11
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6.14
6.15

6.16

have knowledee i transternmng cadio control box to another person
report unsate or unusual operating conditions.

use caution in approaching bridge or trolley bumpers.

have knowledge of the capacity of the equipment,

keep body clear of lifts, avoiding **pinch™ points.

inspect cables and hooks.

be familiar with the procedure for testing hoist, trolley and bridge brakes.

THE OPERATING AREA FOR THE RADIO CONTROLLED CRANE
Unobstructed alsleways between equipment, stock, etc. should be maintained for the radio controlled
crane operator's movement. These aisleways should be a minimum of 3 feet wide or per local regulations.

The radio controlled crane operator shall always position himself for the best view of the crane he is con-
trolling. He shall never operate the crane blindly. He should always keep the crane and load in his sight
and stay as close as possible to the crane load. He should never position himself or others in a *‘pinch”’

point.

THE RADIO CONTROL BOX (TRANSMITTER)

On some transmitter units the motion switches on the radio control box are spring return to off. The
push-to-operate bar acts as a guard for these switches to prevent accidental movement of the switches.
These switches or the PTO bar shall never be mechanically blocked in any ON position.

Using the appropriate on/off switch the radio control box shall always be turned off when the box is not
in use. (When present the key lock shall also be turned off.)

A prescribed storage space shall be provided for the radio control box. The radio control box shall always
be placed there when not in use. This precaution will prevent unauthorized people from operating the
radio controlled crane.

Turn the transmitter off using the appropriate on/off switch when the operator is putting on or taking off
the control box and belt assembly. (When present, the key lock shall also be turned off.)

The control transmitter will always be turned off when not in actual use.

OPERATING THE RADIO CONTROLLED CRANE

The crane limit switch shall be checked at the beginning of each turn or when a new operator takes con-
trol of the crane. While checking the limit switches, the hoist should be centered over an area free of per-
sonnel and equipment so that if the limit switches fail and the hook and block assembly falls no one will
be injured or no equipment will be damaged.

The limit switch shall never be used as a regular stopping device. They are intended to be protective
devices only.

The bridge and trolley brakes shall be tested at the beginning of each turn or when a new operator takes
control of the crane. They should be tested with the bridge and trolley at low speed.

When lifting maximum loads or loads near maximum, the operator shall test the hoist brakes by raising
the load a few inches for the floor. [f brakes do not hold, load shall be immediately lowered to the floor

and a report made to the supervisor.

Do not make lifts in excess of the rated capacity of the equipment. Consult your supervisors for the ex-
ceptions.

When making lifts, the bridge and trolley shall be centered directly over the load to prevent swinging
when the load is raised.

Side pulls shall be made only with permission of the supervisor. When such a lift is being made the
operator shall not position himself in the line or path of travel of the load, but shall operate the crane
from a position either to the side or to the opposite of the line of travel.

When raising or lowering a load, proceed slowly and make certain the load is under control. Tag lines
shall be used for handling unusual lengths or bulky loads. Take the slack out of the chains or slings
gradually. Make sure all persons are clear before making a lift.

Crane operator shall keep all parts of his body away from the lift and shall never position himself under
the lift.

Do not make a lift or move the crane if anyone is in a position to be injured.

If the radio control crane operator is being helped he shall not move the crane until he has received a
signal from his helpers that they are in the clear.

Loads shall not be carried over workman’s heads.

If anyone is in the path of travel, the radio control crane operator shall stop and clear the area before
proceeding.

Bumping into runway stops or into other cranes on the same runway is prohibited.

When moving the crane the radio control crane operator shall be sure that the hook block, attachment or
cables will not foul on nearby equipment.

The radio control crane aperator shall not drag slings, chains, ete. along the tfloor. They could snag on
somelhmg causing the cables to break and to strike the operator or a fellow workman, causing serious in-

jury.
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6.26

Where gloves are nor reguired Tor mare compelling satety reasons, they shall not be used when operating
the radio control box.

All loose material or parts shall be removed from the load before starting the lif. Such material can (all,
striking people betow.

The radio control crane operator shall hoist lifts high enough to clear all apparatus and workman below
the crane.

Plugging shall not be used as a rcgular means of stopping the crane. Plugging is intended for emergency
stops only, except when authorized by plant supervisor. Caution should be used when plugging with the

radio control box.

[f the radio control crane operator is asked to do something he belicves unsafe, he shall call his supervisor
for advice. :

The radio control crane operator shall never permit anyone to ride on the load or hook except when
authorized by his supervisor.

When another crane on the same runway is stationary with or without a load, the radio control crane
operator shall maintain a safe distance between cranes.

If the power goes off, the radio control crane operator shall position his switches in the OFF position and
keep them off until power is restored.

The radio control crane operator shall stop operation and turn off the appropriate on/off switch on the"
radio control box if his crane fails to respond correctly. He should report the condition to his supervisor
immediately.

Outside cranes, subject to movement by winds, storms, etc. shall be securely anchored when left unattend-
ed. If the crane is equipped with bridge brakes, the parking brake should be set.



Radio Control of Crane #5-20
Building 5, Truck Lock

CAUTION - ALWAYS BE IN VISUAL CONTACT WITH THE CRANE WHEN THE RADIO
IS "ON."

Radio Controller

The radio controller consists of an on/off switch, direction/hold
push buttons, acceleration and deceleration push buttons, and an
Emergency Stop push button. The on/off switch must be on for crane
operation. The direction/hold button provides a direction and a
speed hold function. The acceleration and deceleration button
changes the speed of the motion to the desired setting. When all
buttons are released, the motion will come to a stop. The
Emergency Stop button on the side of the controller will stop all
motions. After using the Emergency Stop button, the controls must
be reset by turning the on/off switch to the off position and then
back to the on position. At the end of the operation of activity,
push the Emergency Stop button to deactivate the control panel,
then turn the on/off switch to the off position.

Main Disconnect

The main disconnect is located in control panel P.P.G-U21 at the
south side of the Truck Lock building and is labeled 5-20.

Traverse Motions

Select the direction desired and press the directional hold push
button. This push button provides the direction and the hold speed
function when the motor is at the speed the operator desires. To
accelerate, press and hold the accelerate push button associated
with the direction/hold push button. The crane motor will start to
accelerate in the selected direction. (NOTE: It may be necessary
to press the accelerate push button to provide enough torque to
move the hoist.) When the desired speed is reached, release the
acceleration push button and the crane will run at the desired
speed. To increase the speed, press the acceleration push button
once again. The crane motor will accelerate until full speed is
reached or the acceleration push button is released. To
decelerate, release the direction/hold and acceleration push
buttons. The crane motor will decelerate to zero speed or will
maintain a selected slower speed if the forward direction/hold push
button is depressed before the motor stops.

Follow the above procedure for the reverse direction.

Hoisting Motions

Select the up direction and press the up direction/hold push
button. This push button provides the up direction and the hold
speed function when the motor is at the speed the operator desires.
To accelerate, press and hold the accelerate push button associated



with the up direction/hold push button. The crane motor will start
to accelerate in the up direction. When the desired speed is
reached, release the acceleration push button. The crane motor
will run at the desired speed. To increase the speed, press the
acceleration push button once again. The crane motor will
accelerate until full speed is reached or the acceleration push
button is released. To decelerate, press the decelerate push
button until the desired speed is obtained. To stop, release the
up direction/hold and acceleration push buttons. The crane motor
will decelerate to a Stop and the brakes will be applied.

Follow the above procedure for the down direction.
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Operating Procedure for the Building 15 Modal Facility Cranes
1.0 Introduction and General Information

This operating procedure applies to the three remote cranes in
the Modal Testing Facility in the northeast corner of the
Building 15 high bay. The cranes are known as 15-5A & 5B, 15-6,
and 15-7. For clarity, the cranes will simply be called 1, 2, &
3. Crane 1 (15A & 5B) actually has two hoists connected to the
same bridge, but both are grouped together as one crane.

The main disconnect switch and documentation for all three cranes
are on the north wall of the high bay. In addition, individual
power switches for each crane and a selector dial are located on
the northwest corner of the Modal Facility. The selector dial
allows the user to choose which crane the remote control unit
will operate. See Figure 1 for a top view of these locations.
The operating area of the three modal cranes is outlined in
dotted lines in Figure 1.

Each crane is rated to lift 1000 lbs. safely. These cranes are
designated “Mission Critical” because they frequently 1lift
critical loads.

These cranes are operated by remote control. A small hand-held
control unit is used to control crane movement instead of the
typical hanging pendant. The controller is stored in the cage in
the southwest corner of the high bay, as shown in Figure 1. The
control box operates on rechargeable batteries and will control
the cranes properly from anywhere within or immediately around
the Modal Facility. Figure 2 shows the layout of the remote
controller for all three cranes.

2.0 Normal Operating Procedure
2.1 Personnel

There are 2 distinct types of “normal” lifts. The first is
a routine lift done by a Noncritical licensed operator. For
this type of lift a minimum of two licensed operators,
including a Rigger and a Crane Operator, must be present.
Tag Personnel are recommended as required to help handle the
load. They are especially necessary when the load is lifted
higher than a person can reach. One person is required to
handle the electric ground line when lifting spacecraft or
flammables. Other special assistants may be required
according to the nature of the load or lift.

The second type of lift is a formal critical 1lift. This
type of lift requires a Critical licensed operator, is done
with a Hydra-Set.

Only the Rigger and Crane Operator(s) need to be certified
crane operators. This procedure is written for their

-1-



benefit. Steps that pertain to handling the cranes apply to
the Crane Operator(s). Steps that pertain to handling the
load and giving directions apply to the Rigger.

2.2 Safety

Safe and effective operation of the Modal Facility cranes is
the purpose of this document. Therefore, all parts of this
procedure are written with safety in mind. Everyone

involved in crane operations should proceed with caution and

use common sense at all times.

Most of the potential for

injury in crane operations comes from operator error, not

crane malfunction.

OSHA regulations below emphasize important safety rules

(from OSHA 29 CFR 1910.179(n)):

(n) Handling the load—(1) Size of
load. The crane shall not be loaded
beyond its rated load except for test
purposes as provided in paragraph (k)
of this section.

(2) Atltaching the load. (i) The hoist
chain or hoist rope shall be free from
kinks or twists and shall not be
wrapped around the load.

(ii) The load shall be attached to the
load block hook by means of slings or
other approved devices.

(iii) Care shall be taken to make cer-
tain that the sling clears all obstacles.

(3) Moving the load. (i) The load
shall be well secured and properly bal-
anced in the sling or lifting device
before it is lifted more than a few
inches.

(ii) Before starting to hoist the fol-
lowing conditions shall be noted:

(a) Hoist rope shall not be kinked.

(b) Multiple part lines shall not be
twisted around each other.

(¢) The hook shall be brought over
the load in such a manner as to pre-
vent swinging.

(iii) During hoisting care shall be
taken that:

(a) There is no sudden acceleration
or deceleration of the moving load.

(db) The load does not contact any
obstructions.

(iv) Cranes shall not be used for side
pulls except when specifically author-
ized by a responsible person who has
delermined that the stability of the
crane is not thereby endangered and
that various parts of the crane will not
be overstressed.

(v) While any employee is on the
Joad or hook, there shall be no hoist-
ing, lowering, or traveling.

(vi) The employer shall require that
the operator avoid carrying loads over
people.

(vii) The operator ‘shall test the
brakes each time a load approaching
the rated load is handled. The brakes
shall be tested.by raising the load a
few inches and applying the brakes.

(viii) The load shall not be lowered
below the point where less than two
full wraps of rope remain on the hoist-
ing drum.

(ix) When two or more cranes are
used to lift a load one qualified re-
sponsible person shall be in charge of
the operation. He shall analyze the op-
eration and instruct all personnel in-
volved in the proper positioning, rig--
ging of the load, and the movements
to be made.

(x) The employer shall insure that
the operator does not leave his posi-
tion at the controls while the load is
suspended.

(xi) When starting the bridge and
when the load or hook approaches
near or over personnel, the warning
signal shall be sounded.



2.3

Startup

This section describes all the steps necessary to prepare
for a 1lift.

1)

2)

3)

4)

S5)

6)

7)

8)

9)

10)

11)-

Learn and understand all of the “Emergency Operating
Procedures” described in section 3.0 of this document.
If the lift involves a Hydra-Set, refer to the Hydra-
Set Operations & Checkout Procedure, NSI Procedure 32—
01-221. fThe crane and Hydra-Set should only be
operated alternately, never simultaneously.

If the lift is designated critical, a pre-lift

briefing, a special procedure, records and other

measures are required. Read and follow the Critical

Lift Procedure developed specifically for the 1lift, in

addition to reading this procedure.

Obtain the key to the main disconnect switch from the

Building 15 storage cage (key #34). Obtain the remote

control unit for the cranes (also in the Building 15

storage cage) and make sure that the battery is

charged.

Perform the required daily inspection to insure that:

a) There are no personnel on the crane bridges or on
the catwalk along the north side of the cranes.

b) There are no obvious functional discrepancies or
loose items on the crane.

c) Any discrepancies found by the operator must be
entered in the log book and corrected before
operations may begin.

Check the log book for the crane to be used (stored

next to the main disconnect switch) to make sure that a

frequent inspection has been performed in the same

month as the 1lift.

Make sure that all of the individual crane power

switches on the northwest corner of the Modal Facility

are turned off.

Unlock the padlock on the main disconnect located on

the north wall of the Building 15 high bay. Return the

key to its proper storage place.

Standing to the right side of the disconnect switch,

look away from the switch and turn on the power with

the left hand.

Go to the individual crane power switches. Switch the

selector dial to whichever crane is to be used. Then,

standing to the right and looking away from the switch,
turn on the individual crane power switch for the crane
to be used with the left hand.

Read the compass printed on the underside of the

cranes, and become familiar with the directions.

Review the remote control and become familiar with its

layout. The remote control is shown in Figure 2. The

functions of each button on the remote control unit are
described below:



12)
13)

This
lift.

1)
2)
3)

4)
5)

6)

When operating crane 1, the use of the control box
is different than when operating cranes 2 or 3.
For crane 1, the top row of buttons move the
bridge north or south. The second row of buttons
move the west hook up or down. The third row
moves the west hook’s trolley east or west. The-
fourth row hoists the east hook up or down. The
fifth row of buttons move the east hook’s trolley
east or west. The sixth and bottom row consists
of the Start and Run buttons, which serve the same
purpose for all the cranes but never need to be
used. For cranes 2 & 3, the top three rows of
buttons move the bridge, hoist, and trolley
respectively, an the fourth and fifth rows have no
function.

Note that all three of the Modal Facility cranes have
only one-speed motion on all controls.

Check the inspection tag on the crane to be used. If
the date is more than one year o0ld, do not operate the
crane. Notify RECERT for a crane recertification.
Turn on the remote control unit.

Test all crane control functions before beginning any
payload lifts. This test should include making sure
that the “Emergency Stop” button on the side of the
remote control unit will override all other controls.

Making A Lift

section describes the steps involved in making a normal

Check Storm Warning condition. Do not proceed if Storm
Code 3 or 5 is in effect.

Clear all obstacles and hazards away from the planned
path of the load movement.

Clear all non-essential personnel out of the crane
operating range (i.e., out of the Modal Facility
structure). Only those involved in the lift may be in
or near the operating range of the cranes. Everyone
involved in the lift must wear a hardhat an safety
shoes.

Hook up and test the Hydra-Set if the lift requires its
use.

Make sure each rigging component is rated for a weight
greater than it must lift. Verify that the
certification tags on all parts are current.

Rig the load and attach it to the crane hook or Hydra-
Set and check the rigging to verify its integrity. The
hook must be centered over the load’s center of
gravity, or the load will swing when lifted. Verify
that the CG location is known and that the lift will be
stable.



7)

8)

9)

10)
11)

12)
13)
14)

2.5

Start raising the load as slowly and smoothly as
possible.

When the load has raised off the floor, stop the crane
momentarily to test the holding brake an the balance of
the load. Do not transport unbalanced loads.

Move the load to the desired location.

a. Never lift a load higher than absolutely

necessary.

b. Do not move a load over flight hardware without
obtaining prior approval from Project personnel.

c. Remember to watch tag lines and electrical ground

lines to make sure they don’‘t get tangled or
caught during the 1lift.
Lower the load at the desired location as slowly and
smoothly as possible.
Depending on the configuration of the rigging, either
remove the hook from the rigging or the rigging from
the load, whichever is appropriate.
Move the crane away from the load and into a safe
location.
Detach the rigging from the crane and/or load and
return it to its proper storage place.
Go on to the next list or secure the crane as described
in Section 2.5 of this document.

Securing The Crane

Once operations are complete, the crane must be properly
secured for safe storage until next use.

1)
2)

3)

4)

5)
6)

7)

Raise the empty hook to just below the upper limit
switch.

Move the crane to a position where the hook, bridge and
trolley are not likely to interfere with other
operations (such as maneuvering a tall ladder into
position in the Modal Facility).

Push the “Emergency Stop” button on the remote control
unit, and then turn the unit off.

Turn off the individual power switch, and them the main
disconnect. Be sure to stand to the side and face sway
from the switches.

Lock the main disconnect with the padlock.

If any crane malfunctions occurred during the 1lift,
record it in the log book and notify the RECERT Crane
Inspection group of the malfunction.

Return the remote control unit to its proper storage
location and make sure it gets recharged.
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@ Read the instructions supplied with the products before instailation and commissioning:
& Keep the instructions in a safe place for future reference.
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RaCon Series 11 System

R&M Materials Handling. Inc
Springfield, Ohio USA Installation, Operation, Maintenance
:800955-9967 December 2003
www.rmhoist.com

1 Description
The RADS11 (RaCon H) and RABF13-(RaGen-H-Plus} push-button transmitter type, radio remote

control systems, are designed for the remote control of hoists and cranes, and are particularly suitable
for applications when the operator needs to be able to choose the best location from which to carry

out an operation.

. The system consists of a transmitter for selecting commands and a receiver that is. connected to the
electrical system of the machine to be operated. The system also comes with a battery charger and

two rechargeable batteries. '

The main specifications for RADS1.1/ RADF 13 systems are; , .
RADS11 / RADF13 Systems In EU countries - : Iin North America
. Frequency band 869.7 to 870MHz 902 to 928MHz
Baud rate _|. 7200 bps
Channel separation - 125KHz . - 25 KHz
Channel Occupation 72KHz
Modulation FM (GMSK)
Response Time 100 ms
Temperature range -20°C to +65°C -4F to 150F
The RAD-TS and RAD-TF transmitters
Transmission power <5mw
Protection P65 NEMA 4
The RAD-RS and RAD-RF receivers
Power supply 48 Vac, 115 Vac, 230 Vac 48 Vac, 115 Vac + 10%
+ 10%, 50/60 Hz 50/60 Hz
Consumption ow
Relays 230 Vac/8 A
Protection IP55 NEMA 12
Communication CL20mA (RAD-RF only)
Protection against electric Class Il according EN50178 (1997)
shock
The BCGOK battery charger
Power supply 230 Vac 50/60Hz 115Vac, 50/60 Hz
. (£10%)
The BTOSK battaries
Voltage |48V
Capacity 700 mAh, NiMH
Charging temperature 5°C to 35°C | 41F to 85F
Operating Time 12h at 50% RAD-TS model.
8h at 50% RAD-TF model.
3 RM-RaConli-MAN-2003-0-ENG.doc
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Safety Precautions

These instructions must be read carefully in order to install and use the radio control
system properly and to keep it in perfect working condition and to reduce the risks of

misuse.
Do not use this system on machines for the lifting of persons or in potentially explosive

atrnospheres _

Any use other than that specified in this manual is dangerous. The followmg mstrucbons
must be strictly adhered to.

Important note: To comply with FCC RF exposure compliance requirements, this device -
and its antenna must not be operating in conjunction with any other antenna or ..

transmitter.

What you must do
Strictly adhere to the instructions for installation contained in this manual.
Make sure that professional and competent personnel carry out the instaliation.

Ensure that all site and prevailing safety regulations are followed.
Make sure that this manual is permanently available to the operator and maintenance personnel.

Keep the transmitter out of reach of unauthorised personnel.

Remove the transmission key when the system is not in use.
At the beginning of each work shift, check to make sure that the STOP button and other safety

measures are working.

When in doubt, press the STOP button.
Whenever several systems have been installed, make sure the transmitter you are going to use is

the correct one. Identify the machine controlled on the label for this purpose on the transmitter.

Service the equipment periodically.
When carrying out repairs, only use spare parts supplied by the manufacturer dealers.

Use only battery pack BTO6K 4.8V 700mAh.

What you must not do
Never make any changes to the radio control system, which have not been engineered
and approved by the manufacturer.

Never power the equipment other than with the specified power supply.

Never allow unqualified personnel to operate the equipment.

After use, never leave the equipment ON-state. Always use the transmission key or the
STOP button to avoid accidentally activating functions.

Do not use the radio control system when visibility is limited.
Avoid knocking, bumping or dropping the transmitter.

Do not use the equipment if failure is detected.

1211
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3 Installation

3.1 The BC60OK battery charger
Connect the charger to the power source using the power source and the cable supplied. The red

LED, in the middle, should light up indicating power ON.
‘When installing the battery charger, bear ih mind that the batteries must be charged at temperatures.

over 5°C (41F) and that the power supply must be left on all night. Also remember that the charger
must not be left in direct sunlight, as the batteries may not become fully charged at temperatures

exceedmg 35°C (95F).

- I

Place the batteries in the charger. There is green LED on top of each battery. Each LED should light
up, indicating that recharging is in process. Complete recharging takes approximately 12 hours. After
charging process is finished, the green LED is tumed OFF. The batteries may remain in the charger

for an unlimited period of time.

& The capacity of the batteries decrease(s) with .use. Their life span is estimated to be 500
recharging cycles, but this depends largely on the conditions of use, for which the following is

recommended:
W Do not recharge the battery until it is completely empty. The transmitter will indicate this

when to recharge the batteries.
Always charge the batteries at temperatures between 5°C (41F) and 35°C (95F).

Avoid short-circuits between the battery contacts. Do not carry charged batteries in
toolboxes or next to other metal objects (keys, coins, etc.).

Always keep contacts clean.

EE &

Never leave batteries in direct sunlight.

RM-RaCuotdl-MAN-2003-0-ENG . .doc
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Use

To ensure correct use of the equipment, follow the instructions below:

Make sure the transmitter you are going to use is the correct one, identifying the machine on the

identification label.
Attach the strap to the transmitter unlt its use is recommended to prevent the equipment from

falling.
install a charged battery, turn the key-switch and activate the transmitter.

To activate the system, you must first pull out the STOP button (1), the transmitter LED should
then give a yellow-green pulse; then press the START button(9). If you find that the STOP button
has already been pulled out, it is necessary to push it in and then pull it out again, as this ,
sequence will allow the checking of the STOP circuit. If the unit has experienced a time-out auto-
disconnection, it is not necessary to repeat the STOP button procedure, S|mpty push the START -

button for 1 second.
The transmitter LED should light up in green, indicating that the transmitter has started

transmitting. From now on, if any of the transmitter's command buttons are pressed, the

corresponding motion will be activated.
To be able to start up the transmitter, all the command pushbuttons must be in the neutral position

(not activated). This is not the case for the Hoist Selection functions.

When 4 minutes have passed and no active motion command have been activated, the transmltter
automatically switch OFF. To start it up once more, press the START button (9).

The transmitter-is equipped with a circuit for monitoring the battery level. When this level drops
below a pre-established limit, the transmitter LED starts to flash in red; 5 minutes later the
transmitter switches off, and the machine’s main contactor is deactivated. During this time, the
load has to be located in a safe position.

The LCD display of the RAD-TF (RaCon Il Plus) transmitter also shows the battery level of
charge: Three dots for charge bigger than 50%, two dots when 50% or Iess one dot when 10% or

less, none when 5% or less.
To switch OFF the transmitter, press the STOP button or turn OFF the key -switch

f‘} Remember that you are going to control remotely a moving piece of machinery. The

4.1

Y
V4
¥4

safety instructions described in chapter 3 of this manual must be strictly adhered to.

Receiver

Make sure that the crane is stopped for the entire duration of the installation process,
keep the work area free and wear protective clothing.

Park the crane and position at end stop, (if these are not avaitab'le use appropriate signs),
at a suitable distance so that other cranes do not hit it on the same runway.

Check the power-supply voltage and turn off the main switch.

Find a suitable location for the receiver, away from any intense radioelectric disturbance sources and

install the receiver using the 4 elastic rubber absorbers, (M8) supplied with the set.

RM-RaConll-MAN-2003-0-ENG.doc
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B. Rad — Ts (RaCon O)
1. Stop

2. Down

3.Up

4. Left

5. Right

6. Reverse

7. Forward

8. Key

9. Start/Hom

10. Hoist Selector
11. Display (optional)

To enter into Normal Working mode follow the sequence:
Put a charged battery in the transmitter.

Turn on the key-swiich
Push down STOP pushbutton (1) (if the button was in up position)
Pull up STOP (1) pushbutton. The transmitter LED should flash yellow-green for a second.

Press START (9) The transmitter LED should light up green indicating that the transmitter is
transmitting. :

e N

After pushing the START button (9), STOP relays will be activated. K2/START and K12/HORN relays
are activated only when the start button is pushed.

Relays-K13-and-Ki4-or-RADRIS-system-will-os-astivated-to-the-eorresponding-state-ofthe~-Hoist-
Seloster.

'~
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6 Maintenance

6.1 Precautions
This equipment is designed for use in an industrial environment. However, we recommend you follow

.the instructions below to extend the life span of your remote control set:
& Use the strap provided with the transmitter to prevent the transmitter from falling.

5 Do not clean the transmitter with solvents or pressurised water. Use a damp cloth or soft brush.

@é Use érid recharge the battery regularly.
& Check every day that the STOP button is working.

" Disconnect the receiver cables if soldering/welding work is going to be carried out on the crane.

6.2 Preventive maintenance
A few simple checks can show certain defects which can later be the cause of subsequent break-

downs and which can be readily rectified. We recommend the following checks to be made from time

to time:

Transmitter
Check the transmitter's closing screws to make sure they are securely tightened.

» Check the rubber protection seals on the transmitter's command buttons from time to time.
Replace them if they are found to have deteriorated. This will protect the unit's water tightness.

e Keep the battery contacts ciean.

Receiver
Check to make sure the cablé fixture screws are tight.

e Check the contacts on the fuses and the fuse-holders.
Battery charger and batteries
e Keep all contacts clean.

6.3 Locating Break-downs
The transmitter and receiver both have status monitoring LEDs that help to identify irregularities. The

most common signals are contained in the tables below:

6.3.1 Transmitter
LED MEANS
Green double flashing Transmitter ready for start-up
Solid green Transmitter transmitting normally
Red flashing Battery level low
Red double flashing Transmitter cannot start up because a manoeuvre command is present
Solid red Transmitter failure

17 RM-RaConll-MAN-2003-0-ENG.doc
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ulseStarjr.
JRT Transmitter

Type ¢ JRT (Pushbutton)
Weight ¢ < 1.25 Ibs. (includes battery)
Physical Size e 87x3.5"x1.5"(LxWxH)

21 cmx 8.7cmx 4 cm)

HF Output Power e  Maximum 10mW
Deviation s +/-2kHz
Power Supply e 9.6VNi Cd'recargeable battery
OperationTime e 7 -9 hours with one charge
Enclosure e IP65 Weatherproof
' (Exceeds NEMA 12/13)
Protection * Key switch with cap
Antenna ¢ Built-in ;
Functions * Active Emergency-Stop button (push/pull)

e Three crane motions, two speeds, interlocked
e Horn and mainline activation

Features * Sleep Mode (ten minutes)
e Switch on protection .
e Mechanical protection against accidental activation

Battery and Charger  * 115/220 VAC (+/- 20%)
¢ Charging time = three hours
 Batteries are recharegeable approximately 800 times
* Gold self-cleaning contacts
 Battery charger and two batteries included

Holster ¢ Holster with belt clip is included
e Pocket holder and carrying belt {(optonal)

ELECTROMOTIVE SYSTEMS INC

P.O.Box 13615
Milwaukee, WI 53213
usa

Tof 41478303500 Fax 414+783¢3510
http://veww.electromotive.com
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Battery and Charger Information

Removing and Inserting the Battery From the Transmitter

JRT Transmitter

To remove or insert the battery from the JRT transmitter, refer to Figure 3.21: JRT Transmitter

Battery Removal.

Removal: Push the battery toward the spring-loaded contacts. Tilt the battery away from the

housing until the battery pops out of the compartment.

Insertion: Place the battery in the battery cavity at an angle, with the end containing the gold plated
contacts facing the spring-loaded contacts. Push battery into the battery cavity and against the spring
loaded contacts until the battery can be placed flush against the battery cavity wall. The battery

should now be securely positioned inside the battery cavity.

Depress here to release battery -

Pivot battery pack to remove

Reverse procedure for installation

Fioure 3.21: JRT Transmitter Battery Removal




RADIC CONTROL OF CRANE 5-4

Caution: DO NOT TURN THE RADIO TRANSMITTER ON IF YOU ARE NOT IN
VISUAL CONTACT WITH THE CRANE

Radio Control Transmitter - The radio transmitter consists of an

on/off switch, start push button, Emergency Stop push button, six
directional Two-Step push buttons, an indicating LED light, and a
rechargeable battery.

On-0ff Switch - Switch on the radio control transmitter by
turning the switch clockwise. A short noise will be emitted to
indicate that the transmitter has power.

Indicating LED - When the transmitter is turned on the LED will
light up red, then change to a flashing green light. If the LED
indicates a continual red light, then the battery needs to be
replaced.

Emergency Stop Push Button - Pull the button up to permit crane
reset. Push the button down to send a stop signal to the crane.
Note: to reactivate the crane, the "Emergency Stop" button must
be pulled up and the start button repressed.

Start Button (on the side of the transmitter) - After the Radio
Switch is on and the Emergency Stop Button is pulled up, press
the start button to reset the crane. A light on bridge of the
crane will come on indicating that the crane is ready for
operation.

Directional "Two-Step" Push Buttons - Push the desired motion
push button to the 1°* position - that motion is now selected,
push the button to the second position and drive will begin to
accelerate, come back to the first position to "Hold" the desired
speed.

Battery - Place a fully charged battery in the radio before
beginning operations. After approximately 7 hours of operation,
the LED light will turn red indicating a discharged battery. Put
the discharged battery into the charger. Charge time is
approximately 3 hours. A flashing green light on the charger
indicates a fully charged battery. The charged battery can be
left in the charger until it is needed for the next job.

NOTES:

To shut down the crane, push the E-Stop button, turn off the
radio switch, open and lock the crane disconnect.



.
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To start up the crane, unlock the crane disconnect, be sure the
E-Stop button on the disconnect panel is pulled "out"™ and close
the disconnect. Then follow the radio control instructions.

A back-up pendant is stored on the crane bridge. The controls
function similar to the radio control. If necessary, the pendant

can be placed in service by calling the crane Technicians at ext.
6-2583.



RADIO CONTROL OF CRANE 31-1

Caution: DO NOT TURN THE RADIO TRANSMITTER ON IF YOU ARE NOT IN
VISUAL CONTACT WITH THE CRANE

Radio Control Transmitter - The radio transmitter consists of an
on/off switch, start push button, Emergency Stop push button, six
directional Two-Step push buttons, an indicating LED light, and a
rechargeable battery.

on-Off Switch - Switch on the radio control transmitter by
turning the switch clockwise. A short noise will be emitted to
indicate that the transmitter has power.

Indicating LED - When the transmitter is turned on the LED will
light up red, then change to a flashing green light. If the LED
indicates a continual red light, then the battery needs to be
replaced.

Emergency Stop Push Button - Pull the button up to permit crane
reset. Push the button down to send a stop signal to the crane.
Note: to reactivate the crane, the "Emergency Stop" button must
be pulled up and the start button repressed.

Start Button (on the side of the transmitter) - After the Radio
Switch is on and the Emergency Stop Button is pulled up, press
the start button to reset the crane. A light on bridge of the
crane will come on indicating that the crane is ready for
operation.

Directional "Two-Step" Push Buttons - Push the desired motion
push button to the 1°** position - that motion is now selected,
push the button to the second position and drive will begin to
accelerate, come back to the first position to "Hold" the desired
speed.

Battery - Place a fully charged battery in the radio before
beginning operations. After approximately 7 hours of operation,
the LED light will turn red indicating a discharged battery. Put
the discharged battery into the charger. Charge time is
approximately 3 hours. A flashing green light on the charger
indicates a fully charged battery. The charged battery can be
left in the charger until it is needed for the next job.

NOTES:

To shut down the crane, push the E-Stop button, turn off the
radio switch, open and lock the crane disconnect.

To start up the crane, unlock the crane disconnect, be sure the
E-Stop button on the disconnect panel is pulled "out" and close
the disconnect. Then follow the radio control instructions.
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A back-up pendant is stored on the crane bridge. The controls
function similar to the radio control. If necessary, the pendant

can be placed in service by calling the crane Technicians at ext.
6-3403,
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CRANE 15-4 RADIO CONTROL
ROTUNDA (HCC) OF BUILDING 15

CAUTION - ALWAYS BE IN VISUAL CONTACT WITH THE CRANE WHEN THE RADIO IS
"ON. n

GENERAL SYSTEM INFORMATION AND OPERATION

The NASA crane control system consists of a hand held transceiver and
a crane mounted transceiver. The hand held transceiver is referred to
as the remote unit, and the crane mounted transceiver is the base
unit. The smaller supervisor unit will be referred as the supervisor
remote unit (E-Stop). All of these units exchange information between
each other.

REMOTE UNIT

The remote unit is held by the crane operator. It lets the operator
send manually inputted commands to the base unit. The commands could
be the joystick functions or any of the push-button functions. The
remote unit is turned on by a two position key switch. Once the unit
is powered up, the unit goes through the initialization process. Next
the main line contactor needs to be pulled in for crane operation.
This is done by pushing the RESET button. For crane operation, a
speed needs to be selected. The default speed mode selection is
micro. Micro means the crane movements are in inches per minute (0-24
IPM). For faster crane movement, select the FULL button. The crane
movements will be in feet per minute (0-21 FPM). The display on the
remote unit shows the operator what speed the system is in. Other
functions located on the remote are the low warning buzzer and the
push/pull stop button. The stop button is pushed in to shut the
system down. After a system power down, the system needs to be reset.
To reset the system: 1) turn key switch to the OFF position, 2) pull
the stop switch to the out position, 3) turn the key switch ON. The
transmitter should start to initialize. Also shown on the display is
the messages per second (M/S) readout. This is very important. Note
that 3 to 8 M/S are required for communication. M/S less than 3 will
not allow the E-stop transmitter to operate and will not stop the
hoist.

SUPERVISOR UNIT (EMERGENCY STOP TRANSMITTER)

The supervisor remote unit is a small hand held unit that is used by
the Emergency Stop Operator. This unit will have a display, a display
toggle button, and a machine stop button. The display will show the
same information the crane operator sees on the remote unit's display.
On this unit, there is one 5/8" diameter push button. The green
button will turn this unit on and changes the display to a different
screen. The larger red button is the machine stop button. When this
button is pushed in, it will shut down the entire crane system. The
remote unit will then have to be reset (see remote unit section) for
the system to work again. The operator will have to pull the stop
switch out and press the green button to continue monitoring. NOTE:
The supervisory unit (E-Stop Transmitter) does not need to be "ON" for
general or noncritical lifts.
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System Warnings!!!

Operators should be familiar with the following rules and warnings:

Always be in visual contact with the crane before turning the
radio ON.

Range between the remote and the base can vary, but in ideal
conditions maximum range could be 1 mile. The system could be
operated outside the working area and out of sight.

Never operate the base unit without an antenna. This could
damage the output amplifier of the RF unit.

Use supplied antenna (part no. 97115153). Any other antennae
will violate Part 15 of the FCC rules.

Make sure the Messages per Second (M/S) on the displays, both
on the remote and E-stop transmitter show between 3 and 8
before operating the crane.

CHARGING THE REMOTE UNIT

Located on the side of the remote unit is a charging jack.
This jack will only mate to a connector found on the charger.

The two battery charger connections put out 12.5VDC.

The charger charges the remote unit at an 8 hour rate for up
to 80% of the battery capacity. The remaining 20% is a
trickle charge.

When 8 hours of battery is used, the charger will take 8+
hours to recharge.

Remote units can be left on the charger for an extended period
of time (past the point where the battery is 100% recharged).
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1) For transmitter start up:

-To power transmitter turn key from off to on.
-Wait while the transmitter initializes. Watch the
display screen for any errors.

~Verify messages per second (M/S>0)

2.) To start the main line contactor
- Press the RESET button to bring in the ML.C.
- This will put power to the motor control drives

3.) Selecting a speed for operation
- Micro(in/min.) is the default setting
- Select FULL button to select full mode(ft/min.)

- Select MICRO button to go back to the micro
mode.

4.) Joystick operation:

- Joystick functions are hoist up and down, trolley
east and west. West is to the operators left. East
is to the operators right.

- Only one direction will operate at a time. Operation
will consist of a hoist operation, or a trolley
operation. Not both simuitaneously.

5.) The STOP button:

- Operated by pushing in. Listen for cliick. This will
power down the transmitter (PWR DWN COMMAND).

- To reset: Turn key to off position. Pull out stop
button. Tum key on to restart transmitter.

- This step can be used for other power down errors.

6.) Battery Note:

- Allow batteries to run out of power before recharging

- This will extend the operation life, and battery life.

- Batteries can be charged through the charging jack, or
they can be removed from the bottom and replaced
or charging directly.
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Tnis unit is us=< for supervison over th2 base unit of the crone cornirol
system. When necessary for critical 1ifts.

To power the unt up:
1.} Pull out *he TRANE STOP switch. This now allows this unit to corro
Cver '

at T

N
(1

the bose

To stop the base unit
1.) Push in the CRANE STOP button. This will freeze the bose urit
cperations.

To reset the system after the crane haos bsen siopped.

1.} With the crare stop button pushed in, press the DISFLAY TOGGLE/
UNIT OFF. This wiil power down the supervisor unit.

2. PUlt out the TRANE STOP buiicn,
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APPENDIX C

HAND SIGNALS

Overhead Cranes

HOIST
With forearm vertical, fore-
finger pointing up, move hand
in small horizontal circle.

t‘

LOWER
With arm extended downward,
forofinger pointing down, move
hand In small horizontal cirches.

BRIDGE TRAVEL
Arm extended Torward. hand
open and slightly raised,
make pushing motion in

dirsction of travel.

TROLLEY TRAVEL
Palm up, fingers closed, thumb

painting in diréction of mation,

jerk hand horizontally.

STOP
Arm extended, palm dowen,
move arm back and lorth,

EMERGENCY STOP
Both arms extended, palms
down, move arms back and
forth,

MULTIPLE TROLLEYS

Hald up one fingar for block
marked “1" and two fingers
for block merked “'2." Regu-
lar signals follow.

MOVE SLOWLY
Use one hand to give any
mation signal and place ather
hand motionless in frant of
hand giving the motion signal.
(Hoist slowly shown os
exampla.)

C-1




Emergency Operating Procedure

3.1 General

For the purpose of this document, an emergency is defined as
any abnormal situation that endangers personnel, flight
hardware, or the crane load during the course of a crane
operation. If in doubt about the sericusness of a problemn,
treat it as an emergency first and analyze it later. All
Certified Operators should know the following in advance of
making a lift:

1)

2)
3)

.2

Location of emergency equipment near the operational
area (fire alarms, extinguishers, blankets, and nearest
telephone) .

The emergency evacuation plan for Building 15.

The instructions given below for specific emergency
cases.

As soon as the immediate danger has passed, notify the
supervisor in charge, the crane maintenance department,
the Technical Monitor for that area, the ManTech Safety
Officer, and the FOM. These five parties will
hereafter be referred to as “the proper authorities.”
Report in detail the nature of the problem, and
communicate all pertinent information requested by the
crane maintenance department to expedite repairs.
Finally, assist in preparation of an Engineering
Services Division Incident Report {(within 24 hours when
possible).

Emergency Cases
1) Brakes Slip, Load Falls Gradually

a) Push the UP button repeatedly and as often
as necessary to hold the load up until the
Rigger can place a skid or cushion under
it. Never walk under a load in this
situation.

b) Using the same technique, lower the load to
the floor as gently as possible.

<) Shut down the crane as directed above, and
lock out and tag the main disconnect.
Identify the crane malfunction in the log
book and on the lockout tag. Refer to
ManTech Safety Directive SD-011.

d) Notify and report the incident to the
proper authorities.

2) Load Falls Suddenly

a) Move as quickly as possible away from the
load. Do not try to intervene and save the
load.
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3)

4)

b)

c)

d)

e)

£)

In case of injury:

1) Dial 911 and request emergency help.
Answer all questions and let the other
person hang up their phone first.

NOTE: The risk of a sudden fall can be .
greatly reduced by checking for defects
before operation, as outlined in Section 2.3.
Danger of injury can be greatly reduced by
staying out from under a load and by paying
constant attention to the status of a load.

If the accident causes a minor fire, turn in
an alarm.

If the accident causes an explosion, major
fire, or release of radiation or toxic
matter, warn surrounding personnel and
evacuate the building as quickly as possible.
If the area around the accident is safe, rope
it off, shut down the crane, and lock out the
main disconnect.

Notify the proper authorities and report the
incident.

Runaway Crane

a)

b)

c)

a)
e)
£)

If a crane motion continues after a button is
released, push “Emergency Stop” and warn
surrounding personnel of the situation.

If motion still continues, rush to the
individual crane power switch and turn off
the power while facing away from the switch.
Danger of the box exploding is greater at
this time. Then proceed to the main
disconnect and turn if off as well.

If the runaway condition causes any other
problems (collision, fire, etc..), follow the
instructions for the appropriate emergency
case at this time.

Lock out and tag the disconnect.

Rope off the area beneath or around the load.
Notify the proper authorities and report the
incident.

Crane Stuck With Elevated Load

a)
b)

c)
4a)

Push “Emergency Stop.”

Shut down the crane and lock out the main
disconnect.

Rope off the area beneath the load.

Notify the proper authorities and report the
incident.
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S)

6)

7)

8)

NOTE:

Only qualified technicians from the crane

maintenance department shall lower a load manually
should this be necessary.

Crane Damaged During Lift

a)

b)

d)

If the crane incurs damage (e.g., twisted or
crossed cable, bent hook, cable out of
sheave, derailed truck, etc..) while a lift is
underway, push “Emergency Stop.*

Shut down the crane and lock out the main
disconnect.

Rope off the area beneath the load.

Notify the proper authorities and report the
incident.

NOTE: Only qualified technicians from the
crane maintenance department shall lower a
load manually should this be necessary.

Power Outage

a)
b)

c)
a)

e)

Push “Emergency Stop."”

Shut down the crane and lock out the main
disconnect.

Rope off the area beneath the load.

Notify the proper authorities and report the
incident.

When power is restored, restart the
operation.

Storm Warnings

a)

b)
c)
d)

e)

Fire
a)
b)
c)

d)
e)

When there is a “Condition 3" or “Condition
5% storm warning, set the load down at the
nearest safe location.

Disconnect the crane hook from the payload.
Push “Emergency Stop.”

Shut down the crane and lock out the main
disconnect.

When conditions return to normal, restart the
operation.

in Crane

Push “Emergency Stop” and warn surrounding
personnel of the situation.

Rush to the individual power switch and shut
off power to the crane. Then go to the main
disconnect and shut it off.

Dial 911 and request emergency help.

If fire is minor, turn in an alarm.

If the fire is major, warn surrounding
personnel and evacuate the buiding.

-8~
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9)

f)

g)

Fire
a)

b)
c)

.d)

e)

When the area around the accident is safe,
rope it off and lock out the main disconnect.
Notify the proper authorities and report the
incident.

Alarm Sounds in Building

If time permits, lower the load to the floor
as quickly as possible without damage.

Push “Emergency Stop.*

If time permits, shut off the individual
crane power switch and the main disconnect.
Vacate the building through the proper
emergency exit.

When conditions permit, return to the test
area and inspect for any possible damage
before continuing with the operation.
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Riggers Works
' WRRC: We Rig It Right!

en we first start out as riggers,
we are fascinated—and perhaps
overwhelmed—by the variety of

rigging methods *“out there.” But once
we've been out there a while, we realize
that some techniques are acceptable, while
others can be hazardous.

In this “worksheet” you will find six
_different rigging techniques for each load
type(l, 2 and 3). Under each item, there is
a label and a number. To find out more
about that hitch type, look for the corre-
sponding number in the “Journeyman
Rigger's Reference Card” below. After
studying each of the six choices (1A-1F)
for load shape 1, identify four that repre-
sent reasonable load control 'and two thar
show unsafe rigging technique. Repeat for
2and 3.

Once you have identified four
“Acceptable” and two “Unacceptable”
hitch types for each of the three loads,
check your choices against the Answer
Key on page 65.1

2.

2 Singla wrap baskets (#5)
{inverted)

The Rigger’s Worksheet is designed 10 be a
personal challenge of your rigging knowl-
edge. It is not 10 be used as a formal examina-
tion for the purpose of certification or qualifi-
cation. The publishers of CraneWorks do not
accept responsibility for the misuse of this
worksheer. .

— L N
! : /\ /\ 2-leg bridle {#2) + Single inverted basket (#14) + 322 double wrap baskets (#6)
2ea single wrap baskets (#3) 2ea single wrap baskels (#5)

sy

2-12g bridle (£2) + 2z3 singie invertad baskels (#14)  z2 singls wrap Sasket (£5)
2¢a single wrap baskets (¥5)  + 2z single wrep beskets (#5)

The Rigger's Warksheet is sponsored by Wire & Rigging Consultants Inc., of Woodland, Wash.
For more information call (800) 727.6355 Fax: ( 225-1122




SELECTION AND CARE
OF RIGGING EQUIPMENT

Final Review

Directions: Circle the answer that best completes each of the following statements.

1. Synthetic web slings are characterized by . . .
A. excellent gripping power.
B. nonabrasiveness.
C. resistance to chemical damage.
D. All of the above answers are correct.

2. Before you use a synthetic web sling in an area where there are strong acid fumes,
you should . ..
A. be sure it has steel end fittings.
B. check with the manufacturer.
C. expose the sling directly to some of the acid to see if it will be damaged.
D. find out what kind of material the sling is made of.

3. CHain must be protected against . . .
A. crushing.
B. corrosion.
C. welding.
D. All of the above answers are correct.

4. 6 x 19 class wire rope is made up of . . .
A. 19 strands with 6 wires in each strand.
B. 6 strands with 19 wires in each strand.
C. 6 strands with anywhere from 9 to 26 wires in each strand.
D. 6 wires in the core and 19 wires in each of the outer strands.

(over)
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. Wire rope used for slings is . . .

A. left lang lay.

B. left regular lay.
C. right lang lay.

D. right regular lay.

Compared to 6 x 19 wire rope, 6 x 37 wire rope with the same diameter and rated
capacity is more . . .

A. resistant to abrasion.

B. flexible.

C. heat resistant.

D. All of the above answers are correct.

Kinks, dog legs, and bird caging all interfere with a wire rope’s ...
A. ability to recover from shock loading.
B. internal adjustments.

C. gripping ability.
D. All of the above answers are correct.

. The number of rope clips required to form an eye in a sling is determined by . . .

A. the rope manufacturer.

B. the rope clip manufacturer.

C. a government regulatory agency.
D. an industrial safety association.

If an eye bolt is used for a lift with less than a 90° load angle, it must . ..
A. be flush with the surface of the load.
B. be turned so the eye is in line with the sling.
C. have a shoulder.
D. All of the above answers are correct.

A routine lift is most likely to make use of . . .
A. a shackle.
B. rope clips.
C. aturnbuckle.
D. None of the above answers is correct.
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SAFE RIGGING

Final Review

Directions: Circle the answer that best completes each of the following statements.
1. You do not know whether a sling is adequate for a lift if you do not know the load's...

weight.

composition.

measurements.

All of the above answers are correct.

oowp

2. According to the video, an 1.D. tag stating its rated capacity is not required for...

A. metal mesh slings.
B. synthetic web slings.
C. chain slings.

D. wire rope slings.

3. A table of rated capacities for wire rope slings generally lists capacities for different
kinds of...

A. sling angles.

B. end fittings.

C. load angle factors.
D. rope lay.

4. Compared to a single vertical hitch, the rated capacity of a basket hitch with vertical
sides is about...

the same.
one-third greater.
two-thirds greater.
two times greater.

oowp

5. Decreasing the angle between the sling and the load increases the...

load angle factor.

effective weight of the load.

required sling capacity to lift the load.
All of the above answers are correct.

Com»
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6. A single choker hitch forms as angle to the load of about...

A. 30 degrees.
B. 45 degrees.
C. 60 degrees.
D. 90 degrees.

7. If aload is rigged with two basket hitches attached to the same hook, the required
capacity of the slings is determined by the...

A. smallest load angle.

B. widest load angle.

C. average of the widest and smallest load angles.
D. None of the above answers is correct.

8. Whenever possible, a non-uniform load should be rigged with the hoist hook above...

A. the center of gravity.

B. the center of the load.

C. a point between the center of gravity and the center of the load.

D. a point between the center of gravity and the heaviest edge of the load.

9. Corner buffers are recommended to protect the...

A. load from the sling.

B. sling from the load.

C. sling from excessive bending.

D. All of the above answers are correct.

10. You can rig a load with wider load angles if you use...

longer slings.

shorter slings.

wider slings.

None of the above answers is correct.

Oowp



Wire rope sling rated capacities
Rated loads! for single-legged sling 6 x 19 or 6 x 37 — XIP® IWRC

Rope Vertical Rope Vertical
diameter Vertical Choker | basket ] diameter Vertical Choker | basket
in inches MS S MS & S |MS & S? | in inches MS S MS&S|MS&S?

1/4 0.65 0.68 0.48 1.3 9.8 10 7.2 20

5/16 1.0 - 1.1 0.74 2.0 11/8 12 13 9.4 24

3/8 1.4 1.5 1.1 2.9 11/4 15 16 11 30
7/16 1.9 2.0 1.4 3.9 13/8 18 19 13 36
1/2 2.5 2.7 1.9 51 11/2 21 23 16 42
9/16 3.2 3.4 2.4 6.4 15/8 24 26 18 49
5/8 3.9 4.1 2.9 7.8 13/4 28 31 21 57
374 5.6 5.9 4.1 11 37 40 28 73
7/8 7.6 8.0 5.6 15 .

MS = fncenoniea! spiles. S = poured socket or swaged sochet. *Thess values 818 based on slings being vertical. If they

are not vertical, the rated

Ioad shall be reduced, If two of more slings are used, the minimum horizontal angle between the slings shall also be considered. Horlzontal sling
angies less than 30° shall not be used. ’These values only apply when the D/d ratio Is 25 of greaster. D » diameter of cusvature srsund which the

body of the sting is ?onL ¢ = diameter of rope.

Sling angles

Two-legged sling — wire rope and chain

Load {L) = 500 x load angle factor
A = Horizontal sling angle

>3 soolLes

Choker hitches

Wire rope Sling rated load
Percentage of .
single leg choker s
Angles of choke  sling capacity
121 - 180° -+eroeserrasens 100%
90 - 120°- - 87%
60-89° - 74%
30-59° - 62%
0-29° - 49%

Horlzental sling
g

Lead angle
factor = L/A
.000

Load on sach leg of sling =
vertical losd x load angle lactor

Web sling rated capacities

Basket
hitches

Wire rope

A basket hitch has
twice the capacity
of a single leg only
if 0/d ratio Is 25/1
or greater and it

is vertical.

Rated capacity in pounds

Eye & Eye-Flat (Type 3) and Eye & Eye - Twist (Type 4)

I 3 Basket and 2 leg bridle

Stock U A /€\
number Vertical Choker 75° 60° 45’
EE-1-901 1600 1280 3200 3093 2773 2260
EE-2-901 3200 2560 6400 6187 5547 4520
EE-1-902 3200 2560 6400 6187 5547 4520
EE-2-802 6400 5120 12800 12373 11093 2040
EE-1-903 4800 3840 9600 9280 8320 6780
EE-2-903 8880 7104 17760 17168 15392 12543
EE-1.904 6400 5120 12800 12373 11093 9040
EE-2.904 11520 9216 23040 22272 19968 16272
EE-1-906 9600 7680 19200 18560 16640 13560
EE-2-906 16320 13056 32640 31552 28288 23052

HOTE: To figure rated capacities for endlase (Typs S} slings, simply multiply the sbove figures by two and order with sn *EN” prefit Instead of *EE.°

Horlzontal sling angtes Isss than 30° shal!f not be used,

. —— i - v
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Web and wire rope sling inspection and replacement

Inspection and replacement per ASME 830.9

Web and wire rope sling inspection
Belore using any new or repaired sling. inspect (o see you're
vsing the correct shing to mest the stangdard requitements for
that apphication.

Frequency of Inspection

All slings shal! be visually inspecied by the person handhing the
sling each day for any possible damage. Addilional inspeztions
should be performed at least annually by a qualified designated

person,

Waeb sling replacement

Remove sling from service If damage such as the following is seen,
and retum 10 service only when approved by 3 designated person.
1. Acid or caustic bumns.

2. Melung or charring of any part of the sling.

3. Holes, tears, cuts of snags.

4, Broken of worn stitching in load-bearing splices.

. Eacessive adrasive weyr,

6. Knots in any pert of the sling,

1. Excessively ptted, comoded. cracked, distorted of broken fittings.
8. Otner visinle damage (hat causes doudt as to sling srength,

Wire rope sling replacement

Wwnen you see any of the following conditions, &'s enough reason

10 question shing salety and consider replacement:

1, For strand 1aid and s:ingle-part slings, ten randomly distnbuted
broken wires in one rope tay or five broken wires In one
strand in one rope Iay.

2. Severe localized abrasion or scraping.

3. Kinking, ¢rushing, birdcaging or any other damage resulting
in distortion of the rope structure,

4, Evidence of heat damage.

S, End attachments that are cracked, deformed or worn to the
extent that the strength of the sfing is substantially affected.

6. Severe corrosion of the rope or end attachments.

Wire rope clips shall not be used 10 fabricate wire rope slings except where the application of slings prevents the use of

_prefabricated slings or where the specific application I3 designed by » qualified person.
"Find out more. For additiona! informatlon on use end limitations of slings, please consult Wire Rope Corporation of America,

Incorporated handbooks, the Wire Rope Technical Board's Wire Rope Sting Users Manus) and Industry specifications.

Operating practicés for web and wire rope slings.

1. Select slings with sultadble characteristics for the type of
load, hitch and environment according to the appropriate
charts set by ASME. Whea D/d ratios on wire rope slings
are smaller than those listed In the chart, decrease the
sling’s rated load.

2. Make sure the load's weight is within the rated load of
the sling, including consideration of leg angles.

3. Never use nylon or polyester slings at temperatures above
194° F, (90° C.) or below -40° F. (-40° C.).

4, You can shorten, lsngthen or adjust sfings only by methods
approved by the sling manufacturer, and never shorten
slings by knotting.

5. Never use slings thal appear 10 be damaged unless inspected
and accepted as usable under ASME guldelines.

6. Hitch sling only in a manner that controls the load.

7.Pad all sharp corners in contact with the sling using material
with enough strength to minimize damage to the sfing.

8. Always center the load applied to the hook In the base

{bowl) of the hook to prevent point loading on the hook
unless the hook is designed for point loading.

Rigger’s Digest

Wire Rope Corporation of America, Incorporated

9. Avoid twisting and kinking the sling’s legs.
10. I a basket hitch, always balance the load to prevent =
slippage. .
11. The sling’s legs should contain or suppost the load
from the sides above the center of gravity when using
a basket hitch,

12. Make sure the slings are long enough 5o that the rated
load is adequate when you considet the angle of the lzgs.

13. An object engaging the eye of a loop eye sling should not

be greater In width than haif the length of the loop eye. ¢ )

14, To prevent injury, keep awdy from the aress between the
sling and 1oad and batween the sling and the crane hook
of hoist hook. .

15. Keep everyone away from the suspended load.
16. Avoid shock toading.

17. Be alert for any possible snagging during Gifting,
with or without lo2d. t

I.ESCHEN

Sed St ®iRL ROPL

PO Box 288

St. Joseph, MO 64502
816.233.0287

Fax 816.236.5020

01938 WRCA. INC,
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Removal From Service

A sling shall be removed from service if any of the follo'wing are visible.

. If sling rated capacity tag is missing or not readable

Acid or alkalis burns

. Melung, charring. or weld spatter of any part of the sling

. Holes, tears. cuts. snags or embedded particles .

. Broken or worn stitching in load bearing splices

. Excessive abrasive wear

Knots in any part of the sling ) C

Distortion. excessive pitting, corrosion or broken fittings . ___ ___ . .. . __ ...
" T 97 7AnNY conditions which cause doubt as to the strength of the shing )

BT NV N RYRTo

Operating Practices

1. Determine weight of the load. The weight of the load shall be within the
rated capacity of the sling. . :

2. Select sling having suitable cbaracteristics for the type of load, hitch and
environment. ) - .

3. Slings shall not be Joaded in excess of the rated capacity. Consideration
ISha;]ir bhe gi\ien 1o the sling to load angle which affects rated capacity. (See
oad chart.

4. Slings with finings which are used in a choker hitch shall be of sufficient

}ﬁengr.h to assure that the choking action is on the webbing, and never on a

tting.

Slings used in a basket hitch shall bave the Joad balanced to prevent

shippage. . .

The opening in finings shall be the proper shape and size to insure that the

fitting will seat properly in the book or other attachments.

Slings sball alway's be protected from being cut by sharp corners, sharp

edges, protrusions or abrasive surfaces. )

Slings shall not be dragged on the floor or over an abrasive surface.

. Slings shall not be twisted or tied into knots, or joined by knotting.

10. Slings sball not be pulled from under loads if the load is resting on the

v N o

sling. .

11. Do not drop slings ecg:ipc;xd with metal finings. _

12. Slings r.gat appear to be damaged shall not be used unless inspected and
accepted.

13. The ls)].ing shall be hitched in a manner providing control of the load.

14. Personnel, including portions of the buman body, shall be kept from
between the sling anc}) the load, and from between the sling and the crane
hook or hoist hook.

15. Personnel shall stand clear of the suspended load.

16. Personnel shall not ride the sling.

17. Shock loading shall be avoided. ]

18. Twisting and kinking the legs (branches) shall be avoided.

19. Load applied to the hook sball be centered in the base (bowl) of hook to

revent point loading on the hook. .

20. Buring ifting. with or without the load. personnel sball be alert for possible
snagging.

21. The slings" Jegs ibranches) shall contain or suppert the load from the sides
above the center of gravity when using a basket hitch. L

22. Slings shall be long enough so that the rated capacity of the slingis
adequate when the angle of the legs (branches) is taken into consideration.
(See load chart.)




23. Place blocks under lead prior to setting down the load. to allow removal of
the web sling. if applicable.

24. Nylon and Polyester slings shall not be used at temperatures above 194
degrees F (90 degrees C). ) )

25. Exposure to sunfight or ultra-violet light degrades the strength of slings.
Store slings in a cool, dry and dark place when not in use.

Inspection

A." Initial Inspection ) .
efore any new or repaired sling is placed in service, it shall be m‘sjpected
by a designated person to ensure that the correct sling is being used, as well
as to determine that the sling meets the requirements of this specification
and bas not been damaged in shipment.
B. Frequent Inspection . .
This inspection shall be made by a qualified person bandling the sling each
time the sling is used.
C. Periodic Inspection .
This inspection shall be conducted by designated personnel. Frequency of
inspecton should be based on:
1. Frequency of sling use
2. Severity of service conditions . ) .
3. Experience gained on the service life of slings used in similar
. _applications
4. Perniodic inspections should be conducted at least monthly

Sling Angle and Sling Load Chart

SLING ANGLE is the angle measured between a borizontal line and the sling
leg or body, This angle is very important and can bave a dramatic effect on the
rated capacity of the Sh'?'ﬁi As illustrated, when this angle decreases, the load
on each leg increases. This principle applies whether one sling is used to pull
at an angle, in a basket hitch or form u—legFed bridle slindgs. This data is only

for equally loaded sling legs. Sling angles of less than 30 degrees are not
recommended.
Sling Angle
l . in Degrees | Factor
80 1.000
85 .296
80 .985
75 966
70 .840
60’ ' 65 908
{ 60 866
55 819
' 4500 ' 50 768
LBS 45 707
40 643
35 574
Actual Sling Capacity = factor X rated capacity 30 500

Additional requirements and safe operating practices are outlined in cur-
rent OSHA and ANSUASME B30.9 and/or other regulations as applicable.




THE JAMES WALKER COMPANY
T109 MILFORD INDUSTRIAL ROAD
Or Oig Mdiorg Mili Road. Pikeswilie. Battmpte. D 23208

PH: (301) 486-3850
FAX (301) 486-5176

WALKER # 105-8B
WIRE ROPE SLING

AT

Agleg capacmes of baskel hilches are based on a minimym diameler of curvalute 0! the point of 15ad contact of
40 times the rope d.ameler 107 slings %° thru 1° diameter 3nd 25 limes (he 10pe diameler for Shnds, T %” diameier

and larger,

Wire rope construction Rated capacities

Wire ropes which are regularly useg in Walker skings are Raled capacities suggested for
enther 6x 19 Class or 6 x 37 Class. Generally, ropes with  shings are basec on sdunc engi-
diameters up 10 1% in. inclusive are 6 x 19 Class and neenng praclices and ample
10pes with larger diamelers are § x 37 Class. The choice safety factors and are in accor-
between the iwo classes may aiso gepengd upon the cance with Ocsupation Salety
application of the sling, and the characterisiics that ate and Health Agminisitalion stan-
most cesiradle in the sling. For exampie. il resislance 1o cards. Rated capacies are only
abrasion is of prime imponance, the § x 19 Class 1§ applicabie lor new slings unoer
chesen bezause wires of large diameter provige a high normal congitions. As a slangd-

oegree of wear resistance. On the other hand. if flexibil- 3¢ prachice 1¢ avors zonfusion,
ity is desire, the 6 x 37 Ciass is more salisfactory because all sling angles are measured
of the larger number of smalier wires in the repe. from the vertical.
*
WIRE ROPE SLINGS THE JAMES WALKER COMPANY WALKER # 105—B
705 MILFORD INDUSTRIAL ROAD WIRE ROPE SLING
CHAIN SLINGS % T2 WHD1E M S2ag Seesvig Sstmore WD U208 K )
NYLON SLINGS PH: (301) 485-3950 v ===z
FAX {301) 486-5176
RATED WORKING LOADS FOR WALKER NO.105-B  FLEMISH EYE SLINGS
SINGLE LEG SLINGS { _ __DOUBLE LEG SLINGS
STRAIGHT PULLICHOKER HITCH|BASKET HITCH | AT 30* [ AT 45° ‘ AT 60°*
0 | 0 a0 | ! :
r ¥ | ¥ v ¥ ! | i
oF = l f Ll / \ VAN l PR
! 1] 1
| |d did Do Ao}
WIRE ROPE 8) | I i |
INCHES TONS - - - (2,000 LBS) IWRC
174 56 ] 41 ! 1.12 97 ! .79 : .56
/8 1.2 ; .92 2.4 2.1 1.7 . 1.2
172 2.2 : 1.6 4.4 3.8 3.1 2.2
5/8 3.4 : 2.5 : 8.8 5.9 4.8 3.4
/4 4.9 ‘ 36 9.8 8.5 6.9 4.9
/8 6.6 i 4.8 13.2 11.0 9.3 6.6
1 8.5 6.3 17.0 15.0 12.0 : B.S
1 /8 10.0 7.8 . 20.0 17.0 14.0 10.0
1 14 13.0 8.7 ! 26.0 23.0 18.0 13.0
13/8 15.0 12.0 ¢ 30.0 26.0 21.0 15.0
1 2 18.0 i 14.0 36.0 31.0 25.0 18.0
1. 34 25.0 i _18.0 - 50.0 43.0 35.0 25.0
2 320 | 240 ___64.0 55.0 . 450 - 320
2 1/4 38.0 - 300 78.0 68.0 55.0 39.0
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MARSHALL MAINTENANCE
TRENTON, NEW JERSEY

ROPE DIAMETER | 3s8° | 1/2° | s/ | 374" | 1° [1-1/4
No. OF CLIPS FOR

EACH ROPE END 2 3 3 4 5 5
MINIMUM CLIP N . T o Toi:
SPcme mones | 27174 ¥ | 3| ez e 7122

WIRE ROPE, MATERIAL = IMPROVED PLOW STEEL

CLIPS, MATERIAL = DROP FORGED STEEL

- NOTE: EYES IN WIRE ROPE SLINGS SHALL NOT

BE FORMED BY USING ROPE CLIPS

PIN DIAMETER 3/8"11/2%|5/8"3/47|7/87| 1" [1-174"
SAFE LOAD
TONS (2,000 LBS.) 05 1.0 1.4 202 3-2 4-3 6.7
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MARSHALL MAINTENANCE TRENTON, NEW JERSEY

RATED CAPACITIES FOR SINGLE LEG SLINGS
6 X 19 IMPROVED PLOW STEEL GRADE ROPE WITH FIBER CORE
MECHANICAL SPLICE

= RATED CAPACITIES IN TONS (2,000 LB)
u
w N
5
£ i
" /\ A ,(J\ |
a LN ‘ i ol
o ven'ncm.t 45 30* 4s° 60* 8s5°
& |vermcaL|cHOKER|BASKET |8 ASKET] BRIDLE | BRIDLE | BRIDLE | BRIOLE
a/8"| 1.1 0.85 | 2.2 1.6 1.9 1.6 1.1 RY
172" 2.0 1.5 3.9 2.8 3.4 2.8 2.0 .35
s/8°| 3.1 2.3 6.2 4.4 5.3 4.4 3.1 .53
a/4°| a.s 3.3 8.8 6.2 7.6 6.2 4.4 .76
1 7.7 5.8 | 15.0 110 | 130 | 11.0 7.7 1.3
h-1/8] 9.5 7.1 190 | 13.0 | 160 | 13.0 9.5 16

* Thess velues only apply when the D. ¢ ratic is 20 or grester where:
D z Dismeter of curvature around which the body of the skng ls bent
" @z Diameter of the rope.

MARSHALL MAINTENANCE
TRENTON, NEW JERSEY

LARGEST CAPACITY
INCLUDED REDUCTION
ANGLE BETWEEN FACTOR

ANY LEG (COSINE
AND VERTICAL  OF ANGLE}

o 1.000

5 996
10° 985
15° 966
20° .940
25° 906
30 - .B66
s 818
40° 766
45° .707
50° 643
55° 574
60° 500
65 423

70° 342
75° .259
80° 174

85° 087

VERTICAL ANGLE
A= 60*
Br 45°
cs:30°
D= 15°

2000 LBS




The Crosby Group, Inc. TECHNICAL DATA SHEET 8/21/92
Turnbuckle Torque Requirements:
The torque required to turn a turnbuckle under load can be calculated from:
T = 2(kdw/12) ft—Ibs where:  k = Friction factor (.16 for galvanized)
d = Nominal thread diameter (inches)
W = Applied load (Ibs)
The torque required for a turnbuckle locknut can be calculated from:
T = (kdW/12) ft—~Ibs where; K = Friction factor (.20 for plated)
d = Nominal thread diameter (inches)
W = Applied load (lbs)
Fe-tbs
Following are the torque values required at WLL:
Turnbuckle Hook Turnbuckles Torque Eye and Jaw Turnbuckies Torque
Size WLL To Turn____Locknut WLL To Turn  Locknut
1/4 400 27 1.7 500 3.3 2.1
5/16 700 5.8 3.6 800 6.7 4.2
3/8 1000 10.0 6.3 1200 12.0 7.5
1/2 1500 20.0 125 2200 20.3 18.3
5/8 2250 . 37.5 23.4 3500 58.3 36.5
3/4 3000 60.0 375 5200 104.0 65.0
7/8 4000 93.3 57.83 7200 168.0 105.0
1 5000 133.3 83.3 10000 266.7 166.,7
11/4 5000 167.7 104.2 15200 506.7 316.7
1172 7500 300.0 187.5 21400 856.0 535.0
13/4 28000 1306.6 816.7
2 37000 1973.3 1233.3
21/2 _ , 60000 4000.0 2500.0
23/4 : 75000 §500.0 3437.5
TOSTTR.WKY

Classificalion: TUANBUCKLE — Catslog #:  230/225/220/227/328/2510 Document #: TTR Aevision #:0  Flle:

e 2 WP ¥ W IR I Vo S O

L e b UL I YO B s T ad o} Wea¥ P T AT MT AT



CHAPTER 5

A . WIRE ROPE AND RIGGING

A.— ROPE CONSTRUCTION AND CLASSIFICATION

1{' Strands

A strand consists of a "center" which supports a specified number
_of wires around it in one or more layers.

‘Tﬁe strands provide all the tensile strength of a2 fiber core rope,
and about 92% of the strength of a IWRC six strand rope.

Such physical characteristics as fatigue resistance and resistance
to abrasion are directly affected by the design of strands.

In most strands with two or more layers of wires, inner layers
support outer layers in such a manner that all wires slide and
adjust freely when the strand flexes,.

A strand made up of a small number of large wires will be more
abrasion resistant and less fatigue resistant than a strand of
the same size made up of many smaller wires.

Illustrated below are the basic strand conétructions.

B & &

7-wire strand 2S-wire FW 19-wire Warr. 19-wire Seale

FIGURE 6-1. BASIC STRAND CONSTRUCTION

2. Standard Rope Classification

-

Most common wire rope constructions are grouped into five stand-

ard classifications, based on the number of strands and wires per

strand, as shown in Table 5-1. All ropes of the same size, grade
and core in each classification have the same strength and weight
ratings. Ropes within each classification differ in working

- characteristics and these features should be considered whenever

a rope is being selected for a specific application.

-



Table 5-1. Standard Rope Classifications

Classification . Wires Per Strand
6x7 7
6x19 . - °°. .16 through 26
6x37 ' 27 through 49
6x61 50 through 74
8x19 ‘ : © 16 through 26

3.’~Wife Rope Abbreviations

(a) Strand Construction

_ PRT ' Preformed
NP Non-preformed
Fw Filler Wire
(b) Lays

RRL Right Regular. Lay
LRL Left Regular Lay
RLL -Right Lang Lay
LLL Left Lang Lay

(¢) Type of Core -

FC Fiber Rope Core; natural or synthetic fiber
IWRC Independent Wire Rope Core

PPC Polypropylene Rope Core

SC Strand Core

(d) Grade and Finish of Wire

MPS Mild Plow Steel
PS . .Plow Steel Grade of Wire -

- 1PS Improved Plow Steel
X1ip Extra Improved Plow Steel '
GISZG Galvanized Iron Grade of Wi;g for Seizing Strand
BRIGHT Wire without any Coating, such as zinc or tin.



4.. Grades of Wire

Grades of wire, lay and preforming all affect wire rope perform-
ance and its operation.

e

FIGURE 5§-2. RIGHT REGULAR LAY

Nearly all rope wire is round, and is '"“cold drawn'" to achieve the
design diameter and physical properties desired. Shaped wires
are found in special constructions such as locked coil strands
where higher concentration of metal within the specified dia-
meter is desired.

The word '"plow', applied to steel, dates to early days of wire
rope in England, and origin is unclear. Some believe that be-
cause steel in a farm plow (then spelled '"'plough") had to be very
high quality, the term "plow steel'" was much like ''sterling
silver'" - the best available. Others feel the term dates to a
plowing system developed by a John Fowler about 1865, in which
wire ropes were essential. A pair of steam engines with winding
drums were set at opposite ends of a field, rigged to haul a

plow back-and-forth across the field with a wire rope. In either
case, plow meant high quality, and when an improved grade was
developed in the 1880's, it became known as "improved plow", or
IPS. s

The basic types of wire used in ropes.
(a) Extra Improved Plow Steel (XIP) - is a special grade of

steel that provides approximately 15% greater tensile strength
that IPS grade wire.

5-3
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5.

(b) Inproved Plow Steel (IPS) - is a grade of steel developed
especially to perform well under a wide variety of operating

“conditions, and has good bending and abrasion qualities.

(c) Plow Steel - has about a 15% lower tensile strength than
IPS, but a somewhat greater resistance to bending fatigue.

-Lay

The word ''lay"™ has three meanings when applied to wire ropes.

The first two are descriptive terms, and are useful in explain-.
ing working characteristics as well as in specifying and ordering
ropes for specific applications. The third meaning is a measure-
ment established for fabrication of a specific rope, and has
significance also to wire rope inspectors.

(a) The direction strands lay in the rope - right or left.
When you look along a rope, strands of a Right Lay rope

follow a clockwise rotation. Left Lay is counter-clockwise.

It makes no difference which direction you look.

LEFT LAY-LANG LAY

FIGURE 5-3. RIGHT REGULAR LAY/LEFT LANG LAY

(b) The relationship between the direction strands lay in

the rope and the direction the wires lay in the strands. 1In
Regular Lay, wires are laid opposite the direction the strands
lay in the rope. 1In Lang Lay, the wires are laid the same
direction as the strands lay in the rope. 1In appearance
wires in Regular Lay are parallel to the length of the rope,
in the Lang Lay they cross the rope axis at an angle.

Differences in handling characteris-ics, abrasion and crush-

" .ing resistance, etc., which distinguish Regular Lay from Lang

Lay ropes result from the manner in which the individual wires
are laid in the rope. In Regular Lay, less surface of
individual wires is exposed to external abrasion, while Lang
Lay spreads wear over a greater length of wire exposed on the

5-4



exterior of the rope. Regular Lay is more stable and more.
resistant to crushing than Lang Lay. While Lang Lay is more
fatigué resistant and abrasion resistant, its use should be
' only in accordance with specific recommendations. It should
.z, never be. used with either end free to rotate...both ends must

be securely fastened. T

RIGHT LAY-LANG LAY

FIGURE 5-4. LEFT REGULAR LAY/RIGHT LANG LAY

(c) The length along the rope which one strand uses to make
one complete spiral around the rope core. During closing of
a rope, this length is carefully monitored to assure it con-
forms to engineering specifications established when the rope

is designedqd.

e

ONE ROPE LAY —4

FIGURE $-8. ROPE LAY

6. Preformed

Preformed, "Pre-shapes" strands before the rope is constructed.
As- the name implies, preforming is a process by which both
individual wires and complete strands are helically formed - prior

-~
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to }ope closing - into the exact shape they will assume in the
finished rope.

Preforming improves fatigue resistance, ease of handling, and
resistance to kinking in a rope by equalizing the load among the
strands, and among the individual wires of strands.

When a preformed rope is cut, the ends do not unlay; if strands
are pulled out and separated, . they retain their helical shape.
When a non-preformed rope is cut it will open up, or "broom,"
unless the end has been secured with wire (seized) before cutting.

The superior qualities of preformed ropes result from wires and
strands being 'at rest" in the rope, which minimizes internal
stresses within the rope. Because wires and strands are free to
move and slide in relation to each other when the rope bends, the
rope can adjust more easily while operating on sheaves or drums.

Because of the many advantages of- preform:ng, the practice is
virtually standard in rope manufacture, and noan-preformed rope is
made only on special order.

FIGURE 5-86. ROPE STRAND

B. ROPE SELECTION

fach characteristic affects other characteristics. The following are
characteristics usually considered in selecting wire rope for a spec-
ified application.

Every wire rope has its own''personality'" which is a reflection of its
engineering design. Each rope construction has been established to
produce a desired combination of operating characteristics which will
best meet the performance requirements of the work

for which that design is intended...and each rope construction is,
therefore, a design compromise.

The best-illustration of a design compromise - or best combination of

desired characteristics - is the inter-relationship between Resistance
to Abrasion and Fatigue Resistance. See Fig. 5-7 on following page.

~
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Right/Wrong V&(’:ays of Using Cable

Correct -
U-Bolt of all clips
- on dead end of
rope

Proper Method of Installing Cable
Clips

APPLY FIRST CLIP — one base width from
dead end of wire rope — U-Bolt over dead
end — live end rests in clip saddle. Tighten
nuts evenly to recommended torque.

Incorrect
Do not stagger
clips

APPLY SECOND CLIP
as possible — U-Bolt over dead end — turn
on nuts firm but DO NOT TIGHTEN.

— nearest loop

) Incorrect
. U-Bolt of all clips
on live end of
rope

STEP3

ALL OTHER CLIPS — Space equally
between first two. -

Double Saddle Clips (Fist Grip Clips)

STEP 4

Apply tension and tighten all nuts to
recommended torque. s

Recheck nut torque after rope has been in
operation,

FIGURE 8-13,

METHODS OF INSTALLING CABLE CLIPS, USING CABLE CLIPS,

AND DOUBLE 8ADDLE CLIPS

5-17



i B INSTALLATION OF
. WIRE ROPE CLIPS
z _::;, Rope Minimum | Amount of Torque in
- =~ | Diameter No. of Rope Turn Foot Pounds
{Inches) Clips Back From Unlubricated
gl It Thimble Bolts
{Inches)

. 18 2 31/4 —
~—2116 2 117 S —
T~- 18 2. 43/4 18
P -Tal- 2 51/2 30
R AV 2 612 a5
716 2 7 65
172 3 11172 65
9/16 3 12 o5
—. 5/8 3 12 95
T 314 . 4 18 130
7/8 4 19 225
. X 5 26 225
11/8 ] 34 225
114 6 37 360
" 13/8 7 44 360
BRY; 7 48 360
15/8 7 51 . 430
Tl 13/4 7 53 580
2 8 71 750
21/4 8 73 750
21/2 9 84 750
23/4 10 100 750
3 10 . -108 1200

ct——— et -

—

The-mathematics are simple:

FIGURE S5-14.

32"

FIGURE 6-18.

INSTALLATION OF
DOUBLE SADDLE CLIPS
Rope Minimum | Amount of Torque in
Diameter No.of | Rope Tum Foot Pounds
{inches) Clips Back From Unlubricated
- {Inches) Bolts
3/16 2 4 30
1/4 2 . 4 30
5/16 2 5 30
3/8 2 S 1/2 a5
7/16 2 6 1/2 65
1/2 3 11 65
9/16 3 12 3/4 130
5/8 3 131/2 130
3/4 3 16 225
7/8 q 26 225
1 5 37 225
11/8 5 41 360
114 6 55 360
13/8 8 | 62 500
11/2 6 66 500

ircumference
3.1416 x 32
3.1416 x 30

Fig. 5-9

TABLES FOR INSTALLATION OF *WIRE ROPE CLIPS®
AND *DOUBLE SADDLE CLIPS®

x x Diameter

100.5312
94.2490

1-INCH ROPE OVER A 30-INCH SHEAVE

6.2822 + 2 = 3.14

Just subtract half the circumflerence of

a 30-inch circle from half the circumference.of a 32-inch circle.

-~

en ot

5-18



Rope subjecied 1o drum crushing Note 1he 8isto"ion of the
individusl wires an¢ dispiscement trom theit normal pesilion. This is
usually caused by 1he 1oDe scrubbing on itsell.

Wilh no mote than e ,_,.3 on
2 layers on drum use - era 4 ceczer of LIISAING ==
. any ung of rope e Lo viser aved tDDR

FIGURE 5-38. CRUBHED, JAMMED AND FLATVENED STRANDS




. =-to¥ prevent crushing. This cun also occur if the hoist rope be-
comes slack and cross-coiled on the drum or trapped in the mach-
if:_lf_é}'y. No further operations should be carried out until the
rope. hus been payed out, examined for possible damage by a com-
petent person and correctly re-spooled.

. RE
- -105*High Stranding and Unlaying (Figure 5-36)
R oy

: .i{é"biace the roupe or renew the end connection to reset the rope
"1‘:iy'. In cases such as this, excessive wear and crushing take
_blace and the other strands become overloaded.

[

. e~ -

",' ‘ ‘ Figure 5-36. High Stranding

.Bird Caging (Figure 5-37)

o

A {s .
eplace the rope or the affected section of the rope.

= - -

el ' Multi-strand rope bird cages due to
torsional unbalance. Typical of build
up seen at anchorage end of multi-fall
crane application,

I~ 4

oz
L2 ANN

A bird cage caused by sudden release of
tension and resultant rebound of rope

A bird cage which has been forced from overloaded condition, Thgse s’tr.ands
through a tight sheave. and wires will not return to their original
positions.

_Figure 5-37. Bird Cages
5-40
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12, Kinks (Figure 5-38)

Replace the rope or the affected section of the rope. They are
~usually caused by faulty handling or reeving. The strands
become dog-legged and where running on sheaves are subject to
' excessive wear at the kink.

These ropes show the severe damage that results when kinked ropes are used,
Local wear, distortion, misplaced wires and early failure are inevitable,

FIGURE 5-88. ROPE KINKS

13. Bulges in Rope

Replace the rope, particularly if it is of a non-rotating con-
struction. This is indicative of core slippage or '"turns' being
put into or taken out of the rope.

14, Gaps or Excessive Clearance Between Strands

Replace the rope.

15. Core Protrusion (Figure 5-39)

. Replace the rope.

;16.'”Unba1anced Severely Worn Areas (Figure 35-40)

Remuve the affected section.

5-41



Cora provrysion

88 A tesult o)
torsonat unbalence
C'eaied by shoch
1oading,

Prottusion of
IWRC resulling .
from shoch loadhing,

Sree

[

i

*

p :4.-'-.;. .' 2o hoaledtind gheer

. Fatigued wites in one sectior o Ing rope only, Remainder
. - shows reialively goot conddion

Localized wear ever an egualizing sheave. The
-Canger of this lype wear is thet it is not visible during
operation of the repe. This eranasites the need of
= tegularinspeclion of 1his po-uon of ar openaling
ope.

Localizec wear Sue iz adrasiss on susponing - -

structure. VIdrsnuon of rope Setwean drum ang jib
head shesve.

FIGURE 5-40. UNBALANCED SEVERELY WORN AREAS

17. Heat Damage, Torch Burns, Flectric Arc Strikes

L)

Remove either the affected urea or the rope.
When inspecting a rope remember thut the rope speed has a bearing on
the life of a rope. The life expectancy of a high speed rope, due
to increased impact effects at sheaves and drums, friction and abra-
sion, is less than a slow speed rope. Due consideration must be given
to this aspect and inspections made accordingly. - '

B T R



If-the rope being inspected comprises multi-layers of strands, open
it up and examine the inner strands. See Figure 5-41.

. PIVne

TO OPEN A ROPE, INSERT MARLIN

SPIKE BENEATH TWO STRANDS AND
ROTATE TO LIFT STRANDS AND PROVIDE
VIEW OF INTERIOR,

Figure 541, Proper Method of Opening up 3 Rope

Particular attention should be paid to those areas close to the
terminal fittings. Where multi-layer drums are used, examine not
only that part of the rope which is in constant use, but also the
rope which may remain spooled and inuperative on the drum. Examine
all ropes, including standing ropes. for possible defects caused by
corrosion abrasive dust, and erection and dismantling procedures.
Permanent damage and ‘deformation such as kinks, crushed, flattened,
and- distorted strands and unbalanced wear locations are the condi-
tions which make a rope extremely susceptible to failure.

When replacing a rope, make certain that the replacement rope is of
the correct size and construction. One of the most useful aids in
selecting the proper wire rope is to examine the worn ropes that are
to be replaced. Kpowing what caused the deterioration of the old
rope may indicate a direction of change. Figure 5-42 and Table 5-4
may aid in this determination. '

The manner in which the individual wires of a rope break can also
give an indication of the probable cause of failure. See Figure 5-43.

Like a chain, the weakest part of a rope determines the strength of
the rope. This weak point may be where the rope is badly worn, where
it has a number of broken wires, where the stresses are unequal in
the strands, where the local stresses due to bending the rope over

a sheave are excessive, or where the rope is attached to the equip-
ment upon which it is used. It is only by inspection<that potential
hazards can be detected - and accidents avoided.
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A single sitand removed lrom » wite rope
subjecied 10 strand nicking ™, Thig gondition iy

T the resuft of sd)scent sirands rubding sgainst
ONe ancther and 13 ususlly Caused by core tallure

i due 1o continued operation of a roD¢ Under high

;___ o Wesr and damape on one ﬁec. of rope. ::'r::l:’l:;:d' i’:'l.h‘:n::'lf:;;?l‘:iom::v?n::”‘u.l

P FIGURE 5-42. TYPICAL ROPE DAMAGE (CONTINUED)

. FAULT POSSIBLE CAUSE FAULT POSSIBLE CAUSE

Accelerated Wear | Severe abrasion from being dragged over Broken Wires or .

Vo the ground or obstructions. Undue Wear on Improper alignment,

. Rope wires 100 small for application orwrong | One Side of Rope | Damaged sheaves and drums.

construction or grade.

Poorly aligned sheaves,

Large fleet angle.

Wom sneaves with improper groove size or
shape.

Broken Wires Near
Fittings

Rope vibration,

; i Bums Sheave groove 100 small,
Srw:;f:b?;!g;and fairleads having rough Sheaves 100 heavy.
Stil! or seized sheave bearings. Sheave bearings seized.
High bearing and contact pressures. Rope dragged over obstacle.
liapid Appearance Rope Core Charred! Excessive heat,

of Broken Wires

. .

Rope is not {lexible enough.

Sheaves, rollers, drums too small in diameter,

Overload and shock load.

Excessive rope vibration.

Rope speed 100 high,

Kinks that have {foermed and been straightened
oul.

Crushing and flattening of the rope.

Reverse bends,

Sheave wobble.

Corrugation and
Excessive Wear

Rollers too soft.
Sheave and drum material too soft,

Distontion of Lay

Rope imp:operly cul.
Core failure,
Shesave grooves 100 big.

Pinching and

Crushing Sheave grooves 100 small.
Rope Broken Off | Overload, shock load. Rope Chatters Rollers too small,
Square Kink. -
Broken or cracked sheave fange. Rope Unlays Swivel fittings on Lang Lay ropes.

Strand Break

Overload, shock load.
Local wear.
Slack in 1 or more strands.

Rope dragging against stationary object.

Crushing ang

Nicking Rope struck or hit during handling.
Corrosion Inadequate lubricant. High Strandin Fittings improperly attached.
Improper type of lubricant. ‘gh Stranding Brokeg: ;trgnd?e y atae
improper storage. . Kinks, dog legs.
Exposure 10 acids or alkalis. Improper seizing.
Kinks, Dog Legs, | Improper installation. ion i
Oistortions improper handling. g?:‘::g:gn in (s)::l:%na g?r:.
- Corrosion,
Excessive Wear Kinks or bends in rope due 10 improper handling Severe wear.
in Spots in service or during installation.
Vibration of rope on drums or sheaves. Bird Cage Sudden release of load.

Crushing and
Flaltening

Overload. shock load.
Uneven spooling.

Cross winding.

Too much rope ondrum,
Loose bearing on drum,
Faulty cluiches.

Rope dragped over obstacle,

Strand Nicking

Core tailure due to continued operation ur.
high load.

Stretch

MdaPinrt st F g crecl nee

al

Overioad.
Untwist of Lang Lay ropes.

Core Protrusion

Shock ipading.
Disturbed rope lay.
Rope unlays.

Load spins.

TABLE 5-4. FAULT/POSSIBLE CAUSE OF ROPE DAMAGE
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SEVERE CORROSION

& MODERATE LOAD
PLASTIC WEAR
(JAMMED WIRE)

SHEARED & CUT

CORROSION
FATIGUE

-

N

TR
AR TR )
AR
e N LIPS ks

TENSILE FAILURE
DUE TO OVERLOAD

SHARP BEND
& HEAVY LOAD

1

HAMMERING
(VBRATION) FATIGUE
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F

TORSION BREAK

TYPICAL WIRE FAILURES

FIGURE 5-43.
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FAT?GUE & NICKING

CORROSION CUT OR SHEAR

Typical Characteristics and Causes of Broken Wires in Wire Rope

Type of Hreak

Chasracteristics

Cause

TENSION

Wire break shows one end of broken wire coned,
the other cupped. Necking down of the broken
ends 13 tvpical of this type of break. (See illus.
trations 1 and 2.)

Where tension breaks arc found, rope has been subjected ta 100
great a strain, cither for ink oripinal strengih or for the sirength
remaining in it after other factors of deterioration have weakenea
it. (See No. 6 where wire is weakened by ahrasion, but still shows
characteristics of tension break.) Frequenty tension breaks arz
caused by suddenly applying a Joad 10 a slack rope, thercbv
setting up incalculable impact stresses.

ABRASION

Wire break will show broken ends worn 10 a
knife.cdge thinness. (See No, 3.)

Ahrasive wear obviously will e concentrated at poinit at whirn
thr rope it rubbed most constantly, These poinis usually are the
grooves of sheaves and diuins and other objects with wlhich the
rope comes into contact. Unwarranted abrasive wear indicates
nnproprrly grooved sheaves and drums, or other lncalized abra.

sve condition,

FATIGUE

Wire breaks are usually tranmsverse or squate
showing granular structure (see No, 41, Olten
these breaks will develop a shattered fracture
{No. 8). Both of the above characieristics dee
pend upon conditions of operation.

Where fatiguc breaks occur, rope Has repestedly been bent around
100 small a radius. Whipping, vibration, pounding, and torionai
sireurs will eause fatigue, This action is accelerated by abravon
{iliusiration 7) and nicking (illustration 8).

CORROSION

Can casily be noted by pitied surface of yure,
with hircak usually showing evidence of one of
the three loregoing factors. (See illustration 9.1

Indicaies improper lubnication. Exient of damage bv corrmvion 1n
intcrior of rope is extremncly difficult 10 driermine; consequently,
cerrusinn 1s one of the mnst insidious and dangerous causes of rop:
duierioration. Il fibzr cure of wire rope is not lubricated and s
allowed 10 dry out, it will enllapse and fail 10 aflord proper suppor:
for strands, thereby causing marked reduction in rope diametce:
and extireme internal weer.

CUT or
SKHEAR

Wire will he pinched down and ewt st broken
entls, or will shaw evidenee ol a shear.like cut,

(0. 1M, ’

This candition i cvidence of mechanical abuse caused by agent
ouwide the installation, or by somcthing abnormal or actidenta!
on the installation jwsclf.
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TABLE 8-S

WEIGHTS OF MATERIALS (Based On Volume)

Approximate Approximate "
. Weight . Weight
Material Lbs. Per Material Lbs. Per
Cubic Foot Cubic Foot
METALS - TIMBER, AIR:DRY
Aluminum 165 Cedar 22
Brass §35 Fir, Douglas, seasoned . 34
Bronze 500 Fir,Douglas, unseasoned ..40.
Copper 560 Fir, Douglas, wet S0
Iron 480 Fir, Douglas, glue laminated 34
- Lead 710 Hemlock 30
= Steel 490 Pine : 30.
Tin 480 Poplar 30
MASONRY Spruce 28
Ashlar masonry 140-160 LIQUIDS
Brick masonry, soft 110 Alcohol, pure - 49
Brick masonry, common {about Gasoline 42
3 tons per thousand) 125 Oils 58
Brick masonry, pressed 140 Water €2
- Clay tile masonry, average 60 EARTH
Rubble masonry 130-155 ..Earth, wet . . 100
Concrete, cinder, haydite 100-110 Earth, dry {(about 2050 Ibs. o
Concrete, slag 130 percu.yd.) 75
. Concrete, stone : 144 Sand and gravel, wet 120
- Concrete, stone, reinforced Sand and gravel, dry 105
(4050 Ibs. per cu; yd.) 150 * River sand (about 3240 ibs.
ICE AND SNOW percu.yd.) 120
- lee 56 VARIOUS BUILDING
Snow, dry, fresh fallen 8 MATERIALS
Snow, dry, packed 12.25 Cement, portland, loose 94
Snow, wet 27-40 Cement, portland, set 183
MISCELLANEOUS Lime, gypsum, loose 53-64
- Asphalt 80 Monar, cement-lime, set 103
Tar 75 Crushed rock (about 2565 Ibs.
Glass - 160 percu.yd.) 90-110
Paper 60 4 S




TABLE 5-6

WEIGHTS OF MATERIALS (Based on Surface Area)

Approximate

Approximate

kg i
. Square Foot Square Foot
- CEILINGS FLOORING
<% ; {Perlnch of Thickness) (Per Inch of Thickness)
.~ Plaster board 5 . Hardwood 5
"7 Acoustic and fire resistive tile 2 - Sheathing 2.5
‘- Plaster, gypsum-sand 8 Plywood, fir 3
Plaster, light aggregate 4 Wood block, treated 4
. Plaster, cement sand 12 Concrete, finish or fill 12
- ROOFING Mastic base 12
.. Three-ply felt and gravel 5.5 Mortar base 10
Five-ply fett and gravel 6.5 Terrazzo 12,5
Three-ply lelt, no gravel 3 Tile, vinyl Vs inch 1.5
Five-ply felt, no gravel 4 Tile, linoteum 3¢ inch 1
Shingles, wood ' 2 Tile, cork, per Vseinch 0.5
Shingles, asbestos 3 Tile, rubber or asphait ¥ inch 2
Shingles, asphalt 2.5 Tile, ceramic or quarry ¥sinch 1
Shingles, 4 inch slate 10 Carpeting 2
Shingles, tile 14 DECKS AND SLABS
PARTITIONS Steel roof deck 1Y/2" — 14 ga. 5
Steel partitions 4 — 16 ga. 4
- Solid 2° gypsum-sand plaster 20 —~189ga. 3
Solid 2" gypsum-light agg. plaster, 12 . ‘— 20 9ga. 25
. Metal studs, metal lath, 34" — 22 ga. 2
. plaster both sides 18 Steel celiular deck 1Y/;" — ‘¥z ga. 1"
Metal or wood studs, plaster — %y, ga. 8
board and ¥/2" plaster both sides 18 —8/1¢ ga. 6.5
Plaster /2* 4 — 13/ys ga. 5
Hollow clay tile 2inch 13 — 2%/20ga. 35
3inch 16 Steel cellular deck 3" — ' ga. 12,5
4inch 18 — ' ga. 9.5
Sincn 20 —¢lega. 7.5
6inch 25 — 4y ga, 6
Hollow slag concrete block 4 inch 24 — ®lpga. 45
6inch 35 Concrete, reinforced. perinch 125
Hollow gypsum block 3 inch 10 Concrete, gypsum, perinch 5
4inch 13 Concrete, lightweight, perinch 5-10
5inch 15.5 MISCELLANEOUS
6inch 16.5 Windows, glass. frame 8
Solid gypsum block 2inch 9.5 Skylight, glass, {frame 12
. dinch 13 Corrugated asbestos V4 inch 3.5
MASONRY WALLS Glass, plate Y4 inch 3.5
(Per 4 Inch of Thickness) Glass, common 1.5
Brick 40 Plastic sheet Y4 inch 1.5
Glass brick 20 Corrugated steel sheet, galv.
Hollow congrete block 30 . —12¢ga. 5.5
Hollow slag concrete block 24 —14ga.% 4
Hollow cinder concrete block 20 — 16 ga. 3
Hollow haydite block 22 —18ga. 2.5
Stone, average 55 — 20 ga. 2
Bearing hollow clay tile 23 — 22 ga. 1.5
Wood Joists — 16" ctrs. 2x 12 3.5
2x10 3
2x8 25
Steel plate (per inch of thickness) 40




Ty CENTER OF GRAVITY

It is always important in rigging practice to rig the load so that it
is stable A stable load is one in which the center of gravity of
the: load is directly below the main hook and below the lowest p01nt

of«affm.hment of the slings.

The_center of gravity of ‘an object is that point at which the object
w111 balance The entire wéight may be considered as concentrated at
this’ ‘point. A suspended object will always move so that the cénter
of gravity is below the point of support. In order to make u level
or stable 1ift, the crane or hook block must he directly above this
point. Thus a load which is sluny above and through the center of
gravity will be stuble and will not tend to topple or sllde out of
the slings. (See Flgure a-45 )
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Figure 5-45. Effect of Location of Loads Center of Gravity on the Lift
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On objects having uniform shupes and compositions there is no problem
in determining where the center of gravity lies since it is at the
center of the shape or object, but on odd shaped bodies where it can-
not be easily determined, the rigger must guess where it lies, try to
lift with the hook over that point and then correct it by trial and
error methods, moving the hook, load and sling suspension a little

at a time until a satisfactory result is obtained. The object will
usually tilt until the center of gravity is directly beneuth the load
huok, so there is an indication of the direction in which to shilt
the slings. Remember too that when the center ol gravity is closer
to’ ' one point of sling attachment than to the other, the slings legs
will have to be of unequal length which means that their angles and

loads w111 also be unequal. (See Figure 5-45. )

. -_-:. . ' * 4
_ ) . Load in

this leg
is critical\
/ — \ &
Unstable Stable
The load can topple because the ' Attachments are above
attachments are below the C of G the center of gravity

Figure 5-46. Location of the Loads Center of Gravity on the
Lift, Attachments

If a load tilts when it is lifted and it is not corrected then one
leg of the sling will see a large load increase and the.load on the
other will decrease. If any load tilts more than five degrees after
it is 1lifted clear of the ground it should be landed and re-rigged.

It is equally important to ensure that the points of support of a
load (i.e., where the slings are attached to the load) lie above the
center of gravity and not below it for the center of gravity will
always tend to move to the lowest point possible below the point of
support. This precaution is especially applicable whefiever lifting
from pallets, skids or the base of any object since they all have a
tendency to topple. The greatest stability will Le achieved when
the sling angles are very much larger than the angle formed between
the plane of support and the line through the center of gravity.
(See Figure 5-47.)



Get an unstable
load when the
sling angle (A) is
less than (B)

Get sta'b'iliﬁ when the sling ’
angle (A) is much larger than
angle (B) .

Figuré 5-47. Relationship between Load Stability and (A} Location
of Loads Center of Gravity and (B) Sling Angle

Shock Loads
Shorten Wire Rope Life

-

If operating conditions for rope were always ideal...if nothing went
wrong to throw unexpected stresses on wire rope...if there weren't
any "ifs", there would not be many unexplained things happening to
wire rope.

1. Avoid Shock Loads

Wire rope- will continue to meet unexpected and unforeseen stres-
ses, but shock loads that obviously overstress the rope should
be avoided.

2, What are Shock Loads?

Wire ‘ropes are made to a specified catalog breaking strength.
- All hoisting equipment is designed with a predetermined line
- pull or load at drum for loads the equipment is made to handle
-Any sudden load can-develop into a shock load.

For,example, see Figure 5-48 on page 5-53r Here you see what
happens when a given load is applied suddenly to a slack rope.
. The given load (in this case 6,375 lbs.) remains the same BUT
the sudden impact to the rope the second that slack is taken
up creates a shock load that may exceed the rope's elastic
limit. .
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The result may not be an immediate break, but because the rope
is overstressed, it may fail on another operating shift, with
. another operator, who does not know about the overstressed con-
dition of the rope. When the slack to be taken up is 12", for
1nstance, the stress on the rope at impact is 15,675 1lbs. . . or
. more than twice the total load at rest. _ ——

. - e

- B m = gt m

EXAMPLE OF SHOCK
TAKING UP SLACK AT FULL SPEED

STRESS ON THE ROPE
TOTAL LOAD, AT ResT N “A® 6,375 Lbs.
TAKING UP 3" stack [ “8" 11,200 Lbs.
TAKING UP 8™ SLACK I *C" 12,250 Lbas.

TakmG P 12" stack RN -0 15.675 Lbs.

IF SAFETY FACTOR OF 5§ WAS PROVIDED FOR CONDITION °A°
WHAT FACTOR DO YOU HAVE LEFT WHEN
CONDITION HAS CHANGED TO "D° ?

ANSWER: 6,375 x 5 = 31,875 Ibs. B.S.
31,875 <~ 15,875 = 2.03 FACTOR OF SAFETY

FIGURE 5-48. EXAMPLE OF SHOCK

3. How Can You Avoid Shock Loads?

(a) Make sure there is no slack and no jerking of the rope
at the start of the loading.

(b) Watch carefully the weight of the loads hoisted to see
- that they are not beyond the rope's proper working load.
(¢) Do not allow rope to become fouled or jammed either
- on the drum or by Jjumping a sheave.
(d) Start load carefully - accelerating too fast overloads
o the rope. Watch how the rope "takes it'" on the pick-
up. Apply power smoothly and steadily.

4. Operator All Important!

Wlth the equipment in good condition and the correct rope pro-

perly installed, the responsibility lies with the operator to

avoid shock loads. A good operator is a rope's best friend. An
operator can "make or break'" a wire rope. There is no substitute fo:
experience in handling rope and a desire to get the most out of it.
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SAFETY BULLETIN

Crane & Rigging Safety Information

PR - -

BULLETIN: 120A NO.: 110 SUBJECT: Slings DATE:

L.

e e’ e o= e e -

CALCULATING SLING LOADS

-

Safe crane operation fequires detailed attention to the selection of
equipment, setup, maintenance, and most importantly operation.

In addition to the crane itself, other factors contribute to the
overall safety of any lift operation

W¥hen slings are used, it is of utmost importance that each sling be
selected for the loads involved with detailed inspection prior to
each use.

=
X

Calcniaiing sling loads can medn the difference between a safe 1lift
or failure, which can involve the crane itself.

—

The sling angle formed by a leg and the horizontal has a definite

effect on the rated capacity of the sling. As the angle decreases
from the vertical (straight pull), the amount of lifting capacity

decreases. The tension in each leg increases w1thout an increase

in the load lifted. ,

Never overload a sling. VWhen using a three or four leg sling, en-
sure that the load is equalized on each leg. When lifting loads,

take up the slack slowly to minimize shock loading. Protect the sling
over sharp corners or edges with padding. Pulling slings from under
loads will result in abrasion and kinking; dropping loads on slings

or running over them will cause crushing when lifting loads; sudden
starts: and stops will -increase the stresses in slings, improper
storage will result in deterioration.

Sling angles of less than 45° should be avoided because of the in-
creased ‘'stresses on,the slings.

N =

Y e
u.. * - -
_-7 e
%-* e e
Py

EERN O 2o . . .
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The sharp increase in sling stress which occurs at low sling angles
is emphasized in the following illustrations.

The folluwing is an example of selecting a sling using the load ungle

factor,

Sling =

2 legged Lridle -

us shown on the chart below - Figure 5-49.

Angle with horizontal 45°

L.oad angle factor

from the chart = 1.414

load 1,000 1bs,.

Each of the two legs would lift 500 pounds if a vertical pull

were used,

However, there is a 45° sling angle involved.

There-

fore, the 500 pound load would be multiplied by the load angle

factor in the chart (1.414), giving a total of 707 1bs.
Therefore, euch

lbs x 1.414 = 707 1bs

Tension in each leg.

.)

leg must have a safe working load of 707 1bs.

$

J”_

(500

VERTICAL
. SLING ANGLE SLING LOAD ANGLE
¢ @ ANGLE FACTOR
-]
; : 90° 1.000
4 ©
b4 S 85° 1.004
“§‘§\\\\;°. z LOAD (1000 LBS.) " 80° 1.015
o @ LOAD ON EACH SLING LE
§ \ z 2874 LB;: ¢ 75° 1.035
\ - 70° 1.064
LOAD (1000 LBS.) 65° 1.104
LOAD ON EACH SLING LEG
SO0 LS, 60° 1.155%
55° 1,221
. » o
i %y, 50 1.305
\O° .5 70, 'S,
52 % o 45° 1.014
I\ 30 8s.
{ 40° 1.555
LOAD (1000 LBS.) 35° 1,742
LOAD ON EACH SLING LEG °
1000 LBS. 30 2.000
25° 2.364
)y }6‘ °
N 4’@, 20 2.924
S &, 15° 3.861
S O, 0°
*g\ 45. (o 1 — 5.747
<% \ Cy 5° 11.490 -

LOAD (1000 LBS.)

LOAD ON EACH SLING LEG
707 LBS. :

~

FIGURE §-489.

LOAD ANGLE FACTORS



§ 1910.184
unless repaired,

or an equivalent entity.

(ii) Mechanical coupling links or low
carbon steel repair links shall not be
used to repair broken lengths of chain.

(8) Effects of wear. If the chain size
at any point of any link is less than

reconditioned and
proof tested by the sling manufacturer

that stated in Table N-184-2, the
shall be removed from service.
(9) Deformed attachments. (i) A

from service.

TABLE N-184-1.—~RATED CAPACITY (WORKING LOAD LIMIT), FOR ALLOY STEEL CHAIN Sungs
Rated Capecity (Working Load Limit), Pounds
(Horzontsl angies shown in pwontheses]

Single | Double sting vertical angie {1) | Triple end quadrupls
_ branch vortcsl e (e @
Chain saze, nches @— a0 ‘5: 80° pon P ———‘—‘:-.
loadng | 0 | ©S) | @ | g0y | wsy | om
[ 3250 5.650 4,550 3,250 8,400 68001 4900
LY 6,800 11,400 9.300 8,800 17,000 14,000 9,900
N 11.250 18,500 15,900 11,250 20,000 { 24,000 17,0
L) 16500 26500| 23300( 168500 43000; 35000| 2450
L3 23000 39800 232500 23000| 59500 ) 48,500 ¢ 34500
% 20750 49800 40600] 28,750} 74500| 61000 4300
1 38750 67,100 5800 38,750 ] 101,000 | 982,000( 5800
1 44500 ] 77000! 63000] 44500 115500 | 94,500 | 66,500
1% 57500 99500) 61000] 57,500 149000 | 121500 | 66000
1» 67,000 { 116,000 $4,000 67,000 | 174,000 | 141,000 | 100,500
Iy 680,000 | 138,000 ( t112800{ 80,000 | 207,000 ! 168,000 | 119,500
W 100,000 [ 172000 1 140,000 | 100,000 | 256,000 { 210,000 | 150,000
}] ol y for i -
( RA:Q mmfnm angle of ioading meanxed &8 the included angie betwesn the inclined log srd the

ol .
21 fiasng of mudey sings achusied tor angie of loading between tho incined leg and the Rostzoral plne of the load. s

{3) Quadrupie shng fating is same a3 ¥iple sing b

g

TABLE N-184-2.—MINIMUM ALLOWABLE CHAIN

S1ZE AT ANY POINY OF LINK

Ye 1%
» LT
% e
» Itk
L %,
1 4%
] ¥
1% %
¥ 1
th 1%,
1% 1%
1% 11 %5,

(ii) Slings shall be removed from
service if hooks are cracked, have been
spened more than 15 percent of the
normal throat opening measured at
.he narrowest point or twisted more

han 10 degrees from the plane of the
inbent hook. .

! Wfting p mmmww«mwnc

(f) Wire rope slings. (1) Sling use
Wire rope slings shall not be used with
loads in excess of the rated capacities
shown in Tahles N-184-3 through N-
184-14. Slings not included in these
tables shall be used only in accordance
with the manufacturer's recommenda-
tions.

(2) Minimum sling lengths. (1) Cable
laid and 6 x 19 and 6 x 37 slings shall
have a minimum clear length of wire
rope 10 times the component rope di-
ameter between splices, sleeves or end
fittings.

(if) Braided slings shall have a mini-
mum clear length of wire rope 40
times the component rope diameter
between the loops or end f{ittings.

(iif) Cable laid grommets, strand laid
grommets and endless slings shall
have a minimum circumferential
length of 96 times their body diame-
ter.

(3) Safe operating temperatures.
Fiber core wire rope slings of all

[ =8 ~¥ 21

29 CFR Ch. XVI (7-1-93 Editigyy *
i
g ¥

steel chain slings with cracked or :z
formed master links, coupling links o
other components shall be remoyeg

h Admin., Labor

thimbles, shall be pel:tormed prior o
by permane: t.le:;‘;gstggvetg the assembly of Lhe sling. hall
e a;'f 200°F. When (i) All welded end a.uachmem.; s a
ures 1 exce:spe slings of anY not be used unless proof tested by a:;
core wire I tures above manufacturer or equlvg)enl entiLy t
;tk‘“s 60°F. recommen-  yyice their rated capacity prior ::i rlfla
gling manufacturer ré-  gja) use. The employer shall re

TasLe N-164-3

certificate of the prqo( t@st. and make
it available for examination.

ts. (1) Welding of
except covers to

—RATED CAPACITIES FOR SINGLE LEG SUNGS

Wmsuam-mmmc«nm

§ 1910.184 .

ax 19 and 8% 37 Claseification
Rated capacities, 1ons {2,000 &)
Cholier Versca) basaat ' 7
us s Wt us s Wt | M8 ¢ S
i H
! 1
098 i 10!
0a7 038 041 '
o e gfs o571 ose 0.64 15 el L
o o 12 ogo| o8 o9 21 22 2
T by 16 1 11 12 gg 30 33
byt by 21 14 15 126 ; 39 ¥
by 2 27 17 19 20 «6 59 84
by 23.!: 3a 21 23 25 56 62° e!
3 u“ o » ] 3'3 100 1200 130
5 5 o b i ! 130 sof 170
w| exW 51 ! 64 3 45 s | I
b o w“ ' 71 79 170 _
e 5 0.0 63 . 0 wo, 28
b 6x19 84 9. 62 2 8 . R
sl exar 'Y 1o 120 4 3 32 28 Zal o
L ) e by :::g 150 100 120 1o a0 20 Pou
Tl o 160 210 120 140 154 | @l 4l
A e %0 ;%g 240 140 160 180 :::.g Qoi a0
wl oy Y 310 180 29 20 : | e
vt Tl exar 0| 2890 ol
. . .
HY MTWW“WT&W.F«WWW{M@&Mn
. & vM. spply when [TV 52000 whare
?M-Wuz:mod moDldmioiaHTw'iﬂoul w&austw grealar
u-wmm.mmmm aof sbng is bant ope-
TaABLE N-184-4.—RATED CAPACITIES FOR SINGLE LEG SUNGS ‘
Core
axtamsxazwwmw&mmmwm.m WRC)
fopo Ralod capecices, tons (2,000 B)
Chokad l Verucal basaet '
Verical .
= uS S HT |} MS 5
(inches) T ™S s T ! —-
[ 3 I
042 0.4 10} : 2
056 059 0.40 10 ¥ .
“looxi 3’3? 087 062 0.61 065 gg: 18 1! 1
el e 12 13 0.85 083 5 23, 25 ¢
bof I3 18 17 18 12 13 3 31! 24 3
e &xt9 15 2,2 3 2 i 1.2 s ; o Y
ot BN 26 27 29 18 21 22 o, 2 e
we| 6x19 25 27 29 18 2 3 b Wl
i exe I 4-9 o a P s no' 130 14
¥l e o 6 ) al a9 52 et 10 e
1 e b 2‘5 00 54 64 :; 140 e e
b Rt ;% 100 110 &8 ué 88 wol 2o 70
:://' :: ;g 100 120 130 ;.: o2t 89 nol e e
. ; . 160 ! 4 0 2350
ol B oo o 180 no| 10! 1o ELHE TS
wloaS o 200 220 130 ol ol /e Ug s
ol B4 ;3‘?, 240 260 150 180 1
w1 6.3 . .



§ 1910.184

TABLE N-184-8.—RATED CAPACITIES FOR 2-LEG AND 3-L.EG BRIDLE SUINGS
6 10 and 8 x 37 Clasaficabon Improved Plow Steel Grade Aope With indepengeni Wire Rope Care (IWRC)
(Horizonta) angies shown in parentheses)

29 CFR Ch. XVH (7-1-93 Edition)

A Rope Rated capacities, tons (2.000 Ib)
2-Leg bricie slings 3-Leg bridle sings
o8 | conar 30° (60°) 45* angle 0° (30 30° (60°) 45° angle 60° (30°)

) HT MS MT MS HT MS HT MS HT MS MT MS
w| 6xm| 092| o97| o075| 079 053| o058 14 14 "t 12| 079 o84
Ne| Ox18 1.4 15 1.1 1.2 081] o087 21 23 1.7 18 1.2 1.3
3 - %| exi9 20 FX] 1.8 1.8 1.9 1.2 3.0 32 24 28 1?7 1.9
%e| 6x19 27 29 2.2 24 1.5 1.7 40 4 23 36 23 25
3 Wl ex19 34 38 28 3 20 22 .1 (%4 2 40 3.0 a3
%e| ox19 43 48 s 39 2s 27 8.4 EA 5.2 LY ] 37 4
%] 6x10 8.2 s9 42 43 3.0 34 7.8 08 8.4 72 45 5.1
%| exi9 7.3 84 59 69 42 49| 110} 130 89 100 6.3 73
| ex1m9 2¢| 110 78 9.3 8 66| 140| 1720] 120] 140 83 9.9
1{ 6x19| 120] 150| 10| 120 72 as| 190| 20| 1sof 10| 10| 130
1%w| oxie! 180| 180| 130! 180 90| 100{ 220{ 270| 190| 220 130 180
1% ] 6xar| 80| 210] 150| 170] 100 t20| 270| 320] 220] 20| 180]| 180
t% | 6x3r| 220{ 2s0| 10| 210{ 130 150{ 330 380| 20| 10| 90| 220
1%] ex3ar| 2e0] 300] 21.0{ 250| 150] 70| o2350| 4so| 320! 3I70| 230| 260
1% ] 6x37| 310) aso| 2s0| 200; wo| 200] 480 530| 3s0]| 430 270] 30
1%| 6x37] 3s0] ao0] 2200] 330| 200{ 240| S30| 6€1.0] 430] S00| 210] 350
2| ex3r| 480| 530 70| 430| 280| 20| 680| 790| S60{ eSS0 400 460

HT=Hand Tucked Splice. MS=Mechanical Spiice.
TABLE N-184-9.—RATED CAPACITIES FOR 2-LEG AND 3-LEG BRIDLE SLINGS
Cabile Laid Rope—Mechanical Splics Only
7Xx7x7 and 7X 7 19 Constructions Gaivanized Alrcraft Grade Rope
7x8x 19 IWRC Construction improved Plow Steel Grade Rope
. [Horizontal angles shown in parentheses]
- Rope Rated capecities, tons (2,000 b)
2-Leg bricle siing 3-Leg bridle sling

- Dia (inches) Comsty . 45° &0* 30 s 60"

(80%) | angle | (307 | (60") | angle | (30%)
% TXTx7? 0.87 0.71 0.50 1.3 1.1 0.75
% TxXTx? 1.9 1.5 11 28 23 1.6
% IX7?x7 3.2 26 1.8 a8 39 28
% TXTX7 ... 48 a9 28 7.2 59 42
% IX7x7? 6.6 84 38 0.9 [ X] a7
% 7xX7x10 S0 44 29 1.5 6.1 43
% TX7Tx19 7.0 57 4 10.0 b8 a1
% TX7x19 93 7.6 LY} 14.0 $1.0 8.1
1 7X7x19 120 9.7 69 180 14.0 10.0
W0 cerssrremmammemssssssstermemmanescesd X719 14.0 120 6.2 210 17.0 120
IX7x19 17.0 14.0 99 200 210 15.0
7x8x 19 IWRC L1 ] 84 as 2.9 8.0 57
7x6x 19 IWRC. 8.7 7.1 50 13.0 11.0 7.5
7x6x 19 WRC 1.0 0.0 64 17.0 13.0 9.6
| 7x8x19 WRC 13.0 11.0 77| 200 18.0 11.0
| 7% 8% 18 IWRC 16.0 13.0 9.2 24.0 200 14.0
7x8x 19 IWRC 17.0 14.0 100 200 2.0 150
7x8x 19 IWRC. 9.0 15.0 10| 280 220 18.0

] 7x6x 19 IWRC 130




DETERMINING WEIGHT

Objective: To learn how to determine the weight of a load.

Definition: Weight is the amount of force that gravity exerts
on an object.

Formula: Weight = Volume X Density

b —— ———

In order for a lifting device to hold a load, it must exert at
least as much force upward as gravity exerts downward.

If the capacity of a lifting device is exceeded, there is a great
danger that the lifting device cannot exert enough upward force,
and gravity may bring the load crashing down.

For this reason it is extremely important, in fact mandatory, that
an operator know the weight of the load. The closer the weight is
to the rated capacity of the lifting device, the more accurate the
weight determination must be.

Quite often, the weight will be provided by the people in charge of
the load. Flight hardware, for instance, coming from another code
or agency will have the weight documented. Project management will
want to take responsibility for determining the weight of its
critical load.

In less critical cases, the weight might be stenciled or marked
somewhere on the object to be lifted. Or the weight may be found
in documents. It pays to look around first.

But if the information is not provided, it must be obtained
otherwise.

The load can be weighed on a floor scale if it is already mounted
on a dolly or truck and the weight of the vehicle is known. Then,
after rolling the load onto the scale, the weight of the vehicle
can be subtracted from the total weight.

If the load is not already on a vehicle, you can’t lift it to a
floor scale because it hasn’t been weighed yet. And it can’t be
lifted without knowing the weight first. So you need another way
to determine the weight.

Using a Hydra-Set to weigh a load is the best idea if qualified
operators are available. Hydra-Sets have weight dials built in.

1



A Hydra-Set lifts so slowly that it gradually removes the weight of
an object from the floor. The slow motion allows an operator to
stop lifting before the capacity of the crane is exceeded.

Sometimes the weight of a load has to be calculated. To calculate
weight, the operator must be able to determine volume and
understand density.

First, let’s look at volume.

Two standard units of volume are commonly used in the United
States: gallons (gal.) and cubic feet (cu.ft.). These are the
units that will be used in this lesson.

Ligquids are normally measured in gallons. The operator should rely
on container labels to find the number of gallons. Add up a
separate volume total for each different kind of liquid on the
load.

In case a label gives volume in some other units, the following
conversion table can be used to switch the numbers into gallons.

VOLUME CONVERSIONS

1 quart (gqt.) = .25 gal.

1 liter (1.) = .26 gal.

1 cubic centimeter (cc.) = .00026 gal.
1 cubic yard (cu.yd.) = 67 gal.

1 cubic inch (cu.in.) = .0043 gal.

Solids are normally measured in cubic feet. After measuring an
object, convert all measurements into feet using decimals before
beginning a calculation. 1In other words, get rid of the inches.
For example:

5 ft. 6 in. becomes 5.5 ft.
4 in. becomes .33 ft
and 3 1/2 yd. becomes 10.5 ft.

To determine the volume of a box-shaped object, multiply the length
times the width times the height. This is the simplest volume
formula:

Volume: of a box = Length X Width x Height

|+ on




Quite often complex shapes can be broken down into several simple
shapes. Then the volumes of the simple shapes can be added to get
the total.

Example:

You have to 1lift a 12 ft. I-beam. Nobody seems to know what it
weighs, and the weight charts for I-beams have all been lost.
(Typical situation.) So the first step is to determine the volume.

Solution >>>

Our approach will be to break the beam down into three long thin
box shapes. After finding the volume of each box, add them
together.

Begin by dividing the cross section of the beam into simple
rectangles. The flanges of an I-beam are tapered, so make the
rectangles by using the thickest part of the flange to be on the
safe side.




Measure the rectangles and convert the measurements into feet with
decimals:

e
[
|

O

-
T

]

Flanges: 3 5/8 in. X 1/2 in. converts to .30 ft. X .042 ft.
Web: 6 in. X 1/2 in. converts to .50 ft. X .042 ft.

3

N

Now calculate the volume of each thin box-shape and add them
together:

e

L
Upper flange: .30 ft. X .042 ft. X 12 ft. = ,15 cu.ft.
Web: .50 ft. X .042 ft. X 12 ft. = ,25 cu.ft.
Lower flange: (Same as upper flange) = .15 cu.ft.
Total volume: .55 cu.ft. <<< ANSWER



If the object to be measured is shaped like a cylinder, find its
volume by multiplying the area of the circular cross section times
the length of the cylinder.

Use this formula to find the area of the cross section:

Cross sectional area = .79 X Diameter X Diameter

| SN
| S

(This is the old "#r?" formula rearranged for convenience.)

Then take that result and stick it into this formula:

volume of a cylinder = Cross sectional area X Length

i
DIAMETER —~

|



Exanple:

What is the volume of metal in a cylindrical shaped object, 6 ft.
long, with a hole bored along the axis? The outside diameter
(0.D.) is 12 in., and the inner diameter (I.D.) is 7 in.

Solution >>>

Our approach will be to find the volume of a solid cylinder 12" in
diameter, then subtract the volume of the hole.

First, let’s get rid of the inches and work only in feet with
decimals.

0.D. 12 in. converts to 1.00 ft.
I.D. 7 in. converts to .58 ft.

Now calculate the volume of the cylinder as though it were solid
metal:



.79 X Diameter X Diameter
.79 X 1 ft. X 1 ft.
.79 sq.ft.

Area of circular cross section

= Cross sectional area X Length
= .79 sq.ft. X 6 ft.
= 4.7 cu.ft,.

Volume of cylinder

Next find the volume of the cylindrical hole:

.79 X Diameter X Diameter
.79 X .58 ft. X .58 ft.
.27 sq.ft.

Area of cross section

Cross sectional area X Length
.27 sq.ft. X 6 ft.
1.6 cu.ft,

Volume

o

Finally, subtract the volume of the hole from the volume of the
solid shape:

4.7 cu.ft. - 1.6 cu.ft. = 3.1 cu.ft. <<< ANSWER

If the object is shaped like a sphere, use this formula:

|
|
Volume of a sphere = .52 X Diameter X Diameter X Diameter !
|

For more complicated shapes, ask for help. bon’t take chances
trying to calculate something if you don’t understand it.

Once you know the volume of each material in an object, you’re half
way there. Volume has to be multiplied by density to get the
weight.

Now let’s look at density.

Density can be loosely defined as how much one standard volume unit
of material weighs.

We have already been using cubic feet (cu.ft.) and gallons (gal.)
as standard volume units. We will use pounds (1lb.) as the standard
weight unit. So our densities will be in pounds per cubic foot
(1b./cu.ft.) or pounds per gallon (1lb./gal.).

For example, one cubic foot (a standard volume unit) of water
weighs 62.4 1lbs. You can express the density of water as 62.4
l1b/cu.ft. If you choose to use the gallon as your standard volume
unit, the density of water is expressed as 8.3 1lb./gal. It’s
another way of saying the same thing.
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Every material has its own unique density. Materials less dense
than water, like wood and oil, float in water. Materials more
dense than water, like metals, sink in water.

A convenient way to do these calculations is to learn the density
of only one material, water, and compare everything else to it.

The method has three steps:
1. Find the volume.

2. Ask yourself, "How much would this weigh if it were all
water?"

3. Multiply the weight in water by the right specific
gravity from the density chart below.

The following chart shows how the density of water compares to the
density of some other common materials.

DENSITIES OF MATERIALS
Reference material:
Water - 62.4 1b./cu.ft. or 8.3 1lb./gal.

Specific Gravities (comparisons to water):

Wood Cork - .25
Pine - .50
Oak - .75

Metal Iron & Steel - 7.8
Aluminum - 2.7
Copper - 9.0
Brass - 8.5

Liquids Paints - .90 to 1.6
0il - .90
Gasoline - .73
Most solvents - .80 to .90
Beer - ?

Other Concrete - 2.0 to 3.0
Plastics - .90 to 2.2

Many load weights can be determined well enough by rounding off
numbers from the chart above:

Water weighs just over 60 1lb./cu.ft.
Pine weighs half as much as water.
Steel weighs nearly 8 times as much as water.

8



0il weighs 90% as much as water.
Etc.

Rough approximations like this are OK for loads that are much
lighter than the capacity of the lifting device.

Example:

You need to pick up an aluminum structure of unknown weight.
Measurements show that there are 11 cu.ft. of aluminum in the whole
structure. What does it weigh?

Solution >>>

What would this structure weigh if it were all water? Remember,
each cubic foot of water weighs just over 60 1lb./cu.ft.

11 cu.ft. X 60 1lb./cu.ft. = 660 lbs.

It would weigh 660 lbs. if the material were water. From the
density chart, aluminum weighs nearly 3 times as much as water.

3 X 660 1lb. = 1980 1b./cu.ft.
Since the structure is made out of aluminum instead of water, it
weighs about 1980 1bs. To be safe, call it 2000 1lbs.
(1 ton). : <<< ANSWER
This answer is not very accurate. It wasn’t supposed to be. This
is an example of a rough calculation that is acceptable if the

crane’s capacity is at least twice the load weight. It tells you
that you’re in no danger of exceeding the rated capacity.

Example:
1 dozen 5 gal. cans of acetone on a pallet are going to be unloaded
from a truck by using a 1/4 T hoist and a sling weighing 10 1b.
Will this be a safe 1ift?
Solution >>>
Looking first at the liquid, how much would 5 dozen gallons weigh
if it were all water? Remember, each gallon of water weighs 8.3
1b.

60 gal. X 8.3 lb./gal. = 498 1b,
The liquid would weigh 498 1lb. if it were water. The density chart
shows that solvents weigh no more than 90% as much as water. (90%
is the worst case, so use it.)

.90 X 498 1b. = 448 1b.

9



Since the liquid is acetone instead of water, it weighs at most 448
1b.

You know from experience that the pallet weighs about 50 1b. and
the empty steel cans about 5 1b. each.

12 X 5 1b. = 60 1lb., total weight of empty cans

Add everything:

Acetone 448 1b.
Cans 60 lb.
Pallet 50 1l1b.
Sling 10 1b.
Total 568 1lb.

568 1lb. is greater than 1/4 T.
Do not 1ift! <<< ANSWER

A 1/4 T hoist is no good.
You need at least a 1/2 T lifting device.

In the last example, note that the sling was counted as part of the
load weight. ©Never forget to consider the rigging when making
weight calculations. The rigging could be the straw that breaks
the crane’s back.

If a load weighs more than half of a lifting device’s capacity,
more accuracy is needed in the weight calculation. Instead of
guessing, take exact measurements, use the exact densities, and use
a calculator. Do not risk overloading the lifting device.

A tip on determining the weight of liquids: The exact specific
gravity (comparison to the density of water) is 1likely to be
written on the label or the MSDS (Material Safety Data Sheet).
This will allow you to make a very accurate calculation and save
some guesswork.

If you feel uncomfortable about determining the weight of a load,
by all means get help or at least ask for a second opinion.
Sources of help might be:

. More experienced operators
L Your supervisor
L Engineers

To help keep you honest in your weight determinations, remember
this bit of sarcasm:

® Guess now, pay later! e
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DETERMINING CENTER OF GRAVITY

Objective: To learn how to determine and control the center of
gravity of a load.

Definition: The center of gravity (CG) is the point where an
object balances.
Symbol: cG = 6;

In a lifting operation, the operators must know, with reasonable
accuracy, where the CG of the load is.

Ideally, the CG should be half way between the blades of a fork
truck or directly beneath the hook of a crane before the 1lift
begins.

The CG, like water, tends to seek the lowest possible level. With
a fork truck, the CG will try to fall to a lower level with bumps,
turns, and vibrations. 1In a crane lift, the load will swing until
the CG is directly beneath the hook. The CG of a suspended 1load
will automatically center itself whether the operator wants it to
or not.

Stability is the tendency of a load to stay where it belongs.
Stability comes in degrees. Of the three examples shown below, the
first load will tip without a doubt because there is no stability;
the second is risky and should be avoided or handled with extreme
caution.

S
G
/ \
l ] L 1
Unstable Partially Stable Completely Stable

To be completely stable, there must be some attachment points of
the rigging above the CG.



With slings, use control straps where necessary to raise the slings
attachment points above the CG.

Example:

Slings support the weight of a dewar from underneath, well below
the CG. This load would fall without control straps. The upper
control strap attaches the slings to the dewar above the CG and
stabilizes the load.

HeeX

~ASTEL ks 7‘
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The CG of a symmetric object is in its center. It is an easy
matter to determine the CG of a round or box-shaped object. The
determination becomes difficult with odd shaped loads.

To find the CG of an odd shaped load, break the shape into a couple
of simple segments and determine their individual CG’s. Then
combine them to find the CG of the total load using the following
method:

° Find the CG’s of two adjacent simple segments.

] Determine the weight of both segments.

° Draw a line connecting the CG’s of both segments.

° The total CG will be on this line, closer to the heavier

segment by a distance proportional to its percentage of the
total weight.

] Repeat the process until all segments have been included.
Example:

Find the CG of an L-shaped load.

Solution >>>

Break the L into two symmetric segments and find their individual
CG’s.

Using appropriate methods, determine the weight of each segment.
Then draw a line connecting the two CG’s.



® weo 1b

Determine what percentage of the total weight the heavier segment
is.

Heavier Segment 600 1bs. .60
Total Weight 1000 1lbs.

The heavier segment is 60% of the total weight.

The total CG must be closer to the heavier segment on the
connecting line. Divide the line into two parts using the same
percentages as the weights. The CG is located at this dividing
point.

<<< ANSWER

To find the CG of a shape with more than two segments, combine the
third seégment with the common CG from the first two using the same
method. Then combine the fourth with the first three and so on.

More than two segments get difficult. Know your limits and don’t
be afraid to ask for help. A mechanical engineer is usually
qualified to determine CG’s.

The calculations described above will give the first approximation
of the CG. The precise location will have to be found by trial and
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error. After calculating the first approximation, pick up the load
just a slight distance and see if it wants to tip. "Fine tune" the
rigging by moving the attachment points until the load is stable.

Some loads, constructed of many odd shapes or different materials,
are so complex that only the project manager or builder should take
the responsibility for determining the weight and CG.

If the payload comes with its own 1lifting fixture, the CG is
already accounted for in the design. The rigger only has to check
for current inspection tags and attach the load to the hook.

After going to all the trouble to determine the CG correctly, the
last thing anybody wants is to have the CG shift. That could spell
disaster. Secure all the various parts of the load, if the are not
already. Securing the load is just as important to good rigging as
determining the correct weight and center of gravity.

To help you avoid making mistakes, memorize these wise words of
wisdom:

o The GSFC corollaries to Murphy's Law:

If it can swing, it will swing. (Cranes)
If it can topple, it will topple. (Forklifts)

L Don't place your pride ahead of your knowledge.



Load Weight Estimation

Utilizing the “Crosby’ Users Guide for Lifting” complete the
following exercises:

Exercise #1

(Concrete Block) Concrete = (150 Pounds per Cubic Foot)

/l\

2' '

! ~
: 10' 6"

==

PO
Volume Weight

Exercise #2

(Steel Shaft)  (Steel = 490 LBS per Cubic Foot)

Diameter
&

Volume Weight




Load Weight Estimation

Exercise #3
45 dearee

/|\
2 ?

! —

) l 0' 6 "
— el
&~ N —>

From Exercise #1 you have already determined the Weight is
Now select the proper rigging:

Alloy Shackle Size = (Page 12)
Using Chain Slings = (Pages 7 & 11)
Using Wire Rope Slings = (Pages 5 & 11)
Swivel Hoist Rings = (Page 14)
Turnbuckle = (Page 13)

Shouldered Eye Bolt = (Page 14)




Load Weight Estimation




. D/d ratio: Three Cases.
- Beating down a choker hitch.
- Basket hitch legs not vertical.

. Capacity of sling not adjusted for angle.

~ If not vertical, must consider Load Angle Factor.

. Choker and basket hitch sling angle’s smaller
than 60°.

- As the sling angle decreases, the load increases in
each leq.



Improper connection of the slings to the load hook  develop a specific set of requirements for each job.
or the load itself can cause misloading, overloading, It is said that a picture is worth a thousand words.
and even poor load control. To pull together these vari- In rigging, this is especially true. Make sure you con-
ous considerations, it is useful to identify the elements  sider the following elements of a basic rigging plan
of a good rigging plan: a structure that can be used to  before your next job.

Elements of a Basic Rigging Plan

—

al
.

1 o Who is responsible (com-
petent) for the rigging and
have communications

What is the sling angle?

been properly established? Is the load rigged to the
center of gravity?
2., Is the equipment in
O acceptable condition? 1 o' Is a tag line needed?
| Is the equipment the .
' 3' appropriate type with 1 1 » szl:rg;?; load be under
proper identification? & pirot:

_ Are the slings padded
Are the working load 12. against sharp edges?

limits adequate?

1 3 Will there be any side
Are the working load * loading?

limits known?

Is there any possibility of
What is the weight of the 1 4' the gear or load fouling
load? on an obstruction?

gravity? load to be suspended? 1

September-Octoter 2001 Crans'\iorks 68

Where is the center of 1 5. Are personnel clear of the |



Not inspecting gear

Not knowing what to look for in an inspection
Missing or illegible tags

- Capacity not known

Not able to read rigging charts
Improperly made below the hook devices
Wire rope slings formed with clipé
Improper connections to sling eyes
Beating down choker hitch

Basket hitch over small diameter

Basket hitch legs not vertical

Capacity of sling not adjusted for angle

Choker and bfasket hitches at sling angle smaller
that 60°



10.

11.

12.
13.
14.

15.

16.

17.

THE CROSBY GROUP USER'’S GUIDE / LIFTING

Always use eye bolts if side loading will occur.
The Working Load Limit of a eye boit is 3,990 Ibs. at a
sling angle of 45°.

The Working Load Limit of a
at a sling angle of 45°.

Apply the u-bolt of a wire rope clip over the
wire rope.

The Working Load Limit of a 1/2" eye and hook turnbuckle is
a 1/2" eye and jaw turnbuckle.

hoist ring is 4,000 Ibs.

of the

Never allow an included angle 90° when

connecting a two-legged sling to a hoist hook.

Rig to the

The of a load should be selected carefully for
load stability.

The capacity of a four-legged chain sling is a

three legged chain sling of the same nominal size and sling angle.

The of any sling will have a capacity of up to
twice that of a single leg.

A sling connected at a horizontal sling angle of 30° works
as that of a vertical sling.

Removal criteria for web slings include

Removal criteria for chain slings include

Removal criteria for wire rope slings includes five broken wires
distributed in one of the

The capacity of a 1/2" wire rope sling is 4,400 Ibs. when used as
a

The capacity of a 1/2" wire rope sling is 3,200 Ibs. when used as
a

The capacity of a 1/2" wire sling is 7,600 Ibs. when used as a

the(BP@S/Djaroup.

Copynght & 1998 The Crosby Group. inc.
Al Rights Reserved

THE CROSBY
USER’S GUIDE

Choose Answer from the

o~

e

Q2 v o 3 3

Following List

twice as hard
single leg
bridle at 60°
dead-end
less than
greater than
the same as
shouldered
choker

5/8"

T

lay

center of gravity
pick points
strand

basket hitch

stretch and
broken stitches
discoloration from

excessive
temperature
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THE BASIC RIGGING PLAN RESPONSIBILITY 2 |

HO IS RESPONSIBLE (COMPETENT) FOR THE USER RESPONSIBILITY

RIGGING? COMMUNICATION ESTABLISHED ?
1. UTILIZE APPROPRIATE RIGGING GEAR SUITABLE
?
IS THE EQUIPMENT IN ACCEPTABLE CONDITION ? FOR OVERHEAD LIFTING.

AP : ?
AHgiﬁzﬁxgggxgﬁgzgﬁ;}g'fg&g%ﬂg” 2. UTILIZE THE RIGGING GEAR WITHIN INDUSTRY
' STANDARDS AND THE MANUFACTURER'S

. 0
CAPACITY OF GEAR KNOWN?" RECOMMENDATIONS.

‘ ?
Vx:gg&aggg%g g,';%”;&‘ww., 3. CONDUCT REGULAR INSPECTION AND
' MAINTENANCE OF THE RIGGING GEAR.

WHAT IS THE SLING ANGLE?
WILL THERE BE ANY ANGULAR OR SIDE LOADING?

MANUFACTURERS RESPONSIBILITY
PRODUCT AND APPLICATION INFORMATION

ARE THE SLINGS PADDED AGAINST SHARP
2: PRODUCT THAT IS CLEARLY IDENTIFIED

CORNERS?
WILL THE LOAD BE UNDER CONTROL?
IS THE LOAD RIGGED TO THE CENTER

NAME OR LOGO
OF GRAVITY? QUIC-CHECK® LOAD RATING AND SIZE
IS THE HITCH APPROPRIATE? o TRACEABILITY

TAG LINE NEEDED?

IS THERE ANY POSSIBILITY OF FOULING?

CLEAR OF PERSONNEL?

ARE THERE ANY UNUSUAL LOAD ING

OR ENVIRONMENTAL CONDITIONS?

WIND, TEMPERATURE, OTHER? N7
SPECIAL REQUIREMENTS? aunkeie & mrinns |

3. PRODUCT PERFORMANCE
WORKING LOAD LIMIT
DUCTILITY '
FATIGUE PROPERTIES

IMPACT PROPERTIES

L]
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INSPECTION OF HARDWARE

DEFORMATION
REMOVE FROM SERVICE IF ANY SIGNIFICANT
| DEFORMATION. CHECK THROAT OPENING OF HOOKS.

WEAR
REMOVE FROM SERVICE IF EXCESSIVE WEAR. WEAR IS
EXCESSIVE IF:
MORE THAN 5 % WEAR IN THROAT OR EYE OF HOOK
AND OTHER CRITICAL AREAS OF HARDWARE.

MORE THAN 10% WEAR IN OTHER AREAS.

CRACKS, NICKS, GOUGES
REMOVE FROM SERVICE IF CRACKS, NICKS, OR GOUGES
ARE DETECTED.

MODIFICATION
DO NOT WELD, DO NOT SUBSTITUTE SHACKLE PINSOR

OTHER COMPONENTS, DO NOT HEAT, BEND OR MODIFY .

IN ANY MANNER

PROPER FUNCTION
IMPROPERLY INSTALLED HARDWARE OR MALFUNCTION
IS CAUSE FOR REMOVAL. CHECK FOR LATCHES, SWIVEL
BEARINGS, LOCKING DEVICES, AND INSTALLATION OF
'WIRE ROPE CLIPS AND WEDGE SOCKETS.

INSPECTION OF WIRE ROPE SLINGS *

PER ANSIB30.9
ALL SLINGS AND ATTACHMENTS SHALL BE VISUALLY
INSPECTED BY THE PERSON HANDLING THE SLING EACH
DAY THEY ARE USED. IN ADDITION, A PERIODIC
INSPECTION SHALL BE PERFORMED BY A DESIGNATED
PERSON, AT LEASTANNUALLY,AND SHALL INCLUDE A
RECORD OF THE INSPECTION.

INSPECTION CRITERIA

] KINKING CORE PROTRUSION
CRUSHING CORROSION
UNSTRANDING BIRDCAGING
BROKEN OR CUT STRANDS BROKEN WIRES
STRANDING DISPLACEMENT

BROKEN WIRES

REMOVE FROM SERVICE STRAND LAID AND SINGLE PART
SLINGS IF TEN OR MORE RANDOMLY DISTRIBUTED WIRES
IN ONE ROPE LAY, OR FIVE BROKEN WIRES IN ONE ROPE
STRAND IN ONE ROPE LAY.

DISTORTION OF WIRE ROPE
REMOVE FROM SERVICE WIRE ROPE SLINGS THATHAVE
ANY DAMAGE RESULTING IN DISTORTION OF THE WIRE
ROPE STRUCTURE SUCH AS KINKING, CRUSHING,
UNSTRANDING, BIRDCAGING, STRAND DISPLACEMENT
OR CORE PROTRUSION.



INSPECTION OF CHAIN SLINGS

, PER ANSI| B30.9
ALLSLINGS AND ATTACHMENTS SHALL BE VISUALLY

INSPECTED BY THE PERSON HANDLING THE SLING

EACH DAY THEY ARE USED. IN ADDITION, A PERIODIC

INSPECTION (NORMAL SERVICE: YEARLY, SEVERE

| SERVICE: MONTHLY) SHALL BE PERFORMED BY A

| DESIGNATED PERSON, AT LEAST ANNUALLY, AND

| SHALLINCLUDE A RECORD OF THEINSPECTION.

: INSPECTION CRITERIA
! WEAR . WELD SPLATTER

NICK, CRACKS, BREAKS EXCESSIVE TEMPERATURE
GOUGES, STRETCH, BENDS THROAT OPENING OF HOOK

CHAIN LINKS

REMOVE SLING FROM SERVICE IF LINKS ARE WORN
EXCESSIVELY (MORE THAN 10% OR REFER TO
| MANUFACTURER'S INFORMATION), SHARP
| TRANSVERSE NICKS AND GOUGES SHOULD BE

ROUNDED OUT BY GRINDING (DO NOT EXCEED WEAR
| ALLOWANCE). CHAIN LINKS AND ATTACHMENTS
| SHOULD HINGE FREELY TO ADJACENT LINKS.

IDENTIFICATION

CHAIN SLINGS SHALLHAVE PERMANENTLY AFFIXED
1 IDENTIFICATION STATING: SIZE, GRADE, RATED LOAD,
NUMBER OF LEGS AND MANUFACTURER.

INSPECTION OF SYNTHETIC SLINGS 4/

PER ANSI B30.9
ALL SLINGS AND ATTACHMENTS SHALLBE VISUALLY
INSPECTED BY THE PERSON HANDLING THE SLING EACH
DAY THEY ARE USED. IN ADDITION, A PERIODIC
INSPECTION SHALL BE PERFORMED BY ‘A DESIGNATED
PERSON, AT LEAST ANNUALLY,AND SHALL INCLUDE A
RECORD OF THE INSPECTION.

INSPECTION CRITERIA
ACID OR CAUSTIC BURNS BROKEN STITCHES
MELTING OR CHARRING WORN STITCHES
HOLES, CUTS EXCESSIVE ABRASION

TEARS, SNAGS KNOTS

ROUND SLING NOTES
REMOVE FROM SERVICE ROUND SLINGS THAT HAVE
CORE FIBER EXPOSED BY HOLES, TEARS, CUTS,
EMBEDDED PARTICLES, WEAR OR SNAGS.
REMOVE FROM SERVICE ROUND SLINGS THATHAVE
MELTING, CHARRING OR WELD SPLATTER ON ANY PART
OF SLING.

IDENTIFICATION
WEB SLINGS AND ROUND SLINGS SHALL BE
PERMANENTLY MARKED INDICATING: MANUFACTURER'S
TRADEMARK AND CODE (OR STOCK NUMBER), RATED
LOADS FOR THE THREE HITCHES AND MATERIAL.

N




WIRE ROPE SLING CAPACITIES (LBS.) - FLEMISH EYE -

IMPHOVED PLOW STEEL - IWRC 5/1 DESIGN F

6 X 19 AND 6 X 37
ANGLE (/
Q & T CARBON 120
SHACKLE
MINIMUM
SHACKLE SIZE
WIRE FOR A D/d>1
ROPE AT LOAD
SIZE CONNECTION
SHACKLE VERTICAL
SIZE | (SINGLE LEG) CHOKER
1/4 516 1120 820
5/16 38 1740 1280
318 716 2400 1840
7116 12 3400 2400
172 5/8 4400 3200
916 5/8 5600 4000
5/8 3/4 6800 5000
4 7/8 9800 7200
718 1 13200 9600
1 1-1/8 17000 12600
1-1/8 1-1/4 20000 15800
-4 | 1-3/8 26000 19400
1-3/8 1-1/2 30000 24000

3 8

" o

-
3

TWO LEG
OR BASKET HITCH

2200
3400
4800
6800
8800
11200
13600
19600
28400
34000
40000
52000
60000

ANSIB30.9 5

ACTOR

60°

.

60 DEGREE
SLING ANGLE

1840

52000

45'
. l

45 DEGREE
SLING ANGLE
1500
2400
3400
4800
6200
7900
9600
13800
18600
24000
28300
36700

42400

. ]

30 DEGREE
SLING ANGLE

1120
1740
2400
3400
4400
5600
6800
9800
13200
17000
20000
26000
30000

+ RATED CAPACITIES BASED ON PIN DIAMETER OR HOOK NO LONGER THAN THE NATURAL EYE WIDTH (1/2 X EYE LENGTH)
OR LESS THAN THE NOMINAL SLING DIAMETER

REFER TO ANSI B30.9 FOR FULL DETAILS
HORIZONTAL SLING ANGLES OF LESS THAN 30 DEGREES ARE NOT RECOMMENDED




WIRE ROPE SLINGS AND

WIRE ROPE SLINGS AND A CHOKER HITCH HAS 75% .

CONNECTIONS TO FITTINGS CONNECTDONS OF THE CAPACITY OF A

USE A THIMBLE TO
PROTECT SLING
AND INCREASED/D

NEVER PLACE EYE
OVER A FITTING
SMALLER
DIAMETER OR
WIDTH THAN THE

ROPE’S DIAMETER.

R

A BASKET HITCH HAS TWICE
THE CAPACITY OF A SINGLE
LEGONLY IF D/d RATIOIS 2617 - -
AND THE LEGS AREVERTICAL. —

: SINGLE LEG ONLY IF THE L+
TO FITTINGS CORNERS ARE SOFTENED

NEVER PLACE A SLING ‘ AND THE HORIZONTAL |
EYE OVER A FITTING ANGLE IS GREATER .

WITH A DIAMETER OR THAN 30 DEGREES.

WIDTH GREATER USE A BLOCK OF

THAN ONE WOOD UNDER
HALF THE CHOKE TO

NATURAL ‘ - INSURE ANGLE
tT.ﬁgchEOF L. IS PROPER.

/ h) ’ v,.-’fl\\\su. ‘f /0{\ 30. . “A
| ‘ H] | |l_m_, L

TRIPLE LEG SLINGS HAVE 50% MORE CAPACITY
. THAN DOUBLE LEG ONLY IF THE CENTER OF

~ CAPACITY % OF GRAVITY IS IN CENTER OF CONNECTION POINT
MSLE smg:;ee | AND LEGS ARE ADJUSTED PROPERLY (EQUAL
a0 T j'--w—;,a-,,; - SHARE OF THE LOAD)
35 1 TTTia09 , QUAD LEG SLINGS OFFER IMPROVED STABILITY
0 | {oo %-*—“- BUT DO NOT PROVIDE INCREASED LIFTING

'S ! cAPACITY.

2= g ey e tormr




CHAIN SLING CAPACITIES (L BS. - ANSI B30.9 DESIGN FACTOR 4/1 7

CHAIN 80 oo Ales 30 Groshy
SIZE ; A
’ ' . L‘—“.—.m—*‘.}.,_.«.”.,,,__-,.i?:r_: — I———————J

|

| QT
—— 1

]

|

!

e = e b oo e, T

ALLOY

CHAINGR - 8 SINGLELEG ' DOUBLE LEG
DESIGN . - VERTICAL ~ TWO LEG OR 60 DEGREE 45 DEGREE 30 DEGREE MASTER LINK - MASTER LINK
FACTOR 41 (SINGLELEG) BASKETHITCH = SLING ANGLE  SLING ANGLE  SLING ANGLE SiZE SIZE
Ve (9/32) 3500 , 7000 _ 6050 , 4900 , 3500 we .2
3’8 ... .1ao ) 14200 . 12200 ) 10000 7100 ! 4 s
142 ‘ 12000 . 24000 20750 , 16950 ’ 12000 | 7/18 ; 1
o/8 Z 18100 . 39200 . 31350 .. 2550 18100 !_ Y 1 J
34 . 28300 56600 49000 40000 28300 | 1-1/4 . 1-172
78 . 34200 68400 , 59200 _ 48350 34200 1-1/2 1-3/4
i , 47700 _ 95400 ) 82600 , 67450 » 47700 ; — 4 —
1-1/4 72300 144600 125200 102200 72300 i — :

OF THE CAPACITY

OF A SINGLE LEG IF PR -3 ’

THE CORNERS ARE ; | ]

o ﬁg’;{fgﬁ%{'ﬁg& TRIPLE LEG SLINGS HAVE 50% MORE CAPACITY

- CAPACITY % |5 GREATER THAN DOUBLELEG ONLY IF THE CENTER OF
HORIZONTAL ~ OF SINGLE =\ 20 DEGREES . GRAVITY IS IN CENTER OF CONNECTION POINT AND

o€ SE A BLOCKOF A\ LEGS ARE ADJUSTED PROPERLY (EQUALSHARE OF

© 70 ' WOOD UNDER {. } )] THELOAD)
" jao=  CHOKETO INSURE =/
0 . ANGLE IS PROPER. QUAD LEG SLINGS OFFER IMPROVED STABILITY BUT
0% DO NOT PROVIDE INCREASED LIFTING CAPACITY.

1\ A CHOKER HITCH HAS 80%

l_, PRI
. .
N

P




PRICE $4.20

theGroshyoroun.

CROSBY PRODUCTS DISTRIBUTED BY:

#9999875 ' Copyright ® 2000 TheCrosby Group, Inc.
9/00 All Rights Reserved
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WEB SLING CAPACITIES - ANSI B30.9 - DESIGN FACTOR 5/1 ]

ANGLE
120
.
VERTICAL ’
(SINGLE LEG) CHOKER
100% OF SINGLE 80% OF
SINGLE LEG SINGLE LEG
SYNTHETIC SLINGS
RATED LOAD
FOLDING,BUNCHING OR
PINCHING OF SYNTHETIC

SLINGS, WHICH OCCURS WHEN
USED WITH SHACKLES, HOOKS
OR OTHER APPLICATION WILL

REDUCE THE RATED LOAD.
Dk: y . e v’-ﬁr *\
'a o (i w
> e

BUNCHING PINCHING

TWO LEG
OR BASKET

200% OF
SINGLE LEG

A CHOKER HITCH HAS 80%
OF THE CAPACITY OF
A SINGLE LEG

IF THE CORNERS
ARE SOFTENED

AND THE
HORIZONTAL ANGLE
IS GREATER

THAN 30 DEGREES.
USE A BLOCK

OF WOOD

: :
1
a 30" 3
' 60 DEGREE ' 45 DEGREE " 30 DEGREE
 SLINGANGLE ~ SLINGANGLE  SLING ANGLE
170% OF | 140% OF | SAME AS .
SINGLELEG -  SINGLE LEG SINGLE LEG

600 45 30

TRIPLE LEG SLINGS HAVE 50% MORE
CAPACITY THAN DOUBLE LEG ONLY IF
THE CENTER OF GRAVITY IS IN CENTER
OF CONNECTION POINT AND LEGS ARE
ADJUSTED PROPERLY (EQUAL SHARE OF

UNDER CHOKE
TO INSURE ANGLE
IS PROPER.

THE LOAD) t’

QUAD LEG SLINGS OFFER IMPROVED
STABILITY BUT DO NOT PROVIDE

INCREASED LIFTING CAPACITY.




CENTER OF GRAVITY AND SLING LOADING

WHEN LIFTING VERTICALLY,
THE LOAD W|LL BE SHARED CENTER QF GRAVITY AND
EQUALLY IF THE CENTER OF SLING LOADING
GRAVITY IS PLACED EQUALLY

BETWEEN THE PICK POINTS. sune ] Iumo 2

IF THE WEIGHT OF THE LOAD pile recee Lo, ;g
IS 10,000 LBS., THEN EACH . ) '
SLING WILL HAVE A LOAD - 1 -
OF 5,000 LBS.AND EACH D16 Fl ombE
SHACKLE AND EYEBOLT WILL

ALSOHAVE A LOAD OF 5,000 LBS.

CENTER OF GRAVITY AND SLING LOADING

WHEN THE CENTER OF GRAVITY CENTEN OF GRAVIIY AKD

IS NOT EQUALLY SPACED BETWEEN L SLING LOADING

THE PICK POINTS, THE SLING AND ,
FITTINGS WILL NOT CARRY AN EQUAL *“'*° 1 1 e s
SHARE OF THE LOAD. THE SLING A 0
CONNECTED TO THE PICK POINT e e
CLOSEST TO THE CENTER OF GRAVITY " S

WILL CARRY THE GREATEST SHARE D18 F1  Dieg M

OF THE LOAD.

l SLING 2 IS CLOSEST TO COG. IT WILL HAVE THE GREATEST SHARE
OF THE LOAD.

| SLING 2 = 10,000 X 8 / (8+2) = 6,000 LBS.
SUING 1 = 10,000 X 2/ (8+2) = 2,000 LBS.

CALCULATE WEIGHT
EXAMPLE - FLATS

CALCULATE WEIGHT
EXAMPLE - FLATS

L.l\ﬂu'l’-'lc.o Te UNIT WEetzor? ]
IF STEEL " é“/:_—;

UNIT WEIGHT IS 480 LBS/FT3

WEIGHT = 2' X 5" X 1/12' X 490 LBS#T ° = 408 LBS.
IF ALUMINUM

UNIT WEIGHT IS 165 LBS/FT

WEIGHT = 2' 5' X1/12' X 165LB/FT 3 = 138LBS.

IF CONCRETE

UNIT WEIGHT IS 150 LBS/FT’

CALCULATE WEIGHT
EXAMPLE - SOLID CYLINDER

WEIGHT u 2,14 X D' X L X UMIT WEIOKT
[

IF STEEL
UNIT WEIGHT IS 4980 LBS/FT? .
WEIGHT = 3.14 (2 X 2') X 5 X 490 LBS/FT 3 = 7693 LBS.

IF CONCRETE
UNIT WEIGHT IS 150 LBS/FT3
WEIGHT = 3.14 (2' X 2') X §' X 150 LBS/FT 2 = 2355 L8S.

10




SLING ANGLES

LOAD =

5§00 X LOAD
. ANGLE

FACTOR

1000 LBS A=
HORIZONTAL

LOAD IN EACH
SLING = L/H X 500

v x

N
A 4

<

1000 LBS 1000 LBS

HORIZONTAL SUNG LOAD ANGLE
ANGLE (A) DEGREE FACTOR = lU/H

90 - 1.000
60 1.155
50 1,305
45 1.414
30 2.000

LOAD ON EACH LEG OF SLING =
VERTICAL LOAD X LOAD ANGLE FACTOR

R
c," S
\( H
+
| ® CG

|+D1 wle— p2 ~l

| LOAD ON SLING CALCULATED

TENSION 1 = LOAD X D2 X S1/H (D1 + D2)
! TENSION 2 = LOAD X D1 X S2/H (D1 + D2)

HORIZONTAL SLING
ANGLES OF LESS
THAN 30 DEGREES
ARE NOT
RECOMMENDED
REFER TO ANSI
830.9 FOR FULL
INFORMATION

LOAD ON SLING CALCULATED

TENSION 1 = LOAD X D2 X S1/H (D1 + D2)
TENSION 2 = LOADX D1 X S2/H (D1 + D2)




Greshy RIGGING HARDWARE 12
SHACKLES QUENCHED & TEMPERED m HOOKS DESIGN FACTOR Q$$§:::D&
SCHEW PIN CARBON SHACKLE ~ ALLOY SHACKLE  guconrac] SHANK HOOK + EYEHOOKS - &1 (EXCEPT ALLOY GuicaEca®
AND DESIGN FACTOR  DESIKGN FACTOR > | SWIVEL HOOK 30 TON AND LARGER ARE 4-1:2 10 1) ")
BOLT TYPE B8/ S EYE HOOK * SHANK AND SWIVELS ARE 4-12 TO 1.
NOMINAL  CARBON | ALLOY = INSIDE I CameoN ALLOY Z
SIZE (IN)  MAXIMUM | MAXIMUM = WIDTH AT MAXIMUM MAXIMUM THROAT ‘DEFORMATION
DIAMETER ;| WORKING | WORKING . PIN . DIAMETER] WORKING | ~ WORKING ! OPENING | INDICATOR
OF BOW 3 LOAD TONS LOAD TONS | (INCHES) . OF PIN | LOAD TONS  CODE i LOAD TONS , CODE : (INCHES) | ___ A-A
ane s T 3 26 | _aa . oc . 1 . DA 88_ . 180

174 T Py T ] FC_. 112  FA a7 2,00
86 34 .53 38 ] 12 GC | 2 . GA 1.00 2.00
38 oo 2 . 66 A4 2 HC | _3 I HA 112 200
76, _ vy 1 28 ;.75 .50 23 e e DO IATT 106 250

Ve 2 ;.33 .81 63 5 ..dC 7 . JA 1.50 3.00
58 34 5 1.06 I8 7-1/2 KC 11 . KA 1.75 4.00
T S ¥ 77 7 125 88 10 LC 15 LA 191 4.00
78 612 95 144 1,00 15  NC 22 NA 2.75 ~ 5.00,

1 C g2 T 125 7 168 113 20 oc . a0 OA 325 76.50
1158 o2 L 15 1.81 125 | 25 PC [ Ta7 | PA T 300 . 7.00
1-1/4 12 _i T8 2.03 138 a0 SC | 45 U SA | 338 8.00
1.3/8 1wz 2 — 2.25 1.50 40 Tc ! e0 Ul TALl Taa2 710.00
2 a7 T s v 238 183 * 320 EYE HOOK IS NOW RATED AT 5 TONS

* INSURE SCREW PIN T . i 3 B
TIGHT BEFORE e o ';3}3‘,?&”“’ ROUND T mAXiMuM (>} - DONOTSIDELOAD
- USE BOLT TYPE ?U]\ * USE SCREW PIN OR BOLT CRET :‘:(:‘:Il.lg 953 }"‘ & g° NOT TIP LOAD
o e Foh | /ép\ TYPE TO COLLECT SLINGS. M_r, N oo .4 ,3‘; O NOT BACK LOAD
PERMANENT ye MAXIMUM INCLUDED ANGLE | < _ . @
INSTALLATION " am-"\ 120 DEGRES @

FOR ADDITIONAL INFORMATION REFER TO THE m; PRODUCT WARNINGS




Gresly R1GGING HARDWARE

13

&

' ] Crasby’
LINKS AND RINGS WITH @ .| TurnBUCKLE
WIRE ROPE AND SYNTHETIC ' '
SLINGS 5/1 DESIGN FACTOR CARBON ALLOY ALLOY
WORKING LOAD LIMIT POUNDS
SIZE ' R S JAW AND EYE
INCHES G341 A341 A-342 SIZE  5/1 DESIGN FACTOR
172 2300 7000 7000 174 500
58 ... 4200 sc00 9000} Y16 800
34 68000 12300 12300 1 38 1200
7i8 — _ 14000 14000 v - 2200 .
! 10800 24360 24360 5/8 23500
1-1/8 _ N/A 30600 N/A 3/4 5200
1-1/4 16750 36000 36000 7/8 7200
1-38 oy 20500 43000 ‘ NA ooy 10000 .
1-1/2 g - ......54300 54300 1-1/4 1s200 |
1-5/8 i - .. 62800 NA__ 1-1/2 21400
-34 84800 84900
2 ; - 102600 102600 THE USE OF LOCKNUTS
WORKING LOAD LIMITS ARE FOR USE WITH WIRE ROPE AND OR MOUSING IS AN
SYNTHETIC SLINGS, NOT FOR CHAIN SLINGS. WORKING LOAD EFFECTIVE METHOD OF
LIMITS ARE BASED ON SINGLE LEG (IN-LINE), OR RESULTANT LOAD PREVENTING TURNBUCKLES
ON MULTIPLE LEGS WITH AN INCLUDED ANGLE LESS THAN OR FROM ROTATING.
EQUAL TO 120 DEGREES.

7N\
. %

" WORKING LOAD LIMIT | WORKING LOAD LIMIT

HOOK END FITTING
51 DESIGN FACTOR
400
700
1000

=

FOR ADDITIONAL INFORMATION REFER TO THE m PRODUCT WARNING




Grosly RiGGING

RE

14

HARDWA

Groshy’ QUENCHEDR , Croshy’ oy
SHOULDE TEMPERED — aucomer : Jg;~ DESIGN
E DESIGN ' 7 1 B M =l FACTOR 51
YE BOLTS FACTOR 5/1 &l HOIST RING T
WORKING WORKING | WORKING LOAD | WORKING LOAD
WORKING | LOAD LIMIT LOAD LIMIT LIMIT ANGLE LIMIT FULL
LOAD LIMIT | 60 DEGREES | 45 DEGREES LESS THAN 180 DEGREE THREAD <
SHANK |IN LINEPULL | SLING ANGLE | SLING ANGLE 45 DEGREES PIVOT SHANK TORQUE
DIAMETER | (LBS.) (LBS.) (LBS.) {LBS) _(LBS.) SIZE U.N.C. FT - (LBS)
14 650 420 195 160 800 5/16 ' 7
516 1200 780 360 300 1000 38 2
38 | 1550 1000 465 380 2500 12 28
u2 2600 1690 780 650 4000 5i8 80
58 1 5200 | 3380 1560 1300 7000 374 100
34 7200 4680 2160 1800 8000 78 160 ]
7/8 10600 6890 3180 2650 10000 1 230
{ 13300 8645 3990 3325 15000 1-1/4 470
1-1/4 21000 13600 6300 5250 24000 1-1/2 800
1-172_ | 24000 15600 7200 6000 30000 2 1100
SHOULDER EYE BOLTS SWIVEL HOIST RING
+ HNEVER EXCEED WORKING LOAD LIMITS. . g&':g ;lusé?;%;@ﬂa ?t,‘;‘ﬁ;'; c?i T;Vg A?_’é MORE SEGS MAKE
- MEVER USE REGULAR NUT EYE BOLTS FOR ANGULAR LIFTS. ) THE PROPER SIZE SWIVEL HOIST RING TO ALLOW FOR
* ALWAYS USE SHOULDER NUT EYE BOLTS FOR ANGULAR LIFTS, SR LOADINSLING LEG. . + ALWAYS INSURE HOIST
+ FOR ANGULAR LIFTS, ADJUST WORKING LOAD AS SHOWN ABOVE. W * ALWAYSINSURE HOIST ~ .7\  RING IS PROPERLY
*» ALWAYS TIGHTEN NUTS SECURELY AGAINST THE LOAD. s AING IS FREE TO ALIGN ‘.*f’ TORQUED TO
+ ALWAYS APPLY LOAD TO EYE BOLT IN THE PLANE OF THE EYE. | | | ITSELF WITH SLING « REQUIRED VALUE.

. =

REFER TO THE “ﬂ GROUP WARNING FOR ADDITIONAL INFORMATION




OPERATING PRACTICES - ANSI B30.9

WHENEVER ANY SLING IS USED, THE FOLLOWING PRACTICES SHALL BE
QOBSERED,

1.SLINGS THAT ARE DAMAGED OR DEFECTIVE SHALL NOT BE USED.
2.SLINGS SHALL NOT BE SHORTENED WITH KNOTS OR BOLTS OR
OTHER MAKESHIFT DEVICES.
3.SLING LEGS SHALL NOT BE KINKED.
4.SLINGS SHALL NOT BE LOADED IN EXCESS OF THEIR RATED
CAPACITIES.
5.SLINGS USED IN A BASKET HITCH SHALL HAVE THE LOADS
BALANCED TO PREVENT SLIPPAGE. ,
6.SLINGS SHALL BE SECURELY ATTACHED TO THEIR LOAD.
7.SLINGS SHALL BE PADDED OR PROTECTED FROM THE SHARP EDGES
OF THEIR LOADS.
8.SUSPENDED LOADS SHALL BE KEPT CLEAR OF ALL OBSTRUCTION,
9.ALL EMPLOYEES SHALL BE KEPT CLEAR OF LOADS ABOUT TO BE
LIFTED AND OF SUSPENDED LOADS.
10.HANDS OR FINGERS SHALL NOT BE PLACED BETWEEN THE SLING
AND ITS LOAD WHILE THE SLING IS BEING TIGHTENED AROUND THE
LOAD.
11.SHOCK LOADING IS PROHIBITED!

12. A SLING SHALL NOT 8E PULLED FROM UNDER A LOAD WHEN THE
LOAD IS RESTING ON THE SLING.

INSPECTION: EACH DAY BEFORE BEING USED, THE SLING AND ALL
FASTENINGS AND ATTACHMENTS SHALL BE INSPECTED FOR DAMAGE
OR DEFECTS BY A COMPETENT PERSON DESIGNATED BY THE ,
EMPLOYER. ADDITIONAL INSPECTIONS SHALL BE PERFORMED DURING
SLING USE WHERE SERVICE CONDITIONS WARRANT. DAMAGED OR
DEFECTIVE SLINGS SHALL BE IMMEDIATELY REMOVED FROM SERVICE.

LOAD CONTROL 15
POSITIVE LOAD
CONTROL A

1

\

REEVING THROUGH CONNECTIONS TO LOAD
lNCREASES LOAD ON CONNECTION FITTINGS BY AS
MUCH AS TWICE.

DO NOT REEVE!




[ ]
Grosly’ RIGGING HARDWARE 16
G450 G-429
WIRE ROPE U-Bolt Clip Fist Grip
CLIPS Clip
TURNBACK TURNBACK
NUMBEROF | LENGTH TORQUE NUMBER OF | LENGTH. TORQUE
_SIZe EFFICIENCY |  CLIPS (N.) _ F1-LBs. | SIZE | CLIPS (IN) | FT-LBS.
8 | 80% 2 3-1/4 45 _ e T2 4 30
...ans 80% 2 3-3/4 15 RIS 2 4 30
1/4 . 80% 2 434 1 15 . 516 2 5 30
516 .. 80% 2 L5140 30 | 38 2 514 45
38 80% | 2 612 | 45 7116 2 6-1/2_ 65
7116 - 80% 2 7 65 2 3 11 65
w2 B80% 3 olv-12 L85 9/16 .3 12-34 130
916  80% a0 iz S - 3 b e 130
5:8 - 80% 3 T 34 3 16 225
314 80% 4 18 130 1 5 37 225
! 80% S 26 225 THE NUMBER OF CLIPS SHOWN IS BASED ON USING RRL OR

' APPLY U-BOLT OVER DEAD END OF THE WIRE ROPE. LIVE END OF THE ROPE
AESTS IN THE SADDLE. A TERMINATION IS NOT COMPLETE UNTIL IT HAS
BEEN RETORQUED A SECOND TIME. NEVER SADDLE A DEAD HORSE!

1

r-TURNBACK—i

RLL WIRE ROPE, 6X18 OR 6X37 CLASS, FC OR IWRC: IPS OR
XIP, IT-ALSO APPLIES TO ROTATION RESISTANT RRL WIRE
ROPE, 8X19 CLASS, IPS, XIP, SIZES 1-1/2 INCH AND SMALLER,
AND TO.ROTATION RESISTANT ARL WIRE ROPE, 19X7 CLASS,
IPS, XIP, SIZES 1-3/4 INCH AND SMALLER. FOR ELEVATOR,
PERSONNEL HOIST, AND SMALLER,FOR ELEVATOR,
PERSONNEL HOIST, AND SCAFFOLD APPLICATIONS REFER TO
ANSI A17.1 AND ANS! A10.4. THESE STANDARDS DO NOT
RECOMMEND THE USE OF U-BOLT STYLE WIRE ROPE CLIPS.

FOR ADDITIONAL INFORMATION REFER TO THE  rmsly’

PRODUCT WARNING




Mishaps & Close Calls — COS Lift

VISION
Condubaiah Spraes blght € oo

« April1, 2008: HST COS was
being lifted from its handling
dolly into RAS/HOMS using
SSDIF Crane 29-1 (lower crane).
The lift was an “Off Load
Operation with Constraint”
(OLOC) employing 2 load cells.

* The instruction was given to take
the slack out of the sling with the
crane in "Micro” mode.

« The load cell readouts went
rapidly to read 50 Ibs to 500 Ib
and then to 1060 Ib. The target
weight was 925 Ibs.

* Luckily, no damage occurred,
but it was a close call.

Mechanical Systems Lee Niemeyer July 28, 2008 p7



Mishaps & Close Calls — COS Lift

Root Cause

Corrective Actions

*Proximate Cause: Due to the lack
of compliance in the load line (short
length of wire rope in the lift sling,
and the relatively light load), even in
micro mode the crane operator
could not react fast enough to stop
the crane before an overload
occurred.

*Root Cause: Insufficient controls
in place to prevent an overload
situation under all conditions.

. Interim Measure: Recert Manager ordered

all GSFC crane operators not to

perform "Off Load Operations with
Constraints (OLOCs)" (GPR 8834.1A)
without using a hydroset. Using a hydroset
for the lift greatly increases the time required
to apply the load thereby giving the
operators time to evaluate the amount of
load applied and stop prior to an overload.

. Investigation Team Conclusion: Load can

be controlled with precision even with very
stiff system compliance only when crane is in
“creep” mode (0.75”/minute).

. Pending GPR 8834.1 Change: Unless the

available constant crane speed is less than
0.75"/minute* (hereafter called creep), a
hydra set must be used for an OLOC.

Mechanical Systems

Lee Niemeyer

July 28, 2008

p8



Building 32 Crane Incident Executive Summary

e East and west 50 ton cranes were being used to lower Building 32
Chamber B lid in to place on September 5

e East crane failed to hold the 70K Ibs load as the lid was being
positioned for final placement

e Crane was commanded “up” and load slowly descended (eddy
current brake)

e [East edge of lid settled on chamber wall from a height of about 18”

JSC-NS / S. Nakamura (281) 483-4345



‘ Building 32 Crane Incident (con’t)

e Cause of failure determined to be gouged section of insulation on
power rail at a section joint which caused the electrical shoe to bind
and derail resulting in a loss of one phase of electrical power to
the hoist motor

— Confirmed with field test of crane on October 15 that replicated the
incident

— Crane would not hold the test load without full power to the hoist
motor

— When “up” button is depressed, “brake releases” and then “up”
motor activates — with “up” motor electrical power failed, load
descended in “power off slow mode”

— Had operator let go of the “up” button, the crane would have
stopped in place (full power loss emergency stop)

» Corrective action plan developed based on recommendations from the
investigation team



Investigation

e Derailed shoe > Lost 1 of 3 AC power phases to hoist motor




Crane Inspection

Damaged electrical connector rails




Crane Inspection

Damaged electrical connector rails
Derailed shoe occurred again

Stiff shoe wiring

Misaligned shoe bracket



INSI-Ih-17-004

Mechanical Systems Center

INCIDENT REPORT
Date: Time: Location: .
2/13/01 0900 SSDIF Cleanroom
Personnel Involved:
h Name Affiliation Injury
l;‘::‘ndy Kneale ManTech None
elonie Scofield ManTech None

Equipment Involved/Resulting Damage:

hUpper bridge crane impacted a light diffuser.

Narrative:

The ManTech crane operator was checking the crane limit switches prior to start of the day operation. While

rolleying to the east the crane bridge handrails impacted the ceiling light diffuser, which had come loose,
hanging down. When the crane hit the diffuser, glass showered personnel and equipment on and near the VEST
and surrounding area. Operations were secured and a plan for cleanup was determined and agreed to by HST.

Corrective Action is/will be taken:

designed and installed.

[ ] Closed Out
After cleanup each light fixture will be inspected to verify they are secure. Additional securing devices will be

X Follow-up Memo Required

Distribution:

hief, Mechanical Systems Center/540
Associate Chief, Mechanical Systems Center/540
ssistant Chief for Operations, Mechanical Systems Center/540
Safety and Environmental Branch/205.2
Chairperson, Safety Committee/540
ranch/NSI Function
| 540 Section Supervisors
Project Management/Safety (if applicablc)

Eye Witness
Larry Ghtsihet, HST QA

Originator

Original Signature M. Scofield, M. Yachmetz, S.
Wojnar on File

M. Scofield

Senior Administrator

Safetx & Health Dept.
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ec al Systems me—.?b\,._}. M\,wm G‘Lw\;
INCIDENT REPORT ?
Date: Time: Location: !
2/21/01 6:30 PM BLDG 29 / SSDIF !
Personnel [nvolved:
Name Affiliation Injury
Keith Brenza MIC/NSI None

Equipment Involved/Resulting Damage:

(2) Tumbuckles on a lift sling were slightly bent during the rotation/lift of the NCS radiator
Narrative:

To support the SM-3B crew familiarization schedule, the activity to rotate/lift the radiator panel began around
HG:OOPM. The panel was horizontal, resting on blocks placed on the floor. To rotate it to vertical, a (4) leg sling
is attached to one end of the panel. Initially, only (2) legs of the sling were in tension, progressing to (4) legs in |
tension as the load moves to vertical. The (2) legs that were not in tension hung up on some fasteners on the |
panel spreader bar and experienced some side loading, slightly bending the (2) turnbuckles. This was
immediately noticed and the panel was lowered back to the floor.

Corrective Action is/will be taken: X Closed Out [] Follow-up Memo Required
The lift was completed the following moming (2/22/01) using (4) straps instead of (4) slings/turnbuckles. '
Straps will be used for this lift from now on. Additionally, engineers and technicians involved with lifts of this
type will be surveyed and advised to monitor the lift very closely.

Distribution: Eye Witness
Chicf, Mechanical Systems Center/540

Associate Chief, Mechanical Systems Center/540 Joe. \{abIOHSky
Assistant Chicf for Operations, Mechanical Systems Centet/540 ()l‘lgmator

Safety and Environmental Branch/205.2
Chairperson, Safety Committee/540
Branch/NSI Function

All 540 Section Supervisors Wayne Geer

Project Management/Safety (if applicable) Systems Integration Supervisor
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Lesson Info

o Lesson Number: 1368

« Lesson Date: 29-aug-2002

o Submitting Organization: JSC

o Submitted by: Ronald A. Montague

Subject/Title/Topic(s):
Implementation and Verification of Lockout/Tagout Procedures
Abstract:

An employee received an electrical injury after coming in contact with an energized
electrical circuit while wiring a relocated emergency generator; the employee subsequently
died of the injury. The subsequent investigation revealed three central themes involved in
the mishap:

1. Implementation and Verification of Lockout / Tagout Procedures (the subject of this
lesson),

2. Accurate Drawings of Facility Systems as a Prerequisite to Project Implementation,
and

3. Demand and Ensure High-Quality Safety Performance from all Contractors.

Each theme is published as a separate lesson. (A fourth lesson underscores the
successful implementation of the preliminary investigation, which was critical to performing
a successful, formal mishap investigation.)

Description of Driving Event:

An employee received an electrical injury after coming in contact with an energized
electrical circuit while wiring a relocated emergency generator; the employee subsequently
died of the injury.

Finding A: Employees must personally verify, prior to starting work on a potentially
energized system, that the system is de-energized and their personal lock and tag are in
place. Do not take the word of a co-worker or supervisor. If the employee leaves the work
site for any reason, re-verify the system is still de-energized before resuming work. The
following evidence supports this finding:

1. At the beginning of the day, the foreman improperly checked the voltage at the
junction box where the mishap occurred. The improper check was a result of using a
painted surface as a ground reference.

2. After this initial check by the foreman, the circuit was not re-checked by any of the
electricians working on the generator circuits. All the electricians working at the site
assumed the circuits were de-energized.

3. The contractor did not pursue understanding of the circuits or request NASA
assistance in identifying circuit breakers that would de-energize circuits.

http://llis.nasa.gov/llis/cgi-1l/lesson_lookup?one=1&two=3&three=6& four=8&max=1369  10/20/2003
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4. The NASA-delegated safety and quality inspectors on the site throughout the day did
not question whether the circuits associated with the generator had been de-

energized, locked, and tagged.

Finding B: It is unacceptable to work on any energized system without proper permits and
personal protective equipment (PPE). One of the causes of this mishap was a risk-taking
decision based on past experience and the perception of a low risk situation. Managers
should verify that their employees know and are implementing the applicable safety
policies and procedures. The following evidence supports this finding:

1. Itis a common practice for some electricians to work on energized circuits without
PPE and without the proper permits. Both NASA and the contractor have policies
that prohibit work on energized circuits, except for a few circumstances that were not
applicable in this case.

2. Although the contractor has adequate policies and procedures, implementation is
weak or lacking. For example, LO/TO training for contractor employees consisted of
a contractor-provided “Electric” brochure handed out to each employee explaining
the company's policy and procedure; the employee was expected to sign in the back
of the brochure indicating that the employee had read the booklet.

Lesson(s) Learned:

Lockout/Tagout policies and procedures must be followed and systems verified to be de-
energized before beginning work.

Recommendation(s):

1. NASA should implement a rigorous random safety inspection process. NASA should
institute Mandatory Safety Inspection Points (MSIP), e.g., prior to work on electrical
circuits and other energized systems. NASA should assess the on-site inspection
responsibilities and determine if changes are necessary to make the process more
robust. If changes are deemed necessary, augmented duties should be clarified to all
safety and quality inspectors. ‘

2. NASA should closely evaluate contractor safety and health plans relative to
employee training and implementation of policies for equivalence with NASA's Safety
and Health Program. Continue to offer NASA in-house safety training as an option.

3. NASA should require Pre-Project Safety Reviews prior to construction start. [This
should be more comprehensive than pre-construction meetings with a format
analogous to an Operational Readiness Inspection (ORI), Test Readiness Review
(TRR), etc.] As a pre-requisite for the pre-project safety review, NASA should
strongly consider the need for safety and job hazard analyses to be performed and
not allow work to start until these are submitted and reviewed.

4. NASA should require that construction contractors conduct daily planning meetings
to review work to be performed during the continuous duty time or shift.

Evidence of Recurrence Control Effectiveness:
Pending

Documents Related to Lesson:

http://llis.nasa.gov/llis/cgi-1l/lesson_lookup?one=1&two=3&three=6& four=8&max=1369  10/20/2003
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JPG 1700.1, "JSC Safety and Health Handbook," Chapter 8.1, Electrical Safety.
Applicable NASA Enterprise(s):

Aeronautics & Space Transportation Technology
Biological and Physical Research

Earth Science .

Human Exploration & Development of Space
Space Science

Applicable Crosscutting Process(es):
N/A
Additional Key Phrase(s):

Energy

Facilities

Human Factors

Human Resources & Education
Independent Verification and Validation
Industrial Operations

Personal Protective Equipment

Policy & Planning

Procurement, Small Business & Industrial Relations
Program and Project Management
Risk Management/Assessment

Safety & Mission Assurance

Test & Verification

Approval Info:

o Approval Date: 01-oct-2003

o Approval Name: Ron Montague

o Approval Organization: JSC

o Approval Phone Number: 281-483-8576
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Lesson Info

¢ Lesson Number: 1369

o Lesson Date: 26-mar-2003

o Submitting Organization: JSC
o Submitted by: Bill Crittenden

Subject/Title/Topic(s):
Functional Failures of Electrical Circuit Breaker Lock Out / Tag Out (LOTO) Devices
Abstract:

Investigation of a lockout device that did not perform its intended function discovered that
the circuit breaker could still be operated even with the device in place.

Description of Driving Event:

While working on a lighting system in a JSC building, it was determined that a circuit
breaker that had been properly locked and tag out in the de-energized (open) position, -had
been repositioned to its energized (closed) position, with the lockout device still installed.

INVESTIGATION FINDINGS: It was determined through experimentation that the breaker
lever could be thrown to the energized (closed) position with the lock out device installed.
Later investigations of TFE and TED breakers also found that another similar breaker
thumb-screwed type lockout device had fallen off after it had been properly installed and
locked & tagged out on a breaker.

Lesson(s) Learned:

1. Some electrical TFE and TED circuit breaker lock out devices do not reliably secure
the breakers in a "Safe" position.

2. Some electrical TFE and TED circuit breaker lock out devices can not support the
weight of a tag and lock for a long duration.

3. Facility personnel may try to close a circuit breaker, even when it is locked and
tagged out - even when they know it is an action that could result in severe injuries /
disciplinary penalties.

Recommendation(s):
Stress to your personnel who secure and lock and tag out circuit breakers;

1. They must insure that the circuit breaker lock out devices reliably secure the breaker
in a "Safe" configuration, and can support the weight of the lock and tag for the
duration of the Lock Out Tag Out operation.

2. They must carefully try out the locked and tagged out breaker to ensure that it is
really secured in a "Safe" position. This requires that the breaker lever to be
physically pushed on in an effort to close the breaker after the device is properly

http://1lis.nasa.gov/llis/cgi-1/lesson_lookup?one=1&two=3&three=6&four=9&max=1369  10/20/2003
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installed, while no one is exposed to the hazards of the circuit. Some of the breaker
lock out devices allowed enough play in the breaker lever, to close or energize the
circuit with the lock out device in place.

3. The importance of qualified personnel actually testing the electrical circuit with
validated test equipment, to ensure that the circuit has been, and still is in a "Safe"
deenergize state before working on it. This must be done initially and upon returning
from any absence or break in time when the "Safe" condition of the circuit could have
been re-configured. In short - lock out, tag out, try out, and test out the electrical
circuits being locked and tagged.

Evidence of Recurrence Control Effectiveness:
Pending
Documents Related to Lesson:

JPG 1700.1, "JSC Health and Safety Handbook", Chapter 8.1, Electrical Safety, & chapter
8.2, Lockout/Tagout Practices

Applicable NASA Enterprise(s):
N/A
Applicable Crosscutting Process(es):

o Manage Strategically
o Provide Aerospace Products & Capabilities: Approval
o Provide Aerospace Products & Capabilities: Implementation

Additional Key Phrase(s):

Configuration Management
Energy

Facilities

Ground Equipment

Ground Operations

Hardware

Human Factors

Human Resources & Education
Industrial Operations

Personal Protective Equipment
Policy & Planning

Risk Management/Assessment
Safety & Mission Assurance
Security

Test & Verification

Approval Info:
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Approval Date: 01-oct-2003

Approval Name: Ron Montague
Approval Organization: JSC

Approval Phone Number: 281-483-8576
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Crane upends on Broadway
The operator of this 60-ton crane escaped injury when the rig toppled during construction work on
North Broadway in the city. The accident occurred about 4 p.m. yesterday when ground under the
crane gave way as it was lifting a 42,000-pound block of concrete during the {nstallation of sewer
lines, and the $850,000 machine fell into a hole.

FROM. THE BALTUINORG s - TUES, AUG, 5 2003
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A HUMAN TRAGEDY

FOCUS... CRANE TWO-BLOCKING HAZARD

A detailed analysis and viewpoint on the hazard of
two-blocking on cranes for those who own, rent
oversee their use, or plan to purchase a crane.

A Case in Point:
Two-blocking occurrence wrecked worker'’s life!

In August 1990, Luis was being raised in a makeshift
aerial platform, a 55 gallon drum suspended by two
cable straps without any overhead protection to
resume painting of a pipeline compressor building. A
hydraulic, self-propelled, 18-ton capacity, rough ter-
rain crane was use for the lift. To paint the eaves of
the building, Luis asked to be raised slightly and
moved in an easterly direction, causing the boom to
be extended. As this was being done, he heard a
scraping sound, and then the drum he was riding fell
to the ground below. Luis was immediately struck on
the head and shoulders by the falling hook and block
and lost consciousness.

Fifteen days later, Luis awoke from his coma in a hos-
pital bed where he stayed until April 1991. During his
hospitalization, he underwent surgery to fuse his neck
and back and spent 90 days immobilized in a traction
brace with a halo to support his neck, chest and back.
During this time he was placed on a respirator and fed
intravenously. When finally released from the hospi-
tal, Luis was a permanent quadriplegic confined to a
wheelchair and required to wear special splints on his
hands and feet along with medical stockings to pre-
vent blood clots. Having lost his motor function in his
limbs, he was given a “universal cuff’ device so he
could feed himself. Normal bodily functions are pos-
sible only with a permanently installed catheter. He
must rely on his wife for constant 24-hour care, as
well as daily three-hour visits from a nurse.

The employer was cited for the following OSHA vio-
lations:

1. Use of a crane without an anti-two-block-
ing device when hoisting personnel;
29CFR 1926.550(g)(3)(ii)(c ).

Winter 1998

2. Use of a 55-gallon drum bucket suspended
from the load block by two wire rope slings,
rather than a personnel platform and suspen-
sion system designed by a qualified engineer or
qualified person competent in structural design;
29 CFR 1926 .550 (g)(4)(iXA).

3. Use of personnel platform which was not con-
spicuously and permanently marked to show
the weight and rated capacity or a maximum
intended load; 29 CFR 1926.550(g)(4)(ii)(1)

4. Use of a crane without a boom angle indica-

tor: 29 CFR 1926.550(g)(3)(ii)(A).

5. Use of a crane without a boom length indica-
tor; 29 CFR 1926.550 (g)(3)(ii)(B).

6. Use of a load hook with a broken safety latch;
29 CFR 1926.550(g)(4Xiv)(B).

7. No pre-lift plan or meeting for the crane
operator, signal person and personnel to be
lifted, to review procedures to be followed;
29 CFR 1926.550(g)(8).

Continued on page 3

TWO -BLOCKING
DEFINITION

The Dictionary of Terms Used in the Safety
Profession, Third Edition, American Society of
Safety Engineers (ASSE) 1988, defines two-
blocking as: “In crane operation, the condition in
which the lower load block (or hook assembly)
contacts the upper load block (or boom point
sheave assembly), seriously interfering with safe
operation of the crane. When two-blocking occurs
life threatening forces can be applied to the hoist
or hook arrangement, either breaking the hoist
cable or disengaging the load straps from the
hook, causing the load hook to fall or lose the
load, and imperiling the lives of those working or
standing directly below.”

Construction Division



Continued from Page 2

8. No trial lift made from the ground level using
the unoccupied personnel platform with the
anticipated weight to be lifted immediately
before placing personnel on the platform; 29
CFR 1926.550(g)(5)(i).

In New York, Texas and some other states, employ-
ers who are normally protected from liability by work-
ers compensation can be named as third-party
defendants in lawsuits if it is apparent that the
employer was negligent. In Luis’ case he was able to
sue both his employer and the supplier of the crane
for the following reasons: (1) the crane could sud-
denly, unpredictably, and without warning “two-block”
(2) it did not have a safety device to extend the hoist
cable automatically while extending the boom;(3)
and it did not have either an audible or visual signal
to warn the operator of impending two-blocking. He
was also able to show that the personnel platform did
not provide any protection from falling objects.

The consequences of two-blocking were devastating
to all parties involved:

* Luis’ loss of a normal life

+ the OSHA fines

« the compensation expense

*+ the employer's embarrassment over local
news and TV coverage

» the crane owner’s and the manufacturer’s
monetary loss for not providing an anti-two-
block device.

The cost of preventing this hazard would have been
minuscule when compared to the physical and mone-
tary catastrophe that resuited.

WHAT ARE THE CHANCES OF INJURY OR
DEATH?

Death or crippling injury often result when a line two-
blocks. If the load line breaks, and it happens to be sup-
porting a worker on a personnel platform, several work-
ers on a floating scaffold, or a load above people, a
tragedy can result. Over the years, there have probably

Construction Division
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been thousands of two-blocking occurrences resulting
in a broken hoist cable, with most of them going
unrecorded because no one, luckily, was injured when
the hook or load dropped.

WHY TWO-BLOCKING KEEPS OCCURRING

Both latticework and hydraulic boom cranes are prone
to two-blocking.

On latticework booms, the following stresses in combi-
nation can break the hoist cable:

« the weight of the load

« the weight of the headache ball and rigging

» the tension caused by the hoist drum

« the weight of the boom when pendant guys
go slack

» whip caused by a long latticework boom

On hydraulic boom cranes, the power of the hydraulic
rams that extend the boom are often sufficient to break
the hoist cable if the line two-blocks. Both crane types
will two-block when the hook is near the tip and the
boom is lowered. An operator can forget to release or
pay out the load line when extending the boom and the
hoist cable can be broken.

A crane equipped with a job or a flyline on the boom is
even more prone to two-blocking, since the operator
must watch two separate hooks in addition to the sig-
naler and the load. An operator can easily be unaware
of a two-blocking situation that may be occuring on the
line not being used. Human factors’ logic tells us that
when an operator must use two controls, one for hoist
cable and one for the hydraulic boom extension, the
chance of error is increased. With a second hook to
watch, the operator is clearly over-tasked.

HOW TWO-BLOCKING CAN BE PREVENTED

By using a crane equipped with a functioning anti-two-
blocking device, two blocking can be prevented! Anti-
two-blocking devices have been available for years, but
their acceptance and use, as a preventative measure
has been painfully slow. There are several ways to
avoid two-blocking:

Continued on Page 4

Winter 1998
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MINING DIVISION
LONG RANGE PLAN SUMMARY

The Mining Division becomes the newest division to
the Society. The goals and visions of this newest divi-
sion are consistent with the goals and objectives of
the 1995 Board of Directors and Assembly approved
Vision Statement of the Society: To provide national
leadership of the safety profession. The Mining
Division will do just that and more by promoting the
safety profession nationally. The Mining Division will
enhance the professional development of its mem-
bers through an exchange of national safety technol-
ogy, research, and management processes. This net-
work will enhance the Mining Division by creating a
network for similar-minded safety professionals. This
will provide the Society with a national resource on
matters of importance to the mining profession.

The proposed division’s strengths include growth
potential through restructure process. Professional
development involvement and quality sessions, and
to become the global safety and health resource to
mining safety professional worldwide. This develop-
ment of the Mining Division will be accomplished
through various initiatives including the following:

* Planning and Development

+ Organization and Development

+ Financial Stability

* Professional Development

* Intemal Communication

» External Communication

» Technical Resources

«  Membership Growth/Division Development
+ Professional Recognition

Initially the Mining Division will be led by Mr. Robert N.
Cooke who will serve as its first Administrator. Mr.
Cooke may reached at the following addresses:

Robert N. Cooke, CSP, MBA
Robert Cooke Enterprises, Inc.
President

P.O. Box 1090

Brookfield, WI 53005
(414)790-9973

(414)790-9974 - fax
RNCooke@aol.com

Winter 1998

ADMINISTRATOR’S COMMENTS

Continued from Page 1

Environment will be held in Seattle, WA., June 14-
17, 1998. The American Society of Safety
Engineers and The Canadian Society of Safety
Engineering (CSSE) will sponsor the first ever joint
Professional Development Conference and
Exposition. The conference will be an international-
ly centered program featuring over 60 educational
sessions. | hope to see many Construction Division
members at the PDC and other related division
functions.

A HUMAN TRAGEDY

Continued from Page 3

1. An electrical sensing device. A weighted ring
around the hoist cable can be suspended on a
chain from a limit switch attached to the boom
tip. When the hoist block or headache ball
touches the ring, the limit switch closes and an
alarm wams the operator. It can be wired to
intercede and stop the hoisting. The circuitry of
an anti-two-blocking device is no more complex
than an electric doorbell.

2. The sequencing of the hydraulic valve sys-
tem on hydraulic cranes. The hydraulic valv-
ing can be sequenced to pay out the hoist cable
automatically while the boom is being extended.

3. Sufficient boom length. When making a lift,
sufficient boom length is necessary to accom-
modate both the boom angle and adequate
space for rigging, such as slings, spreader bars,
and straps. To avoid bringing the hook and
headache ball into contact with the boom tip, a
boom length of 150 percent of the height of
the intended lift is required for a boom angle
of 45 degrees or more.

ANTI-TWO-BLOCKING DEVICES SHOULD BE
INSTALLED ON ALL CRANES.

This article was republished by permission from the Center for
Hazard Information Sierra Vista, AZ 85636-3962
David V. MacCollum, PE.,CSP, Editor in Chief

Construction Division
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Crane rider falls to death
22 February 2006

A man who climbed a bridge crane with the intention to
ride it fell to his death in January.

In the early morning of New Year's Day, 1 January, Eric
Passon and another man entered the Giddings & Lewis
Machine Tools plant in Fond du Lac, Wisconsin, USA and
climbed the ladder of an overhead crane, according to
police reports.

Passon fell from the 50 ft (15m)-high bridge at about 3
am.

Neither man was an employee of the company.

Authorities believe that alcohol was a factor in the incident,
according to a report in loccal newspaper the Fond du Lac

Reporter.

Related Articles

Firms warned about manslaughter act
Eirm quilty after gverhead crane death

Holst ©2008
Published by Progressive Media Markets Ltd.

Terms & Conditions

http://www.hoistmagazine.convstory.asp’storvCode ~2034465

Buyer's Guide
Search 100's of

products or
companies

Product GO
Company GO

Browse by category

Atoz
ABCDEFGHI
JKLMNOPQR
STUVWXYZ
Site Search

Site and archive
search

Search GO

E-mail to a friend

Print story

TL28°2008 9:30 AM



Hoist

lof 2

Home

News -
Tenders -
Blog
USA
India
Hooks
Chain
Digital issues .
Media pack -
Being seen? .
Subscribe .
Write to us now ..
Email newsletter :
Magazine info
Product finder
Hoist archive .
Articles
Diary
Rigging advice :
Related links .
Advertorials

’J,-"‘
ﬁ#"
g Conlpact

cranes with

7. BIG ideas

www.valla.com

'RIGGING»
‘Yearbook &
‘view
‘online” -
‘NOW g

News

More information following crane
death

17 October 2007

More information has been revealed by WorkSafe following
the death of a man in the yard of D&G Hoist & Crane Hire,
Malaga, Perth, Australia.

An initial report in the Perth Sunday Times said a
22-year-old Leeming-based man received fatal injuries
after becoming trapped under heavy construction
equipment at the Mulgul Road worksite.

WorkSafe has since told Hoist: “The crane and hoist hire
company at which the incident took place received crane
parts and assembled the finished cranes at the site, and
the deceased man was engaged in this process.”

Caroline De Vaney, WorkSafe media liaison officer, added:
"A section of tower crane was being raised and it dislodged
and struck the man on the head as it feil."

WorkSafe inspectors travelled to the site as soon as
notification was recieved and began their investigation,
which will involve interviewing witnesses, lcoking at the
machinery involved and assessing the work practices at the
site.

The suggested time frame for completion of a fatality
investigation is 12 weeks, some take less, some more.
When the investigation is complete, a report will be
compiled which will go through a legal process which
determines whether any prosecution will take place.

D&G Hoist & Crane Hire is yet to respond to Haist's
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The Occupational Safety and Health Administration (OSHA)
has been notified of the incident.
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SAFETY

Breaking the taboo

06 November 2008

Are US steel mills doing enough to keep their
workers, including overhead crane operators and
employees who work near overhead cranes, safe?
Myra Pinkham reports.

Questions have been raised over the safety of crane
operations at US?steel mills, after what seems to be an
increased number of fatal and non-fatal accidents in the US
steel industry, some of which have involved overhead
cranes.

Just in the first half of this year, according to The Wall
Street Journal, a total of 15 US workers died in steef mill
accidents. Not all of these involved cranes, but some did.
This seems to be quite high given that in all of 2006 (the
last year for which US government statistics are available),
14 workers were killed in iron and steel mills, up from eight
in 2005, nine in 2004 and eight in 2003.
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While this seems to be a large number of incidents
involving overhead cranes at steel mills, Eart W Hicks, a
spokesperson for the US Occupational Safety & Health
Administration {OSHA) says it does not appear that there
has been a major spike in the frequency of these accidents.

*It is impossible to say if the amount of crane related steel
accidents has increased or decreased,” says Michael
Wright, head of health, safety and environment for the
United Steelworkers of America (USW) labour union. “There
aren’t good enough statistics other than for fatalities. Also
the numbers are too small to draw a statistical conclusion.
But any accident and especially every fatality is a tragedy.
We don't care if they increased or decreased. It doesn’t
matter to family members who lost a loved one if there are
others as well. We aren't satisfied until no one has died or
was seriously injured on the job,” Wright adds.

That is also what steelmakers are trying to achieve, says
Katie Patterson, a spokesperson for Chicago-based
ArcelorMittal USA. She says “ArcelorMittal’s greatest
responsibility and priority is ensuring the health and safety
of our employees on a daily basis. While we are the largest
and fastest growing steel company in the world, if we are
to realise our true potential we must also be recognised as
one of the safest steel companies in the world.”
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She says the company’s commitment to health and safety
was recently strengthened through its agreements with the
USW, the International Metal Workers Federation and the
European Metalworkers Federation to establish joint health
and safety committees in all of its facilities worldwide.

ArcelorMittal USA, Patterson continues, “are undertaking
new initiatives to provide our employees with the
necessary tools and training to improve work planning and
on-the-job hazard assessment and control of hazards to
provide every employee with a full understanding of how to
best prevent serious injury and accidents while on the job,”
she says.

wright says "Steel mill workers do get very extensive
training on operating, rigging and preparing cranes. The
USW and the steel mills try to make sure they are as
comprehensive as possible.”
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“There are certainly optional training programs available to
the end-user community from us, other crane
manufacturers and elsewhere,” says Gene Buer, executive
director of hoist products for Columbus McKinnon Corp.,
Ambherst, New York. "We are seeing substantial demand for
training programs for crane and hoist safety and operating
procedures. It is available and more and more end users
are taking advantage of the training being offered,” he
adds.

"OSHA is always seeking to engage employers and
employees in cooperative efforts, such as partnerships and
alliances to promote their special safety needs and to
provide training,” says Hicks.
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Meanwhile, the USW has been pushing for mills to be
audited periodically for all of the factors involved with
crane operation, says Wright. “They need to be periodically
monitored to see what can go wrong. There are a number
of potential problems that could be identified in advance. A
lot of things that could be hazardous conditions can be
identified in a periodic audit,” he maintains.

Wright says: "Primarily it would help to alleviate certain
unsafe conditions as well as certain unsafe acts of
operators. Sometimes something is wrong with the crane
or people work too close to the cranes. These are
sometimes things that a comprehensive safety audit would
have identified.”

He is a big supporter of crane training, including training
“that does not just tell workers what the rules are, but why
those rules are in place. Workers need to have a deep
understanding of the rules and procedures in place, as well
as the fact that they have the right to remove themselves
from a dangerous situation,” even when being pushed by
management to be in that situation.

Looking into the future, the overhead crane industry should
follow in the footsteps of the tower and mobile crane
industry and push for certification of crane operators,
riggers and signal persons, says Graham Brent, executive
director of the Fairfax, Virginia-based National Commission
for the Certification of Crane Operators (NCCCO). Already,
Brent says there are certain states that require that
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construction crane operators be certified.

“"While certification of crane operators is not a cure all, it
could go a long way in mitigating risk,” he says, adding:
"There has been evidence in the mobile crane industry that
there has been a dramatic decrease in accidents and near
misses over a sustained period of time largely due to crane
operator training and certification.” One example, he says,
is California where there has been an 80% drop in crane
fatalities and a 50% drop in injuries due to a mandatory
program for certification of mobile crane operators there.

There are voluntary certification programs for overhead
crane operators, Brent says, but there has been a slow
acceptance curve. He says his group does not yet offer
certification programme?s for overhead crane riggers and
signal persons, although it does for those involved with
tower and mobile cranes. "It depends on the response of
that industry whether we expand it to overhead cranes.”

Hicks says the OSHA could make no predictions about the
number of accidents related to overhead cranes in the
future, but "the agency remains hopeful that, with
increased attention paid to these hazards and the sources
of help available, including training, outreach and
cooperative efforts, fewer accidents will occur.”

Steel mill accidents involving overhead cranes

- July 2007: a worker at Nucor Steel Corp.’s Marion, Ohio,
facility was killed after being yanked into a crane. He had
been suspended in a harness 30-40ft above the ground
while working on the mill’s air conditioning system. The
harness reportedly became tangled in the crane’s shaft
causing the man to be pulled into the crane.

- February 2008: an AK Steel Corp. Coshocton, Ohio,
worker, David Wemtz, was killed while performing
maintenance work. He was crushed by a steel coil that was
being lowered by an overhead crane,.

- March 2008: a worker at the Montpelier, Iowa, plate mili
of Ipsco Inc. (now known as SSAB North American
Division) was killed when he fell approximately 100ft from
a crane.

- March 2008: a Keystone Steel & Wire Co. worker, Edward
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Schimmelpfennig, died when the crane he was operating
tipped over. He had been either loading or unloading steel
from a flat bed truck crane flipped.

- March 2008: a crane operator, Jason Lee Blackmon, fell
40ft to his death at Gerdau Ameristeel Corp.’s Jackson,
Tennessee, facility. Reportedly he had been on a platform
about to board the crane during a shift change when the
the crane failed to come to a complete stop, as it is
required to do when a worker boards the crane.

- May 2008: Russell Payne, a millwright at ArcelorMittat
USA’s Bumns Harbor, Indiana, facility died when he was
caught between two steel beams and crushed. The crane
caught one beam and dragged it to another. Reportedly the
crane operator had thought that Payne had moved out of
the area, and attempted to put the crane back in place via
remote control.

- June 2008: a crane collapsed during a storm at OAO
Severstal’s Sparrows Point, Maryland, steel mill. Two men
working on the crane were stuck 50-70ft above the ground
when it collapsed, but they escaped uninjured.

A viewpoint from Europe
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Bootle sustained severe injuries including a broken neck
and leg in the incident on March 8 2007.

HSE inspector Iain Evans, who investigated the incident,
said: "Keith Wharton should not have died. His was an
avoidable, pointless and unnecessary death in an
environment where there were numerous safety issues. If
the company which employed him had dutifully exercised
its responsibility to ensure their safety, his family would
not be here at court today grieving their loss.”
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He added: "There is a very clear responsibility on
employers and managers to safeguard their workers. There
is plenty of advice and guidance within industry and from
the HSE on how to comply with the law. The failure to do
so in this instance cost one man his life, and seriously
injured his colleague.”

The court heard that the Mr Wharton was killed and Mr
Cansfield seriously injured when a steel lifting frame
weighing more than half a ton fell from an overhead crane.
There was no safety catch on the hook of the crane, which
could have prevented the load from falling. The company
should not have allowed loads to be moved over people's
heads and the crane operators had not been adequately -
trained in its safe use.
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