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ISSUE NO. 

1 .O TERMINOLOGY AND DEFINITIONS 

”be following are specialized terms usually used when discussing hoisting and rigging operations. Many terms are 
included for general information but not all are used in this Manual The terms are arranged in alphabetical order. 
Illustrations are included for clarity. 

ABRASION: Surface weat 

ACCELERATION STRESS: Additional stress imposed due to changing velocity of load. 

ALTERNATE LAY: Lay of wire rope in which the strands are alternately regular an& Lang Lay. 

ANSI: American National Standards Institute. 

APPOINTED: Assigned specific responsibilities by the employer or the employer’s representative. 

AREA, METALUC: Sum of the cross-sectional afeas of individual wires in a wire rope or strand. 

ATTACHMENT: A device other than conventional forks or load backrest extension, mounted permanently or 
removably on the elevating mechanism of a truck for bandling the load. Popular types are fork extension clamps, 
rotating devices, side shifters, load stabilizers, rams, and booms. - .. 

AUTHORIZED: Assigned by a duly constituted administrative or regulatory authority. 

AUXILIARY HOIST: Supplemental hoisting unit of lighter capacity and usually higher speed than provided for the 
main hoist. 

BACK STAY: Guy used to suppon a boom or mast or that section of a main cable, as on a suspension bridge, 
cableway, etc., leading fkom the tower to the anchorage. 

BAIL: A “U-shaped” member of a bucket, socket, or other fitting. 

BASKET OR SOCKET: The conical portion of a socket into which a splayed rope end is inserted and secured 
with zinc. 

BATTERY-ELECTRIC TRUCK: An electric truck in which the power source is a storage battery. 
I 
1 

BECKET LOOP: A loop of small rope or strand fastened to the end of a large wire rope to facilitate installation. 

BENDING STRESS: Stress imposed on wires of a wire rope by bending. This stress need not be added to direct 
load stresses. When sheaves and drums are of suitable size, it does not affect the normal life of the wire rope. 

BOOM LINE: A wire rope for supporting or operating the boom on derricks, cranes, draglines, shovels, etc. 

BRAKE: A device used for retarding or stopping motion by friction or electromagnetic means. 

BRAKE, DRAG: A brake which provides retarding force without external control. 

BRAKE, HOLDING, OR PARKING: A brake that automatically sets and prevents motion when power is off. 
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. BRAKING, COUNTERTORQUE: Method of control in which the power to the motor is reversed to develop 
torque in the opposite direction. 

BRAKING, DYNAMIC: A method of controlling cranemotor speeds when in tbe overhauling condition to provide 
aretarding force. 

BRAKING, MECHANICAL: A method of retarding motion by friction. 

BRAKING, REGENERATIVE Form of dynamic braking in which the electrical energy generated is fed back into 
the power system. 

BREAKING STRENGTH: The measured load required to break a cable or chain. 

BRIDGE That part of the crane consisting of girders, walkways, railings, trucks, and drive mechanisms which 
carries the trolley or trolleys. 

BRIDGE TRAVEL: Horizontal travel of the crane parallel with runway rails. 

BRIDLE SUNG: A two-part sling attached to a single-part line. The legs of the sling are spread to divide and 
equalize the load. 

BULL RING: The main large ring of a s l ig  to which sling legs are attached. 

-BUMPER (BUFFER): An energy-absorbing device for reducing impact when a moving crane or trolley reaches 
the end of its permitted travel; or when two moving cranes or trolleys come into contact. 

CAB: The operator’s compartment. 

’ CABLE A term loosely applied to wire ropes, wire strands, manila ropes, and electrical conductors. 

CABLE-IAID WIRE ROPE: A type of wire rope consisting of several independent wire ropes Iaid into a single 
wire rope. 

CABLE CROWD ROPE A wire rope used to force the bucket of a power shovel into the material being haded. 

CANTILEVER TRUCK: A self-loading counterbalanced or noncounterbalanced truck equipped with cantilever 
load-engaging means, such as forks. - 

CARRIAGE A support stxucmre for fo&s or attachments, generally rollermounted, traveling vertically within the 
mast of a cantilever truck. 

CENTER: A single wire or fiber in the center of a strand about which the Wires are laid. 

CENTER CONTROL: The operator-iconnol position is located near the center of the truck. 

CHOKER ROPE A short -rope sling used to form a slip noose around the object to be moved or lifted (see 
Figure 1-1). ~ 

CIRCUMFERENCE: Measured perimeter of a circle circumscribing the wires of a strand or the strands of a wire 
rope. 

CLAMP, STRAND: A fitting for forming a loop at the end of a length of strand consisting of two grooved plates 
and bolts. 
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CLEARANCE: The distance by which one object clears another, or the clear space between them. 

CLEVIS: A “U-shaped” fitting with pins. 

CUP: Fitting for clamping two parts of wire rope. 

CLOSED SOCKET: Wire-rope fitting consisting of an integial becket and bail. 

CLOSING U N E  Wlre rope that closes a clamshell or oxangeqeel bucket and then operates as a hoisting rope. 

COIL: Circular bundle of wire rope not packed on a reel, 

COLLECTOR: Contacting device mounted on bridge or trolley for collecting current from conductor system. 

**COME-ALONG: Device for making a temporary grip and exedng tension on a wire rope. 

CONDUCTOR: Wm, angles, bars, tees, or special sections mounted to transmit cumnt to the colIectors. 

CONICAL DRUM: Grooved hoisting drum of varying diameter. 

CONSTRUCTION: Design of wire rope including number of strands, number of wires per strand, and anangement 
of wires in each strand. 

CONTINUOUS BEND: Reeving of wire rope over sheaves and drums so that it - bends .. in one direction, as opposed 
to reverse bend. 

CONTROLLER: An operator’s device for regulating the power delivered to the motor or other equipment. 

CONTROLLER, SPRING RETURN: A controller which, when released, will rem automatically to a neutral 
position. 

CORE: Core member of a wire rope about which the strands are laid. It may be fiber, a wire strand, or an 
independent wire rope. 

CORING UNE: WE rope used to operate the coring tool for taking core samples during the drilling of a well. 

CORROSION: Chemical decomposition by exposure to moisture, acids, alkalies, or other destructive agents. 

CORRUGATED: A term used to describe the grooves of a sheave or dnun when worn so as to show the impression 
of a wire rope. 

COUNTERBALANCED TRUCK: A truck equipped with load-engaging means wherein all the load during 
normal transporting is external to the polygon formed by the wheel contacts. 

COVER WIRES: The outer layer of wires. 

CRANE: A machine for lifting and lowering a load vertically and moving it horizontally with the hoisting 
mechanism an integral part of the machine. 

CRANE SERVICE: 

Normal Service: That semi& which involves operating at less than 85% rated capacity and not more than 10 
lift cycles per hour, except for isolated instances. 
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Heavy Service: That service which involves operating at 85100% of rated capacity or in excess of 10 lift 
cycles per hour as a regular specified p d u r e .  

Severe Service: That service which involves normal or heavy seMce with abnormal operating conditions. 

CRANES, TYPES OF: 

Automatlc Crane: A crane which, when activated, operates through a preset cycle or cycles. 

Cab-Operated Crane: A crane controlled by an operator in a cab located on the bridge or trolley. ' 

Cantilever Gantry Crane: A gantry or semi-gantry crane in which the bridge girders or trusses extend 
tranvenely beyond the crane runway on one or both sides. 

Floor-Operated Crane: A crane which is pendagt orponconductive rope controlled by an operator on the 
floor or an independent platform. 

Gantry Crane: A crane similar to an overhead crane, except that the bridge for carrying the trolley or trolleys 
is rigidly supported on two or more legs running on fixed rails or other runway. - 

Overhead Crane: A crane with a movable bridge canying a movable- or tixed-hoisting mechanism and 
traveling on an overhead fixed-runway structure. 

c 

Power-Operated Crane: A crane whose mechanism is driven by electricity, air, hydraulic, or internal 
combustion. 

Pulplt-Operated Crane: A crane operated from a fixed operator station not attached to the crane: 

Remote-Operated Crane: A crane controlled by an operator not in a pulpit nor in a cab attached to the 
crane, by any method other than pendant or rope control (e.& radio-controlled crane). 

Semffiantry Crane: A gantry crane with one end of the bridge rigidly supported on one or more legs that 
run on a fixed rail or runway, the other end of the bridge being supported by a truck running on an elevated 
rail or runway. 

Wall or Jib Crane: A crane having a jib with or without trolley, and supported from a side wall or line of 
columns of a building. 

CRITICAL DIAMETER: Diameter of the smallest bend for a given Wire rope which permits the Wires and strands . 
to adjust themselves by relative movement while remaining in their normal position. 

CRITICAL ITEM A part, assembly, component, or piece of equipment designated as critical by a purchaser or 
facility operator, because the dropping, upset, or collision of it could (a) cause damage that would result in schedule 
delay; (b) cause undetectable damage that could jeopardize future operation or safety of the facility; and (c) result in 
significant release of radioactivity or other undesirable condition. Critical items may.include pumps, heat exchangers, 
piping subassemblies, other primary-system components, fuel assemblies, large radiatiosshielded shipping casks, or 
other items which require special care in handling because of size, weight, installation in close- tolerance receptors, 
fragility, extreme susceptibizity to damage, or other unusual factors. 

CRlnCAL SERVICE:. The use of equipment or tackle for hoisting, rigging, or handling of High-Consequence or 
Special-HigbConsequence Loads. 

nR A F T  
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CYUNDRICAL DRUM: Hoisting drum of uniform diameter. 

DECELERATION STRESS: Additional stress imposed on a wire rope due to decreasing the velocity of the load. 

DEFLECTION: 

(a) Sag of a rope in a span. Usually measured at midspan as the depth from a chord joining the tops of the two 
supports. 

(b) Any deviation from a straight line. 

DESIGNATED: Selected or assigned by the employer or the employer’s representative as being qualified to 
perform specific duties. 

DIAMETER: Distance measured across the center of a circle circumscribing the wires of a shaud or the straads of a 
wire rope. 

DIESEL-ELECTRIC TRUCK: An electric truck in which the power source is a diesel-enghdriven generator. 

DOCKBOARD: A portable or k e d  device for spanning the gap or compensatbg for difference in level between 
loading platforms and carriers. 

DOGLEG: Permanent short bend or kink in a wire rope cawed by improper use. 

DRAGLINE: Wm rope used to pull an excavating or drag bucket. 

DRIVE: Motor, coupling, brake and gear case, or gear cases to propel bridge, trolley, or hoist 

DRIVE GIRDER: Girder on which is mounted the bridge drive, cross shaft, walk, railing, and operator’s cab. 

DRUM: A cylindrical-flanged barrel of uniform (cylindrical drum) or tapering (conical drum) diameter on which 
the cable is wound for operation or storage. It may be smooth or grooved. 

ELASTIC LIMIT: Limit of stress above which a permanent deformation takes place within the material. This limit 
is approximately 5 5 6 5 %  of breaking strength of steel-wire ropes. 

- ._ 

ELECTRIC TRUCK: A truck in which the principal energy is transmitted from power source to motor(.$ in the 
form of electricity. 

END CONTROL: The operator-control position is located at the end opposite the load end of the truck, 

EQUALIZER: Device used to compensate for unequal length or stretch of a hoist rope. 

EQUALIZING SLINGS Slings composed of wire rope and equalizing fittings. 

EQUALIZING THIMBLES: Special type of fitting used as a component part of some wire-rope slings. 

EYE OR EYE SPLICE: A loop with or without a thimble formed in the end of a wire rope. 

FACTOR OF SAFETY: Ratio of ultimate strength to the design working s w s .  

FAILSAFE: A provision designed to automatically stop or safely control any motion in which a malfunction 
occurs. 

l3R A F T  
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FATIGUE Term commonly applied to progressive fracture of any load-suppoxting member. 

FIBER CENTERS: Cords or rope made of vegetable fiber used in the center of a strand 

FIBER CORES: Cords or rope made of vegetable fiber used in core of awire rope. 

FIRST POINT: The first setting on the operator's controller which starts crane motion (slowly) in each direction. 

Fll lNG: Any accessory used as an attachment for wire rope. 

FLAG: hkxk or madcer on a rope to designate position of load. 

FLAT ROPE: Wsre rope made of parallel alternating right-lay and left-lay ropes sewn together by relatively soft 
wires. 

FLATTENED STRAND ROPE: A wire rope with either oval- or triangular-shaped strands which present a 
flattened rope surface. 

FLEET ANGLE Angle between position of a rope at the extreme end wrap on a drum and a line drawn 
perpendicular to the axis of the drum through the center of the nearest fixed sheave. 

FORKS: Horizontal tindike projections, normally suspended from the carriage, for engaging and supporting 
,loads. 

FORK HEIGHT: The vertical distance firom the floor to the load-carrying surface adjacent to the heel of the forks 
with mast vertical, and in the case of Reach Trucks, with the forks extended. 

FORKLIFT TRUCK A high lift self-loading truck, equipped with load carriage ami forks, for transporting and 
tiering loads (see Figure 1-7). 

GALVANIZE To coat with zinc to protect against corrosion. 

GALVANIZED ROBE Rope made of galvanized wire. 

GALVANIZED STRAND: Strand made of galvanized wire. 

GALVANIZED WIRE: Wsre coated with zinc. 

GASELECTRIC TRUCK: An electric truck in which the power source is a gasoline or LP gas-engine-driven 
generator. 

GROMMET: An endless 7-st1and wire rope made from one continuous length of strand 

GROOVED DRUM: Drum with grooved surface to accommodate and guide the rope. 

GROOVES Depressions in the periphery of a sheave or drum for positioning and supporting a rope. 

GUY LINE Strand or rope, usually galvanized, for holding a structure in position. 

HANDLING FIXTURE A mdle, handling structure, shipping fixture, or container designed specifically to 
facilitate support, lifting, or handhg of a component during fabrication, loading, shipphg, storage, or installation. 
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HIGH-LIFT TRUCK: A self-loading truck equipped with an elevating mechanism designed to permit tiering. 
Popular types are high-lift platform trucks (see Figure 1-7). 

HIGH-LIFT PLATFORM TRUCK A self-loading truck equipped with an elevating mechanism intended 
primarily for transporting and tiering loaded skid platforms (see Figure 1-7) 

HOIST: A device which applies a force for vertical lifting or lowering (see Figure 1-2). 

HOLDING LINE Wire rope on a clamshell or omge-peel bucket that holds the bucket while the closing line is 
released to dump the load. 

HOOK LOAD: The total live load supported by the hook of a crane, derrick, or other hoisting equipment, including 
the load, slings, spreader bars, and other tackle not part of the load but supported by the hook and required for 
handling of the load. 

IDLER: Sheave or roller used to guide or support a rope. 

INDEPENDENT WIRE-ROPE CORE Wire rope used as the core of a largerrope. 

INDUSTRIAL TRACTOR: A powered indushial vehicle designed primarily to draw one or more nonpowered 
trucks, trailers, or other mobile loads. 

INNER WIRES: AU wires of a strand except surface or cover wires. 

INTERNAL-COMBUSTION ENGINE TRUCK: A truck in which the power source is a gas or diesel engine. 

INTERNALLY LUBRICATED: Wire rope or strand having all wires coated with lubricant. 

KINK Permanent distortion of the wires and strands resulting h m  sharp bends. 

LAGGING: External wood covering on a reel of rope or strand. 

LANGLAY ROPE: Wire rope in which the wires in the strands and the strands in the rope are laid in the same 
direCtiOnS. 

LAY: The lengthwise distance on a wire rope in which a strand makes one complete turn around the rope 
(see Figure 1-3). 

Left Lay: 

(a) Strand: Strand in which the cover Wires are laid in a helix having a left-hand pitch, similar to a 
left-hand screw. 

(b) Rope: 
screw. 

Rope in which the strands are laid in a helix having a left-hand pitch, similar to a left-hand 

Right Lay: 

(a) Strand: S m d  in which the cover wires are laid in a helix having a right-hand pitch, similar to a 
right-hand screw. 

(b) Rope: Rope in which the strands are laid in a helix having a right-hand pitch, similar to a right-hand 
screw. 
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LI m. 
(a) Maximum safe vertical distance through which the hook can travel. 

(b) The hoisting of a load. 

UR, HIGH-CONSEQUENCE: High-Consequence Lifts and items are parts, components, assemblies, or lifting 
operations designated as such by the customer or program organizations, because the effect of dropping, upset, or 
collision of items could: 

(a) Cause significant wok delay. 

(b) Cause undetectable damage resulting in future operational or safety problems. 

(c) Result in significant release of dioacrivity or other undesirable conditions. 

(d) Present a potentially unacceptable risk of personnel injury or property damage. 

This category of lift applies when the load imposed upon the equipment to be used will be less than 75% of the 
ratedcapacity. - 

LIFT, ORDINARY: Any lift not designated as a High-Consequence Lift or a Specid-High-Consequence Lift. 

*LlR, SPECIAL-HIGH-CONSEQUENCE: High-Consequence Lifts during which the load imposed upon the 
material-handling equipment to be used wil l  equal or exceed 75% of the rated capaci&'- 

UNE: Rope used for supporting and controlling a suspended load. 

LOAD: Total superimposed weight on the load block or hwk. 

LOAD BLOCK: The assembly of hwk or shackle, swivel, bearing, sheaves, pins, and frame suspended by the 
hoisting ropes. 

LOAD-BACKREST EXTENSION: A device extending vertically from the fork carriage frame. 

LOAD-BEARING PARTS: Any pan of a material-handling device in which the induced stress is innuenced by 
the hook load. A primary load-bearing part is one, the failure of which could result in dropping, upset, or 
uncontrolled motion of the load. h e b e a r i n g  parts which, if Wed would result in no more than stoppage of the 
equipment without causing dropping, upset, or loss of control of the load, are not considered to be primary 
load-bearing parts. 

LOAD CENTER (FORKLIFTS): The horizontal longitudinal distance fiom the intersection of the horizontal 
load-canyhg surfaces and vertical load- engaging faces of the forks (or equivalent 1oacCpoSitioning shucture) to the 
center of gravity of the load. 

MAGNET: An electromagnetic device carried on a crane hook to pick up loads magnetically. 

MAIN HOIST: The hoist mechanism provided for lifting the maximum-rated load. 

MAN TROLLEY: A trolley having an operator's cab attached thereto. 

MARUNE SPIKE: Tapered steel pin used in splicing Wire rope. 
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MESSENGER STRAND: Galvanized strand or bronze strand used to support telephone and electrical cables. 

MODULUS OF ELASTICITY: Mathematid quantity giving the ratio, within the elastic limit, between a definite 
range of unit stress on a wire rope to the corresponding elongation.. 

MOUSING: A method of bridging the throat opening of a hook to prevent the release of load lines and slings, under 
seMce or slack conditions, by wrapping With soft wire, rope, heavy tape, or similar materials. 

NARROW-AISLE TRUCK A self-loading truck primarily intended for right-angle stacking in aisles narrower 
than those normally reqdred by counterbalance trucks of the same capacity (see Figure 1-7). 

. 

NONROTATING WIRE ROPE: 18 x 7 wire rope consisting of alefi-lay, lang-lay inner rope covered by 
12 seven-wire strands right-lay, regular-lay. 

OPEN SOCKET: Wrre-rope fitting consisting of a "basket" and two "ears" with a pin. 

ORDER-PICKER TRUCK, HIGltLlW. A high-Eft mck controllable by the operator stationed on a platform 
movable with the load-engaging means and intended for (manual) stock selection. The truck may be capable of 
selfloading and/or tiering (see Hgwe 1-7). 

OVERHEAD GUARD: A framework fitted to a truck over the head of a riding operator. 

PALLET TRUCK A self-loading, low-lift truck equipped with wheeled forks of dimensions to go between the top 
and bottom boards of a double-faced pallet, and having wheels capable of lowerhginto spaces between the bottom 
boards, so as to raise the pallet off the floor for transporting (see Figure 1-7). 

PARKING BRAKE: A device to prevent the movement of a stationary vehicle. 

PEENING: Permanent distortion of outside wire in a rope caused by pounding. 

PERSON-IN-CHARGE: The manager or other responsible person (other than the equipment operator) appointed 
to be responsible for the safe handling of critical loads and for the safe haadling of noncritical items in, around, or 
above spaces in which critical items are located. 

POWERED INDUSTRIAL TRUCK A mobile, power-driven vehicle used to carry, push, pull, lift, stack, or tier 
material. 

PREFORMED WIRE ROPE: Wm rope in which the strands are permanently shaped, before fabrication into the 
rope, to the helical form they assume in the wire rope. 

PREFORMED STRAND: Saand in which the wires are permkntly shaped, before fabrication in the strands, to 
the helical form they assume in the strand. 

PRESTRESSING: Stressing a wire rope or shand before use under such a tension and for such a time that the 
constructional stretch is largely removed. 

PUBLIC CARRIER: A company engaged in the public transportation of goods for hire. 

QUALIFIED: A person, who by possession of a recognized degree, certificate, or professional standing, or who by 
extensive knowledge, training, and experience, has successfully demonstrated hisher ability to solve or resolve 
problems relating to the subject matter and work. 
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QUALIFIED ENGINEER: QUALIFIED ENGINEERING ORGANIZATION: An engineer or engineehng 
organization whose competence in evaluation of the type of equipment in question has been demonstrated to the 
satisfaction of the cognizant manager. 

QUALIFIED INSPECTOR: One whose competence & recognized by the cognizant manager and whose 
qualification to perform specific inspection activities has been determined verified and attested to in writing. 

QUALIFIED OPERATOR: One who has had appropriate and approved training, including satisfactory completion 
of both written and operational tests to demonstrate knowledge and skill in the safe operation of the equipment to be 
Used. 

QUALIFIED RIGGER: One whose competence in this skill has been demonstrated by experience satisfactory to 
the appointed penon. 

The term "Rigger" or "Qualified Rigger" in this Manual refers to the function perform-&, and in no way relates 
to the workmen's classification in any union or bargaining unit. 

QUALIFIED RIGGING SPECIALIST: One whose competence in this skill has been demonstrated by extensive 
experience (including rigging and handling of items of a nature akin to the loads to be haddled in accordance with 
tttiS Manual) Satisfactory to the appointed person. 

RATED CAPACITY: The manufacturer's rated capacity. The maximum hook load which a piece of hoisting 
equipment is designed to carry; also the maximum load which an industrial truck or a sling, hook, shackle, or other 
rigging tackle is designed to carry. - *. 

REACH TRUCK: A self-loading truck, generally high-lift, having loadengaging means mounted so it can be 
extended forward under control to permit a load to be picked up and deposited in the extended position and 
transported in the retracted position (see Figure 1-7). 

REEL: The flanged spool on which wire rope or strand is wound for storage or shipment. 

REGULAR-LAY ROPE Wire rope in which the wires in the strands and the strands in the rope are laid in 
opposite directions. 

REVERSE BEND: Reeving of a wire rope over sheaves and drums so that it bends in opposite directions. 

RIDER TRUCK: A truck that is designed to be controlled by a riding operator. 

ROLLERS: Relatively small-diameter cylinders or wide-faced sheaves for supporting or guiding ropes. 

RUNNING SHEAVE A sheave which rotates as the load block is raised or lowered. 

RUNWAY: Assembly of rails, girders, brackets, and h e w o r k  on which a crane operates. 

SAFE-WORKING LOAD: Proper load which the rope may carry economically and safely. 

SEALE: A strand construction having one size of cover wires with the same number of one size of wires in the 
inner layer and each layer having the same length and direction of lay. Most common co'hitxuction is one center wire, 
nine inner wires, and nine cover wires. 

SEIZE To bind securely the end of a wire rope or strand with seizing wire or strand. 
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SEIZING STRAND: Small strand, usually of seven Wires, made of soft- annealed-iron wire. 

"LE TERMINOLOGY AND DEFlNlTlONS 

REV: 00191 ,,o 

SEIZING WIRE A soft-annealed-iron wire. 

SERVE: To cover the surface of a wire rope or strand with a wrapping of wire. 

SHACKLE: A type of clevis normally used for lifting (see Figure 1-4). 

SHEAVE: A groovedpulley. 

SIDE LOADER: A self-loading truck, generally higblift, having load- engaging means mounted in such a mauner 
that it can be extended laterally under control to pennit a load to be picked up and deposited in the extended position 
and transported in the retracted position. 

SIDE PULL: That portion of the hoist pull acting horizontally when the hoist lines are not operated vertically. 

SLINGS: Wire ropes or chains made into forms, with or without fittings, for handling loads (see F i p  1-5). 

SLINGS, BRAIDED: A very flexible sling composed of several individual wire mpes braided into a single sling. 

SMOOTH-FACED DRUM: Drum with a plain face, not gmoved. 

SPAN: The horizontal distance center-to-center of runway rails. 

SPECIAL-RATED CAPACm The maximum hook load which a piece of hoisting equipment, or the maximum 
working load which an industrial truck or piece or rigging tackle is permitted to carry, based on its present condition 
and the operational conditions as determined by an engineering evaluation, load test, or both. The special-mted 
capacity may be equal to but not greater than the rated capacity of equipment established by the manufacturer. 

SPIRAL GROOVE: Groove which follows the path of a helix around the drum, as the thread of a screw. 

SPLICING: Interweaving of two ends of ropes so as to make a con@uous or endless length without appreciably 
increasing the diameter. Also making a loop or eye in the end of a rope by tucking the ends of the strands. 

STAINLESSSTEEL ROPE: Wm rope made of chrome-nickel steel wires having great resistance to corrosion. 

STEEL-CLAD ROPE: Rope with individual strands spirally wrapped with flat steel wire. 

STIRRUP: The U-bolt or eyebolt anachment on a bridge socket. 

STRAND: An arrangement of wires helically laid about an axis, or another wire or fiber center to produce a 
symmetrical section. 

SWAGED FIlllNGS: Fitting in which wire rope is inserted and attached by a cold-forming method. 

SWITCH: A device for making, breaking, or for changing the connections in an elearic circuit. 

SWITCH, UnERGENCY STOP: A manually or automatically operated electric switch to cut off electric power 
independently of the regular operating controls. 

SWITCH, LIMIT: A switch which is operated by some part or motion of a power4iven machine or equipment to 
alter the electrical circuit associated with the machine or equipment. 
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SWITCH, MAIN: A switch controlling the entire power supply to the crane, often called the disconnect switch. 

TAG LINE A rope used to prevent rotation of a load. 

TAPERING AND WELDING: Reducing the diameter of the end of a wire rope and welding it to facilitate reeving. 

THIMBLE: Gmved-metal fitting to protect the eye of a wire rope (see Figure 1-6). 

TIERING: The process of placing one load on or above another. 

TINNED WIRE: Wire coated with tin. 

TROLLEY: The unit consisting of frame, trucks, trolley drive, and hoisting mechanism moving on the bridge rails 
in a direction at right angles to the crane runway. 

TROLLEY GIRTS: Structural members which are suppoaed on the trolley trucks and contain the upper sheave 
assemblies. 

TROLLEY TRAVEL: Horizontal travel of trolley at right angles to runway rails. 

TROLLEY TRUCK Assembly consisting of wheels, bearings, axles, and structural-supporting hoist mechanism 
_and load girts. 

- .. 
TRUCK, INDUSTRIAL: See Figure 1-7, Qpes of Trucks (four pages). 

TURNBUCKLE Device attached to wire rope for making limited adjustments in length. It consists of a b m l  and 
right- and left-hand threaded bolts. 

TWO-BLOCKING: The act of continued hoisting in which the load-block and head-block assemblies are brought 
into physical contact, thereby preventing further movement of the load block and creating shock loads to the rope and 
reeving system. 

VERIFICATION: A procedure in which a design, calculation, drawing, procedure, instruction, report, or document 
is checked and signed by one or more parties. The person designated to sign verifies, based on personal observation, 
certified records, or direct reports, that a specific action has been performed in accordance with specified 
requirements. 

WEDGE SOCKET: Wmrope fitting in which the rope end is secured by a wedge. 

WHEEL BASE: Distance between centers of outennost wheels for bridge and mlley trucks. 

WHEEL LOAD: The load on any wheel with the trolley and lifted load (rated load) positioned on the bridge to give 
maximum-loading conditions. 

WIRE ROPE: A plurality of strands laid hclically around an axis or a core. 

WIRE (ROUND): Single continuous length of metal, cold drawn from a rod. 

WIRE (SHAPED): A'single continuous length of metal either cold drawn or cold rolled from a rod. 

I. . --  
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Choker rope 

figure 1-1 

LFOO 0102 

Hoist 

LFgO 0101 

Figure 1-2 

p-, One rope lay 
LFo00103 Rope lay 

- .  
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LFQOo104 

Slings LFQO 0105 

Figure 1-5 

Thimble LFQOo106 ' 

Figure 1-6 
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HigMii truck 
Counterbalanced truck 
Cantilever truck 
Rider truck 
Forklift truck 

c 

HigMift truck 
HigMift platform truck 

Low-liftttuck 
LoWift platform truck 

W g ~ r e  1-7 
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Motorized hand truck 
Pallet truck 

LFgoo111 

Industrial tractor 

Motorized handlrider truck LFBO 0112 

Figure 1-7. (continued) 

nR A F T  

7 ,".*.. ., . - . , . 



DEPARTMENT OF 
ENERGY 1 TITLE: TERMINOLOGY AND DEFINITIONS 

NUMBER: 1.0 HOISTING & RIGGING 
MANUAL REV: 00191 I 

Reach truck LFB(1-0114 

e Reach truck 

I 
I 
I 
I 
I 
I 
I 

WOO 0113 

Figure 1-7. (continued) 
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Order picker truck, higMift LF-16 

- .. 

Narrow aisle truck L F M 1 7  

Figure 1-7. (continued) 
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2.1 

2. OPERATOR TRAINING AND QUALIFICATION 
Operator hainlng 

The use of cranes, forklifts, hoists, in-plant powered industrial tcucks, and slings is subject to certain hazards that 
cannot be met by mechanical means. Only by the exercise of intelligence, care, and good sense can these hazards be 
met. It is essential to have competent and carefid operators, physically and marally fit, thoroughly trained to the safe 
operation of the equipment and the handling of the loads. Serious hazards are overloading, dropping or slipping of 
the load caused by improper hitching or slinging, obstruction to the h e  passage of the load, or using equipment for a 
purpose for which it was not intended or designed. 

It is necessary that persons who operate this quipmeat leam and understand the basic information concerning safety 
for equipment. Also, it is necessary that thesc persons learn the special requiremeats for safe haudling and use of the 
equipment which they operate. Since each item of equipment has its own special requirements, employees need 
additional training to the basic information they received that applies to a general class. The scope of training given 
in this Manual covers the general needs on an equipment class. Special requirements on individual equipment in the 
class will require rnoxe training on each machine. 

Training for equipment operation requires two parts: (1) an information exchauge where rules, regulations, 
requirements, limits, and do’s and don’ts are discussed and explained; and (2) the physical application where safe 
operation is explained, demonstrated by the teacher, tried by the trainee, faults and emns cMLp;cted, and checks made 
during operation to assure that correct physical controls are developed. An employe cannot be”a good operator until 
bothpamarelearned. - .. 

Only Qualified Operators shall be permitted to operate the equipment covered in this Manuat 

2.1.1 Quallfled Operators 

a. Operators of hoisting equipment shall meet the following requirements: 

(1) Agc-Be at least 18 ytars. 

(2) L a n g U a g d n M  spoken and written English or a language generally in use at 
the location. 

(3) Physica&Meet the reqhments of Section 2.4. 

(4) Knowledge-Have basic knowledge and understanding of equiprnent-operating . 
characteristics, capabiilities, and limitations including equipment-rated capacity and 
effect of variables on capacity, safety features, required operating procedures, and 
requirements of this Manual. 

(9 SkilcDemonstrate skill in manipulations and conml of equipment through all phases 
of operation. 

b. The initial qualification of Operatars shall include: 

(1) Training on the equipment for which hdshe is to be qualified, under the direction of a 
Qualified Operatop designated by management to instruct in the operation of hoisting 
equipment. 
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(2) Rewiewing the applicant’s knowledge, including written and oral examinations, and 
witnessing a demonstration of hisher skills by the instructor. 

(3) Insetting a written record of training, competency, and authorization in the employee’s 
training recotd (by M e r  Supervisor). The record shall include identification of the 
equipment for which the individual is qualified to operate. 

c. operator qualification is for a period of three years, unless the qualification is revoked 
sooner by the operator’s manager. If operators are clisquaNed, their manager shall enter the 
action in their fde. 

d. The program for t&e maintenance of operators qualification shall include: 

(1) Verification by the operators’ manager that the operators are required to operate 
powered hoisting equipment in the performance of their duties, and that they have been 
doing so safely and competently. 

(2) Completion of a written test relevant to the type of equipment used. 

(3) Completion of field training, ifrequired by the operator’s manager. 

2.1.2 QuaIIfIed Operator RaInIng Programs 

a. All osganiZatons that employ personnel who opem the devices covered in this rvlanuat 
shall develop training p~ograms, including a means of testing, to assure thai the personnel are 
competent to perform the operations. The Safety organizatidn ‘shall review program content 
for safety significance and include in their routine audits the administration of the 
compliance with the training and qualification program established and approved by the 
cognizant manager. 

b. Training programs for operators should address two levels of required performance. 

(1) Persons who may operate pendant-controlled cranes, manual hoists, and forklifts as an 
incidental part of their normal work assignment 

(2) Persons whose principal assignment is the operation of the equipment covered in this 
Manual. 

c. ?he training programs shall include, but not be limited to: 

writtentests 

0 Fieldtrainingandtrials 

0 Personal physical requixements and examinations 

0 Traineestatusandtrainingprocedures 

0 

0 Q~~alXicatiOn authority. 

High-Consequence operations mining and briefing 

(1) Crane Operatodcope of General Coverage 

DRAFT 
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(a) Overhead’ifavelingCranes 

The basic training for Overhead ’ifaveling Cranes includes: 

(i) Access and egress during normal and emergency conditions 

(ii) check procedure including: 

Power--regularand emergency 
Cable!? 
Dnun,cableattachment,andwindiugs 
Controls to limit switch 
Brakes-mechanical and solenoid 
Fin extinguisher, signal homs, bells, etc. 
Handling of hoisting mechanism 

(iiii Operation of controls and test lift 

(iv) Signal reception-hand and sound 

(v) Operatingpmedmandsafepctices 

(vi) Knowledge of terminology as applicable to the equipment to be operated 
(see Section 1.0) - .. 

(Vii) Pmper conduct 

(viiii Special requirements for OSHA and DOE 

(ix) Propershutdown 

(x) Release and lockout of crane for maintenance or overhaul 

(b) GaJlaY-es 

Basic training for Gantry Cranes includes: 

(0 All applicable parts of c.(l)(a), above 

(ii) Methodofprocedureforsecuringcraneagainstwindstonns 

(c) Mobilecranes 

Basic training for Mobile Cranes includes 

(1’) All applicable parts of c.(l)(a), above 

(ii) Location, purpose, and method of checking limit device on load hoist and 
boom hoist 

(iii) Use of boom-angle indicator and safeload charts 
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(iv) A knowledge and application of outriggers, unlevel ground, prepositioning 
for lifting 

(v) Knowledge of hazard and precautions when operating near overhead 
elecaicalpowertransmissionlines . 

(vi) Rigging, special problems, and risks for road travel with and without boom 

(vii) Positioning and anchoring for windstorms 

(2) ForWl Truck Operators 

Basic training for Farklift Truck Operators includes: 

(a) Activating and Securing electrically powered mks 

(b) Activating and securingintemaLcombustion-enginepOwered trucks 

(c) Using an exhaust+missiodevice and safety equipment 

(d) Basic handling of loads for stacking, traveling, or maneuvering 

(e) o p e r a t i n g o v ~ ~ P s  - ._ 

(0 Using forklifts in trucks, semitrailer-tractor, and semitrailers without Wtor 

(g) Using fork extensions and special attachments 
' load limits; effect of load and highlift effect of load center of 

gravity, and irregular working surfaces 
01) - 
(i) Learning the operalion risk in hazardous areas, such as Flammable Liquids or 

Combustible Dusts 

(3) Powered Industrial h c k  operators 

Basic training for In-Plant Powered Industrial TNck Operators includes: 

(a) Activating and Securing in-plant powered industrial trucks 

(b) Controlling exhaust-emission, idling, etc. 

(c) Positioning and securing loads 

(d) Operating in general and close-quarter areas 

DRAFT 
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2.2 

2.3 

Person-in-Charge (PIC) 

When handling High-Consequence material, the PIC is appointed to direct the lift. Material handling that is 
critical to operations may require designation of a PIC to supervise handling. When the item is large, 
expensive, irregular in shape, the centet of gravity is difficult to determine, and the risk is high, a special 
pemn is designated as PIC. An equipment-operator foreman is usually the assistant. The special person 
designated PIC may be: (1) a -level supervisor familiar with the High-Consequence material-handling 
operations; (2) an engineer with special knowledge of the mateW or (3) aperson with special knowledge 
of the equipment and handling necessary. A competent PIC should have mining to assure capability for: 

2.2.1 Organizing and handling pre-job planning. 

2.2.2 Supervising p j o b  organization and procedure meetings. 

2.2.3 Meeting the requirements for tests of equipment, slings, tackle, etc., for proper certification and 
documentation. 

Qualified Rigger Training 

Rigging of loads shall be performed only by Qualified Riggers or Qualified Rigging Specialists. The use of 
the word “Rigger“ is not intenckl to indicate a job classification; themfore, the heading and use here is a 
generic one (Section LO). The title and training requirements apply to any employee who pexforms rigging 
fUnCtiOIlS. 

2.3.1 Quallfled Rlggers 

a. Qualified Riggers shall meet the following requirements: 

(1) Age-Be atleast 18 years. 

(2) Language-Understand spoken and written English ar a language in use at the 
location. 

(3) Knowledg-HaVe basic knowledge and understanding of equipment-operating 
characteristics, capabilities, and limitations. Understand rigging principles as applied to 
the job for which @ey are to be qualified. 

(4) Skill-Demonstrate skill in utilizing rigging prhciples. 

b. The initial qualification of Qualified Riggers shall include: 

(1) Training with the equipment for the job for which they are to be qualified, under the 
direction of a Qualified Rigger or Qualified Rigging Specialist designated by 
management. 

(2) Reviewing the applicant’s knowledge, including written and oral examinations, and 
witnessing of their skills by the instructor. 

(3) inserting a written record of training, competency, and authorization in the employee’s 
mining record (by hisher supervisor). This reeord shall include identification of the 
operations for which the individual qualified. 

DRAFT 
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d. The program for the main ten an^ of qualification of Qualified Riggers shall include: 

(1) Verification by the rigger$ managex that the individuals are required to do the rigging 
in the paformance of their duties, and that they have been doing so safely and 

(2) Participation by the Qualified Rigger in an approved aaining program that includes the 
items in Section 23.2~. 

mpetently. 

2.3.2 Quallfled Rigger Training Programs 

a. All organizations that employ personnel who do any rigging shall develop training programs, 
including means of testing, to assure that the personnel are competent to perform the 
opera!icms. The Safety organization shall review program content for safety significance and 
include in their routine audits the administration of and compliance with the training and 
qualification program established and approved by the cognizant.manager. 

b. The training program includes, but is not limited to: 

'Ihe usc of rope, shackles, hooks, wire rope, chain and fabric slings, timkrs, hoisting 
principles, mllers. scaffolds, weight estimation, center - of .. gravity, fact6rs of safety, and 
the effect of angular pulls in load lifting 

(2) Safe attachment of slings for straight lifts, basket hitches, chokers, and multiplebridle 
lifting 

(3) Safe and unsafe placement of sling hooks 

(4) Hook safety latches and hook mousing for safety 

(5) Load-aling adjustments to keep the center of gravity in line of hook pull 

(6) Risks and precautions when rigging near overhead power transmission lines 

(7) Use of spreader bars for lifts and aljustment to keep the center of gravity in correct 
alignment for balanced lifts 

(8) Testing and inspecting rigging equipment in aced with this Manual 

DRAFT 
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2.4 Physical Requirements 

2.4.1 General 

. Pemnnel assigned to operate equipment and rig for safe handling of material should be considered 
for physical capabiility on two separate bases. They are: (1) pemanent physical conditions that 
apply to newly assigned employees and continuing assignment of employees aIready in this 
chs&a!ion; and (2) temporary physical circumstances that restrict or modify the scope of an 
employee's assignment in these work situations. 

a. The employee shall not have a detectable or known disease or physical malfunction that 
would render the employee incapable of safe operation or rigging duties. Where any loss ar 
loss of function of an upper or lower extremity exists, the acceptability of the candidate shall 
be the decision of the supervisor, after consulting with the designated physician. 

b. Quali6ed Operators and operator trainees should have normal depth perception, field of 
vision, reaction time, maawl dexterity and coardination. 

2.4.2 Full Time Opetators: 

Operators whose principal assignment is the operation of the equipment covered in this manual 
shall meet the following physical qualifications. 

a. Any Operatar who has qualified under the req-entsbf49 CFR 391.41 shall be dee&&i 
to have satisfied a l l  requhments through Paragraph g. of this section. 

b. Have vision of at least 20BO Snellen in one eye, and 20/50 in the other, with or without 
corrective lenses. 

c. Be able to distinguish colors, regardless of position of colors, if color differential is required 
for operation. 

d. Hearing, with or without hearing aid, must be adequate for a specific operation. 

e. Have su&cient strength, endurance, agility, coordination, and speed of reaction to meet the 
demands of equipment operation. 

f. Evidence of physical defects, or emotional instability which could render the operator a - 
hazard to himselS/herselfca others, or which in the opinion of the examiner could interfere 
with the operator's safe performance may be sufficient cause for disqualification. In such 
cases, specialized clinical or medical judgments and tests may be required (Section 2.4.1). 

g. Evidence that an operator is subject to seizures or loss of physical control shall be sufficient 
reason for disqualifiim. Specialized medical tests may be required to detemine these 
conditions. 

h. Special consideration must be given to cases where operators arerequired to climb up and' 
down vertical ladders, circa 18.3 m (60 ft), in a reasonable length of time. This is particularly 
important where the ladders may be the means of egress in emergency situations. 
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2.5 Qualification Examinations (Suggested Scope) 

2.5.1 General Written Examinations: 

The SupervisOr is responsible for determining the operating ability, knowledge, and skill of the 
employees who are assigned operating or rigging duties. Generally, the wri#en examination should 
apply specifically to the equipment for which the operator is qualifying. It should emphasize 
safwpemting practices and items of knowledge not readily apparent in operating ability testing. 
The written exam should contain not more than one-third of the questions of any one type, i.e., 
"ht+Flse, Multiple Choice, Completion of Blank, and Problem Solving. 

Examhations may be scaled to the level of competence required to accommodate the 
C lassifications in Section 2.12b and23.a. 

The following is presented only as a guide to the nature and eype of questions which are 
recommended. 

Suggested examples of questions: 

a "he or False: Lifting by crane is permissible only when the load is directly below the upper 
sheave. 

b. Multiple Choice: When lifting a load by crane, the acceptable positioning of the crane is: 

(1) 30% firom a straight upward lift - .. 

(2) 15% firom a straight upward lift 

(3) Directly upward without angles 

c. "he or False: When using a forklift to carry a load down a ramp, you should move the truck 
down back end first. 

d. Multiple Choice: Negotiation of a ramp with a loaded forklift ttuck requires: 

(1) 'Kne elevation to change the center of gravity 

(2) That you back the loaded rig up the ramp 

(3) That you back the loaded rig down the nimp 

e. Completion of B W '  Passengm may be hauled on an in-plant powered industrial truck 
only when safe are provided for them. - 

f. Completion of Blanks. Rigging a load with a multiple-leg sling should provide at least 

the 
degrees of angle between each leg of the sling and a horizontal line at the top of 

g. Problem Solving: Given a 20,OOO lb. load to be handled with a two-leg sling. Length of 
sling to lifting h k  results in an angle of 50 degrees, sling to the top of the load. What is the 
safe working load requirement for each leg of this sling?' 
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0 Sine 50 degrees = 0.766 

cos 5Odegnx8=0.6428 

0 TAN 50degrees= 1.1918 

Problem Solving On a f o W  truck with the load pivot located at the front axle, the 
counterbalance and truck weight center was 4 feet behind the front axle and was 3000 lbs, 
including the opentor. The unit load forward of the axle was neutral (0) due to mast tilting. 
What weight loads can be handled on level surtke when the load center of gravity is: 

(1) 2 feet in front of front axle?' 

. h. 
- 

(2) 5 feet in front of front d e ?  

2.5.2 Purpose of Em: 

The intent of qualification examinations is to assure that the person examined has sufficient 
howledge to conduct the operation safely and eWinUy. 'Ib that end, these examinations are not 
to be used for any other purpose. Since these examinations must be confined to the information 
presented in classes, they will also senre as indicators as to the effectiveness of the teaching. 'Ihey 
are not intended to be pass-fail examinations, but shall be considexed to be teaching aids. 
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OVERHEAD & GANTRY CRANES 

3.0 OVERHEAD & GANTRY CRANES 

3.1 GENERAL: 

Overhead and gantry cranes include toprunning single or multiple girder bridge with toprunning trolley 
hoist (Figure 3-1), topruMing single girder bridge with underbung trolley hoist Figure 3-2), monorails 
and underhung cranes @igure 3-3), and jib cranes (Figure 3-41. 

Only equipment which has been built to the appropriate design standards (see Seaion 10) shall be used in 
DOE installations. Existing equipment shall be examined and the appropriate level of management shall 
determine to what extent the equipment wiU be brought into compliance. 

This section specifies opention, inspection, maintenance and testing requirements for the use of overhead 
cranes and implements the requirements of ANSI/ASME B30.2, B30.11, and B30.17. 

3.2 OPERATOR TRAlNlNG/QUALIFICATION: 

Operators of overhead m n e s  shall be trained and quatified as required in Section 2.0, "Operator Training 
and Qualification." 

c 

3.3 RATED-LOAD MARKING: - .. 

The special-rated capacity of the crane shall be plainly marked on each side of the crane. Each hoist shall 
have its special-rated capacity marked on its hoist block. This marking shall be clearly legible from the 
ground or floor. 

3.4 MODIFICATION: 

Cranes may be modified or rerated provided such modifications or supporting structures are analyzed 
thoroughly by a qualified engineer or manufacturer of cranes. Such action must be approved by the 
cognizant Safety organization. A rerated crane, or one whose load+apporring components have been 
modified, shall be tested io accordance with 3.14.1. The new special-rated capacity shall be displayed in 
accordance with 3.3, above. 

3.5 EGRESS: 

There shall be at least two means of egress from the crane, remote from each other, on cab-operated cranes, 
and so arranged as to permit depamrre under emergency conditions. The details of the means of egress shall 
depend upon the facts of the situation. 

3.6 BRAKES FOR HOISTS: 

3.6.1 Each independent hoisting unit shall be equipped with at least one holding brake, applied directly 
to the motor shaft or some part of the gear train. 

3.6.2 Each independent hoisting unit (except worm-geared hoists; the angle of whose worm is such as to 
prevent the load from accelerating in the lowering direction) shall, in addition to a holding brake, 
be equipped witb a controlled-braking means to control lowering speed. 
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LF91 0296 

Figure 3-1. Toprunning single- or multiple-girder bridge with toprunning trolley hoist. 
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Outrigger Beam Operator's 
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Overhead Cab-Operated Crane 
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Cantilever Gantry Crane 

Figure 3-2. Toprunning single-girder bridge with underhung trolley hoist. 
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Floor-Operated Crane 
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Cab-Operated Crane 

Figure 33. Monorails and underhung cranes. 
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Figure 3 4 .  Jib crane. 
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3.6.3 Holding brakes on hoists shall be applied automatically when power is removed. 

POWER SHUTOFF: 

3.9.1 

3.7.2 

3.7.3 

c 

3.8 

3.9 

The power supply to the runway conductors shall be controlled by a switch or circuit-breaker 
located on a fixed structure, accessible fiom the floor, and arranged to be locked in the OPEN 
position. 

On cab-operated cranes, a switch or circuit-breaker of the enclosed type with provisions for 
locking in the OPEN position, shall be provided in the leads from the runway conductors. A means 
of opening this device shall tie located within the reach of the operator when the operator is in the 
operating position. When the operator opens this switch or Circuit-breaker, the holding brake(s) 
should set. 

On flobr, remote, orpulpit-operated craaes, a device of the enclosed type shall be provided in the 
leads fiom the runway conductors. This device shall be mounted on the bridge or footwalk near the 
runway collectors. There shall be provisions for locking the device in the OPEN position unless the 
crane is the only load on a lockable switch or circuit-breaker that is accessible from the floor. One 
of the following types of floor, remote, and pulpit-operated disconnectsshall be provided 

a. A nonconductive rope attached to the main disconnect device on a floor-operated crane. If 
this is selected, the rope shall be suspended adjacent to the operathg ropes if manual 
controllers are used, or near the pendant push-button station if magnetic controls are used. 

b. An under-voltage a-ip for a main circuit-breaker, operated byanemergency stop button in 
the pendant push-button station or the pulpit. 

' 

c. A main-line contactor operated by a switch or push button on the pendant push-button 
station, the remote control station, or the pulpit. 

HOIST-LIMIT SWITCH: 

3.8.1 "he hoisting motion of all cranes shall be provided with an ovemavel-limit switch in the hoisting 
direction to stop the hoisting motion. 

3.82 Lower-travel limit switches should be provided for all  hoists where the load block enters pits or 
hatchways in the floor. 

LOAD LIMITS: 

3.9.1 h a d  Weight-The crane shall not be loaded beyond its special-mted capacity except for test 
purposes as provided in Section 3.14 or for Special Heavy Lifts as provided in 3.9.2. 

3.9.2 Planned Engineered Lifis-Lifts in excess of the special-rated capacity may be required from time 
to time for special purposes, i.e., new construction, major repairs, etc. Every instance of exceeding 
the specid-rated capacity shall be treated as a special problem, and the requirements listed below 
shall be met for each instance. Each instance must be reviewed by the cognizant Safety 
organization. 

a. The maintenance history of the crane, including reports of-any prior Planned Engineered 
Lifts, shall be reviewed. 

.. 
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b. 

C. 

d. 

e. 

f. 

g. 

h. 

1. 

j. 

Structural, mechanical, and electrical components of the crane design shall be checked by a 
crane manufacturer, or other qualified person, for compliance with the re-ments of 
ANSUMME NOG-1. 

The crane-supporting structure design shall be checked for conformance to AISC or other 
applicable design standard. A complete inspection of the crane, as described in 3.133, shall 
be made just prior to making the lift. The craue support shall be inspected and any 
deterioration or damage shall be taken into consideration in design calculations. 

Lifts shall be made under controlled conditions under the direction of an appointed person. In 
addition to the requirements listed under 3.15.7 of this Section, all personnel in the area of 
the crane runway shall be alerted. 

When Planned Engineered lifts are made, the load shall not exceed 125% of the crane load 
rating. 

Frequency of planned engineered lifts shall be limited to two such lifts during a continuous 
l2-month period. If such lifts are required on a more fresuent basis, the crane shall be 
rerated or replaced with a crane having a load rating adequate.for the load being handled. 

The operator shall test the crane for this special lift by lifting the load a short distance and 
setting brakes. 

Complete records of the lift, including all distances moved, shall be placed on file and shall 
be available to penonnel. 

After the Planned Engineered Lift is concluded, a thorough inspection shall be made of all 
critical parts of the crane. 

The rated-load test that is specified in 3.14.1.b of this Manual is not applicable to Planned 
Engineered lifts. 

- .- 

3.10 MAINTENANCE HISTORY: 
The maintenance history of the crane, including reports of any Planned Engineered Lifts, shall be 
retained throughout the service life of the m e .  

3.11 DESIGN STANDARDS: 
3.11.1 Structural, mechanical, and elemical,components of the crane design shall meet the crane design 

standards called out in ANSI/ASME NOG-1. 

Manual. 
3.11.2 The crane support structure shall conform to the AISC Standard listed in Section 10.0 of this 

3.11.3 The safety feanues and operation shall conform, as a minimum, to the provisions of ANSI /ASME 

3.11.4 Retrofit and extensively repaired cranes shall be subjected to an analysis of the electrical, 

B30.2 (See Section 10.0). 

mechanical, and structural systems. The objective of this analysis is to determine ifappropriate 
preventive design measures have been taken to preclude failure in any mode or, at least, to 
minimize the probability of failure if the effect of such a failure would be significant. Once these 
analyses have been made by competent persons, the results shall be discussed with the cognizant. 
safety organization and otber organizations concerned, and decisions shall be ma& on the 
acceptability of the residual risks. 
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3.11.5 Cranes which are to handle High-consequence or Special-HigbConsequence Loads shall meet 
the Type 2 requirements of ANSI/ASME NOGl. Where nuclear or radioactive materials are 
involved, the cranes shall meet the Type 1 requirements of ANSI/ASME, NOG1. 

3.12 QUALITY ASSURANCE: 

TITLE OVERHEAD & GANTRY CRANES 

REV: 00191 3.0 

Quality Assurance Programs for cranes which are to handle High-consequence and 
SpeciaE-High-Consequence Lifts shall meet the requirements of ANSUASME NQA-1. 

3.1 3 INSPECTIONS: 

3.13.1 General 

a. 

b. 

Equipment shall operate with a smooth, regular motion without any hesitation, abnormal 
vibration, binding, gross shimmy, or irregularity. There shall be no apparent damage, 
excessive wear, or deformation of any part of the equipment. Brakes shaU work satisfactorily 
and load brakes shall be able to hold any load up to at least 125% of the rated stable capacity 
of the equipment, without slipping or overheating. All safety devices, load indicators, 
conmls, and other operating parts of the equipment shall be checked during each inspection 
and shall be in good working order. Any defects shall be corrected or repaired before the 
equipment is put into service. Parts found to be defective as a result of any inspection or 
nondestructive examination shall be replaced or repaired as directed by the cognizant line 
manager or E s b r  designated representative. 

If an inspection has not been completed by the end of the required period, the equipment 
shall be downrated as follows: 

. 

(1) Thirty calendar days after the end of the period, the equipment shall be downrated to 
75% of the rated capacity. 

(2) Sixty calendar days after the end of the period, the equipment shall be d o m t e d  to 
50% of the rated capacity. 

Ninety calendar days after the end of the period, the equipment shall be taken out of 
service until the required inspection has been completed. 

(3) 

3.13.2 Ordinary Lifts 

a. 

b. 

Prior to initial use,,all new, reinstalled, altered, modified, or extensively repaired cranes shall 
be inspected by a qualified inspector to assure compliance with the provisions of this 
Manual. 

Inspection procedures for cranes in regular service are divided into two general 
classifications, based upon the intervals at which inspection should be performed. The 
intervals, in tum, are dependent upon the nature of the critical components of the crane and 
the degree of their exposure to wear, deterioration, or malfunction. The two general 
classifications are herein designated as “frequent" and "periodic," with respective intervals 
between inspection as defined below: 

(1) Frequent inspection: The operator, or a designated person, shall visually examine the 
c m e  (records not required except as noted) in accodance with the following schedule: 

Normal service: monthly 
DRAFT 
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* 3.11.5 Cranes which are to handle High-Consequence or Special-High-Consequence Loads shall meet a 

the Type 2 requirements of ANSI/ASME NOG-1. Where nuclear or radioactive materials are 
involved, the cranes shall meet the Qpe 1 requkments of ANSUASME, NOG-1. 

3.12 QUALITY ASSURANCE: 
Quality Assurance Programs for cra~es which are to handle High-Consequence and 
Special-HigtiConsequence Lifts shall meet the requirements of ANSUASME NQA-1. 

3.1 3 INSPECTIONS: 

3.13.1 General 

a. Equipment shall operate with a smooth, regular motion without any hesitation, abnormal 
vibration, binding, gross shimmy, or irregularity. There shall be no apparent damage, 
excessive wear, or deformation of any part of the equipment. Brakes shall work satisfactorily 
and load brakes shall be able to hold any load up to at least 125% of the rated stable capacity 
of the equipment, without slipping or overheating. All safety devices, load indicators, 
controls, and other operating parts of the equipment shall be checked during each inspection 
and shall be in good working order. Any defects shall be corrected or repa id  before the 
equipment is put into service. Parts found to be defective as a result of any inspection or 
nondestructive examination shall be replaced or repaired as directed by the cognizant Line 
manager or hisher designated representative. 

b. If an inspection has not been completed by the end of the-&pired perioh, the equipment 
shall be downrated as follows: 

(1) Thirty calendar days after the end of the period, the equipment shall be downrated to 
75% of the rated capacity. 

(2) Sixty calendar days after the end of the period, the equipment shall be d o m t e d  to 
50% of the rated capacity. 

(3) Ninety calendar days after the end of the period, the equipment shall be taken out of 
service until the required inspection has been completed. 

3.1 3.2 Ordlnary Lifts 

a. Prior to initial use, all new, reinstalled, altered, modified, or extensively repaired cranes shall 
be inspected by a qualified inspector to assure compliance with the provisions of this 
Manu& 

. 

b. Inspection procedures for cranes in regular service are divided into two general 
classifications, based upon the intervals at which inspection should be performed. The 
intervals, in tum, are dependent upon the nature of the critical components of the craue and 
the degree of their exposure to wear, deterioration, or malfunction. The two general 
classifications are herein designated as "frequent" and "periodic," with respective intervals 
between inspection as &€hed below: 

(1) Frequent inspection: The operator, or a designated person, shall visually examine the 
crane (records not required except as noted) in accordance with the following schedule: 

Normal service: monthly 
DRAFT 
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e. 

f. 

g- 

only as much of the rope as is necessary to visually examine at least those portions that are 
flexed in passing over sheaves, etc. and other areas subject to wear and abrasion. A major 
inspection of all ropes shall be made at least annually. This inspection shall include 
examination of the entire length of $e rope, using 5X magnification in questionable areas. If 
cranes operate in a hostile environment, lift a high percentage of capacity loads, are subjected 
to shock loads, or have high-frequency rates of operation, interim rope inspection intervals 
should be established as determined by a qualified person. Sections of rope which are 
normally hidden during visual and maintenance inspection (e.g., parts passing over sheaves) 
should be given close inspection, as these are points most likely to fail. Any deterioration 
resulting in appreciable loss of original strength, such as described below, shall be carefully 
noted and a determination made as to whether further use of the rope would constitute an 
acceptabIe risk. 

\. 
Reduction of rope diameter below nominal diameter due to loss of core support, 
internal or external corrosion, or wear of outside wires 

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

Worn outside wires 

Corroded or broken wires at end conn&ctions 

Corroded, cracked, bent, worn, or improperly applied end connections- - .. 
Kinking, crushing, cutting or unstranding. 

AU rope on cranes which have been idle for a period of six months or more, due to shutdown 
or storage of a hoist on which it is installed, shall be given an inspection in accordance with 
3.13.2.c before it is placed in service. A dated and signed report of the rope inspection, 
including results, shall be filed. 

No precise rules can be given for determination of the exact time for replacement of rope, 
.since many variables are involved. Continued use depends largely upon the use of good 
judgment by an appointed or authorized person in evaluating the remaining strength in a used 
rope, after allowance for deterioration disclosed by inspection Continued operation depends 
upon this remaining strength. 

Conditions, such as the following, shall be sufficient reason for questioning continued use of 
the rope or increasing the frequency of inspection: 

(1) In running ropes, 12 randomly distributed broken wires in one rope lay, or 3 broken 
wires in one strand in one rope lay 

(2) Wear of one-third the original diameter of outside individual wires 

(3) Kinking, crushing, birdcaging, or any other damage resulting in distortion of the rope 
structure 

(4) Evidence of heat damage 

(5) Reduction from nominal diameter greater than those listed in the following: 
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Maximum Allowable 
Reduction 

Rope Diameter From Nominal Diameter 

Up to 5/16 in. (8 mm) 
Over 5/16 in. to 1/2 in. (13 mm) 
Over 1/2 in. to 3/4 in. (19 mm) 
Over 3/4 in. to 1 1/8 in. (29 mm) 
Over 1 1/8 in. to 1 l/2 in. (38 mm) 

1/64 in. (0.4 mm) 
1/32 in. (0.8 mm) 
3/64 in. (1.2 mm) 
1/16 in. (1.6 mm) 
3/32 in. (2.4 mm) 

h. In order to establish data as a basis for judging the proper time for replacement, a continuing 
inspection record shall be maintained. This record shall cover points of deterioration listed in 
3.132.G. 

AU replacement rope shall be of proper size, grade, and construction for the particular 
function it is to perform on the machine. 

Discarded rope shall not be used for slings. 

Periodic inspection shall include complete inspections of the cxane, which shall be perfomed 
at intervals as generally defined in 3.13.2.b.(2). Any deficiencies such as'ihose listed below, 
shall be wefully examined, and determinations made as fo'whether they constitute hazaids. 
These inspections shall include the requirements of 3.13.2.b(1), and, in addition, items such 
as the following: 

(3) 

(4) 

(7) 

(9) 

Deformed, cracked, or corroded members 

Loose bolts or rivets 

Cracked or worn sheaves and drums 

Worn, cracked, or distorted parts such as pins, bearings, shafts, gears, rollers, locking, 
and clamping devices 

Excessive wear on brakesystem parts, linings, pawls, and ratchets 

Load, wid ,  and other indicators over theii full range for any significant inaccuracies 

Gasoline, diesel, electric, or other power plants for improper performance or 
noncompliance with other applicable standards 

Excessive wear of chaikdrive sprockets, and excessive chain stretch 

Electrical apparatus for signs df any deterioration of controllers, master switches, 
contacts, limit switches, and push-button stations, but not limited to these items. 

Hooks damaged from chemicals, deformation, cracks, or having more that 15% in 
excess of normal throat operating, or more than 1O-degree twist from the plane of the 
unbent hooks. 

ID- 
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i. A crane, other than a standby crane, which has been idle for a period of one month or more 
, but less than one year, shall be given an inspection confoiming with the requirements of 
3.13.2.b(1) before placing it in service. 

j. Standby cranes shall be inspected annually, in accordance with the requirements of 
3.132.b(1). Standby cranes exposed to adverse environment shall be inspectedmore 
kquently. 

k. Nondestructive examination of hooks and when required, welds, bearings, or other suspect 
load-bearing parts shall be performed annually. 

1. Reports of all inspections shall be maintained. Records should include item identification, 
characteristics inspected, observations, disposition if any, and date of actions. Records shall 
be kept readily available for inspection by designated personnel. 

3.13.3 High-Consequence Lifts 

a. All provisions of 3.13.2 shall apply. 

b. Equipment shall receive a major inspection when first assigned to this service and at 
&month intervals thereafter, if continuing use for High-Consequence Lifts is planned. 
Major inspection shall include all points and items covered by the equipment manufacturer’s 
recommendations (when available). 

Nondestructive examination of hooks and, when required, welds, bearings, or other suspect 
load-bearing parts shall be done at specified intervals. NDE examinations shall be in 
accordance with pertinent sections of applicable ASTM Standards. Annual maintenance shall 
be canied out prior to or during the major inspection. Items for inspection ax6 included in 
Exhibit I, “Periodic Bridge, Wall, Gantry Crane Load Test & Inspection,” which appears at 
the end of this section. 

- ._ 
c. 

3.13.4 SpeciaCHigh-Consequence Lifts 

All provisions of 3.13.3 shall apply. 

3.14 TESTING: 

3.14.1 Ordinary Lifts 

a. Prior to initial use, all new, extensively repaired, or altered cranes shall be tested and 
inspected by a qualified inspector. A written report shall be fumisbed by such person, 
confirming the load rating of the crane. The load rating shall not be more than 80% of the 
maximum load sustained during the test. Test loads shall not be more than 125% of the 
manufacturer’s rated load, unless otherwise recommended by the manufacturer. The test 
reports shall be kept on file and readily available to appointed personnel. 

b. The rated load test for new cranes shall consist of the following operations as minimum 
requirements: 

(1) . Hoist the test load a sufficient distance to assure that the load is supported by the crane 
and held by the hoist brake(s). 
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Transport the test load by means of the trolley for the full length of the bridge. 

Transport the test load by means of the bridge for the full length of the runway, in one 
direction with the trolley as close to the extreme right-hand end of the cra~e as 
practical, and in the otber direction With the trolley as close to the extreme left-hand 
end of the crane as practical. 

Lower the test load, stopping by the brakes. 

The trip setting of hoist-limit devices shall be determined by tests, with an empty hook 
traveling in increasing speeds up to the maximum speed. “be actuating mechanism of 
the limit device shall be located so that it wiU trip the device, under all conditions, in 
sufficient time to prevent contact of the hook or load block with any part of the trolley 
or crane. 

Extensively repaired or altered cranes shall be tested in accordance with b. above insofar as 
interfering equipment and structws pennit A minimum test shall consist of items (l), (4), 
and (5) in b. above. 

Equipment shall be routinely load tested when assigned to this senrice, thereafter at 
&+year intervals, and when specified in the procedures. Written, dated and signed reports 
shall be kept on file and readily available to appointed personnel. Load testsshall be made in 
an area where no critical items or equipment for handling critical items are installed, being 
worked on, or stored. Before starting the load test, equipment shall be inspected in 
accordance with 3.13.2.b(2). Defective parts shall be replaced or repaired before starting the 
load test. 

. 

The load test in 3.14.1.d shall not exceed the rated capacity of the crane. Test weights shall 
be accurate to within -5%, 4% of stipulated values. 

If a test has not been completed by the end of the required period, the equipment shall be 
downrated as follows: 

(1) Thirty calendar days after the end of the period, the equipment shall be downrated to 
75% of the rated capacity. 

(2) Sixty calendar days after the end of the period, the equipment shall be downrated to 
50% of the rated capacity. 

Ninety calendar days after the end of the period, the equipment shall be taken out of 
service until the required inspection has been completed. 

(3) 

3.14.2 High-Consequence Lifts 

a. AH provisions of 3.14.l.a, b, c, and f shall apply. 

b. Equipment shall be load tested when assigned to this service, thereafter at 3 year intervals, 
and when specified in the procedures. Load tests shall be made in an area where no critical . 
items or equipment for handling critical items are installed, being worked on, or stored. 
Before stluting the load test, equipment shall be inspected in accordance with 3.13.2.b(2). 
Defective parts shall be replaced or repaired before starting the load test. 



- . ... 

c. Routine load tests may be made with a hook load equal to 125% of the manufacturer’s-rated 
capacity of the crane. Prelift load tests are not mandatory but if specified in the procedures, 
shall be made with a hook load of 125% of the combined weight of the item to be lifted and 
the lifting tackle, or with a hook load of 125% of the manufacturer’s-rated capacity. In no 
case shall the load test exceed the 125% of manufacturer’s-rated capacity of the equipment. 
Test weights shall be accurate to within-5%, 4% of stipulated values. Test results shall be 
recorded. 

(1) The test loads required in 3.142.b and c should be structured, by administrative 
control, to 125% of the maximum operational load anticipated in the following 

. six-month period, rather than routinely at 125% of the manuficturer’s-rated capacity. 

Static Test: Equipment shall hold the test load for 10 minutes, or the time required to 
check all primary load-bearing parts while under strain without slippage, damage, or 
permanent deformation of any part of the equipment. Hoisting equipment and winches 
shall be tested at maximum nubout of the hoisting ropes or chain, insofar as practical. 

(2) 

- 

(3) Dynamic Test: Hoisting equipment shall be operated through at least two complete 
cycles of all movements which the equipment will encounter in senrice, while 
supporting the test load. As a minimum, the test load shall be raised far enough for all 
drums, sheaves, gears, or other rotating parts of the hoisting mechanism to complete at 
least one or, if possible in the clearance available, two complete revolutions; then 
lowexed until the load comes within 2 or 3 inches of the floor, and held at this level for 
one minute. The hoisting cycle shall be repeated at least one more time. Tests shall be 
made by the operator who nohally operates the equipment, who shall demonstrate . 

hisher ability to positively control the load during all lateral, rotational, id vertical 
motions which will be encountered in service. At least once during the lifting portion 
of the hoisting cycle, and once during the lowering cycle, power to the hoisting 
equipment shall be completely turned off. There shall be no slippage of the load or 
overheating of the brakes. 

3.14.3 Speclal-Hlgh-Consequnce Ufts 

a. All provisions of 3.14.2 shall apply. 

b. Equipment shall be load tested when assigned to this service, thereafter at 3 year intervals, 
and when specified in the procedures. Load tests shall be made in an area where no critical 
items or equipment for handling critical items are installed, being worked on, or stored. 
Before starting the load test, equipment shall be inspected in accordance with 3.13.2.b(2). 
Defective parts shall be replaced or repaired before starting the load test. 

3.1 5 OPERATING PRACTICES: 

3.15.1 General 

a. An appointed person shall classify each lift into one of the DOE categories before the lift is 
planned. 

b. The operator shall not engage in any practice which will divert hisher attention while 
actually engaged in operating the crane. 

The operator shall not operate this equipment when he/& is physically or mentally 
incapacitated. The immediate supervisor shall participate in this determination. 

c. 
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d. Each operator shall be held directly responsible for the safe operation of hisher equipment. 
Whenever there is any question as to the safety of the activity, the operator shall have the 
authority to stop and refuse to handle loads until the matter has been resolved by supervision. 

e. If a waming signal is furnished, it shall be sounded during travel, particularly when 
approaching personnel. 

If the operator finds the main or emergency switch open when starting on duty, he/she shall 
not close it until he/she has made certain that no one is on or about the crane. If there is a 
waming sign on the switch, the aperator shall not remove it, unless he/& placed it there, and 
he/& shall not close the switch until the warning sign has been removed by the person who 
placed it there. 

f. 

g. , Before closing the main switch, the operator shall see to it that all controllers are in the OFF 
position. 

h. If a power failure occurs during operation, the operator shall immediately switch all  
controllers to the OFFposition. 

The operator shall became familiar with hisher equipment arid its proper me. If adjustments 
or repairs are necessary, or any defects are known, the operator shall report the same 
promptly to the cognizant supervisor, and shall also notify the next operator of the defects, 

Contacts with mway stops or otber cranes shall be madc yitb exmme.caution. If the 
operator is ordered to engage with or push other cranes, he/she shall do so with particular 
care for the safety of persons on or below the cranes, and only after making certain that any 
persons on the other cranes are aware of what he/she is doing. 

Operators of outdoor cranes shall secure them when leaving. 

i. 

upon changing shifts. 

j. 

k 

1. 

m. 

When the wind-indicating day is given, the bridge on outside cranes shall be anchoRd. 

The main positive electrical control switch shall be locked and tagged in the OPEN position 
before any crane maintenance is performed. 

AU controls shall be operated by the operator before beginning a new shift. If any controls do 
not operate properly, they shall be adjusted or repaired before operations are begun. 

n. 

0. Two or more separately rigged loads shall not be hoisted in one lift, even though the 
combined load is within the crane’s rated capacity. 

p. A IOBC, or larger, fire extinguisher shall be installed in the cab of cab-operated cranes. The 
extinguisher shall be maintained in a serviceable condition. 

3.15.2 Hoist-Limit Switch 

a. At the beginning of each work shift, or the fhst time the crane is used during that shift, the 
operator shall try out the upper-limit switch of each hoist 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 operator shall immediately notify his/her supervision. 

If a lift is in progress during a shift change, this testing requirement is considered to have . 
been satisfied for the completion of that lift. However, the limit switch must be tested again 
before the next lift 

b. 



Page 16 of 26 

" L E  OVERHEAD & GANTRY CRANES DEPARTMENTOF . 
ENERGY 

NUMBER: 3.0 REV 00/91 HOISTING 8z RIGGING 
MANUAL 

c. The final hoist-limit switch which controls the upper limit of travel of the load block shall 
not be used as an operating controL 

3.15.3 Standard Signals 

. The standard signals for DOE use shall be as specified in the latest edition of the American 
National Standards Institute (ANSI) B30 chapters, for the particular type of crane or hoist being 
used (See Figure 3-5.) 

3.15.4 ldentfflcatlon of Slgnalers 

c 

a. AU personnel acting as signalers during crane operations shall be clearly identified to the 
crane operator by the use of the following (one or more, as required by the cognizant 
manager): orange hardhaq orange gloves; and/or omge vest. This requirement may be 
waived by the cognizant manager when the lift is very closely controlled and personnel are 
required to wear special clothing for protection from a hazardous environment. 

In those cases where the crane operator cannot see the signaIer, a second person (relay 
signaler) shall be stationed where he/& can see both the signaler and the crane operator and 
relay the signals to the operator. The relay signaler shall also be clearly identified by the 
items in 3.15.4.a., above. 

Where voice (direct or two-way radio) communication is used, the signaler shall 
communicate directly with tlk operatoG not through a third person. 

The operator shall recognize signals only h m  the designated>&aler, except that a signal . 
for a stop shall be obeyed when given by anyone. 

b. 

c. 

d. 

3.15.5 Size of Load 

The crane shall not be loaded beyond its special-rated capacity, except as may be provided in 
Section 3.9. 

3.15.6 Attaching the Load 

a. 

b. 

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

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

Care shall be taken to make certain that the sling clean all obstacles. c. 

3.15.7 Moving the Load 

a. The appointed person directing the lift shall see that the load is well secured and properly 
balanced in the sling or lifting device before it is lifted more than a few inches. 

b. Before starting to hoist, note the following conditions: c 

(1) 

(2) 

(3) 

Hoist rope shall not be kinked. 

Multiple-part lines shall not be twisted around eachother. 

The hook shall be brought over the load in such a manner as to prevent swinging. 

0 
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HOIST.With forearm vertical, 
forefinger pointing up, move 
hand in small horizontal circles. 

1 d 
TROLLY TRAVEL. Palm up, 
finger closed, thumb pointing in 
direction of motion, jerk hand 
horizontally. 

MULTIPLE TROLLEYS. Hold 
up one finger for block marked 
"1 " and two fingers for block 
marked "2". regular signals 
follow. 

"JZ OVERHEAD & GANTRY CRANES 

NUMBER: 3.0 REV 00/91 

LOWER. With arm extended 
downward, forefinger pointing 
down, move hand in small 
horizontal circles. 

STOP. Arm extended, palm 
down, hold position rigidly. 

MOVE SLOWLY. Use one 
hand to give any motion signal 
and place other hand 
motionless in front of hand 
giving the motion signal. (Hoist 
Slowly shown as example) 

BRIDGE. Arm extended 
forward, hand open and 
slightly raised, make pushing 
motion in direction of travel. 

EMERGENCY STOP. Arm 
extended, palm down, move 
hand rapidly right and left. 

MAGNET IS DISCONNECTED. 
Crane operator spreads both 
hands apart palms up. 

LF90-0124 

Figure 3-5. Standard hand signals for controlling overhead crane operator. 
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C. 

d. 

e. 

f. 

g. 

h. 

i. 
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(4) If there is a slack-rope condition, it should be determined that the rope is properly 

seated on the drum and in the sheaves. 

(5 )  The qualified rigger shall be clear of the load. 

During hoisting, cafe shall be taken that: 

(1) 

(2) 

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

Load does not contact any obstructions. A “dry run’’ shall be conducted in areas where 
clearance is limited. 

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

The operator shall avoid carrying loads over people. 

The operator shall test the hoist brakes each time a load approaching the special-rated 
capacity is handled by raising the load a few inches and applying rhe brakes. Any down 
motion is unacceptable. 

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

When the load or hook approaches near personnel, the warning-signal shall be sounded. 

A tag line shall be used when it becomes necessary to guide, snub, or otherwise control the 
load. 

The opemtor shall land any attached load, place controls in the OFFposition, and turn OFF 
the power source before leaving the crane unattended, unless required to do otherwise by an 
approved emergency procedure. 

Wodc on suspended loads is prohibited under normal conditions. Where the cognizant 
manager decides that it is necessary to work on a suspended load, safe guidelines shall be 
established through consultation with the appropriate safety organization. Suspended loads 
that must be worked on shall be secured against unwanted movement. Paragraph j., above is 
not affected by this paragraph. 

3.15.8 LHtIng Personnel 

No lifting, lowering, swinging, or traveling shall be done while a worker is on the hook, load, or 
manlift platform attached to the crane load‘line except under the following conditions: 

a. A qualified person responsible for overall work-site safety shall determine that there is no 
practical, alternative way to perform the work, by using a ladder, scaffold, stairway, aerial lift 
or personnel hoist. 

Platforms shall be designed and constructed in accordance with the following: b. 

(1) The personnel platform shall be designed by a qualified person competent in stxuctural 
design and a l l  welding of the platform shall be performed by a qualified welder 
familiar with the weld grades, types and material specified in the design. 
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(2) The platform shall be limited to a capacity of six persons and shall be used only for 
employees, tools and materials to do the work and shall not be used to hoist materials 
or tools when not hoisting personnel. 

(3) The platform shall have a minimum design factor of 5. 

(4) The platform shall have a plate specifying the weight of the empty platform and the 
maximum number of persons and weight for which the platform is rated. 

(5) The platform shall have standard railing as required by OSHA 29 CFR 1926.500(f). A 
gmb rail shall be installed inside the entire perimeter of the personnei platform. 

(6) The sides of the platform shall be enclosed from the toeboards to the mid-rails with 
solid comtruction or expanded metal having openings no greater than 1/2 in. (1.27 cm). 

(7) If access doors are installed, they shall open only to the interior of the platform. Access 
doors shall be equipped with a device to restrain the door from inadvertent opening. 

(8) The platform shall have overhead protection when there is an overhead hazard and 
employees shall use a body belt/harness and lanyard attached to the lower load block or 
overhaul ball or to a structural member within the personnel p la t fm capable of 
supporting a fall impact for employees using the anchorage. 

(9) 

(10) Headroom shall be provided which allows employees to stand upright in the platfom. 

(11) Rough edges exposed to contact by employees shall be surfaced to prevent injury to 

The platform shall be easily identifiable by high visibility color or'marking. - .. 

employees. 

c. The following procedures shall be followed 

(3) 

Prior to hoisting personnel at each job site and after any repair or modilication, the 
platform and rigging shall be proof tested by a qualified inspector to 125% of the 
platform's rated capacity by holding it in a supended position for five minutes with the 
test load evenly distributed on the platform (this may be done concurrently with the 
trial lift). After proof testing, the platform and rigging shall be inspected by a certified 
inspector and any deficiencies found shall be corrected prior to repeating the prooftest 
procedure. 

Prior to lifting personnel, the qualified operator and signal person shall conduct a hih 
lift with the manlift platform loaded to at least the anticipated liftweigh Materials and 
tools to be used during the actual lift shall be loaded in the platform. A single trial lift 
may be performed at one time for all locations that are to be reached from a single set 
up position. A visual inspection of the crane, rigging, and manlift platform shall be 
conducted by a certified inspector immediately after the trial lift prior to lifting 
personnel. Any defects found which create a safety hazard shall be corrected prior to 
hoisting personnel. 

The trial lift shall verify that all  systems, controls, and safety devices are activated and 
functioning properly; that no interferences exist; and that all configurations necessary 
to reach those work locations will allow the operator to remain under the 50% limit of 
the m e ' s  rated capacity. 
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A meeting attended by the Qualified Operator, signalperson;persons to be lifted, and 
the person responsible for overall worksite safety shall be heldprior to the trial lift to 
plan and review procedures to be followed. Procedures for entering and leaving the 
manlift platform or other device and the points at which persons will enter and leave 
the device shall be reviewed. 

When being supported by a crane, the platform shall be attached to the hoist rope by a 
hook of a type that can be closed and locked, eliminating the hook throat opening. 
Alternatively, an alloy steel anchor shackle with a bolt, nut, and retaining pin may be 
used. 

The total weightof the loaded personnel platform and related rigging shall not exceed 
50% of the rated capacity for the configuration of the crane. 

A signal penon shall be used. 

All eyes in wire rope slings shall be fabricated with thimbles; and all rigging 
accessories for attaching the personnel platform to hoist lines shall not be used for any 
other p q o s e  when not hoisting personnel. 

The employees being hoisted, moved, and/or positioned shall remain in continuous 
sight of, and in direct communication with, the operator or signalperson. In situations 
where direct visual contact with the operator is not possible and the use of a 
signalperson would create a greater hazard for that person, direct communktion alone 
such as by radio may be used. 

A positive activating device shall be installed to prevent two-blocking, or a system 
which deactivates the hoisting action before damage occurs in the event of a 
two-blocking situation (two block damage prevention feature). 

.. 

Y 

, - .. 

When welding is done by an employee on the platform, welding-rod holders shall be 
protected from contact with metal components of the platform. 

Employees working kom a platform shall wear safety belts with lanyards attached, 
preferably above the hook or shackle, when suspended 

The Qualified Operator shall remain at the controls at all times when the platform is 
elevated. 

When hoisting or lowering platforms, tbe speed shall not exceed 100 Wmin. 
(051 m/s). .. 
Crane hoist lines shall be capable of lifting, without failure, at least 7 times the 
maximum intended load, except that where rotation resistant rope is used, the lines 
shall be capable of supporting, without failure, at least 10 times the maximum intended 
load. The required design factor is achieved by taking the safety factor of 3.5 and 
applying the 50% derating which is required in (6) above. 

Hoisting of personnel shall be promptly discontinued upon indication of dangerous 
weather conditions, i.e., lightning, heavy rain, high winds (>15 mph), etc. 

3.15.9 Ordinary Lifts 

a. Theprohsions of 3.15.1 through 3.15.6 shall apply. 
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b. The operator, or a designated person, shall assure that the speckd-rated capacity of the Crane 
will not be exceeded and that the crane is still within the test-certification period. 

c. The operator, or a designated person, shall assure that the special-rated capacity of all lifting 
devices will not be exceeded and that they are stiU within the test certification period. 

The operator, or a designated person, shall visually examine the crane (records not required 
except as noted) in accordance with 3.13.2.b(1). 

d. 

3.15.1 0 HlgMonsequence Ufts 

a. 

b. 

C. 

d. 

e. 

f. 

AU of 3.15.9 shall apply. 

The operating organization shall appoint one person in charge (TIC) of the entire lifting 
operation. This person shall meet tbe definitions of appointed, designated, and qualified, as 
set forth in Section 1.0. 

The PIC shall be a Qualified person, or shall be assisted by a Qualified person, experienced 
in the use of hoisting and rigging equipment of the type to be’used; in the prepamtion and 
review of drawings, procedures, and equipment assignments; and in Supervision of the job. 

The PIC shall assure that a procedure is prepared covering the entire lifting operation. 
Consideration of the lift history of the crane shall affect the plan, which shall also include, 
but is not limited to, sling angles and sizes, inspection and test-certificafion periods, load 
configuration, the presence of hazardous materials, and the requirement for a load-indicating 
device. The plan must be reviewed and approved by the cognizant Safety organization. 

Only Qualified Operators may be assigned to operate the lifting equipment. Designated 
signalers shall give signals to the operator when required due to the nature of the lift. 

Generalized procedures may be submitted for the handling of these loads, except when 
detailed procedures are specified. Individual procedures for several similar items are not 
required unless specified. Procedures shall include identification of the item or class of items 
to be moved, the type of equipment and rigging accessories to be used and their special-rated 
capacity, any special instructions to operators, and provision for verification by the PIC that 
the lift or move has been satisfactorily completed. 2Ie PIC shall certify that good rigging 
precautions, practices, and safety measures wil l  be employed; that equipment operators are 
qualified and have been properly instructed; and that equipment is adequate for the loads 
involved and is in good operating condition. 

Hoisting shall be carefully observed while tension is being applied and a check made to 
determine any tendency to swing or sway, and any tendency of slings to slip or change 
position. Sling positions shall be adjusted or additional supports or restraints shall be added 
as necessary before continuing the lift. Approval of changes to sling position, supports, and 
restraints shall be obtained from the PIC before they are made. 

Load tests shall not be conducted in locations such that they meet the definition of 
High-Consequence Lifts in Section 1.0. 

3.15.11 Speclal-Hlgh-Consequence Lifts 

a. All of 3.15.10 shall apply. 
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b. In addition to those items previously required, the work plan required in 3.15.8.d shall 
include, as a minimum, the following: 

Identification of each piece of operating equipment to be used in the move, by type, 
rated and special-rated capacity, and for other than permanently installed equipment, 
the equipment serial or other identifying number. (If the specific piece of 
nonpermanent equipment has not been identified at the time of the procedure 
specification, the number shall be included in the job instxuaions prepared by the 
appointed person.) 

Identification of slings, lifting bars, and other major rigging accessories or assemblies 
by serial number and weight. (If the specific items have not been identified at the time 
of the procedure preparation, they shall be identified in the job instructions prepared by 
the appointed person.) 

A list of all nonserialized rigging accessories and materials required in the move or lift, 
identified by type, capacity, and weight. 

Identification of the item to be moved, its weight, dimensions, and center of gravity (as 
determined by the method of SAE J874, or estimated from drawings or engineering 
analysis), and tbe total hook load. 

Rigging sketches showing all lifting points, 1 0 4  vectors, sling angles, acckssories, 
methods of attachment, andbther factors affecting the capacity of eqdpment and 
accessories used in the move, together with notation oflhitations to be applied on any 
allowable orientation of the operating equipment or rigging accessories to be used. 

Approximate and maximum hoist and winching speeds. 

znstructions to be given to equipment operators, including sequence of equipment 
moves, and coordination with moves of other equipment involved; translational speeds, 
directions, and distances; load weight and center of gravity; and other pertinent data. 

Identification of persons who will have field responsibility for the move or lift and for 
monitoring it. 

Requirements for specific tests to be made before, during, and after the move or lift or 
practice lifts. 

(10) Surveillance procedures, including check points, instruments, and indicators, that will 
be used to ensure that the move proceeds according to plan, and the specihrated 
capacity of the equipment has not been exceeded. 

(11) Provision for verification by the PIC or his/her designee of satisfactory completion of 
each step of the procedure as it occu~s. 
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EXHIBIT I Page 1 of 4 

PERIODIC BRIDGE. WALL. GANTRY CRANE LOAD TEST AND INSPECTION 
EQUIPMENT NO. h!lAKE 

LOAD TEST INSPECIlON REPORT - 
The following checklist identifies the items to be inspected prior to the load test. AU inspections shall be made in 
accordance withthe DOEHokting andRigging Manual. Any unusual conditions observedduringtbeinspectionshould 
be noted in the remarks section. 

NOTES 1. 
2. 

Craftsmen wil l  initial and date all tests, work, and inspections completed below. 
NDE Inspector shall verify all steps prior to load test. 

REMARKS (Unusual conditions, noises-structural cracks, misalignment, etc.) 
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BRIDGE CRANE AND FOLLOW-UP CHECKS 

NOTES: 1. Craftsmen will initial all steps completed below. 

2. NDE Inspector shall verify all steps below. 

3. Load test crane at 100% of manufacturers rated capacity. In no case shall the load test exceed 125% 
of manufacturers rated capacity. Test weights shall be accurate to -5%, + 0% of stipulated values. 

4. Load test shal l  be performed prior to initial use on all new, extensively repaired, or altered cranes, 
and when assigned to special services; thereafter, at thee-year intervals and when specified in the 
procedures. 

INrrIAL 
1. 
2. 

r 3. 

4. 

5. 

6. 

Set crane up for load test and NDE Inspector verify inspection is complete prior to load test. 
The hip setting of hoist-limit devices shall be determined by tests, with an empty hook 
traveling in increasing speeds up to the maximum speed. The actuating mechanism of the 
limit device shall be located so that it will trip the device, under all conditions, in sufficient 
time to prevent contact of the hook or load block with any part of the trolley or crane. 
Rig test weight to hoist hook using appropriate slings. 
Static test: Hoisting equipment and winches shall be tested at-m'aximum ruri-out of the 
hoisting ropes or chain, when practical. 
Equipment shall hold the test load for 10 minutes, or the time required to check all primary 
load-bearing parts while under strain without slippage, damage, or permanent deformation of 
any part of the equipment. 

Dynamic test: As a minimum, the test load shall be raised far enough for all drums, sheaves, 
gears, or other rotating parts of the hoisting mechanism to complete at least one, or if 
possible in clearance available, two complete revolutions; then lowered until the load comes 
within two to three inches of the ground, and held at this level for one minute. The hoisting 
cycle shall be repeated at least one more time. 
At least once during the lifting portion of the hoisting cycle and once during the lowering 
cycle, power to thehoisting equipment shall be completely turned off. There shall be no 
slippage of the load or overheating of the brakes. 

' 

Lower the load to approximately two inches and move the bridge far enough down the 
runway to insure that it IULIS true on the rails and that no undue girder deflection occurs. 
Check for bridge motor, brake, and gear case overheating. 
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7. 

8. 
9. 

EXHIBIT I (continued) Page 3 of 4 

Operate the trolley and insure during operation that it 'IUIIS true on the bridge. check txolley 
motor, brake, and gear case for overheating. 
Move the load back into the original position and slowly lower to the floor. 
At the completion of the load test, an inspector shall visually inspect the following 
load-bearing parts for signs of wear, deformation, and deterioration: 

. 

DEFECllVEOK 

a Bridgetrack 

b. Bridge wheels 

c. Trolleytrack 

d. Trolleywheels 

e. Gears 

f. Magneticbrakes 

g. Blocks 

Visually inspect rope in accordance with DOE Hoisting and Rigging Manual, Chapter 7. - 
- .- 

a Ropediameter: (Previous) (present) 
b. Wear 

c. Kinks 

d. Brokenwires 

e. Other signs of deterioration 

ViuaUy inspect the rope drum for. 

a Wear 

b. Deformation 

c. Deterioration 
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EXHIBIT I (continued) Page 4 of 4 

10. NDE Inspector shall perform NDT test on hook by visual examination, liquid penetrant 
examination, or mag. particle examination. Acceptance: No cracks, linear indications, laps, 
or seams. 

Hooks with moxe than 15% normal (new hook) throat opening shall be replaced. Hooks with more than 10 degrees 
twist h m  the normal (new hook) plane of the hook shall be replaced. Hooks having more than 10% wear in the 
throat section or 5% elongation of the shank shall be replaced. Lubricate hooks at each inspection. 

Establish three marks, A, B, and C, with a center punch. For ease in measuring, set distances on an even number of 
inches. 

BEFORELOADTEST 

LengthAB in 

LengthBC in. 

_ r n L O A D T E S T  

LengthAB in. 

LengthBC in. 

check for. 

1. Wear and deformation 

2. Cracksandtwisting 

3. Signs of opening between Point A and Point B 

Load Test Inspection Date 

NDE Inspector 

Operated By 

Actual Load Test Ibs 
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4.0 MOBILE CRANES 

4.1 GENERAL: 

This section applies to commercial mck-mounted cranes, crawler cranes, locomotive cranes, 
wheel-mounted cranes (multiple control stations), wheel-mounted cranes (single control station), and any 
variation thereof, which retain the same fundamental characteristics. Thw cranes rotate 360 degrees and 
have boom luffing capabilities. 

This section specifies operation inspection, maintenance and testing requirements for the use of mobile 
cranes and implements the requirements of ANSUASME B30.5. Only equipment which has been built to 
appropriate design standards shall be used at DOE installations (see Section 10.0). 

4.1 .I Operator TralnlnglQuallf icatlon 

Operators of mobile cranes shall be trained and qualified as req- in Section 2.0, "Operator 
Training and Qualification." 

4.1.2 Load LlmitsAVelgM 

a. Since load rating for mobile cranes may be based upon stability, or hydraulic or structural 
competence, load ratings established by the manufacturers-shall not &exceeded in 
operational application. 

. 

b. No crane shall be loaded beyond the rated capacity, except for test purposes as provided in 
4.3 of this section. 

c. When loads are to be handled which are limited by hydraulic or structural competence rather 
than by stability, the appointed person (see Section 1.0) shall ascertain that the weight of a 
load approaching rated capacity has been determined, within + 10% before it is lifted. - 

4.1.3 Load Hoist Brakes 

When power-operated brakes, having no continuous mechanical linkage between the actuating and 
braking means, are used for controlling loads, an automatic means shall be provided to set the 
brake to prevent the load from falling in event of loss of brake-actuating power. 

4.1.4 Power-Controiled Lowering 

A power-controlled lowering system shall be provided and shall be capable of handling.rated loads 
and speeds as specified by the manufacturer of the crane. 

4,1.5 Booms 

a. Booms, boom sections, and jibs shall be clearly identified and shall be used only for the 
purpose recommended by the manufacturer. 

b. Lattice booms shall meet the performance requirements of SAE 5987 (see Section 10.0). 
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a. Cranes may be modified or rerated providing such modifications are analyzed thoroughly by 
a Qualified Engineer or manufacturer of cranes. Such action must be approved by the 
cognizant safety organization. 

b. When rerated, crawler, truck, and wheeknounted cranes shall be tested in accordance with 
SAE J765 (see Section 10.0). 

c. A renting test report shall be readily available. 

d. No cranes shall be rerated in excess of the manufacturer's original load ratings. 

4.1.7 Maintenance History 

The maintenance history of the crane shall be retained throughout the service life of the crane. 

4.1.8 Design Standards 

a. Structural, mechanical, and electrical components of the crane design shall meet accepted 
crane design standards, such as PCSA-1 or PCSA-2 (see Section 10.0). 

b. The safety features and operation shall conform, as a minimum, to the provisicmns of 
ANSI B30.5 (see Section 10.0). c 

- .. 
4.2 INSPECTIONS: 

4.2.1 General 

Equipment shall operate with a smooth, regular motion without any hesitation, abnormal vibration, 
binding, gross shimmy, or irreguIarity. There shall be no apparent damage, excessive wear, or 
deformation of any part of the equipment. Brakes shall work satisfactorily and load brakes shall be 
able to hold any load up to at least 125% of the rcited stable capacity of the equipment, without 
slipping or overheating. All safety devices, load indicators, boom angle and radius indicators, 
controls, and other operating parts of the equipment shall be checked during each inspection and 
shall be in good working order. Any defects shall be corrected or repaired before the equipment is 
put into service. Parts found to be defective as a result of any inspection or nondestructive 
examination shall be replaced or repaired as directed by the cognizant line manager or hisher 
designated representative. 

a. 

5 

If an inspection has not been completed by the end of the required period, the equipment shall 
be downrated as follows: 

(1) Thirty calendar days after the end of the period, the equipment shall be downrated to 
75% of the rated capacity. 

Sixty calendar days after the end of the period, the equipment shall be downrated to 
50% of the rated capacity. 

(3) Ninety calendar days after the end of the period, the equipment shall be taken out of 
service until the required inspection has been completed. 

I 

(2) 
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4.2.2 Ordinary Lifts 

a. prior to initial use, al l  new, reinstalled, Awed, modified, or extensively repaired cranes shall 
be inspected by a certified inspector whose qualification to perform specific inspection 
activities has been determined, verified and attested to in writing to assure compliance with 
the provisions of this Manual. 

b. Inspection prucedures for cranes in regular Wce are divided into two general 
classifications, based upon the intervals at which inspection should be performed. The 
intervals, in turn, are dependent upon the nature of the critical components of the crane and 
the d e w  of their exposure to wear, deterioration, or malfunction. The two general 
classiications are herein designated as "frequent" and "periodic." 

c. Frequent inspection: 

The operator, or other designated person, shall visually examine the crane (records not 
required, except as noted) in accordance with the following schedule: 

0 Normalservice: monthly 

0 HeavyserviCe: weekly 

Severesexvice: daily 

Special or infrequent service, as recommended by a qualified p e r k ,  before and a& 
each occurrence (with records). 

(1) Any deficiencies shall be carefully examined by a qualified person and a determination 
made as to whether they constitute a hazard. inspections shall cover the following: 

(a) AU control mechanisms for maladjustment, excessive wear and contamination by 
lubricants or other foreign matter that could interfere with proper operation: 
daily. 

(b) Crane hooks for deformations or cracks. Hooks which have cracks, or more than 
15% in excess of normal throat opening, or more than lO-degrees twist from the 
plane of the unbent hook, shall be diswded: daily. 

Leakage in lines, trucks, valves, pumps, and other parts of air or hydraulic 
system: daily. 

(c) 

(d) Hydraulic systems for proper oil level: daily 

(e) Hoist ropes, including tightness of end clamps and rope clips. 

(0 All safety devices for malfunction. 

(g) Rope reeving for noncompliance with crane manufacturer's recommendations. 

(h) Electrical apparatus for malfunctioning, signs of excessive deterioration, and dirt. 
or moisture accumulation. 
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(i) Boom sections for structural integrity. 

d. Periodic inspection: 1-12-month intervals, or as specifically recommended by the 
manufacturer. This shall be a visual inspection by a qualified inspector, making written, dated 
and signed reports of apparent external conditions. Records shall be kept on file and readily 
available to appointed personnel. Inspections shall be made for the following: . 

(1) Loose bolts or rivets 

(2) Cracked or worn sheaves and drums 

(3) Hooks damaged from chemicals, deformation, cracks, or having more than 15% in 
excess of normal throat opening, or more than lo-degrees twist from the plane of the 
unbent hook. 

(4) Worn, cracked, or distorted parts such as pins, bearings, shafts, gears, rollers, and 
locking devices 

(5) Excessive wear on brake and clutch system parts, linings, pawls, and ratchets 

(6) Load, boom angle, e d  other indicators over their full ranges for any significant 
inaccuracies 

(7) gasoline, diesel, electrical, or other power plants for improper performance or 
noncompliance with safety requirements - .. 

(8) Radiators and oil coolers, for leakage, improper performance, or blockage of air 
pas=ges 

(9) Hooks: Dye penetrant, magnetic particle, or other suitable crack-detecting inspections 
should be performed at least once each year 

(10) Travel steering, braking, and locking devices, for malfunctioning 

(11) Excessively worn or damaged tires 

(12) Rust on piston rods and control valves when crane has been idle 

(13) Cleanliness of oil fdters and oil stxainers 

e. Inspection of Hydraulic Components: 

(1) AU hydraulic hoses, particularly those which flex in normal operation of crane 
functions, should be visually inspected once every working day. A thorough inspection 
of all hoses, fittings, and rigid-tube lines should be made at least once a month. Any 
deterioration should be carefully examined and a determination made as to whether 
further use of the component would constitute a safety hazard. Conditions, such as the 
following, should be sufficient reason for consideration of replacement. 

(a) Any evidence of hydraulic oil leakage at the surface of the flexible hose or its 
junction with the metal end couplings 
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(b) Any blistering or abnormal deformation to the outer covering of the hydraulic 
hose 

(c) Hydraulic oil leakage at any threaded or clamped joint, that cannot be eliminated 
by normal tightening or other recommended procedures 

(d) Evidence of excessive abrasion or scrubbing on the outer surface of a hose, rigid 
tube, or hydraulic fitting. Measures shall be taken immediately to eliminate the 
interface or to otherwise protect the components. 

(2) The following may be reason for replacement or repair of pumps and motors: loose 
bolts or fasteners; leaks at joints between sections; shaft-& leaks; unusual noises or 
vibrations; loss of operating speed; and excessive heating of the hydraulic oil. 

(3) The following may be reason for replacement or repair of valves: cracks in valve 
housing; improjw return of spool to neutral position; leaks at spools or joints; sticking 
spools; and failure of relief values to actuate at the correct pressure setting. 

(4) The following may be reason for replacement or rep& of cylinder: drifting caused by 
oil leaking across the piston: rod seals leaking; leaks at welded joints; scored, nicked, 
or dented cylinder rods; dented case (barrel); and loose or deformed rod eyes or 
connecting joints. 

(5) Filters: Evidence of rubber particles on the fdter element may indicate deterioration of 
hoses, "On rings, or other rubber components. Metalchips or pieces on the filter may 
denote failure in pumps, motors, or cylinders. Further checking will be necessary to 
determine the origin of the problem before corrective action can be taken. 

f. CranesNotinRegularUse: 

(1) A crane which has been idle for one month or more but less than six months, shall be 
given an inspection conforming with requirements of 4.2.2.c, above, before being 
placed in service. 

(2) A crane which has been idle for over six months shall be given a complete inspection, 
conforming with the requirements of 4.2.2.d and 4.2.2.e, above, before being placed in 
service. 

(3) Standby cranes shall be inspected at least semiannually, in accordance with the 
requirements of 4.2.2.c and 4.2.2.d, above: Cranes exposed to adverse environments 
should be inspected more frequently. 

g. Quarterly inspections shall be made on critical items in use, i.e., brakes, crane hooks, ropes, 
hydraulic cylinders, and hydraulic pressurerelief valves. Hydraulic pressure-relief valves 
shall also be checked for proper operation semiannually. Inspection records shall be kept on 
file and readily available. 

h. All running ropes in continuous service should be visually inspected once every working day, 
A thorough inspection of all ropes in use shall be made at least once each three months, and a 
N1 written, dated, and signed inspection report indicating rope condition shall be kept on file 
and readily available. All inspections shall be perfomied by a qualified inspector to assure 
compliance with the provisions of this manual. Any deterioration, resulting in appreciable 
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loss of original strength such as described below, shall be carefully noted, and determinations 
shall be made as to whether further use of the rope would constitute a safety hazard 

(1) Reduction of rope diameter below nominal diameter due to loss of core support, 
internal or external corrosion, or wear of outside wires 

(2) A number of broken outside wires, and the dism%ution or concentration of such broken 
wires 

(3) Worn outside of wires 

(4) C o d e d  or broken wires at end connections 

(5) Corroded, cracked, bent, worn or improperly applied end connections. 

(6) Severe kinking, crushing, cutting or unstranding. 

A full layout inspection of all ropes shall be conducted every 12 months. This inspection shall 
include examination of the entire length of the rope, without detaching from the hoist drum, 
using magnification as necessary in questionable areas. 

Heavy wear and/or broken wires may occur in sections in contact with equalizer sheaves, 
other sheaves where rope travel is limited, or with saddles. Particular care shall-be taken to 
inspect ropes at these locations. - ._ 

All rope which has been idle for 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 placed in service. This 
inspection shall be for all types of deterioration and shall be performed by an appointed or 
authorized person, whose approval shall be requjred before further use of the rope. A written 
and dated report of the rope condition shall be filed. 

Particular care shall be taken in the inspection of nonrotating rope. 

No precise des can be given for determination of the exact time for replacement of wire 
rope, since many variable factors are involved. Safety in this respect depends largely upon the 
use of good judgment, by an appointed or authorized person, in evaluating remaining strength 
in a used rope after allowance for deterioration disclosed by inspection, Safety of rope 
operation depends upon this remaining strength. 

Conditions, such as the following, shall be sufficient reason for questioning rope safety and 
for consideration of replacement 

(1) In running ropes, 6 randomly distributed broken wires in one rope lay, or 3 broken 
wires in one strand in one rope lay 

5 

0 

(2) Wear of onethird the original diameter of outside individual wires 

(3) Kinking, crushing, birdcaging, or any other damage resulting in distortion of the rope 
structure 

(4) Evidence of any heat damage from any cause 
DRAFT I 
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(5) Reduction from nominal diameter greater than those listed in following: 

RopeDiameter 
Up to 5/16 in. (8mm) 
Over 5/16 in. to l/2 in. (13 mm) 
Over 1/2 in. to 3/4 in. (19 mm) 
Over 3/4 in. to 1 1/8 in. (29 mm) 
Over 1 lfs in. to 1 1/2 in. (38 mm) 

Maximum Allowable 
Reduction 

From Nominal Diameter 

1/64 in. (0.4 mm) 
1/32 in. (0.8 mm) 
3/64 in. (1.2 m) 
1/16 in. (1.6 mm) 
3/32 in. (2.4 mm) 

(6) In standing ropes, more than two broken wires in one lay in sections beyond end 
connections, or more than one broken wire at an end connection. 

d. In order to establish data as a basis for judging the proper time for replacement, a continuing 
inspection record shall be maintained. This record shall cover points of deterioration listed 
above. @ i d e d  rope shall not be used for slings.) 

e. Replacement rope shall be of the same size, grade, and construction as recommended by the 
crane manufacturer, unless otherwise recommended by a rope or crane man&urer  due to 
actual working condition requirements. . -_ 

- .. 
4.2.3 Hlgh-Conssquence Llfts 

a. All provisions of 4.2.2 shall apply. 

b. Equipment shall receive major inspections when first assigned to this service and at 
l h o n t h  intervals thereafter. Major hspections shall include all points and items covered by 
the equipment manufacturer's recommendations (when available). Periodic inspection, in 
accordance with 4.2.2.d, load testing in accordance with Section 4.3, and nondestructive 
examination (magnetic particle or liquid penemt) of hooks and, when required by the 
inspector, welds, bearings, or other suspect loadbearing parts shall be done at the specified 
intervals. NDE shall be in accordance with pertinent sections of applicable ASTM Standards. 
Annual maintenance shall be canied out prior to or during major inspections. Items for 
inspection m included in Exhibit I, "Periodic Mobile Crane Load Test & Inspection," which 
appears at the end of this Section. 

4.2.4 Speclal-Hlgh-Consequence Llfts 

a. AU provisions of 4.2.3 shall apply. 

4.3 TESTING: 

4.3.1 Ordlnary Lifts 

a. Prior to initial use, all new, extensively repaired, or altered cranes shall be tested and 
inspected by a qualified inspector. Written reports shall be furnished by such persons showing 
test procedures and confining the adequacy of repairs or alterations. Test loads shall not 
exceed 110% of the manufacturer's rated capacity at any selected working radius. 
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b. The following shall also be tested during the initial test: load-hoisting and-lowering 
mechanism with a suspended load; boom-hoisting and-lowering mechanism; 
boom-extemion mechanism: swinging mechanism; travel mechanism: and safety devices. 

c. Equipment shall be routinely load tested by certified personnel when assigned to service, 
thereafter at 12 month intervals, and when specified in the procedures. Load tests shall be 
made in an area where no critical items are installed, being worked on, or stored. Records 
shall be kept on file and readily available. Before starting the load test, equipment shall be 
inspected in accordance with 4.2.2.d. Defective parts shall be replaced or repaired before 
starting the load test. 

d. The load test in 4.3.1s. above shall not exceed the rated capacity of the crane. Test weights 
shall be accurate to within -5%. +0% of stipulated values. 

e. If a test has not been completed by the end of the required period, the equipment shall be 
downrated as follows: 

(1) Thirty calendar days after the end of the period, the equipment shall be downrated to 
75% of the rated capacity. 

(2) Sixty calendar days after the end of the period, the equipment shall be downrated to 
50% of the rated capacity. 

c 
(3) Ninety calendar days after the end of the period, the equipment shall be iaken out of 

service until the required inspection has been completed. - .. 
4.3.2 Hlgh-Consequence Lifts 

a. All pmvisions of 4.3.1 shall apply. 

b. Equipment shall be load tested when assigned to this service, thereafter at 12-month 
intervals, and when specified in the procedures if deemed necessary by the designated 
authority due to ground conditions, weather or peculiar circumstances. Load tests shall be 
made in an area where no critical items or equipment for handling critical items are installed, 
being worked on, or stored. Load tests shall, ifpossible, be made at the same location and at 
the same crane configuration as will be encountered when making the high-consequence lift. 
Before starting the load test, equipment shall be inspected in accordance with 4.2.2.d. 
Defective parts shall be replaced or repaired before starting the load test. 

c. Routine load tests may be made with a hook load equal to 100% of the rated capacity of the 
crane. Prelift load tests, when required, shall be made with a hook load of 110% of the 
combined weight of the item to be lifted and the lifting tackle. In no case shall the load test 
exceed the rated capacity of the equipment. Test results shall be recorded. 

- 

(1) Static Test: Equipment shall hold the test load for 10 minutes, or the time required to 
check all primary load-bearing parts while under strain without slippage, damage, or 
permanent deformation of any part of the equipment. Hoisting equipment and winches 
shall be tested at maximum run-out of the hoisting ropes or chain, when practical. 

(2) Dynamic Test: Hoisting equipment shall be operated through at least two complete 
cycles of all movements which the equipment will. encounter in service while 
supporting the test load. As a minimum, the test load shall be raised far enough for all 

DRAFT 



k Page 9 of 31 .- 
'ITTLE: MOBILE CRANES 

NUMBER: 4.0 

DEPARTMENT OF 
ENERGY 
HOISTING & RIGGING 
MANUAL REV: 00/91 

drums, sheaves, gears, or other rotating parts of the hoisting mechanism to complete at 
least one or if possible in the clearance available, two complete revolutions; then 
lowered until the load comes within 2 to 3 in. of the ground; and held at this level for 
one minute. The hoisting cycle shall be repeated at least one more time. Tests shall be 
made by the operator who normally operam the equipment, who shall demonstrate his 
ability to positively control the load during all lateral, rotational, and vertical motions 
which will be encountered in service. At least once during the lifting portion of the 
hoisting cycle and once during the lowering cycle, power to the hoisting equipment 
shall be completely med off. There shall be no slippage of the load or overheating of 
the brakes. 

4.3.3 Special-Hlgh-Consequence Lifts 

All provisions of 4.32 shall apply. a 

b. Equipment shall be load tested before lifting any Special-High-Consequence Load. Load 
tests shall be made in an area where no critical items or equipment for handling critical items 
are installed, being worked on, or stored. Load tests shall, ifpossible, be made at the same 
location and at the same crane configuration as will be encountered when making the special 
high-consequence lift Before starting the load test, equipment shall be inspected in 
accordance with 4.2.2.d. Defective parts shall be replaced or repaired before starting the load 
test. 

4.4 OPERATING PRACTICES: 

. 4.4.1 General 

. __ 
- -  

a. An appointed person shall classify each lift into one of the DOE categories prior to planning 
the lift. 

b. The operator shall not engage in any practice which will divert hisher attention while 
operating the crane. 

c. The operator shall not operate the crane when physically or mentally incapacitated. 

d The operating area shall be kept free of water, snow, ice, oil and debris, that could cause the 
operators hands and feet to slip from the controls. - 

e. Operating cab windshields shall be kept clean and free of anything that obstructs vision. 

f. Special consideration should be given to the proper functioning of tires, horn, lights, battery, 
controller, lift system (including load-engaging means, chains, hoist rope, and limit 
switches), brakes, and steering mechanisms. If at any time a lifting device is found to be in 
need of repair, defective, or in any way unsafe, the matter shall be reported immediately to the 
designated authority and the unit shall be taken out of service until it has been restored to 
safeoperating condition or a determination has been made by the cognizant manager that the 
discrepancy will not adversely affect the safe operation of the unit. 

g. When two or more cranes are used to lift one load, one designated person shall be responsible 
for the operation. That person shall analyze the operation and instruct all personnel involved 
in the proper positioning, rigging of the load, and themovements to be made. Decisions such 
as the necessity to reduce crane ratings, position of load, boom location, ground support, and 
speed of movement shall be in accord with the designated person's determination. 

DRAFl- 



~~ ~- I DEPARTMENT ENERGY OF MOBILECRANES 
HOISTING & RIGGING 4.0 I MANUAL I -  -7 REV: 00191 

h. A determimion shall be made that no one is working on or in close proximity to the crane 
prior to starting the engine or beginning to operate. 

i. ”bo or more separately rigged loads shall not be hoisted in one lift, even though the 
combined load is within the crane’s rated capacity. 

j. The following precautions shall be fogowed when fueling the crane: 

(1) Engines shall be stopped. 

(2) 

A 5BC, or larger, fire extinguisher shall be installed at all operator stations. Fire extinguishers 
shall be maintained in a serviceable condition. 

Gasoline, acids. caustics, or cleaning solvents that emit toxic fumes shall not be stored in 
operating cabs. 

m. Fuel shall be stored in safety cans in safe locations. 

n. Alternate egress routes shall not be locked on mobile units with operating enclosures. 

Smoking or open flame shall not be permitted within 25 ft. of the fueling area. 

k. 

1. 

I 

4.4.2 Conduct of Operator 
c 

. a The crane shall be positioned on as solid and level a footing as possible. It may be necessary. 
in certain situations to use heavy timber mats to build a good working foundation. 

b. When traveling the machine: 

Secure the boom and hook block. 

Check bridges before crossing; make sure theywill support the weight of the machine. 

Check river depths when fording. 

Check clearances under bridges, overhead lines, or any overhead obstruction. When 
side clearances are tight, install a barrier or post a lookout, and make certain there is 
sufficient clearance for tail swing. 

When traveling with a load, snub the load to prevent swaying if possible. Never travel . 
with near-capacity loads. 

Never travel a rubber-tired unit with a load over the side. 

In soft going, always move with the load,behind; it helps to raise the leading end of the 
crawlers and makes traveling safer. 

Always set swing brakes when the unit is idle or holding loads for a period of time, 
especially on slopes. If swinging during travel is necessary, engage swing-jaw clutch 
before releasing brakes. 

Never back up until it is determined that everyone is clear of the machine. 
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(10) Position the boom in direction of travel for long moves. 

(11) Block treads when moving uphill, be sure they are blocked to prevent downhill 
movement before shifting steering clutches. 

C. 

c 

d. 

e. 

f. 

8. 

h. 

i. 

When making adjustments or repairs: 

Stop the machine. 

Lower the boom, or secure it against dropping. 

Neutralize al l  controls. 

Lock starter and remove ignition key to make it inoperative. 

Display proper warning signs on controls of machine. 

Keep hands, feet, and clothing away from gears, ropes, drums, and sheaves. 

Never put hands on wire rope when climbing to the top of the cab. 

Use a bar or stick to guide wire ropes onto drums. 

Keep hands well away from the fan drive while engine is running;- 

Safeguard the crane oiler; do not resume operation until helshe gives a positive ALL 
CLEARsignal. 

- .- 

Replace all guards and shields before resuming operation. 

Block under boom before disassembling. Never stand on or under the boom during this work. 

Before disconnecting oil lines, if machine has hydraulic controls, be sure to place boom on 
the ground or in the boom rest; then move the pedals and control levers to equalize pressures 
within the cylinders. Always release any air supercharge on the hydraulic reservoir and shut 
off the engine (or declutch pumps) before disconnecting oil lines. 

Do not reach into hydraulichm holes unless the sections are securely anchored together. 

Lock the turntable before traveling on a highway. Use a house lock or swing brake, and lower 
boom into the rack to prevent swing. 

When loading machine on the trailer, always use a ramp; if a ramp is not available, use 
blocking to build one. 

Know the rated capacity of the crane. A safe load depends upon boom length, boom angle, 
and working radius. Follow these suggestions to avoid buckling the boom or tipping: 

(1) Know the radius of the load. The radius is measured from center of rotation, not from 
the boom foot pin. 

Always operate within the rated capacity of the machine. (2) 
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(3) The rated capacity includes weight of hook, block, and any material-handling devices, 
such as concrete bucket, magnet. Subtract the weight of all these to find the m e  weight 
of the load you can handle safely. 

(4) Ratings are based on operating the machine on fm, level ground. Outriggers should be 
properly extended and/or lowered before operation. 

(5) Avoid fast swings, hoists, or sudden braking; these can cause overloads. 

(6) Do not handle large, heavy loads in strong winds. The wind can catch the load and 
create an unstable condition. 

j. Use extreme caution when operating the crane near workers in elevated areas. 

k. Use power lowering when lowering loads. When lowering heavy loads, keep the hoist brake 
as reserve. Use a safety pawl on the boom-hoist dnun when not lowering. 

1. Test stability before lifting heavy loads. Check outrigger footing. Lift load slightly off the 
ground and stop. Check the machine for movement and check to be sure the brakes hold with 
the load elevated. Never use machine stability to determine capacity. If there are any 
indications of tipping, the machine is already overloaded for that working radius. 

m. Always use the shortest boom possible, and observe these precautions with any boom length: 

- .. (1) Make only vertical lifts. Never pull the load sideways. 

(2) Keep speed slow in lifting and lowering loads. 

(3) Swing carefully and slowly, and avoid boom or jib "whipping." Check counter balance 
clearance. 

(4) Do not let the load strike the boom or outriggers. 

(5) Allow maximum clearance between the hook block and head sheaves. 

(6) Keep near-capacity loads as close to the ground as possible. 

('7) Avoid hitting anything with the boom. An engineering analysis shall be made before 
putting the crane back in service if this occurs. 

n. When swinging, watch out for centrifugal force. Swing the crane slowly to avoid an outward. 
swing of the load. Attach a tag-line to the load if necessary to control the swing. 

0. Watch for boom "kickback." Never operate with the boom at a higher angle than shown on 
the capacity charts. 

p. Do not back crane away from the load while carrying a maximum load; this may cause the 
crane to tip. 

q. Avoid "two-blocking," caused when the hook block makes contact with boom-point 
sheaves. Continuous pull on the hoist lines can break the rope or pull the boom back over the 
cab on some types of booms. On hydraulically telescoping booms, be sure to play out the 
hoist line when extending and spool in the hoist line when retracting. 

DRAFT 
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U. 

V. 

Always use outriggers when making lifts (with pick-and-cany units), and never lift a load 
forward of the front outriggers, unless shown on manufacturer’s rating chart. 

Lower outrigger jacks to completely remove all machine weight from the tires, and level unit 
to reach the machine’s full capacity. Recheck and, %necessary, reset outriggers between 
heavy lifts. 

Always extend outrigger beams completely. 

Lock carrier air brakes ON when operating, and check the pressure of the air brakes 
iiquently. 

Watch out for the carrier-cab on tuck-mounted units when swinging the boom. Keep boom 
high enough to swing clear of cab. 

4.4.3 Operatlng Near Power Llnes 

a Use extreme caution when traveling or working near power lines. Special procedures are 
required. 

c 

(3) 

Except where the electrical distribution and transmission lines have been deenergized 
and visibly grounded at the point of work or where insulating barriers not a part of or 
an attachment to the crane have been erected to prevent physical contact with the lines, 
cranes shall operate so that no part of the crane or load enters into &e “danger zone,: 
shown in Figure 4-1. - .. 

(a) For lines rated 50 kV or below, minimum clearance between the lines and any 
part of the crane or load (including handling appendages) shall be 10 feet 
(3.05 m). For higher voltages, consult Table 4-1. 

(b) Caution shall be exercised when working near overhead lines having long spans 
as they tend to move laterally or vertically due to the wind which could cause 
them to breach the safety zone. 

(c) In transit with no load, and boom lowered, the clearance shall be as specified in 
Table 4-1. 

(d) A qualified signal person shall be assigned to observe the clearance and give 
warning before approaching the above limits. 

If cagetype boom guards, insulating links, or proximity-warning devices are used on 
cranes, such devices shall not be a substitute for the requirements of 
Paragraph 4.4.3a(l), even if such devices are required by law or regulation. In view of 
the complex, invisible, and lethal nature of the electrical hazard involved, and to lessen 
the potential of false security, limitation of such devices, if used, shall be understood by 
operating personnel and tested in the manner and in the intervals p r e s c n i  by the 
manufacturer of the device. Compliance with Paragraph 4.4.3.a(l) is the recommended 
practice of this standard in determining proximity of the crane and its protuberances, 
including load, to electric power lines. 

Before the commencement of operations near electrical conductors, the person 
responsible for the job shall notify the owners of the lines, or their authorized 

DRAFT 
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representatives, and provide them with al l  pertinent information and request their 
cooperation. 

(4) Any overhead conductor shall be considered to be energized unless and until the person 
owning such conductor or the elqtrical utility authorities verify that it is not energized. 

Q The Electric Power Marketing Agencies in DOE may deviate from the requirements of 
Table 4-1 providing the work is done according to line management-approved 
procedures which are not in conflict with statutory regulations, or approved variances 
from these regulations. ' 

(6) Durable signs shall be installed at the operator's station and on the outside of the crane, 
warning that electrocution or serious bodily injury may occur unless a minimum 
clearance of 10 feet (3.05 m) is maintained between the crane or the load being handled 
and ene&ed power lines. Greater clearances are required because of higher voltage as 
stated in 4.4.3.a(1). These signs shall be revised but not removed when local 
jurisdiction requires greater clearances. 
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Danger zone' . 

'For minimum radial distance of danger zone,see 4.43a(l) 

Flgure 4-1. Danger Zone for cranes and lifted loads operating near electrical transmission lines. 
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SAFE WORKING DISTANCE FROM POWER LINES 

Table 4-1 

a. When operating near high voltage power lines: 

MinimumRequired 
Clearance 

to 50 kV 10 ft. (3.05 m) 
- Over 50 to 200 kV 15 ft. (4.60 m) 

Over 200 to 350 kV 20 ft. (6.10 m) 
Over 350 to 500 kV 25 ft. (7.62 m) 
Over 500 to 750 kV 35 ft. (10.67 m) 
Over 750 to loo0 kV 45 ft. ( 13.72 m) 

b. While in transit with no load and boom or mast lowered: 

Normal Voltage 
(Phase to Phase) 

Minimum Required 
Clearance 

c 

to 0.75 kV 4 ft. (1.22 m j  
Over 0.75 to 50 kV 6 ft. (1.33 m) 
Over 50 to 345 kV 10 ft. (3.05 m) 
Over 345 to 700 kV 16 ft. (4.87 m) 
Over 750 to IO00 kV 20 ft. (6.10 m) 

Y 
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4.4.4 Llftlng Personnel 
a No lifting, lowering, or swinging shall be done while a worker is on the hook, load, or manlife 

platform attached to the cmne load line except as stipulated in 3.15.6. The following 
additional requirements shall also apply: 

(1) A boom angle indicator, readily visible to the operator, shall be provided on 
cranes/denicks with variable angle booms. 

(2) Prior to hoisting personnel, an accurate determination of the load radius to be during 
the lift shall be made. Cranes with telescoping booms shall be equipped with a device 
to indicate clearly to the operator, the boom's extended length. 

(3) The crane shall be operated so that downward motion will be controlled lowering and 
load/boom hoist drum brakes, swing brakes, and locking devices such as pawls or dogs 
shall be engaged when an occupied personnel platform is in a stationary working 
position. 

(4) The crane shall not travel while personnel are on the platform. 

(5) The crane shall be uniformly level within 1% of level grade and located on firm 
footing, Cranes equipped with outriggers shall have them Nly  deployed. 

4.4.5 Holst-Llmlt SWltCh 
- All limit switches, if supplied, shall be checked without a load on the hook, at the beginning of 

each work shift, or the frrst time the crane is used that shift, Each motion shall be "inched" into its 
limit switch. (If a lift is in progress during a shift change, this testing requirement is considered to 
have been satisfied for the completion of that lift, However, the limit switch must be tested again 
before the next lift,) 

4.4.6 Standard Signals: 

The standard signals for DOE use shall be as specified in the latest edition of the American 
National Standards Institute (ANSI) B30 chapters, for the particular type of crane or hoist beiig 
used. (See Figure 4-2,) 

1.4.7 ldentlflcatlon of Slgnalers: 
a. All personnel acting as signalers during crane operations shall be clearly identified to the 

crane operator by the use of the following (one or more, as required by the cognizant 
manager): orange hardhat; orange gloves; and/or orange vest. This requirement may be 
waived by the cognizant manager when the lift is very closely controlled and personnel are 
required to wear special clothing for protection from a hazardous environment. 

In those cases where the crane operator cannot see the signaler, a second person (relay 
signaler) shall be stationed where he/she can see both the signaler and the crane operator and 
relay the signals to the operator. The relay signaler shall also be clearly identified by the 
items in 4.4.7.a, above. 

Where voice (direct or two-way radio) communication is used, the signaler shall 
communicate directly with the operator; not through a third person. 

The operator shall recognize signals only from the designated signaler, except that a signal 
for a stop shall be obeyed when given by anyone. 

b. 

c. 

d. 
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Flgure 4-2. Standard Hand Signals for Controlling Mobile Crane Operators 
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SWING. Arm extended point 
with finger in direction of swing 

TRAVEL. Arm extended 
forward, hand open and 
slightly raised, make pushing 
motion in direction of travel. 

STOP. Arm extended, palm 
down, hold position rigidly. 

DOG EVERYTHING. Clasp 
hands in front of bodv. 

TRAVEL (On; Si& Tiack). 
Lock the track on side 
indicated by raised fist. Travel 
opposite track indicated by 
circular motion of other fist, 
rotated vertically in front of 
bodv. (for land cranes onlvl. 

EXTEND BOOM (Telescoping 
Booms). Both fists in front of 
body with thumbs pointing 
outward. 

EMERGENCY STOP. Arm 
extended, palm down, move 
hand rapidly right and left. 

6 
TRAVEL (Both Tracks).Use 
both fists in front of body, 

. making a circular motion about 
each other, indicating direction 
of travel; forward or backward. 
(for land cranes only). 

LF90-0126 

RETRACT BOOM 
(Telescoping Booms). Both 
fists in front of body with 
thumbs pointing toward each 
other. 

Figure 4-2. (continued) 
DRAFT 
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c 
EXTEND BOOM (Telescoping I 

Boom). One hand signal. One 
fist in front of chest with thumb 
tapping chest. 

RETRACT BOOM 
(Telescoping Boom). One hand 
signal. One fist in front-of-chest 
with thumb pointing outward 
and heel of fist tapping chest. 

LF904127 

Flgure 4-2. (continued) 

I .  
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4.4.8 SIze of Load: 

?IzE: MOBILE CRANES 
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The crane shall not be loaded beyond its special-rated capacity, except as may be provided in 
4.3 of this Section. 

4.4.9 Attaching the Load: 

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

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

c. Care shall be taken to make certain that the sling clears all obstacles. 

4.4.10 Movlng the Load: 

a. 

b. 

c 

C. 

d. 

e. 

f. 

h. 

The appointed person directing the lift shall see that the load is well secured and properly 
baIanced in the sling or lifting device before it is lifted more than a few inches. 

Before starting to hoist, note the following conditions: 

(1) Hoist rope shalt not be kinked. 

(2) Multiplepart lines shall not be twisted around each other.- .. 

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

(4) If there is a slack-rope condition, it should be determined that the rope is properly 
seated on the drum and in the sheaves. 

(5) The qualified rigger is clear of the load. 

During hoisting, care shall be taken thac 

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

(2) Load does not contact any obstructions. A “dry m” shall be conducted in areas where 
clearance is limited. 

Cranes shall not be used for side pulls. except when specifcally authorized by a designated 
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. 

The operator shall not move loads over people. 

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

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

The operator shall not leave hisher position at the controls while the load is suspended, 
unless required to do so by an approved emergency procedure. 

DRAFT 
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i. Work on suspended loads is prohibited under normal conditions. When the cognizant manager 
decides that it is necessary to work on a suspended load, safe guidelines shalI be established 
through consultation with the appropriate safety organization. Suspended loads that must be 
worked on shall be secured against unwanted movement. 

j. A tag line shall be used when it becomes necessary to guide, snub, or otherwise control the 
load. 

4.4.11 Ordlnary Llfts: 

a. 

b. 

The provisions of 4.4.1 through 4.4.10 shall apply. 

All cranes shall be inspected by a designated person to assure that the special-rated capacity 
will not be exceeded, and that they are still within the test-certification period. 

- 

c. AU lifting devices shall be inspected by a designated person to assure that the special-rated 
capacity of each item of equipment will not be exceeded, and that all items are still within the 
test-certification period, if appropriate. 

Inspections for damage and defects shall be conducted as specified in 4.22.c, including 
observations during operation. Deficiencies shall be examined by a qualified person, and a 
determination made as to whether they constitute a hazard. 

Hoist limit switches, if provided shall be checked as specified in 4.4.5. 

d. 

e. 

f. Basic operating instructions of pwer-operated equipment, together with charts, tables, or 
diagrams showing the special-rated capacity, boom angle, swing, and stability data shall be 
posted in convenient view of the operator 

Load lines shall be checked after strain is put on them but before the load is lifted clear of the 
ground; if not plumb, the slings or equipment shall be repositioned so that the lines are plumb 
before continuing. 

- .. 

g. 

4.4.12 High-Consequence Llfts: 

a All of 4.4.11 shall apply. 

b, The operating organization shall appoint one person to be in charge of the entire lifting 
operation (PIC). This person shall meet the defmitions of appointed, designated, and 
qualified, as set forth in Sektion 1.0. 

The PIC shall be a Q W i e d  Person or shall be assisted by a Qualified Person, experienced in 

drawings, procedures, and equipment assignments; and supervising the job. 

c. 
using hoisting and rigging equipment of the type to be used; preparing and reviewing .. 

d. The PIC shall assure that a work plan is prepared covering the entire lifting operation. 
Consideration of the lift history of the crane shall affect the plan, which shall also include, but 
is not limited to, sling angles and sizes: inspection and test-certification periods, load 
configuration; the presence of hazardous materials, and the requirement for a load-indicating 
device. The plan must be reviewed and approved by the cognizant Safety organization. 

e. Hoisting shall be barefully observed while tension is being applied and a check made to 
determine any tendency to swing or sway, and any tendency of slings to slip or change 
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position. Sling positions shall be adjusted or additional supports or restraints shall be added as 
necessary before continuing the lift. Procedural approval of changes to sling position, 
supports, and restraints shall be obtained €torn the appointed person befote they are made. 

Only Qualified Operators may be assigned to operate the lifting equipment. Designated 
signalers shall give si@ to the operator when requid due to the nature of the lift. 

f. 

g. Generalized procedures may be submitted for the handling of these loads, except when 
detailed procedures are specified. Individual procedures for several similar items are not 
required, unless specified. Procedures shall include identification of the item or class of items 
to be moved, the trpe of equipment and rigging accessories to be used and their special-rated 
capacity, any special instructions to operators, and provision for verification by the 
authorized person that the lift or move has been satisfactorily completed. The PIC shall 
certify that good rigging practices, precautions, and safety measures shall be employed, that 
equipment operators are qualified and have been properly instructed, and the equipment is 
adequate for the loads involved and in good operating condition. 

h. Load tests will not be conducted in locations such that the lift meets the definition of A 
High-Consequence Lift in Section 1.0. 

4.4.1 3 SpacIaCHlgh-Consequence Lift: 

a. All of 4.4.12 shall apply. 

b. In addition to those items previously required, the work plan?e@red in 4.4.12.d shall 
include, as a minimum, the following: 

c 

(1) Identifcation of each piece of operating equipment to be used in the move by type, 
rated and speciaI-rated capacity, and, for other than permanently installed equipment, 
the equipment serial number or other identifying number. (I€ the specific piece of 
nonpermanent equipment has not been identified at the time of procedure specification, 
the number shall be included in the job instructions prepared by the appointed person.) 

(2) Identification of slings, lifting bars, and other major rigging accessories or assemblies, 
by serial number and weight. (If the specific items have not been identified at the time 
of procedure preparation, they shall be identified in the job instructions prepared by the 
appointedperson.) 

(3) A list of all nonserialized rigging accessories and materials reqW in the move or lift, . 
identified by type, and capacity and weight. 

(4) Identification of the item to be moved, its weight, dimensions, and Center of gravity (as 
determined by the method of SAE 5874 or estimated from drawings or engineering 
analysis), and the total hook load. 

(5) Rigging sketches showing all lifting points, load vectors, sling angles, accessories, 
methods of attachment, boom angles, crane orientations, and other factors affecting the 
capacity of equipment and accessories used in the move, together with notation of 
limitations to be applied on any allowable orientation of the operating equipment or 
rigging accessories to be used. 

(6) Approximate and maxhhwn hoist and winching speeds. 
DRAFT 
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c 

(7) lnst~~ctions to be given to equipment operators, including boom and swing angles at 
each step of the move, sequence of equipment moves, and coordination with moves of 
other equipment involved; translational speeds, direction, and distances, load weight, 
center of gravity, and other pertinent data. 

(8) Identification of persons who will have field responsibility for the move or l i t  and for 
monitoring it. 

(9) Requirements for specific tests to be made before, during, and after the move or lift, 
including load test for Special-High-Consequence Loads or practice lift. 

(10) Surveillance procedures, including check points, instruments, and indicators, that will 
be used to ensure that the move proceeds according to plan and the special-rated 
capacity of the equipment has not been exceeded. 

(11) Provisions for verification by the appointed person or hisher designee of satisfactory 
completion of each step of the procedure as it occurs. 

.. 
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Table 4-2. Load table for boom crane 

This table is an illustration of the type of the load table which should be included in each boom crane, 

Manitowoc Model 3900 Liftcrane Extra-Heavy Boom 

Working 
radius 

12 
14 
16 
18 

20 
22 
24 
28 
28 

30 
32 
34 
36 
38 

40 
42 
44 
46 
48 

50 
52 
54 
56 
58 

60 
65 
70 
75 

80 
85 
90 
95 

100 
110 
120 

50' . 

120000 
111 200 
la4 200 
97 800 

93 200 
87 800 
83 400 
75 900 
68 100 

61 700 
56 500 
52 000 
48 100 
44 700 

41 700 
39 100 
36 800 
34 700 
32 900 

31 200 

- 

- 

60' 

120000 
110 800 
103600 
97 400 

92400 
86 800 
81 200 
75 500 
67 700 

61 300 
56100 
51 600 
47 700 
44 300 

41 300 
38 700 
36 400 
34 300 
32 500 

30800 
29300 
27 900 
26 500 
25 300 

24 200 

- 

- 

70' 

109 000 
102 700 
97 000 

91 600 
85 800 
80 300 
74 700 
67 300 

60 900 
55 700 
51 200 
47300 
43 900 

40 900 
38 300 
36 000 
33 900 
32 100 

30 400 
28 900 
27 500 
26 100 
24 900 

23 800 
21 300 
19 300 

- 

- 

80' 
Ibs. 

100000 
96 600 

90 600 
84800 
79400 
73900 
66 900 

60500 
55300 
50 800 
46900 
43500 

40 500 
37 900 
35600 
33500 
31 700 

30 000 
28 500 
27 100 
25 700 
24 500 

23 400 
20900 
18 900 
17 100 

15 700 - 

90' 

95 ow 
92 500 

89 600 
83 800 
78 700 
73 200 
66 400 

60 000 
54 800 
50 300 
46 400 
43 000 

40 000 
37 400 
35 100 
33 000 
31 200 

29 500 
28 000 
26 600 
25 200 
24 000 

22900 
20 400 
18 400 
16 600 

15 200 
13 900 
12 700 

- 

- 

100' 

90 000 

86 000 
82 800 
77 800 
72 600 
65 800 

59400 ' 

54 200 
49 700 
45800 
42 400 

39 4m -- 
36 800 
34 500 
32 400 
30 600 

28 900 
27 400 
26 000 
24 600 
23 400 

22 300 
19 800 
17800 
16 000 

14 600 
13 300 
12 100 
11 100 

10 200 

- 

- 

120' 

83000 
80 000 
75 200 
70 500 
64 000 

58 500 
53 300 
48800 
44 900 
41 500 

38500. 
35 900 
33 600 
31 500 
29 700 

28 000 
26 500 
25 100 
23 700 
22 500 

21 400 
18 900 
16 900 
15 100 

13 700 
12 400 
11 200 
10200 

9 300 
6 800 
4 500 

- 

- 

140' 

~ 

66 500 
63 100 
59 800 

56 400 
52 300 
47 800 
43900 
40 500 

37 500 
34 900 
32 600 
30 500 
28 700 

27000 
25 500 
24 100 
22 700 
21 500 

20400 
17 900 
15 900 
14 100 

12 700 
11 400 
10 200 
9 200 

8 300 
5 600 
3 840 

- 

- 

Notes: 
a. Above ratings are maximum recommended working loads. Loads between dotted lines are computed at 75% of 

tipping load across treads: machine on fm, level ground. Loads outside of dotted lines limited by strength of boom. 

b. For booms 80 ft and over, use cambered center section; for booms 100 ft and over, use deep section inserts. 
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EXHIBIT I 

PERIODIC MOBILE CRANE LOAD TEST AND INSPECTION 

Page 1 of 4 

LICENSE OR EQUIPMENT NO. MAKE DATE 

LOAD TEST INSPECTION REPORT 

The following checklist identifies the items to be inspected prior to the load test. All inspections shall be made in 
accordance with the DOE Hoisting and Rigging Manual. Any unusual conditions observed during the inspection should 
be noted in theremarks section. Equipment shall be inspected by Program Support, maintenance personnel prior to load 
test. 

NOTES: 1. NDE Inspector shall verify the inspection is completed.. 

2. Load test at 10% of the manufacturer's rated capacity at any selected working radius. Load test 
shall not exceed 100% of manufacturer's mted capacity. 

3. Craftsmen will initial and date all tests, work, and inspections completed below. 

NO. CRANEITEM DEFECT OK NO. 
1 Cables(WiiRope) 13 
2 CrackedorWorn I Sheaves&Drums 

I I 115 
3 Limitswitch I (?\vo-Blocking) 

4 Boom 16 

5 Masterclutch NO. 

6 I SteeringClutches 

I I l 2  7 HydraulicPump I 

12 I Swing Clutches I I I 

DEFECT OK 
Hoist Clutch Lining 
Hoist D m  Brake Bands 

OpenGears I /I 
I I l l  Boom Jims 

(Where Applicable) 

Steering Gears and 
Connections 

I I l l  Brakes 
(Service and Hand 

.. 

OPERATlNGTEST 

REMARKS (Unusual conditions, noises, Structural cracks, misalignment, etc.) 

SAFETY lTEMS: Fire Extinguisher, Signs, Guards, Etc.) ,' 

DRAFT 



c 

.- Page 29 of 31 

TITLE: MOBILE CRANES DEPARTMENT OF 
ENERGY 
HOISTING & RIGGING . 4,0 
MANUAL I REV: 00191 

EXHIBIT I (contlnued) Page 2 of 4 

MOBILE CRANE LOAD TEST AND FOUOW-UP CHECKS 

NOTES 1. craftsman will initial a l l  steps completed below. 

2. NDE Inspector shall verify all steps below. 
- 

1. Set crane up for load test and inspection. Load test not to exceed 100% of manufacturer's 
rated capacity. Refer to load chart for load test capacity at maximum and minimum working 
radius. Check boom angle indicators for accuracy. Check operation of all safety devices. 
Rig test weights to hook using appropriate slings. 
Static test: Hoisting equipment and winches shall be tested at maximum run out of the 
hoisting ropes or chain, when practical. 
Equipment shall hold the test load for 10 minutes, or the time required to check all primary 
load-bearing parts while under strain without slippage, damage, or permanent deformation of 
any part of the equipment. 

2. 
3. 

4. Dynamic test As a minimum the test load shall be raised far enough for all drums, sheaves, 
gears, or other rotating parts of the hoisting mechanism to complete at least one, or if 
possible, in clearance available, two complete revolutions; then lowered un@ the load comes 
within 2 to 3 inches of the ground; and held at this level for one minute.-l%e hoisting cycle 

At least once during the lifting portion of the hoisting cycle and once during the lowering 
cycle, power to the hoisting equipment shall be completely turned off. There shall be no 
slippage of the load or overheating of the brakes. 

Lower the load to approximately two inches to check for swing-roller operation and 
outrigger stability, slowly swing test load between outrigger locations. 
Move the load back into the original position and slowly lower to ground. 
At the completion of the load test, inspect the following: 
Visually inspect rope in accordance with the DOE Hoisting and Rigging Manual, Chapter 7. 

shall be repeated at least one more time. - __ 

5. 

6. 
7. 
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EXHIBIT I (contlnued) Page 3 of 4 

MOBILE CRANE LOAD TEST AND FOLLOW-UP CHECKS 

DEFECTIVEOK 

a. Ropediametec (Previous) (Present) 
b. Wear 

c. Kinks 

d. Brokenwires 

e. Other signs of deterioration 

Viiually inspect the rope drum for: 

a. wear 
b. Deformation 

c. Deterioration 

d. Have NDE Inspector perform NDT test on hook by visual examination, liquid 
penetrant examination, or magnetic particle examination. Acceptance: No cracks, 
linear indications, laps, or seams. 

c 

- ._ 

Hooks with more than 15% normal (new hook) throat opening shall be replaced. Hooks with more than 10 degrees 
twist from the normal (new hook) plane of the hook shall be replaced. Hooks having more than 10% wear in the 
throat section or 5% elongation of the shank shall be replaced. Lubricate hooks at each inspection. 

Establish three marks, A, B, and C, with a center punch. For ease in measuring, set distances on an even number of 
inches. 

BEFORE LOAD TEST 

Length AB in. 
Length BC in. 

AFlZRLOADTEST 

Length AB in. 1 
Length BC in. 

Check for. 

1. Wear and deformation 
2. Cracksandtwisting Y 

3. Signs of opening between Point A and Point B 

'. 
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EXHIBIT I (continued) Page 4 of 4 

MOBILE CRANE LOAD TEST AND FOLLOW-UP CHECKS 

This information should be retained with the equipment. 

Record the following: 

BLOCKWEIGHT lbs. 

TEST WEIGHT lbs. 

RADIus/cENTER PIN To LOAD fL 

PAKrS LINE quantity 

BOOMLENGTH fL 

Load Test Inspection Date 

NDE Inspector 

- .. 
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'ITTZE: FORKLIFTTRUCKS DEPARTMENT OF 
ENERGY 

REX o o m  
1 

5.1 

c 

GENERAL: 

This section specifies Operation, inspection, testing and maintenancereq-ats forthe use of Forktift 
'hcks powexed by internal combustion engines or electric motors and implements the requirements of 
ANSVASME B56.1 and B56.6, ANSUUL 558 and 583. 

5.1.1 Operator ~InIng/QuaIHIcIon 

oper;rtors of Forklift trucks shall be trained and qualified as stipulated in Section 2.0 ''Operator 
?kainingand-Oa.* 

5.1.2 RatedCapacIty 

a. 

b. 

Rated capacity is the maximum weight that the truck can -and stack at a specified 
load cem and for a specified load elevation. When originally purchased, this is usually the 
maximum weight, expressed in kilograms (pounds) of a 1200 mm (48 inch) homogenous 
cube (a00 mm load center) that a truckcan transport and stack to a height established by the 
manufacturer. 

Tiuclrs shall not be used or testedabove their speciakatedcapacities. 

C. Details are found in ANSI /ASME B56.1 (see 7.4). 

5.1.3 Truck Nameplate 

Every truck shall have appended to it a durable, carrosion-resistant nameplate with tbe model or 
serial number and appropriate weight of the truck legiily inscribed. The serial number shall also be 
stamped on the frame of the truck. The truck must be accepted by a recognized national testing 
laboratory and the nameplate shall be marked. The truck shall meet all other name-plate 
quiremats of ANSUMME B56.1 (see Section 10.0). 

5.1.4 Attachment Nameplate 

Every removable attachment (excluding fork extensions) shall have installed a durable 
msion-resistant nameplate with the following information legiily and permanently inscri'bed: 

SerialNumk. 

b. Weight of attachment. 

c. Rated capacity of attachment. 

d. The following instructions (or equivalent): ''Capacity of truck and attachments combination 
may be Less than capacity shown on mhment--consult truck nameplate." 

Powered industrial trucks for operation in fire hazardws 8reas shall be of the type as recommended 
in A N S W A  505. . 
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c 

5.18 Work Atmosphere 

Concentrafions of carbon monoxide, carbon dioxide, and oxygen in the work location are affected 
by the operation of powered industrial truckse Concentrations of these materials in the work 
location must meet the requirements of OSHA (29 CFR 1910). 

8 

5.1.7 EWrlc;Battery-Operated mcks 

Use of electri-*@ trucks is restricted to those trucks that meet the requirements of 
ANSUUL 583. 

5.1.8 IMemal-CombustIon Thrd<s 

Use of intmal-combustiowwered industrial trucks is restricted to those trucks that meet the 
requirements of ANSI/UL 558. 

5.1.9 FotkAtm 

For fork lift trucks bought after December 1984, each fork ann shall be clearly stamped with its 
individual rated capacity in an are8 readily visible and not subject to wear. For example, 1500 x 24, 
meaning 1500 pounds (680 kilograms) capacity at %inch (600 mm) laad center. 

5.1.10 Design Standards 

a Structural, mechanical, and electrical components shall be such that all q&ents  of 
ANSVMME B56.1m met (see Section 10.0). 

- -. 

b. The safety feahlres and operation shall conform as a minimum, to the provisions of 
ANSI/MME B56.1 (see Section 10.0). 

5.2 INSPECTIONS: 
5.2.1 Ordinary LIfts 

a Prior to initiaI use, al l  new, altered, modified, or extensively repaired forklifts shall be 
inspected by a sualified inspector to assure compliance with the provisions of this Manual. 

Forklifts shall be inspected when assigned to &ce and at least once every six months 
thereafter by a qualified inspector. NDE of the forks shall be made at 12-month intervals. 
Inspection recofds shall be kept on file and readily available. Inspection details are given on 
Exhibit I, ‘Forklift Load Test & Inspection,” which appears at the end of this Section . 
Brakes, steering mechanisms, control mechanisms, warning &vices, lights, governors, 
lift-overload devices, guards, and safety &vim shall be inspected n@arly and maintained 
in a safriwperaring condition. 

b. 

c. 

d. All pares of lift and tilt mechanisms and frame members wbe carefully and ~gularly 
inspected and maintained m a safeopemting condition. 

e. Special trucks or devices, designed and approved for operation in hazatdous areas, shall 
receive special attention to ensure that the original, approved safeoperating features are , 
preservedby maintenance. 

DRAFT 



c 

L Page 3 of 11 

mZe:' FORKLIFT TRUCKS 

NUMBW: 5.0 REV: 00191 

DEPARTMENT OF 
ENERGY 
HOISTING & RIGGING 
MANUAL 

f. Fuel system shall be checked for leaks and condition of parts. Extra-special consideration 
shall be given in the case of a leak in the fuel system. Action shall be taken to prevent the use 
of the truck until the leak has been corrected. 

g. AUhydrauticsystemsshallbe~~lyinspectedandmaintainedinconfarmancewithgood 
practice. 'IElt cylinders, valva, and other similar parts shall be checked to assm that "drift" 
has mt developed to tbe extent that it would create a hazard. 

h. Capacity, Operation, and maintemn-ction plates, tags, of decals shall be maintained 
in legible condition. 

i. Batteries, mom, controllers, limit switches, protective devices, electrical conductors, and 
co~ecti~nsshallbeinspectedandmaintainedinconformancewi~goodpractice.Special 
attention shall be paid to the condition of electrical insularion. 

5.22 High-Consequence Llfts 

AU provisions of 53.1 shall apply. 

5.23 Speclal-High-Consequence Llfts 

AU provisions of 53.1 shall apply. 

5.3 TESTING: 

5.3.1 Ordinary Llfts 

a Forklifts shall be load tested and inspected by aqualified inspector when assigned to service, 
and thereafter at l h o n t h  intervals. Load test details are given on Exhibit I, ''Forklift Load 
Test and Inspection Report.'' which appears at the end of this Section. Load test records shall 
be kept on fileand readily available to appointed personnel. 

b. The load testsrequired in a. above shall not exceed the rated capacity of the equipment. Test 
weights shall be accurate to within -5%, 4% of Stipulated values. Load slippage for this 
equipment shall not be greater than a maximum of 3 in. vertically and 1 in. horizontally at 
the cylinder during a static test period of at least 10 min. in d d o n .  

c. Ifatesthasnotbeencompletedbytheendoftherequiredperi~theequipmentshallbe 
downrated as fohws: 

(1) Thirty calendar days aher the end of the period, the equipment shall be downrated 
75% of the rated capacity. 

(2) Sixty calendar days after the end of the period, the equipment shall be d o m t e d  to 
50% of the mted capacity. 

(3) Ninety calendar days after the end of the period, the equipment shall be taken out of 
service until the required inspection has been completed, 
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5.38 High-Consequence LMS 

a. All provisions of 5.3.1 shall apply. 

a. Forkliftsshallbcloadtes~whenasSignedtothisserViceandatsiX-monthintervals 
thereafter or pria to making a Special-HigMhseqwnce Lih Load test details are given 
on Exhibit I, ''Forklift Load Test and Inspection Repork" which appears at the end of this 
SeCtiOXL 

b. All pvisim of 5.3.lb and c shall apply. 

5.4 OPERATING PRACTICES: 

5.4.1 General 

a. An appointed person shall classify each lift into one of the DOE categories prior to planning 
the lift. 

b. The operator shall not engage in any practice which will divert aaention while operating the 
forklift. 

C. The operam shall not operate the forklift when physically or mentally incap&itated. 
. I  

d. The operating area shall be kept free of water, snow, ice, 0% iihd debris thd could cause the 
operators hands and feet to slip from the controls. 

Special consideration should be given to the proper functioning of tires, horn, lights, battery, 
brakes, steering mechanisms, and operaling controls. If at any time a forkliEt is in need of 
repair, defective, or is in any way unsafe, the matter shall be reported immediately to the 
designatedauthority. Tbe unit shall be taken out of service untilit has been restored to 
safeoperating condition or a determination has been made by the cognizant manager that the 
discrepancy will not adversely affect the safe operation of the unit. 

e. 

f. A 5BC, or larger, fin extinguisher shall be installed on the forklift and shall be maintained in 
a serviceable condition. 

5.4.2 Conduct of Operator 

a. Before opeaation of elecaic powered machines,'check location of the battery plug for quick 
disconnection in case of a short circuit. 

b. Avoid sudden stops. 

c. Face in the direction of travel, except as follows: 

1. For better vision with large loads, operate the truck in reverse gear. 

2. Do not descend ramps with load in front. 
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d 

e. 

f, 

g* 

h. 

i. 

j, 

k;. 

1. 

m. 

n. 

0. 

P* 

4. 

r. 

5. 

t. 

U. 

V. 

W. 

X. 

Ye 

2. 

Watch blind comers and stop at al l  intersections and doorways, and sound the horn. 

operate at safe speeds: in-plant buildings-5 mph; in-plant roads-I5 mph maximum. 

Goslow arourbdcurves. 

Use low gear 01 slowea-speed control when descending ramps. 

Riders are prohibited on powered indusaial trucks, unless the truck is specifically built with 
passenget -g. 

Know the rated capacity of the truck and stay within it. 

Consider both truck and load weight. 

Watch overheadclearance. If in doubt, measure. 

Keep clear of edge of the Loading dock. 

Watch m-endswing. 

Before handling, assure that stacks and loads are stable. Block and lash them ifnecamy. 

Always spread the forks to suit the load width. 

Lower and raise the load slowly. Make smooth gmdual-s~ps. 

Lift and lower loads only while the vehicle is stopped. 

Use special care when high-tiering. Rem the lift to a vertical position before lowering load. 

Lift, lower, and cany loads with the upright vertical oc tilted back; never forward. 

To avoid personal injury, keep arms and legs inside the opetator's area of the machine. 

Never travel with forks raised to unnecessary heights. Approximately 4 to 6 inches above 
floor level is adequate. 

When loading trucks ob trailers, see that the wheels 
in front end of the semitder only if the tractor is attached, or adequate trailer (railmad) 
jacksareinplace. 

Inspect floors on trucks, boxcars, unfamiliar ramps, or platforms before start of operation. 

Be sure bridge plates into trucks or freight cars are sufficiently wide, strong, and secure. 

Never butt loads with forks or rear end of truck. 

Fork trucks should not be used as tow trucks. They are built for lifting only, unless a towing 
hitch is supplied by the manufacturer. Use tow bars rather than cable for towing. 

Stop engine before refueling. 

- 

chocked and the brakes set. Operate 
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bb. Use only approved explosion-proof lights to check gas tank and battery water levels. 
Smoking is not permitted during this operation. 

cc. Place forks 5 t  on the floor when truck is parked. 

dd. I\lm switch key off when leaving the machine. 

ee. Always set brakes before leaving the truck. 

ff. Report evidence of faulty truck performance. 

gg. When alighting fmm truck, step d o d o  not jump. 

hh. Report all accidents promptly to your Supervisor. 

ii. The final responsibility for the W i g  of a truck remains with the driver. Use guides and 
signa& as much as possible. If in doubt, check personally before pmceding. 

3. Never lift with one tine without an engineering analysis and approval. 

5.43 Llftlng Personnel 

a. No lifting OT lowering shall be done while a worker is on ths fines, load, ormanlift platform 
attached to the forklift tines except as stipulated in 3.15.6. The forklift shall not travel while 
personnel m on the platform. 

b. When being supported by a forklift, the manlift platform shall be attached in such a manner 
that it cannot inadvertently slide or bounce off the tines. 

5.4.4 Standard Slgnals 

a Standard hand signals for use at DOE locations shall be as specified in the latest edition of 
the American National Standards Institute (ANSI) chapters, for the particular forklift being 
used. (See Figure 5-1). 

b. The operator shall recognize signals fmm the designated signaler only except that - (I signal 
for STOP shall be obeyed no matter who gives it. 

5.45 Slzeof Load 

a Since the load rating for forklifts may be based on stability, or hydraulic or structural 
competence, the rated capacity shall not be exceeded in operational application. 

b. No forklift shall be loaded beyond the speciakated capacity. 

c. The designated person shall ascertain that the weight of a load approaching the special-rated 
capacity (combination of weight and location of the center of gravity) has been determined 
within +lo% - .  before it is lifted. 
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5.4.6 1 Movlng the Load 

1IzE: FORKLIFT TRUCKS 

REV:. 00/91 5.0 

a The nature of the terrain, ar surface upon which the truck is to operate, is a very important 
factor in the stability of load-mck system. The designated petson shall assure that a proper 
truck has b e a  selected to opetate on the surface available. In general, small, threewheeled 
trucks are to be operated on smooth, hard surfaces only, and are not suitable for outdoor 
work. 

b. The designated pexm shall assure that the load is well secured and properly balanced before 
itisliftea. 

c. During h o i g ,  care should be taken that 

(1) There is no sudden acceleration of the load. 

(2) The load does not contact any obstruction. 

5.4.7 Ordinary Llfts 

The provisions of 5.4.1 through 5.4.6 shall apply. 

5.48 Hlgh-Consequence LHts 

a. Ihe  provisions of 5.4.1 through 5.4.6 shall apply. I 

b. The operating organization shall appoint one person in cme-Ic) oftheentire lifting . 
operation. This person shall meet the definitions of appointed, designated, and qualified, as 
set forth in section 1.0. 

c. The PIC shall assure that a work plan is prepared covering the entire lifting operation. 
Consideration of the lift history of the truck shall affect the plan, which shall also include, 
but is not limited to, inspection and test-certification periods, load configuration, and the 
presence of hazardous materials. The plan must be reviewed and approved by the cognizant 
Safety organization. 

When two or more tcuclrsam quiredto liftarhandleaload,onequatified specialist shall be 
assigned who shall analyze the operation, instruct a l l  personnel in the proper positioning and 
rigging of the load and use of the equipment, and direct the operation of al l  equipment 

d. 

e. Load tests will not be conducted in locations such that they meet the definitions of 
High-ConsequenceLifts in Section 1.0. 

The PIC shall be a Qualified Person, or shall be assisted by a Qualified Person, experienced 
in using hoisting and rigging equipment of the type to be used; Preparing and reviewing 
drawings, procedures, and equipment assignments; and Supervising the job. 

f. 

g. Only Qualified operators may be assigned to operate the lifting equipment. Designated 
signalers shall give signals to the operator when requhd due to the nature of the lift 

h. Generalized pmedures may be submitted for the handling of these loads, except when 
detailed procedures are specified. Individual procedures for several similar items are not 
required unless sptxifiecl. Procedures shall include identification of the item or class of items 
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to be moved, the type of equipment and rigging accessories to be used and their special-rated 
capacity, any special instructions for operation, and provision for verification by the 
authorized person that the lift at move has been satisfactorily completed. The PIC shall 
certify that good rigging practices, precautions, and safety measures wil l  be employed; the 
equi~entoperatorsarequalifiedandhavebeenproperlyinstructed; andthatequipmentis 
adequatefor~loadsinvolvedandisingood~tingcondition. 

a. AU of 5.4.8 shall apply, 

b. In addition to those items previously required, the work pIan required in 5.4.8~ shall include, 
as aminimum, thefoltowing: 

Identification of each piece of operating equipment to be used in the move by type, 
rated or special-rated capacity, and, for other than permanently installed equipment, 
the equipment serial number or other identifying numb.  (If the specific piece of 
nonpermanent equipment has not been identified at the time of procedure pitication, 
the n u m b  shall be included in the job ~ c t i o n s  prepared by the appointed person.) 

Identificationofaccessoriesorassembliesby~numbandweight~thespecific 
items have not been identified at the time of pmtxdm pparation, theyshall be 
idenaed in the p b  instructions prepared by the appointedperson.) . - .- 
A list of all nollserialized rigging accessories and materials required in themoveor lift, 
identified by type, capacity, and weight 

Identification of the item to be moved, its weight, dimensions, and center of gravity. 

Sketches showing special attachments, lifting fixtures, accessories, methods of 
attachment, and other factors affecting the capacity of equipment and accessories used 
in the move, together with notation of limitations to be applied on any allowable 
orientation of the aperating equipment or rigging aCCeSSOrieS to be used. 

Instructions to be given to equipment operators, including sequence of equipment 
moves and coordinations with moves of other equipment involved; translational 
speeds, directions, and distances, load weight, center of gravity, and other pertinent 
data. 

Identificaton of persons who will have field responsibility for the move or lift and for 
monitoring it 

Requirements for specific tests to be made before, during, and after the move or lift, 
including a load test for SpecM-High-Consequences Loads or a ptice lift. 

Surveillance pn>cedures, including check points, instruments, and indicators, that will 
beused to ensure that themove is peed ing  according to plan andthespecid-med 
capacity of the equipment has not been exceeded. 

(10) Provision for verification by the PIC, or his/her designee, of the satisfactory 
completion of each step of the procedure as it occurs. 
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FORKLIFI' LOAD TEST AND INSPECI'ION 

INSPECIED BY EQUIPMENTNUMBER 

INSPECTIOM Craftsmen wiU initial all tests, work, and inspections completion below. 

prior to initial use, all new, altered modified, or extensively repaited forklifts shall be inspected. 

Forklifts shall be inspected when assigned to service and at least every six months thereafter. 

NDE Inspector shall verify inspection complete prior to load tesf 

All inspections shall be in accordance with DOE Hoisting and Rigging Manual. 

1. 
2. 

' 3. 

4. 

c 

6. 

7. 

QUALITY 

Insure capacity, operation, and maintenance-insauction plates, tags, or decals are legible. 
Check all hydraulic systems including tilt cylinders, valves, and other similar parts to assure 

Check fuel system for leaks and condition of parts. Special consideration shall be given in. 
the case of a leak in the fuel system. Immediate action shall be taken to put the forklift "out 
0fseavice"untilrbeleakiscomted. 
Check all parts of lift and tilt mechanisms and fiame members to insure safe operating 
conditions, such as, but not limited to, hoist chain for daqage and excessive wear. 
Check for proper tire S t i o n  (where applicable). Check tires being secured properly and 
level with each other. ' 

Check batteries, m o m ,  controllers, limit switches, protective devices, electrical conductors 
and connections, special attention shall be paid to the condition of electrical insulation. 

"drift* has not developed. . -. 

Check brakes, steering mechanisms, warning devices, lights, governors, lift overload devices, 
guards,andsafetydevices. 

NDE Inspector shall use the criteria for Items 8,9, and 10 and perform visual examination, liquid 
penetrant examination, or mag. particle examination. 
Acceptance: No cracks, lineat indications, laps, or seams. 
8. Check for tines being secured properly and level with each other. 
9. NDE Inspector perfms NDT Test on the right angle joint of the fork once every 12 months. 
10. NDE Inspector performs NDT Test on the load or stress bearing welds that attach the tines to 

the forkliil once every 12 months. 
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FORKLIETIDADTEST 

:S  1. Readallstepsbelowpriortoroadtest. 

2. FoIlrliftsshallbeloadtestedwhenassignedtoseaviceandthereafteratlZmonthintervals. 

3. Load test forklift at 100% rated capacity. Lorad test shall not exceed 100% of the speciakated 
capacity of the equipment. 

Forklifts assigned to special-higticonsequence service shall beload tested at6-month intervals, 
and before making a special-bigh-consequence liR 

4. 

rlSPECTOR Shall verify all steps below. 

MENT NUMBER EQUIPMENT 0PERP;roR (Actual Load Test IbS. 

QdWe Date 

Weight 

1. 

2. 

3. 

- -. Set forklift on solid, level ground. 

Perfon load test Using the required weight (see Note 3). 

Static-Forklift trucks shall demonstrate ability to withstand the approqniate test load for a period of 
at least ten minutes without permanent deformation or apparent damage. Load slippage for this 
equipment shall not be greater than a maximum of 3 inches verrically and 1 inch horizontally at the 
cylinder. 

Check system for leaks while undergoing test 

DRAFT 
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6.0 HOISTS 
GENERAL: 

This section establishes safety standards for the operation, inspection, testing, and design of 
elecaic-powered, air-pwered, or -owered hoists not permanently mounted on overhead aane and 
implements the requirements of ANSUASME B30.16. (See Figure 6-1 through 6-3). 

6.1.1 

6.1.2 

6.1.3 

6.1.4 

6.1.5 

6.1.6 

6.1.7 

1.8 

Operator lhlnlng/QualHlcatlon 
Operators of hoists shall be trained and qualified as stipulated in Section 2.0, "Operator training 
and Qualification." 

MarWng 
a. The special-rated capacity shall be permanently marked on the hoist or load block and shall 

be clearly legible from the operating position. 

The hoist shall be permanently marked with the manufacturer's name, address, and unit 
identification. 

. 

b. 

Load Chaln 
a. Load chains shall be proof-tested by the chain or hoist manuhcturer with a ioad at least 

one-and-one-half times the rated load, divided by the number of chain pm supportiug the 
load. 

Wrought-iron chain is not permitted for load line. 

Roller chain is not permitted for load line. 

- .. 

b. 

c. 

Load Braking 
The hoist shall be so designed that, when the actuating force is removed, it wiU automatically stop 
and hold the load up to 125% of the special-rated capacity. 

Locatlon 
The hoist shall be installed only in locations that wil l  permit the operator to stand h e  of the load at 
all times. 

support 

Support structure, including trolleys, monorail, crane, if any, shall have a special-med capacity at 
least equal to that of the hoist. 

Load Rating 
The special-rated capacity shall not be exceeded except for properly authorized tests. 

Deslgn Standards 
a. The safety features and operation shall conform, as a minimum, to the provisions of 

ANSI B30.16 (see Section 10.0). 

Elecrxically powered chain hoists shall comply with ANSUASME HST-IM. b. 

DRAJT 
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HAND CHAIN OPERATED CHAIN HOIST 

HAND CHAIN OPERATED CHAIN HOIST 

. 
FIGURE 6-1 Hand Chain Operated Chain Hoists 
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ELECTRIC POWERED CHAIN HOIST 

.I. 

FIGURE 6-2 Electric/Air-Powered Chain and Wire Rope Hoists 

AIR POWERED CHAIN HOIST 
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.I c: 

u .  
ELECTRIC POWERED WIRE ROPE HOIST 

It; 

FIGURE 6-3 Electric/Air-Powered Wm Rope Hoists 
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6.2 INSPECTIONS: 
6.2.1 OrdInary Ufts 

a. All new hoists shall be inspected by the hoist manufacturer. Prior to initial use, a l l  altmd or 
repaired hoists shall be inspected by, or under the direction of, a cedfied inspector whose 
qualification to perfonn specific activities has been determined, verified and attested to in 
writing to ensure compliance with the provisions of this Section. 

b. Inspection procedures for hoists in regular use are divided into two general classifications, 
based upon the intervals at which the inspection should be perfonned by or under the 
direction of a cedfied inspector whose quaUication has been determined, verified and 
attested to in writing. The intervals, in tum, are dependent upon the ~ n ~ e  of the critical 
components of the hoist, and the degree of their exposure to wear, deterioration, or 
malfunction. The general classifications are herein designated as "frequent" and "periodic," 
with respective intervals between inspections as defined below: 

(1) Frequent inspection: daily to monthly intervals 

(2) Periodic inspection: 1- to lZmonth intervals, or as specified by the manufacturer. 
Hoists exposed to adverse environments should receive periodic inspections more 
frequently. 

Frequent Inspections: Items, such as the following, shall be inspected for damage at intervals 
as defined in 6.2.1.b(1), or as otherwise established, including observathm during opemion 
to detect any damage which might appear between regular $spections. Deficiencies shall be 
carefully examined, and determinations shall be made as to whether they constitute safety 
hazards. 

c. 

(1) AU controls and operating mechanisms for improper operation: daily or before use. 

(2) AU safety devices for malfunction: daily or before use. 

(3) 

(4) 

Deterioration or leakage in air systems: daily or before use 

Hooks damaged from chemicals, deformation, cracks, or having more than 15% in 
excess of normal throat opening, or more than 1Wegrees twist from the plane of the 
unbent hook. NOTE: Any hook that is twisted or has a throat opening in excess of 
normal indicatesabuse or overloading of the unit Other load-bearing components of 
the hoist should be inspected for damage-daily or before use. 

LoacEcarrying ropes or chains: Visual inspection shall be made daily for wear, twist, 
distortion, or improper dead-ending to the hoisting drum and other attachments. . 
Chains shall also be inspected for deposits of foreign material, which may be carried 
into the hoist mechanism. 

(5) 

d. Periodic Inspections: Complete inspections of the hoist shall be performed at intervals as 
generally defined in 6.2.1.b(2) above, depending upon the unit's activity, severity of senrice, 
and environment; or as specifically indicated below. These inspections shall include the 
requirements of 6.2.l.c above and, in addition, items such as those listed below. Any 
deficiencies, such as those listed, shall be wefully examined, and determinations shall be 
made as to whether they constitute a safety hazard. Inspection records shall be kept on file 
and readily available. 

Items for inspection are included in EXHIBIT I, "Hoist Load Test ami inspection," which 
appears at the end of this Section. 
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Loose bolts or rivets 

Cracked or worn drums or sheaves 

Wom, corroded, cracked, or distorted parts such as pins, bearings, shafts, gears, rollers 
Iocking, and clamping devices 

Excessive wear on motors or load brakes 

Excessive wear of chains, ropes, load sprockets, drums, sheaves, and chain stretch 

Hook Dye penetrants, magnetic particle, or other suitable crack-detecting 
inspections should be performed at least once per year 

Electrical apparatus for signs of pitting or any deterioration of controller contractors, 
limit switches, and push-button switches 

Hook retaining nuts or collars and pins, welds, or riveting used to secure the retaining 
members 

Supporting structures and trolleys, if used, shall be inspected for continued ability to 
support the imposed loads 

Warning labels for absence or illegibility. 
I 

- -_ 

e. Semiannual inspections, complete with written, dated and signed reports, shall be conducted 
on criticai items, i.e., brakes, hooks, chains, and load lines. Inspection records shall be kept 
on file and readily available. 

f. All running ropes shall be visually inspected by the operator or an appointed person once 
each shift or prior to use if the hoist is not in regular seMce. A thorough inspection of all 
ropes shall be made by a qualified inspector at least once every six months or prior to use if 
the hoist is not in regular service. Written, dated, and signed inspection reports shall be kept 
on file and readily available to appointed personnel. Any deterioration, resulting in 
appxeciable loss of original strength such as described below, shall be wefully noted, and 
determinations shall be made as to whether further use of the rope constitutes an acceptable 
risk. 

(1) Reduction of rope diameter below nominal whether due to loss of core support, interna! 
or external cornsion, or wear of outside wires 

(2) A number of broken outside wires and the degree, distribution, or concentration of such 
broken wires 

(3) Worn outside wires 

(4) Sections of rope which ark normally hidden during inspection or maintenance 
procedures, such as parts passing over sheaves, should be given close inspection as 
these are points most subject to deterioration 

Corroded or broken &s at end connections (5 )  
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1. 

m. 

(6) Corroded, cracked, bent, worn or improperly applied end connections 

(7) Kinking, crushing, cutting, or unstmnding. 

AU rope, which has been idle for a month or more due to shutdown or storage.of a hoist on 
which it is installed, shall be given a thorough inspection before it is placed in service. This 
inspection shall be for all types of deterio+ons, and shall be performed by an appointed or 
designated person whose approval shall be required before further use of the rope. A written 
and dated report of the rope condition shall be filed. 

No precise des can be given for determination of exact time for replacement of rope, since 
many variables are involved. Safety in this respect depends largely upon the use of good 
judgment by an appointed or designated person in evaluating remaining strength in a used 
rope, after allowance for deterioration disclosed by inspection. Safety of rope operation 
depends upon this remaining strength. 

Conditions, such as the following, shall be sufficient reason for questioning rope safety and 
consideration of replacement 

In hoist ropes, 12 randomly distributed broken wires in.one rope lay, or 3 broken wires 
in one strand in one rope lay 

Wear of one-third of the original diameter of outside individual wires 

Kinking, crushing, birdcaging, or any other damage resulting in distortion of the rope 
structure - ._ 

Evidence of any heat damage from any cause 

Reductions from nominal diameter of more than 0.4 mm (1/64 inch) for diameters up 
to and including 7.9 mm (5/16 inch), 0.8 mm (1B2 inch) for diameters 9.5 mm 
(3/8 inch) to and including 12.7 mm (1/2 inch), 1.2 mm (3/64 inch) for diameters 
14.3 mm (9/16 inch) to and including 19.1 mm (3/4 inch), 1.6 mm (1/16 inch) for 
diameters 22.2 mm (7/8 inch) to and including 28.6 mm (1-1/8 inch), and 2.4 mm 
(3/32 inch) for diameters 31.8 mm (1-1/4 inch) to and including 38.1 mm (1-1/2 inch). 

In order to establish dam as a basis for judging the proper time for replacement, an inspection 
record shall be maintained. 

Special attention shall be given to end fastenings. Ropes should be examined frequently at 
socketed fittings; upon the development of two broken Wires adjacent to this point, the rope 
should be resocketed or replaced. Resocketing shall not be attempted if the resulting rope. 
length wi l l  be insufficient for proper operation. Those portions of the rope subjected to 
reverse bends and operation over small-diameter drums or sheaves should be given close 
attention. 

Replacement rope shall be the same size, grade, and construction as the original rope 
furnished by the hoist manufacturer, unless otherwise recommended by a rope manufacturer 
due to actual working conditions. 

chain 

(1) Operate the hoist under load in hoisting and lowering directions, and observe the 
operation of the chain and sprockets. The chain should feed smoothly into and away 
6om the sprockets. 
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(2) If the chain binds, jumps, or is noisy, first see that it is clean and properly lubricated. If 
the trouble persists, inspect the chain and mating p m  for wear, distortion, or other 
damage. 

(3) Chain should be cleaned for inspection. Examine visually for gouges, nicks, weld 
splatter, corrosion, and distorted lings. Slacken the chain and move adjacent links to 
one side to inspect for wear at the contact points. If wear is observed or stretching is 
suspected, the chain should be measured according to the hoist manufacturer's 
instructions. If instructions are not available, proceed as follows. 

(a) Select an unworn, unstretched length of the chain (e.g., at the slack end) 

(b) Suspend the chain vertically under tension and, using a caliper-type gauge, 
measure the outside length of any convenient number of links approximately 12 
to 14 inches overall 

(c) Measure the same number of links in the used sections and calculate the 
percentage increase in length. 

n. Replacement ' 

(a) Ifthe used chain exceeds a hoist manufacturer's recommended length, or in the 
absence of such a recommendation, if the used chain is 1-1/2% longer than 
unused chain, replace the chain. Repairing the load chain by welding or any other 
means shall not be attempted by anyone other than the chain manufacturer. . 

(b) The existence of gouges, nicks, corrosion, weld splatter, or distorted links is 
sufficient reason for questioning chain safety and considering chain replacement. 
Safety in this respect depends largely upon the use of good judgment by an 
appointed or designated person in evaluating the degree of damage. 

(c) Replacement chain shall be the same size, grade, and construction as the original 
chain furnished by the hoist manufacturer, unless otherwise recommended by the 
hoist manufacturer due to actual working condition. 

(d) Load-chain links which pass over the hoist-load sprocket on edge (alternate to 
those which lie flat in the pockets) should be installed with the welds away from 
the center of the sprocket. This precaution is not required on idler sprockets, 
which change the direction but not the tension in the chain. 

(e) The chain shall be installed without any twist between the hoist and an anchored 
end on either the loaded side or the slack side. 

(f) When a chain is replaced, disassemble and inspect the mating parts (sprockets, 
guides, stripper) for wear, and replace if necessary. 

6.22 Hlgh-Consequence Lifts 

a. All provisions of 7.1.4a shall apply. 

b. Equipment shall be inspected when assigned to this seM& and at 12 month intervals 
thereaftex Major inspection shall include all points and items covered by the equipment 
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manufacturer’s recommendations (when available). Periodic inspection in accordance with 
7.1.4a(4), nondestructive examination (magnetic particle or liquid penetrant) of hooks and, 
when requid by the inspector, welds, bearings, or other suspect load-beam gpartsshallbe 
done at specified intervals. NDE shall be in accordance with pertinent sections of applicable 
ASTM Standards. Annual maintenance shall be canied out prior to or during the major 
inspection. Items for inspection are included in Exhibit N, “Hoist Load Test & Inspection,” 
which appears at the end of Section 7.0 of this Manual. 

6.2.3 Speclal-Hlgh Consequence Ufts 

All provisions of 6.2.2 shall apply. ’ 

6.3 TESTING: 

6.3.1 Ordlnary Ufts 

a. All hoists in which load-sustaining parts have been altered, replaced, or repaiired shall be 
tested and inspected by a qualified inspector and a written report confirming the load rating 
shall be filed and r e d y  available. Test loads shall be at 125% of the rated capacity. 

b. On hoists incorporating overload devices which prevent the lifting of 125% of the rated load, 
a load test shall be accomplished with at least 100% of rated load, after which the function of 
the overload device shall be tested. 

The tiip setting of limit Switches and limiting devices shall be conducted first by hand if 
practicat; tben under slowest speed obtainable; and then with increasing speeds up to 
maximum speed. Actuating mechanisms shall be located so that they will hip the switches or 
limiting devices in sufficient time to stop motion without damage to any part of the hoisting 
arrangement. 

- 
- __ 

c. 

d. All anchorages and/or suspensions shall be approved by the appointed person. 

e. Hoists shall be tested before use by, or under the direction of, a designated person to ensure 
compliance with this standard, including the following functions: hoisting and lowering, 
operation of brakes, limit devices, locking, aod safety devices. 

f. Permanently installed hoists shall be load tested when assigned to tbis service, thereafter at 3 
year intervals, and when specified in the procedures, except that temporarily installed, 
portable units i.e., chain falls shall be tested annually. In no case shall the load test exceectthe 
rated capacity of the equipment. Test weights shall be accurate to within -58, +O% of 
stipulated values. Load tests shall be performed by a qualified inspector and load test records 
shall be kept on file and readily available. 

. 

g. If a test has not been completed by the end of the required period, the equipment shall be 
downloaded as follows: 

(1) Thirty calendar days after the end of the period, the equipment shall be downrated to 
75% of the rated capacity. 

(2) Sixty calendar days after the end of the period, the equipment shall be downrated to 
50% of the rated capacity. 
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633 

(3) Ninety calendar days after the end of the period, the equipment shall be taken out of 
service until the required inspection has been completed. 

Hlgh-Consequence LHts 

AU provisions of 63.1 shall apply. 

Once the hoist has been put in service, load tests shall be made with a hook load of 125% of the 
combined weight of the item to be lifted and the lifting tackle, or with a hook load of 125% of the 
rated capacity; in no case shall the load test exceed 125% of rated capacity of the equipment. Test 
weights shall be accurate within -5%, 4% of stipulated values. 

Speclal-Hlgh-Consequence Ufts 

a. All provisions of 7.2.40) shall apply. The following shall apply: 

(1) Static Test: Equipment shall hold the test load for 10 minutes, or the time required to 
check all primary load-bearing parts while under strain without slippage, damage, or 
permanent deformation of any part of the equipment. Hoisting equipment and winches 
shall be tested in maximum -ut of the hoisting ropes or chain, when practical. 

Dynamic Test: Hoisting equipment shall be operated through at least two complete 
cycles of all movements which the equipment will encounter in service, while 
supporting the test load As a minimum, the test load shall be raised farenough for all 
drums, sheaves, gears, or other rotating parts ofthe hoisting mechanism to complete at  
least one or, if possible in the clearance available, two complete revolutions; then 
lowered until the load comes within 2 or 3 in. of the grouod; and held at this level for 
one minute. The hoisting cycle shall be repeated at least one more time. Tests shall be 
made by the operator who normally operates the equipment, who shall demonstrate 
&/her ability to positively control the load during all lateral, rotational, and vertical 
motions which will be encountered in service. At least once during the lifting portion 
of the hoisting cycle and once during the lowering cycle, power to the hoisting 
equipment shall be completely turned off. There shall be no slippage of the load or 
overheating of the brakes. , 

(2) 

6.4 OPERATING PRACTICES: 

6.4.1 Conduct of Operator 

a. The operator shall not engage in any practice which will divert &/her attention while 
engaged in operafing the hoist. 

b. Before starting the hoist, the operator shall be certain that all personnel are clear of the 
equipment. 

c. The operator shall familiarize himself/herselfwith the equipment and its proper care. If 
adjustments or repairs are necessary or any damage is known or suspected, the operator shall 
report it promptly to the appointed person. The operator shall also notify the next operator of 
the problem u p n  changing shifts. 

d. All controls shall be tested by the operator before beginning a shift. If any controls do not 
operate properly, they shall be adjusted or repaired before operations begin. 
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e. Before operating a Em, make sure hands are clear from all moving parts. 

f. Take signals h m  only one person using the standard signs shown in Section 3.0, Figure 3-5. 
A stop signal shall be obeyed regardless of who gives it. 

6.4.2 SIze of Load 

The hoist shall not be loaded beyond the special-rated capacity, except for authorized testing. 

6.4.3 Attaching the Load: 

a. The hoisting rope or chain shall not be wrapped around the load. 

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

c. The slings or other approved devices shall be seated properly in the saddle of tbe hoak before 
hoisting operations are carried out. 

6.4.4 Moving the Lo& 

a. The load shall not be moved or lifted more than a few inches until it is well balanced in a 
sling or lifting device. 

- 
b. Care shall be taken in hoisting to be certain that: - ._ 

(1) Hoist ropes or chains are not Wed or twisted. 

(2) The load does not contact any obstructions. 

(3) Multiple-part ropes or chains are not twisted around each othet 

c. Before Starting to hoist, the rope or chain shall be properly seated on the drum, sheaves, or 
sprockets. 

d. Hoists shall not be operated until the hoist unit is centered over the load, except when 
specifically authorized by an appointed person who has determined that the components of 
the hoist and its mounting wiU not be overstressed. 

e. A hoist shall not be used for handling personnel unless specificaUy recommended for such' 
use by the manufacturer, and so indicated on apennanent nameplate attached to the hoist. 
Installations-handling personnel shall meet the requirements of Section 3.15.6. 

f. The operator shall avoid carrying loads over people. 

g. The operator shall test the brakes each time a load approaching the rated load is handled by 
raising the load just enough to clear the floor or supports, and checking for brake action. The 
lift shall be continued d y  after the operator is assured that the braking system is operaring 
properly. 

h. No loaded hoist drum shall be rotated in the lowering direction beyond the point where less 
than two wraps of rope remain in the drum. 
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i. The operator shall inch the hoist into engagement with a load, and avoid unnecessary stops 
and starts. 

j. A tag line shall be used if it becomes necessary to guide, snub, or otherwise control the load. 

6.4.5 Hoist-UmR Switch 

a. At the beginning of a shift, the operator shall try out the upper-limit switch of each hoist 
d e r  no load. -me care shall be exercised; the block shall be "inched" into the limit or 
m in at slow speed. If the switch does not operate properly, the designated person shall be 
notified immediately. 

If a lift is in progress during a shift change, this testing requirement is considered to have 
been satisfied for the completion of that lift. However, the limit switch must be tested again 
before the next lift. 

b. 

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

6.4.6 Ordinary Lifts 

a. The provisions 6.4.1 through 6.4.5 shall apply. 

b. All hoists shall be inspected by a designated person to assure that the speciakated capacity 
will not be exceeded, and that they are still within @e test-certification period. 

c. All lifting devices shall be inspected by a designated person to assure that the special-rated 
capacity of each item will not be exceeded, and that they are sti l l  within the test-certification 
period, if appropriate. 

d. The operator, or other designated person, shall visually examine the hoist (records are not 
required except as noted) in accordance with the requirements for a hquent inspection as 
stipulated in 6.2.1~. above. 

e. Any deficiencies shall be carefully examined by a qualified person, and a determination as to 
whether they constitute a hazard. These deficiencies shall e corrected prior to operating the 
hoist. 

E An appointed penon shall class@ each lift into one of the DOE categories before the lift is 
Planned. 

g. Load lines shall be checked after strain is put on them, before the load is lifted clear of the 
ground. If not plumb, the slings or equipment shall be repositioned so that the lines are 
plumb before continuing. 

6.4.7 High-Consequence Lifts 

a. 

b. 

All of 6.4.6 shall apply. - 

The operating organization shall appoint one person in charge (PIC) of the entire lifting 
operation. This person shall meet the definitions of appointed, designated, and qualified, as 
set forth in Section 1.0. 
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c. The PIC shall assure that a work plan is prepared covering the entire lifting operation. 
Consideration of the lift history of the hoist shall affect the plan, which shall also include, but 
is not limited to, sling angles and sizes; inspeaion and test-certification periods; load 
configuration; tbe presence of hazardous materials; and the reqnirement for a load-indicating 
device. The plan must be reviewed and approved by the cognizant Safety organization, 

d. When the weight of the lift is w i t h  1096 of the special-rated capacity, and equipment of 
greater capacity is not available, the PIC shall review, in detail, tbe positioning and rigging of 
the load with the person who will carry out the lift. The effect of ground conditions, wind 
and weather on the stability of the equipment, and the effect of rotational and translational 
speeds shall be considered in giving instructions to equipment operators. 

e. Hoisting shall be stopped when the load is approximately 2 inches off the supports, and a 
check made to determine any tendency to swing or sway, and any tendency of slings to slip 
or change position. Sling positions shall be adjusted or additional supports or restraints shall 
be added as necessary before continuing the lift. Procedd approval of changes to sling 
position, supports, and restraints shall be obtained from the PIC before they are made. 

f. Load tests will not be conducted in locations such that they meet the definition of 
High-Consequence Lifts in Seaion 1.0. 

g. The PIC shall be a Qualified Person, or shall be assisted by a Qualified Person, experienced 
in using hoistiag and rigging equipment of the type to be used; preparingand reviewing 
drawings, procedures, and equipment assignments; and supenrising the job. 

h. Generalized procedures may be submitted for the handling of these loads, except when 
detailed procedures are specified. Individual procedures for several similar items are not 
requited unless specified. Procedures shall include identification of the item or class of items 
to be used and their special-rated capacities, any special instructions to operators, and 
provisions for verification by the authorized person that the lift or move has been 
satisfactorily completed. The PIC shall certify that good rigging precautions, practices, and 
safety measures will be employed; that equipment operators are qualified and have been 
properly instructed; and that equipment is adequate for the loads involved and in good 
operating condition. 

6.4.8 SpeclaCHlgh-Consequence Ufts 

a. 

b. 

AU of 6.4.7 shall apply. 

In addition to those items previously required, the work plan required in 6.4.7~ shall include, 
as a minimum, the following: 

(1) Identification of each piece of operating equipment to be used in the move by type, 
rated and special-rated capacity and, for other than permanently installed equipment, 
the equipment serial number or other identifying number. (If the specific piece of 
nonpermanent equipment has not been identified at the time of procedure specification, 
tbe number shall be included in the job instructions prepared by the appointed person.) 

(2) Identification of slings, lifting ban, and other major rigging accessories or assemblies, 
by serial number. 
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c 

(3) 

(4) 

be identified in the job instrUctions prepared by the appointed person.) 

A list of all nonserialized rigging accessories and materials requkd in the move or lift, 
identified by type and capacity. 

Identification of the item to be moved, its weight, dirriensioos, and center of gravity (as 
determined by the method of SAE J874, or estimated from drawings or engineering 
analysis), and the total hook load. 

Rigging sketches showing all Effing points, load vectors, sling angIes, accessories, 
methods of attachment, and other factors affecting the capacity of equipment and 
limitations to be applied. 

Approximate and maximum hoist and winching Speeds. 

Instructions to be given to operators, including the sequence of equipment moves and 
cmrdination with moves of other equipment involved; translational speeds, directions, 
and distances: load weight and center of gravity: and other peltinent data 

Identification of persons who will have field responsibility for the move or lift and for 
monitoring it. 

Requirements for specific tests to be made before, during, and after th5move or lift, 
including load tests for Specid-High-Conkquence L6ads or practice lifts. 

Surveillance procedures, including check points, instruments, and indicators, that will 
be used to ensure.that the move is proceeding according to plan, and the special-rated 
capacity of the equipment has not been exceeded. 

provisions for verification by the PIC, or hisher designee, of satisfactory completion 
of each step of the procedure as it occurs. 

DRAFI’ 
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LOAD "'EST AND INSPECI'ION 

Page 1 of 2 

INSPECTED BY 
' 

QUALITY 
HOIST ID# LOCATION D m  

~~~ ~~ ~ ~~~ ~ 

NOTES 1. Load test at 100% of manufactcrrer's rated capacityboad test shall not exceed 100% of 
manufacturer's rated capacity. Test weights shall be accurate to within -5%, WO of stipulated 
values. 
NDE Inspector shall verify all steps as listed below. 
Craftsmen will initial all tests, work, and inspections completed below. 
All inspections shall be in accordance with DOE Hoisting and Rigging Manual. 

Perform the annual PM inspection: Check unit for proper operation. 
MANUAL HOISTS ONL,T Check brake mechanism for work, glazed, or contaminated 
disks, worn pawls, cams, or ratchet. Check for broken, corroded, or stretched pawl springs. 
Repair as needed. 
ELECTRIC POWERED HOISTS: Check for: 
a. 

2. 
3. 
4. 

1. 
2. 

c - 3. 
All functional operating mechanisms for misadjwbnent interfering with proper 

Limit switches or devices for proper operation. 

External evidence of damage or excessive wear of load sprockets, idler sprockets, and 
dmms or sheaves. 
External evidence of wear on motor or load brake. 

Electrical apparatus for signs of pitting or any deterioration of Visible controller 
contacts. 
All anchorage or hoist suspensions. 

. 
operation. 

b. 

c. 

d. 

e. 

f. 

Set hoist up for load test and inspection. where applicable insure that the load chart is 
legible. 
Perform load test using the required test weights (see Note 1) and appropriate slings. 
Measure a length of the load chain under tension; measure a length of 15 links. If wire rope is 
used measure the diameter. Inspect chain and/or wise rope in accordance with the DOE 
Hoisting and Rigging Manual, Chapter 7. 

4. 

5. - 

IF HOIST IS EOUIPPED WITH A TROLLEY: 

1. 
2. 
3. 

4. 

Mount hoist on a monorail. 
Rig test weight to load hook (See ##4 above). 
Perform load test moving weight along monorail. Observe hoist and trolley. O b m e  
performance of all load bearing components. 
Lower test weight to floor. Note performance of hoist during lowering operation; remove 
rkging. 

. .  
: 
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EXHIBIT IV (contlnued) 

HOIST LOAD "'EST AND INSPECTION 

At the completion of the load test, inspect the following items. 

1. Vial ly  inspect and remeasure the l o d  chain and/or hoist rope after the load test. check for deformed or broken 
links, stretch, and etc. 

2. Inspect load hook and suspension hook for bend or twist. 

LOAD HOOK PREVIOUS PRESENT 

NDE Inspector Verify Throat opening: 

NDE Inspector Verify J Hook ' lbk  

SUSPENSION HOOK 

NDE Inspector Verify Throat opening: 

NDE Inspector Verify Hook Twist 

NDE Inspector perform NDT test on hook by visual examination, liquid penetrant examination, or mag. particle 
e xaminat iOIl .  
Acceptance: No cracks, linear indications, laps, or seams. 

- .. 

Hooks with more than 15% normal (new hook) throat opening shall be replaced. Hooks with more than 10 degrees 
twist f h m  the normal (new hook) plane of the hook, shall be replaced. Hooks having more than 10% wear in the 
throat section or 5% elongation of the shank shall be replaced. Lubricate hooks at each inspection. 

Establish three marks, A, B, and C, with a center punch. For ease in measuring, set distances on an even number of 
inches. 

BEFORE LOAD TEST 
LengthAB in. 
LengthBC in. 

AFIERLOADTEST 
LengthAB in. - &  

LengthBC in. 

check for: 

1. Wear and deformation 
2. Cracksandtwisting 
3. Signs of opening between Point A and PointB 

C 
/ \ 

.. 

Equipment Operator 

Actual Load Test Ibs. Quality Verify Load Test Date 

D m  
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7.0 HOOKS 
7.1 

c 

GENERAL: f 

This section establishes safety standards for the design, operation, inspection, testing, and maintenance of 
load hooks ihstalled on cranes or hoists and implements the requirements of ANSUMME B30.10, 
Chapter 10-1, “Hooks.” (See Section 8.0, for rigging hookrequkments). 

7.1.1 Marking 

The manufacturer’s identification should be forged, cast, or die stamped on a low-stress and 
non-wearing area of the hook. 

7.1.2 Attachments 

a. Hoisting hooks shall be fitted with a latch to bridge the throat opening to prevent the 
accidental release of slings or attachments. Hooks without latches may be used in special 
applications where the latch interferes with the proper use of the hook, providing 1) that the 
application for which it is approved, and 2) that in questionable cases, concurrence is 
obtained from the appropxiate safety organization. 

b. With the concurrence of the cognizant safety organization, the requirements of a, above, may 
be waived for remotely operated cranes. 

If a handle or latch support is welded to the hook whose design requires heat treating, 
welding shall be done prior to final heat treating. 

- 
c. - 

7.1.3 Load Limits 

a. Hooks shall not be loaded beyond special-rated capacity except for load tests of the 
equipment of which they are a part, or for Planned Engineered Lifts, as provided in 
Section 3.9.2. 

7.1.4 Design Standards 

a. Hook design shall meet generally accepted hook design standards, and be compatible with 
the requirements of ANSI B30.10, “Hooks.” For hooks up to 60 tons, such design shall 
include a minimum design factor of 5, based on the ultimate strength of the material used. 
For hooks 60 tons and over, use the manufacturer’s standard. 

b. The hook material shall have sufficient ductility to permanently deform before failure at the 
temperature at which the hook wiU be used. 

c. When a latch is provided, it shall be designed to retab such items as slings under slick 
conditions. The latch is not intended to support the load. 

For High-Consequence Lifts, or Special-High-Consequence Lifts, single hooks shall be 
forged from carbon steel having a tensile strength between 56,000 and 66,000 psi in the 
normalized condition, or alloy steel meeting the requirements of 3.6.5b. How lines of the 
forging shall follow the axis of the hook and shank. Duplex a d  multi-prong hooks may be 
either cast or machined from steel or alloy steel meeting the above requirements. 

d. 

e. The bearing surfaces of new hooks shall be the arc of a circle, and gauge points, or hook 
gauges, for measuring spread after load testing shall be provided. 
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f. Field-fabricated hooks rn prohibited, except as may be specifically approved by the 
cognizant safety organization. 

7.2 INSPECTIONS: 
\ 

7.2.1 Ordlnary Llft 8 

a. Visual inspection -every three months by a qualified inspector whose qualifications to 
perfonn specific inspection activities has been determined, verified and attested to in writing. 

NDE in acwrdance with applicable ASTM standards annually. If theNDE has not been 
completed by the end of the required period, hooks shall be downrated as follows: 

b. 

(1) 'Ihirty calendar days after the end of the period, the equipment shall be downrated 
to 75% of the rated capacity. 

Sixty calendar days after the end of the period, the equipment shall be downrated 
to 50% of the rated capacity. 

(2) 

(3) Ninety calendar days aftex the end of the period, the equipment shall be taken out of 
seMce until the required NDE has been completed. 

c. Hoolcs have any of the following deficiencies shall be removed from service, unless a 
qualified person approves their continued limit use: 

0 

c r a w s )  

Wear exceeding 10% of the original dimension 

A bend or twist exceeding 10 degrees from the plane of the unbent hook 

Increase in throat opening exceeding 15% from the new condition 

If a latch is provided, and it becomes inoperative because of wear or defmation, or 
fails to fully bridge the throat opening, the hook shall be removed from seMce until 
the device has been repairedorreplamk or the throat opening has been assessed per 
(4) above. 

Ifhooksarepainted,avisualinspectionshouldtakethewatinginto consideration. 
Surface variations can disclose evidence of heavy or severe seMce. The surface 
condition may then call for stripping the paint in such instances. 

Reports of all inspections shall be maintained. Records should include item 
identification, ch te r i s t i c s  inspected, observations, disposition if any, and date of 
actions. Records shall be kept readily available for inspection by designated personnel. 

d. Refer to Exhiiit VIII, "Rigging, Tzkle, AccessarieS, Load Test h Inspection (Hooks, 
Shackles, Rings, e&.) which appears at the end of Section 7.0 in this manual. 

7.2.2 High-CQnsequence LHts 

a. All provisions of 7.2.1 shall apply. 
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7.2.3 SpeciaCHlgh-Consequence Ufts 

Au provisions of 7.22 shall apply. 

Visual inspections shall be conducted monthly. 

a. 

b. 

7.3 TESTING: 

7.3.1 

7.3.2 

7.3.3 

7.3.4 
c 

7.3.5 

REV: 00/91 

Each hook of 150-tons capacity, and larger, and a prototype of each hook design of less than 
15O-tons capacity shall be proof-tested by the manufactum in accordance with Table 7-1. 

When proof tests are used, the hooks shall withstand the proof load application without permanent 
deformation when the load is applied for a mhhum of 15 seconds. This condition shall be 
chidered to have been satisfied if the permanent increase in the throat opening does not exceed 
05% for 0.01 in. (0.25 mm), whichever is greater. 

For a duplex (sister) hook having a pin eye, the proof load for the eye shaIl be in accordance with 
Table 7-1. The proof load shall be shared equally between the two prongs of a sister hook, unless 
designed for unbalanced loading. 

Hooks which have been proof-tested shall be inspected by the magnetic-particle method in 
accordance with ASTM E709, and shall show no cracks, inclusions, or other relevkt 
discrepancies; castings shall be evaluated in accordance with ASTM E125. 

No performance testing of hooks shall be required, except as is necessary to conform to the 
requirements for the equipment of which they are a part. 

- 
- ._ 
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Table 7-1. Proof test load 

NUMBER: 7.0 
1 

RatedLoad 
Tons 

IW 

0.50 
1 
5 

10 
15 
20 
25 
30 
35 
4 
45 
50 
60 
75 

100 
125 
150 
175 
200 
w) 

300 
350 
400 
450 
500 

453.6 
907.2 
4,536 
9,072 

13,608 
18,144 
22,680 
27,216 
3 1,752 
36,288 
40,824 
45360 
54,432 
68,040 
90,720 

113,400 
136,080 
158.760 
181,440 
m,800 
272,160 
317,520 
362,880 
408,240 

. 453,600 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
193 
183. 
166 
150 
133 
133 
133 
133 
133 
133 
133 
133 
133 

Proof Load (Minimum) 
TOW 

(2OOO Ibs) 

1 
2 

10 
20 
30 
40 
50 
60 
70. 
80 
90 

100 
i 16 
137 
166 
188 
200 
233 
266 
333 
399 
465 
532 
598 
665 

8.9 
17.8 
89 

178 
267 
356 
445 
534 
626 
712 
801 

. _. 890 
1032.5 . 
1219 
1477 
1673 
178 

2074 
2367 
2964 
3551 
4139 
4735 
5322 
5919 

Above 500 453,600 133 
Note: lton(short,U)OOIbs)=9072kg 
For h& with rated load ratings not shown in the above table, use the next lower rated load rating for determining the 
penxntof rated laad to be applied as excess load. 
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7.4 MAINTENANCE: 

7.4.1 A hook latch that is inoperative or missing shall be replaced. 

7.4.2 A hook with a latch that does not closethe ttvOat opening shall be removed from Seryice or moused 
until the latch is replaced or npaired 

7.4.3 Repair of cracks, nicks, and gouges shall be carried out by a designated person by grinding 
longitudinally, following the contout of the hook, provided no dimension is reductxi more 
than 10% ( or as recommended by the manufacturer) of its original value. 

7.5 OPERATING PRACTICES: 

7.5.1 conduct of User 

& 

b. 

C. 

d. 

e. 

f. 

h. 

Determine that the weight of the load to beliAeddoes not exceed the loaddng ofthe hook. 

Shock loading shall be avoided. 

Load shall be centered in the base (bowl-saddle) of the hook to prevent point loading of the 
hook. 

Hooks shall not be used in such a manner as toplaceasideor backloadon the hook . 

When using a device to bridge the throat openings of the hook, care shallbe used that no 
portion of the load is carried by the bridging device. 

Hands and fingem shall be kept from between the hook and the load. 

Duplex (skim) hooks shall be loaded equally on both sides, unless the hook is specifically 
designed fot single loading. 

The pin hole in Duplex (sister) hooks shall not be loaded beyond the rated load of the hook. 

- 
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c 

ISSUE NO. 

8.0 WIRE ROPE, SLINGS, AND RIGGING ACCESSORIES 
GENERAL: 

8.1.1 This section povides requirements for the construction of wire rope and for below-the-hook 
equipment used in Hoisting and Rigging, E, slings, shackles, eyebolts, rings, wire rope clips, 
tunbuckleis, rigging hooks, yokes, spreader bar and l-dicating devices. 

8.1 2 The infomuion presented in this section is intended to provide guidance for the safe handling of 
lifted loads. Diagrams are used to illuseate hoisting and rigging prkiples, and good and bad 
rigging practbs. This is not arigging texhok the informaton should be applied only by 
~qualifiedriggersandqualifiedriggingspecialists. 

8.1.3 Load tables are repmenrative only, and are not exact for al l  materials or all manutacturerS, 

a Determine the weight of the lo& 

(1) From markings on the load 

(2) By weighing, if the load is still on the truck or railtoad car 

b. 

C. 

d. 

e. 

f. 

(3) From drawings, or other documentation - .. 
(4) By calculation, utilizing the load dimensions and the weights of common materials, 

Table 8-1. 

Determine the best method of attachment of the load and select the lifting devices, e.g., 
wirerope slings, eyebolts, shackles. 

Bending of a Wire rope ovec a fixed object, Le., a pin or a sheave has an effect on the wire 
rope. The outside wires and strands of a bcnd have to stretch f & k ,  and thenf0I.e take a 
greater peacentage of the load. The tighter the bend the worse the situation, and the more the 
ultimate strength of theropehastobedexated. 

b *  

There is a convenient method fat measuriug the sharpness of a bend in a wire rope, and 
deteminhg the efficiency of the rope as it passes over the bend. This method uses the 
ratio (R) of the diameter @) of the object (sheave, pin, comer) about which tbe wire rope is 
Wig bent to the diameter (a) of the rope. The efficiency of the bend can then be determined 
from Figure 8-1. Note that the efficiency decreases quickly as the ratio of the d i a m w  
decreases. 

Aside from efficiency, there are othex reasons to avoid sharp bends in wire rope. Physical 
damage to the rope, reduction of service life, and damage to the object about which the rope 
isbentcanalsoresult. 

When the ratio of the diametea of the bend to the nominal rope diameter @/d ratio) is small, 
the strength efficiency factor is lower than when the D/d ratio is relatively large. The tables 
do not take into account such factors as abnormal temperatures, excessive comion, 
vibra!ion, etc. 
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Table 8-1. Weights of mamiah 

I 

c 

Weights of Common Materials 

Weight Weight 
Name of Metal - Et/@ Name of Material lbm3 

AIuminum 
Antimony 
Bismuth 
Brass,cast . 
Brass.mlled 
copper,-t 
copper,mlled 
GOl&= 
Iron, cast 
Iron,wrought 
Lea&comme€cial 
Merc~,606OoF 
silver 
Steel 
%,cast 
Uranium 
zinc 

Name of Wood 

Ash 
Beech 
Birch 
cedar 
a e n y  
a m u t  
cork 
cypress 
Ebony 
Elm 
Fir, Balsam 
Hemlock 

166 . 
418 
613 
504 
523 
550 
555 
1204 
450 
480 
712 
846 
655 
490 
458 
1163 
437 

35 
37 
40 
22 
30 
26 
15 
27 
71 
30 
22 
31 

Bluestone 

Brick, common 
Cement, Portland (packed) 
Cement,Portland(Ioose) 
cement, slag (packed) 
cement, Ag (loose) 
chalk 
charcaal 
Cinder concrete 
clay, ordinary 
coal,hard,solid 
coal,hard,broken 
Coal, so& solid 
Coal, soft, broken 
coke, loose 
C o n e ,  or stone 
Earth,rammed 
Granite 
Gravel 
Lime, quick (ground loose) 
LimeStOne 
Marble 
Plaster of paris (cast) 
Sand 
Sandstone 
Shale 
Slate 
Teara-cotta 

Water 

BIiCkpressed 

Traprock p 

160 
150 
125 
loo-lu) 
70-90 
80-100 
55-75 
156 
15-34 
110 
120-150 
935 
54 
84 
54 
23-32 - 
16155 
90-100 
165-170 
117-125 
53 
170 
164 
80 
90-106 
151 
162 
160-180 
110 
170 
65 
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1 I I I I I I I I .  
6 10 14 18 22 26 . 30 34 38 

Ratio - R - Dtd 
D diameter of pin or sheave 

nomind diameter of rope d 
I- 

WQO-0147 . -  
- ._ 

Flgure Sl. Efficiency of wire rope when bent and statically loaded to destruction ovet sheavea and pins of 
variousdiarneters. 

g. Determine the appropriate ratings of tbe device to be used, allowing for: 

(1) The number of sling legs. Note W a  sling leg completely doubIedback on itself 
constitutes two sling legs. 

(3) Wear. The reduction in strength of the equipment due to normal wear. 

8.2 WIRE ROPE: 
- 

8.2.1 WlrMope Lays 

a When talking about wire rope, the word "lay" has a particular meaning which can be 
wllftlshgtotheuninitiated. 
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Right Regular Lay: Right lay because the 
strands twist to the right like a conventional 
screw thread. IdentMed as regular lay because 
the wires in the strands turn opposite to the way 
the strands turn in the rope. 

'ITIZE. - WIRE ROPE, SLINGS, AND RIGGING 
ACCESSORIES 
8.0 REX 00/91 

Left R ular Lay: In a left-lay rope, the strands -3fi-m rotate to e e around the core. Identified as 
regular lay same as above; Le., the wires turn 
rigM in the individual strands, while the strands 
turn to the left. 

RigM Lang Lay: When both the strands and 
wires have the same lay direction, the rope is 
said to be tang lay. In a rigM lang-lay rope, the 
wires and the strands would rotate to the rigM. 

c 

LFoo-0191 

. -  

- .. 
Left La La : A rope where both the wires and 
3 i - W  e stran s rotate to the left in the same direc- 
tion. 

NOTE: The standard rope, unless othetwise stated, is understood 
to be rigM regular lay. With few exceptions, all wire rope is 
made rigM lay. Left-lay rope is a specialpurpose rope for 
specific applications only. 

Flgure 8-2. Wire rope lays. 
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b. The tern “lay length’’ is the longitudinal distance meaSured along a wire mpe in which a 
strand makes one complete revolution about the rope axis. 

c. The word is also d t o  denote the direction ofrotation of the wires and strands as 
illUStratedbeloW. 

Fiber or Sisal Core: Sisalanna is the most com- 
mon fiber used in the manufacture of wirwope- 
cores. In the smaller ropes and cords, cotton 
and jute are sometimes employed for the central 
member. 

Wire rope cores are carefully deslgned and must 
be predsety manufactured to dose tolerances to 
ensure a perfect flt In the rope. 

Independent Wire Rope Core I.W.R.C. : The 
primary function of the core is L_?$ to prov e dde- 
quate support for the strands. When severe 
crushing or flattening of the rope is encountered, 
an I.W.R.C. is usually specified. 

. 
r 

As the name I.W.R.C. implies, this core is actual- 
ly a separate small rope inslde a larger rope. 

Strand Core: A single strand used as a core and 
-confined to the smaller ropes as a sub- 
stitute for the I.W.R.C. The strand core may or 
may not be of the same cross section as the sur- 
rounding strands. 

Figure 8-3. W m p e  cores. 
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8.2.2 Wlre-Rope for General Purpose 

a 6 x 19 Classi6cation: This classification is the most v e d e  of all ropes made. Most 
applicationscanwampefromthisclassification. 

FC 

c 

6 x 19F IWRC 

The most popular and versatile of all wire ropes and the most 
flexible is the 6 x 19 classification. This rope is considered the 
perfect compromlse between maximum abrasion resistance . - 
and maximum flexibili. - I._ 

FC 8 x 18F IWRC 
LF90-0192 

Slightly more abrasion resistant that the 6 x 19F, the 6 x 16F 
makes an excellent rope for small draglines and similar uses. 
The resistance to wear is gained by a slight sacrifice in 
flexibility. 

Flgure 8-4. 6 x 19 Classification of Wire rope. 
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FC 

- 

6 x 18 Soale 

A rugged wire rope for applications involving heavy wear. Car 
pullers often use this rope, and it is widely used for slushers 
and drag scrapers. 

c 

IWRC 

b 

FC 6 x 19 Warrington 

The alternate large and small outer wires make this rope an 
all-around performer. Used for general purpose hoisting, 
chum drills, and often for miscellaneous slings. 

LF00-0193 

Flgure 84. (continued). 
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Rope 
diameter 

@4 

3/16 
114 
5/16 
3m 
711 6 
112 

911 6 
5l8 
3/4 
7/8 
1 

1 1/8 
1 114 
13/8 
1 112 
16/8 
1 3/4 
1 7/8 
2 

2 114 
2 1n 
2 314 

DEPARTMENT OF 
ENERGY 
HOISTING & RIGGING 
MANUAL 

Bmaklng SmQh 
in tons of 2OOO Ib 

Breaking smnglh Rope 
h tons of 2000Ib diameter Wdght Weigh! 

Ib perft lmpm- (In.) lbperft ' 

Pbwiteel plansteel Plansteel plowsteel 
0.08 1 .s 1.5 3/16 0.07 1.4 1.6 
0.10 24 27 114 0.11 26 29 
0.16 3.8 4.1 5/16 0.18 4.1 4.4 
0.23 5.4 6.0 318 0.25 5.8 6.5 
0.31 7.0 8.0 711 6 0.34 7.5 8.6 
0.40 10.0 11.0 112 0.44 10.8 11.8 
0.51 11.7 13.3 911 6 0.66 126 14.3 
0.63 15.0 16.5 Y8 0.69 16.1 17.7 
0.90 21.5 23.8 314 0.99 23.1 25.6 
1.23 28.3 320 718 1.35 30.4 34.4 
1.60 38.0 41.7 1 1.76 40.8 44.8 
203 48.5 53.0 11l8 223 521 57.0 
250 60.0 66.0 1 114 275 64.5 70.4 
3.03 73.5 61.0 13/8 3.33 79.0 87.1 
3.60 88.5 98.0 1112 3.98 95.1 103.0 
4.23 103.0 11 3.0 1518 4.66 111.0 122.0 
4.90 11 9.0 130.0 1 3/4 5.39 128.0 140.0 
5.63 138.0 1520 1 718 6.19 148.0 163.0 
6.40 154.0 169.0 2 7.04 166.0 1820 
8.10 193.0 210.0 2 114 8.91 ' 208.0 226.0 
10.00 235.0 I 260.0 2 112 11.00 253.0 280.0 
1210 280.0 305.0 2 314 13.30 301.0 328.0 

TITLE. 

NUMBER: 8.0 REI? o o m  
WIRE ROPE, SLINGS, AND RIGGING 
ACCESSORIES 

Table 8-2. Breaking strength of wirerope (6 x 19 classifications) 

, 
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b. 6 x 37 classification: When sheaves and drums are fairly small and abrasive conditions not 
severe, the ropes in this classification will show betterpxfonnance than the coarser6 x 19 
a m t i o n .  Under conditions of repeated bending, they will outlast a 6 x 19 rope; when 
abrasion is severe, the small oum wires quickly show tbc effect. 

FC 6 x 37 29peratlon IWRC 

A 24peration strand with 18 outer wires. This construction Is 
used on Industrial equipment, for flexible slings, and 
miscellaneous hoisting. - 

- -_ 

FC 6x29F IWRC 

LF904194 Used for applications requiring a flexible rope slightly more 
resistant to weaf than the 6 x 37,2+1peratbn shown above. 

: 

Figure 86. 6 x 37 Classification of wire mpe. 
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FC 6 x 41 

- -  
. IWRC 

A single operation strand, used widely for ropes over 1-inch 
diameter in the 6 x 37 classification. 

Figure 86. (continued). 
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Table 8-3. B e g  sttength ofwiremp (6 x 37 c ~ o n s )  
6X37(1 FC) 

6 ~ a k m s t r e n  innton 
Rope Of m’ dameter Weight 

in. lbperft 
‘mpmw 

Plow sleel PbW steel 
25 
4.0 
5.5 
7.5 

11.4 125 
14.5 16.0 

30.2 

44.0 49.0 
55.0 61.0 

2.2 
3.8 
5.0 
6.9 

114 0.10 

318 0.22 
7/16 0.30 
112 0.39 

5/16 0.16 

9.2 10.0 

20.2 222 

36.0 39.5 

68.5 74.5 
820 90.0 

110.0 121.0 

142.0 165.0 

W16 0.49 
5/73 0.61 
3l4 0.87 
71a 1.19 27.5 1 1.55 

1118 1.96 
1 114 2.42 
1318 2.93 
1112 3.49 

1 314 4.75 
1 71a 5.45 

2 114 7.85 I 

2 314 11.72 

105.5 

129.0 1420 

c . -201.0 
1820 

.245.0 225.0 
269.0 293.0 

353.0 

4.09 98.5 15/73 

2 6.20 

2 112 9.69 - -_ 
13.95 323.0 . 3 

6 x 37 (IWRC) 
b m g  strength in tons 

of 2ooo Ib Rope 
diameter Weight 

in. lbperft 

5.46 0.18 

Improved 

2 7  
4.3 
5.9 
8.1 

123 13.4 
15.6 17.2 
21.7 23.9 
29.6 325 
38.7 425 
47.3 527 
59.1 65.6 

88.1 96.7 
104.0 11 3.0 

Pbw steel plow steel 
24 
4.1 
5.4 
7.4 

114 0.11 

3/8 0.24 
7/16 0.33 
112 0.43 

8/16 0.54 

314 . 0.96 
71a 1.30 

1 114 2.66 
13/8 3.22 
1112 3.84 
15/73 4.50 
1 314 5.23 

2 112 10.66 
2 3l4 1289 

- 

0.0 10.8 

5/8 0.67 

1 1.71 
i l l 8  2.16 

73.6 80.1 

118.0 130.0 
139.0 153.0 

242.0 263.0 

1 71a 6.00 
2 6.82 2 114 153.0 167.0 

21 6.0 

269.0 315.0 
347.0 379.0 

8.64 196.0 

3 15.35 
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8.2.3 Wre-Rope Maintenance 

a 

b. 

C. 

d. 

e. 

Rape shall be stared in such a manna as to prevent damage or deterionxion. 

Unreeling or uncoiling of rope shall be done as recommended by the rope manufacturer or a 
qualified person, and with care to avoid kinking or inducing a twist. 

Before cutting a rope, means shall be used to prevent d y i n g  of the strands. Flame cutting 
of wire rope is prohibited. 

During installation, care should be observed to avoid dragging the rope in dirt or around 
objects which will scrape, nick, crush, or induce sharp bends. 

Unless phibited by other considerations, rope should be maintained in a well-lubricated 
condition. Lubricant applied as a part of a maintenance program shall be compatible with the 
original lubricant, and the rope manufactma should be consulted. Lubricant applied shall be 
of the type which does not hinder visual inspection. 'Ihose sections of rope, which are located 
over sheaves or otheawise hidden during inspection and maintenance procedures, require 
special attention when lubricating rope. The object of rope lubrication is to reduce internal 
friction and to prevent corrosion. 

8.3 SUNGS: 

8.3.1 General 
c 

. -  

a Slings shall have a minimum safety factor of 5, based on brealtir?gstrength. F& which 
&a t  the rated capacity of the sling and shall be considexed in CalcuIating the factor of safety 
are: 

(1) Nominal breazdng strength of material from which it is constructed 

(2) Splicing or end-atlachment efficiency 

(3) Number of parts in the sling 

' (4) ?)rpe of bitch, e.&, straight pull, choker hitch, or basket hitch 

(3 Angleofloading 

(6) ' Diameter of curvature around which the sling is bent. 

b. (Published wolking loads for chain slings are d y  based on 25-33% of the breaking 
strength.) 

c. The center of gravity of an object is a point around which the entire weight may be 
concentrated. In order to make a level lift, the crane hook or point of suspension must be 
directly above this point. While slight variations are usually pennissible, if the crane hook is 
too far to one side of the center of gravity, dangerous tilting will result and should be 
corrected at once. For this reason, when the catex of gravity is closer to one point of the 
sling attachment than to the other, the slings must be of unequal length. Sling stresses and 
slingangleswillalsobeunequaL (FigUre84.3) 
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d. Slings shall be secured or termhated in the crane hook so that the sling does notreeve or slip 
through the hook. To attach the load, locate the center of gravity (CG), position the crane 
hook directly above the (a), and then rig the load so thaz it will lift level and true. 

e. The following is an example of siAxting a sling using the load angle factor, as shown in 
Figure 8-7 andTable 8-4. 

Sling = ZIeggedbridle 

0 Anglewith horizontal = 45-degrees 

LoadanglefactorfromFigure 6-2 = 1.414 

Each of the two legs would lift 500 Ib ifa vertical left w m  made. However, there is a 
45-degm sling angle involved. Therefare, the 500-Ib load would be multiplied by the 
load-angle factor in the chart (1.414), giving a total of 707 lb (500 Ib x 1.414 = 707 lb) 
tension in each sling leg. Each sling leg, therefm, must have a rated capacity of at least 
707 lb. 

CLI CG 

Balanced 
sllng from tables 

Some unbalance 
next larger sling 

Severe unbalance 
double capacity sling 

LF90-0150 
Figure 8-6. Balancing loads. 
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Vertical 
sling angle 

9 

Q 
r 

E 
Q 
F 

Load (1000 Ib) 
Load on each sling 500 Ib 

Tension Tension 
1000 Ib 1000 Ib 

I Load on each sling 1000 Ib 

Load on each sling 707 Ib 

Tension 

I 

Load on each sling 2874 Ib 

Figure 8-7. Relationship of load angle and lifting efficiency. 

I 
Load angle 

2!l92! sling factor 

90" 1,000 
85" 1,004 
80" . 1,015 
750 1.035 

, 
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Table 8-4. Load table of sling/stresses at various augles 

This chart illustrates how the stress in a ding 
vades with the sling angle. 
For exemple, when one sling leg lifts 1,OOO Ib 

sUng angle is changed to 450, the sung stress 
would be 1,414 Ib, or an ina8as.e of 41.4%. If 
further changed to 3oo, the stress would be 
90001b,ora100% increase. 
This illusbzltes the importance of slii angles 
when selecting slings and why the rated 
capadty of a sling deaeases as the angle 
decreases. 

at soo, h Slhg 8 b W S  18 dS0 1,OOo b. If the 
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4 5 O  

T = W  

I 2 
H x  

cn 

T = W  

Angle 

E 
K 

Sling legs vertical 
W W 

800 700 650 600 So 50° 4 5 O  40° 35O 30° 
1.02 1.06 1.10 1.15 1.22 1.31 1.41 1.56 1.74 2.00 
2.83 1.37 1.07 0.87 0.71 0.60 0.50 0.42 0.35 0.29 

W W 

W 

~ 

I 

c 

W 
W 

W 

I '  I 
W W 

Flgure M. Tension and head-room diagrams for slings at various angles. 

, 
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8.3.2 Safe Load 

The safe working load M rated Capacity of a sling varies dewding upon the type of hitch. The 
safk-load tables shown in this Manual section indicate, by illustration, the applications for which 
the various safe loads apply when the slings are new. All ratings axe in tons of u)oo lb. 

8.33 Factor Of Saiety 

In general, a factor of safety of 5 is maintained throughout this section. However, certain sling 
fittings, such as hooks (which will straighten without breaking) or links (which will deform beyond 
usefidness before breaking), cannot be assigned a definite numerical safety factor. In such cases, 
suitable safe loads am listed, based upon wide experience and sound engineering practice. 

NOTE: Published factors of safety for chain slings axe usually from 3 to 4, based on breaking 
strength. Section 4.1.1 requires a minimum factor of 5 for slings. 

8.3.4 Sling Care 

Proper care and usage are essential for maximum sedvice and safety. Wirerope slings should be 
protected from sharp bends and cutting edges by means of corner saddIes, burlap padding, of wood 
blocking. Heavy or continuous overloading should be avoided, as well as sudden jerks which can 
build up a momentary overload sufficient to break the sling. Slings should be lubricated to prevent 
rust, and hung up when not in use. 

. -  8.3.5 Sling Storage - -. 
a. WireRopeand Chain Slings 

(1) Slings shall be stored in racks or in designated locations when not in use. 

(2) Slings should be wiped clean periodically to remove as much dirt and abrasive grit as 
possible, and be relubricated to extend their usem life. Chains should not be lubricated 
when in use. 

(3) Slings should never be stored in damp or dirty places, or in places exposed to comsive 
macerids OT weather. For long-term storage, they should be cleaned and lubricated. 

(4) Slings may require segregated storage, as determined on a case by case basis. 

(5) Slings for hoisting and handling of Special-High-Consequence Loads shall not be used 
for any orher purpose, shall be identified for special service, and shall be kept in 
sepgakd storage. A history of each use of such items on High-Conseqwnce Lifts 
shallbemaintained 

b. Metal-and Synthetic-Mesh Slings 

(1) 

(2) 

Slings shall be stored in racks (pteferably vertical), and in designated locations. 

Slings shall be wiped down periodically to remove as much dirt and abrasive grit as 
possible. 

(3) Metaknesh slings shall not be stored in areas where the temperature exceeds 550°F 
( 2 8 8 O C ) ;  2Oo0F (93OC) if elastomer covered. 
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(4) Synthetiomesh slings shall not be stored where the temperature exceeds 20O0F ( 9 3 O C ) .  

(5) Slings may require segregated storage, as determined on a case by case basis. 

(6) Slings for hoisting and handling Special-HigKonsequence Lifts shall not be used for 
my otherpqse, shall be identified for special sexvice, and shall be kept in 
segregated storage. A history of each use of such items in Special-High-Consequence 
Liftsshallbemaintained. 

8.3.6 Mre-Rope Slings 

a. Ingeneral, witempe slings aremade up of the same types of wire rope used formning 
. rigging. Different kinds of slings have been developed for specific jobs. These are divided 
into Wereat groups or types as follows: 

(1) Endless-loop slings (grommet construction) and single-part slings with singlerope 
legs, doublerope legs, or multiple-part-mpe legs 

(2) %-leg bridle slings with singlerope legs, equalizing doublerope legs, or 
multiple-partape legs 

(3) 'Lhree-leg bridle slings 

(4) Four-leg bridle slings . -  
- -. 

c 

(5) Special slings and combinations 

b. The total load which can be safely lifted with slings depends upon the rating of the slings and 
tbe manner in which the slings are attached to the load. Consult load tables 8-5 through 8-13 
andEgure 8-9. 

When Wire rope slings of any grrlde are to be used at temperatms above 400°F, or 
below minus 60T, the sling manufacturer should be consulted. 

Extremely low tempemhues (dol?) may cause brittle fiacnrres. Under these 
conditions, sudden loading should be avoided and the rope should be carefully 
observed while the load is Wig applied. 
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Table 8-5. Load capacity of Wiretope slings (lb per leg) 

Stralght Choker 

Muftlple Leg Multiple b g  

w Sling 
tametar 

Single 
Leg 

6 v9w 

450 

- 
- 

640 
loo0 
1400 
2000 
2 400 
3 100 
3 700 
So00 
7000 
9 100 

11 500 
14 000 
17 OOO 
moo0 

0.71 
- 

ches 

14 
’1 6 
‘8 
16 
2 
6 

- 

I 

300 

- 
300 - 
340 
530 
750 

1100 
1300 
1 700 
2000 
2800 
3 700 
4900 
6 100 
7 500 
9 100 

10 600 
0.38 
- - 

609 - 
900 

1400 
2000 
2800 
3400 
4400  
6200 
7400 
9800 

. 12 800 
16 000 
19 600 
24 000 

- 
700 

1 100 
1000 
2 100 
2 m  
3300 
3800 
6600 
7400 
goo0 

12 OOO 
14 700 
18 600 
21 OOD 

0.75 
- 

800 
1 200 
1 700 
2400 
3000 
8800 
4600 
6400 
8000 

11 000 
14 OOD 
17 OOO 
21 000 
24 600 

0.87 
- 

450 
700 

l o 0 0  
1400 
1 700 
2200 
2600 
3 700 
4900 
6400 
8000 
9800 

12 600 
14 000 

0.50 
- 

590 - 
900 

loo0 
1800 
2200 
2900 
3400 
4800 
6400 
8000 
10 400 
12 800 
15 600 
18 OOO 

0.65 
- 

480 
760 

1100 
1500 
1800 
2300 
2800 
3 900- 
5200 
6000 
8000 

10 400 
12 700 
15 OOO 

0.53 
- 28 OOO 

1.00 
- 

ultipliers in the above table show the relationship between the loads in each coIumn and straight singleleg 
F 
igs with three legs, the total loads which may be safely lifted are three tiri~es the values shown. 
gs with four individual legs, the total loads shall not exceed the values for -leg slings. 
b I s - b ~ ~ ~ ~ s l i n g s ( 2 l w ~ s l i n g s m a k i n g 4  legs),thetotalIoadsmaybefourtimesthevaluesshown. 
Vxding tabulation gives the loads in pounds for whrope  slings of improved plow steel. The ratio of safe 
* other mate& is given by: 

Material Multiplier 

Mid plow steel 0.76 
Plow steel 0.87 
Extra-hprovedplow steel 1.10 

0.80 has been included in the above to allow for splicing. 
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Table 8-i. Load Capacity for four-leg slings 
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apacity of eight-part round body braided slings (lb per leg) 

Straight Choker 

Multiple leg MWPb le0 

- 
500 
400 
000 
OOO' 
000 
.OOO 
,000 
.OOO 
.0oo 
,800 
,0oo 
,000 
,000 
I 
- - - 

600 

1,300 
3,000 
6,200 
4500 

12,000 
16,500 
21 ,000 
%,WO 
=,000 
47,000 
62,000 
81 ,000 

128,000 
0.87 

460 300 

1,100 760 1,200 
2,600 1 ,700 2,600 
4,200 3,000 4,800 

10,000 7.000 10,000 
13,000 9,000 14,000 
17,000 12,000 1 8,000 
21,000 15,000 22,OOo 
27,000 19,000 28,500 
38,OOO 27,000 
51,000 36,0oO w.000 
66,000 47,000 70,000 

105,000 74,000 110,000 
0.71 0.50 0.75 

7,000 so000 7,000 

460 3 0 0 '  

)lying factors show the relationship W e e n  the loads in each column and the straight singleleg 
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Table 8-9. Safe working loads for pmsed-sleeve sliigs 

Basket hiW, 
LFoo921 

All calculated on the basis of -1 safety factor, and based on the use of 6 x 19 regular lay preformed improved plow 
steel, with independent wh-rope center for sizes from 1/4 in. to 1 in. diameter inclusive; and6x 37 classification regular -, 

lay preformed improved plow steel with independent wirerope center for diametexs beyond 1 in. 

Note: Spliced chokers would have a slightly reduced safe working Id 
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Table 840. Rated capacity of grommet slings 

RATED CAPACITY OF GROMMET SLINGS 

Vertical Cradle Choker 
LF9042Os 

Rated capacity-tons Rated capacily-tons 
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SWght 
Pull 
2,600 
6,600 
7,800 

10,200 
15,800 
22,000 
30,000 
38,000 

' 48,ooo 
60,000 
84,m 

112000 
*144,000 

Table 8-11, Safeload capacity of cable grommets 

Choker 
hitch vemcal 
1 I s 0 0  5,000 
4,200 11,200 
6,000 15,800 
7,600 WQO 

11,800 32,000 
16,800 44.000 
22,000 so,000 
28.000 78,000 
36,000 Q8,ooo 
44,m 120,ooo 
62,000 168,000 
84,000 224,000 

108,000 286,000 

size 
(In.) 
318 
9116 
518 
3/4 

15/16 
1118 
15/16 
1112 

111116 
1 718 
2 114 
2518 

3 

7- 

~~ 

Safe bed (Ib) 

3,600 
8,000 

11,200 
14,400 
22,OOo 
32,000 
42,000 
54.OOo 
68,000 
84,000 

118,000 
158,000 
202,OOo 

2,600 
6,600 
6,800 

10,200 
15,800 
22,000 
30,OOo 
36,000 
4000 
60,0oO 
84,000 

112,000 
144,000 

Note: q b l e  grommets are made from wire rope. - a Angleoflegstohorizontal - 

Size 
cn.1 
114 
38 
1l2 
518 
a 4  
718 
1 

1118 
1 114 
13/8 
i l l 2  
1 3/4 

2 
1 114 

- I . i L .  - .  
Table 8-12. S a f & d  capacity of rope grommers 

SWght Choker 
Pull hit& Vertical 
1.840 1 ,= 3,600 
4,000 3,000 . 8,000 
7,000 5,200 14,000 

10,800 8,000 22,000 
15,200 11,400 30,000 
20,m 15,200 40,OOo 
26,000 19,400 52,000 
30,m 22,000 62,000 
36,000 28.000 72,ooo 
44,000 32,OOo 88,OOo 
52,000 = B o 0 0  104,000 
68,OOo 52,000 136,000. 
88,000 66,0oO 176,000 
108,OOO 82,0oO 216,000 

4,400 
9, 

13,600 
17,600 
28,000 
38.0oO 
62000 
66,000 
84,000 

104,000 
146,000 
194,000 
248,000 

- .. 

I Safe bad (Ib) 
I I 

Bask - 
3,200 
7, ooo 

12,200 
18,800 
26,000 
34,0oO 

52,000 
64,OOo 
76,000 
90,000 

120,OOo 
152,OOo 
188.000 

.r 44,ooo 

iitch - 
2,600 
5,800 

10,ooo 
15,200 
22000 
28,000 
36,000 
44,000 
5t000 
62,000 
72,000 
98,000 

124,000 
154,000 

7 
1,840 
4,000 
7,000 

10,800 
15,200 
20,000 
26,000 
30,m 
36,000 
44,000 
52,000 
68,OOO 
88,ooo 

108,000 

Note: 
a. Angle of legs to horizontal 

Rope grommets are made from strand. 
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Efflclencies of wire mpe fittlngs or 
fa8tenlng8 in percentages of strength of 
rope are: 
oprn &PI Clorrd lypo 

Swaged 8ocket.. ............. .lo096 

. P r d  rleeve loop back thimble 
atmhment 

1 In. d l n v t n u d  utulkr.. ............ .I% 
11Rln.dlunrIwmdLwOw ............ 928% 

Flemlrh loop with mechanicai rleeve 
a t t a c h m e n t  

1In.dluntwvldunalkr ............... W% 
1 1 / 2 I h d l u n r t W M d ~  ............ oU% 

Wedge 8OCket8 
(drpmdlng on ddgril.. ............ .moo% 

C l i p s  
(numkrolcllprrukrwlth~oofropr) 7540% 

Thimble spllce-hand tucked 
U4ln .......... 00% 
W6in ......... 89% 
=In .......... 88% 
7/16 In.. ...... .87% 

V2in .......... 86% 
Y8In .......... 84% 
Win .......... 82% 
7/8 In, utd tugor  60% 

Loop splice-hand tucked 

Utkkrrk. d loop aplko u o  thr wn as 
thono given for IhfmM. tpllce. 

Source: National Safety Council 
Accident Preventlon Manual for 
Industrial Operations. 
Mlnlmum number of wlre rope clips 

to be used 

1m 
yr6 
1H 

5/18 
3m 
7116 

ll2 
W 6  

M 
314 
711) 

1 

1 116 
1111 
1.W 

2 
2 
2 

2 
2 
2 

3 
3 

3 
4 
4 
4 

6 
6 
6 

5 1R 
6 1u 
6W 

11 
11 114 

12 
10 
21 la 

24 

28 
30 
37 m 

1112 6 40 m w 
1M 6 43 m 346 

Flgute 8-9. Wire rope fastenings. 
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Table 8-13. Material handling gear (recommnded minimum sizes of gear to be used with various sizes of wire rope). 

W 

Inproved Plow-Steel 
Wire Rope 

6 strand; 19 wire 
Hemp Center 

Diameter 
in in. 
1J2 
911 6 
5/8 
314 
7/8 
1 

1 118 
1 114 
1 318 
1112 

Safe load 
Ib 
4,300 
5,400 
6,600 
9,400 
12,800 
16,000 
21,200 
26,000 
31,400 
37,000 

New Wrought-iron 
Chain 

Diameter of link 
stock in In. 

3/8 
911 6 
5i8 
3f4 
7/8 
1 

11, 
1 114 
13/8 
1 112 

Round-Pin or 
Screw Shackle 

Dia. of pin 
in in. 

Screw pin 

314 
314 
7i8 
1 

1 118 
1 114 
1 112 
1 518 

* 1314 
2 

~ 

Round pin 

518 
3/4 
314 
718 

11/8 
13/8 
1112 
15, 
2 

DropForged 
Steel Hooks 

Diameter 

Eye 
1 114 

11n 
1 314 
2 31'8 

3 118 
3 1M 
3 1/2 
4 

13, 

2 314 

Throat 

13/8 
11n 
1 314 
2 

2 1M 
3 

3 3/8 
4 
4 

4 1/2 

Steel Rings 
and Links 
Diameter 

stock 

Circle 

1 
1114 
1 114 
1 112 
1 w4 
2 

2 114 
2 114 
2 112 
2 314 

oblong 

911 6 
518 
314 

- 1  
1 118 
1114 
la8 
1 112 
13/4 
134 

~ 

Triangle 

3/4 
7/8 
7/8 
1 

1114 
11M 
1 314 
1 314 
2 

2 114 

C c 
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c. Braided slings are maie by braiding ordinary wire ropes together, thus making them more 
flexible than Wirerope slings. ?he size of a braided sling is deteamined by the diameter of 
one wirerope and tbe numbex of ropes in the cross section of the sling. 

d. Inspectim 

(1) -Lifts 

(a) All slings shall be visually inspected each day they are used. In addition, an 
annualinspectionshallalsobeperfanned.Annualinspectionsshallbeperformed 
by a qualified inspector. Any deterioration which could result in an appreciable 
loss of cuigiaal strength shall be amfully noted, and dekmnah * 'onmade 
whether further use of the sling would constitute a safety hazard. Items for 
inspection are included in Exhibit I, "Rigging 'kkle Annual Inspection (wire 
rope)," which appears at the end of this Section. Inspection recordsshaIl be kept 
on file and readily avaiIable. 

(b) 

c 

No precise rules can be given for detemum 'on of the exact time for replacement 
of a sling, since many variable factors are involved. Safety in this respect 
depends largely upon the use of good judgment by an appointed or authorized 
person in evaluating remaining strength in a used sling, after allowance for 
deteriarahion disclosed by inspection. Safety of sling operation depends upon this 
remainingstrengrh. 

Conditions, such as the following, shall be sufficient reason for questioning sling 
safety and for consideration of replacement: 

. -  

(i) Six randomly distributed bmken Wires in one rope lay, or three broken 
wires in one strand in me rope lay 

(E) Wear or scraping of o n e  the original diameter of outside individual 
wires 

@ii) Kinking, crushing, birdcaging, or any other damage resulting in distortion 
of the rope structure 

(iv) Evidence of heat damage 

(v) End attachments that are cracked, deformed, or worn 

(vi) Hooks that have been opened more than 15% of the normal throat opening 
measuredat themwestpoint,  or twisted more than I(klegrees fmm the 
plane of the unbent hook 

I 

(vii) Corrosion of the rope or end atlachments 

(2) High-ConsequenceLifts 

(a) AU the provisions of 8.3.6.d(1) shall apply. 

(b) Slings in use for this service shall be inspected at least every 3 months. Slings not 
in regular use shall be inspectedbefore use. 
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(3) Specid-High-Consequence Lifts 

(a) All provisions of 8.3.6.d(1) shall apply. 

(b) Slings in regular use shall be inspected at least once each month. 

e. Testing 

(1) OrdinaryLifts 

(a) Slings shall be certified as having been proof tested to 200% of the 
manufacturer's load rating prior to initial use. The test load shall be accurate to 
within -5%, 4% of stipulated values. Certification by the manufacturer is 
preferable, bur, as an alternative, a pull test witnessed and certified by a qualified 
person is acceptable. 

(b) Slings shall be load tested and inspected annually at their rated capacity by a 
qualified inspector. Load test records shall be kept on file and readily available. 
If a test has not been completed by the end of the required period, slings shaU be 
downrated as follows: 

(i) Thirty calendar days after the end of the period, the equipment-shall be 
downrated to 75% of the rated capacity. 

(ii) Sixty calendar days after the end of the period, the equipment shall be 
downrated to 50% of the rated capacity. 

- 
- ... 

(iii) Ninety calendar days after the end of the period, the equipment shall be 
taken out of service until the required inspection has been completed. 

(c) The sling may be tested by lifting a weight or by using a machine designed for 
the purpose. In any case, the test load shall be accurate within -5%, +0% of the 
required value. 

(d) All slings shall have a rated capacity of 100% of the test load. 

(e) There shall be no damage to parts or permanent deformation of any part as a 
reSult of load testing. 

(2) High-Consequence Lifts 

(a) Load tests shall be cfnducted at l& once a year, before making a Critical lift (if 
specified in the procedure), and if they have not been used in the previous six 
months unless the slings have been stored in bonded or controlled storage where 
they have been protected from the effects of weather or any other type of abuse. 
If a test has not been completed by the end of the required period, slings shall be 
downrated as per (b) above. Load test records shall be kept on file and readily 
available. 

(b) Slings shall be visually inspected before and after Ioad testing in accordance with 
the following: 
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(0 Section 8.3.6.d for WmRope Slings 

(ii) Section 83.7.k for Steel-chain Slings 

(ii.3 Section 83.8.m for MetaE-Mesh Slings 

(iv) Section 8.3S.t for Synthetic-Mesh Slings 

(c) Load tests shall beno less than 150% of the maximum static laad that will be 

- 

enco~ntered in 
ValueS. 

and shall be ~CC- within -5%, i O %  of stipulates 

(a) Test loads should be structlrred, by administrative control, to 150% of the 
maximum operational load anticipated in the following l h o n t h  period, rather 
than routinely at 150% of the rated capacity. 

(3) Special-High-Corlseqllen~L~ 

AU provisions of 8.3.6.e(2) shall apply. 

f. operatingpractices 

(1) -Lifts 
c 

. -  

(a) Start and stop slowly; sudden starts and stops increase, out of al l  proportion ~IS 
the load, the stresses in thecrane ropes and the sling. 

@) Loads shall beset on blocks. Pullingasling, fiom underalaad which is resting 
on the sling, shall not be permitted 

(c) W m p e  slings shall be protected agaht weather, chemicaIs, solvents, and 
high temperama. The following temperatures shall not be exceeded: 

(d) Fibercoreropes +93OC (2oooF) 

(e) Independentwirecoreropes +2Ao°C (400OF) 

0 Knottedslingsshallnotbeused 

(h) Each leg of a Wirerope sling should be secure at the hook to prevent reeving of 
the sling through the hook. 

(i) A complete tum of wire rope around the Crane hook shall not be made. 

63 Protector arcs or blocking shall be used at sharp comers. 

(k) Avoid handling hot material with Wirerope slings. 

(I) Shackles or adjustable choker hooks should be used when making choker hitches. 

t 
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(m) Slings should be stored on racks away from moisture and acids when not in use. 

(n) Damaged wire-rope slings shall be removed fium service, discarded, and 
replaced with new slings. 

(0) Both prior to use and before storage, wire-rope slings shall be checked for: 
Bmkenorcutwiresorstrands 

“LE: WIRE ROPE, SLINGS, AND RIGGING 
ACCESSORIES 
8,0 REV 00191 

Rust or cowsion 

Kinks 

Broken seizing wire 

Damage to swaged fittings 

Other signs of damage or abuse 

@) The capacity of Wirerope slings is derated by the manufacturer by applying the 
efficiency factors in Figure 8-10, 

Wire rope sprockets-spelter attachment.. .......... 100Ye 

Wire rope sprockets-swaged ........................... 100% 

“Swaged-sleeve” loop or thimble attachment- 
l-in. diameter and smaller ........................ 95% 
1 ’/An. diameter and larger ................... 92.5% 

Loop or thimble splice 
VJ .................... 90% 1t2- .................... 86% 
5tlSn ................... 89% 5t8- .................... 84% 
3t8- .................... 80% at4- .................... 82% 
7tisu ................... 87% . 7t$ & larger ....... 80% 

LF80-0119 

. -  

Figure 8-10. Splicing and fitting attachment method for wire rope. (Showing percentage of effective body 
strengthpermitted.) 

.. 

, 
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Double-based safety clips (drop-forged steel, galvanized) 

INUMBER: zI.0 

Flgum 8-13. Double-based safety clips (ctropforged steel, galvanized). 

(s) 

(t) 

DoubIcAmed safety clips (Fist Clips) may be used to make up general purpose 
slings, provided the sling is derated to 95% of Wire rope capacity. 

The number of clips required and the spacing ~IC the same as for the Crosby 
Clips. 

0 

Table 8-1 4. Number of U type clips and q u e  for wire rope eye loop connections 

I Rope diameter I I Torque to be applied to 1 
nuts of clips (ft-Ibs.1. 

Minimum ... I Maximum 
I (inches) and nominal Clips I I CliD Size 

I I 

511 6 3 22 25 
3 35 40 

I 

NOTE 1 : 

NOTE 2 

Prope.11~ applied U clip connection develops only 80 per cent of rope strength. 

The spacing of clips should be six times the wire rope diameter and the U portion of the clip shall 
always be on the dead end of the rope. .. 

(u) AU witerope slings in DOE-controLIedareas shall be marked, as a minimum, 
with a serial number. Tfie serial n u m k  may be stenciled or stamped on a metal 
tag affixed to the sling, or it may be stenciled or stamped on the swages of a sling 
eye. 

Through this serial number, the speciakated capacity and the load-test date 
shall be readily available to the user of the sling. Additional informatio~, such as 
shop location, size, and length can also be made available. 

(v) 
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(w) Whm slings have mom than one leg, the serial numbex shall be on the master 
~These~num~rmaybestamped~ntheterlinkprovidingthe 
stamping does not affect the sling capacity. 

(2) agb-conseq UenCeLifts: 

Au provisions of 83.6.f(l) shall apply. 

Eya  in wire rope shall be made with a thimble having a ratio of thimble 
diameter @) to rope diameter (d) of 3. D/d = 3 or more. 

The dead end of theeye mustbe splidto thebody byeitheaahand-tucked 
splice or a swaged sleeve. 

Wedge sockets or wirsjope clips shall not be used on slings used in 
High-Consequence/Spial-High-CoquenceLifts. 

MuItipIs-leg slings shall have a link or ring at the crans-hook contact, to prevent 
nmning of the sling over the hook and to p v e n t  sharp bending of the sling eye. 

The working loads of wirerope slings shall not exceed theirspecial-rated 
capacities. 

Slings shall not be spliced together. 

Slingsjoiaeden~shallusethimbleeyesandfittingsasshownin 
Figure 5-2. 

Sling eyes should be located so that: 

(i) Adequate clearance is maintained between the attached slings and other 
parts or surhxs of the component or equipment. 

(ii) There is no inteaference with the functioning of W i g ,  rigging, or 
handlingequiment. 

(iii Maximum accessiiity to the eye is maintained. 

(iv) Attached slings can converge over the center of gravity of the lift when at 
its maximum shippiing weight. 

(v) Proper stability can be maintained during lifting and positioning of the 
item at the installation site. 

(vi) The plane of the slinging eye is coincident with the plane of the sling under 

(vii) Sling angles are not less than 45 degrees with the horizontal. 

IoadedcOnditiOnswithin+5&~. - 

Inside dimensions or clearances of slinging eyes shall be as listed below, except 
where the eyes engage shackles which are pexmanmtry attached to the equipment 
(in which case the inside clearance of the shackles shall be as listed below, and 

\ '  

. .  
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the inside clearance of the slinging eye shall be sufficient 10 permit free 
movement of the shackle). 

Weight of Inside Dimension of Eye 
Equipment (tons) or Shackle (inches) 

upto20 3 minimum, 3.5 maximum 

20to45 3.5 minimum, 4 maximum 

45 to 65 4minimum,5maximum 

Over 65 Based on hoc& dimension 

(k) W m p e  slings used in HigKonsequence Lifts shall, as a minimum, be 
marked as in 5.6.1~. As determined on a case basis, the reach, type, weight of the 
sling assembly, and spec- capacity may also be required 

(a) AU proviSions of 8.3.6.f(2) shall apply. 

@) Slings must be identified by serial number, m h ,  type. weight of the sling 
assembly, and special-rated capacity (at a specific angle with the horjmntal). 

(c) open-loop slings shall not be used to handle Special-Higgh-Consequence Loads. 

(d) Riggingdiagramsaremandamy. 

(e) A written history of each use is mandatory. The reconls required for 
Special-High-ConsequenceLifts are eonsidered adequate to satirfy this 
requirement. 

8.3.7 SteeCChaln Slings 

a Chainslingsdifh from Wirempe slings in that components Using wire arereplaced by link 
chain. Other sling components ate similar. Chain slings ate more rugged and flexible, but less * 

shock resistant than Wirerope or braided slings. The size is measured by the lid stock. 

b. I\vo basic types, with many variations. are used: --type and hook-. An example of 
each is shown. 
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uble basket type Hook type 
FigUte 8-14. 'Islpes of Chain Slings. 

c 
. -  

- -  

c. Alloy steel chain slings shall not be heated above lOOOOF after being received from the 
manufkturer. 

d. When exposed to service tempesatures in excess of 6oo°F, working load limits shall be 
reduced in acmrdme with the chain manufacturer*srecommen&tions. 

Extremely low tempetahnes (<om may cause brittle fractures. Under these conditions, 
sudden loading should be avoided and the load should be lifted a very short distance while 
thechainsarecarehllyinspected. 

e. 

f. AU chains shall bemanukctmedand tested by the chain manufacturer in accordance with 
ASTMA391 (Section 9.0). 

g. Chains should be stored in racks or in designated locations when not in use. Chains should 
never be stored in damp or dirty places, nor in places exposed to the wearher. For long-term 
storage, they should receive a coating of oil. The ends of all empty chains should be hooked 
onto the hoist hook or bull ring. 

Chains should not be lubricated when in use, since this might make them dangerous to 
handle. Chains should be cleaned periodicauy to remove abrasive grit and to facilitate 
inspection. 

h. 

i. The total load which can be lifted safely with steel chain depends upon the manner in which 
the slings are attached to the load. If al l  legs of a steel-chain sling are hooked back into the 

.. 

., 

I .  

. .  
i .. . . , . .  

.. 

\ \  - . .  
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j. The safe-load level on my chain sling is a function of three basic factors: size and number of 
legs, condition of chain and other component, and hooking angle behveen legs and 
horizontal. Table 8-15 shows safe loads in Ib per leg which can be carried by various 
chain-sting arrangements. Note the effect of very-low-hook height and wide-leg spreads. 

Incases where three or m m  legs of a chain are used, it shall be assumed that the load will be 
canied by only three legs; this includes the double-basket type. 

k. 

D K W  

(in.) 
9/32 
318 
112 
518 
314 
718 
1 

1 118 
1 114 

Table 8-15. Safe loads for alloy steel chain slings 

goo 60" 4 5 O  30' 
3 250 2 800 2 300 1 625 
6 600 5 700 4 650 3 300 

11 250 9 750 7 950 5 625 
16 500 14 300 11 650 8 250 
23 000 19 900 16 250 11 500 
28 750 24 900 20 350 14 375 
38 750 33 550 27 400 19 375 
44 500 37 550 31 450 22 250 
57 500 49 800 40 650 28 750 

- -.. 'Wo-0220 

(1) -Lifts 

(a) All slings shall be visually inspected each day before they are used. 

(i) Conduct a link-by-link inspection far the following defects: bent links, 
stretched links, cracks in any section of link, scores, abrasions, or markings 
tending to weaken the rings or hooks. Reject if discovered. 

(ii) Check rings and hooks for distortion, cracks in weld areas, corrosion, and 
scores, or markings mding to weaken the ring or hooks. Reject if 
discovered 
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(iiii Inspection shall be made on an individual linkbasis. Ifany linkdoes not 

hinge freely with the adjoining linlr, the assembly shall be removed from 
service. 

(iv) Assembli~with~ormedmasterlinlrsorcouplinglia3csshallberemoved 
fromsezvice. 

(v) Assemblies shall be removed from service if hooks have been opened more 
than 15% of the normal throat opening measured at the narrowest point, or 
twisted more than I0-degrrx-s h m  the plane of the unbent hook. 

- 

(vi) Deformed hooks or &ex amhments should not be straightened on the 
job. Assemblies with such defects shall be reconditioned by the 
manufacturer. 

(vii) Assemblies with cracked hooks or o h  end attachments shall be removed 
from service. 

(viiii Assemblies with such defects shall be reconditioned or repaired prior to 
returntoservice. 

(ix) See Exhibit II, "Rigging " h d e  Annual inspection (chain)," which appears 
at the end of this Section. 

(4) Annual inspections shall be conducted by a qualified in spec to^ ?he criteria in (a) 
above, and the following shall be used to make the inspections: 

(i) Hang chain in a vertical position, if practicable, for p h i n a r y  inspection. 
Chain should hang reasonably straight if links are not distorted. 

(ii) Measure accmtely the reach ( i i &  of crane ring to inside of hook) under 
no load when new and at each inspection, and keep a record of increase in 
length. Increase in length may be due to stretch (sign of overload or wear, 
lack of lubrication, or too low a rating for class of service). 

. 

(iii) Check for localized stretch OT wear. Lift each link from its seat and visually 
inspect for grooving. If grooving is noticed, check stock diameter of link to 
be within the minimum safe dimensions in the cable below. Reject chain if 
it does not meet the requirements in the table. 

(iv) If wear at any point of any chain link exceeds that shown in "hble 8-16, 
the assembly shall be moved h m  sewice. 

- 
(v) Sharp transverse nicks should be rounded out by grinding. 

(vi) If the depth of the gauge or rounded+ut portion exceeds the values shown 
in the following table, the assembly shall be removed from service. 

(2) High-Consquence Lifts 

(a) All the provisions of 8.3.7a(l) shall apply. 
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Table 8-16. Maximum allowable wear of chains 

Chain size 
(in.) 
1 I4 
318 
112 
518 
314 
718 
1 

1 114 
1 112 
13/14 
2 

Original size 
(in.) 
9/32 
13/32 
17/32 
21/32 
25/32 
29/32 
11/32 
1 114 
1 112 
1 314 
2 

Maximum permissible 
wear (in.) 
3/64 
7/64 
9/64 
11/64 
311 6 
1 3/64 
1 5/64 
1 I4 

1 9/64 
511 6 
21/64 

Remove from senrice 
dimension' (in.) 

1 5/64 
. 19/64 

25/64 
31/64 
19/32 
45/64 
51/64 

1 
1 13/64 
1 7/16 
1 4 / 6 4  

*When smallest section of link is less than these dimensions. 

(b) Slings in use for this service shall be inspected at least every three months. Slings 
not in regular use shallbe inspectedbefore use. 

(3) Special-High-consequenceL~ 

(a) All provisions of 83.742) shall apply. 

(b) Slings in regular use shall be inspected at least once each month. 

All provisions of 83.6.e shall apply. 

m. Operatingpractices 

(a) Overloading causes accidents. When in doubt, use a larger sling. 

(b) Loads shall be seton blocks. Setting alosdon asling or pulling asling from 
under a load is not permitted. Place wooden blocks under the load high enough to 
clear the chain. 

(c) Shortening of chain slings shall be accomplished by hooking back into the chain, 
into the master link, or with grab hooks. Shortening by knotting, twisting, 
bolting, or inserting the tip of the hook into a link shall not be permitted. 

(d) A chain shall not be hammered to force it into position. 

(e) Chain slings shall be protected from sharp corners which might bend the links. A 
suitable pad shall be used to prevent gouging or bending of the chain links, as 
well as possible scarring of the load. 
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(0 when making choker hitches with chain slings, always face the hook opening out 
and away from the pull of the sling, so that the hooks will not slip out when slack 
is Eaken out of the sling. 

Choker hitches with chain slings 
(hook openlng away from pull of sllng) 

. -  

Figure 8-15. Chokex Hitches with Chain Slings (Hook Opening away h m  p a o f  sling) 

(i) Nicks, QBcks, gouges, and wear 

(3) Bending, stretching, or shearing of links 

(iii) Openhooks 

(iv) Rustandcorrosion 

(v) Uneven lengths when sling legs are hanging free 

Welding and local repairs of sling chains shall not be made. All defective chains 
should be retuned, through formal procedure, to the vendor for examination;. 
nqair, and receaification. 

Sudden loading of chain slings shall be avoided. 

Safety snaps on hooks shall be maintained in good condition. 

Do not take chances. If a chain does not look safe, it must not be used. Do not 
assume a chain is safe because it looks new; look for stretched links. If in doubt, 
check with the supemisor. 

Loads shall not be carriedon the point or tip of a hook. 
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Avoid unbalanced loads. 

Homemade links, maLeshiftfasteners formed from bolts, rods, etc., or other 
such attachments shall not be used. 

The ends of al l  empty chains shall be hooked onto the hoist hook or bull ring. 

Makeshift and field-fabricated hooks shall not be used on steel-chain slings. 

AU steekhain slings in DOkntrolled areas shall be identified, as a minimum, 
with a serial number. 'Ibis serial number shall be stenciled or sramped on a metal 
tagaffixedtothesling. 

?hrough this serial number, the speciakated capacity and the load-test date 
shall be readily available to the user of the sling. Additional information, such as 
shop location, size, and length can also be made available. 

Whexe slings have more than one leg, the serial number shall be on the master 
link. The serial number may be stamped on the master link providing the 
stamping dots not a f k t  the sling capi ty .  

(2) High-consequenceLift9: 
. -  

-... (a) AU provisions of 8.3.7m( 1) shall apply. 

(b) Multiple4eg slings shall use a link or ring at the cranehook contact to prevent 
running of the chain over the hook to prevent sharp bending of the chain links. 

(c) The working l d  shall not exceed the speciakated capacity of the chain sling. 

(d) Chains shall not be hooked together to increase the length of the chain sling. 

(e) Steel-chain slings shall, as a minimum, be marked as in (q) above. As 
detamined on a case basis, the reach, type, weight of the sling assembly, and 
special-rated capacity may also be required. 

/ 

(3) Special-HiglbCoquenceLifts: 

(a) AU pvisions of 8.3.7m(2) shall apply. 

(b) Slings must be identified by serial number, reach, type, weight of the sling 
assembly, and speciakated capacity (at a specified angle with the horizontal). 

(c) open-loop slings'shall not be used. 

(d) Riggingdiagramsaremanandatory. 

(e) A written history of k h  use is mandatory. The records required for 
Special-High-Consequence Lifts are considered adequate to satisfy this 
requhment. 

D m  
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8.3.8 Metal-Mesh Slings 

a Metal-mesh slings shall be classified in accordance with the following 

classification 

Carbon Steel 
stainlesstee1 
Carbon Steel 
stainlesssteel 
Caxtmn Steel 
stainlesstee1 

Desinnation 

3 5 4 3  
354s  
4 3 4 3  
434s 
5- 
594s 

b. The carbon steel used in metaknesh slings shallbe processed to produce &e required 
mechanicalproperties. 

c. The material used for stainless steel metal-mesh slings shall conform, at least, to the AIS1 
standards for "ype-302 or -304 stainless steel (see Section 10.0). 

d. Other mateads may be used. When metaknesh slings are produced from such materials, the 
slingmanufacturershouldbeconsultedforspecificdata 

e. Thehandleshallbedesignedtoensure: I 

(1) At least the same rated capacity as the fabric 

(2) No visible permanent deformation after proof testing. 

f. The fabric and handles shall be so joined that: 

(1) The rated capacity of the sling is not reduced 

(2) 'Ihe load is evenly distributed across the width of the fabric 

(3) 

Slings may be painted, plated, impregnated with elastomers, such as neoprene or polyvinyl 
chloride (PVC), or otherwise suitably coated. The coating shall not diminish the rated 
capacity of a sling. 

Sharp edges do not damage the fabric. 

g. 

h. The factor of safety for metal-mesh slings shall be a minimum of 5. 

i. Slings shall not be used to lift loads in excess of the speciakated capacity, properly derated 
for othex than straight-pull cOnfigurations. 

j. AU slings covered by this section may be used without derating in a temperature range from 
-20 to +550"F, except elastomer-impregnated slings. 

k All slings covered by this section and impregnated with PVC or neoprene shall be used only 
in a temperafurerange from 0 to +U)O°F. 
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Male - 

Bearing-to-bearing length-- 

&.Me handle I 

Fabric 
thickness 

Crossrods 

/- ... Spiral8 welded or 
brazad to crossrods 

LF90-0141 

Rgure 8-16. ~ypical ~eta l -~esh sling. 

, 
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Table 8-17. Rated ca~acities carbon 

I vmw or 
choker Vetticalbasket I I I I 

Heav'yduLy lO-ga35spixa4'ftofslingwidth 

2 1,500 3,000 2600 2100 1,500 
3 2700 6,400 4 , m  3,800 2700 
4 4,000 8,000 6 , m  5,600 4,000 

8 8,000 16,000 13,800 11,300 8,000 
10 10,000 20,000 17,000 14,100 10,000 
12 12,000 24,000 an700 16,W 128000 

6 6,000 12000 10,400 8,400 6,000 

14 14,000 28,000 24,N 19,700 14,000 
16 16,000 30000 27,700 22,m 16,000 

18 18,000 =lo00 31,100 #,400 18,000 
20 20,000 40,000 34,600 28,200 - 20,000 

2 
3 
4 

6 
8 
10 

12 
14 
16 

18 
20 

Medium duty 1-43 spirals/ft of sling width 

4,500 
6,000 
7,500 
Q,OOO 

10,500 
12,000 

9.000 7,800 
12000 10,400 
16,000 13,000 

18,000 15,600 
21 ,Ooo 18,200 
24,000 20,800 

13,500 27,000 23,400 
16,000 30,000 26,000 I 

- -  
1,900 
2800 
3,800 

6.400 

10.600 

12,700 
14.800 
17,000 

19,100 
21,200 

8,500 

Light duty 14-ga 59 spirals/& of sling width 

1,400 
2,000 
2100 

4,500 
6,000 

9,000 
10,500 
12m 
13,500 
15,000 

7.500 

2 900 1,800 1,600 1,300 800 
3 1,400 9- 2400 ZOO0 1.400 
4 9000 4.000 3,500 28800 z000 
6 3,000 6,000 5,200 4,200 3.000 
8 4,000 8,000 6,900 5,700 4,000 
10 5,000 10,000 8.600 7,100 5,000 

12 6,000 1 &ooo 10,400 8,500 6,000 
14 7,000 14,000 lZ100 9,900 7,000 
16 8,000 16,000 13,900 11,300 8,000 

18 9,ooO 18,000 15,600 12.700 9,000 
M 10,000 20,000 17,000 14,100 10,000 
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(3) 

-Lifts 

(a) An slings shall be visually inspected before each use by the person handling the 

@) Annual inspections shall be made by a qualified inspector and inspection records 
shall be kept on file and readily available 

(c) Slings shallbe inspected and shall beremovgl from service if any of the 
following defects are present: 

(i) Abroken weldorbrazedpintalongtheslingedge 

(ii) A broken wire in any part of the mesh 

(iiii Reduction in wire diameter of 25% due to abrasion, or 15% due to 
corrosion 

(iv) h k  of flexibility due to distortion of the fabric 

(v) Distortion of the female handle so the depth of the slot is increased by 
more than 10%. 

(vi) Distortion of either handle so the width of the eye is decreased by more . 

(vii) A 15% reduction of the original cross-sectional area of metal at any point 

(vii) Any distortion of either handle out of its plane. 

sling. 

than 10%. 

around a handle eye. 

High4onsequenceLifts 

AU provisions of 83.8.m(1) shall apply. 

Slings in use for this seryice shall be inspected at least every three months. Slings not 
in regular use shall be inspected before use. Standards for these inspections shall be as 
in 8.3.8.m(1)(c). 

Hooks shall be examined annually by an NDE method in accordance with the section9 
of ASTM Standards, applicable to the method of examination used. 

SpeciaI-HigbCouence Lifts 

All provisions of 8.3.8.m(2) shall apply. 

Slings in regular use shall be inspected at least once each month in accordance with the 
standards in 8.3.8.m(l)(c). 

n. ,Testing 
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All provisions of 83.6.e shall apply. 

0. opetatingpractices 

(1) -Lifts 

Approximate weight of the load shall be determined. 

Sling shall have suitable characteristics and rated capacity for the load and 
environment. 

Sling should be long enough to provide the maximum practical angle between 
the sling leg and the horizontal (minimum practical angle at the crane hook, if 
VeaticalangIeSareUsed). 

Slings shall not be shortened with hots, bolts, or other unapproved methods. 

Damagedslings shall not be used. 

Slings shallbe hitched securely to the load. 

SharpUXll&hallbepadded. 

Hands and fingets shall be kept from between the sling andge-load. 

Personnel shall stand clear of the suspended-hh. 

Shock loading should be avoided. 

Slings shall not be pulled from under a load when the load is resting on the sling. 

Slings shall be stored in an area where they wil l  not be subjected to mechanical 
damage or corrosive action. 

'Msting and kinking of the legs should be avoided. 

In a choker hitch, slings shall be long enough so that the female handle chokes 
freely on the mesh and nevex on the handle. 

In a choker hitch, the Id should be balanced. When this cannot be done, the 
manufacturer should be consulted for a derating factor, or for other means of 
handlingthistypeofload. 

In a W e t  hitch, the load shall be balanced to prevent slippage. 

Slings in which the spirals are locked or without free articulation shall not be 
used. 

Never hammer a sling to straighten a spiral or cross rod, or to force a spiral into 
position. 

Slings used in pairs should be attached to a spreader beam. 
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(t) AU metahnesh slings shall have a permanently afijxed, durable identiftcation 
tag containing the following information: 

TITLE: WRE ROPE, SLINGS, AND RIGGING 
ACCESSORIES 
8,0 REV: 00/91 

(i) ManuEecnper’s name or trademark 

(ii) Serialnumber 

Through this serial number, the specialat& capacity (at specified angle 
with the horizontal), rated capacity in vertical, basket, and choker hitch, 
and theload-test date shall be readily available to the uset of the sling. 
Additional infomtion, such as shop location, size, and length can also be 
made available. 

(2) High-Consequence Lifts: 

(a) All proviSions of 8.3.8.0(1) shall apply. 

(b) Do not exceed special-rated capacity. 

(c) Rigging diagrams may be requiredon acase by case basis. 

(d) Slings used in High4onsequence Lifts shall, as a minimum, be marked as in (t) 
above: As deteTmied on a case basis, the reach, type, and weight of the sling 
assemblyatayalsoberequiFed . -  

c 

(a) All p~~visions of 8.3.8.0(2) shall apply. 

(3) Special-High-Consequence Lifts: 

(c) Awritten history of each use is mandatory. Therecords required for 
Special-HiglKonsequence Lifts are considered adequate to satisfy this 
requirement. 

(a) Segregated storage is manditory. 

(e) In addition to the requirements of (t) above, slings shall also be identitied by 
reach, type, and weight of sling assembly. 

8.3.9 SynthetHesh  Slings 

a. Mesh shall possess the following qualities: 

(1) Sufficient strength to meet the sling manufachrrer’srequirements 

(2) Uniform thickness and width 

(3) Have selvage edges and not be split from its woven width. 

b. 

c. Ettingsshallbe: 

The thread used in the manufacture of a sling shalI be of the same type material as the mesh. 

DRAFT 

I .  



c 

DEPARTMENT OF 
ENERGY 
HOISTING & RIGGING 
MANUAL 

d 

e. 

f. 

8. 

h. 

i. 

j. 

k 

1. 

m. 
n. 

“LR WIRE ROPE, SLINGS, AND RIGGING 
ACCESSORIES 

W E R :  8.0 REV 00/91 

(I) Of sufficient strength to sustain twice the rated capacity without permanent 
deformation 

(2) Ofaminimumbrealringsaengthequattothatofthesling 

(3) Free of all sharp edges that would in any way damage the mesh. 

The stitch pattern shall contain a sufficient number of stitches to develop the Ni breaking 
strength of the sling. 

Slings may be coated with elastomers or other suitable material that will impart desirable 
characteaistics, such as abrasion resistance, sealing of pores, and increased coefficient of 
friction. 

‘Ihe factor of safety far synthetic-mesh slings shall be a minimum Of 5. 

Rated capacities are affected by the type of hitch used, and by the angle from the vertical 
when used as multi-legged slings ur in basket hitches. The sling manufacturer shall supply 
data on these effects. 

Slings shall not be used to lift loads in excess of the special-rated Capacity, pper ly  derated 
for other than straight-pull co~guration. 

Slings shall be stored in a manner such that mechanical or chemical damage is prevented. 

Nylon slings shall not be used where acid conditions exist . -  
- -_ 

Polyester and polypropylene slings shall not be used where caustic conditions exist. 

Polyester and nylon slings shall not be used at temperaMes in excess of 18O”P, nor 
polypropylene slings in e m s  of 200°F. 

Aluminum fittings shall not be used where caustic conditions exist. 

Synthetic webbing slings offer a numbex of advantages for rigging purposex 

(1) Their relative softness and width mean they have much less tendency to mar or scratch 
finely machined, highly polished or painted surfaces and have less tendency to crush 
fragile objects than do fiber rope, wire rope or chain slings. 

(2) Because of Wir flexibfity, they tend to mold themselves to the shape of the load. 

(3) They are not affected by moisture and certain chemicals. 

(4) They do not rust and thus do not stain ornamental precast concrete or stone. 

(3 They are non-sparking and can be used ‘safely in explosive atmospheres. 

(6) They minimize twisting and spinning during lifting. 
Their light weight permits ease of rigging, their softness precludes hand cuts. and the 

They are elastic and stretch under load more than either wire rope or chain and are thus 
able to absorb heavy shocks and cushion the load. In cases where sling stretching must 
beminimized , a sling of larger load Capacity or a polyester sling should be used. 

danger of harm from a bump by a f iwxwwy  - -gslingisminimaL 
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0. Synthetic mesh slings ate available in a number of configurations that find application in the 
indusuy. 

(1) Endless OT Grommet Sling-both ends of one piece of webbing are lapped and sewn to 
form a continuous piece. They can be used as vertical h i t ch ,  bridle hitches, in choker 
arrangements or 8s basket slings. Because load contact points can be shifted with every 
lift, wear is evenly distributed and sling life is extended. (Figure 8-17) 

(2) Standard Eye and Eye-webbing assembled and sewn to form a flat body sling with an 
eye at each end and the eye openings in the same plane as the sling body. The eyes may 
either be full web width or may be tapered by being folded and sewn to a width 
narrower than the webbing width. (Figure 8-18) 

(3) W t e d E y e - a n  eye and eye type with twisted terminations at both ends. The eye 
openings are at 9O-degrees to the plane of the sling body. This configuration is also 
available with either full width or tapered eyes. (Figure 8-19) 

In place of the sewn eyes, synthetic mesh slings are also available with metal end fittings. 
The most common are triangle and choker hardware. Combination hardware consists of a 
triangle for one end of the sling and a trianglelrectangle (choker attachment) for the other 
end. With this arrangement, both choker and basket as well as straight hitches may be rigged. 
They help reduce wear in the sling eyes and thus lengthen sling life. 

q. Despitetheirinhmnttoughness, syntheticmeshslingscanbecutbyrepeatedusearound 
sharpcornered objects and they eventually show signs of abmion when rough-surfawd 
products are continually hoisted, There are, however, protective devices offered by most 
sling manufactureas that minimize these effects. Figure 8-21) 

p. 

8-20) 

. -  ,.- ' 
* I  ' 

Buf€er strips of leather, nylon, or other rriaterials sewn on the body of a sling protect 
against wear. Leather pads are the most resistant to wear and cutting, but are subject to 
weathering and @ual deterioration: They are not recommended in lengths over 6 ft 
due to the different stretch charactexistics of leather and webbing. On the other hand, 
nylon web wear pads are more resistant to weathering, oils, grease, most aIkalis, and 
they stretch in the same ratio as the sling body. 

Edge guards are also available and consist of strips of webbing or leather sewn around 
each edge of the sling. This is necessary for certain applications where the sling edges 
aresubjecttodamage. . 

sleeve or sliding tube type wear pads are av&Ie for m g s  used to handle material 
having sharp edges. They can be positioned on the sling where required, do not move 
when the sling stretches, adjust to the load and covw both sides of the sling. 

Reinforcing strips can be sewn into the sling eyes that double or triple the eye thickness 
and greatly increase the life and safety. 

Coatings can be applied to provide added abrasion and chemical resistance. These 
treatments also increase the coefficient of Ection, af€ording a better grip when loads 
with slippery surfaces are to be handled. These coatings can be brightly colored for 
safety or load rating purposes. 

Some manufacturers offer a cotton-faced nylon webbing for hoisting granite and other 
rough surfaced material. 

, . *  1 

, '  
, *  , 

*- . 

. 5 * .  

. . .  , . I  . 
' : .  

. .  

.. 

Y 
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Triangle end fittings I 

c 

Flgure 8-20. Metal end fittings. 

Choker sling 

b u -LF90420! 

.... - ............ -- 
.-.e-..------- --.--- 

EDGEGUARD. A strip of webbing or 
leather is sewn around each edge of the 
sling. This is necessm for certain appli- 
cations where the sling edges are subject 
to damage. 

expected wear points. They can be 
sewn anywhere on the sling, at any 

sewn on to ghre fixed protectbn at 

length on one side or on both sides. 

REGULAR. c This Is the type that Is 

SLEEVE. Sometimes called sliding sleeve or tube type 
wear pads, these pads are ideal for handling material with 
sharp edges because the sleeve doesn't move when the 
sling stretches and adjusts to the bad. Sleeves cover both 
skies of the sling and can  be shifted to points of expected 
maximum wear. LF00-0216 

Flgure 8-21. Web and edge protectors. 
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r. The sling capacities quoted in Tables 8-18,8-19 and 8-20 are approximate only and are 
based on nylon webbing having brealring men@ of 8000 Wim. of webbing width and 
6OOO lbb .  of widrh and Dacron having a breaking mgth of 5000 Ib/in. of webbing width. 
The capacities arc alsobased on a 5 1  factor of safety and assume that the end fiaings arc of 
adequatestre@* 

s. AIthough safe working lords for bridle hitches in the chokex or double basket configuration 
hitches are povided, it is advised that they be used only with extreme caution because as the 
ding angle decreases one edge of the web will take all the load with risk of tearing. 
(Pm8-m 

L Inspections 

(a) All slings shall be visually inspected before each use by the person handling the 
sling. 

(b) Annual inspection shall be made by a qualified inspector and inspection records 
shall be kept on file and readily available. 

(c) A sling shall be removed from service if any defects, such as the following, are 
visible: 

(i) Acid or caustic bums . -  

(ii) Melting of charring of any part of the sate 
(iiii snags, p c m ,  tears, or cur.!? 

(iv) Broken or worn stitches 

(v) Wear or elongation exceeding the amount recommended by manufacturers 

(vi) Distortion of fittings 

(vii) Other apparent defects which cause doubt as to the strength of the sling 
should be referred to the manufacturea for determination. 

(viiii See Exhibit III, “Rigging Tackle Periodic Inspection (Nonmetallic Slings 

(a) Written inspection records, utilizing tbe identification for each sling as 
established by the user, should be kept on all slings. These records should show a 
description of the new sling and its condition on each subsequent annuaI 
inspection. 

& Ropes,” which appears at the end of this section. 

(2) High-ConsequenceLifts 

(a) All provisionS of 8.3.9.t(1) shall apply. 

Slings in use for this Service shall be inspected at least every three months. Slings 
not in regular use shall be inspected before use. Standards for these inspections 
shall be as in 8.3.9.t(l)(c). 
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Table 8-18. Rated capacity of Dacron web slings (5000 lbfin.) 

DACRON WE8 SLINGS 
(5000 IMn. Material) 

Web 
Width 
(in.) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Nc 

Maximum Safe WorWng Loads-lb (safety factor I 5) 
(eye 8 eye, twisted eye, triangle fiings, choker fittings) . 

1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 

10,000 
11,000 
12,000 

: For Safe Wor 

750 
1,500 
2,250 
3,000 
3,750 
4,500 
5,250 
6,000 
6,750 
7,500 
8,250 
9.000 

na Loads of Er 

2,000 
4,000 
6,000 

10,000 
12000 
14,000 
16,000 

20,000 
22,000 
24.000 

8,000 

i 8,000 

60" 1 4 5 O  I 300 
1,730 
3,460 
5,200 
6,950 
8,660 

10,400 
12,100 
13,850 
15,600 
17,350 
19,100 
20.800 

1,400 
2,830 
4,250 
5,650 
7,070 
8,500 
9.900 

- I*- 11,300 
12,700 
14,100 
15,500 
17.000 

1,000 
2,000 
3,000 
4,000 
5,000 

- 6,000 
- 7,000 

8,000 
9,000 

10,000 
11,000 
12.000 

- ESS or Grommet Slings, Multiply Above Values by 2. I 
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NYLON WEB S M G S  
(6000 M n  Material) 

Maximum Safe Working Loads-4 (safety factor .I 5) 
(eye Q eye, twlsted eye, triangle fittings, choker flttlngs) 

Web 
Width 
(in.) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

No 

~~~ 

t% 
Hitdl 

I. 
1,200 
2,400 
3,600 
4,800 
6,000 
7,200 
8,400 
9,600 

10,800 
12,000 
13,200 
14,400 

: For Safe Wor 

225 
Hteh 

1 
900 

1,800 
2,700 
3,600 
4,500 
5,400 
6,300 
7,200 
8,100 
9,000 
9,900 
10,800 

ig Loads of Er 

Hitdl 
Tq-fy 

D 
2,400 
4,800 
7,200 
9,600 

12,000 
14,400 
16,800 
19,200 
21,600 
24,000 
26,400 
28,800 

ess or Gromm 

600 
2,080 
4,160 
6,240 
8,300 

10,400 
12300 
14,550 
16,600 
18,700 
20,800 
22,900 
25,000 

4 5 O  

1,700 
3,400 
5,100 
6,800 
8,500 

10,200 

13,600 
15,300 
17,000 
18,650 
20,400 

11,900 .- 

300 
1,200 
2,400 
3,600 
4,800 
6,000 
7,200 
8,400 
9,600 

10,800 
12,000 
13,200 
14,400 

For Double Basket Hitch rnultipty above 
valuefi by 2 

LFgo-o?17 
Slings, Multiply Above Values by 2. 
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Table 8-20. Rated capacity of nylon web slings (8OOO Ib/ii.) 

NYLON WEB SllNGS 
(8000 mn Material) 

IITIZE: WIRE ROPE, SLINGS, AND RIGGING 
ACCESSORIES 
8,0 REV 00191 

c 

45O 
2,260 
4,520 
6,800 
9,050 

13,600 
15,800 

- .- ia,ioo . 
20,400 
22,600 
24,900 
27.200 

11,300 

Web 
Width 
fin.) 

30° 
1,600 
3,200 
4,800 
6,400 

- 9,600 
- ' 11,200 

12,800 
14,400 
16,000 
17,600 
19,200 

8,000 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 

a 

No 

Maximum Safe Working Loads--lb (safety factor = 5) 
(eye & eye, twisted eye, triangle fittings, choker fMngs) 

Single 
v6TbcaI 
Hitdl 

0- 
1,600 
3,200 

6,400 

9,600 

4,800 

a,ooo 

11,200 
12,800 
14,400 
16,000 
17,600 
19,200 

I: For Safe WOI 

:I!& 
Hitch 

b 
1,200 
2,400 
3,600 
4,800 
6,000 
7,200 

9,600 

12,000 
I 13,200 

14,400 

8,400 

10,800 

ng Loads of EI 

mt 
(@$ ut  

3,200 
6,400 
9,600 

16,000 
19,200 
22,400 
25,600 

32,000 

12,800 

28,800 

' 35,200 
38,400 

ess or Gromm 

600 
SnO 
5,550 
8,300 

11,100 
13,850 
16,600 
19,400 
22,200 
25,000 
27,700 
30,500 
33.300 

For Oouble Basket Hltch rnufffply above 
values by 2. 

LF90-0217 
Slings, Multiply Above Values by 2. 
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Flgure 8-22. Effect of low sling angle on webbing. 
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(3) SpeciaI-Higfbconsequence Lifts 

(a) All pmvisions of 83.942) shall apply. 

Slings in regular use shall be inspectedatleast once each month in accoTdance 
with the stan- in 83.9.t(l)(c). 

u. Testing 

All provisions of 83.6.e shall apply. 

v. operatingpractices 

(1) OtdioarYLifts 

Determine the weight of the load. 

Select a sling having suitable characteristics for the type of load, hitch, and 
envhnment. 

Do not Ioad slings in excess of the special rated capacity. 

Slings with fittings which are used in a chokex hitch shall be of sufficient length 
to assure that the choking action is on the webbing. 

Balance the Win slings used in a basket hitch to preveG &page. 

Do not drag slings on the floor or over any abrasive slrrface. 

Do not twist or tie slings intoknots. 

Protect slings fmm Wig cut by sharp c~rners, sharp edges, and highly abrasive 
slrrfaces. 

Do not pull slings fnrm under loads when a load is resting on a sling. 

Do not drop slings. 

syntheric-meshslingsshaubemarkedorcodedtoshow: 

- 

(i) Nameortrademarkofmanufacturer 

(ii) serialnumbex 

(iii.3 Through this seriat numbex, the speciakated capacity (at specified angle 
with the horizontal), rated capacity in vertical, basket, and choker hitch, 
and the load-test date shall be readily available to the uset of the sling. 

(iv) Additional information, such as shop location, size, and length can also be 
made available. 

(2) High-ConsequenceLifts 
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(a) All provisions of 83.9.V(1) shall apply. 

@) Do not exceed special-rated capacity. 

(c) Rigging diagrams may be requiredon a m  basis. 

(d) SlingsusedinHi~onsequenceLifts,asaminimum,shallbemarkedasin(k) 
above. As detetmined on a case basis, the reach, type, and weight of the sling 
assemblymayalsoberequired. 

(3) Special-High-consequenceLifts 

(a) All provisions of 8.3.9.V(2) shall apply. 

0 Riggingdiagrams=mandaw. 

(c) A written history of each use is mandatory. Therecords requiml far 
Special-High-Consequence Lifts tue considered adequate to satisfy this 
requirement. 

(d) Segregated stoxage is maudamy. 

(e) In addition to the requirements of Q above, slings shall also be identified by 
feach and weight of sling assembly. - 

- .. 
8.4 RIGGING HOOKS: 

8.4.1 De8lgn 

Hook design shall meet generally accepted hook design standards andbe compatible with the 
requirements of ANSUMME B30.10, Chapter 10-2,"Hook- Miscellaneous." (See Section 7.0, 
"Hopks" for hand hook reqhnents). 

8.4.2 Marking 

The manufacturex's identification should be forged, cast, or die stamped on low-st~ess and 
non-wearing area of the hook. 

8.4.3 Constructbn 

a. The hook material shall have su&cient ductility to permanently deform befom failure at the 
temperature at which the hook will be used. 

b. Special-rated capacities for hooks shall be equal to or exceed the special-rated capacity of 
the chain, wire rope, or other suspension members to which they are attached. 

8.4.4 L a d  Limits 

A hook shall not be loaded beyond its special-mted capacity, except as is necessary to conform to 
the requirements for load testing of the sling or hardware to which it is attached. See Table 8-21 
for hook capacity. 



WIRE ROPE, SLINGS, AND RIGGING DEPARTMENT OF 
ENERGY ACCESSORIES HOISTING & RIGGING 
MANUAL REV: 00191 

8.45 Inspections 

a OrdinaryLifts 

(1) V i  inspection -every three months by a qualified inspector. 

(2) NDE in accordance with applicable ASTM standards annually. If the NDE has not 
been completed by the end of the required pexiod, hooks shall be downrated as follows: 

(a) Thirty calendar days after the end of the period, the equipment shall be 
downrated to 75% of the rated Capacity. 

(b) Sixty calendar days after the end of the period, the equipment shall be downrated 
to 50% if the rated capacity. 

(c) Ninety calendar days after the endpf the period, the equipment shall be taken out 
of service until the required NDE has been completed. 

(3) Hooks having any of the following deficiencies shall be removed from service, unless a 
qualified person approves their continued limit use: 

(b) Wear exceeding 10% of the original dimension. - ... . -  

(c) A bend (I twist exceeding 10 de- from the plane of the unbent hook 

(d) Increase in throat opening exceeding 15% from the new condition 

(e) If a latch is provided, and it becomes inoperative because of wear or 
deformation, or fails to fully bridge the throat opening, the hook shall be 
removed from seMce until the device has been repaired or replaced; or the throat 
opening has been assessed per (d) above. 

(0 If hooks axe painted, a visual inspection should take the coating into 
consideration. Surface variations can disclose evidence of heavy or severe 
service. The surface condition may then call for stripping the paint in such 
instances. 

(g) Reports of all  inspections shall be maintained. Records should include item 
identification, characteristics inspected, observations, disposition if any, and date 
of actions. Records shall be kept readily available for inspection by designated 
peasonnel. 

(4) Refer to Exhibit IV "Rigging, Tackle, Accessories, Load Test & Inspection (Hooks, 
Shackles, Rings, etc.) which appears at the end of this Section. 

b. I-Jigh-ConsequenceLifts 

(1) AU provisions of 8.4.52.a shall apply. 
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Table 8-21, Strength of standard sling hooks 

Standard Inside Diameter Throat 

Number (in.) (W 
Hook I of Eye A Opening B 

22 314 1 
23 71a 11116 

25 1118 1 114 

27 . iaa 1 112 
28 1 112 1 314 

30 1 a 4  2 1116 
31 2 2 114 
32 2 3 8  2 112 
33 2 314 3 

24 1 1 ita - - 

28 1 114 1 aa 

29 1 518 1 71a 

34 3 iia 3 aa 
348 3 114 3 5ia 
35 3 112 4 
36 4 4 112 
38 4 112 5 

Rated Capacity 
(tons) 

0.5 
-0.6 
. 0.7 

1.2 - 
1.7 
2.1 
2.5 
3.0 
4.0 
4.7 
5.5 
6.8 

10.0 
11 .o 

8.0 

20.0 
30.0 

Notes: 
a. The above values are for "Vulcaa" and similarly &signed standard hooks. 
b. Thecapacity canbe foundby thediameter of the hole in the eye of the hook. If the throat opening of any hookexceeds 

the dimension given above the corresponding diameter of the eye, the hook has been ovefstrained and must not be 
used. 
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c. Special-High-ConsequenceLiEts 

(1) All provisions of 8.45.b shall apply. 

(2) V i  inspections shall be conducted monthly. 

8.4.6 Testing 

a. Hooks not attached to slings or other lifting hadware shall be proof tested to 200% of the 
manufacturer's load rating prior to initial use. The test load shall be accurate to within -5%. 
4% of stipulated values. 

b. No performance testing of hooks shall be required. except as is neceSSary to conform to the 
requirements for the slings or rigging hardware of which they are a part 

8.4.7 hlalntenance 

a. Repair of cracks, nicks, and gauges shall be carried out by a designated person by grinding 
longitudinally, following the contour of the hook, provided that no dimension is reduced 
more than 10% (or as recommended by the rnanufachmr) of its original value. . 

b. All other repairs shall be performed by the manufacturer or other quatified person. 
r - 

- ... 8.4.8 Operatlng Practkes 

a. Determine that the load or force required does not exceed the rated capacity of the hooks 
'assembly, especially when special conditions, such 85 choking or grabbing are considered. 

b. 

c. 

Shock losding shall be avoided. 

Hands, fingers andbody shallbe kept from between the hook and t h e l d  

8.5 RIGGING ACCESSORIES: 

8.5.1 Shackles 

a. Shackle8 arc made of drop-forged steel and bent into shape. They are strong, closed 
attachments which will not come unhooked. The size is specified by the diameter of the 
body. Si& pulls on the shackle body should be avoided. 

b. Shackle pins should fit free without binding. A bolt shall never be substituted for the shackle 
pin. Common bolts ~ u l e  weaker than the pins. Figure 8-23) 

c. Safe loads on larger size shackles are stamped on the shackle body. The safe load of anchor 
or chain shackles, screw pin, or slip pin is the same. (Table 8-22) 

d. When shackles are used at load angles other than 9O-degrees, reduce the safeload rating 
accordingly. 
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Replacing shackle pins 
~ 

anchor aQQ 8crw ahackle pin anchor Round 8 W e  pin anchor Safety shackle typo 

Sow pin Round pin tvpe 
chaln shackle chain ahrckle chaln shackle 

Shwkle inrpaotlon aroaa 

Never mplace (L shackle 
pln with a bolt 

The laad wlll bend the bolt 

' ,  .- m- Check for wear 

Check for wear and 
rtralghtnem - .- 
Chwk that pln la 
alwrym 868tOd 

.Check that ~hsoldo Is not 
opnlng up 

Eccrntrio shckle lord8 
Do not use wrew pln shackles If the pln 
c ~ n  roll under l o d  end unscrew 

Newr allow rhrckk 
to  ba pulled at an 
angle - the legs 

wlll own up 

Paak tho pin 
with w a s h s n  

to centnllte the 
ahackls 

.. 

Flgure %23. Shackles. 
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Table 8-22. Strength of shackles 

stock 
dlarneter 

(in.) 

c 

Notes: 

311 6 
1 14 

511 6 
38 
711 6 
112 
9 8  
3 4  
718 
1 

1 118 
1 114 
13/8 
1 112 
13/4 

2 
2 112 

3 
3 112 

4 

Shackles (all types) 
Weldless construction 
Forged alloy steel 

InsMe width 
at pin 
(in.) 

3/8 
15/32 
17/32 
21/32 
23/32 
13/16 
11/16 
1 114 
1 7/16 
111116 
11316 
2 1/32 
2 114 
2 318 
2 718 
3 114 
4 118 

5 
5 3/4 
6 112 

Max. safe 
working load 

single vertical pull 
(Ib) 

665 
1,000 'i 

.1,5fIO 
2,000 
3,000 
4,000 
6,500 
9,500 

13,000 
17,000 
19,000 
24,000 
27,000 
34,000 
50,000 
70,000 

100,000 
150,000 
200,000 
260,000 

a. Size of shackles to be identified by diameter of bow. 
b. AUshacklepinsmustbeshaight. 
c. If the widthbetween eyes exceeds maximum given above, the safe load given must be materiauy reduced, 
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8.5.2 Eyebolts 

a 

b. 

C. 

d. 

e. 

f. 

h. 

i. 

Eyebolts ustd for hoisting shall be fabricated from forged carbon or alloy steel and shall 
meet the requirements of ASI'M Specification A489, "Carbon Steel Eyeboltsn 

Eyebolts shall have a minimum safw factor of five and the vertical safe-working load and 
serial n u m b  shall be forged, stamped, or inscribed into each eyebolt by the manufacturer or 
the owner. A metal tag permanently attached bearing the same information may also be used. 

Whm an eyebolt is identified as a part of a single-purpose lifting system, the serial number 
of the lifting system shall also appear on the eyebolt identification. 

Eyebolts shall have Class II fit and have a minimum of one-anhne-half diameters thread 
engagement. Nuts on through-eyebolts shall be secured with lock Wires or shall be 
self-locking types. 

Shouldered eyebolts shall be used for a l l  applications, except where it is not possible due to 
the configuration of the item to be lifted. When unshouldered eyebolts a~ used, nuts, 
washers, and drilled plates shall not be used to make shouldered eyebolts. 

i 

Wire-type and for welded eyebolts shall not be used in DOE-lifting operations. 
(Fgure 8-23). 

Shouldets shall seat snugly against the anface on which it bears. . 

Spacers may be used, ifneceswy, to ensure proper seating of the eyebolt. Use a flat spacer 
no thicker than ons-sixteenth the outside diametet and approximately the same diameter as 
the maximum axis of the eyebolt shoulder, with the SmaUeSt inside diameter that wil l  fit the 
eyebolt shank. 

- 
- -  

Spot-face or slightly counterbore the surface of the item to which the eyebolt is fastened to 
the minimum depth needed for cleanup of the sllrface and complete bearing of the shoulder 
or spacer on the bearing surface. 

- 

Careful inspection of each eyebolt before use is mandatory. The hole shall be visually 
hpected to assure that thexe has been no deformation. The condition of the threads in the 
hole shall be checked to ensure the eyebolt will secure and the shoulder can be brought down 
snug. Eyebolts which are cracked, bent, or have damaged threads, shall be deswyed 
(Figure f3-w 
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- - - - - - - - - - = Unshouldered - - 
7 - - 

, Unsafe 
(no shoulder 
and open hook) 

Flgum 8-24. Eyebolts. 

j. The shank of the eyebolt shall not be undercut, and shall be smoothly radiused into the plane 
of the shoulder (or the contour of the ring for nonshouldered eyebolts). 

k. It is recommended that when more than one eyebolt is used in conjunction with multipleleg 
rigging, spreader bars, lifting yokes, or lifting beams be utilized to elimhate angular lifthg. 
However, where spreaders, yokes, or beams cannot be utilized, eyebolts may be used for 
angular lifting, providing the limiting conditions in Table 8-22 are considered. An angular 
lift is any lift in which the lifting force is applied at any angle to the centerline of the shank 
of the eyebolt 
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1. Where nonshoddered eyebolts must be used for a 
high-consequence/special*elspecial-high-consequenclifts, an engineering analysis of the loading and 
load vectors shall be made and appsoved before use. The angle between the sling and the 
eyebolt'ptis shall bc minimized. In no case shall the eyebolt loading exceed the value found 
inWle8-23. 

Table 8-23, Safe loading of eyebolts 

stodc 
Diameter 

(in.) 

1 I4 
511 6 
318 
1R 
518 
314 
7/8 
1 

1 114 
1 12  

EYE BOLTS - Shoulder Type Only - Forged Carbon Steel 

SAFE WORKING LOADS (LBS) CORRESPONDING 
TO ANGLE OF PULL 

! 75" I 60" Less than 45" eo . I - -. Vertical 

500 
800 

1,200 
2200 
3,500 
5,200 
7,200 
101000 
15,200 
21,400 

Reduce 
Vertical 
Loads 
BY 
45% 

Reduce 
Vertical 
Loads 

65% 
BY 

Reduce 
Vertical 
Loads 

75% 
BY 

I I I 
Note: S.W.L. for plain (shoulderless) eye bob are same as for shoulder bob under vertical load. Angular loading 
Is not recommended. 

8.5.3 Tbmbuckles 

a. lhbuckles  may be used in sling systems provided they are engineered, designed, and 
apprdved as a part of the sling system. Approved turnbuckles shall be h e d  and identified 
for use with the sling set for which it was designed, and shall beload tested as part of the 
sling seL 'hnbuckles shall be inspected before each use for damage. Damaged threads, jamb 
nuts, or beat frame members shall disqualify the unit for use. Jamb nuts or locking &vices 
must be tightqed or locked before making lifts with turnbuckles. figure 8-25) 
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Turnbuckle Inspection Areas 

Check for cracks and bends 

Check for thread 
damage and bent rods 
k for cracks and bends 

. 't- Check for thread 
damage and bent rods 

for cracks and bends 

Check for 
thread damage 
and bent rods 

Check for cracks 
and deformations 

Turnbuckles 

TURNBUCKLES 
e Weldless Construction 
9 ForgedAlloySteel 
I 

End 
fi&g, 
Stock 

diameter 
(in.) 

114 
Y16 
3/8 
1l2 
Y8 
3/4 
718 
1 

1 114 
11l2 
1 3/4 

3 
2 1l2 
2 3l4 

SWL of 
any combination 

ofjawend 
fittings, eye and' 

, fittingsandstub 
end fitb'ngs 

(Ib) 
500 
800 

1,200 
2200 
3,500 
5,200 
7,200 

10,000 
15,200 
21,400 
28,000 
37,000 
s0,OOo 
75,000 

SWL of 
Any tumbucWe 

having a 
hook end 

fitting 
(W 

400 
700 

1,000 
1,500 
1250 
3.000 
4,boo 
5,000 
5,000 
7,500 - - - - 

B 
Turnbuckle and fittings 

Jaw Stub Hook 
(has reduced 
. capacity) I - Hook and Eye combination 

LF00-0227 

Figure 8-25. ~ b u c k l e s .  
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b. lhmbuckles shall be fabricated from forged, alloy steel and shall have aminimam 
factOrof51. 

c. lhmbucldesusediu applications wheaevibriUimispresentsh&be secured to the frame 
with Iocks, pins or wins to prevent turning or loosening. 

8.5.4 Links and Rings 

Links &Rings me usually designedand manufachrred asapcnt of the lifting hardware fma 
specific purpose, such as the peak link on multipbleg slings. However, the rings and links may 
also be found on tbe load-amhment end of slings. 

c 

Ring and 
thimble 

4 
Unk and Link and Link and Short link 
thimble closed short link and thimble 

socket and thimble 
mm-io45 

FlgUm 8-26. Rings and LinLs. 
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Dimensions Est. wt. 
Stock diam. Inside diam. each 

(in.) (in.) (b) 
7/8 4 2 3 4  
7t8 5 112 3 112 
1 4 3 51s 

11t8 6 6112 . 
1 114 ' 5  7 
1318 6 10 

Table 8-24. Safe loads for weldless rings and links 

Safe load 
single pull 

(Ib) 
7,200 
5,600 

10,800 
10,400 
17,000 
19,000 

- 

* 

Inside Inside Est.wt. Safeload 
width Width pet 100 single pull 

Diam. Length 
Stock inside 
(in.) (in.) small end large end (W (Ib) 
318 2 112 3 8  1 114 23 1,800 
112 3 112 15/8 50 3,200 
'518 3 3/4 1114 2 1/2 110 4820Q .- 
'314 4 112 1112 3 I90 6,000 
718 5114 . 134  3 112 285 8,300 
'1 6 2 4 430 10,800 

1 114 6 1114 3 314 700 22,000 
'1 318 8 114 2 3 4 '  5 1M 1125 20,500 

Diam. lnskie Inside Est. wt. suggested 
Stock length width per 100 safe loads 
(in.) (in.) (in.) (IN (Ib) 
511 6 1 3 4  1 12 14 2,500 
3/8 1 7~a 911 6 21 3,800 
112 2 3/8 3l4 48 6,500 
5/8 3 114 1 92 9,300 
a 4  3 l l 2  1 l l 8  137 14,000 
7/8 5 1/8 2 275 12,000 
1 5 1.18 2 360 17,000 

1 114 6 7/16 2 114 700 28,000 
1 3/8 7 3i4 2 314 1000 30,000 
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Metal-Plate Clamps 

a Plattclampsaredesignedspeciallyfor~metalplates,They may alsobe used for fiber 
sheets. "heir grip or hold is dtttrmincd by the weight or pull of the load. 

The plate shallbeinsertedall the way into theclamp to ensure that a good grip is obtained 

Plate clamps are suitable for handling only one plate at a time. 

b. 
@im 8-27). 

c. 

6 

e. 

f. 

Si& pulls on plate clamps should be avoided. 

plate clamps shall be checked for wear m the jaws and for loose, worn, or bxuken parts. 

The safe-load capacity of each plate clamp should be stamped on the body. 

' .  . 
. , ... . .. .. . ' .  

.. . _  . .  
r -  . * .  

). '. . .  . ?  . . . , -. . .- 
' .  I . . .  . . .  . .  . '. , .  
^. . . . - .. 

. I  
I .  

, . . .  

- .  - . .  

. '  
.. , 

. - ,  

. . '  
.' - . 

.- 1 

.- .. ._ .' 
. .'. 

. .  I .  

.. 
' I  

* .  
- .  

Safe US04146 Unsafe 

flgur08-27. MetaLPhClamps. 

Special Devlces 

a General 

(1) Where material, equipment, tooling, work in progress, and otber devices are by name 
iaegular, bullry, or imd-b&de, it is often necessary to provi& special hangers, 
slings, beams, etc., to pennit safe and efficient operations. 

(2) Special devices, which are to be used for High Consequence or Special High 
Consequence Lifts of l0,OOO pounds or more, shall meet the requkments of ANSI 
N 14.6. 

(3) Each special device shall be clearly and permanently marked with its capacity and 
weight 

(4) The fobwing procedure shall be used to ensure that such devices of "in-plaut" 
construction are satisfactory: 

(a) The department needing the &vice shall request a competent technical design 
group to design a device which will perform the operation safely. 
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@) After the design is completed, a drawing, with strength calculations and 
construction details, shall be forwarded to the cognizant Safety organizarion for 
concurrence. 

(c) Welded areas shall be assembled and inspected in accordance with AWS D1.l. 

(d) A qualified person shall be appointed to witness the first test lift and give fmal 
approval before the device is released for re- use. 

(e) Inspection, Using accepted nondestructive examination techniques, shall be 
conducted every 12 months by authorized personnel. 

(Q Authorized p e r s 0 ~ 1  shall be qualified in accordance with ASNT-TC-lA. 

b. Load-indicaringDevices 

(1) Luad-indicating devices are not required in routine operations whereloads of known 
and essentially consistent weight are to be handled. The use of load-indicating devices 
shall be specified for loads of uncertain weight which could be within 9&100% of the 
manufacturer's rated capacity of the equipment or maximum working load of any part 
of the m e .  Load-iindicating devices shall be specified where the equipment tackle 
configuration could resuit in binding or fiiceon of the load that could cause a greater 
stress in the hoist or tackle than would result from the apparent hook load. 

(2) Loadindicating devices shall meet the performance requirements o f S k  J376 and 
shall be designed so that failure of the device cannot q@t in dropping, upsetting, or. 
lasing control of the load='ihe accuracy, function, and reaaabity of the device shall 
not be hampered or obsaucted by attachments to the device. 

(3) "he accuracy of load-indicating devices shall depend upon the requirements of the 
load system planned, and shall not restrict the system requirements; an accuracy of u 
2% of NI-scde reading within the range of 10-708 of instrument range is 
recommended; the device should be selected so that the estimated hook load lies 
between 10-70% of the instrument range. 

(4) Loadindicating devices shall be Calibrated at regular intervak using standards 
traceable to the National Bureau of Standards. AU calibrated devices shall have a tag 
affixed indicating date of calibration, by whom calibrated, and date next calibration iS 
due. 

(5) Dynamometers commonly have safety factors of less than 5-to-1. Any combination 
where the safety factor of the dynamometer times the capacity of the dynamometer . 
divided by the load equals 5 is acceptable. 

(6) When dynamometers are used as load4eam . g parts of ripging, they must be 
constructed to provide a measure of safety and reliabiity equal to that of the associated 
rigging, or a safety device must be installed to prevent dropping the load in the event of 
a failure. 

c. Magnets, Buckets, Coil Lifters and Similar Devices 

The weight of such devices. when attached, shall be deducted from the rated or special-rated 
capacity of the crane; when determining the rating for the proposed lift. Such devices shall be 
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placed on the ground or floor when not attended. A special safety latch shall be installed to 
prevent rotarion. The latch shall be in propea position at all times. The device shall not be 
used if the latch is out of onkc. 

8.5.7 InSpeCtlOnS 

a peribdic~nspections 

‘IgcUeinre~useforhandlingS~-~~nsequenceLoadsshallbeinspectedat 
least once a month by a qualified inspector. Tackle in regular use for handling a l l  other loads 
shall be inspected by a qualified inspector at least every three months. W e  not in regular 
use shall be inspectedbefole use. At least once a year, hooks shall be examined by anNDE 
method in accordance with the sections of ASTM Standards applicable to the method of 
examination used. NDE of shackles, links, Mgs, eyebolts, and otha accessorieS shall be 
made in accordance with the 581118 standards, when directed by the cognizant line manager or 
his/her authorized repwnlative. Inspection records shall be kept on file and readily 
available. 

b. FrequentInspections 

Slings, lifting bars, rigging assemblies, and hoalrs shall be inspected at the beginning of 
each shift in which they are to be used, and before the start of any lift of a 
Special-Hgh-consequence w 
ShackIes, rings, and similar items shall be inspectea for wear, conosi&, spreading, and 
deformation, and shall be replaced if deformation exceeds 15% oftheir new condition. 
Shackle pins shall be replaced if they show any &@-of incipient failure in shear. ihese 
requirements are incorpomed in Exhibit rV, ‘mgging, W e ,  Accessories Load Test 
and Inspection (Hooks, Shackles, Slings, etc.)” which appears at the end of this 
Section. 

(3) 

8.5.8 Teatlng 

Lifting bars and spreaders shall be inspected for signs of incipient failure in bending, 
and shall be replaced if permanently bent more than 1/2 inch in 10 feet, or twisted 
more than 5-degnxs out of the original plane. Hook attachment welds shall be 
examined for cracks and signs of failure in tadon. Welds shall be NDE examined in 
accordance with pertinent sections of applicable ASTM Stan*, at least once a year. 
These requirements are incorporated in Exhibit V, ‘’Lifting Bars and Spreaders Load 
Test and Inspection,” which appears at the end of this Section. 

a. General 

(1) Taclleassemblies,handlingfixhlres,andn~gaccessariesshallbetestedasaunit 
when practical, When necessary, individual parts of such assemblies may be tested 
individually with the approval of the inspector. 

(2) Test loads shall be accurafe to within +5%, -0% of stipulated values. 

(3) Test loads shall be ananged so that actual service-load conditions are dupliCatea to the 
maximum possiile extent, including sling angles, etc. 

(4) All parts showing damage or permanent deformation as a result of load testing shall be 
replaced. Replacement parts shall be load tested in accordance with this paragmph. 
Discardedparts shall be desaoyed. 
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(5) MuIti-leg lift assemblies that are not statically determinab9 shall be load tested based 
,on any two legs sharing the entire load. Legs not undergoing test shall be attached in a 
mannet to ensure that load smbfity is not lost during the test. 

(6) Dynamomekmfld cells shall be tested and calibrated at least once a year and when 
specifiedin the procedm before making a critical lift. This also applies if they have 
not been used in the previous six months. 

(1) Rigging accessories (except guys, guidelines, or othm mnload-beann * gitems) shall& 
load tested and inspected annually at 100% of rated capacity by a qualified inspector. 
Load test records shall be kept on file and readily available. 

(2) If a test has not been completed by the end of the required period, the equipment shall 
be downrated as follows: 

(a) 'Ihirty calendar days after the end of the period, the equipment shall be 
downrated to 75% of the rated capacity. 

(b) Sixty dendar days after the end of the period, the equipment shall be downrated 
to 50% of the rated capacity. 

(c) Ninety calendar days after the end of the period, the equipment su be taken out 
of senrice until the requited inspection has been completed. 

- I. c. High-coxlsequenceLifts 

(1) All provisions of 85.8.b shall apply. 

(2) Load tests shall be conducted at least once a year, before making a critical lift (if 
specified in the procedure), and if they have not been used in the previous six months 
unless they have been stored in bonded or controlled (Iocked) storage where protection 
against the effect of weathex OT any other type of abuse has been provided, Load test 
records shall be kept on file and readily available. 

(3) - L a d  tests shall be at 150% of the maximum static load that will be encountered in 
-15%. -1-096 O f  Sti- values. 

(4) Test loads should be m c d  by administrative control to 150% of the maximum 
operational load anticipated in the following l2-month period, rather than routinely at 
150% of the rated capacity. 

(1) All provisions of 8.5.8.c shall apply. 

a. A lift configuration in which one or more members of the assembly must deform, 
with@ its elastic limit, in order to balance the load on all legs is not considered to 
be staticaliy determinate. 

8.5.9 Good and Bad Rlgglng Prectices 

Figure 8-28 illustrates some good and bad rigging practices. 
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Good and Bad Rigging Practices 

Use of Chokers 

Good - No cutting action on 
running lines 

Bad - 
Because of 
%%of eye 
splice on 
running line 

Bad - 
Bolt on 
running line can work 
loose 

Sua ndlng Needle Beams or &ffotcie 

Good - Bad - 
E2dMrnen cut rope 

Steel can 

Hook Slings 

I - -_ I '  
Double slings shall be used 
when hoistl 2 or more 
pieces of m2eria1 over 
12ftbng 

Rlght - Load over 12 ft long 

Wrong - Load over 12 ft bng 
.LFooM2 

Flgure 8-28. Good & bad rigging practices. 
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Good and Bad Rigging Practices 

Eye Bolts 

Vertical lift on eye bolt Is 
good practice 

. Bad practice - lifting on eye 
bolts from an angle reduces 
safe loads as rmch as 90% 

Hoisting Structural Steel 

Good- 
Use space 
blocks and 
pad corners 

Bad - 
Can bend 
flanges and 
cut rope 

. 

Figure 8-28. (continued) 

DRAFT 

Eye Splices 

Good practice - Note use of 
thimble In eye splice 

@@-- 
Good practice - Use of 
thimble in eye splice 

Bad practice -Wire rope knot 
with clip. Efficiency 50 h or 
less 

Bad practice -Thimble should 
be used to increase strength 
of eye and reduce wear on rope 

LF90-0228 
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Exhibits I through V are intended 
to be checkoff listsand model forms 

the purpose is acceptable. 
only. Any other form Waccomplishes - _. 

: 
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EXHIBIT I Page 1 of 1 
RIGGING TACKLE ANNUAL INSPECTION 

(WIRE ROPE) 

NOTES 1. NDE Inspectar shall witness and verify all steps below. 

3. Proof test to 20096 of manufacturet’s rated capacity to certify new equipment procured without 
manufacturer’s certification. Load test at 100% of manufacturer’s rated capacity for equipment 
used fat ordinary service, and at 150% of manufacturer’s rated capacity far equipment used for 
critical lifts. lkst loads shall be accurate to within -5%, 4% of the stipulated values. 

Wire rope shall be immediately removed from service if any of the following conditions are present: 

INSPECTION 

1. 

2. 

Six random distributed broken wires in one rope lay or three broken wires in one strand in one rope 

Wear of l/3 the original diamekx of the outside individual wire 
by. 

r 3. ~g,crushing,orbirdcagingdistoltingthewireropestruchne . -  
- .. 

4. Heatdamage. 
. 5. 
6. 

7. 

-ked, deformed, or worn end attachments. 
If hooks are cracked, or opened more than 15% of n o d  throat opening measured at the narrowest 
point or twisted more than 10 de- from the plane of the unbent hook. 
Cormsion of the rope or end attachments. 

Actual Load Test lbs 

NDE Inspector shall inspect hook by visual examination, liquid penelrant examination, or magnetic particle 
e xamination. 
Acceptance: No cracks, linear indications, laps, or seams. 

NDT INSPECTION OF HOOKSlRINGS, EX. 

NDE INSPECTOR DATE 
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Pagelof l  

NOTES 1. . Proof test to 200% of manufa~turar’s rated capacity to certify new equipment procurtxi withour 
manufacturer’scertification.~testat100%ofmanufacturer’srated~~forequipment 
used fop ordinary seMce, and at 150% of manufacaner’s rated capacity fat equipment used for 
critical lifts. Test loads shall be acclniue to within- 51,  + 0% of thestipulated values. 

Synthetic web slings shall be immediately removed h m  senrice Zany of the following conditions are present that 
would give doubt to the integriw of the sling: 

a. Acidorcausticbums 
b. 

c. snags,puncftrres, tears, or cuts 

Melting or charring of any part of the sling slrrface \ .  

d. Broken or worn stitches - -  
-I I e e. Distortion of fitrings 

are present. 
Natural and synthetic fiber rope dings shall be immediately removed firom senrice if any of the following conditions . * I  

a. Abnormalwear 
b. Powdered fiber between strands 
c. Broken or cut fibers 

d. 
e. Discoloration or rotting , 

f. 

Variations in the size or roundness of strands 

Distortion of hardware in the sling 

TYPE websling Ropesling 
SIZE: (Length, Diameter, Etc,) capaCity(SwL) 

REMARKS: .. i 
t 

1 .  

NDE INSPECTOR DATE 
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RIGGING, TACKLE, ACCESSORIES LOAD TEST AND INSPECI'ION 
(HOOKS, SHACKLES, RINGS, EX.) 

NOTES: 1. Proof test to 200% of manufacturer's rated capacity to certify new equipment procured without 
manufacturer's &cation. Load test at 100% of manufacturer's rated capacity for equipment 
used for ordinary service, and at 150% of manufacmr's rated capacity f a  equipment used for 
critical lifts. Test loads shall be accurate to within - 5% + 0% of the stipulated values. 

2. 

3. 

4. 

5. 

NDE Inspector shall wimeqs all steps below. 

Accept, rejecs data should be to rnanufsmer's spdications. Hooks, shackIes, rings, etc., shall be 
m o v e d  from seMce if any of the folIowing condtim are present that would give doubt to the 

Rigging 8ccessofie8 or hooks shall be rejected and discarded if the following conditions are noted. 

A 

B. cracks,twirtS,orope~ 

integrity of the 8ccessoTies. 

Corrosion, damage, or undue wear 

(1) 15% m m  than normal opening. . -  
- -. 

(2) 10% twist more than normal from the plane of the hook 

(3) 10% wear of the throat 

(4) 5% elongation of the shank 

Shackles, Rings, Etc. 

A Wear, Cmsion, spreading, and Deformation 

(1) 15% &formation of their new condition 

(2) Shackle pins - any sign of incipient failure in shear 

Testedto 

Serial Numbers 

NDE Inspector shall perform NDT test by visual examination, liquid peneaant examination, or magnetic particle 
e- On. 
Acceptaace: No cracks, linear indications, laps, or seams. 

. .  

NDE INSPEC'IQR VERIFY DATE 
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RIGGING TACKLE ANNUAL INSPECTION 
(CHAIN) 

INSPECTOR Q U m  INSPECTION DAIE 

NOTES 1. NDE Inspector shall witness and verify all steps below. 

3. Proof test to 200% of manufacturer’s rated capacity to certify new equipment p u r e d  without 
rnanufachrrea’s certification. Load test at 100% of manufacturer’s rated capacity for equipment 
used for ordinary mice.  and at 150% of manufacturer’s rated capacity for equipment used for 
critical lifts. Test loads shall be accllrate to within -5%. + 0% of the stipulated values. 

c 

INSPECTION 

1. 

2. 

3. - 

Hand chain in a vertical position. if practical. for prelimbury inspection. Chain should hang 
reasonably smight if links iue not dismal. 
Measure accurately the reach (inside of crane ring to inside of h k )  under no load when new 
and at each inspection, and keep a record of increase in length. 
Check for localized smtch and wcar, lift each link from its.scat and &y inspect for. 
grooving. If grooving is noticed, check stock diametet of links to be within the minimum 
safe dimension in the table below. 
Sharp transverse nicks should be rounded out by grinding. 4. 

Chain slings shall be immediately removed from seMce if any of the following conditions rn present: 

a. Crackedcadeformedmasterlinks,couplinglinks,ctc. 
b. If hooks are cracked. or o p e d  more than 15% of normal throat opening measured atthe narzowest 

point or twisted more than 10 degrees from the plane of the unbent hook. 
c. If wear at any point of any chain link exceeds that shown in the table. 

MAXIMUM ALLOWABLE WEAR AT ANY POINT OFLINK 

chainsize 
m c k )  

114 
3/8 
1/2 
5/8 
314 
718 

Max Allowed 

3/64 
5/64 
7/64 
9/64 
5/32 

11/64 

Max mowed 

1 
11/8 
1 114 
13B. 
11/2 
1 314 

3/16 
7/32 
114 
9/32 
5/16 

11/32 
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NDE Inspector shall inspect hook by visual examination, liquid penetrant examination, or mag. particle examination. 

N" Inspection of Hooks/Rings, Etc. 

NDE INSPECTOR DKE 

.. 
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LIFI'ING BARS AND SPREADERS LOAD TEST AND INSPECTION 
DNE INSPECTOR 

NOTES 1. Loadtestat100%ofmanufacturer'sratedcapacityforequipmentusedforordinarylifts,andat 
150% of maximum anticipated Static load up lo 150% of manufacturer's rated capacity for 
equipment used for critical lifts. The test load shall be acclnate to within -15%. 4% of stipulated 
values. 

2. NDE Inspector shall witness all steps below. 

INSPECTION 

Lifting bars and spreaders shall be checked for signs of incipient faiure in bending and shall be replaced if 
permanently bent more than 1/2 inch m 10 feet or twisted more than 5 degrees out of the original plane. Hook 
attachment welds shall be examined for cracks and signs of failure in tension. 

NDE Inspector shall perform test by visual examination, liquid penenant examination, or mag. particle examination 
Acceptance: No cracks, linear indication, laps, or seams. 

STATIC TEST - Hold weight for 10 minutes and visually inspect for &formati&I' 

lsrpe Size 
MFG Rated Capacity (SWL) 0s. ActUatLoadTest lbs. 
SerialNumber 

NDE Inspector Verify (Load Test) 

- 

Date 
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9.0 CONSTRUCTION HOISTING & RIGGING EQUIPMENT 
REQUIREMENTS 

9.1 Introduction 
The versatility of hoisting and rigging equipment makes it extremely useful on construction projects. 
Improper and unsafe use, however, can result in serious accidents. 

This section outlines the requkments for the safe use of hoisting and rigging equipment on construction 
projects at DOE installations. 

9.2 Definitions 
AUTHORIZED Assigned by a duly constituted administrative or regulatory authority to perform a specific 
hction. 

QUALIFIED INSPECTOR One whose competence is recognized by the authority having jurisdiction and 
whose qualification rn perform specific inspection activities has been detexmined, verified, and attested to in 
writing. 

CRANE, MOBILE For the purposes of this procedure, mobile cranes are defined as wheel mounted 
cranes, truck cranes, and crawler cranes. 

a. 
. -  

A “wheel mounted crane” consists of a rotating structure with powerplant, operating machinery, and 
boom, mounted on a base or platform equipped with axles and rubber-tired wheels for traveL The 
base is usually propelled by the engine in the superstructure, but it may be equipped with a separate 
engine controlled from the superstructure (see Figures 1-10). 

A “Truck mounted crane” consists of a rotating superstructure with power plant, operating machinery 
and boom, mounted on an automotive truck equipped with a power plant for travel 

Commercial truck-mounted cranes are included in this category (see Figures 1-10). 

A “crawler crane” consists of a rotating superstructure with power plant, operating machinery and 
boom, mounted on a base, equipped with crawler treads for travel (see Figures 1-10). 

A part, assembly, component, or piece of equipment designated as critical by the 

b. 

c. 

CRITICAL ITEM: 
responsible management, because the dropping, upset, or collision of it could (a) cause damage that would 
result in schedule delay; (b) cause undetectable damage that could jeopardize future operation or safety of 
the facility; or (c) result in significant release of radioactivity or other undesirable material. Critical items 
may include pumps, heat exchangers, piping subassemblies, other primary-system components, fuel 
assemblies, large radiation-shielded shipping casks, or other items which quire  special care in handling 
because of size, weight, installation in close-tolerance receptors, fragility, extreme susceptibility to damage, 
or other unusual factors. 

CRITICAL SERVICE: The use of equipment or accessories for hoisting, rigging, or handling of 
High-Consequence or Special-High-Consequence Loads. 

FORKLIFT TRUCK 
transporting and tiering loads (see Figure 11). Lift, High-Consequence: High consequence items and lifts 
are parts, components, assemblies, or lifting operations designated as such by the responsible management, 
because the effect of dropping, upset, or collision of items could 

A high Lift self-loading truck, equipped with load carriage and forks, for 

DRAIT 
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a 

b. 

C. 

d. 

e. 

Cause significant work delay as determined by appropriate management personnel. 

Cause undetectable damage resulting in future operations or safety problems. 

Result in significant release of radioactivity or other undesirable conditions as determined by 
appropIiate management personnel. 

Present a potentially unacceptable risk of personnel injury or property damage. 

This category of lift applies when the load imposed upon the equipment to be used will be less than 
75% of the rated capacity. 

NOTE: In some referenced documents, the term"'high-consequence" is replaced by the term "crit.ical". 

LIFT, ORDINARY 
Lift. 

Any lift not designated as a High-Consequence Lift or a Special-High-Consequence 

LIFT, SPECIAL-HIGH-CONSEQUENCE: Special-High-Consequence Lifts must meet 
High-Consequence Lift criteria where the load imposed upon the material-handling equipment will equal or 
exceed 75% of the rated capacity. 

PERSON-IN-CHARGE (PIC): The manager or other responsible person (other than the equipment 
operator) appointed to be responsible for the safe handling of high-consequence or non-highonsequence 
items in, around, or above spaced in which high-consequence items are. located. 

QUALIFIED: A person, designated by management, who by possession of a recognized degee, certificate, 
or professional standing, or who by extensive knowledge, training, and experience, has successfully 
demonstrated his ability to solve problems relating to the subject. 

QUALIFlED ENGINEER: Qualified Engineering Organization: An engineer or engineering organization 
whose competence in evalwtion of the type of equipment in question has been demonstrated to the 
satisfaction of the cognizant manager. 

QUALFIED OPERATOR: One whose competence to operate equipment safely and effectively (including 
the ability to accurately spot and control loads) can be demonstrated to and accepted by responsible 
management. 

-... 

QUALIFIED RIGGER: One whose competence in this skill has been demonstrated by experience accepted 
as satisfactory by the cognizant manager. 

QUALIFIED RIGGING SPECIALIST: One whose competence in this skill has been demonstrated by 
extensive experience and is acknowledged as satisfactory by,the cognizant manager. 
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Flgure 9-1. Wheel-Mounted Crane 
(Single Control Station) 

Figure 9-2. Crawler Crane 

Figure 9-3. Wheel-Mounted Crane 
(Multiple Control Station) 

- LF-0131 

Figure 9-4. Locomotive Crane Bwm 
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Operators 
station 
(rotating) 

L 

FIgUR 9-5. Wheel-Mounted Crane- 
Telescoping Boom (Single Conwl 
Station) 

Flgure 9-6. Wheel-Mounted Crane- 
Telescoping Boom (Single Control 
Station) 

Flgure 9-7. Wheel-Mounted Crane- 
Telescoping Boom (Multiple Control 
Station) 

Flgure 9-8. Crawler Crane-Telescoping Boom 
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Flgure 9-9. Commercial Truck-Mounted Figure Figure 9-10. CommercialTruck-Mounted 
Crane-Telescoping Boom Crane-Nontelescoping Boom 

GENERAL NOTE TO FIGURES 9-5 THROUGH 9-10: 

The boom may have a base boom structure of sections (upper and lower) between or beyond which 
additional sections may be added to increase its length, or it may consist of a base boom from 
which one or more boom extensions are telescoped for additional length. These illustrations show 
some types. 
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Cantilever truck 
Rider truck 
Forklifttruck 

- -. 

Figure 9-11. High Lit Truck Counterbalanced Truck Cantilever Truck Rider Truck Forklift Truck. 
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9.3 Personnel Qualifications 
9.3.1 Quallfled Operators 

Operators of hoisting equipment shall meet the following requirements: 

a. 

b. 

c. 

Be at least 18 years of age. 

Understand spoken and written English. 

Have basic knowledge and understanding of equipment operating characteristics, 
capabilities, and limitations including: equipment-rated capacity and effect of variables on 
capacity, safety features, required operating procedures, and requirements of this chapter. 

Demonstrate to appropriate management, skill in manipulations andcontrol of equipment . 
through al l  phases of operation. 

d. 

e. 

f. 

c 

h. 

i. 

k 

1. 

Any Professional Operator who can produce evidence of qualification under the requirements 
of 49 CFR 391.41 shall be deemed to have satisfied a l l  requirements through Paragraph g. of 
this section. 

Have vision of at least 20/30 Snellen in one eye, and 20/50 in the other, with-or without 
corrective lenses. - 

Be able to distinguish colors, regardless of position of colbfi, if color dikerential is req& 
for operation. 

Hearing, with or without hearing aid, must be adequate for a specific operarion. 

Have sufiicient strength, endurance, agility, coordination, and speed of reaction to meet the 
demands of equipment operation. 

Evidence of physical defects, or emotional stability which could render the operata a hazard 
to himsel4herself or others, or which in the opinion of the examiner could interfere with the 
operator's safe performance may be sufficient cause for disqualification. In such cases, 
specialized clinical or medical judgments and tests may be requid. 

NOTE Medications being taken should be evaluated on a case by case basis. 

Evidence that an operator is subject to seizures or loss of physical control shall be sufficient 
Ieason for disqualification. Specialized medical tests may be required to determine these 
conditions. 

Special consideration must be given to cases where operators are required to climb up and 
down vertical ladders, circa 18.3 m (60 ft), in a reasonable length of time. This is particularly 
important where the ladders may be the means of egress in emergency situations. 

NOTE: Additional written documentation, Le., a resume, which outlines the operators 
experience and/or training to operate the specific equipment to be used shall be furnished by the 
operator and approved by responsible management prior to making any 
HIGH-CONSEQUENCE or SPECIAL-HIGH-CONSEQUENCE LIFT. 
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9.3.2 Qualifted Rlggers 

Qualified Riggers shall meet the following requirements: 

a 

b. 

C. 

d. 

e. 

f. 

Be at least 18 years of age. 

Understand spoken and written English. 

Have basic knowledge and understanding of equipment-operating chatacteristics, 
capabilities, and limitations. Understand rigging principles as applied to the job for which 
they are to be qualified. 

Demonstrate to appropriate management personnel, skill in utilizing rigging principles. 

Shall not have a detectable or known disease or physical malfunction that would render the 
employee incapable of safe operation or rigging duties. Where any loss or loss of function of 
an upper or lower extremity exists, the acceptability of the candidate shall be the decision of 
the supervisor, after consulting with the designated physician. 

Have n o d  depth perception, field of vision, reaction time, manual dexterity and 
coordination. 

, -  
9.3.3 Person-In-Charge (PIC) 

The PIC shall be a Qualified Person, or shall be assisted by a Qualified Person, experienced in 
using hoisting and rigging equipment of the type to be used; preparing and reviewing drawings, 
procedures, and equipment assignments; and supervising the job. 

When handling High-Consequence material, the PIC is appointed to direct the lift. Material 
handling that is critical to operations may require designation of a PIC to supervise handling. When 
the item is large, expensive, irregular in shape, the center of gravity is Wicult to detexmine, and 
the risk is high, a special person is designated as PIC. 

An equipment+perator foreman is usually the assistant. The person designated as the PIC may 
be: (1) a supervisor familiar with the High-Consequence material-handling operations: (2) an 
engineer with special knowledge of the material, or (3) a person with special knowledge of the 
equipment and handling necessary. A competent PIC should have training and experience to assure 
capability fox 

Organizing and handling prejob planning. 
.. 

I 

Supervising pre-job organization and procedure meetings. 
Knowing the requirements for tests of equipment, slings, tackle, etc., for proper certification and 
documentation. 

9.4 Inspection and Testing 

9.4.1 General 
, 

a. Only equipment which has been built to nationally recognized manufacturers' standards shall 
be used at DOE installations. Existing equipment shall be brought to an acceptable level of 
compliance as determined by q appropriate level of the construction management 
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contractor. In some instances the quirements of this manual exceed those of the references 
and in such instances the requirements of this manual shall prevail. 

b. Equipment with discrepancies which may affect the safety of the operation shall not be 
allowed to operate at DOE-conmlIed installations. No repairs, modifications, or additions 
which affect the capacity or safe operation of the equipment shall be made by the contractor 
without the manufacturer's written approval. 

Once mobile cranes, boom trucks, and forklifts have left &e control of the construction 
management contractor and are then returned, they shall be reinspected and reload tested 
prior to making a high-consequence/s~e/special-high-consequence lift. 

c. 

9.4.2 Mobile Cranes/Boom Trucks-lnspectlon 

a. OrdinaryLifts: 

(1) Prior to use at a DOE installation, mobile cranes/boom trucks will be inspected and 
approved for operation by appropriate construction management contractor personnel 
or those having overall responsibility for ordinary hoisting operations. 

(2) Inspection procedures for cranes in regular service are divided into two general. 
classifications based upon the intervals at which inspections should be performed. The 
intervals, in turn, are dependent upon the nature of the critical components of the crane 
and the degree of their exposure to wear, deterioration, or malfunction. The two 
general classifications are designated as "frequent"-md "peripiic? with intervals . 
between inspections as defined below: 

. (a) Frequentinspection: daily. 

(b) Periodic inspection: monthly. 

(3) Frequent inspections shall cover: 

All control mechanisms for excessive wear of components and contamination by 
lubricants or other foreign matter. 

All safety devices for malfunction. 

Deterioration or leakage from air or hydraulic systems. 

Crane hooks for deformations or cracks. Hooks which have cracks, or more &an 
15% in excess of normal throat opening, or more than 10" twist from the plane of 
the unbent hook, shall be discarded. . 

Rope reeving for noncompliance with crane manufacturer's recommendations. 

Electrical apparatus for malfunctioning, signs of excessive deterioration, dirt, and 
moisture accumulation. 

Hydraulic systems for proper oil level. 

Boom sections for structural integrity. 

DRAFT 





I DEPARTMENT OF 
I ENERGY 

Page 11 of41 

?TIzE. CONSTRUCTION HOISTING & RIGGING 
emt t t n m a e  ,NT.REQUIREMENTS 

.: 9.0 REV 00191 
Cuuir M E HOISTING & RIGGING - -  I MANUAL 

c 

ii. Any blistering or abnormal deformation to the outer covering of the 
hydraulic hose. 

iii. Hydraulic oil leakage at any threaded or clamped joint, that cannot be 
etiminated by normal tightening or other recommended procedures. 

iv. Evidence of excessive abrasion or scrubbing on the outer surface of a hose, 
rigid tube, or hydraulic fitting. Measures shall be taken immediately to 
eliminate the interface or to otherwise protect the components. 

The following may be reason for replacement or repair of pumps and 
motors: loose bolts or fasteners; leaks at joints between sections; shaft-seal 
leaks, unusual noises or vibrations; loss of operating speed; and excessive 
heating of the hydraulic oil. - 

The following may be reason for replacement or repair of valves: cracks in valve 
housing; improper return of spool to neutral position; leaks at spools or joints; 
sticking spools; and failure of relief valves to actuate at the correct pressure 
setting. 

The following may be reason for replacement or repair of cylinder: drifting 
caused by oil leaking across the piston; rod seals leaking; leaks-at welded joints; 
scored, nicked, or dented cylinder rods, dented case (barrelhand loose or 
deformed rod eyes or connecting joints. - -- 

Filters: Evidence of rubber particles on the filter element may indicate 
deterioration of hoses, "0" rings, or other rubber components. Metal chips or 
pieces on the filter may denote failure in pumps, motors, or cylinders. Further 
checking will be necessary to determine the origin of the problem before 
corrective action can be taken. 

Inspection records shall be kept on file and readily available to appropriate 
construction management personnel. 

All running ropes in continuous service should be visually inspected once every 
working day. A thorough full layout inspection of all ropes in use shall be made 
at least annually, and a full written, dated, and signed inspection report indicating 
rope condition shall be kept on file and readily available. All inspections shall be 
performed by an appointed or authorized person. Any deterioration, resultingin 
appreciable loss of original strength such as described in v. below, shall be 
carefully noted, and determinations shall be made as to whether further use of the 
rope would constitute an unsafe condition: 

i. Reduction of rope diameter below nominal diameter due to loss of core 
support, internal or external corrosion, or wear of outside wires. 

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

iii. Worn outside wires. 
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v. Corroded, cracked, bent, worn or improperly applied end connections. 

vi. 

Heavy wear and/or broken wires may occur in sections in contact with equalizer 
sheaves, other sheaves where rope travel is limited, or with saddles. Particular 
care shall be taken to inspect ropes at these locations. 

All rope which has been idle for 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 
placed in service. This inspection shall be for all types of deterioration and shall 
be performed by an appointed or authorized person. A written and dated report of 
the rope condition shall be filed. 

No precise rules can be given for determination of the exact time for replacement 
of wire rope, since many variable factors are involved. Safety in this respect 
depends largely upon the use of good judgment, by an appointed or authorized 
person, in evaluating remaining strength in a used rope after allowance for 
deterioration disclosed by inspection. Safety of rope operation depends upon this 
remaining strength. Conditions, such as the following, should be sufficient reason 
for questioning rope safety and for consideration of replacement: 

Severe kinking, crushing, cutting, or unstranding. 

i 

ii. 

iii. 
L 

iv. 

V. 

vi. 

In running ropes, 6 randomly distributed broken wires in.one rope lay, or 
3 broken wires in one strand in one rope lay. 

Wear of onethird the original diameter of outside individual wires. 

Kinking, crushing, birdcaging, or any other damage resulting in distortion 
of the rope structure. 

Evidence of any heat damage from any cause. 

Reductions from nominal diameter of more than 0.4 mm (1/64 in.) for 
diameters up to and including 7.9 mm (5/16 in.), 0.8 mm (1/32 in.) for 
diameters 9.5 mm (3/8 in.) to and including 12.7 mm (1/2 in.), 1.2 mm 
(3/64 in.) for diameters 14.3 mm (9/16 in.) to and including 19.1 mm 
(3/4 in.), 1.6 mm (1/16 in.) for diameters 22.2 mm (7/8 in.) to and 
including 28.6 mm (1-1/8 in.), and 2.4 mm (3/32 in.) for diameters 

In standing ropes, more than two broken wires in one lay in sections 
beyond end connections, or more than one broken wire at an end 
connection. 

31.8 ITUII (1-1/4 in.) to and including 38.1 ITUII (1-1/2 in.). 

In order to establish data as a basis for judging the proper time for replacement, a 
continuing inspection record shall be maintained. This record shall cover points 
of deterioration listed above. (Discarded rope shall not be used for slings.) 

Replacement rope shall be of the same size, grade, and construction as the 
discarded rope, unless otherwise recommended by a wire rope or crane 
manufacturer due to actual working condition requirements. 
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b. High-ConsequencefSpeciaI-High-ConsequenceLifts 

(1) All provisions for ordinary lifts shall apply. 

(2) Equipment shall receive a major inspection when first assigned to this service and at 
12 month intervals thereafler. This shall be a visual inspection by a qualified inspector. 
Written, dated and signed inspection reports shall be kept on file and readily available 
to appointed personnel. Major inspections shall include all points and items covered by 
the equipment manufacturer's recommendations (when available). Periodic inspection, 
in accordance with 9.4.2a(4), load testing in accordance with Section 9.4.3, and 
nondestructive examination (magnetic particle or liquid penetrant) of hooks and, when 
required by the inspector, welds, bearings, or other suspect loadbearing parts shall be 
done at the specified intervals. NDE shall be in accordance with krtinent sections of 
applicable ASTM Standards. 

Annual maintenance shall be wried out prior to or during major inspections. 

9.4.3 Moblle CranelBoom Tnrck-Testing 

a. 

c 

High-Consequence Lifts 

(3) 

Equipment shall be load tested when assigned to make a high-consequence lift and 
thereafter at 12-month intervals, and when specified in the procedures if deemed 
necessary by appropriate construction management personnel due to ground conditions, 
weather or peculiar circumstances. The load test shall be conducted by a qualified 
inspector. Load tests shall be made in an area wher5 no critical items or equipment for 
handling critical items are installed, being worked on, or stored. Before starting the 
load test, equipment shall be inspected in accordance with Section 9.4.2. Defective 
parts shall be replaced or repaired before starting the load test. 

Routine load tests may be made with a hook load equal to 100% of the rated capacity 
of the crane, or load tests shall be ma& with a hook load of 110% of the combined 
weight of the item to be lifted and the lifting tackle. In no case shall the load test 
exceed the rated capacity of the equipment. Test results shall be recorded. 

Static Test: Equipment shall hold the test load for 10 minutes, or the time required to 
check all primary load-bearing parts while under strain without slippage, damage, or 
permanent deformation of any part of the equipment. Hoisting equipment and winches 
shall be tested at maximum run-out of the hoisting ropes or chain, when practical. 

Dynamic Test: Hoisting equipment shall be operated through at least two complete. 
cycles of all movement which the equipment will encounter in service while supporting 
the test load. As a minimum, the test load shall be raised far enough for all drums, 
sheaves, gears, or other rotating parts of the hoisting mechanism to complete at least 
one or if possible two complete revolutions, in the clearance available: then lowered 
until the load comes within 2-3 inches of the ground and held at this level for 1 minute. 
The hoisting cycle shall be repeated at least one more time. Tests shall be made by the 
operator who normally operates the equipment, who shall demonstrate hisher ability to 
positively control the load during all lateral, rotational, and vertical motions which will 
be encountered in service. At least once during the lifting portion of the hoisting cycle 
and once during the lowering cycle, power to the hoisting equipment shall be 
completely turned off. There shall be no slippage of the load or overheating of the 
brakes. 
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b. Special-High-ConsequenceLifts 

(1) Equipment shall be load tested before lifting any special-high-consequence load. All 
other provisions for high-consequence load testing as outlined above shall apply. 

(2) Load test rewrds shall be maintained and made available for examination by the 
construction management contractor. 

9.4.4 Forkllft Trucks-lnspectlon 

a. OrdinaryLits 

(1) prior to initial use, all new, altered, modified, or extensively repaired forklifts shall be 
inspected to assure compliance with the provisions of this Manual. 

(2) Brakes, steering mechanisms, control mechanisms, warning devices, lights, governors, 
liit-overload devices, guards, and safety devices shall be inspected regularly and 
maintained in a safe-operating condition. 

(3) 

(4) 

All parts of lift/tilt mechanisms and frame members shall be carefully and regularly 
inspected and maintained in a safe operating condition. 

Special trucks or devices; designed and approved for operation in hazardous areas, 
shall receive special attention to ensure that the original, approved safwperating 
features are preserved by maintenance. 

(5) Fuel systems shall be checked for leaks and condition-oTparts. Special consideration' 
shall be. given in the case of a leak in the fuel system. Action shall be taken to prevent 
the use of the truck until the leak has been corrected. 

- 

(6) AU hydraulic systems shall be regularly inspected and maintained in conformance with 
good practice. Tilt cylinders, valves, and other similar parts shall be checked to assure 

. that "drift" has not developed to the extent that it would create a hazard. 

(7) Capacity, operation, and maintenance-insmction plates shall be maintained in legible 
condition. 

(8) Batteries, motors, controllers, limit switches, protective devices, electrical conductors, 
and connections shall be inspected and maintained in conformance with good practice. 

, Special attention shall be paid to the condition of electrical insulation. 

b. High-Consequence/Special-High-ConsequenceLifts 

(1) All provisions for ordinary lifts shall apply. 

(2) An inspection shall be conducted prior to making a critical lift and annually thereafter 
when assigned to critical service or when specified in the procedures. The inspection 
shall be conducted by a qualified inspector. 

9.4.5 Forklift Truck-Testing 

a. Load Tes ting-High-ConsequencdS pecial-High-Conkequence Lifts 

(1) A load test shall be conducted prior to makng a critical lift and annually thereafter 
when assigned to critical service or when specified in the procedures. The inspection 
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shall be conducted by a qualified inspector whose qualification to perform specific 
inspection activities has been determined, verified, and attested to in writing. Before 
starting the load test, the forklift shall be inspected as defined in Section 9.4.4(a) 
above. NDE of the forks shall be made as part of the inspection. 

(2) Routine load tests may be made with a load equal to 100% of the rated capacity of the 
forklift or with a load equal to 110% of the combined weight of the item to be lifted 
and any lifting tackle. In no case shall the load test exceed the rated capacity of the 
equipment. 

(3) Static Test: Equipment shall demonstrate ability to withstand the appropriate test load 
for a period of at least 10 minutes without permanent deformation or apparent damage. 
Load slippage shall not be greater than a maximum of 3 inches vertically and 1 inch 
horizontally at the cylinder. 

(4) Load test records shall be maintained and made available for examination by the 
construction management contractor. 

9.4.6 Sllngs - lnspectlon 

(1) Wire Rope . -  
-... 

(a) All slings shall be visually inspected each day prior to use. Any deterioration 
which could result in an appreciable loss of original strength shall be carefuuy 
noted, and determination made whether further use of the sling would constitute 
a safety hazard. 

@) Conditions, such as the following, shall be sufficient reason for questioning sling 
safety and for consideration of replacement 

i. Six randomly distributed broken wires in one rope lay, or three broken 
wires in one strand in one rope lay. 

ii. Wear or scraping of one-third the original diameter of outside individual 
Wires. 

iii. Kinking, crushing, birdcaging, or any other damage resulting in distortion 
of the rope stNcture. 

iv. Evidence of heat damage. 

v. End attachments that are cracked, deformed, or worn. 

vi. Hooks that have been opened more than 15% of the normal throat opening 
measured at the narrowest point, or twisted more than 10' from the plane 
of the unbent hook. 

vii. Corrosion of the rope or end attachments. 
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(2) Synthetic-Mesh 

(a) All slings shall be visually inspected each day prior to use. Any deterioration 
which could result in an appreciable loss of original strength shall be carefully 
noted, and determination made whether further use of the sling would constitute 
a safety hazard. 

(b) A sling shall be removed from service if any defects, such as the following, are 
visible: 

i Acid or caustic burns 

ii. Melting or charring of any part of the surface. 

iii. Snags, punctures, tears, or cuts. 

iv. Broken or worn stitches. 

v. Wear or elongation exceeding the amount recommended by manufacturers. 

vi. Distortion of fittings. 

vii. Other apparent defects which cause doubt as to the strength of the sling. 
These defects should be referred to the manufacturer fordetermination. - -. 

(3) Steel-chain slings 

(a) All slings shall be visually inspected each day before they are used. 

i 

ii. 

iii. 

iv. 

V. 

vi. 

Conduct a link-by-link inspection for the following defects: bent links, 
stretched links, cracks in any section of link, scores, abrasions, or markings 
tending to weaken the rings or hooks. Reject if discovered. 

Check rings and hooks for distortion, cracks in weld areas, corrosion, 
scores, or markings tending to weaken the ring or hooks. Reject if 
discovered. 

Inspection shall be made on an individual link basis. If any link does not 
hinge freely with the adjoining link, the assembly shall be removed from ., 
service. 

Assemblies with deformed master links or coupling links shall be removed 
from service. 

Assemblies shall be removed from service if hooks have been opened 
more than 15% of the normal throat opening measured at the narrowest 
point, or twisted more than loo from the plane of the unbent hook. 

Deformed hooks or other attachments shall not be straightened on the job. 
Assemblies with such defects shall be reconditioned by the manufacturer. 
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vii. Assemblies with cracked hooks or other end attachments shall be removed 
from service. 

viii. Assemblies with such defects shall be reconditioned or repaired prior to 
retumtoservice. 

ix. If the depth of the gouge or rounded-out portion exceeds the values shown 
in the following table, the assembly shall be removed from service. 

(b) High-Consequence/Special-High-ConsequenceL~~ 

(1) All provisions for ordinary lifts shall apply. 

Table 9-1. Maximum Allowable Wear at Any Point of Link 

c 

chainsize 
(in.) 

114 
318 
1/2 
518 
314 
718 
1 
1-118 
1-114 
1-318 
1-1/2 
1-214 

Maximum 
Allowable Wear 

(in.) 

3/64 
5/64 - 
7-64 

5/32 
-... 9/64 . 

11/64 
3/16 
7/32 
114 
9/32 
5/16 

11/32 

(2) An inspection shall be conducted prior to making a critical lift and 
thereafter at 6 month intervals when assigned to critical service or when 
specified in the procedures. The inspection shall be conducted by a 
qualified inspector. 

(3) Reports of inspections shall be maintained and shall be available for 
inspection by designated construction management personnel. 

9.4.7 Sling-Testing (Includes wire-rope, synthetlc-mesh and steel-chaln slings) 

a. High-Consequence/Special-High-Consequenc Lifts 

(1) A load test shall be conducted prior to making a critical lift and thereafter at 6 month 
intervals when assigned to critical service. The load test shall be conducted by a 
qualified inspector. As an alternate to initial load testing, certification by the 
manufacturer that the sling has survived a proof test of 200% of the manufacturer’s 
load rating shall be provided. 
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(2) Load tests shall be no less than 150% of the maximum static load that will be 
encountered in service, and shall be accurate within - 5%, + 0% of stipulated values. 

4.8 Rigging Accessorles - inspection 

a OrdinaryLifts 

(1) Shackles, rings, eyebolts, lifting bars, rigging assemblies, and hooks shall be inspected 
at the beginning of each shift in which they are to be used. 

(2) Shackles, rings, and similar items shall.be inspected for wear, corrosion, spreading, and 
deformation, and shall be replaced if deformation exceeds 15% of their new condition. 
Shackle pins shall be replaced if they show any sign of failure in shear. 

(3) Lifting bars and spreaders shall be inspected for signs of failure in bending, and shall 
be replaced if permanently bent more than 112 inch in 10 feet, or twisted more than 
So out of the original plane. Hook attachment welds shall be examined for cracks and 
signs of failure in tension. 

Hooks having any of the following deficiencies shall be removed from service, unless a 
qualified person approves their continued limited use: 

(a) Crack(s). 

(4) 

- .I (b) 

(c) 

Wear exceeding 10% of the original dimension. 

A bend or twist exceeding 10' from the plane of the unbent hook. 

(d) 

(e) 

Increase in throat opening exceeding 15% from the new condition. 

Ifa latch is provided, and it becomes inoperative because of wear or 
deformation, or fails to fully bridge the throat opening, the hook shall be 
removed from service until the device has been repaired or replaced, or the throat 
opening has been assessed per iv. above. 

(0 If hooks are painted, a visual inspection should take the coating into 
consideration. Surface variations can disclose evidence of heavy or severe 
service. The surface condition may then call for stripping the paint in such 
instances. 

(b) High-Consequence/Spececial-High-ConsequencLifts 

(1) 

(2) 

All provisions for ordinary lifts shall apply. 

An inspection shall be conducted prior to making a critical lift and annually thereafter 
when assigned to critical service or when specified in the procedures. The inspection 
shall be conducted by a certified inspector whose qualification to perform specific 
inspection activities has been determined, verified, and attested to in writing. 

Hooks and welds shall be examined by an NDE method in accordance with the sections 
of ASTM Standards applicable to the method of examination used. NDE of shackles, 
links, rings, and other accessories shall.be made in accordance with the same standards, 
when directed by the cognizant construction management contractor. 

(3) 
, 
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(4) Reports of all inspections shall be maintained. Records should include item 
identification, characteristics inspected, observations, disposition if any, and date of 
actions. Records shall be kept readily available for inspection by designated 
construction management personnel. 

9.4.9 Rigging Accessories -Testing 

a. General 

Handling fixtures, and rigging accessories shall be tested as a unit when practical. 
When necessary, individual parts of such assemblies may be tested individually with 
the approval of the inspector. 

Test loads shall be accurate to within - 5%, + 0% of stipulated values. 

Test loads shall be arranged so that actual serviceload conditions are duplicated to the 
maximum possible extent, including sling angles, etc. 

All parts showing damage or permanent deformation as a result of load testing shall be 
replaced. Replacement parts shall be load tested in accordance with this paragraph. 
Discarded parts shall be destroyed. 

Multi-leg lift assemblies that are not statically determinate\csupbbub\shall be load 
tested based on any two legs sharing the entire load. Legs not undergoing test shall be 
attached in a manner to ensure that load stability knot lost during the test. 

Dynamometersfload cells shall be tested and calibrated at least once a year and when 
specified in the procedure before making a critical lift. This also applies if they have 
not been used in the previous 6 months. 

No performance testing of hooks shall be r e q W ,  except as is necessary to conform to 
the requirements for the equipment of which they are a part. 

a. 
order to balance the load on al l  legs, is not considered to be statically determinate. 

A lift configuration in which one or more members of the assembly must deform, within its elastic limit, in 

DRAFT 

: 



c 

?TTLE: CONSTRUCTION HOISTING & RIGGING DEPARTMENT OF; 
EQUIPMENT REQUIREMENTS 
9.0 

ENERGY 
HOISTING & RIGGING 
MANUAL REV 00/91 

b. High-ConsequencdSpial-High-ConsequenceLifts 

, (1) A load test shall be conducted prior to making a critical lift and annually thereafter 
when assigned to critical service or when specified in the procedures. The inspection 
shall be conducted by a certified inspector whose qualification to perform specific 
inspection activities has been determined, verifed, and attested to in writing. Load 
tests shall be conducted before making a critical lift and annually thereafter (if 
specified in the procedure). 

(2) Load tests shall be no less than 150% of the maximum static load that will be 
encountered in service, - 5%, + 0% of stipulated values. 

(3) If a test has not been completed by the end of the required period, the equipment shall 
not be used for HigMonsequence/Special-High-Consequence Lifts until retesting 
has k e n  completed. 

9.5 Operating Practices 
9.5.1 General 

8. 

b. 

C. 

d. 

e. 

f. 

The construction management contractor shaU classify each lift into one of the following 
before the lift is made: 

ordinary 
O High-Consequence 
O Special-High-Consequence 

- .. 

Special consideration should be given to the proper functioning of tires, horns, lights, 
batteries, controllers, lift systems (including load-engaging means, limit switches, etc.), 
brakes, and steering mechanisms. If at any time a lifting device is found to be defective or in 
any way unsafe, the matter shall be reported immediately to appropriate management and the 
unit shall be taken out of service until it has been restored to safe-operating condition or a 
determination has been made by the construction management contractor that the 
discrepancy will not adversely affect the operation of the unit. 

The safety of personnel and equipment shall be a first priority. Report or correct any unsafe 
condition immediately. 

If the visibility of the operator is impaired by dust, darkness, snow, fog or rain, strict 
supervision of the operation must be exercised, and if necessary, the equipment shall be 
withdrawn from service. 

., 

Be alert while operating and always maintain eye contact with the load. If attention must be 
diverted elsewhere, discontinue operation first. Keep a signaler in full view if the load cannot 
be seen at all times. 

Never operate or allow anyone to operate until that person is thoroughly familiar with the 
machine, its operation and proper care. 

Be a good housekeeper. Keep the work area free of oil, grease, rags, buckets, barrels, and 
other hazards. Keep loose parts in a tool box. Use only nonflammable solutions for cleaning. 
Be sure shoe soles are clean and dry before operating brakes. 
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h. 

i. 

j. 

k 

1. 

m. 

n. 

0. 

P. 

9. 

r. 

Replace all missing or broken guards and panels. 

Never tamper with safety devices. 

Have a fire extinguisher on hand and know how to use it. Be sure that it is checked regularly 
(at least monthly) to assure it is in working order. 

Check the motion controls for proper functioning at the start of each shift and/or prior to use 
if the crane is not in regular service. 

Make certain that no one is working on or close to the machine before starting the engine or 
beginning to move. Accessible areas within the swing radius of the rear of the rotating 
superstructure of the crane, either permanently or temporarily mounted, shall be banicaded 
in such a manner as to prevent an employee from being struck or crushed by the crane. 

Use caution when refueling. Stop the engine; do not permit smoking within 25 feet; never fill 
near an open flame. Keep metal funnels in contact with the filler tube to prevent static spark. 
Turn off the heater before fueling. 

Use both hands to mount and dismount. Never get on or off a moving machine, and never 
jump off. 

Hand signals shall be taken from only one person. A stop signal must be obeyed regardless of 
who gives it. The standard signals shown in this Chapter shall be used (see Figure 12). 

Many machines have ratings limited by factors other than machine stability. Never exceed 
the rated capacity. 

- .. 

Make a “dry run” in tight areas; it will help determine the safest way to operate under 
existing conditions. 

Check loads before moving them. First., determine the load weight and check it against the 
capacity chart, Be sure the load is well secured and the hoist ropes are not kinked. The hoist 
ropes should be vertical and sudden starts and stops should be avoided. 

9.5.2 Llftlng Personnel 

a. No lifting, lowering, swinging, or traveling shall be done while a worker is on the hook, load, 
manlift platform, boom, or personnel-lifting device attached to the crane hoist rope, boom or 

The person specifically responsible for the overall work function to be performed shall 
determine that there is no practical, alternative way to perform the work, such as a 
ladder, scaffold, stairway, aerial lift or personnel hoist. If a determination is made that 
lifting by crane or forklift is required, the construction management contractor shall be 
notified and will approve the requirement prior to making the lift. 

I tines except under the following conditions: 

(1) 
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4 

HOISXWith forearm vertical, 
forefinger pointing up, move 
hand in small horizontal circles. 

USE WHIPLINE (Auxiliary 
Hoist). Tap elbow with one 
hand, then use regular signals. 

MOVE SLOWLY Use one 
hand to give any motion signal 
and place other hand 
motionless in front of hand 
giving the motion signal. (Hoist 
slowly shown as example.) 

LOWER. With arm extended 
downward, forefinger pointing 
down, move hand in small 
horizontal circles. 

RAISE BOOM. Arm extended, 
fingers closed, thumb pointing 
upward. 

RAISE THE BOOM AND 
LOWER THE LOAD. With arm 
extended, thumb pointing up, 
flex fingers in and out as long 
as load movement is desired. 

USE MAIN HOIST Tap fist on 
head; then use regular signals. 

LOWER BOOM. Arm extended 
fingers closed, thumb pointing 
downward. 

LOWER THE BOOM AND 
RAISE THE LOAD. With arm 
extended, thumb pointing 
down, flex fingers in and out as 
long as load movement is 
desired. 

LF90-0135 

Flgure 9-1 2. Standard Hand Signals for Controlling Crane Operations. 
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SWING. Arm extended point 
with finger in direction of swing 
of boom. 

TRAVEL Arm extended 
forward, hand open and 
slightly raised, make pushing 
motion in direction of travel. 

TRAVEL 1 (One Side Track). 

Lock the track on side 
indicated by raised fist. Travel 
opposite track indicated by 
circular motion of other fist, 
rotated vertically in front of 
body. (for land cranes only). 

STOP. Arm extended, palm 
down, move arm back and 
forth horizontally. 

DOG EVERYTHING. Clasp 
hands in front of body. 

EXTEND BOOM (Telescoping 
Booms). Both fists in front of 
body with thumbs pointing 
outward. 

EMERGENCY STOP. Both 
Arms extended, palms down, 
move arms back and forth 
horizontally. 

- .. I 
TRAVEL (Both Tracks).Use 
both fists in front of body, 
making a circular motion about 
each other, indicating direction 
of travel; forward or backward. 
(for land cranes only). 

RETRACT BOOM 
(Telescoping Booms). Both 
fists in front of body with 
thumbs pointing toward each 

LF90-0138 

Figure 9-12a. Standard Hand Signals for Controlling Crane Operations (continued). 
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EXTEND BOOM (Telescoping 
Boom). One hand signal. One 
fist in front of chest with thumb 
tapping chest. 

(Telescoping Boom). One hand 
signal. One fist in front of chest 
with thumb pointing outward 

LF90-0137 

Figure 9-12b. Standard Hand Signals for Controlling Crane Operations (continued). 
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(2) Platforms shall be designed and constructed in accordance with the following: 

The personnel platform shall be designed by a qualified person competent in 
structural design and al l  welding of the platform shall be performed by a 
qualified welder familiar with the weld grades, types and material specified in 
the design. 

The platform shall be limited to a capacity of six persons and shall be used only 
for employees, tools and materials to do the work and shall not be used to hoist 
materials or tools when not hoisting personnel. 

The platform shall have a minimum design factor of 5. 

The platform shall have a plate specifying the weight of the empty platform and 
the maximum number of persons and weight for which the platform is nted. 

The platform shall have standard railing as required by 
OSHA 29 CFR 1926.500(f). A grab rail shall be installed inside the entire 
perimeter of the personnel platform. 

The sides of the platform shall be enclosed from floor to mid-rail with solid 
construction or expanded metal having openings no greater than 1/2 in. 
(1.27 cm). 

If access doors are installed, they shall open only to the interior of the platform. 
Access doors shall be equipped with a device to restrain the door from 
inadvertent opening. 

- 

The platform shall have overhead protection when there is an overhead hazard 
and employees shall use a body belt/harness and lanyard attached to the lower 
load block or overhaul ball or to a structural member within the personnel 
platform capable of supporting a fall impact for employees using the anchorage. 

The platform shall be easily identifiable by high visibility color or marking. 

Headroom shall be provided which allows employees to stand upright in the 
platform. 

Rough edges exposed to contact by employees shall be surfaced to prevent injury 
to employees. 

When being supported by a crane, the platform shall be attached to the hoist rope 
by a safety latched hook eliminating the hook throat opening, or an alloy steel 
anchor shackle with a bolt, nut and retaining pin may be used. 

All eyes in wire rope slings shall be fabricated with thimbles and all rigging 
accessories for attaching the personnel platform to hoist lines shalI not be used 
for any other purpose when not hoisting personnel. , 

When being supported by a forklift, the working platform shall be attached in 
such a manner that it Cannot inadvertently slide or bounce off the tines. 
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(3) At each job site, prior to hoisting employees on the personnel platform, and after any 
repair or modification, the platform and rigging shall be proof tested to 125% of the 
platform's rated capacity by holding it in a suspended position for five minutes with the 
test load evenly distributed on the platform. Upon completion of proof testing, a 
competent person shall inspect the platfondrigging and any deficiencies found shall be 
carrected, after which another proof test shall be conducted. 

(4) A meeting attended by the Qualified Operator, signalperson, persons to be lifted, and 
the construction management contractor safety personnel responsible for overall 
work-site safety shall be held prior to the trial lift to plan and review procedures to be 
followed. Procedures for entering and leaving the manlift platform or other device and 
the points at which persons will enter and leave the device shall be reviewed. 

(3 Prior to lifting personnel, the Qualified Operator and signalperson shall conduct a trial 
lift with the manlift platform loaded to at least the anticipated liftweight. Materials and 
tools to be used during the actual lift shall be loaded in the platform. The trial lift shall 
be repeated prior to hoisting personnel whenever the crane or forklift is moved and set 
up in a new location or returned to a previous location. A visual inspection of the 
cranafting machine, rigging and personnel lift platform shall be conducted in 
accordance with the requirements of Section 9.4 immediately after the trial lift and 
prior to lifting personnel. The trial lift may be done concurrently with the proof test 
specifled in 9.5.2.a(3) above. 

I 

(6) The trial lift shall verify that all systems, controls and safety devices are-activated and 
functioning properly; that no interferences exist and that all configur%ions necessary to 
reach those work locations will allow the operator to remain under the 50% limit of the 
lifting machine's rated capacity. 

(7) After the trial lift and just prior to hoisting personnel, the platform shall be hoisted a 

(8) The employees beiig hoisted, moved, and/or positioned shall remain in continuous 
sight of, and in contact with, the operator or signalperson. 

(9) A signal person shall be utilized and voice communication between Qualified Operator, 
signalperson, and persons being lifted shall be maintained whenever 
voicecommunication equipment is available. 

deactivates the hoisting action before damage occurs in the event of a two-blocking 
situation (two block damage prevention feature) shall be utilized. 

(11) A boom angle indicator, readily visible to the operator, shall be provided on 
cranes/denicks with variable angle booms. 

(12) hior to hoisting personnel from a mobile crane, an accurate determination of the load 
radius to be used during the lift shall be made. Cranes with telescoping booms shall be 
equipped with a device to indicate clearly to the operator, the boom's extended length. 

(13) The equipment shall be operated so that downward motion will be controlled lowering 
and load/boom hoist drum brakes, swing brakes, and locking devices such as pawls or 
dogs shall be engaged when an occupied personnel platform is in a stationary working 
position. 

. few inches and inspected to ensure that it is secure and properly balanced. 

(10) Limiting devices shall be installed to prevent two-blocking or a system which 
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(14) When welding is done by an employee on the platform, welding-rod holders shall be 
protected from contact with metal components of the platform. 

(15) Employees working fiom a platform shall wear safety belts with lanyards attached, 
preferably above the hook or shackle, when Wing supported by overhead machines. 

(la) The Qualified operator shall remain at the controls at all times when the platform is 
elevated. 

(17) Tag lines shall be used unless their use creates an unsafe condition. 

(18) When hoisting or lowering platforms, the speed shall not exceed 100 ft/min (0.51 4 s ) .  

(19) Mobile equipment shall not travel while personnel are on the platform. 

(20) Mobile cranes shall be uniformly level within one percent of level grade and located on 
fm footing. Cranes equipped with outriggers shall have them fully deployed. 

(21) The total weight of the loaded personnel platform and related rigging shall not exceed 
50% of the rated capacity for the configuration of the crane or forklift. 

(22) Crane hoist lines shall be capable of lifting, without failure, at least seven times the 
maximum intended load, except that where rotation resistant rope is m, the lines 
shall be capable of supporting, without failure, at least 10 times thc maximum intended 
load. The required design factor is achieved by +g the safety factor of 3.5 and . 
applying the 50% derating which is required in (17) above. 

(23) Hoisting of personnel shall be promptly discontinued upon indication of dangerous 
weather conditions, Le., lightning, heavy rain, high winds (>15 mph), etc. 

9.5.3 Mobile CraneslBoom Trucks 

a. Never use signs of tipping to determine if a load is within the cranes’ capacity. Operating by 
the “seat of the pants” is an unacceptable practice. 

Know the rated capacity of the crane. A safe lift depends upon boom length, boom angle, and 
working radius. Follow these suggestions to avoid structural failure or tipping: 

b. 

(4) 

( 5 )  

Know the radius of the load. Remember that the radius is measured from center of 
rotation, not from the boom foot pins. 

Always operate within the rated capacity of your machine. 

Submct the weight of hooks, blocks, and any other material-handling devices, Le., 
slings, shackles, spreader bars, etc., from the gross capacity of the crane to determine if 
the load can be lifted safely. 

Load chart ratings are based on operating the machine on fm, level ground. 
Outriggers shall be fully extended and lowered so that all wheels are clear of the 
ground. Otherwise, “on rubber” load charts shall be used. 

Avoid rapid changes in velocity while hoisting, swinging or lowering the load; these 
can cause overloads when operating at or near the cranes’ capacity. 
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(6) Do not lift large, heavy loads in strong winds. Wind loading can be critical depending 
on boom length, boom angle, bulkiness of the load, wind direction and wind velocity. 

In the absence of crane manufacturer’s instructions regarding maximum wind speeds 
for operation, 25-30 mph shall be used as the range to consider removal of the crane 
from service. 

Always use the shortest boom possible, and observe these precautions with any boom length: 

(1) Make only vertical lifts. Never pull the load sideways. 

(2) Keep speed slow in lifting, lowering, and stopping loads. 

(3) Do not let the load strike the boom or outriggers and never allow a crane boom to hit or 
touch any structure. Boom contact could dent, bow or slightly bend the lower boom 
chords and may cause a total boom collapse. Boom contact with any object shall 
require an engineering evaluation prior to putting the crane back in service. Damage of 
the crane during operation shall be repaired as per manufacturer’s specifications using 
certified welders. A re-inspection and/or load test after repairs are complete and a 
recertification by the construction management contractor at the sub-contractor’s 
expense that the unit can return to service is required. 

’ (4) Allow maximum clearance between the hook block and head sheaves. 

’ (5) Keep near-capacity loads as close to the ground as possible. 

. 
I 

Rotate the crane slowly to avoid an outward swing of the load. Attach a tag-line to the load 
to control the swing. ’ 

Keep the boom high enough to swing clear of cab when rotating the crane on truck-mounted 
units. 

Watch for boom “kickback”. Never operate with the boom at a higher angle than shown on 
the capacity chart. 

Avoid “two-blocking”, which is caused when the hook block collides with boom-point 
sheaves. Continuous pull on hoist ropes can break the ropes or might pull the boom over the 
cab. On hydraulically telescoping booms, be sure to play out the hoist rope when extending 
and reel in the hoist rope when retracting. 

Attaching the Load 

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

(2) The load shall be attached td the load-block hook by means of slings or other approved 
devices. 

Care shall be taken to make certain that the sling clears all obstacles. (3) 

Moving the Load 
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(2) Before starting to hoist, note the following conditions: 

(a) Multiplepart lines shall not be twisted around each other. 

(b) The hook shall be brought over the load in such a manner as to prevent swinging. 

(c) If there is a slack rope condition, it should be determined that the rope is properly 
seated on the drum and in the sheaves. 

(3) Test stability before lifting heavy loads. Check outrigger footing. Lift load slightly off 
the ground and stop. Check the machine for movement and check to be sure the brakes 
hold with the load elevated. Never use machine stability to determine capacity. If there 
are any indications of tipping, the machine is already overloaded for that workipg 
radius. 

(4) Cranes shall not be used for side pulls, except when specifically authorized by a 
designated 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. 

(5) The operator shall not hoist, lower, or travel while anyone is on the 10-ad or hook, 
except as noted in Section 9.5.1s. 

(6) The operator shall not move loads over people. 

- 
- .. 

(7) The operator shall test the brakes each time a load approaching the rated capacity is 
handled by raising the load a few inches and applying the brakes. 

(8) Use power down when lowering loads. When lowering heavy loads, keep the hoist 
brakes as reserve. Use a safety pawl on the boom-hoist drum when not lowering. 

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

(10) The operator shall not leave hisher position at the controls while the load is suspended, 
unless required to do so by an approved emergency procedure. 

(11) Use extreme caution when working or traveling a crane near power lines. Except where 
the electrical distrihtion and transmission lines have been deenergized and visibly. 
grounded at the point of work or where insulating barriers not a part of or an 
attachment to the crane have been erected to prevent physical contact with the lines, 
cranes shall operate so that no part of the crane or load enters into the “danger zone,” 
shown in Figure 13. 

(a) For lines rated 50 kV or below, minimum clearance between the lines and any 
part of the crane or load (including handling appendages) shall be 3.05 m 
(10 feet). For higher voltages, consult Table 2. 

(b) Caution shall be exercised when working near overhead lines having long spans 
as they tend to move laterally or vertically due to the wind which would cause 
them to breach the safety zone. 
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Table 9-2. Safe working distance from power lines 

a. When operating near high voltage power lies: 

Normal Voltage Minimum Required 
to Phase) ~ Clearance 

to 50kV 10 ft (3.05m) 
Over 50to 200kV 15 ft (4.60 m) 
Over2OOto 350kV 20 ft (6.10 m) 
Over 350 to 500 kV 25 ft (7.62 m) 
Over 500 to 750 kV 35 ft (10.67 m) 
Over 750 to lo00 kV 45 ft (13.72 m) 

, 

b. While in transit with no load and boom or mast lowered: 

Normal Voltage Minimum Required 
(phase to phase) Clearance 

to 0.75 kV 4 ft (1.22 m)- .. 
Over 0.75 to 50 kV 6 ft (1.33 m) 
Over 50to 345kV 10 ft (3.05 m) 
Over 345 to 750 kV ' 16 ft (4.87 m) 
Over 750to 1OOOkV 20 ft (6.10 m) 

(c) 

(d) 

h transit with no load, and boom lowered, the clearance shall be as specified in 
Table 2. 

A qualified signalperson shall be assigned to observe the clearance and give 
warning before approaching the limits speczed in Table 2. 

(12) If cage-type boom guards, insulating links, or proximity-warning devices are used on 
cranes, such devices shall not be a substitute for the requirements of 
Paragraph 9.5.2.i.(11), even if such devices are required by law or regulation. In view 
of the complex, invisible, and lethal nature of the electrical hazard involved, and to 
lessen the potential of false security, limitation of such devices, if used, shall be 
understood by operating personnel and tested in the manner and in the intervals 
prescribed by the manufacturer of the device. Compliance with Paragraph 9.5.2.i.(11) 
is the recommended practice of this standard in determining proximity of the crane, 
including load, to electric power lines. 

(13) Before the commencement of operations near electrical conductors, the person 
responsible for the job shall notify the owners or their authorized representatives, and 
provide them with all pertinent information and request their cooperation. 
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This area should be avoided. t 

\i Danger zone area 
(see general note) 

LF90-0138 

Flgure 9-13. Danger Zone for Cranes and Lifted Loads Operating Near Electrical Transmission Lines. 
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(14) Any overhead conductor shall be considered to be energized unless and until the person 
owning such conductor or the electrical utility authorities verify that it is not energized. 

(15) The Electric Power Marketing agencies in DOE may deviate from the requirements of 
Table 2 providing the work is done according to line management-approved 
procedures which are not in conflict with statutory regulations, or approved variances 
from these regulations. 

(16) Durable signs shall be installed at the operator's station and on the outside of the crane, 
warning that electrocution or serious bodily injury may occur unless a minimum 
clearance of 10 feet (3.05 m) is maintained between the crane or the load being handled 
and energized power lines. Greater clearances are required because of higher voltage as 
stated in Table 2. These signs shall be revised but not removed when local jurisdiction 
requires greater clearances. 

(17) Prior to work near transmitter toweis where an electrical charge can be induced in the 
equipment or materials being handled, the transmitter shall be deenergized or tests shall 
be made to determine if electrical charge is induced on the crane. 

j. When traveling the machine: 

Secure the boom and hook block. 

Check bridges before crossing; make sure they will support the weight of the machine. 

Check river depths when fording. 
- .. 

Check clearances under overpasses, overhead lines, or any overhead obstruction. When 
side clearances are tight, post a lookout, and be sure there is clearance for tail swing. 

When traveling with a load, snub the load to prevent swaying if possible. Never travel 
with near-capacity loads. 

Never travel a rubber-tired unit with a load over the side. 

In soft going, always move with the load behind; this helps to raise the leading end of 
the tracks and makes traveling safer. 

Always set swing brakes when the unit is idle or holding loads for a period of time, 
especially on slopes. If swinging during travel is necessary, engage the swing-jaw 
clutch before releasing brakes. 

. 

Never back up until everyone is clear of the machine and use a signalman when backup 
alarms are not providcd. 

Avoid tipping by never backing the crane while carrying a maximum load. 

For long moves, position the boom in direction of travel. 

Block treads when moving uphill to prevent downhill movement before shifting 
steering clutches. 
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(13) Lock the turntable before traveling on a highway. Use a house lock or swing brake, and 

(14) When loading machine on the trailer, always use ramp; if a ramp is not available, use 

The operator shall be familiar with the equipment and its proper care. If adjustments or 
repairs rn necessary, the operator shall promptly report this to the appropriate level of 
management. 

All controls shall be tested by the operator at the start of a new shift. If any controls fail to 
operate properly, they shall be adjusted or repaired before operations are begun. 

Block under boom before disassembling. Never stand on or under the boom during this work. 

Before disconnecting oil lines, if machine has hydraulic controls, be sure to place boom on 
the ground or in the boom rest; then move the pedals and control levers to equalize pressures 
within the cylinders. Always release any air supercharge on the hydraulic reservoir and shut 
off the engine (or declutch pumps) before disconnecting oil lines. 

Do not reach into h y d r a u l i a m  holes unless the sections are securely anchored together. 

lower boom into the rack to prevent swing. 

blocking to build one. 

High-Consequence Lifts: 

(1) The operating organization shall appoint one person to be in charge of the entire lifting 
operation PIC). This person shall meet the definitions of appointed, designated, and 
qualified, as set forth in Section 92. 

(2) The PIC shall be a Qualifed Rigging Specialist, or shall be assisted by a Qualified 
Rigging Specialist, experienced in using hoisting and rigging equipment of the type to 
be used, p r e w g  and reviewing drawings, procedures, and equipment assignments; 
and supervising the job. 

(3) The PIC shall assure that a work plan is prepared covering the entire lifting operation. 
Consideration of the lift history of the crane shall affect the plan, which shall also 
include, but is not limited to, sling angles and sizes; inspection and test-certification 
periods; load configuration; the presence of hazardous materials, and the requirement 
for a load-indicating device. The plan must be reviewed and approved by the cognizant 
Safety organization. 

(4) When the weight of the lift is withii 10% of the rated capacity, and equipment of 
greater capacity is not available, the PIC shall review, in detail, the positioning and. 
rigging of the load with the persons who will carry out the lift. The effect of ground 
conditions, wind and weather on the stability of the equipment, and the effect of 
rotational and translational speeds shall be considered in giving instructions to 
equipment operators. 

(5) Hoisting shall bk carefully observed while tension is being applied and a check made to 
determine any tendency to swing or sway, and any tendency of slings to slip or change 
position. Sling positions shall be adjusted or additional supports or restraints shall be 
added as neceSSary before continuing the lift. procedural approval of changes to sling 
position, supports, and restraints shall be obtained from the appointed penon before 
they are made. 
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(6) 

(7) 

Only Qualified Professional Operators may be assigned to operate the lifting 
equipment.Signalers to operators shall be Qualified Riggers. 

Generalized procedures may be submitted for the handling of these loads, except when 
detailed procedures are specified. Individual procedures for several similar items are 
not required, unless specified. Procedures shall include identification of the item or 
class of items to be moved, the type of equipment and rigging accessories to be used 
and their rated capacity, &y special instructions to operators, and provision for 
verification by the authorized person that the lift or move has been satisfactorily 
completed. The PIC shall certify that good rigging practices, precautions, and safety 
measures shall be employed, that equipment operators are qualified and have been 
'properly instructed, and the equipment is adequate for the loads involved and in good 
operating condition. 

Load tests will not be conducted in location such that the lift meets the definition of a 
High-Consequence or Special-High-Consequence Lift in Section 9.2. 

q. Special-High-Consequence Lifts: 

(1) In addition to those items required above for High-Consequence Lifts, the following 
shall apply: 

(a) Identification of each piece of operating equipment to be used in the move by 
type, rated capacity, and, for other than permanently installed equipment, the 
equipment serial number or other identifying number. (If the specific piece of 
non-permanent equipment has not been identifiect'at the time of procedure 
specification, the number shall be included in the job instructions prepared by the 
appointed person.) 

. 

(b) Identification of slings, lifting bars, and other major rigging accessories or . assemblies, by serial number and weight. (If the specific items have not been 
identified at the time of procedure preparation, they shall be identified in the job 
instructions prepared by the appointed person.) 

(c) A list of all nonserialized rigging accessories and materials required in the move 
or lift, identified by type, capacity, and weight. 

(d) Identification of the item to be moved, its weight, dimensions, center of gravity 
(as determined by the method of SAE J874 or estimated from drawings or 
engineering analysis), and the total hook load. 

Rigging sketches showing all lifting points, load vectors, sling angles, 
accessories, methods of attachment, boom angles, crane orientations, and other 
factors affecting the capacity of equipment and accessories used in the move, 
together with notation of limitations to be applied on any allowable orientation of 
the operating equipment or rigging accessories to be used. 

(e) 

. * 

(0 

(g) 

Approximate and maximum hoisting speeds. 

Instructions 10 be given to equipment operators, including boom and swing 
angles at each step of the move, sequence of equipment moves, and coordination 
with moves of other equipment involved, translational speeds, direction, and 
distances, load weight, center of gravity, and other pertinent data. 
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Identification of persons who will have field responsibility for the move or lift 
and for monitoring it. 

Requirements for specific tests to be ma& before, during, and after the move or 
lift including load test for Special-High-Consequence Loads or practice lift. 

Surveillance procedures, including check points, instruments, and indicators, that 
will be used to ensure that the move proceeds according to plan and the rated 
capacity of the equipment has not been exceeded. 

Provision for verification by the appointed person or hisher designee of 
satisfactory completion of each step of the procedure as it occm. 

9.5.4 Forkllft Trucks 

a. 

b. 

Know the rated capacity of the forklift and always operate within that capacity. Since the 
load rating for forklifts may be based on stability, or hydraulic/structural competence, the 
rated capacity shall not be exceeded in operational application. Signs of tipping shall never 
be used to determine if a load is within the forklifts’ capacity. 

Before operation of electric powered machines, check location of the battery plug for quick 
disconnection in case of a short circuit. 

C. 

d. 

e. 

f. 

g. 

h. 

i. 

Battery recharging and maintenance shall take place in designated =-where smoking, 
sparks, or open flames are prohibited. Eye protection, rubbjx gloves and rubber aprons @all 
be worn. Whenever battery maintenance is performed, any area of the body affected by 
contact with battery electrolyte shall be flushed with water immediately and all acid spills 
must be cleaned up at once. 

Fueling of internal combustion-powered lift trucks shall take place in designated areas. The 
vehicle engine must be turned off and smoking, sparks, or open flames shall be prohibited. 

Handling LPG fuel presents a unique hazard. Therefore, to avoid injury while refueling with 
LPG fuel, the refueling procedure in the operator’s manual for the vehicle must be followed 
precisely. 

The operation of internal combustion-powered lift trucks in confined spaces shall be 
prohibited unless special precautions are followed to preclude the build up of carbon 
monoxide gas above prescribed levels. 

Only qualified operators shall be permitted to operate forklift trucks. No one shall operate the 
equipment other than the person to whom it is assigned. 

Report and/or correct any apparent mechanical deficiencies prior to operating the forklift 
truck. 

Operating the unit 

(1) Before handling, assure that stacks and loads are stable. Block and lash them if 
necessary. 

(2) Riders are prohibited on powered industrial trucks, unless the truck is specifically built 
with passenger seating. 
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(4) 

To avoid personal injury, keep head, arms, and legs inside the operator's area of the 
machine. 

Operate at safe speeds: in-plant buildings-5 mph; in-plant roads 15 mph maximum. 
Go slow around curves. 

Stop and soyd  the horn at all intersections and doorways. Watch out for blind comers. 

Use low gear or slowat-speed control when descending ramps. 

Always spread the forks to suit the load width. 

Do not daydream while operating. 

Never allow anyone to get under the elevated forks of the lift truck. 

Lift, lower, and cany loads with the mast vertical or tilted back; never forward. 

Avoid reaching through the mast for any purpose. 

Lower and raise the load slowly, only while the vehicle is stopped. Make smooth 
gradual stops. 

Use special care when high-tiering. Return the lift to a vertical position before 
lowering load. - 

Avoid sudden stops and starts. 

Watch overhead clearance. If in doubt, measure. 

Never travel with forks raised to unnecessary heights. Approximately 4 to 6 inches 
above floor level is adequate. 

Drive slowly over railroad tracks and rough surfaces. Cross tracks at an angle 
whenever possible. 

Consider both the truck and load weight when operating in railcars, semitrailers, 
elevators, etc. 

When loading trucks or trailers, see that the wheels are chocked and the brakes set. 
Operate in h n t  end of the semitrailer only if the tractor is attached, or adequate trailer 
(railroad) jacks are in place. 

Inspect floors on trucks, boxcars, unfamiliarramps, or platforms before start of 
operation. 

Make certain that bridge plates into trucks or fiGight cars are sufficiently wide, strong, 
and secure. Check them frequently. 

Watch rear-end swing and keep clear of the edge of loading docks. 

Face or look in the direction of travel at all times. Travel in reverse when view of 
forward travel is obsnucted by the load, except when ascending an incline. 

- .. 
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(24) When descending a ramp or incline with a load, always travel in reverse and when 
ascending, travel forward. 

(25) Avoid turning around on ramps or inclines. 

(26) Fork trucks should not be used as tow trucks. They are built for lifting only, unless a 
towing hitch is supplied by the manufacturer. Use tow bars rather than wire rope for 
towing. 

(27) Never butt loads with forks or rear end of truck. Never lift with one tine without an 

(28) Avoid leaving the forklift unattended with the motor running or power supply 

engineering analysis and approval. 

c o ~ e ~ t e d  in the case of electrically powered equipment. The load engaging means 
shall be on the floor, the emergency brake activated and the ignition key removed. 

(29) Return the machine at the end of shift to its assigned parking place, ignition shall be 
turned off, brakes set, forks lowered and flat on the floor, shift in neutfal position and 
the key removed. 

(30) Do not use as a personnel elevator, unless an approved safety plat€onn securely 
attached to the forks is utilized (see Section 9.5.1,s). 

(31) When alighting from a truck, step down-do not jump. 

(32) Report all accidents promptly to your Supervisor. - ' '. 

(33) The final responsibility for the handling of a truck remains with the driver. Use guides 
and signalers as much as possible. Standard signals shall be as specified in the latest 
edition of applicable ANSI B-30 codes and standards. Signals most commonly used 
~IC shown in Figure 9-14. 

Moving the Load 

(1) The nature of the terrain, or surface upon which the truck is to operate, is a very 
important factor in the stability of lift-truck systems. The designated person shall 
assure that a proper truck has been selected to operate on the surface available. In 
general, small, threewheeled trucks are to be operated on smooth, hard surfaces only, 
and are not suitable for outdoor work. 

(2) The designated person shall assure that the load is well secured and properly balanced 
before it is lifted. 

(3) During hoisting, care should be taken that: 

(a) There is no sudden acceleration of the load. 

(b) The load does not contact any obstruction. 

k, High-Consequence Lifts: 

(1) The operating organization shall appoint one person in charge (PIC) of the entire lifting 
operation. This person shall meet the definitions of appointed, designated, and 
qualified, as set forth in Section 9.2. 
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RAISE ME TINES 

TILT MASK FORWARD 

I STOP I 
LF90-0139 

f 

LOWER THE TINES TILT MASK BACK 

MOVE TINES IN DIRECTION 
FINGER POINTS DOG EVERYTHING 

Figure 9-14. Standard Hand Signals for Controlling Forklift Operators. 
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1. 

(3) 

(4) 

The PIC shall assure that a work plan is prepared covering the entire lifting operation. 
Consideration of the lift history of the truck shall affect the plan, which shall also 
include, but is not limited to, inspection and test-certification periods, load 
configuration, and the presence of hazardous materials. The plan must be reviewed and 
approved by the cognizant construction management contractors Safety organhation. 

When the weight of the lift is within 10% of the special-rated capacity, and equipment 
of greater capacity is not available, the PIC shall review, in detail, the handling of the 
load with the person who will carry out the lift. The effect of ground conditions, wind 
and weather on the stability of the equipment, and the effect of rotational and 
mslational speeds shall be considered in giving instructions to equipment operators. 

When two or more trucks are required to lift or handle a load, one qualified specialist 
shall be assigned who shall analyze the operation, instruct all personnel in the proper 
positioning and rigging of the load and use of the equipment, and direct the operation 
of all equipment. 

Load tests will not be conducted in locations such that they meet the definitions of 
High-Consequence or Special-High-Consequence Lifts in Section 9.2. 

The PIC shall be a Qualified Rigging Specialist, or shall be assisted by a Qualified 
Rigging Specialist, experienced in using hoisting and rigging equipment of the type to 
be used; preparing and reviewing drawings, procedures, and equipment assignments; 
and supervising the job. 

Only Qualified Professional Operators may be assigned to operak-the lifting 
equipment. Signalers to operators shall be Qualified Riggers. 

Generalized procedures may be submitted for the handling of these loads, except when 
detailed procedures are specified. Individual procedures for several similar items are 
not required unless specified. Procedures shall include identification of the item or 
class of items to be moved, the type of equipment and rigging accessories to be used 
and their rated capacity, any special instructions for operation, and provision for 
verification by the authorized person that the lift or move has been satisfactorily 
completed. The PIC shall certify that good rigging practices, precautions, and safety 
measures will be employed, the equipment operators are qualified and have been 
properly instructed, and that equipment is adequate for the loads involved and is in 
good operating condition. 

Special-High-Consequence Lift 

(1) In addition to those items required above for high consequence lifts, the following shall 
apply: 

(a) Identification of each piece of operating equipment to be used in the move by 
type, rated capacity, and, for other than permanently installed equipment, the 
equipment serial number or other identifying number. (If the specific piece of 
nonpermanent equipment has not been identified at the time of procedure 
specification, the number shall be included in the job instructions prepared by the 
appointed person.) 

(b) Identification of accessories or assemblies by serial number and weight. (If the 
specific items have not been identified at the time of procedure preparation, they 
shall be identified in the job instructions prepared by the appointed person.) 
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(c) A list of all nonserialized rigging accessories and materials required in the move 
or lift, identified by type, capacity, and weight. 

(d) Identification of the item to be moved, its weight, dimensions, and center of 
wvity. 

(e) Sketches showing special attachments, lifting fixtures, accessories, methods of 
attachment, and other factors affecting the capacity of equipment and accessories 
used in the move, together with notation of limitations to be applied on any 
allowable orientation of the operating equipment or rigging accessories to be 
Used. 

(0 Instructions to be given to equipment operators, including sequence of equipment 
moves and coordinations with moves of other equipment involved; translational 
speeds, direktions, and distances, load weight, cen,ter of gravity, and other 
pertinent data. 

(g) Identification of persons who will have field responsibility for the move or lift 
and for monitoring it. 

(h) Requirements for specific tests to be made before, during, and after the move or 
lift, including a load test for Special-High-Consequences Loads or a practice lift. 

(i) Surveillance procedures, including check points, instruments, and indicators, that 
will be used to ensure that the move is proceeding according to plan and the rated 
capacity of the equipment has not been exceeded. 

(jj Provision for verification by the PIC, or hisher designee, of the satisfactory 
completion of each step of the procedure as it occurs. 

9.5.5 Written Procedure Requirements 

a For High-Consequence Lifts the PIC shall assure that a work plan is prepared covering the 
entire lifting operation. Consideration of the lift history of the crane shall affect the plan, 
which shall also include, but is not limited to, sling angles and sizes; inspection and 
test-certification periods; load configuration; the presence of hazardous materials; and the 
requirement for a load-indicating device. The plan must be reviewed and approved by the 
cognizant Safety organization. 

b. In addition to those items required above for high-consequence lifts, the work plan for 
special-higft-consequence lifts shall include, as a minimum, the following: 

(1) Identification of each piece of operating equipment to be used in the move by type, 
rated and special-rated capacity, and, for other than permanently installed equipment, 
the equipment serial number or other identifying number. (If the specific piece of 
nonpermanent equipment has not been identified at the time of procedure specification, 
the number shall be included in the job instructions prepared by the appointed person.) 

(2) Identification of slings, lifting bars, and other major rigging accessories or assemblies, 
by serial number and weight. (If the specific items have not been identified at the time 
of procedure preparation, they shall be identified in the job instructions prepared by the 
appointed person.) \ ,  
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(3) 

(4) 

(9) 

A list of all nonserialized rigging accessories and materials required in the move or lift, 
identified by type, capacity, and weight. 

Identification of the item to be moved, its weight, dimensions, and center of gravity (as 
determined by the method of SAE J874 or estimated from drawings or engineering 
analysis), and the total hook load. 

Rigging sketches showing all lifting points, load vectors, sling angles, accessories, 
methods of attachment, boom angles, crane orientations, and other factors affecting the 
capacity of equipment and accessories used in the move, together with notation of 
limitations to be applied on any allowable orientation of the operating equipment or 
rigging accessories to be used. 

Approximate and maximum hoist and winching speeds. 

Instructions to be given to equipment operators, including boom and swing angles at 
each step of the move, sequence of equipment moves, and coordination with moves of 
other equipment involved; translational speeds, direction, and distances, load weight, 
center of gravity, and other pertinent data. 

Identification of persons who will have field responsibility for the move or lift and for 
monitoring it. 

Requirements for specific tests to be made before, during, and after the move or lift, 
including load test for Special-High-Consequence Loads or practice lift. 

(10) Surveillance procedures, including checkpoints, instruments, and indicators, that will 
be used to ensure that the move proceeds according to plan and the special-rated 
capacity of the equipment has not been exceeded. 

(11) Provision for verification by the appointed person or hisher designee of satisfactory 
completion of each step of the procedure as it occurs. 
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10.0 REFERENCES 
10.1 Amerlcan lnstltute of Steel Constnrctlon 

AISC Specifications for the design, fabrication, and erection of structural steel for buildings. 

10.2 American Iron and Steel lnstltute 

AIS1 Standards for -302 or -304 stainless steel. 

10.3 Amerlcan NatIonal Standards lnstltute 

10.3.1 ANSI A10.28-1983, Work Platforms Suspended From Cranes or Derricks. 

10.3.2 ANSI A12.1-1975, Floor and Wall Openings, RaiIings and TOE Boards. 

10.3.3 ANSVASME B30.2-1990, Overhead and Gantry Cranes (Top running Bridge, Single or 
Multiple Girder, Top Running Trolley Hoist). 

10.3.4 ANSVASME B30.5-1989, Mobile & Locomotive Cranes. 

5a - 1990 

10.3.5 ANSVASME B30.6-1990, Demcks. 

10.3.6 ANSVASME B30.7-1989, Base-Mounted Drum Hoists. 

10.3.7 ANSUASME B30.9-1990, Slings. 

10.3.8 ANSVASME B30.10-1987, Hooks. 

loa - 1990 

10.3.9 ANSVASME B30.11-1988, Monorail Systems and Underhung Cranes. 

l la-  1989 
l lb  - 1990 

10.3.10 ANSVASME B30.12-1986, Handling Loads Suspended from Rotorcraft. 

1% - 1987 
12b - 1988 
12c - 1990 

10.3.11 ANSVASME B30.14-1985, Side Boom Tractors. 

14a - 1986 
14b - 1987 
14c - 1989 
1 4  - 1990 
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10.3.12 ANSVASME B30.16-1987, Overhead Hoists (Underhung). 

16a- 1989 
16b - 1990 

10.3.13 ANSVASME B30.17-1985, Overhead and Gantry Cranes (Top Running Bridge, Single 
Girder, Underhung Hoist). 

17a- 1987 
1% - 1988 
1 7 ~  - 1989 
17d - 1990 

10.3.14 ANSVASME B30.20-1985, Below-TheHook Lifting Devices. 

20a - 1987 
20b - 1988 
2oc - 1989 
2od - 1990 

10.3.15 ANSVASME B30.21-1989 Manually Lever Operated Hoists. 

10.3.16 ANSVASME B30.22-1987, Articulating Boom Cranes. 
- .. 2% - 1988 

10.3.17 ANSVASME B56.1-1988 Safety Standard for Powered Industrial Trucks-Low Lift and 
High Lift lhcks. 

10.3.18 ANSVASME B56.5-1988, Guided Industrial Vehicles. 

10.3.19 ANSVASME B56.6-1987, Rough Te+ Fork Lift Trucks. 

6a- 1988 

10.3.20 ANSVASME B56.7, Industrial Crane Trucks. 

Special Notice M 8  

10.3.21 ANWASME B56.11.4-1988, Forks and Fork Carriers for Powered Industrial Fork Lift 
Trucks, Hook 'Qp. 

10.3.22 ANSVASME HST-1M-1989, Performance Standard for Electric Chain Hoists. 

10.3.23 ANSVASME HST-2M-1989, Performance Standard for Hand Chain Manually Operated 
Chain Hoists. 

10.3.24 ANSVASME HST-3M-1985, Performance Standard for Manually Lever Operated Chain 
Hoists. 

10.3.25 ANSVASME HST-4M-1985, Performance Standard for Electric Wire Rope Hoists. 
DRAIT 
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10.3.26 ANSVASME HST-5M-1985, Performance Standard for Air Chain Hoists. 

10.3.27 ANSI/ASME HST-6M-1986, Performance Standard for Air Wire Rope Hoists. 

10.3.28 ANSI MH 27.1-1981, Specifications for Underhung Cranes and Monorail Systems. 

10.3.29 ANSI N14.6-1986, Standard for Special Lifting Devices for Shipping Containers Weighing 

10.3.30 ANSVASME NOG-2-1989, Rules for Construction of Overhead and Gantry Cranes pop 

10,OOO Pounds (4500 kg) or More for Nuclear Materials. 

Running Bridge, Multiple Gider). 

la- 1985 

10.3.31 ANSVASME NQA-1-1989, Quality Assurance Program Requirements for Nuclear 
Facilities. 

10.4 Amerlcan Soclety for Non-Destructive Testlng 

Recommended Practice No. ASNT-TC-1 A. 

10.5 Amerlcan Soclety for Testing Materlals 

ASTM Specification A391, Specification for Alloy Steel Chain. 

10.6 Crane Manufacturers' Assoclatlon of Amerlca 

10.6.1 CMAA No. 70-1983, Specification for EIectric Overhead Traveling Cranes. 

10.6.2 CMAA No. 74-1974, Specification for Top Running and Under Running, Single Girder, 
Elecrric Overhead Traveling Cranes. 

10.7 Department of Energy 

10.7.1 DOE Order 5480.4. 

10.8 Department of Transportatlon 

49 CFR 391.41, Physical Quaiification for Drivers. 

10.9 Natlonal Flre Protection Assoclatlon 

10.9.1 ANSuNFpA 505-1987, Powered Industrial Trucks, Type Designation and Area Use. 

10.10 

10.10.1 PCSA-1, Mobile Power Crane and Excavator Skindards. 

Power Crane and Shovel Association 

10.10.2 PCSA-2, Mobile Hydraulic Crane Standards. 

10.11 Soclety of Automotlve Englneers 
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10.11.1 SAE J376-85, Load-Indicating Devices in Lifting Crane Service. 

10.11.2 SAE J765-1980, Crane Load Stability Test Code. 

10.11.3 SAE J874-1986, Center of Gravity Test Code. 

10.11.4 SAE J987-1985, Crane Structure, Method of Test. 

10.12 Underwriters' Laboratories 

10.12.1 UL 558-1984, Intemal-Combustion- EnginePowered Industrial Trucks. 

10.12.2 UL 583-1986, Electric-Battery-Powered Industrial Trucks. 
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