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1. Rigging Procedures and Safety

1.1 RIGGING PROCEDURES

1.1.1  General
Rigging is one of the most important safety and risk exposure considerations on any
construction project and Bechtel’s corporate procedures reflect that importance.

Bechtel corporate procedures require that each construction project develop a rigging control

plan appropriate for the project. This plan must address specific customer requirements, local
safety regulations and Bechtel Construction Operations Incorporated operating instructions.

The construction site must also provide for:

Operator and rigging training

Periodic and frequent inspection of tools and equipment

Preplanning of rigging operations

Monitoring of rigging work operations

1.1.2  Corporate References
The following Bechtel Corporate References define basic responsibilities for development,

planning and execution for heavy and critical lift activities.

SITE MANAGERS MANUAL, INSTRUCTION S4.6, RIGGING WORK
OPERATIONS

FIELD ENGINEERING MANUAL, INSTRUCTION F4.3,

CONSTRUCTION RIGGING PLANS

BCOI OPERATING INSTRUCTION 4MP - T11 - L101 DEFINES THE
CRITERIA FOR THE USE OF BEO RIGGING SERVICES ON BECHTEL

CONSTRUCTION PROJECTS

THE FOLLOWING BECHTEL STANDARD WORK PROCESS
PROCEDURES (SWPPs) RELATE TO RIGGING ACTIVITIES:

4MP - T81 - 01901— CRANE OPERATOR QUALIFICATIONS

4MP - T81 - 01902— COMPETENT PERSON RIGGER QUALIFICATIONS
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4MP - T81 - 01903— CONSTRUCTION RIGGING WORK OPERATIONS

4MP - T81 - 01904— CRANES USE AND OPERATION
4MP - T81 - 01905— CRANE LOAD TEST PROCEDURE

1.1.3 Definitions

Certified Rigging Engineer—A Certified Rigging Engineer is an individual certified by BEO
as satisfying Bechtel’s education, knowledge and expertise requirements, qualifying him/her to

review and approve heavy/critical lift plans and heavy haul plans.

BEO Qualification Program Coordinator (QPC)—The individual designated by Bechtel
Equipment Operations Incorporated (BEO) responsible for coordinating all activities pertaining

to the certification of Qualified Crane Operator Examiners and Competent Person Rigger

Trainer / Examiners.   The QPC is to be an individual with an extensive background in the use
and operation of cranes and lifting equipment and in-depth knowledge of crane inspection,

safety and maintenance.

Competent Person Rigger Trainer (CPRT)—An individual verified by the BEO

Qualification Program Co-ordinator (QPC) as meeting Bechtel’s requirements (as defined in
SWPP-01902) for experience, education, background and/or training to qualify him/her as a

Competent Person Rigger Trainer. He/she also tests and qualifies CPRs.

Competent Person Rigger (CPR)—An individual verified by the Competent Person Rigger
Trainer (CPRT) as meeting Bechtel’s requirements (as defined in SWPP-01902) for experience,

education, background and/or training to qualify him/her as a Competent Person Rigger.

Qualified Crane Operator Examiner—A subject expert qualified by BEO to (1) administer

practical, equipment-specific tests and (2) qualify crane operator candidates at the job site.  The
Qualified Crane Operator Examiner must have extensive knowledge of mechanical, hydraulic,

and truck cranes, applicable jurisdictional codes, standards & regulations (e.g. ANSI/OSHA

within the U.S.A.), and Bechtel safety philosophy and procedures.

Crane Operator—Any project or subcontractor employee qualified to operate a crane as

specified in SWPP 4MP-T81-01901, Crane Operator Qualification.

Project Rigging Engineer—An individual meeting the requirements of SWPP-01903,

appointed by a PFE to prepare rigging plans and calculations under the direction of the PFE and
the Rigging Supervisor.

Rigging Supervisor—An individual with demonstrated technical skills, assigned responsibility

for developing work methods and plans, planning and supervising the performance of rigging /
hauling operations on a project.

Lift personnel—Craft employees whose job duties and responsibilities include involvement in

lifting / moving activities.
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Ton—Unless noted otherwise, the word “ton” as used herein, refers to a US ton of 2000 lbs.

Where noted, an imperial ton is 2240 lbs.

A metric ton, (Te or tonne) refers to a mass of 1000kg. (1000kg is equivalent to 2205 lbs).

Note:  For the Definitions of “lifts” that follow, the Rigging Supervisor or Rigging Engineer

may categorize any lift, they deem necessary, to the more onerous standard. This may be due to

lift complexities, operational considerations, environmental factors, or administrative
considerations.

Rigging Plans—Rigging plans are the documents containing all the pertinent information and

procedures necessary to define how a lift/haul is to be conducted safely.

Lifting device—A machine used to raise or lower a load such devices including cranes, hoists,
chain falls, jacks, jacking systems, strand lift system, gin poles, derricks, monorail hoist, gantry

crane; but excluding such devices as elevators & conveyors.

Lifting—The process of lifting, or positioning equipment, components, or materials with a

Lifting Device.

Rigging equipment / lifting gear—The hardware or equipment used to attach a load to a

lifting device; not in itself capable of providing any movement to lift or lower.

Rigging—The process of safely attaching a load to a lifting device.

Hauling—The process of transporting heavy equipment, components, or materials using a
wheeled transporter / trailer either towed by a prime mover or self-driven. Skidding systems,

rollers, and similar devices are considered to be included.

Heavy Haul and Oversize Cargo—Out-of-gauge or overweight cargo as defined in SWPP-

01903.

Specialized Carriers and Rigging Association (SC&RA) - An international association

serving members engaged in the crane, rigging and oversize/overweight transportation

industries.

Crane—For the purposes of SWPP-01903 defining Crane Operator Qualifications, a crane is
any Lifting Device rated over 3 tons in one of the following categories:

General use Cranes (to 350 tons capacity) including but not limited to:

- Hydraulic truck-mounted cranes, including Rough Terrain and All

Terrain Cranes & Boom Trucks

- Friction and hydraulic drive Lattice Boom Truck-mounted Cranes

- Friction and hydraulic drive Lattice Boom Crawler Cranes

Heavy lift cranes and specialized cranes including:

1 .  R I G G I N G  P R O C E D U R E S
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- Ringer Cranes (over 350 tons)

- Heavy crawler cranes (over 350 tons)

- Heavy Mobile truck cranes (over 350 tons)

- Cranes using Superlift or other similar capacity enhancing devices

- Custom cranes (such as Lampson TransiLift, Mammoet MSG, Van

Seumeren PTC)

- Derricks (stiff-leg and guyed)

- Cranes having uncommon operating features

Alternative heavy lifting systems including:

- Gin Poles

- Strand jack systems (used with or without towers)

- Jacking mast systems (push up or climbing type)

- Lattice lifting gantries (fixed or mobile)

Mobile gantries including:

- Telescoping hydraulic lifting gantries (mobile or fixed)

Lift Categories

- Light Lift

Any lift where the payload weight is 10 tons or less.

- Medium Lift

Any lift where the payload weight is over 10 tons but less than 50 tons.

- Heavy Lift

Any lift where the payload weight is 50 tons or greater.

- Critical Lift

Any lift that exceeds 90 percent of crane’s chart capacity; any Multiple-crane lift where either

crane exceeds 75% of the cranes load capacity; requires one (or both) of the cranes to change
locations during the lifting operation; any up ending-down ending operation during the lift; or

any lift over operating or occupied facilities, process pipe racks, or near power lines. Any lift

involving a complex rigging arrangement or that requires specialty rigging should also receive
this classification. All lifts with Hydraulic Gantries shall be deemed critical and a rigging plan

shall be developed for these lifts. Project management may classify any lift that involves

sensitive or risk to costly equipment as critical.
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Qualification—The process of verifying that a crane operator has the requisite experience,

education and/or training and meets any other special requirements necessary for satisfactory
job performance.

Payload Weight—The weight of the item to be lifted or hauled. Payload weight includes the

actual item weight, plus the weight of attachments, saddles, temporary supports, etc. Payload
weight does not include rigging weight.

Working Load limit (WLL)—The working load limit is the maximum load that an item of

lifting equipment is designed to raise, lower or suspend.

Safe Working Load (SWL)—In most cases, the Safe Working Load will be the same as the
WLL. The exceptions are where the particular conditions of use require a reduction to a lower

safe working load. Examples would be severe environmental conditions such as very low

temperatures, inaccuracy of weight, likelihood of shock loading

Proof or test load—A proof or test load is the load applied to a Lifting Device or Rigging
Equipment for the purpose of proof testing. It should appear on the test certificate.

Thorough examination—A periodic visual examination supplemented by such other means of

measurement and testing as may be required to check whether the equipment is safe to use.

Factor of Safety (FOS)—The Factor of Safety is the ratio between minimum breaking load
and safe working load.

Bechtel Rigging Department — Bechtel Rigging Department is a centralized rigging core

group in Bechtel functioning under Bechtel Equipment Operation.

1.1.4  Responsibilities
Site Manager  - The site manager has the ultimate responsibility for ensuring that all rigging

on the construction site follows the rigging requirements of the Section 1.1.5.

Project Field Engineer (PFE) - The project field engineer is responsible to review and
approve the light and medium rigging lifts and transportation activities. Also, he is responsible

to coordinate and obtain approval from Bechtel Certified Rigging Engineer for critical, heavy

lift and heavy haul activities.

Bechtel Certified Rigging Engineer - The certified Rigging Engineer is responsible for
approval of all critical, heavy haul and heavy lift rigging plans prepared by either the rigging

engineer or heavy haul/heavy lift subcontractor.

Rigging Engineer - The rigging engineer is responsible for planning of all medium, critical,
heavy haul and heavy lift work operations, including the preparation of drawings and

calculations. This individual works under the direction of the PFE and in conjunction with the

Rigging Supervisor and Certified Rigging Engineer.

1 . 2  R I G G I N G  S A F E T Y
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Rigging Supervisor (or Superintendent) - The Rigging Supervisor is responsible for

determining work methods and plans for rigging operations and safe execution of the rigging
activities. The Rigging Superintendent works in conjunction with the Rigging Engineer in

preparation of the required lift plans and ensures that the required equipment, materials and

qualified craft personnel are available for the execution of the rigging work.

Bechtel Rigging Department- Bechtel Rigging Department is responsible to provide Rigging

Engineering, Heavy Haul and Heavy Lift service to all Bechtel- Becon projects worldwide.

These services include:

Engineering: Preparation of rigging plans and related calculations
Design Heavy Haul & Heavy Lift equipment support

system Equipment studies, selection and conceptual

rigging plans. Support project on preparation of the
technical section of the bid documents. Review and

approve rigging plans prepared by the subcontractors or

field Barge roll on-roll off, dock jetty design loading, sea
fastening of loads on barge.

Field Execution: Execute rigging operation at the job site. Witness and

approve critical lifts, Heavy Lift and Heavy Hauls.
Subcontract field management.

Other Services: Rigging Workshop and Training

1.1.5 Requirements
Each rigging operation, regardless of size, should be planned to ensure a safe lift. Due to the

added exposure and complexity of heavier lifts, the planning requirements for heavier lifts are
more comprehensive.  The minimum requirements for lifts and lift planning are outlined below.

Light Lifts - Light rigging lifts should be accomplished using good, safe  rigging practices

under the direction of  the responsible Rigging Supervisor.

Medium Lifts -  A rigging plan must be approved by the Project Field Engineer (PFE) prior to
performing medium rigging lifts.

Critical, Heavy Lifts and Heavy Haul - A rigging plan must be prepared either by the Rigging

Engineer or Heavy Haul/Heavy Lift Subcontractor and must be reviewed and approved by the
Bechtel Rigging Department.

Independent Review - On some projects third party review of Critical, Heavy Lifts and Heavy

Hauls may be required. Reviewer must be Bechtel Certified Rigging Engineer.

Rigging plans - Rigging plans are typically prepared by either the Rigging Supervisor or the
Rigging Engineer and are intended to reflect all important aspects of the construction rigging

work operation. The plans are utilized both for preplanning the lift with the Rigging Supervisor
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1 . 2  R I G G I N G  S A F E T Y

and Rigging Engineer and for pre-lift briefings with the construction crews performing the

work. See section 8 of this manual for a complete discussion of Rigging plans. Rigging plans
must address or include the following minimum elements:

A layout of the work area including the locations of all obstacles and

interferences.

Minimum clearances and clearance requirements from existing facilities and
utilities.

Definition of the component to be lifted including the verified weight of the

item and the authorized attachment or lift points.

Locations of underground utilities that could affect the rigging work
operation and that require special clearances or cribbing to perform the work.

Rigging equipment to be used for the rigging operation including cranes, wire

rope slings, spreader beams, shackles, hooks and other components in the
load chain.

Any special precautions that the construction work crew should be aware of

prior to making the lift, (e.g., removal of temporary shipping skids prior to

rigging).

Rigging Calculations - Calculations performed in support of rigging work operations shall

identify any special requirements for the lift, the type of equipment and hardware to be used,

and the sequence of the rigging operation. Calculations may be performed by any Field
Engineer, but must be checked and accepted by the Rigging Engineer prior to application.

1.2 RIGGING SAFETY

1.2.1 General
Bechtel is committed to a ZERO ACCIDENT safety philosophy. The movement of heavy

equipment and materials can result in serious accidents and injury if not properly planned and
executed. Performing rigging work operations safely is one of the cornerstones of Bechtel’s

important element in the overall safety program. Construction crew trainees are typically

provided with a Riggers Handbook or a Rigging Card to reinforce the training efforts. These
handbooks and cards summarize basic safe rigging practices and provide sling tables and

shackle charts. Hard-hat stickers listing sling capacities have also been used to provide similar

information.

1.2.2  Occupational Safety and Health Administration (OSHA) Safety
Regulations
Requirements for safe construction rigging work practices in the United States are defined in

the Code of Federal Regulations Title 29 Part 1926, Safety and Health Regulations for
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Construction. This document is organized into various “subparts” that each address a particular

aspect of construction work operations. The subparts applicable to rigging work operations are
discussed below.

Subpart E - Personal Protective and Life Saving Equipment
This subpart establishes minimum requirements for the use of fall protection devices including
safety belts, lifelines, lanyards and safety nets. The execution of rigging work operations often

require individuals to work in elevated locations subject to falls. The requirements of this

subpart are designed to prevent serious injuries that could result from a fall.

Subpart G - Signs, Signals, and Barricades
This subpart establishes minimum requirements for signaling and controlling traffic flows.

Since rigging work operations often involve the movement of equipment and materials on

roadways, this subpart defines the minimum signaling and barricading requirements.

Subpart H - Materials Handling, Storage, Use, and Disposal
This subpart provides minimum requirements for the use of material handling equipment

including rope, slings, chains, shackles, and hooks. Since the requirements of this subpart are
very specific, it is important that the rigging engineer or specialist have a comprehensive

knowledge of Subpart H.

Subpart I - Tools - Hand and Power
This subpart defines requirements for the handling and use of lever, ratchet, screw, and
hydraulic jacks. Since jacks are used extensively in rigging operations, the requirements of this

subpart are directly applicable to the rigging activities.

Subpart N - Cranes, Derricks, Hoists, Elevators, and Conveyors
This subpart provides specific requirements for the control of heavy lift rigging equipment at

the construction site. The subpart addresses requirements for rigging hand signals, rigging

equipment and hardware inspections, posting of crane load charts, and rigging work execution.

This subpart also provides detailed requirements for the design, testing, and use of crane or
derrick suspended personnel platforms which are discussed in more detail in Section 25 of this

handbook. Helicopter operations requirements, and use of base-mounted drum and overhead

hoists are also covered.

Subpart O - Motor Vehicles, Mechanized Equipment, and Marine Operations
This subpart addresses the use of motorized equipment including rubber tired and crawler

rigging equipment at the work site. Specifically, the subpart includes requirements for
identifying equipment locations at night and for control of work suspended overhead.

Subpart R - Steel Erection
This subpart defines requirements for steel erection which apply to rigging work operations

that require the erection of steel rigging structures at the site.
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Subpart T - Demolition
This subpart defines safety regulations for the demolition of buildings and materials. Since
many rigging operations involve demolition activities, these regulations would be directly

applicable.

Subpart U - Blasting and Use of Explosives
This subpart addresses safety control measures that must be implemented in the immediate

vicinity of blasting operations and imposes limitations on the use of two-way radios. Since

many rigging operations employ the use of radios, it is important to understand the
requirements of this subpart when there are blasting operations on or near the site.

Subpart V - Power Transmission and Distribution
This subpart defines minimum safe clearance requirements between cranes and crane booms

and energized electrical power lines. In the development of rigging plans, this minimum safe
clearance requirement often determines how the rigging work operation can be performed. A

thorough understanding of the requirements of this subpart is essential to effectively plan and

execute rigging work operations.

Figure 1.2-1 Danger Zone for Cranes and Lifted Loads Operating Near Electrical
Transmission Lines

1 . 3  A N S I  S A F E T Y  C O D E S
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The figure above  defines the danger zone for operations near electrical transmission lines.

Minimum radial danger zone distances are shown in the table on the next page.

TABLE 1.2-1 REQUIRED CLEARANCE FOR NORMAL VOLTAGE IN
OPERATION NEAR HIGH VOLTAGE POWER LINES AND OPERATION IN
TRANSIT WITH NO LOAD AND BOOM OR MAST LOWERED

Normal Voltage, Kv Minimum Required
(Phase to Phase) Clearance, feet (meters)

Operation Near High Voltage Power Lines

to  50 10 ( 3.05)
Over 50 to  200 15 ( 4.60)
Over 200 to  350 20 ( 6.10)
Over 350 to  500 25 ( 7.62)
Over 500 to  750 35 (10.67)
Over 750 to 1000 45 (13.72)

Operation in Transit With No Load and
Boom or Mast Lowered

to  0.75  4 ( 1.22)
Over 0.75 to  50  6 ( 1.83)
Over  50 to  345 10 ( 3.05)
Over 345 to  750 16 ( 4.87)
Over 750 to 1000 20 ( 6.10)

1.3 AMERICAN NATIONAL STANDARD INSTITUTE (ANSI) SAFETY
CODES
ANSI standards provide comprehensive guidance on the variety of equipment and work
operation requirements directly applicable to rigging activities. Many of these standards are

invoked by OSHA and other safety regulations. The following is a summary of the applicable

requirements.

ANSI B30.1, Jacks
This standard addresses safety requirements for the construction, installation, operation,

inspection, and maintenance of ratchet, screw, lever, and hydraulic jacks. Minimum inspection

requirements are included before jacks are to be used.
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ANSI B30.2.0, Overhead and Gantry Cranes
ANSI B30.3, Hammerhead Tower Cranes
ANSI B30.4, Portal, Tower, and Pillar Cranes
ANSI B30.6, Derricks
ANSI B30.8, Floating Cranes and Floating Derricks
ANSI B30.11, Monorail Systems and Underhung Cranes
ANSI B30.13, Controlled Mechanical Storage Cranes
ANSI B30.14, Side Boom Tractors
ANSI B30.17, Overhead and Gantry Cranes (Top Running Bridge, Single Girder,

Underhung Hoist)
ANSI B30.18, Stacker Cranes
ANSI B30.22, Articulating Boom Cranes
ANSI B30.24, Container Cranes
ANSI B30.25, Material Handling Hybrid Cranes
These standards establish safety requirements for various types of cranes. The standards

provide specific frequent and periodic inspection requirements, operator qualifications, and

standard hand signals. It is important to utilize the right standard for the right type of crane.

ANSI B30.5, Crawler, Locomotive, and Truck Cranes
This standard provides detailed requirements for the use, inspection, testing, and refurbishment

of mobile cranes commonly used on construction sites. The standard defines specific
requirements for frequent (daily to monthly) and periodic (one to twelve month intervals) crane

and crane hardware inspections. Knowledge of the requirements of this standard is very

important for personnel actively involved in construction rigging work operations.

ANSI B30.7, Base Mounted Drum Hoists
ANSI B30.16, Overhead Hoists (Underhung)
ANSI B30.21, Manually Lever Operated Hoists
These standards provide detailed requirements for hoists that are frequently used in
construction rigging work operations.

ANSI B30.9, Slings
This standard provides a comprehensive set of safety standards for the use and periodic
inspection of alloy steel chain, wire rope, metal mesh, natural and synthetic fiber rope, and

synthetic webbing (nylon, polyester, and polypropylene). The Rigging Engineer and Rigging

Specialist must have a good working knowledge of this standard to effectively design and use
slings in construction work operations.

ANSI B30.10, Hooks
This standard provides detailed requirements for all types of hooks.

ANSI B30.12, Handling Loads from Suspended Rotorcraft (Helicopters)
This standard provides specialized requirements for handling loads with helicopters. Since this

form of material handling is becoming more common, a basic understanding of the

1 . 3  A N S I  S A F E T Y  C O D E S
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requirements of this standard is beneficial.

ANSI B30.19, Cableways
This standard establishes requirements for the special application of cableways used in lifting

and material handling activities.

ANSI B30.20, Below-the-Hook Lifting Devices
This standard establishes requirements for lifting devices such as lifting beams (spreader
beams), edge grip sheet clamps, and plate clamps. The requirements for the design, fabrication,

inspection, and use of lifting beams is directly applicable to construction rigging work

operations.

ANSI B30.23, Personnel Lifting
This standards establishes requirements for personnel lifting and hoisting.

ANSI B56.1, Lift and High Lift Trucks (Forklifts)
ANSI B56.5, Guided Industrial Vehicles
ANSI B56.6, Rough Terrain Forklift Trucks
ANSI B56.7, Industrial Crane Trucks
ANSI B56.8, Personnel and Burden Carriers
ANSI B56.9, Operator Controlled Industrial Tow Tractors
These standards establish requirements for many forms of equipment commonly used in

construction rigging operations.

ANSI N45.2.15, Hoisting, Rigging, and Transporting of Items at Nuclear Power Plants
This is a specialized standard applicable to rigging operations at nuclear power stations.

1.3.1 Responsibilities
The lists below provide sample safety responsibilities of Site Supervision and Crane Operators.

Specialized Carriers and Rigging Association (SC&RA) Crane Operator Certification
Mobile Crane Drafting Task Force Responsibilities of Site Supervision and General
Management
The question of responsibility for the various aspects of a crane operation often remains
unclear until a serious accident occurs and a court of law is forced to decide where the

responsibility lies. Because crane operations are complex and differ from one job to the next, it

is unlikely that a single set of guidelines can cover all the parameters involved. However, the
following list of Site Supervision and General Management responsibilities can be applied to

most situations.

Site supervision is responsible to:

1. Provide a well-prepared working area for the crane before it arrives on the job. This
will require:

a. Identifying and evaluating site access and usability.

b. Assuring there is room to erect and/or extend the boom.
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c. Preparing for blocking to be made available to support the boom while it is being

assembled and dismantled.
d. Oversee that operating locations are graded, level and compacted.

e. Preparing for blocking to be made available for outrigger support.

f. Assessing the suitability of supporting surface to handle expected loads.
g. Assuring that hardwood mats or cribbing are available if the ground is very soft.

(Informing the crane owner that the ground is soft.)

2. Determine the correct load weight and radius and inform the operator. (Site
supervision should know the maximum radius, load weight, and lift height of each

“pick” before ordering the crane.)

3. Ensure the crane is appropriate for the task to be completed.

4. Ensure the operator is well trained, experienced and competent to operate the assigned
crane on the particular job involved.

5. Ensure the operator knows the load chart and is capable of determining the crane’s net

capacity for all possible operating configurations.

6. Ensure the operator is knowledgeable, capable, and aware of the assigned
responsibilities.

7. Supervise all work involving the crane.

8. Ensure that a thorough crane maintenance and inspection program is established and

maintained. This will involve developing crane log books that facilitate the reporting
of all work needed and completed on the crane.

9. Know which local, state and federal rules and regulations would affect safe operation

of the crane.

10. Locate and identify site hazards and restrictions such as electric power lines and
piping.

11. Restrict access to a work area by unauthorized personnel.

12. Review planned operations to include determination of working height, boom length,

load radius and weight.

13. Determine if there is adequate room for extension of crawlers, outriggers, and
counterweights.

14. Determine who is the signal person.

15. Ensure that signal persons are competent and capable of directing the crane and load

to ensure the safety and efficiency of the operation.

16. Know how to communicate at the site with operator, crew, and signal person.

1 . 3  A N S I  S A F E T Y  C O D E S
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17. Be familiar with the preparation of the crane for loading or unloading on trailers; and

be familiar with the differences between rail and barge loading.

18. Know loading procedures.

19. Ensure the loads are properly rigged.

20. Implement a basic maintenance inspection and record keeping program.

21. Know the “Responsibilities of the Crane Operator” and, understand the

“Responsibilities of Site Supervision and General Management.”

22. Be familiar with the unique differences in operations when working under these

specific conditions:

a. Multi-crane lifts

b. Suspended personnel platforms
c. Clamshell \ Dragline operations

d. Pile driving and pulling sheeting

e. Concrete operations
f. Demolition operations

g. Barge operations

h. Magnet operations

23. Understand how to verify weight and center of gravity of the load.

24. Provide ongoing, high quality training and upgrading programs for all personnel.

25. Understand requirements for protective measures against electrical hazards.

a. Grounding
b. Proximity warning devices

c. Insulated links

d. Boom cages
e. Proximity to electric power lines, radio, and microwave structures.

26. Be familiar with load share and load transfer in multi-crane lifts.

SC&RA Crane Operator Certification Mobile Crane Drafting Task Force
Responsibilities of the Crane Operator
The question of responsibility for the various aspects of a crane operation is too often unclear

until a serious accident occurs and a court of law decides where the responsibility lies

Because crane operations are complex and differ from one job to the next, it is unlikely a single

set of guidelines can cover all the parameters involved. However, the following list of Crane
Operator responsibilities can be applied to most situations.
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The operator is responsible to:

1. Be in condition physically, mentally, and emotionally to have full control of the
machine.

2. Know the machine well. The operator must understand the functions and limitations of

the machine as well as its particular operating characteristics.

3. Be familiar with the content of the crane operating manual.

4. Be totally familiar with the crane load chart. The operator must understand the correct
meaning of all notes and warnings, and be able to calculate or determine the actual net

capacity of the crane for every possible configuration.

5. Inspect and perform routine maintenance on the crane regularly, as prescribed by the
both the owner and manufacturer.

6. Inform supervision and/or the owner of any problems, needed maintenance, or

necessary repairs to the machine. This should be done in writing, preferably in the

machine log book.

7. Record the available details of inspections, maintenance, and work done on the crane

while in the field.

8. Supervise and train the oiler and/or apprentice in their duties.

9. Be aware of any site condition that could affect the crane operation and check that the
site is adequately prepared for the crane.

10. Be aware of the presence of power lines and/or other electrical hazards and refuse to

operate the crane if the crane boom, hoist rope, or load will come closer to a power

line than the absolute limit of approach specified in ASME B30.5.

11. Review the planned operation and requirements with site supervision.

12. Know how to identify the load and rigging weight, how to determine where the load is

to be placed and how to verify the exact radius. Normally the operator is not

responsible for determining the weight of the load. However, if the operator does so,
or lifts the load without verifying the weight with site supervision, the operator

becomes totally responsible for the lift and any consequences that result.

13. Determine the number of parts of hoist line required.

14. Check the load chart to ensure the crane has sufficient net capacity for the lift.

15. Select (from manufacturer information) the appropriate boom, jib, and crane

configuration to suit the load, site and lift conditions.

16. Be knowledgeable of how to assemble, set up, and rig the crane properly.
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17. Consider all factors that might reduce crane capacity and inform management of the

need to make appropriate adjustments.

18. Know basic load rigging procedures and ensure they are applied (possible only when

the load is visible to the operator).

19. Communicate with the designated signal person.

20. Direct the oiler and/or apprentice to a safe place during operation.

21. Operate the crane in a smooth, controlled and safe manner.

22. Know how to move the crane safely under its own power.

23. Shut down and securing the machine properly when it is to be unattended.

24. Stay current in the skills and knowledge necessary to safely operate the crane.
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1.3.2 Hand Signals
The figures below provide samples of typical hand signals for controlling crane operations.
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2. Basic Engineering Principles

2.0  INTRODUCTION
For any rigging operation, the first order of business is to determine forces (loads) and their

direction, magnitude, load-bearing surfaces, method of connection, required support, effects
of motion, etc. After these factors are determined, equipment selection will follow for safe

handling and installation of the load.

To determine the above factors, the rigger must know something about fundamental

engineering principles such as determination of stresses, effect of motion, weight of loads,
center of gravity, and factor of safety.

2.1  TRIGONOMETRIC FUNCTIONS
Trigonometry is the backbone of all engineering and is no exception for rigging engineering.

Trigonometry is used to calculate several things such as the forces that a sling will see when
used at an angle or the load distribution when a load is lifted out of level.  Table 2.1-1 shows

several formulas commonly used in engineering.

Table 2.1-1 Trigonometric Solutions for Right Angle

Given Required Formulas

a, c A, B, b sin A = a/c cos B = a/c b = (c2 - a2 )1/2

a, b A, B, & c tan A = a/b tan B = b/a c = (a2 - b2)1/2

A, a B, a, c B = 90 - A b = a cot A c = a/sin A

A, b B, a, c B = 90 - A a = b tan A c = b/cos A

A, c B, a, b B = 90 - A= c sin A b = c cos A
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2.2  CENTER OF GRAVITY

Jobsite accidents are caused by the lack of understanding that whenever a load is lifted, the
center of gravity of the load will place itself vertically below the hook, regardless of the

arrangement of the slings, lift beams, or other attachments. The reason is based on the fact that

the sum of the forces and moments needs to be zero for a body in equilibrium.

The center of gravity of a body is that point on the body through which the weight of the body
could be considered to be concentrated for all orientations of the body. For a body whose

weight per net volume is uniform, the center of gravity lies at its centroid. The center of

gravity is the location where the center of the object’s entire weight is theoretically
concentrated and where the object will balance when it is lifted. For a balanced lift, the

object’s center of gravity is always in line below the hook. The manufacturers normally

provide the center of gravity locations of equipment, reactors, heat exchangers, and vessels.
However, manufacturers’ drawings typically have more information than just the center of

gravity location, and the engineer needs to sift through all of the information and identify

what is relevant.  In some cases, unfortunately, there is not enough information.  When this
occurs, conservative assumptions will need to be made to proceed with the study at hand.  The

engineer is responsible for contacting the appropriate people and validating the assumptions.

After the center of gravity is determined, the loads that each lifting point receives can be
determined.  Two basic methods are used for determining this: the sum of the moments or

taking proportions.

For these exercises assume that objects are being lifted by two cranes, load lines are plumb,
and object will remain level during lifting.

Determine forces F
1
 and F

2
 on lift lugs grouted into 10 ton rock.

F
1
 & F

2
 = (10’ x 10 Tons) / 20’ = 5 tons

LIFT LUG

9'

10'

ROCK

W=10 TONS

10'

LIFT LUG

4'

1F

3'

F2
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Determine vertical lifting forces P
1
 and P

2
 on lift lugs for heat exchanger:

Weight = 80,000 kg.

P1 = (3m x 80,000 kg) / 8m = 30,000 kg

P2 = (5m x 80,000 kg) / 8m = 50,000 kg

Determine forces R
1
 and R

2
 for 1100 ton splitter column at beginning of

upending operation.

R1 = (75' x 1100  tons) / (75' + 78' - 3') = 550 Tons

R2 = ((78' - 3') x 1100 tons) / (75' + 78' - 3') = 550 Tons

3m5m

8m

LIFT LUG

1P

LIFT LUG

P2

1100 tons

75'78'

13
'-4

"

3'

R1 R2
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The following problem illustrates the importance of the smallest details of a lift, even the

placement of cribbing under the load.  Ideally, cribbing should be as close as possible to the
lift points or slightly inside.  Here, the cribbing is to the outside of the pick points and

illustrates how the loads to the support points, no matter if it is the ground or a lifting device,

redistribute its self.

Determine forces R
1
 and R

2
 for 1100 ton splitter column during upending operation.

sin 48.5º = 0.75 +/-

cos 48.5º = 0.667 +/-

R1 = (75' cos 48.5º x 1100 tons) / 150' cos 48.5º + 13'-4" cos 48.5º) = 500 tons

R2 = ((75' cos 48.5º + 13'-4" cos 48.5º) x 1100 tons) / (150' cos 48.5º + 13'-4"

cos 48.5º) = 600 tons

48.

TAILING LUG

SKIRT

3'

78
'

13'-4"

75
'

R1

1100 tons

LIFT TR

R2
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Determine the forces on Crane 1 and Crane 2 before load is lowered on to cribbing,

and a load first touches down. Again, assume that the load remains level.

CRANE 1 & 2 = (10' x 100,000 lbs) / 20' = 50,000 lbs

CRANE 1 = (15' x 100,000 lbs) / 25' = 60,000 (20% Increase in load!)

Jobsites with large components usually require taking items from a horizontal position to a
vertical position.  During this type of operation, the relationship between the pick points and

the center of gravity is very important.  Sample problem below illustrates how the load is

transferred in an upending operation.  Here, the greater the offset of the tailing lug above the
centerline, the earlier and smoother the transfer of load to the lifting lugs will be.  If there is

no offset, no load will transfer until the piece is vertical; in which case, it happens all at once.

Conversely, if the tailing lug is below the centerline, the load will shift toward the tailing lug
and create a dangerous and unstable condition during upending.

2.3 SLINGS
One of the main components of any rigging arrangement is the sling or “choker.”  Slings

come in any number of shapes, sizes, capacities, and types.  The main types are wire rope,
nylon, polyester round, chain, and wire mesh. Wire rope used in rigging is typically 6 x 19 or

6 x 37 class, and all types must meet ASME B30.9 criteria.   All slings, regardless of type,

must have a legible tag stating, among other things, its safe working load (SWL) when in a
straight pull.  The SWL does not account for  how the sling is to be used, whether in a choke

or basket hitch or on an angle. When placed in a choker configuration, the sling could be

derated as much as 30 percent, while a true basket hitch (where both legs are vertical) will
have twice the rated capacity.

100,000 LBS.

10' 5'10'5'

111
2" 12"

CRANE 2CRANE 1
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2.3.1 Basket Hitches and D/d
One catch to the basket hitch that is often missed is what is called the D/d ratio.  When a sling
is bent around something with a large diameter, the outer pieces of the wire rope stretch very

little. However, when the sling is bent around a small diameter, the outer pieces will stretch

greatly, thus requiring a reduction in capacity.  To determine this reduction, the D/d ratio must
be calculated and then looked up in a table such as Table 2.3-1. The D is the diameter of the
item that the sling is bent around, and the d is the diameter of the sling. For example, a 1.5
inch sling has an SWL of 21 tons and will bend around something that is 6†inches in diameter
weighing 37 tons.  If the D/d ratio is ignored, the capacity appears to be twice the SWL of 21
tons for a basket SWL of 42 tons.  However, the D/d must be factored. Thus, 6 inches/1.5
inches = 4†inches. Now, as Figure 2.3-1 indicates, the efficiency is actually 75 percent of 42
tons or 31.5 tons.  Thus, by calculating the D/d ratio before the lift, it can be determined that
the proposed sling would be overloaded by 17.5 percent, and a larger sling can be
recommended.

Table 2.3-1

Efficiencies of Wire Ropes Bent Around Stationary

D/d Ratio

50.0%

55.0%

60.0%

65.0%

70.0%

75.0%

80.0%

85.0%

90.0%

95.0%

100.0%

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37

%
 E

ff
ic

ie
nt
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2.3.2 Sling Angle
Sling angle is another area where a sling may need to be larger than thought.  Note that the
SWL is in straight pull.  When the forces on a sling act on an angle, the forces that affect the

sling will actually be greater.  In problem, the load is 50 tons symmetrically placed between

two pick points.

Solve the following problems in accordance with ANSI/ASME B30.9

Determine the force in the following slings:

Force in Sling = 25 Tons / sin 60o = 28.87 Tons

2.3.3 Bridles and Center of Gravity
Most jobsites use bridles of three or more legs on a regular basis.  These items, while very

useful and versatile, can be easily overloaded if not sized properly.  The most common reason
stems from the following logic: There are four pick points; thus, each leg gets 25 percent of

the load.  However, assuming that the center of gravity is symmetrical to the lift points and

that four or more pick points go to a single point, it is “statically indeterminate.” Statically

indeterminate means that the true load in each sling cannot be mathematically determined.  In

reality, only two opposite slings actually take any load, while the other two slings just help

balance.  Other factors contribute to this as well such as one leg being longer/shorter than the
other or lugs not at the same elevation.  To solve this problem, the bridle must be sized so that

only two legs can handle the load or a spreader must be used.

60° 60
°

P=50 tons

P/2 = 25 tons P/2 = 25 tons
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3. Cranes

3 C R A N E S
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3 .  C R A N E S

3. CRANES

3.1 INTRODUCTION
Cranes are distinguished from jacks and simple hoists in that they not only have the capability

of lifting a load but also can move a load horizontally and set it down again. The operation is
usually performed with a hook and line from above the object being moved. Cranes can be

classified into several broad categories such as mobile cranes, tower cranes, derricks, bridge/

gantry cranes, container cranes, barge cranes, etc. This section focuses on common cranes that
are used at typical construction sites such as mobile cranes, tower cranes, and derricks. Tower

cranes and derricks are referred to as fixed cranes.

Tower crane and mobile crane design is continually improving, which greatly increases their
lifting capacity and have made them an invaluable tool in heavy rigging work operations. The

following sections expand on these and other features of construction cranes and provide a

better basis for selecting an appropriate crane for a particular construction job.

3.2 MOBILE CRANES
Mobile cranes are characterized by the fact that they are designed to move, or travel, about the

jobsite relatively easily. They are mounted on either wheels or crawlers and usually do not

require a special permanent foundation from which to lift. Crane mobility permits a minimum
amount of time for move-in, setup, and move-out. Mobile crane manufacturers have

incorporated features that allow rapid setup times on site such as self decking and undecking

uppers (for example, Manitowoc M250 and Link-Belt HC-286). Wheel-mounted mobile cranes
can also propel themselves to the jobsite. Such site-to-site moves are called transit moves.

Once on the jobsite, mobile cranes can be quickly moved to wherever they are needed. The size

between the largest and smallest mobile cranes differs widely. In general, size is directly
proportional to mobility. A 500-ton crawler-mounted mobile crane (not the biggest) may take

several days to erect on site and to travel to the lift location. However, a 45-ton truck-mounted

telescopic boom crane is ready when it arrives on site and can execute many lifts that same day.

Mobile cranes can be further classified by boom type and carrier type. Booms are either
conventional lattice truss boom or telescopic boom. Virtually all telescopic boom cranes in use

today use hydraulic cylinders to extend and retract the boom. Therefore, they are commonly

referred to as hydraulic cranes. Each of these types of booms carries the load weight
differently.
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The lattice boom and its pendants, or backstays, form a triangle. The boom is a compression

member, and the pendants are tension members. The structural system thus formed is very
strong, rigid, and relatively light. Boom length can be increased significantly with little penalty

in capacity for the added dead weight. The lattice boom is modular, and the length between the

butt section and the tip section is increased by manually inserting short boom segments known
as inserts. Inserts range in length from 10 to 40 feet and install quickly with pins. This

procedure, however, must be completed with the boom laying horizontally on the ground and

takes one or two ironworkers and a small assist crane.

Telescopic booms, on the other hand, carry their load as flexible, cantilevered box beams,

much like fishing poles. As such, they are extremely strong and have a high lift capacity when

almost vertical. (For high boom angles, the internal loading is mostly compression.) However,
at low boom angles, the telescopic boom’s capacity decreases rapidly because of limited

bending capacity. In addition, at low boom angles, the dead weight of the boom contributes

significantly to overturning. As with a fishing pole, deflection of a telescopic boom is
significant even with low loads. The primary advantages of the telescopic boom cranes are

portability and rapid setup time. Telescopic cranes are almost always mounted on wheeled

carriers. The boom segments nest inside one another and are easily retracted to roadable
lengths. Once at the site, the boom can be extended to full length in a matter of minutes.

To extend reach height even further, lattice boom extensions are frequently added manually to

the tip of the telescopic boom. Most European manufacturers can also provide an elaborate

lattice extension called a luffing jib attachment, which essentially converts the crane into a
tower crane.

Size effects play an important role in the time required for setting up a telescopic boom crane.

The larger the crane, the longer the setup time required and the less mobile it is on site.
Depending on local highway laws, when telescopic cranes reach the 180-ton range, additional

trucks may be needed to carry counterweights. The setup time is still significantly shorter than

that required for comparable lattice boom cranes. The largest telescopic cranes (800 tons and
up) require additional trucks to carry boom, outriggers, and counterweight.
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3.3 CARRIERS
A carrier is what makes a mobile crane mobile and basically consists of a special truck chassis,
turntable, and wheels. Strictly speaking, crawler “carriers” are not usually referred to as

carriers but rather crawler bases and consist of a structural frame called a carbody, a turntable,

and crawler treads. The upperworks consist of the hoisting mechanisms, swing mechanisms,
hoist engine, and boom mounting—all of which are fastened to a structural frame called the

machinery deck. Via the machinery deck, the upperworks are mounted to the carrier’s (or

crawler base’s) turntable. The upperworks of smaller cranes are permanently mounted to the
carrier. For larger cranes, the upperworks or house is designed to be detached or undecked from

the carrier to facilitate transit moves. See Figures 3.3-1 and 3.3-2.

3 . 3  C A R R I E R S

Figure 3.3-1 Upperworks of a Crane

Figure 3.3-2 Truck Crane Carrier
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Crawler carriers, or bases, are ideally suited for rugged jobsite situations. See Figure 3.3-3.

Their large footprint provides a large ground-bearing area that is ideal for traveling along
unfinished site roads or paths, especially with sandy soil conditions. Crawlers need to be

trucked in and assembled on site. Smaller crawler-mounted cranes can be loaded on a truck

fully assembled (excluding boom).

The largest land-based mobile cranes available today are crawler mounted. These behemoths

(1,000 tons and up) are mounted on crawlers because no other carrier type would provide
sufficient or economical dead load weight distribution to the ground. These large cranes are not

very maneuverable and take extensive time to assemble and transport.

Wheeled carriers come in three basic types. The first is called a truck carrier and has the ability

to travel long distances on public highways. Its heavy-duty suspension and power train are
designed primarily for highway travel and for graded jobsite roads. This carrier type has

proven to be the most diverse. It provides a base for both lattice boom and telescopic boom

cranes ranging in capacities from 5 tons to well over 500 tons.

A second type of truck carrier is the rough terrain (RT). The type of carrier has four oversized

wheels and is designed strictly for off-road use because it does not have a separate driver’s cab.

The rear axle of a rough terrain carrier has an oscillating hydraulic suspension that gives it
superior off-road travel capabilities. During pick and carry operations, the rear axle must be

locked.

Finally, the most technically advanced type of carrier is the all terrain (AT) carrier. As its name

implies, it is suitable for traveling on both highways and ungraded jobsite roads. This feature is
achieved by a fully hydraulic, computer-controlled suspension and all-wheel steering for its

multiple axles. It offers high maneuverability in confined urban settings.

Figure 3.3-3 Crawler Base
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3 . 4  F I X E D ,  S T A T I C  B A S E D  C R A N E S

Figure 3.4-1 Horizontal Jib Tower Crane

All truck carriers are supplied with outriggers that must be fully extended when the boom of

the crane is manipulated, whether it is loaded or unloaded. When setting the out riggers, all of
the tires must be completely free of contact with the ground. The tires are considered part of

the counterweight and are not effective as ballast if touching the ground.

3.4 FIXED, STATIC-BASED CRANES
Tower cranes and derricks are examples of fixed cranes. Not all tower cranes are fixed. Fixed
cranes are characterized by requiring permanent foundations. The crane cannot be moved

around the jobsite without being completely dismantled and reassembled.

A fixed tower crane consists of a machinery deck (upperworks) and jib (or boom) mounted
atop a slender lattice tower. This arrangement provides unobstructed boom clearance over

obstacles on the ground. The long jib (or boom) of a tower crane compensates for its lack of

mobility by providing lift coverage to a large area of a site while occupying very little real
estate on the ground. Where air space is also limited by adjacent tall buildings, such as in urban

areas or congested jobsites, a luffing boom tower crane can provide lift capabilities while being

able to boom up to go around obstructions.  See Figures 3.4-1 and 3.4-2.
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Tower crane manufacturers have simplified the tower erection process. The lattice towers are
designed to break down into roadable lengths and widths. On site, a moderately sized assist

crane is required to assemble the crane and machinery deck near the ground on a section of

short tower. The tower crane is then designed to jack itself up to allow insertion of another

Figure 3.4-2 Luffing Jib Tower Crane
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segment of tower. This process repeats as construction progresses upward. Dismantling

proceeds in the reverse order. The tower needs to be braced every 100 to 150 feet by using
guys or, preferably, by bracing back to the building structure. The tower can even be

incorporated inside the building structure. See Figure 3.4-3.

3 . 4  F I X E D ,  S T A T I C  B A S E D  C R A N E S

Another type of fixed crane is a derrick. A guy derrick is depicted in Figure 3.4-4. The boom is
typically a conventional lattice boom and the mast backstays or legs are rigid members

(stifflegs) as opposed to wire rope guys. The boom and mast butts are mounted on a turntable

and the stifflegs pin into fixed foundations. Stiffleg derricks range in size from 30 tons for
rooftop-mounted models to more than 800 tons for ground-based models. The ground-mounted

models typically require a steel support tower and large concrete mat or pile foundations. Some

stiffleg derricks can be mounted on rails for limited site mobility but require ballasting.

Figure 3.4-3 Aboveground, Fixed Base of a Tower Crane
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A guy derrick uses wire rope guys to tie back the top of the mast. The guys are anchored to

large concrete foundations. Erecting the mast and guys can be difficult at existing facilities
because guy laydown space must be provided. Guy derricks are not ideal for use on crowded

sites or in existing plants. Properly tensioning the guys can be a time-consuming operation.

Small rooftop derricks offer inexpensive lifting capability in congested areas. With good
planning, they are quick to install, move, and dismantle. The large stiffleg derricks and guy

derricks have the advantage of large lift capacity at a very long radius. Because they are fixed

to their foundation, there is no possibility of tipping. See Figure 3.4-4.

Figure 3.4-4 Small Guy Derrick Mounted on Rooftop
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3.5 AVAILABLE CRANE COMBINATIONS—TELESCOPIC BOOMS

3.5.1  Rough Terrain Cranes
All rough terrain cranes feature hydraulic telescopic booms. The carrier suspension is designed

exclusively for off-road use and high maneuverability. As such, there is only a single operator/
driver cab. They are ideally suited for quick, light tasks around the jobsite. Rough terrain cranes

must be transported to the site by truck. Either a single or double drop trailer is required, and they

are ready for use as soon as they arrive. They range in capacity from about 15 to 80 tons.
However, the load capacity decreases rapidly at longer radii because of the dead weight and

limited bending capacity of the boom. Maximum main boom lengths available are about 110 feet.

The reach height can be increased by another 40 to 60 feet by installing a tip extension (jib). The
tip extensions are easy to install and are stored or folded against the base of the main boom. Note

that Grove and Link-Belt have different but overlapping terminology for this extension. Link-Belt

manufactures two different types for each of its cranes. Verify with the crane operator what
extension is being used and then carefully examine the load charts. The terminology is confusing

and becomes more severe with truck-mounted telescopic cranes, so beware.

A separate load chart is provided for stationary lifts on tires (on rubber). Further reduced load
charts are available for pick and carry situations. For both stationary lifts on tires and pick and

carry lifts, the rear axle must be fully locked and the boom must be pointed directly over the

front. When traveling with a load, the outriggers should be fully extended and “floating” a few
inches off the ground. See Figure 3.5-1.

3 . 5  A V A I L A B L E  C R A N E  C O M B I N A T I O N S

Figure 3.5-1 Rough Terrain Crane



3-12

VER 2.12.02
Copyright 1996, 2002 Bechtel Corporation, Second Edition. All rights Reserved.

Rough Terrain Load Chart Pointers—Read and understand all notes on the load chart.

Telescopic boom charts often have lengthy notes and restrictions. They are there for a purpose
and must be read and understood.

Chart deductions (deducts) vary based on where the removable boom extension is stored and

whether or not it is erected. Make sure that you know where the extension will be.

Telescopic boom charts, in general, do not account for increased radius under load. Because of
their flexibility as cantilevered bending members, a telescopic boom acts like a fishing pole

under load and deflects easily up to several feet, even when unloaded. This is important to

remember when picking a load at near capacity and in situations where the boom could strike
an obstruction as it is being loaded (i.e., picking an object from a rooftop without leaving

sufficient clearance to the parapet).

A boom should not be extended or a crane should not be operated in a position not listed in
the load chart. The telescopic boom is heavy and could cause the crane to inadvertently tip

over, even if not loaded. See Figure 3.5-2.

Figure 3.5-2 Rough Terrain Crane
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3.5.2 All Terrain Cranes
All terrain cranes feature hydraulic, telescopic booms and have been perfected by the European
crane manufacturers. There is an operator’s cab and a separate driver’s cab. The carrier

suspension is advanced and allows for both on- and off-road travel capability. It consists of a

series of interconnected hydraulic suspension rams at each wheel. Springing and damping are
accomplished via air chambers within the hydraulic system. The industry markets the system

under the name “hydropneumatic” or “hydrogas.”

The computer-controlled suspension can be automatically adjusted to compensate for whatever
terrain is being traversed. For example, the system can be made to automatically level the crane

as it travels across inclined slopes or uneven roads. For lifting on wheels, the entire suspension

must be locked out, similar to the rear axle of a rough terrain. All terrain cranes can transport
themselves to the jobsite and are ready for use as soon as they arrive. They are ideal for short

jobs in congested or urban areas. They range in capacity from about 30 to 800 tons. However,

like all telescopic boom cranes, the load capacity decreases rapidly at longer radii because of
the dead weight and limited bending capacity of the boom. The larger models have an

advantage over lattice boom truck cranes because of their quicker setup time. They have an

advantage over large crawler and ringer cranes because of their mobility. Presently, there is a
large demand for these machines for just these reasons. See Figures 3.5-3 and 3.5-4.

3 . 5  A V A I L A B L E  C R A N E  C O M B I N A T I O N S

Figure 3.5-3 All Terrain Suspension, Top Shows Schematic of Hydraulic Suspension for
One “Axle”
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Figure 3.5-4 Al Terrain Crane

The large 800-ton models require extra trucks to carry the boom and counterweight. Maximum

main boom lengths available are approximately 200 feet. The reach height can be increased by

another 40 to 200 feet by installing a tip extension (jib). The tip extensions are generally lattice
booms but require less ground assembly time as would a conventional lattice boom crane (no

pendants). The other type of tip attachment unique to European all terrains is the elaborate

lattice boom luffing jib. This jib increases the crane’s radius significantly while still
maintaining reasonable capacity at longer jib radii. The luffing jib essentially converts the

crane into a mobile tower crane. The European manufacturers have put considerable effort in

making these jibs quick and easy to erect. For example, it requires approximately 2 hours for
an experienced crew to install an 80-foot luffing jib on the 185-ton Demag. Maximum

capacities for luffing jibs, even for the largest basic cranes, are about 100 tons at the shortest

radius and decrease slowly at larger radii. (This capacity is similar to conventional lattice boom
cranes.)

All Terrain Load Chart Pointers—Telescopic boom charts, in general, do not account for

increased radius under load. Because of their flexibility as cantilevered bending members, a

telescopic boom acts like a fishing pole under load and deflects easily up to several feet, even
when unloaded. This is important to remember when picking a load at near capacity and in

situations where the boom could strike an obstruction as it is being loaded (i.e., picking an

object from a rooftop without leaving sufficient clearance to the parapet).

Do not extend the boom or operate the crane in positions not listed in the load chart. The

telescopic boom is heavy and could cause the crane to inadvertently tip over, even if not

loaded.  See Figures 3.5-5 and 3.5-6.
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3 . 5  A V A I L A B L E  C R A N E  C O M B I N A T I O N S

Figure 3.5-5 All Terrain Crane with Luffing
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3.5.3 Truck-Mounted Telescopic Cranes
The truck carriers on these cranes are designed primarily for highway travel and for travel on
graded site roads. Truck-mounted telescopic cranes are ideally suited for rapid turnaround

work. These cranes can transport themselves to the jobsite and are ready for use as soon as they

arrive. The larger capacity cranes may require a boom dolly for transportation to the site,
depending on state highway regulations. They range in capacity from 20 tons to approximately

150 tons. However, the load capacity decreases rapidly at longer radii because of  the dead

weight and limited bending capacity of the boom. Maximum main boom lengths available are
approximately 180 feet.

To reduce boom dead weight and increase chart capacity, manufacturers have paid very close

attention to the uppermost nested telescopic boom segment. To reduce the weight there,
manufacturers sell cranes with optional hydraulic extension cylinders in this boom segment.

Terms such as power pinned, tele-extension, manual extension, or full power refer to the way

this top-most nested boom segment is extended or secured in place. If you are not familiar with
the particular machine, it is best to check with the operator or the load chart posted in the

operator’s cab to verify chart capacity. (Do not confuse this boom extension with the one

described in the following section.)

Regardless of which uppermost boom segment is used, the reach height can be further
increased by another 40 to 80 feet by installing a fully removable boom tip extension (jib). The

shorter tip extensions install quickly and are stored or folded against the base of the main

boom. Note that Grove and Link-Belt each have different but overlapping terminology for this
extension and Link-Belt has several different types of jibs for each of its cranes. It is important

to verify with the crane operator what extension is being used and then carefully examine the

load charts.

Hydraulic Crane Load Chart Pointers—Read and understand all notes on the load chart.

Telescopic boom charts often have lengthy notes and restrictions. They are there for a purpose

and must be read.

Chart deductions (deducts) vary based on where the detachable boom extension is stored and
whether or not it is erected. It is important to know where the extension will be.

Telescopic boom charts, in general, do not account for increased radius under load. Because of

their flexibility as cantilevered bending members, telescopic booms act like a fishing pole
under load and deflect easily up to several feet, even when unloaded. This is important to

remember when picking a load at near capacity and in situations where the boom could strike

an obstruction as it is being loaded (i.e., picking an object from a rooftop without leaving
sufficient clearance to the parapet).

Do not extend the boom or operate the crane in positions not listed in the load chart. The

telescopic boom is heavy and could cause the crane to inadvertently tip over, even if not

loaded. See Figure 3.5-7.
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Figure 3.5-7 Truck Mounted Hydraulic Crane

3 . 5  A V A I L A B L E  C R A N E  C O M B I N A T I O N S
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3.5.4 Lattice Boom Truck Cranes
Truck-mounted lattice boom cranes are choice for lifting in the 150 to 300-ton range although
European models have capacities up to 600 tons. Load capacity at a large radius is good

because of the light dead weight of the lattice boom. Main boom lengths up to 350 feet are

available, and an extra 30 to 100 feet of reach can be accomplished by using a jib attachment.
Lattice boom truck cranes are popular for use at existing plant turnarounds or any time a heavy

crane is needed for several weeks or months. They offer quick transit times to the jobsite and

relatively quick setup time once on site. They take longer to set up than hydraulic cranes but
have significantly more capacity. Compared with crawler-mounted cranes, lattice boom truck

cranes offer comparable capacity but much quicker transit times and setup times although with

less mobility on site. The boom and counterweights need to be trucked to the site along with
the carrier. Cranes with capacities roughly above 200 tons usually have upperworks (house)

that are detachable from the carrier in order to make the load roadable. The carrier is self-

propelled but the house can be self-loaded/unloaded onto a lowboy trailer for transit via four
retractable hydraulic legs attached at the corners of the house. The house lifts itself clear of the

trailer with its hydraulic legs. Then the carrier backs in under the raised house, which lowers

itself onto the turntable. It then secures itself hydraulically to the turntable. Similar innovations
allow the boom hoist gantry to assist in assembling the counterweights and in assembling the

boom.

Truck-Mounted Lattice Boom Load Chart Pointers—Read and understand all notes on the
load chart. They are there for a purpose and must be read.

There are usually at least two different types of boom top segments: hammerhead for low,

heavy loads; and open-throat for normal operations. The proper load chart must be read.

There are typically chart deductions for various attachments to the boom tip such as auxiliary
sheaves, jibs, and blocks. Assure that the crane configuration matches the chart being read.

Several different counterweight configurations are usually available for truck-mounted lattice

boom cranes. Make sure that the appropriate counterweight is specified.

The crane should not be operated or the boom should not be extended to a position not
listed in the load chart.
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Figure 3.5-8 Lattice Boom Truck Crane

3 . 5  A V A I L A B L E  C R A N E  C O M B I N A T I O N S
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Figure 3.5-9 Self-Decking Upper

3.5.5 Crawler-Mounted Lattice Boom Cranes
Crawler-mounted lattice boom cranes display the largest range of lifting capacities, anywhere

from 150 tons to greater than 1,000 tons. Load capacity at a large radius is good because of the
light dead weight of the lattice boom. Main boom lengths up to 400 feet are available. An extra

30 to 100 feet of reach can be accomplished by using a jib attachment. Because of their high

mobility over unfinished site terrain, crawler-mounted cranes are ideal for new construction
work. Transit to the site and setup times can be lengthy compared with truck-mounted cranes of

similar capacity. Crawler cranes can not be transported over public roads and must be trucked

to the site in pieces and then assembled. Some manufacturers, such as Manitowoc, have
designed newer models of crawler cranes with the ability to be highly self-erecting with

minimal help from assist cranes, which greatly reduces the setup time required. See Figures

3.5-8 and 3.5-9.

Crawler cranes are highly versatile. Many different attachments are available and can increase their

capacity, reach height, and radius. These attachments are discussed in a later section.

Crawler-Mounted Lattice Boom Load Chart Pointers—Read and understand all notes on the load

chart. Telescopic boom charts often have lengthy notes and restrictions. They are there for a purpose
and must be read and understood.

Usually, at least two different types of boom top segments are available—hammerhead tops (for low,

heavy loads) and open-throat (for normal operations). Assure that you are using the proper chart.

The crawler tracks are retractable on some model cranes and allow for one-piece transportation, just as
with truck crane outriggers. The crawlers must be fully extended when a lift is executed.

Typically, chart deductions exist for various attachments to the boom tip such as auxiliary sheaves, jibs,

and blocks. The crane configuration must match the chart being read. Several different counterweight
configurations are usually available for truck-mounted lattice boom cranes. Make sure that the

appropriate counterweight is specified.

The crane should not be operated or the boom should not be extended to a position not listed in the

load chart. See Figure 3.5-10.
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Figure 3.5-10 Lattice Boom Crawler Crane

3 . 5  A V A I L A B L E  C R A N E  C O M B I N A T I O N S
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3.6 SPECIAL CRANE ATTACHMENTS
Many different attachments are available that use standard production cranes and that modify
the cranes in some way to enhance lifting capacity, reach height, or maximum operating radius.

The attachments are designed as economical alternatives to using the next larger crane. They

do have unique features that may be ideally suited to specific lift and site requirements.

The most popular attachments are in this section and include tower attachments, ringer

attachments, superlift or maxilift attachments, and the Skyhorse attachment.

3.6.1 Tower Attachment
A tower attachment to a mobile crane is an economical alternative to a traditional static-
mounted tower crane. The primary advantage is that a permanent foundation is not required.

Setup and transit time to the site are roughly identical to that required for the attachment’s base

configuration crane. A disadvantage, when compared with a traditional tower crane, is
generally the lower capacities and shorter radius of the tower attachment. This is offset,

however, by its free site mobility. If the radius or capacity is insufficient at one location, the

crane can be easily moved to another location where it would be within capacity for that lift.
Most tower attachments are available with fixed or limited vertical tower heights. Boom (jib)

lengths from 100 to 200 feet are available and have luffing capability. See Figure 3.6-1.

Inspection and certification of mobile tower crane installations are much less complicated than
for fixed base tower cranes. The operator and ironworkers erecting the crane are never in

jeopardy because the erection and operation take place on the ground.

Lattice boom crawler cranes are popular for conversion to tower cranes. They have superior

onsite mobility although setup and transit times are equal to those of the base crawler crane.

Although not marketed in the United States as tower attachments, European all terrain cranes

with luffing jib attachments fill the definition of tower crane. The telescopic main boom is

extended almost vertically and a lattice luffing jib is attached to the main boom tip. Capacity,
maximum height, and radius are equivalent to those of crawler-based attachments. Truck-based

tower attachments take slightly more time to re-setup at a different location on site than

crawler-based models.
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Figure 3.6-1 Tower Attachment Erection Procedure

3 . 6  S P E C I A L  C R A N E  A T T A C H M E N T S
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3.6.2 Ringer Attachment
Ringer attachments are available for many large U.S. built lattice boom crawler cranes. They
can more than triple the capacity and radius of the base crane. Capacities range from 350 to

more than 750 tons. Boom lengths can be increased up to 400 feet. The basic configuration

consists of the boom butt resting on an external turntable called the ring, which greatly
increases the tipping fulcrum. The boom tip is tied back to a tall lattice mast to decrease the

pendant forces. The crane’s upperworks are mounted in the center of the ring. A large mass of

counterweight rests on the ring (on rollers) at the rear when unloaded and hangs from the mast
tip under load.  See Figure 3.6-2.

Once set up, a ringer is not mobile. It takes 1 to 4 days to set up or move. Because the

counterweight rests on the ring, the crane can swing when unloaded or under-loaded.

3.6.3 Superlift/Maxilift Attachments
Different manufacturers have different names for these attachments. The crane configuration is

similar to the ringer in that the extra counterweight hangs from the lattice mast. There is no ring

and the boom butt remains mounted directly on the upperworks or carbody. Under load, the
counterweight is designed to be lifted from the ground. Unloaded, the counterweight rests

directly on the ground. To swing the crane, the counterweight must be temporarily detached

from the mast hangers. Likewise, if the crane booms up under load, the counterweight will
contact the ground and a portion of it must be removed in order to swing. This type of crane

attachment requires a large amount of lift planning. Transporting and stacking counterweight

can also consume considerable time and expense.

Superlift attachments are found on larger European crawler cranes as a standard feature. They

range in capacity from 300 to 1,200 tons. A ringer crane of comparable basic capacity will

yield slightly better performance at longer radii because of its longer tipping fulcrum. Although
most superlift cranes are crawler mounted, performance is sometimes enhanced with the use of

outriggers.

Generally, separate charts exist for six or eight standard counterweight masses (100 ton, 200

ton, etc.). Higher capacities are attained by simply stacking on more and more counterweight.
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Figure 3.6-2 Ringer Attachment
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Figure  3.6-4B Super Lift Configuration of a Crawler Crane

Figure  3.6-4A
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3 . 6  S P E C I A L  C R A N E  A T T A C H M E N T S

3.6.4 Sky Horse Attachments
American Crane calls its crawler crane superlift attachment the Sky Horse. A Sky Horse
attachment consists of a steel tank filled with water or sand ballast that hangs from the mast.

The steel tank is mounted on steerable rubber tires. Onsite mobility and flexibility are

unsurpassed by any other heavy lift crane. This attachment allows the crane to both travel and
swing simultaneously, with or without a load. Maximum load capacities range from 150 to 350

tons. Transportation and setup times are on par with the basic crawler crane configurations. The

counterweight tank requires about 30,000 gallons of water.

There is also a Super Sky Horse attachment available that can increase capacity to 800 tons

with excellent, large radius performance. Unlike the standard Sky Horse, the Super Sky Horse

cannot simultaneously swing and travel under load.

3.6.5 Lampson Transi-Lift
The Lampson Transi-Lift is a specialized crane and not an attachment. It consists of a boom

and mast mounted on a crawler base with the counterweight mounted on a separate crawler

base a sizable distance rearward. This arrangement gives the Transi-Lift an outstanding tipping
fulcrum. The machinery deck spans between and connects the two sets of crawlers. The two

sets of crawlers give this crane a great deal of mobility on site, both loaded and unloaded. The

largest Transi-Lifts are capable of lifting 1,500 tons or more at short radii and can still pick
about 500 tons at 300 feet.

Needless to say, a Transi-Lift is quite expensive to move and erect on site but may be cost-

effective for projects completing a large amount of modular, prefabricated construction. Lifting

a small quantity of large modules considerably reduces the amount of field construction time.
See Figures 3.6-3 and 3.6-4A and 3.6-4B.
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3.7 MOBILE CRANE STABILITY AND LOAD RATINGS
This section deals with mobile crane capacities and load ratings. Mobile crane load ratings are
governed by one of two modes of failure:

• Structural capacity of the boom or outriggers

• Stability (tipping)

The rated load, or chart value, at a particular radius is based on a percentage of the load that

will cause failure of the crane by either tipping or structural failure. The percentage, or factor
of safety, is stipulated by ASME B-30.5 when tipping is the mode of failure. The ASME

tipping factors of safety are 75 percent for crawler cranes on crawlers and 85 percent for cranes

on outriggers. Because of complexity, other codes (design codes) govern the factor of safety
based on structural failure. Structural failure modes are not discussed here.

Thus, to determine a load rating (chart value), one must first determine the two load values that

cause failure, one from tipping and one from structural failure. Then apply the appropriate

factor of safety to each of the failure loads and choose the lower value. This will be the rated
load for that radius.

3.7.1 Tipping Load and Conditions
The method of determining the load that will cause tipping is outlined in SAE J76S and

basically consists of loading weight onto the hook so that the test crane begins to tip. There are
stringent conditions under which the tipping test must be carried out. First the crane must be set

up on a firm, level (within 1 percent) foundation. Second, the test load condition must be static.

Dynamic effects from hoisting, lowering, or swinging must be completely eliminated or
minimized. Similarly, the effects of wind must be eliminated by conducting the tests on calm

days.

These conditions are the laboratory test conditions and, as such, do not truly represent
conditions in the field. The laboratory conditions signify a consistent, repeatable, controlled,

tipping value. The factor of safety is added to this baseline tipping value to yield the chart

value or load rating for use in the field.

3.7.2 Tipping Load
The predominant factor controlling load ratings for cranes is stability against tipping. In the

United States, crane load ratings are established when a crane load stability test is performed

per SAE J76S under controlled conditions to determine the tipping load.

The tipping load is the hook load at a specified radius about a line called the tipping fulcrum,
which causes the crane to tip. The crane rating is based on taking a percentage of the tipping

load. In the United States and Canada, the ASME crane load rating is 75 percent for crawlers

and 85 percent for truck cranes of the tipping load. In other industrial countries the crane load
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rating is 66.67 percent and 75 percent, respectively. A crane will tip when the overturning

moment (moment of the load and boom about the tipping fulcrum) becomes close to equal to
the crane resisting moment (moment of the machine weight about the tipping fulcrum). A

stability test is conducted for truck and hydraulic cranes when the machine is in a state of

balance about its tipping fulcrum. At this condition, the entire weight of the machine and load
is being supported on two outriggers.

Cranes are designed based on full structural rated loads with a 20 mph side wind and a side

loading at the boom tip for 2 percent of the rated load. For the normal operating conditions, the
above design parameters provide some allowance for the dynamic effects due to the boom

swing and luffing.

3.7.3 Tipping Fulcrum Location for Crawler Cranes
Crawler cranes do not have a leveling device and normally operate on timber mats or on firm,
level ground. The crawler’s tracks are loose cast steel and their purpose is to provide runways

for the track rollers and distribute the machine weight and load to the supporting surfaces. The

track rollers define the position of the side fulcrum. The track opposite the tipping fulcrum is
not effective in resisting the tipping. When operating over the front, the tipping fulcrum is

located below the centerline of the idler or drive sprocket.  See Figure 3.7-1.

The weight and center gravity location for various crane components can be calculated. From

these data, the stability-based ratings for the crane can be calculated. The accuracy of the
calculated stability ratings can be determined by actual testing, which is performed in

accordance with SAE J76S.

3 . 7  M O B I L E  C R A N E  S T A B I L I T Y  &  L O A D  R A T I N G S
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Figure 3.7-1 Tipping Fulcrum for Truck and Hydraulic Cranes
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3.7.4 Tipping Fulcrum for Truck and Hydraulic Cranes on Outriggers
It is essential to raise the crane off of the tires and place it on fully extended outriggers to
increase the crane’s stability against tipping. By extending the outriggers, the side tipping lines

are extended, thus providing a higher resisting moment against tipping. See Figure 3.7-2.

Figure 3.7-2 Tipping Fulcrum for Truck Cranes
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At the construction site, occasionally, cranes are operated improperly with outriggers not fully

extended. This could be due to lifting light weights or due to the side condition restraining
outriggers for full extension. The following example illustrates the significance of extending

the outriggers in regard to the stability.

The above exercise shows clearly why outriggers must be fully extended for lift stability.

Truck and hydraulic crane manufacturer lift crane capacity charts clearly state:

Do not exceed 85 percent of a static tipping load.

The 15-percent margin in the stability takes into account the dynamic load effects of swinging,

hoisting, lowering, wind conditions, adverse operating conditions, and physical machine
depreciation allowance. Therefore, not much margin remains for getting into the tipping

condition. It is very important to observe and be totally familiar with the crane operating

conditions and its limitations, as well as educating the crane operators to evaluate the effects of
the above.

Example:
A truck crane with 143 feet of boom at 125 feet radius is lifting over the side.

Determine:
a) Tipping load
b) Tipping load when outriggers are 1_ feet short of their full extension

Wc = Weight of crane 220,000 lb
Wb = Weight of boom 24,000 lb
B = Boom center of gravity of 52 feet
C = 17 feet, from crane center of gravity to tipping fulcrum (centerline
of outrigger)
L = 114.5 feet, distance from load to tipping fulcrum

Stability relationship of above:
a) Load x L + boom weight x B = crane weight x C

Tipping load = ( 220 x 17 - 24 x 52) / 114.5 = 21.7 kips
b) Outrigger less than 1_ feet from full extension:

C = 15.5 = 17 - 1.5
B = 53.5 = 52 + 1.5
L = 116 feet = 114.5 + 1.5

Tipping load = (220 x 15.5 - 24 x 53.5)/116 = 18.3 kips, or 84 percent
reduction of tipping load
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3.7.5 Tipping Fulcrum for Truck and Hydraulic Cranes on Tires
When cranes operate on tires, the tipping fulcrum is determined by evaluating the suspension
or spring system.

Crane axles are pivoted to oscillate about the longitudinal centerline of the crane. The pivot

controlling the position of the fulcrum line are shown as triangular. If blocking is used to
prevent the tire deflation under the load, then the fulcrum lines become square. The broken

lines in the diagrams in Figure 3.7-3 illustrate the fulcrum lines.

Without blocking, when the tires deflect under the load, the crane will tilt, which shifts the

center of gravity of the crane closer to the tipping fulcrum. The tipping fulcrum for rough
terrain cranes on tires with and without blocking are shown in Figure 3.7-3(a).

For a crane having two or more axles mounted on beams parallel to the centerline, where the

beams being pivoted to the crane frame or wheel axle are fixed to the crane’s frame body, the
center of the tires will be the tipping fulcrum. See Figure 3.7-3(b).

For truck cranes with spring-mounted front axles, the spring position is considered to be the

location of the fulcrum line. For truck cranes not spring mounted, but front axle pivoted to

oscillate, the pivot controls the position of the fulcrum line. See Figure 3.7-3(c).

Figure 3.7-3 Crane Stability Lines

3 . 7  M O B I L E  C R A N E  S T A B I L I T Y  &  L O A D  R A T I N G S
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Figure 3.7-4 Crane Working Areas

The stability of the mobile crane on tires varies with respect to the boom’s horizontal angle

position to the longitudinal axis of the machine. Observation of the crane’s center of gravity

distance to the fulcrum line shows that when the boom is positioned at a 0 horizontal angle
over the rear, stability is greater than when the boom is over the side or over the corner.

Resisting moment M
r
 = W

u
 x d

u
 + W

c
 x d

c

W
u
 and W

c 
 are the weight of upper and carrier works, d

u
 is the horizontal distance from W

u
 to

the center of gravity of the crane rotational axis, and d
c
 is the tipping fulcrum distance to the

lower carriage center of gravity, which varies with respect to the position of the boom. For

lifting over the side boom at horizontal angle a:

M
r
 = W

c
 x d

cs
 + W

u
 x d

u
 sin a, for rating based on stability

M
r
 = M

o
 tipping moment

M
o
 sin a = Wc x dcs + W

u
 x d

u
 sin a

M
o
 = W

c
 x dcs/sin a + W

u
 x d

u

This clearly shows that for any angle other than 90 degrees, the value of sin a will be less than

1, and, thus, the value of M
o
 will be higher. Crane manufacturer’s load charts are based on the

ASME B-30.5-1994 guideline showing the work area for mobile cranes on tires at only over

the ends—rear or front—and over the side, which is somewhat conservative.
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3.7.6 Crane Loads to the Supporting Surfaces
The reaction load from a crane’s outriggers or crawlers to its supporting surface varies based
on configuration and load. Variables to consider in calculating these reactions include type of

crane, boom type and length, counterweight, radius of operation, slew or swing angle, jib

configuration, etc.

The groundbearing pressure calculation is an estimate of the expected actual reaction load but

is not exact because of  the assumed ideal conditions such as zero mechanical deflection,

infinite support rigidity, and perfect machine levelness. In addition, reactions are calculated
based on static loading conditions and do not include dynamic load effects from swinging,

hoisting, traveling, and wind conditions. To account for adverse operating conditions, sufficient

design tolerances must be provided, based on the best judgment of the engineer.

The most crucial and time-consuming task in calculating crane reactions is determining the
crane’s correct center of gravity. This task typically involves consultation with the crane

manufacturer because most charts, maintenance manuals, and sales documents do not show

individual component weights or center of gravity locations. Some manufacturers, such as
Manitowoc, have data sheets to assist in determining reactions at different load radii for their

popular cranes. These data sheets, however, do not account for varying slew angles. Other

manufacturers provide only a single maximum reaction for a particular crane.

In many cases, the exact bearing pressure is sought for a particular load, radius, and slew angle.

The engineer must resort to analytical methods to determine the center of gravity and thus the

reaction and ground bearing pressure.

Crawler cranes and truck cranes are treated differently because of the nature of their supports.

Truck cranes typically have four discrete outriggers and require a straight forward static

analysis, the results of which are four individual reaction forces. Crawler cranes require a more
complex procedure because the reaction under the crawlers is a nonuniform pressure

distribution.

3 . 7  M O B I L E  C R A N E  S T A B I L I T Y  &  L O A D  R A T I N G S
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Figure 3.7-5 Lattice Boom CG Locations

3.7.7 Center of Gravity Calculation
The engineer must obtain the following information before attempting to determine the crane’s
center of gravity and reactions:

Carrier—Weight and center of gravity horizontal distance from the axis of

rotation.

Upperstructure—Weight, including counterweights, and center of gravity
horizontal distance from the axis of rotation.

Boom—For each boom length (both latticed and telescopic booms), weight

and center of gravity location coordinates, including the effects of guy lines,

upper spreader, and boom foot mast.

Jib—For each jib length, weight and center of gravity location coordinates,

including the effects of guy lines and jib mast.
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For boom and jib data, the center of gravity locations should be given in terms of a distance

along the centerline measured from the foot pin and an offset above and perpendicular to the
centerline. It is convenient to transform the boom and jib center of gravity location data from

Cartesian to polar coordinate form.

θ
b 
=  tan-1 (y

b
/x

b
)

L
b
 = ( y

b
2 + x

b
2)l/2,

u
j
 = tan-1y

j
/x

j

J
j
 = (y

j
2 + x

j
2)l/2

where θb and Lb and uj and Jj define the position of the boom and jib center of gravity

respectively. If data are provided in polar form, the conversion step can be eliminated, of
course. Polar data will allow the moment of the boom about the axis of rotation to be expressed

as:

M
b
 = W

b
[t + L

b
 cos (θ+ θ

b
)]

and with a jib mounted, the moment becomes:

M
bj
 = M

b
 + W

j
[t + L cos θ + J

j
 cos (θ -u + u

j
)]

The entire crane structure above the swing circle can be replaced mathematically by a moment

and a vertical load. If the weight of the upperstructure, less boom and jib weights Wb and Wj, is

called Wu and its center of gravity is located horizontally from the axis of rotation a distance

du, then the moment for operating radius R, including the lifted load W and the weight of the

suspended hoist ropes Wr, is:

Mu = M
b
 + (W + W

r
)R—W

u
d

u

Mu = M
bj
 + (W + W

rj
)R—W

u
d

u

when a jib is being used and the vertical load is given by :

V
u
= W

b
 + W + W

r
 + W

u

or

V
u
 = W

b
 + W

j
 + W + W

r
 + W

u
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Figure 3.7-6 Crawler Bearing Surface
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3.8 CRANE REACTIONS

3.8.1 Crawler Crane Reactions
The actual bearing reactions can be determined once the crane’s center of gravity has been

calculated. In normal practice, the crawler crane bearing surface is defined as the area of

crawler tread that is in contact with the ground. This area is computed by multiplying the
effective bearing length of each crawler by the width of the crawler tread shoes. Effective

bearing length of the crawler is taken as the distance between center of the drive sprocket to the

center of idler sprocket. (Caution: Some cranes have raised drive and idler sprockets. In this

case, the bearing length is measured from the front-most to rear-most track roller.) The bearing

width is generally the width of the tread. However, some manufacturers have sloped crawler

edges. On soft surfaces such as earth, the full width may be used; for hard surfaces such as
plywood on concrete, the bearing surface will be less. Figure 3.8-1 shows a Manitowoc

4100W-SII track tread detail.

Figure 3.8-1 Crawler Geometry

3 . 8   C R A N E  R  E  A  C  T  I  O  N  S S
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3.8.2 Crawler Crane Example
The axis of rotation on the typical crawler crane passes through the centroid of the track
bearing surfaces. On large machines, however, the axis is usually to the rear of the bearing

centroid. (The rear is defined as the end containing the drive sprockets.) For generality, assume

that the axis is at distance x0 to the rear of that point. Let dl be the effective bearing length of
the tracks, w the width of the tracks, and dt the center-to-center transverse distance between the

tracks.

With the crane operating on a firm surface, the bearing length is taken as the distance between
the drive and idler sprockets unless the machine is built with a raised idler. For those cranes,

the bearing distance is taken from the center of the drive sprocket to the first track roller in

contact with the ground. The bearing length can be increased for all cranes by installing
blocking at the idler end. To make this effective, it is necessary to precompress the blocking by

driving the unloaded crane onto it so that the blocking and the entire bearing surface

experience crane weight.

When cranes operate on yielding soil, the tracks will press into the ground and bear on a larger
area. In making track-pressure calculations, it is not prudent to count on this larger area. The

yielding nature of the soil implies that caution must be exercised in evaluating support

conditions. If the crane is permitted to tilt, a loss of stability and an increase in track pressure
will follow.

With the boom at a horizontal working angle a from the longitudinal centerline, measured from

the front, the net moments applied at the centroid of bearing are:

M
nf
 = M

u
 cos a - V

u
x

0
 - W

c
d

c

over the front, assuming that the undercarriage CG is at distance d
c
 behind the bearing centroid,

and

M
ns

 = M
u
 sin α

over the side. The total vertical load is

V= V
u
 + W

c

If the crane were perfectly balanced with respect to the centroid of the track-bearing surfaces,

Mnf = Mns = 0, the load would be equally shared between the tracks. Each track would carry V/

2. But, if Mns  0 the distribution of load between the tracks cannot be equal. The difference in
track loading must produce a ground reaction moment equal and opposite to Mns.

Taking the reaction under the more heavily loaded track as Rh and under the more lightly

loaded track as R:

V = R
h
 + R

l
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The difference between Rh and Rl is caused solely by Mns, which motivates the expressions:

Rh = V/2 + (Mns/dt)
Rl =V/2 / (Mns/dt)

The reactions (resultants) of the above equation satisfy the equilibrium requirements ΣV = 0

and ΣMside = 0. What remains is to take into account the effects of the moment over the front,

Mnf.

The front moment controls the longitudinal position of the resultants of the track reactions Rh

and Rl. When Mnf= 0, there is no displacement; the resultants of track pressure are at the center

of bearing of each track and each track experiences uniform pressure along its length. For non-
zero values of front moment, the reactions are displaced:

e = Mnf/ V

Because of eccentricity e, the track pressure diagram will take either a trapezoidal or a

triangular shape.

The length l of the triangular pressure diagram is found by solving equilibrium equations for
vertical load and front moment. For either track:

R = (Pmax)wl/2

e R = ((Pmax wl)/2)-(dl/2-l/3)

which yields

l = 3 (dl /2 - e)

l ≤ dl

For the triangular pressure diagram it follows that the maximum pressure is:

Pmax = (2R)/(wl)

where R represents either Rh or Rl, depending on the track being studied.

When l > dl this indicates that the pressure diagram is trapezoidal. The difference between the

pressures at the ends of the track comes about because of the front moment. Using the

equilibrium condition ΣMend = 0, the pressures at the ends of the track are:

P= (R/(w x d1)) x (1+-6e/d1)

This analysis assumes that the crawler frames and carbody are absolutely rigid—not an

unreasonable assumption for most machines. However, because of the rigidity assumption,

both tracks will have a common value for e and will always have the same shape of pressure
diagram, that is, both triangular or both trapezoidal. Actually, because of elastic effects, e will

be the average displacement of the two tracks and small variations from the calculated

pressures will be imposed on the ground.

3 . 8  C R A N E  R E A C T I O N S
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Example:
Find the pressure under a Manitowoc 4100 S2 crawler crane equipped with 200
feet of type 22C boom, open throat tip, 146,400 lb upper counterweight, and
60,000 lb carbody counterweight, lifting a total load of 100,000 lb at a 50-foot
radius. The load includes the weight or rigging, block, and wire rope.

Given:
W = 100,000 lb Load weight
R = 50 ft Load radius
W

b = 35,100 lb Boom weight
xb = Lb = 104.4 ft ÷
yb ♠  0 ft ″ Boom center of gravity, polar coordinates
θb ♠  θ = 76.7 deg.
t = 4 ft Boom offset
W

u = 206,050 lb Upper weight (including upper counterweights)
du = 11.63 ft Upper center of gravity, including counterweight
Wc = 186,822 lb Carrier weight
dc = 0 ft Carrier center of gravity
x0 = 0 ft Carrier offset from track centerline
dt = 17.7 ft Track centers
dl = 18.6 ft Track length
w = 4 ft Track effective width

x0 = 0 ft. Carrier offset from track centerline
dt = 17.7 ft. Track centers
dl = 18.6 ft. Track length
w = 4 ft. Track effective width

Figure 3.8-2 Crawler Bearing Reactions
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Example Case 1
Lifting directly over the front: (ααααα = 0 deg.):

Boom moment
Mb = 35,100 [4 ft + 104.4 ft x cos (76.7 deg.)]
Mb = 983,000 lb-ft

Upper moment
Mu = 983,000 lb-ft + (100,000 lb ) x 50 ft - (83,650 lb + 146,400 lb) x 11.63 ft
Mu = 3,308,000 lb-ft

Vertical load
Vu = 35,100 lb + 100,000 lb + (83,650 lb + 146,400 lb)
Vu = 365,000 lb

Moment over the front, about center of track (α = 0 deg.)
Mnf = 3,308,000 lb-ft x cos (0 deg.) – 365,000 lb x 0 ft – 186,822 lb x 0 ft
Mnf = 3,308,000 lb-ft

Moment over side (α = 0 deg.)
Mns = 0 lb-ft

Total vertical load
V = 365,000 lb + 186,822 lb
V = 552,000 lb

Track reactions
Rh = Rl = (552,000 lb / 2) + 0 = 276,000 lb

Pressure distribution eccentricity will be the same for both tracks
e = 3,308,000 lb-ft / 552,000 lb
e = 6.0 ft

Bearing length, triangular if l ≤ dl or trapezoidal if l > dl
l = 3 x [(18.6 ft/2) - 6.0 ft)
l = 10 ft
10 ft < 18.6 ft \ triangular distribution

Maximum bearing pressure
p

max = (2 x 276,000 lb)/(4 ft x 10 ft)
pmax = 13,800 psf or 14 ksf

3 . 8  C R A N E  R E A C T I O N S
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Example Case 2
Lifting directly over the side: (ααααα = 90 deg.):

Moment over the front, about center of track (α = 90 deg.)
Mnf = 3,308,000 lb-ft x cos (90 deg.) – 365,000 lb x 0 ft – 186,822 lb x 0 ft
Mnf = 0 lb-ft

Moment over side (α = 90 deg.)
Mns = 3,308,000 lb-ft x sin (90 deg.)
Mns = 3,308,000 lb-ft

Track reactions
Rh = (552,000 lb/2) + (3,308,000 lb-ft/17.7 ft) = 463,000 lb
Rl = (552,000 lb/2) - (3,308,000 lb-ft/17.7 ft) = 89,000 lb

Pressure distribution eccentricity
e = 0 lb-ft/552,000 lb = 0 ft

∴ uniform (trapezoidal) distribution

Bearing length, triangular if l ≤ dl or trapezoidal if l > dl
l = dl = 18.6 ft

Maximum bearing pressure
for Rh,

pmax = (463,000 lb)/(4 ft x 18.6 ft) = 6,223 psf or 6.2 ksf

for Rl,
pmin = (89,000 lb)/(4 ft x 18.6 ft) = 1,196 psf or 1.2 ksf
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Example Case 3
Lifting directly over a corner: (ααααα = 30 deg.):

Moment over the front, about center of track (α = 30 deg.)
Mnf = 3,308,000 lb-ft x cos (30 deg.) – 365,000 lb x 0 ft – 186,822 lb x 0 ft
Mnf = 2,865,000 lb-ft

Moment over side (a = 30 deg.)
Mns = 3,308,000 lb-ft x sin (30 deg.)
Mns = 1,654,000 lb-ft

Track reactions
Rh = (552,000 lb/2) + (1,654,000 lb-ft/17.7 ft) = 369,400 lb
Rl = (552,000 lb/2) - (1,654,000 lb-ft/17.7 ft) = 182,600 lb

Pressure distribution eccentricity
e = 2,865,000 lb-ft/552,000 lb = 5.2 ft

Bearing length, triangular if l ≤ dl or trapezoidal if l > dl
l = 3 x [(18.6 ft / 2) - 5.2 ft)
l = 12.3 ft

12.3 ft < 18.6 ft ∴  triangular distribution

Maximum bearing pressure
for Rh,

pmax = (2 x 369,400 lb)/(4 ft x 12.3 ft)
pmax = 15,000 psf or 15 ksf

for Rl,
pmax = (2 x 182,600 lb)/(4 ft x 12.3 ft)
pmax = 7,400 psf or 7.4 ksf

3 . 8  C R A N E  R E A C T I O N S
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3.8.3 Truck Crane
To perform truck crane outriggers loading to the supporting surfaces, the following data of the
crane are needed:

Wc = Carrier weight and its center of gravity horizontal distance from axis of rotation

Wu = Upperworks weight, including counterweight and center of gravity location from
axis of rotation

Wb = Boom weight and its center of gravity location from boom king pin

Dl = Distance between front and rear outriggers
Dt = Transverse distance between outriggers

Xo = Outrigger center of gravity from crane axis of rotation

t = Distance from boom king pin to crane axis of rotation

Other variables are boom length, radius, and total lifting load (including all rigging weights).

First, to calculate boom and jib center of gravity location Lb horizontal distance from boom

king pin:

Mb = Wb ( t + Lb cos θ)

Mu = Moment of upperworks = Mb + L (load) x R (radius) - Wu x du (upperworks center of
gravity)

Vu = Vertical loads of upper works = Wb + L + Wu

Mnr = Moment of all loads about outrigger center of gravity lifting over rear: Mnr = Mu-
VuXo-Wcdc

M
ns

 = Moment of all loads about outrigger center of gravity lifting over side: M
ns

 = M
u

V = Total vertical load = Vu + Wc in addition to moment outriggers must support the
vertical load, which is supported equally by each outrigger.

Lifting over rear, outrigger pressure Pr = V/4  ±  Mnr/2dl moment portion is added for the

rear outrigger and subtracted for front outrigger.

Lifting over side, Pfb = V/4 + Mns/2dt + (Wcdc + VuXo)/2dl boom side front outrig
Pfc = V/4 - Mns/2dt + (Wcdc + VuXo)/2dl counterweight side front outrig

Prb = V/4 + Mns/2dt - (Wcdc + VuXo)/2dl boom side rear outrigger

Prc = V/4 - Mns/2dt - (Wcdc + VuXo)/2dl counterweight side rear outrigger

Moment effect values remain constant for a particular load, operating radius, and boom

position relative to longitudinal axis—only the sign changes.

The same condition exists when the boom is positioned over the corner at angle a from the

longitudinal axis of crane, operating over the rear. In this case, the value of M
nr
 and M

ns
 will be

calculated:

Mnr = Mu cos α - Vu Xo -Wc dc and Mns = Mu sin α

M
nr
 is portion of moment due to effect load lift over the rear, and M

ns
 is portion of moment over

the side. The individual outrigger pressure is in combination of vertical load and moment.
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Lifting over the corner:

Pfb = V/4 + _ (Mns/dt - Mnr/dl)

Pfc = V/4 - _ (Mns/dt + Mnr/dl)

Prb = V/4 + _(Mns/dt + Mnr/dl)

Prc = V/4 - _ (Mns/dt - Mnr/dl)

It is not unusual for the calculated value for one of the outriggers to be negative. This means

that the crane lifts free of an outrigger beam or even lifts a float. In this case, it is considered
that the reaction at that outrigger is 0. When two outrigger floats lift or two reactions have

negative calculated values, the crane is in the process of tipping. The sum of all outrigger

reactions must be equal to total weight of crane + load + boom. In addition, the sum of all
moments about crane longitudinal centerline and about transverse line must be 0.

Example:
Find the pressure under the 3900T-SII truck crane outriggers. The crane is
equipped with 143 feet of boom #9A with hammerhead top, having 74,000 lb of
counterweight, lifting a 50-ton load (inclusive of weight of rigging hardware, load
block, main fall) at a 28-foot radius.

Wb = 23,716 lb weight of 143 feet of boom

Wu = 131,490 lb weight of upperworks including 74,000 lb of counterweight

du = 110.8 in. = 9.23 ft, center of gravity of upperworks from crane centerline

rotation

Wc = 94,070 lb weight of lowerworks, including carrier, outriggers, and front

bumper

dc = 82.1 in. = 6.84 ft, center of gravity of lowerworks from crane centerline

rotation

t = 43.5 in. = 3.625 ft, boom king pin from crane centerline rotation

dt =18.73 ft distance between outriggers and longitudinal center of machine

dl = 18.79 ft distance from front outrigger to crane centerline rotation

Xo = 2.25 ft distance from centerline outrigger to centerline crane rotation

Lb = 68 ft center of gravity of boom from boom king pin

Mb = 23.71 (3.625 + 68 cos 81.7) = 318.7 k-ft

Mu = 318.7 + 100 x 28 -131.49 x 9.23 = 1905 k-ft

Vu = 131.49 + 100 + 27 = 258.49 kip V = 258.49 + 94.07 = 352.56 kip

V/4 = 352.56/4 = 88.14 kip vertical load per outrigger

3 . 8  C R A N E  R E A C T I O N S
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Example Summary
Summarizing the above three lift positions for the truck crane outrigger loads:

Location Pfb Pfc Prb Prc

Over rear 105 105 71 71

Over side 171.5 70 106 4.7

Over corner, boom at 121 49 127 55
45 degrees from rear

3900 - T outrigger float is 3 feet square; therefore, the maximum imposed load to
the supporting soil is 171/9 = 19 ksf for the above conditions.

Example Case 1
Lifting over the rear: boom horizontal angle with crane long. centerline α = 0

Mnr = Mu -VuXo - Wcdc = 1,905 - 258.49 x 2.25 - 94.07 x 6.84 = 640 k-ft

Pr = pressure at rear outriggers = V/4 + Mnr/2dl = 88.14 + 640/2x18.79 = 105.17

kip
Pf = “pressure ∆ and front outriggers” = V/4 - Mnr/2dl = 88.14 - 640/2x18.79 =
71.11 kip

Example Case 3
Lifting over side - boom at 90 deg. horizontal. angle from crane long. centerline

Mnr = 0 Mns = Mu = 1,905 kip-ft

Pfb = V/4 + Mns/2dt + (Wcdc + VuXo)/2dl = 88.14 + 50.85 + 32.59 = 171.58 kip

Pfc = V/4 - Mns/2dt + (Wcdc + VuXo)/2dl = 88.14 - 50.85 + 32.59 = 69.88 kip

Prb = V/4 + Mns/2dt - (Wcdc + VuXo)/2dl = 88.14 + 50.85 - 32.59 = 106.40 kip
Prc = V/4 - Mns/2dt - (Wcdc + VuXo)/2dl = 88.14 - 50.85 - 32.59 = 4.70 kip

Example Case 2

Lifting over the corner: boom at 45 degree angle

Mnr = Mu cos α - VuXo - Wcdc and Mns = Mu sin α
Mnr = 1905 x .707 - 581.6 - 643.44 = 122 kip-ft Mns = 1,347 kip-ft

Pfb = V/4 + _ (Mns/dt - Mnr/dl) = 88.14 + _ (72 - 6.5) = 120.89 kip

Pfc = V/4 - _ (Mns/dt + Mnr/dl) = 88.14 - _ (72 + 6.5) = 49 kip

Prb = V/4 + _(Mns/dt + Mnr/dl) = 88.14 + _ (72 + 6.5) = 127.39 kip
Prc = V/4 - _ (Mns/dt - Mnr/dl) = 88.14 - _ ( 72 - 6.5) = 55.40 kip

Prc = V/4 - ½ (Mns/dt - Mnr/dl) = 88.14 - ½ ( 72 - 6.5) = 55.40 kip
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3.9 MATTING

3.9.1 Distribution of Crane Loads to the Supporting Surfaces
The supporting soil (or structure) must be evaluated for the crane reactions that were calculated

by the methods in the preceding section. The crane rating given in a load chart is valid and

accurate only when the machine operates on a firm, level supporting surface that is structurally
sufficient to carry the crane reaction loads. A large number of crane accidents have occurred

because of ground support failure. Because site soil conditions vary widely, it is imperative that

a competent soil engineer evaluate the soil for the reaction loads imposed by the crane. In many
cases, the ground bearing capacity is less than the crane capacity. Therefore, use of cribbing,

matting, or steel plate under the crawler or truck crane outriggers is required to distribute the

reaction load. This section deals with how to evaluate mats but not soil analysis.

A competent structural engineer is required to determine support adequacy for cranes
supported by structures such as foundation mats or floors.

3.9.2 Truck Crane
The mat’s bearing area bc is needed to distribute outrigger loading to the supporting surfaces,

which can be determined by dividing outriggers force P by soil capacity s x bc •  P/s applied
soil pressure under the matting q = P bc. For construction grade timber, the allowable stress is

about 1,500 psi and for shear stress, about 125 psi. For checking the timber mat bending

moment and applied stresses use:

bending moment M = ½ qba2

bending stress

horizontal shear stress v = 1.5qa/d .

Figure 3.9-1 Outrigger Bearing Area

3 . 9  M A T T I N G
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Example:
3900-T truck crane outrigger force is 171 kip, outrigger float is 3 feet square, and
soil bearing capacity is 10 ksf. Design timber mats to support the outrigger load.

Bearing area min. = 171 kip/10 ksf = 17.1 ft2 use b = 4 ft and c = 5 ft of 12 in. x 12
in. rough timber mat.

A = (5-3)/2 = 1 ft Applied soil pressure q at bottom of mat = 171 kip/4x5 = 8.55 ksf
< 10 ksf size is ok.

checking bending stress      f =                       = 178 psi < 1500 psi ok

check horiz. Shear  v = 1.5 x 8.55 ksf x 1 ft/ 12 in. x (12 in./ft) = 89 psi < 125 psi ok

Determine the size of steel plate required under outrigger float that can satisfy the
soil bearing capacity. Use 4'-3" square steel plate  applied pressure under steel
plate

q = 171/4.25 x 4.25 = 9.46 ksf, ok
plate thickness t = (3qa2 /f)1/2

a = (4.25-3)/2 = 0.625 ft.
t =                            = 0.68 in.

Use steel plate 4 ft. 3 in. square by 5/8 in. thick in lieu of matting for this example.

3.9.3 Crawler Crane
In most cases, matting does not need to be placed under a crawler crane unless the crane is
operating on poor soil. Many crawler crane accidents have occurred because of settlement

under the crawler and consequently boom failure or tipping. Therefore, to avoid settlement

under the crawler and maintain levelness during crane operation, it is a good practice, and in
many cases a requirement, to place matting under the crawler crane.

Figure 3.9-2 Crawler Bearing Area Under Crane Mat

3 8.55. 1. 1.

12 x12

3 9.46. 0.625. 0.625.

24 ksi
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Example:
Determine the matting size for a 400W-SII crawler crane lifting over the front

3 . 9  M A T T I N G
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imposing maximum of 10 ksf pressure to the supporting soil, which has 4 ksf soil
bearing capacity. The crawler loading pressure diagram is triangular, having 12
feet of effective bearing length.

Rate of pressure at bottom of track is 10 ksf /12 ft = 0.83 ksf. Assume each mat
consists of four each 12 x 12 rough sawn oak or southern pine connected together
by 1 inch diameter steel rods at 4 feet on center. Pressure at one edge of the 4-
foot mat is 10 ksf and at the other edge is:

10 - 4 x 0.83 = 6.68 ksf

The total load on this 4-foot mat is:

P = 4 ft x 4 ft (10 ksf + 6.68 ksf)/2 = 133.5 kip

Minimum required soil bearing area = 133.5 kip/4
ksf = 33.75 ft2

c = 33.75/4 = 8.34 ft

Consider the crawler tread width as 4 feet, then:

a = (8.34 - 4 )/2 = 2.17 ft

Mat length can be figured by adding c dimension to the dimension B (distance from
centerline right track to centerline left track).

L = 8.34 ft + 17.16 ft = 25.5 ft

Use 26 x 4 foot mats.

Check bending stress:

f = 3 x 4 ksf x 2.17 x 2.17/12 x 12 = 392.4 psi < 1,500 psi allowable for timber

Check horizontal shear:

v = 1.5 x 4 ksf 2.17/(12 in.) (12 in./ft) = 90 psi < 125 psi allowable 4 x 26 mats ok
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3.10 TOWER CRANE SUPPORT AND FOUNDATION REQUIREMENTS

3.10.1  Foundation for Fixed-, Static-Base Tower Cranes
Knowledge of tower crane operation, loading, and wind exposure is necessary to determine the

magnitude of the support requirements for a fixed-base tower crane. A specialist should handle
all support or mounting configurations. Tower crane manufacturers typically provide

foundation reaction information to users. A tower crane is typically erected in place. The jib

must be free to weathervane 360 degrees without striking adjacent objects. This also permits
full coverage of the work area. A tower crane rigging plan must provide for dismantlement of

the crane. Two general loading conditions need to be examined when a tower crane foundation

is designed. The first is out-of-service loading and the second is, of course, in-service loading.

3.10.2 Out-of-Service Loads on Tower Cranes
The out-of-service condition typically includes wind loading, both normal and storm; seismic

loads; dead load; erection loads; and jacking loads. Torsional loading is generally not a

significant factor because the jib is left free to weathervane. Local wind conditions must be
examined carefully because most manufacturers design towers for a generic storm wind

without regard to regional- or site-specific weather conditions. As tower height increases, a

point is reached where out-of-service wind loads may become more critical than the actual in-
service loads. Wind velocity increases with tower height. Figure 3.10-1 shows the relationship

of height to wind velocity for three different terrains. Exposure A represents large cities and

hilly terrain, exposure B illustrates towns and wooded areas, and exposure C represents open
country or coastal areas.

3.10.3 In-Service Loads on Tower Cranes
The in-service condition imposes forces from the lifted loads and dead weight. Normal wind

and seismic forces must also be accounted for. Because tower cranes must be taken out of
service during high winds, storm loading is not generally considered an in-service loading.

Storms are somewhat predictable and there is generally time to take the crane out of service.

On the other hand, earthquakes are not predictable, and seismic forces should be considered
during normal operation. Normal wind loading on the crane during operation is generally worst

in the direction perpendicular to the jib because of the high surface area. This wind moment

acts perpendicular to the load moment (or backward moment) and the two must be combined
vectorially.

Other loadings to consider include slewing inertia and side wind. The slewing motors must be

of sufficient capacity to overcome the force of the wind perpendicular to the jib. Slewing loads

produce torsional forces in the tower and the foundation.

3 . 1 0  T O W E R  C R A N E  S U P P O R T  A N D  F O U N D A T I O N
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Figure 3.10-1 Wind Velocity Versus Height
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3.10.4  Soil Pressure Considerations and Example Problems
The following examples are based on problems found in Cranes and Derricks by the leading
tower crane authority, Howard Shapiro. Every Bechtel engineer involved with cranes and

rigging should obtain a copy of this book as a reference (available from McGraw-Hill

publishers).

Example:
Wind velocity at 450 ft height = wind velocity at ground 50 m/h x 1.83 = 91 m/h for
exposure B.

For the static-mounted crane, the foundation is a mass of concrete that provides
ballast to resist overturning and provides safety factors. The concrete foundation

must support dead weight, vertical load, shear forces due to wind, and torsion due
to slewing. Shear forces are small and normally do not govern. Shear connection
between the mast and support base should be properly designed.

For stability requirements, the tower crane’s base moment must resist 1.33 to 1.5
times of the applied overturning moment.

M1= Applied moment at the base

M2 = Resisting moment at base

1.50 M1 = M2 =

P = Vertical load

W = Weight of base concrete

B = Width of square footing

B = Unit weight of concrete is 150 pcf.

Considering the V = horizontal shear the footing stability will be when

1.5(m1 + Vd) < PB/2 + wdB3  d > depth d should be about B/6 minimum.

3 . 1 0  T O W E R  C R A N E  S U P P O R T  A N D  F O U N D A T I O N
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Figure 3.10-2 Tower Crane Footing

Imposed pressure on the soil by the footing is the combined moment plus the vertical load.

Vertical load = =

           .

     using beam analogy f = =

Resultant pressure under footing is trapezoidal and max. pressure under footing P max = υ + f

when the υ > f   free standing tower crane Foundation.

When the vertical load sυ < f the loading pattern under footing will be triangular. T = length of
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the triangle.

Figure  3.10-3 Tower Crane Footing Load Distribution

Applied and resisting vertical load expression:

W + P = p
max.

 pressure under footing x Bt/2

The expression for applied and resisting moments in equilibrium:

M
1
 + Vd = (W + P) (B/2 - t/3)

t = 1.5B - = 1.5B - p max. = 2(W+P)/Bt = 2 υB/t

For calculating maximum soil pressure at the footing corner due to wind on diagonal use:

p max. diag. = A = =

3 . 1 0  T O W E R  C R A N E  S U P P O R T  A N D  F O U N D A T I O N
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3.10.5 Soil Bearing Capacity Data
Table 3.10-1 shows the soil bearing capacity and related data for various type of soil.

Table  3.10-1 Typical Soil Capabilities
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3.10.6 Anchorage of Tower Base
The tower base must be anchored to the footing so that the vertical load, moment, and shear
can be transferred to the footing. Using square mast, having L as a distance between mast leg

and diagonal distance will be:

s = L x √2

The force on the legs effected by the moment applied diagonally will be:

F 
diag

 = -
Q

4  + 
M

0

s√2  (minus sign represents compressive force).

For moment applied over side (parallel) to the mast side, the legs will carry

F
par

 = -
Q

4  + 
M

0

2s

3 . 1 0  T O W E R  C R A N E  S U P P O R T  A N D  F O U N D A T I O N

 
Example:  
Design a footing for a tower crane weighing100 tons that will be subjected 
of 3,000 k-ft across the mast and 4,000 k-ft on the diagonal. The wind shea
and 20 k respectively. Soil bearing capacity is 8 k/ft2. 
 
Component of diagonal wind that acts cross the side = 4,000 x cos 45 = 2,8
than the 3,000 k-ft moment cross the mast. Assume width of footing = 110%
weight: 
 

B = 3 1M
P W+  = 3 3000

200 220
x
k k+  = 21.4 ft use 22 ft 

depth d = 3 3000 200 22
15 22 22 22 3 15

( ) ( )
. ( ) ( )

−
−x x  = 3 ft use 3 ft 6 in. 

Footing size is 22 ft x 22 ft x 3.5 ft 

Soil pressure, υ = 0.15 x 3.5 + 200/22 x 22 = 0.95 k/ft2 

Footing side overturning moment, M1 + Vd = 3,000 + 15 x 3.5 = 30

Moment contribution to the ground pressure, f = 6(3,052)/22 x 22 x 22

Because f > υ, the soil pressure pattern will be triangular.

with length of t = 1.5 x 22 - 3 3052
95 22 22

x
x x.  = 13 ft 

Maximum soil pressure from side moment ρ = 2 x 0.95 x 22/13 = 3

Check diagonal pressure: A= 
4000 22 3 5
0 95 22 22

+ ( . )
. x x  = 8.8 ft 

Max. diag. pressure ρ  = 
0 95 2 22 8 8 2 1

22 3 8 8 2 2 8 8 22 1 2 8 8 3 22 1

. / ( / . )

/ ( . ( . )/ [ / . / ( )]

−
+ − −  = 7

This value is more than the over-side pressure but less than soil bearing ca
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The diagonal leg load is higher than the side leg loads, both in tension and compression. The

compressive load is higher than tensile and will govern the anchor design. The anchor design
should have anchor bolts capable of transmitting not less than 1.5 M to the concrete footing. To

support the uplift (tensile) load, anchor bolt ends should be connected to a baseplate that is

embedded in the middle of the footing. Figure 3.10-4 shows the projected area at the footing
surface for a square anchor baseplate of width (w) and embedded at depth (d

0
). Consider the

diagonal tension from each edge of the buried plate applied at 45 degrees:

Area for each leg at footing surface:

A = (ρ + 2d
0
)2 - ρ2 = 4d

0
(ρ + d

0
)

The tensile stress on the area:

σ
t
 = 

F+
iag

A
d  = 

¼[-(Q/4) + 1.5 M
0
/s√2]

ρd
0
 + d

0
2

For minimum depth d
0
 for the anchor base in the concrete footing which would satisfy the load

and the concrete, use:

d
0
 = 

ρ2 + F+
iag

σ
a

d[(1

2 )½ ]

For leg in compression, considering (d) the depth from buried anchor plate to the bottom of the

footing; limiting value of concrete is (working stress):

σ
a
 > d

-F-
iag

A  > 
¼[(Q/4) + M

0
/s√2]

ρd + d2

And required min. depth (d) for compression leg:

d = )½- F-
iag

σ
a

d[(1

2 ]

σ
a
 = 2√ƒ'c

Figure 3.10-4 Tower Crane Foundation Anchor Detail
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Figure 3.10-5 Typical Tower Crane Anchor Schemes

3 . 1 0  T O W E R  C R A N E  S U P P O R T  A N D  F O U N D A T I O N
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Figure 3.10-6 Typical Tower Crane Foundation Embedded Anchorage

Example:
Determine the anchor depth for a tower crane mast legs 8 feet apart having a 2-
feet square anchor plate. Crane weight is 200 kips; moment cross the mast is
3,000 k-ft and 4,000 k-ft for diagonal. The wind shear forces are 15 and 20 kips
respectively. For concrete strength use 4,000 psi.

Uplift or tension in the mast leg:  F
diag = - 200/4 + 

1.5(40000)
8√2  = 481 kip

Allowable (limiting) concrete strength: Fdiag/A = 2√ƒ'c = 126.5 psi

Minimum depth for uplift resistance d0 = ½[(242 + 
481000
126.5 )½

 - 24] = 21 in.

Minimum depth required for compression Fdiag = -200/4 - 4000/8√2 = -404 kip d =

½[(242 + 
484000
126.5 )½

 - 24] = 22.5 in.

Total depth of footing = d0 + d = 43.5 inches.
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3.11 CRANE SAFETY AND SELECTION
When a crane is selected, the boom configuration, the weight of the load, and the radius at which the
load is to be handled must all be known. To determine the appropriate boom configuration or working

radius, several factors must be considered. One must establish how high the load must be raised, how

much clearance must be maintained between the boom and the load, and how far away from the load
the crane must stand. To accurately estimate the boom and radius requirements, a plan view drawing of

the work area is required. The load lifting area, the load placement area, and the crane setup area are

the specific jobsite areas that are the basis of a lift planning. A lift should never be planned that exceeds
the published crane capacity. Because the calculated weight of load is approximate, a 5 percent margin

of error should be considered. A plan and elevation view drawing is most useful.

Terms such as rating chart, load chart, load rating chart, maximum allowable capacity chart, lift chart,

and ratings all mean the same thing and are crane-manufacturer-supplied documents. They list the
maximum gross loads for various radii and boom lengths for the crane being operated properly.

Manufacturers list a number of specific conditions that must be met to make the ratings valid.

Therefore, the safe and proper use of the crane is dictated by the rating chart. Misuse of the crane
rating chart can create a serious problem. One should never consider operating in the “tipping portion”

(the part of the rating chart where the maximum load/radius combination is determined by the stability

of the crane). Some derating factors are the crane not being level, high winds, operation on a barge,
personnel handling (use of personnel basket), and extreme cold.

Many countries require that a crane be inspected. If so, it is either done daily, monthly, or annually. The

operator performs the daily inspection. The supplier performs the monthly inspection and an inspection
report is maintained as part of the crane document. A reputable and licensed independent agency needs

to complete an annual inspection. Comprehensive annual inspection records form the basis for

verifying the condition of the machine. One must use the U.S. Department of Labor booklet “Mobile
Crane Inspection Guidelines for OSHA Compliance Officer.”

The following devices provide aid to crane operators:

• Boom angle indicator—Sensed and electronically displayed in the cab.

• Drum turning indicator

• Empty or overfill drum indicator—Sensing device warning the operator

• Over hoisting indicator—Sensing device warning the operator of getting too near blocking

• Over hoisting limiter—Anti-too blocking device

• Over booming limiter—Device that shuts down power when the boom reaches its maximum
angle limit

• Load indicator device—Sensing device that measures the weight of the load (The load is
typically sensed by measuring the tension as the hoist line is threaded through a series of
sheaves or at the dead end of the hoist line. The second type of load indicator device is
known as dynamometer and is attached directly to the hook, giving a direct readout of load
on the hook.)

• Load moment indicator—Electronic system that senses the overturning moment on the crane
or weight on the hook and radius. The load and radius are electronically displayed to the
operator. In addition, the system electronically compares the actual values of load and radius
with the crane capacity chart stored in the system. An indication of the percentage of rated
capacity at which the crane is working is displayed to the operator.

• Rated capacity limiter—Device that will shut down power when overload is reached

3 . 1 1 C  R  A  N  E    S  A  F  E  T  Y    A  N  D    S  E  L  E  C  T  I  O  N
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4 .  R I G G I N G  C O M P O N E N T S

4. Rigging Components

4.1 SLINGS AND HITCHES
A wire rope sling is defined as the wire rope assembly that connects the load to the lifting
device. A hitch is the manner of using the sling to support the load. See Figure 4.1-1.

Figure 4.1-1 Synthetic Webbing Sling Types
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4.1.1 Suspended Load
Irrespective of the number of slings, the type of hitches used, or the use of spreader bars, the
center of gravity of a suspended load always lies directly beneath the point of attachment to the

lifting device (crane hook). Slings and hitches must be chosen properly to achieve the desired

orientation of the hanging load (for example, level orientation), the desired stability, and
desired rope factor of safety.

4.1.2 Single Vertical Hitch
The single vertical hitch is also called a direct connection hitch. When used singly, it does not

afford the best load control or protection against spin. It is effective when used in multiples
with spreader bars or when two or more attachment points are provided on the load.

4.1.3 Basket Hitch
Basket hitches are used singly only to raise one end of a load and usually wed in pairs on

symmetrical loads. Do not lift smooth, cylindrical objects with sling legs at flat angles unless
projections or other positive means will prevent sling movement. Rope in this hitch can roll

along a smooth surface, as well as slide. Cylindrical loads supported by basket hitches around

the bottom must remain level. A pair of double wrap basket hitches compresses a bundle load
and provides more resistance to slipping.

4.1.4 Reverse Basket Hitch and Single Length Double Basket Hitch
In these hitches, the bight of the sling bears on the crane hook. The sling is free to move over

the hook according to the weight distribution and automatic equalization takes place. For this
reason, these hitches must be used with caution.
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Figure 4.1-2 Basic Vertical Rope Sling Configurations

The following symbols represent load or support surfaces:

Represents a contact surface that must have a diameter of curvature at least
double the diameter of the rope from which the sling is made.

Represents a contact surface that must have a diameter of curvature at least
eight times the diameter of the rope.

Represents a load in choker hitch and illustrates the rotary force on the
load and/or the slippage of the rope in contact with the load. Diameter of
curvature of load surfaces must be at least double the diameter of the rope.
The following symbols represent load or support surfaces:

See Figure 4.1-2 for various forms of vertical, choker, and basket hitches.

4 . 1  S L I N G S  A N D  H I T C H E S
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Legs 5 degrees or less from vertical may be considered vertical. Legs more than 5 degrees off

vertical must use actual angle shown in Figure 4.1-3.

Figure 4.1-3 Rope Sling Configurations with Angled Legs

4.1.5 Basket Hitch Uses
Acceptable

• Basket hitches may be used to lift loads having lifting lugs or trunnions located above

the center of gravity of the load.

• Basket hitches may be used to equalize loads in a pair of legs of a four-leg sling

arrangement by using two equal slings and one long sling with its bight over the hook.
Unacceptable

• Basket hitches may not be used to lift an unsymmetrical load with a center of gravity

significantly closer to one picking point than the other.
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4.1.6 Choker Hitch
A single choker hitch, or noose, does not provide full contact with the load and should not be
used to lift loose bundles or long loads. A doubled choker hitch, consisting of two single

chokers, can be spread to provide load stability. Double-wrapped choker hitches compress the

load and prevent it from slipping out of the sling.

A doubled choker hitch provides twice the capacity and a degree of stability useful in turning

loads. The bight should lay over the hook for equalization. Turning should be done in the

direction opposite to the direction that the eyes point.

4.1.7 Wire Rope Sling Configurations
• Single leg bridle or sling—A single leg bridle or sling is the most common type of

sling with a loop at each end and optional thimbles, links, or hooks. These slings are

sometimes referred to as chokers. The nomenclature is sometimes confusing because

the slings can be used in a vertical hitch, basket hitch, or choker hitch. Conversely,
other types of slings can be used in a choker hitch.

• Multiple leg bridle—The multiple leg bridle consists of two or more legs attached to

a link for convenient handling and assembly.

• Endless sling—Endless slings may be mechanically spliced or laid up endlessly in a

helical manner so that a loop of six parts and a core is formed. The latter is also
correctly called a grommet. Be wary of endless slings used in basket hitches because

if the center of gravity of the load is high, the sling can rend over the hook. These

slings are most often used in a doubled choker or anchor hitch.

4.1.8 Wire Rope Sling Body Construction
• Single-part sling—A single-part sling is the most common sling construction. It

consists of a single leg sling made from a length of wire rope or a grommet sling made

from a continuous length of strand to form an endless rope. This is the stiffest type of

sling construction, and most abrasion resistant. This construction, in form of a
grommet, is called strand-laid.

• Multi-part cable-laid sling—A cable-laid sling is composed of six individual wire

ropes laid helically around a wire rope core. It is much more flexible and less abrasion

resistant than the single-part sling. Grommet slings are available in this configuration.

• Braided sling—A braided sling may be machine- or hand-braided using four, six, or

eight parts of wire rope. This is the most flexible and most expensive construction.

4 . 1  S L I N G S  A N D  H I T C H E S
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4.1.9 Wire Rope Cores
The core of a wire rope provides uniform spacing of the strands and thus uniform distribution
of the load over the individual strands. In fact, the function of the core is to support the strands

of rope under load so that they will not press against each other. This can only be achieved if

the core is sufficiently thick. In the unloaded rope, the core should be visible between the
strands. If the core is too thin, the strands lie (hard-up) against each other in the unloaded rope.

Under load and bending, the rope is compressed by the inward forces exerted by the strands,

and the strands will wear each other out, resulting in premature wire breakage. A rope may
have a fiber core or a steel core. A steel core may consist of a complete wire rope of its own

(known as independent wire rope core) or of a wire strand (known as wire strand core).

See Figure 4.1-4.

Figure 4.1-4 Wire Rope Cores

There is a considerable difference of opinion about the properties of fiber cores. In addition, it

is becoming apparent that fiber cores do not give satisfactory performances under all

circumstances. Favorable properties of fiber cores are:

• The wire strands easily move relative to the fiber core on bending without damage or

wear of the individual wires.

• No core wires cross the wires of the strands.

The following properties of fiber cores, which originally were considered as advantageous,

have actually been proven to be disadvantageous:

• The compressibility of the fiber core enables the rope to smoothly absorb and brake

off shock loads. The fiber core increases the elasticity of the rope. However, this only
applies to a new rope. After having been used for some time, the fiber core gets

thinner and the strands come to lie against each other. When the rope is bent, the

strands slide along each other and wear each other out. This wear cannot be seen from
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the outside and, therefore, constitutes a great hazard. In addition, the high elasticity of

the rope is lost as soon as the strands lie against each other.

• The fiber core provides permanent lubrication from inside. This again applies only to

a new rope because the fiber core is “drained” by compression (i.e., the grease is

squeezed out of the core). As soon as the grease has been removed from the core, the

dry fibers absorb moisture and internal corrosion sets in. This effect may be reduced
by proper lubrication during use, but this is not sufficient because the lubricant cannot

penetrate to the heart of the fiber core.

• A wire rope with fiber core would be much more flexible than a rope with a steel core

and could therefore be used on smaller sheaves and drums. A new rope with a fiber
core may be somewhat more flexible than a rope with a steel core, but this flexibility

is not related to higher endurance with regard to bending life fatigue. Next to that, the

flexibility is very soon lost during operation. Moreover, because a rope used on small
sheaves or drums is more susceptible to wear and deterioration, a rope with a steel

core will last much longer under these circumstances.

The following properties of fiber cores have always been considered as disadvantageous:

• A rope with fiber core is susceptible to deterioration.

• When the rope is exposed to high temperatures, the fiber core will soon age and waste

away. It becomes too thin and one of the strands will pull in so that the balance

between the strands is upset—known as the corkscrew effect. The irregular

distribution of the load over the strands will result in early failure of the rope.

• In other cases where the fiber core is subject to serious wear or wasting away, the load

is no longer uniformly distributed over the strands.

4.1.10 Wire Rope Sling Length
• Single or multiple leg—Length is measured from bearing point to bearing point of

loops or hooks with no load on the sling. The minimum clear length between sleeves

of mechanical splices is 10 rope diameters. Length tolerance is plus or minus two rope
diameters, or plus or minus 0.5 percent of the length, whichever is greater. The length

of matched slings are held to within one rope diameter of each other.

• Endless slings—Length is measured inside the circumference. Tolerance for an

endless sling is six body diameters, or plus or minus 1 percent of the length,
whichever is greater.

4.1.11 Wire Rope Sling Strength
• Wire rope strength—The published breaking strength is the starting point for

determining the safe working load of a wire rope sling. OSHA requires that in a sling
application, the safe working load of the rope is 20 percent of its breaking strength.

• End connection efficiency—The appropriate (80 to 100 percent) end connection

efficiency obtained from data in Section 3 must be applied to the rope’s safe working

load, which is calculated above.

4 . 1  S L I N G S  A N D  H I T C H E S
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• Nominal fabrication factor—If the sling is endless, a fabrication factor for hand

tucked splices or splice efficiency for mechanical splices is applied in lieu of the end

connection efficiency.

• Bending stress efficiency bending over round objects—The D/d ratio is

determined. If the bend strength efficiency is less than the end connection or

fabrication efficiency, the bend strength efficiency is applied to the wire rope’s safe

working load, instead of applying the end connection efficiency or nominal
fabrication factor.

• Bending at choker hitch—Customarily, the efficiency of a vertical choker hitch has

been assumed to be 75 percent of the loss, in addition to end connection efficiency

loss. Test results indicate that this may not always be conservative. Tests were
performed on single part slings without choker hooks or other softening at the point of

choke. When the load is freely suspended, the center of gravity is directly under the

point of choke and 135 degrees is about the minimum angle one will observe. Smaller
angles occur when other supporting forces are acting on the load in addition to the

choker sling. Some examples are:

− Choker hitch used in turning a load—The additional supporting force is ground
reaction or a second crane hook.

− Choker hitch tailing a column when point of choke is not directly over the

centerline of the vessel—The additional supporting force is a second crane lifting
trunnions in a manner that holds the axis of trunnions level.

− Two choker hitches supporting a load when the points of choke are not located

identically in relation to the load—Chokers are each tending to rotate the load,
but in opposite direction.

These and similar situations call for sling capacity in excess of the 75-percent

formula and in accordance with Table 4.1-1.

Table 4.1-1 Percentage of Choker Rated Load

Angle of Choke Sling Rated Load
(Degrees) (Percentage of

Choker Rated Load)
120-180 100

90-119 87
60-89 74
30-59 62
0-29 49

NOTE: This factor is applied to the wire rope breaking strength in a vertical pull.
Refer to Figure 4.1-5 for definition of angle of choke.



4-11

VER 2.12.02
Copyright 1996, 2002 Bechtel Corporation, Second Edition. All rights Reserved.

4 . 1  S L I N G S  A N D  H I T C H E S

Figure 4.1-5 Choker Hitch Efficiency Factors
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Choker hooks prolong sling life and undoubtedly reduce bending stresses in

the wire at the point of choke.

The use of a ring softener that is free to rotate at the point of choke changes

the problem completely. If a shackle, complete with ring softener, with D/d

of 4 or more is used at the point of choke, a condition exists where bending
stress analysis is more appropriate than the tabulated factors. Contact a

certified rigging engineer for guidance on this type of application when it is

desired to minimize the sling size on a particular lift. See Figure 4.1-6.

4.1.12 Ordering Wire Rope Slings
Minimum purchase requirements for slings are as follows:

• All slings shall be supplied with a certificate of test and examination referencing the

unique identiy number of the sling.

• All slings are to be pretested to at least 40 percent of breaking strength of the wire

rope.

• For all single part slings, rope construction is recommended to be 6 x 37, with an

independent wire rope center.

Figure 4.1-6 Choker Hitch Efficiency
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4 . 1  S L I N G S  A N D  H I T C H E S

• All slings must have a minimum safety factor of 5.

• All slings must have a steel tag or disk stamped and fixed to the sling uniquely

identifying the sling and showing the safe working load and length of the sling.

• All slings will have preformed rope construction.

• All slings are to be righthand lay of improved (or extra improved) plow steel.

• All slings’ splices must be steel mechanical splices with stainless steel (or carbon

steel) swage sleeves and flemish eyes.

• All slings must be 1 inch wire rope or larger.

• All sling lengths must be specified from bearing point to bearing point and indicate

whether the sling length required is for loaded or unloaded condition.

• The minimum safe working load required for the sling must be specified. In some

cases, the end connection controls the safe working load and not the breaking strength

of the wire rope.

• Slings intended for use in the European Union (EU) shall be supplied with an EC

Declaration of Conformity.

4.1.13 Testing Wire Rope Slings
All slings should be ordered proof tested. Wire rope should never be loaded to more than 50
percent of its breaking strength because the approximate elastic limit of conventional wire rope

is 55 percent. It is common practice to proof test slings to twice their safe working load. It is

recommended that the proof test of a wire rope sling be 40 percent of the breaking strength of
the rope, irrespective of the end connection efficiency.

A sling shall not be used unless it’s identity can be confirmed, it is tagged, it’s original

certificate of test and examination can be accessed, and a current report of thorough

examination issued by a competent person (preferably 3rd party), and is available. The
maximum interval between reports of thorough examination is 12 months for slings in normal

use.

All slings shall be visually inspected by the person handling the sling each day before use.
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4.1.14 Chain Slings
Chain slings find application where flexibility, ruggedness, abrasion resistance, or high
temperature resistance are important. OSHA allows only alloy steel chain for slings. Failure of

chain is sudden. If wire rope will do the job, use it instead. See Figure 4.1-7.

Figure 4.1-7 Chain Sling Major Components
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4.1.15 Metal (Wire) Mesh Slings
Wire mesh slings are widely used in metalworking and in other industries where the loads are
abrasive, hot, or will tend to cut slings. Unlike nylon, wire mesh slings resist abrasion and

cutting. Wire mesh grips the load. Wire mesh can withstand temperatures to 550 ⋅F.

See Figure 4.1-8.

4 . 1  S L I N G S  A N D  H I T C H E S

Figure 4.1-8 Metal Mesh Fabric Sling
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4.1.16 Synthetic Webbing Slings
Because of their relative softness and width, synthetic webbing slings have less tendency to
mar or scratch finely machined, highly polished or painted surfaces and have less tendency to

crush fragile objects. Because of their flexibility, synthetic webbing slings tend to mold

themselves to the shape of the load. They do not rust and thus do not stain ornamental precast
concrete or stone. They are non-sparking and can be used safely in explosive atmospheres.

Web slings must not be used at an angle, placing more load on one edge than the other.

See Figure 4.1-9.

Figure 4.1-9 Nylon Web Sling Capacities
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4.1.17 Fiber (Manila-Nylon-Dacron-Polypropylene) Rope Slings
Fiber rope is not recommended for general use in lifting slings.

4.1.18 Polyester and Kevlar Round Slings
Polyester and Kevlar slings have become popular for use on construction sites in recent years.

They are composed of a continuous loop of many strands of polyester or Kevlar fiber. This
loop of load-bearing material is covered with a durable fabric for protection. Kevlar fiber slings

are generally stronger than their polyester counterparts. The advantage of polyester slings over

steel slings is that they are lighter in weight and easy to use. They also have an advantage over
open web woven slings because of their durability and compactness. See Figures 4.1-10 and

4.1-11.

4 . 1  S L I N G S  A N D  H I T C H E S

Figure 4.1-10 Kevlar Sling Capacities
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Figure 4.1-11 Polyester Sling Capacities
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4.2 ANCILLARY COMPONENTS

4.2.1 Drums
Hoist drums store, spool, and transmit power to the wire rope. Hoist drums must have power to

hoist, lower, hold, immediately stop, and start functions as recommended by the manufacturer.

A hoist drum barrel is grooved to seat the first layer of the wire rope closely and uniformly. The

correct way to wind wire rope on a drum will depend on the lay of the rope.

Each turn of the rope around the full circumference of the drum is called a wrap. Rope is

wrapped around the drum, starting at one end flange and progressing to the other flange, which

is called a layer. Drum flanges should extend beyond the fully loaded drum by a minimum of
two rope’s diameter. The wire rope end is attached to the drum by a socketing or clamping

arrangement. A minimum of two wraps must remain on the drum at any time during the

hoisting operation when required rope is spooled out. See Figure 4.2-1.

4 . 2      A  N  C  I  L  L  A  R  Y    C  O  M  P  O  N  E  N  T  S

Figure 4.2-1 Rope Winding Directions
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It is important to install wire rope on a smooth drum correctly in regard to maintaining a

correct relationship between direction of the lay of the rope (right or left) and direction of the
rotation of the drum (overwind or underwind), winding from left to right or right to left. For

proper installation of the wire rope on a drum, the following measures are required:

• Make sure that the rope is properly attached to the drum

• Maintain sufficient tension on the rope as it is being wound on the drum

• Be certain that each wrap on the drum is guided as close to the proceeding wrap as

possible

• Use at least two wraps of wire rope on the drum when the rope is fully unwound for

any function of the crane lift

Drums should have sufficient rope capacity with proper rope size and reeving to perform all

hoisting and lowering functions. In addition, all hoist drums should be provided with adequate
means to ensure even spooling of the rope on the drum. Where the operator cannot see the

drum or rope, drum rotation indicators should be provided for the operator’s sensing. Figure

4.2-2 shows maximum drum capacity.

Figure 4.2-2 Drum Capacity
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4 . 2      A  N  C  I  L  L  A  R  Y    C  O  M  P  O  N  E  N  T  S

Figure 4.2-3 shows crossover—winding of the rope on the second and all succeeding layers. At

these crossover points, the rope is subjected to abrasion and crushing as it is pushed over the
two rope grooves and rides across the crown of the first rope layer. Special drum grooving,

called counter balance drum grooving, minimizes the crossover damage.

Figure 4.2-3 Drum Crossover

Figure 4.2-4 Drum Dimensions
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4.2.2 Drum Capacity
To determine the length of wire rope that can be spooled on a drum:

L=(B + A) x A x C x F

L is in feet. A, B, and C are in inches. Spooling factor F applies to nominal rope size and

tightness of wraps and is provided in Table 4.2-1. Also see Figure 4.2-4.

    Table 4.2-1 Drum Capacity Factors

The ratio of the drum diameter to the rope diameter (D/d) for cranes and derricks
is set by ASME B-30.5. For load hoisting, D/d will not be less than 18 and for

boom hoist, not less than 15. However, to minimize the rope bending stresses,

the drum diameter should be at least as large as indicated in Table 4.2-2.
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Table 4.2-2 Minimum Required Drum Diameters

Figure 4.2-5 Wire Rope Contact Pressure

4 . 2      A  N  C  I  L  L  A  R  Y    C  O  M  P  O  N  E  N  T  S

As shown in Figure 4.2-5, drum radial contact pressure can be determined by:

P = 2L/Dd

P= Radial pressure in psi, L= rope load in pounds, D= drum diameter, and d= rope diameter.
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Example:

From the data in Table 4.2-2, determine wire rope contact pressure on the drum
using 1 inch, 6 x 37 IWRC, having 16,000 lb swl, and 24 inch drum diameter:

P = 2 x 16000/24 x 1 = 13,33 psi

4.2.3 Fleet Angle
For proper spooling, and to prevent excessive wear on the drum grooves, the angle at which the

rope leads to the drum, called the fleet angle, must be within controlled limits. Figures 4.2-6

and 4.2-7 present fleet angle definitions and recommended fleet angles.

Fleet angle should be within 1 to 2 degrees for smooth drums and not more than 1 1/4 degrees
for groove drums. If the fleet angle is too small, it will result in considerable vibration, causing

rope to pile up against the drum flange. This damages the rope and the equipment. If the fleet

angle is too large, the rope will rub against the flanges of the sheave groove or be crushed on
the drum. When it is not possible to place a lead sheave at the required distance from the drum,

a pivoted block or fleeting sheave is used. A fleeting sheave is placed on a horizontal shaft,

which allows the sheave to move laterally.

Figure 4.2-6 Definition of Fleet Angle
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Figure 4.2-7 Recommended Fleet Angles

4 . 2      A  N  C  I  L  L  A  R  Y    C  O  M  P  O  N  E  N  T  S
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Figure 4.2-8 Matching of Ropes and Sheaves

4.2.4 Sheaves
Sheaves are used to change travel direction of the wire ropes. Sheaves assembled in multiples
form blocks that provide the required mechanical advantage. The condition and contour of

sheave grooves play a major role in the useful life span of the wire rope and sheave. As

discussed earlier, a 2-degree fleet angle is recommended. However, constant misalignment
causes the rope to rub the sides of the groove, resulting in wear of the rope and sheave. The

grooves must be smooth and slightly larger than the rope to prevent it from being pinched or

jammed in the groove. Table 4.2-3 shows the sheave groove tolerances.

Table 4.2-3 Sheave Groove Tolerances

The bottom of the groove should have an arc of support of at least 120 to 150 degrees, and the

sides of the groove should be tangent to the arc. Figure 4.2-8 shows a proper arc of support for

rope by a sheave. In addition, the figure shows the effects of too large and too small diameter
of rope on the sheave.
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If the groove diameter is too large, the rope will not be properly supported and will tend to

flatten and become distorted. Figure 4.2-9 shows the effect of an improperly matched sheave
and wire rope.

4 . 2  A N C I L L A R Y  C O M P O N E N T S

Figure 4.2-9 Effects of an Improper Match Between Rope and Sheave

Figure 4.2-10 shows a badly damaged sheave and how sheave grooves are to be checked for

proper wire rope size.

Figure 4.2-10 Inspecting Sheave Groove
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The depth of the sheave grooves should be at least 1-1/2 times the rope’s diameter, and the

tapered side walls of the grooves should not make an angle greater than 18 degrees with
respect to the centerline. The flange corners should be rounded, and the rims should run true

about the axis of rotation. The bearings should be permanently lubricated or be equipped with a

means for lubrication. Figure 4.2-11 shows the sheave requirements.

Figure 4.2-11 Sheave Measurements

Sheave and drum diameters have a direct bearing on rope life. One of the fastest ways to ruin a

wire rope is to operate it over too small a sheave. All wire ropes operating over sheaves and
drums are subject to cyclic bending stresses. The magnitude of stress depends on the ratio of

the diameter of the sheave or drum to the diameter of the wire rope (D/d). Table 4.2-4 suggests

the minimum D/d ratios for various rope construction.



4-29

VER 2.12.02
Copyright 1996, 2002 Bechtel Corporation, Second Edition. All rights Reserved.

Table 4.2-4 Sheave Diameter Factors

4 . 2  A N C I L L A R Y  C O M P O N E N T S

The ratio of sheave and drum to rope diameter for cranes and derricks—stipulated by ASME

standards—is fixed and does not vary with rope life parameters. The winding drum and upper

block sheave diameters will not be less than 18 times the wire rope diameter, while the lower
block sheave diameter will not be less than 16. These ratios apply to the load hoisting systems

of construction cranes and derricks. The ratios for overhead and industrial cranes are more

conservative.

There is no minimum sheave or drum diameter that prevents a hoisting mechanism from

operating. However, as shown in Figure 4.2-12, a wire rope’s life decreases with decreasing

sheave and drum diameters.

Relative bending life factors show that rope construction has a direct relation to the bending
stress concerning longer service of the rope. For example, changing from 6 x 25 filler wire

(FW) with a factor of 1 to a 6 x 36 Warrington Seale (WS) with a factor of 1.15 means that the

service life of the rope could be increased by 15 percent.
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Figure 4.2-12 Service Life of Wire Rope

Example:
A rope working with a D/d ratio of 26 has a relative service life of 17. If the same
rope works over a sheave that has a D/d ratio of 35, the relative service life
increases to 32, which means an 88 percent increase in service life.
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4.2.5 Blocks
A block is a frame that encloses one or more sheaves and is provided with a hook or some
other means that allows attachment to cargo or to a fixed anchor point. The purpose of a block

is twofold. First, it is used to change direction of a wire rope line. Second, when used in pairs,

blocks increase mechanical advantage by allowing the use of multiple parts of line. Blocks
range in size from several pounds capacity to hundreds of tons.

There are three basic types of blocks: crane, snatch, and wire rope (construction or fixed)

blocks. Snatch blocks refer to a group of intermittent service blocks that jerk or snatch their
load over comparatively short distances. Snatch blocks are characterized by a side-opening

plate that facilitates threading the wire rope through the block. As opposed to a snatch block, a

crane block is required to perform long lifts under continuous service conditions. Crane blocks
are characterized by multiple large diameter, long service life sheaves, and the addition of

cheek plate weights to the block side frames to increase overhaul weight. Crane blocks

typically are ouffitted with a swivel hook that allows the cargo to be rotated without fouling the
multiple parts of reeving. Fixed blocks or construction blocks are typically used as upper

blocks in multi-part reeving arrangements in derricks or material hoists. As such, they have

large diameter multiple sheaves like crane blocks but the lack the additional cheek plate
weights required for overhaul.

A block consists of a shell (or side plates), a center pin, and an end fitting. There are a variety

of end fittings such as hooks, shackles, and clevices that facilitate attachment of the block to

the cargo or to a fixed anchorage. Blocks are also equipped with a becket or mouse ear
whereby the end of the rope line is affixed to the block. The sheaves of the block transmit the

load from the wire rope to the center pin and then to the shell straps or side plates. Figures 4.2-

13, 4.2-14, and 4.2-15 provide illustration of wire rope blocks, crane and hook blocks, wire
rope blocks, and snatch blocks.

4 . 2  A N C I L L A R Y  C O M P O N E N T S
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Figure 4.2-13 Typical Wire Rope Block
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Figure 4.2-14 Typical Crane and Hook Block

4 . 2  A N C I L L A R Y  C O M P O N E N T S
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Figure 4.2-15 Various Wire Rope Blocks and Snatch Blocks

4.2.6 Center Pin
The center pin of the block is the sheave bearing shaft. There are a variety center pin bearing

designs. Figure 4.2-16 illustrates different sheave bearings.

• Plain bore sheave—A cast iron sheave bearing is the center pin. A plain bore sheave

requires frequent lubrication and is used for a light load.

• Roller bushed sheave—Roller bushed sheaves are made with unground rollers and

without races. They are recommended for light service use and must be lubricated.

• Self-lubricating bronze bearing sheave—This block is used when it is difficult to

service or provide lubrication. It should not be subject to frequent use or high speeds
because the graphite wax mixture providing frictionless properties will be destroyed.

• Pressure-lubricated bronze bearing sheave—These sheaves are recommended for

heavy and continuous loads. Periodic and frequent lubrication is required.

• Roller bearing sheaves—Having ground rollers and full races, roller bearing sheaves

are recommended for medium duty and high speed operation.

• Precision anti-friction bearings—Suited for high speed, heavy loads and minimum

maintenance, precision anti-friction bearings can handle both radial and thrust loads.
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Figure 4.2-16 Sheave Bearing Configurations
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4.2.7 Selection of a Block
When blocks are selected, the governing consideration should be the load to be handled rather
than diameter or strength of the rope they will carry. In multiple sheave blocks, the load is

distributed among several parts of the rope, whereas the hooks or shackles on the blocks have

to carry the entire load. It is recommended that for heavy loads and fast hoisting, roller or
bronze bearings be used. The block anchor point must be able to support the total weight of the

load, plus the weight of the blocks and the load applied on the lead line.

Snatch blocks are single or double sheave blocks manufactured with hook, shackle eye, and
swivel end fittings. Snatch blocks are normally used for changing the direction of the pull on a

line. The stress on the snatch block varies with the angle between the lead and load line. When

the two lines are parallel, 2,000 pounds on the lead line results in a load of 4,000 pounds on the
block. Table 4.2-5 lists the multiplication factors for snatch block loads. Figure 4.2-17 shows

variations of snatch block loads with rope angles.

Figure 4.2-17 Variation of Snatch Block Loads With Rope Angles
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4.2.8 Inspection of Blocks
Several basic inspection points must be checked to ensure safe block operation. Check the

blocks for excessive wear on the beckets, end connections, sheave bearings, and center pin.

Check the sheaves for proper rotation. Ensure that guards (cable keepers) are in place. Ensure
that sheave grooves are smooth. Check for signs of overloading, elongated links, bent shackles,

links or center pin, and/or enlarged hook throat.

4.2.9 Rigging of a Block
Two basic methods exist for rigging the rope through a set of blocks. First, during reeving, the
upper and lower blocks are rotated 90 degrees from each other. (See Figure 4.2-18.) Reeving

has an inherent tendency to be tilt resistant, thus stabilizing the lower block and allowing it to

hang level. However, it requires a large minimum distance between the upper and lower blocks
(two-block distance) to accommodate the required fleet angle. Second, during lacing, normally

two small sheave crane blocks are rigged up. Lacing is simple to perform and allows the

4 . 2  A N C I L L A R Y  C O M P O N E N T S

Table 4.2-5 Multiplication Factors For Snatch Block Loads
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distance between the lower and upper blocks to be safely minimized. The disadvantage is that

the arrangement has a tendency to tilt the lower block because of uneven sheave friction. This
tendency becomes more pronounced as line parts are increased. There are variations to both

methods or rigging that strike a balance between tilt limiting, block rotation, and minimum

two-block distance.

Figure 4.2-18 Reeved Block Arrangement

It is extremely important to properly secure (wedge socket or cable clip) the becket connection

or dead end of the wire rope properly. Figure 4.2-19 shows the correct and incorrect method of

securing the end of wire rope.
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Figure 4.2-19 Wire Rope End Connection (Becket)

4.2.10 Mechanical Advantage
When rigged, blocks become a device or system by which forces are multiplied to do the work.

A lead line pull is multiplied to lift the load with deductions for friction losses due to sheaves

bearing and rope traveling over the sheaves. Figure 4.2-20 shows that an extra force is required
to overcome the friction to keep the weight moving. The mechanical advantage for any

multiple part system is always equal to the number of parts of line supporting the running block

(hook block) and the load. The lead line should not be included. A conservative value for
friction loss on blocks having plain bore sheaves is 10 percent, for bronze bushing is 5 percent,

and for roller bearings is 3 percent. When the load is lifted, each sheave introduces friction

force equal to 10 percent, 5 percent, or 3 percent of the load being carried, depending on the
sheave bearings used.

4 . 2  A N C I L L A R Y  C O M P O N E N T S
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Example:
Using Figure 4.2-20, a load weighing 10,000 lb, having four parts of line marked A,
B, C, and D, and using blocks with bronze bushing sheaves, determine the lead
line pull E:

Load at A=2,500 lb
Load at B= 2,500 lb + 5% of 2,500 = 2,625 lb
Load at C=2,625 + 5% of 2,625 = 2,756 lb friction @ sheave 2
Load at D=2,756 + 5% of 2,756 = 2,894 lb friction @ sheave 3
Load at E=2,894 + 5% of 2,894 = 3,038 lb friction @ sheave 4

Therefore, to lift the 10,000 lb, the lead line pull must be equal to or greater than
3,038 lb. (The wire rope SWL is sized to the lead line pull.)

Figure 4.2-20 Mechanical Advantage of Line Parts
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For simplification, Table 4.2-6 furnishes multiplication factors and ratios for a sheave friction

of 5 percent for bronze bushing sheaves and stiff roller bearing sheaves and 3 percent for good
roller bearing sheaves.

Lead Pull  = LOAD TO BE LIFTED x F sheave unit mult. factor

PARTS OF LINE

Mechanical Advantage  = LOAD TO BE LIFTED
ROPE SWL OR LOAD LINE PULL

Example:
Determine the number of parts of line for a crane to lift a 75-ton load. The crane
has roller bearing sheave blocks and the wire rope SWL is 11 tons.

Mechanical advantage ratio R = 75 ton/11 ton = 6.8

Table 4.2-6 for roller bearing sheaves shows that for ratio R value of 6.8, use nine
parts of line.

Table 4.2-6 Sheave Friction Loss Factors

4 . 2  A N C I L L A R Y  C O M P O N E N T S
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4.2.11 Hooks
Most hooks are constructed from forged alloy steel and are stamped with their rated safe
working loads (SWLs). The SWL applies only when the load is applied to the saddle of the

hook. When the hook is eccentrically loaded, hook capacity SWL must be reduced. All hoisting

hooks must be equipped with safety catches.

During inspection of hooks, look for cracks, severe corrosion, twisting of hook body, and

opening of the throat. Hook efficiency is illustrated in Figure 4.2-21.

Table 4.2-7 Hook Types and Throat Openings

Figure 4.2-21 Hook Efficiency

Common types of hooks are eye hooks, shank hooks, Clavis hooks, sister hooks, etc. Table 4.2-7

shows the hook throat opening versus the ratings for specific values.
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4.2.12 Pins
Pins serve the primary purpose of retaining parts in a fixed position or preserving alignment.
For pin diameter between 2 and 10 inches, use ASTM A-193, Identification Symbol B7, or

AISI 4130 or SA 540 B-24 (4140) having a yield of about 130,000 psi.

Consider link connection to crane hook through an 8-inch pin.

Moment in pin:  361(5.56 + 1.25) = 2,459 in. -k

Try 8 in. pin SA-540 ID B-24 (4340) Fy = 130,000 psi Tensile strength = 145,000 psi

Failure will occur when full tensile occurs across the face of the pin. Mult. = 2 Pe

_ pin area = 4 x 4 x 3.16 / 2 = 25.12 in. sq.

e = R – R(1 – 4/3 x 3.14) = 1.7

Mult. = 2(25.12 x 145 ksi)1.7 = 12,370 in.-k

Mallow = Mult/5 = 2,474 in.-k > 2,459 in.-k

Shear; Fv = 130 ksi / (3)1/2 x 1/5 = 15 ksi Area of 8 in. pin = 50.24 in. sq

Allowable V = 50.24 x 15 = 753 K > 361 K

Pin Design for Link Connection

M = 361 x 4.06 = 1,466 in.-k

Try 7 in. pin SA 540 ID B-24 (AISI 4140)

Failure will occur when full tensile occurs across face of pin. Mult. = 2 Pe

_ pin area = 3.5 x 3.5 x 3.16/2 = 19.23 in. sq.

e = R – R(1 – 4/3 x 3.14) = 1.49

Mult. = 2(19.23 x 145 ksi)1.49 = 8,309 in.-k

Mallow = Mult/5 = 1,662 in.-k > 1,466 in.-k

Allowable V = 3.14 x 3.5 x 3.5 x 15 = 577 K > 361 K

Bearing = 361 / (7 x 2.5) = 20.6 ksi

4.2.13 Shackles
Shackles are the primary devices that are used to attach slings to equipment lifting lugs. There

are many specialized shackle designs. Figures 4.2-22, 4.2-23, and 4.2-24 present wide body,

bolt type, and screw pin shackles.

4 . 2  A N C I L L A R Y  C O M P O N E N T S
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Figure 4.2-22 Wide Body Shackle, Used for Synthetic Slings and Braided Slings

Figure 4.2-24 Screw Pin Shackle

Figure 4.2-23 Bolt Type Shackle
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4.2.14 Load Attachment Devices
There are primarily three devices used to attach rigging to a load. They are: lift lugs, eyebolts
and swivel eyes. Lift lugs constitute a broad category of load attachment devices. They are

generally custom engineered and fabricated and include anything from welded plates with

shackle holes to loops of rebar embedded in concrete.

4.2.15 Eye Bolts and Swivel Eyes
Eyebolts and swivel eyes are typically prefabricated devices that bolt or screw into bolt holes in

the lifted equipment. They usually have light capacity and limited sideload capacity. The user

must closely inspect the manufacturer’s instructions to assure safe usage of these devices.
Figure 4.2-25 shows the typical sizes of eye bolts available. Figures 4.2-26 and 4.2-27 illustrate

eyebolt loadings and swivel hoist rings.

Figure 4.2-25 Eye Bolts
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Figure 4.2-26 Eye Bolt Loadings
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Figure 4.2-27 Swivel Hoist Rings

4 . 2  A N C I L L A R Y  C O M P O N E N T S
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4.2.16 Design of Lifting Lugs
Normally, lifting lugs are designed by the equipment manufacturer; however, field staff at the
jobsites may encounter the task of designing and fabricating lifting lugs for assembly and

erection of equipment or components such as stacks, modules etc.

Lifting lug designs will be treated as pin connection members. The applicable portion will be
the circular head of the eyebar. The diameter of the pin hole shall not be more than 1/32 inch

greater than the diameter of the pin. Because installation and removal of a tightly positioned

pin in the routine rigging work are difficult, the 1/32-inch required tolerance may not be
practiced. Therefore, it would be prudent to provide sufficient safety factors in the design of the

lug to account for bearing, tension, and shear stresses. In addition, consideration must be made

in pin design to support bending moment and shear. For axially loaded lugs of steel alloys

Figure 4.2-28 shows three types.

Figure 4.2-28 Lug-Pin Combinations Loaded Under Tension

The above axially loaded lift lug-pin combinations may fail because of tension failure, shear-

bearing failure, and hoop tension failure. See Figure 4.2-29 for these three types of failure.

Figure 4.2-29 Three Types of Lug Failure
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4.2.17 AISC Design Parameters for Tension Members
Tension members should be designed for unit stresses over the critical net section. The critical
net section is considered the cross section area over which failure is likely to occur. The net

section is obtained by adding the product of net width and thickness. The width of the body

should not exceed eight times its thickness. The net section of the head through the pin hole
should not exceed 1.33 and 1.50 times the cross sectional area of body. The pin hole diameter

should not exceed the pin’s diameter by more than 1/32 in. See Figures 4.2-30 and 4.2-31.

Figure 4.2-30 Dimensional Limitation for Eyebar
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Figure 4.2-31 Dimensional Limitations for Builtup Pin Connected Members

For equipment installation that requires an up-ending operation, the lifting and tailing lugs will

be subjected initially to horizontal loading (shear) and finally to vertical loading (tension). In

addition, the lifting and tailing lugs will be subjected to combined shear and tension during the
up-righting operation. The following example shows typical lift lug design procedures.



4-51

VER 2.12.02
Copyright 1996, 2002 Bechtel Corporation, Second Edition. All rights Reserved.

4 . 2  A N C I L L A R Y  C O M P O N E N T S

Example:
Design two lift lugs at the top to support the entire weight of a stack and one tailing
lug at the bottom end of the stack. The stack is 10 feet in diameter, is 80 feet long,
and weighs 60 tons. The center of gravity location is 40 feet from the tail lug. The
stack fabricator’s engineer has checked the stack’s steel frame structure, and it
can support the lifting and tailing lug local stresses. Use a spreader bar to prevent
lateral forces to the lift lugs.

Example 1

Lug Sample Problem

Design load for the top lugs: load + 25% impact = 75 ton
Using two lift lugs at top and one tailing lug.
Design load for each lift lug at top: P max = 75 kip
Design load for one tail lug: Pt = 75 kip
Design lifting lugs to accommodate 55 ton Crosby shackle.
Design tailing lug to accommodate 55 ton Crosby shackle.

Minimum plate thickness required:
A pin bearing > P/ Fp
P = 75 ton or 75 kip per lifting lug
Fp = .9 Fy for A-36  Fp = 32.4 ksi
A = 75k/32.4 ksi = 2.31 in.2

for 55 ton Crosby, shackle pin dia. =  2.75 in.
t min. = A/dia = 2.31/2.75 = 0.84 in.
Use 1 inch plate A-36 material.
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Example 2
Lug Dimensions

Minimum plate width required:
b> or = .8d (pin dia.+ 1/32) = (2.75+1/32) x .8 = 2.25 in.
Min. plate width req. = 2 x b + d = 2 x 2.25 + 2.78 = 7.28 in.
Use 8 inch plate A-36 for width.    Lift lug plate dimension = 1 in.  x 8 in.

Minimum area required across the pin hole > or = P/.45:
Fy = 75 k/16.2 ksi = 4.63 in.2

Net cross section area furnished;  t (B-d) = 1 (8 - 2.78) = 5.22  in.2 ok

Minimum area required beyond the pin hole = or > 2/3 net cross section at
pin hole

A net beyond = 2/3 (A net req.) = 2/3( 4.63 ) = 3.08  in.2 required
Have:  A = t (B/2 - d/2) = 1 (4 - 1.39) = 2.61 in.2, N. G. Try 1 1/4 in. plate

1.25(4 -1.39)
= 3.26  ok.

Use 1 1/4  in. thick plate.
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Example continued:

Minimum weld size for attachment:
Although a spreader bar will be used, consider 10% accidental side load.
Consider 12 inch length of weld beyond top of the vessel as shown: L= 2 x 12 = 24
in.
Treat weld as a line of unit width and locate N. A. x = 6 in. and y = 4 in.   b = 12 in.
d= 8 in.

Sxx (section mod. for unit width) = bd = ( 8 x 12 ) = 108 in.3

Ip (polar mom. inertia) = 1/6 (b)(3d2 + b2)
Ip = 1/6(12) (3 x 8 x 8 + 12 x 12) = 672 in.4

Max. stress at point A is the resultant of direct and twisting stresses.
Max. stress at point B is the resultant of direct, twisting, and bending stresses.
Stress at point B is greater than point A.

Bending stress due to side load of 10%:
f = M / Sxx  M = Pe = 7.5 k( 4+6) = 7.5 k-in.
f = 75/ 108 = 0.69 k per lin. in.

Direct stress due to Ph (upending load 75/2):
Fd = Ph/l = 37.5 k/ 24 in. = 1.56 k/lin. In.

Twisting stress due to eccentric lug loading:
horz. Ft = Mx/I = 75 x 6/672 = 0.67 k/ lin. in.
vert. Ft = My/I = 75 x 4 /672 = 0.44 k/ lin. in.

Resultant stresses at B:
Ft2 = 0.442 + (1.56 + 0.67)2   Ft =2.27 k/lin. in.

Weld force when load is vertical:
Fw = P/L or 75 k/24 in. = 3.125 k/lin. in. > 2.27 k/lin. in.

Weld size:
Max. stress/.27 x 70 x .707

4 . 2  A N C I L L A R Y  C O M P O N E N T S
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Example 3

.125 / 13.36 = .28 in.
Use 3/8 in. fillet weld.
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4 . 2  A N C I L L A R Y  C O M P O N E N T S

Example 4
Tailing Lug

Tailing Lug Design:
Design tailing lug to accommodate 55-ton shackle having pin diameter of 2.75 in.:

Max. tailing load = 75 kips

Minimum plate thickness required:
A pin bearing = or > P/Fp = 75/.9 Fy = 2.31 in.2

Pl. thickness min. = A/pin dia.= 2.31/2.75 = .84 in.
Use 1 1/4 in. thick plate A-36 materials.

Minimum plate width required:
b = or > .8d = 2.2 in.
B min. = 2b + d = 2 x 2.2 + (2.75 + 1/32) = 7.18
Use 8 in. wide plate.

Minimum area across the pin hole required:
A net cross = or > Pv/.45Fy = 75/16.2=4.63 in.2

Have: (8-2.78) x 1.25 = 6.525 in.2

Minimum area beyond the pin hole required:
A net beyond = or > 2/3 (A net cross) = 2/3 x 4.63 = 3.08
Have: (8/2 - 2.78/2) x 1.25 = 3.26 ok

Size weld: L = 2 (8 + 1.25) = 18.5 in.
fw = P/L = 75/18.5 = 4.05 k/lin. in.
w = fw/.27 x .707 x 70 ksi= 4.05/13.4 = 0.30 in.
min. fillet weld 5/16 in.
Use 1/2 in. fillet weld all around to weld tail lug to the base.
Plate (10 in.  x  6 in. x 1 1/4 in.) and baseplate to the stack shell.
Tail lug will position on top directly under vertical internal bracing (spider).
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5. Special Lifting Methods

5.1 INTRODUCTION
This section deals with a group of specialized lifting devices and systems that are in common use on
jobsites and within the rigging industry. Topics include the jacking and cribbing operation, hydraulic

gantries, pole lift systems, strand jack systems, and rod jack systems.

5.2 JACKING AND CRIBBING
The oldest and most rudimentary method for lifting and setting equipment and machinery is the jack
and crib method. It is conceivable that this was the method used to construct the pyramids of Central

America and Egypt. The method consists simply of raising one end of a load (a stone or piece of

machinery) a small distance with a jack or lever, then stuffing some cribbing blocks under that end.
The jacks or levers are then removed and moved to the opposite side, which is lifted and cribbed. This

procedure continues, alternating from side to side, until the crib pile is built to the desired height. Once

it has reached its desired height, the load can be slid or rolled off the pile to its intended destination.

Jacking and cribbing is still common on today’s construction sites because it offers the advantage of
requiring no expensive equipment other than a set of jacks and an ample quantity of cribbing material.

It is, however, a time-consuming and labor-intensive procedure. Do not be misled by the simplicity of

the method. Jacking and cribbing requires a skilled labor force to sequence the jacking procedure and
to build safe crib piles. A knowledgeable rigging engineer must design the cribbing piles and

supporting foundation to ensure that it is suitable for the required jacking operation. Generally, the

cribbing is made of wood.  Hardwood cribbing such as oak is preferred over softwood cribbing such
as Douglas fir because of its higher compressive strength.  All wood cribbing should be in new or like-

new condition with no dry rot or splits.

The size of the jack selected for use will, of course, depend on the weight of the load.  It is
recommended that the jack be selected so that the load to be lifted by the jack is not more than 75

percent of the jack’s rated capacity.  For example, if it is desired to lift 75 tons per jack, use a jack of

not less than 100-ton capacity.  Usually, hydraulic jacks, also commonly referred to as hydraulic
cylinders, are used over lever-operated mechanical jacks. They come in capacities ranging from 1 ton

to more than 800 tons, with maximum operating hydraulic pressures of 3,000 to 10,000 pounds per

square inch (psi).  Jacks with a maximum hydraulic pressure of 10,000 psi are the most common.  The
hydraulic jack or cylinder consists of a hollow cylinder body and a piston that moves inside the body.

The height of each cribbing layer depends on the stroke of the piston.  For this type of operation, the

cylinder stroke typically ranges from 6 to 12 inches.  The smaller cylinders can be operated with

5 .  S P E C I A L  L I F T I N G  M E T H O D S
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hydraulic hand pumps, but the larger cylinders require a hydraulic power unit because of the large

quantities of oil required.  Construction time and stability of the crib pile are the only limitations on the
final lift height.

Once the final lift height is achieved, rollers or skids may be placed under the load to move it off the

crib pile. Typically, a steel runway is slid under the load to facilitate rolling or skidding. Machinery
rollers produced by manufacturers such as Hilman or Multi-Ton are preferable to skidding the load

because much less force is required to move the load.  If skidding is to be performed, the force

required can be reduced by using lubricants such as grease, dry graphite spray, or silicon.  Skidding
can also be performed using low-friction materials such as Teflon or UHMW on the skidding surfaces.

Jacking operations require a check of the foundation against which the operators are jacking. A firm

base consisting of steel plates or wood mats is typically required so that the jacking force does not

damage the foundation.  A piece of equipment should only be jacked at locations approved by the
equipment manufacturer. Typically, manufacturers of heavy equipment provide jacking lugs or flat-

bottomed trunnions on which to jack. These same precautions also apply to cribbing and roller

placement.  Always set the first layer of cribbing on a solid, level surface.  A rigging engineer must
check the bearing pressure under the cribbing.  Place cribbing and rollers only at approved support

points (foot pads) under the equipment being lifted. Otherwise, the equipment may be damaged.

5.2.1 Detailed Jacking and Cribbing Procedures
The first step in the jacking and cribbing procedure is to set up a safe jacking arrangement.  This
arrangement consists of two cribbing piles and two identical, hydraulically interconnected
(hydraulically interconnected jacks are jacks that share a common hydraulic supply line from a single

hydraulic manifold and pumping unit in a configuration so that the lifting pressure in both jacks is
always equal) jacks placed at one end of the piece of equipment at the manufacturer-approved

equipment support points.  The cribbing piles at the jacking end provide safety in the event that the

hydraulic jacks fail to support the load.  These piles will also support the load when the jacks are not
used or removed.  The other end of the equipment rests hard on cribbing to provide stability. This

is very important because it prevents the load from rolling during jacking. This arrangement provides

predictable loads in the jacks and at the cribbing points and prevents two-pointing.  During the jacking
operation, the cribbing piles adjacent to the jacks should be continuously shimmed to minimize the

distance that the load will settle in the event that a jack fails.

The next step is to extend the two interconnected jacks high enough to install the cribbing layer. The
jacks will extend equally because the opposite end is resting hard against its cribbing. Install the layer

of cribbing under the jacked end. Shim the cribbing tight with steel shims or hardwood.

Next, slowly release the pressure in both jacks using a common needle type valve.  This method will

allow the jacks to slowly retract and gradually load the cribbing pile.  Because the cribbing is shimmed
tight, the load will not move downward other than to slightly compress the cribbing pile and shims.

However, the load should be lowered slowly while watching the cribbing pile to ensure that the

cribbing is adequately holding the load.  Repeat this jacking and cribbing procedure at this end.
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As stated before, the stroke of the jack determines the height of each cribbing layer. However, the

height must not be so excessive that the jacks tip over and “shoot out.” Jacking up to a one-or two-
degree tilt angle is reasonable. With this in mind, the jack tops must be equipped with swivel bearings

(tilt saddles) to allow for this tilt.

Another word of caution,”never place metal against metal. Use a thin piece of wood or plywood to
increase friction between the jacking point and the top of the jack.  This approach will reduce any

chance of the jack slipping and will also improve load spreading and prevent point loading of the

jack’s piston and cylinder housing.  Following the above procedures will result in a safe jacking and
cribbing operation.

Consider the consequences of not following the proper procedures:

• If four hydraulically interconnected jacks are used, one at each corner, there is the possibility of

the load rolling. If the jacks are not all placed symmetrically about the center of gravity of the
equipment, the jack with the lightest load will extend quicker than the others (Pascal’s Law). The

load will then tilt or roll unpredictably.

• If four independent jacks are used, there is no way of controlling them so that they all extend at

the same rate. Consequently, the load will two-point diagonally on the two highest jacks. This
could possibly overload those two jacks or damage the equipment.

• If one end is hard cribbed and the two independent jacks are used at the other end, two-

pointing may occur.

• If a thin piece of wood is not used between metal surfaces, the jack could slip out or the
jack piston or cylinder housing could be point loaded and damaged.

5.3 JACKS — HYDRAULIC CYLINDERS
Although other mechanical types of jacks are available and sometimes used, our discussion is
limited to hydraulic cylinders.  Although “hydraulic cylinder” is the modern terminology used by

manufacturers, the same lifting device may also be referred to as a “jack,” “hydraulic jack,” “ram,”

5 . 3  J A C K S  —  H Y D R A U L I C  C  Y  L  I  N  D  E  R  S

Double Acting Single Acting

Figure 5.3-1 Double-Acting and Single-Acting Cylinders



5-6

VER 2.12.02
Copyright 1996, 2002 Bechtel Corporation, Second Edition. All rights Reserved.

or “hydraulic ram.”  Hydraulic cylinders are most commonly used for rigging because of their

compact size and ease of operation. A variety of hydraulic cylinders are available. They are
generally specified by stroke, capacity, and action (single or double). The piston diameter and

pressure rating of the seals primarily determine the capacity of the hydraulic cylinder.

The available action types are either double acting or single acting. A double-acting cylinder has a
port to hydraulically retract the piston. An external force to the piston is required to retract a single-

acting cylinder, although most are available with internal retraction springs. A double-acting

cylinder is more versatile and generally only slightly more expensive than an equivalent single-
acting cylinder. The retraction capacity of a double-acting cylinder is usually much less than its

extending capacity because there is less surface area for the pressure to act on.

Figure 5.3-2 Assortment of Low-Profile, Single-Acting Cylinders

Several special types of hydraulic cylinders are commonly used in rigging operations. A center

hole cylinder, as its name implies, consists of a cylinder whose center is open similar to a pipe.



5-7

VER 2.12.02
Copyright 1996, 2002 Bechtel Corporation, Second Edition. All rights Reserved.

This allows a rod or cable to pass through the center of the cylinder. As will be discussed in a later

section, this type of cylinder is used for strand lift systems.  Locking collar or lock nut jacks have a
threaded collar that is part of the jack’s piston.  When the collar is tightened down, the jacking

pressure can be released and the jack’s steel structure will support the entire load without fluid

pressure.  These jacks are generally single acting and are commonly available in lighter, aluminum
models.  Flat jacks consist of a deformable steel bladder with bearing plates on the top and bottom.

They have a total height of 1 to 2 inches and have a stroke of about 1 inch. They have an extremely

high capacity and can be used to raise and level building columns and heavy machinery.  Flat jacks
can be pumped full of grout and left in place permanently.

Figure 5.3-3 End Fittings

Figure 5.3-4 Tilt Sadle

5 . 3  J A C K S  —  H Y D R A U L I C  C  Y  L  I  N  D  E  R  S
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Hydraulic cylinders are available with a variety of end attachments. These attachments usually
screw onto threads at the end of the piston or the base of the cylinder housing. Attachments include
clevises, lugs, tilt saddles, or spherical bearings. These fixtures facilitate attachment to the load and
ensure that the cylinder is loaded concentrically. Clevises, lugs, and spherical bearings allow the
cylinders to be pinned to the load.

5.4 HYDRAULIC PUMPS
Hand pumps are commonly used to operate small jacks. They usually have a 1- or 2-gallon oil
reservoir and operate up to 10,000 psi. For larger jobs, portable electric-powered pumps are
available. They have reservoirs up to about 20 gallons. For very big jobs, large skid-mounted
pumps are used. They are typically diesel operated and have large oil reservoirs.

Figure 5.4-1 Hydraulic Hand Pump and Cylinder

Figure 5.4-2 Cart-Mounted Hydraulic Pump
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5.5 ROLLERS
A variety of different rollers are available.  The types commonly used in heavy rigging
situations are the wide flat types such as rollers manufactured by Multi-Ton or Hilman. Hilman

rollers incorporate the chain- linked tread design.  This design provides a low degree of rolling

resistance, while making it easy for the roller to negotiate anomalies in the rolling surface.
Rollers run best on smooth steel surfaces such as plates or rail beams. Rollers can be used

directly on concrete floors for light loads only.  Heavier loads require rails or plates. Guides are

required to direct the load in the proper direction. Guides can consist of inverted channels, flat
bars, or cams. When using channels, leave sufficient clearance between the channel flanges and

the jack body to prevent binding. Cam guides do not necessarily require channels and will

minimize binding. They attach to the roller and resemble outriggers.  The cams catch the edge
of the rail beam flange to guide the roller.  Custom rollers are also available and are fabricated

so that they move in a circular path.

5 . 5  R O L L E R S

Figure 5.5-2 Hilman Roller with Guide Cam

Figure 5.5-1 Hilman Roller
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Figure 5.5-3 Lift Beam Load Chart

Fn:BET1401B    SIZE 27.0 In    BEAM LENGTH 40.0 Feet

   WEIGHT/ FOOT 368.0 Lbs/Ft    BEAM WEIGHT 7.36 Tons    J & R ENGINEERING CO.,INC

BETCHEL    SECT. MODULUS 1060.0 In^3    LIFT CENTERS 36.0 Feet            NOVEMBER 4, 2000
ONE (1) LIFT BEAM    MATERIAL YIELD 50,000 P.S.I.    SAFETY FACTOR 2.2 to 1*
TWO (2) LIFT LEGS *THE BEAM WEIGHT IS DEDUCTED, WEIGHT OF ADDITIONAL RIGGING MUST BE DE-

FIRST STAGE DUCTED.  WHEN USING FOUR LIFT LEGS AND FOUR LIFTING PLACES CONSIDERATION             COPYRIGHT 2000

MAX. LOAD PER LEG MUST BE GIVEN TO THE POSSIBILITY OF ONLY TWO OF THE FOUR LIFTING PLACES            *ALL RIGHTS RESERVED

DIST. (2,000 LBS PER TON) ARE LIFTING THE LOAD AND DOUBLING THE LOAD ON THE BEAM AND RIGGING.

  A 175 U.S.TONS              DISTANCE B IN    FEET

IN FT. MAX. HEIGHT 31' 6" 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 12.0 14.0 16.0 18.0
3.0 LIFTING CAPACITY IN TON 342.64   ALL CAPACITIES   ALL CAPACITIES

       LEG A LOAD IN TONS 175.00       LIMITED BY       LIMITED BY
       LEG B LOAD IN TONS 175.00         GANTRY           BEAM

4.0 LIFTING CAPACITY IN TON 333.38 342.64       CAPACITY       STRENGTH
       LEG A LOAD IN TONS 165.74 175.00
       LEG B LOAD IN TONS 175.00 175.00            BEAM 

5.0 LIFTING CAPACITY IN TON 324.61 333.38 342.64     DIMENSIONS
       LEG A LOAD IN TONS 156.97 165.74 175.00   HEIGHT 30.39
       LEG B LOAD IN TONS 175.00 175.00 175.00   WIDTH 14.66

6.0 LIFTING CAPACITY IN TON 316.28 324.61 332.80 323.56   FLANGE 2.48
       LEG A LOAD IN TONS 148.64 156.97 165.46 165.46   WEB 1.38
       LEG B LOAD IN TONS 175.00 175.00 174.70 165.46

7.0 LIFTING CAPACITY IN TON 308.38 302.55 293.65 285.26 277.33
       LEG A LOAD IN TONS 140.74 142.35 142.35 142.35 142.35
       LEG B LOAD IN TONS 175.00 167.56 158.66 150.27 142.35

8.0 LIFTING CAPACITY IN TON 281.81 273.00 264.73 256.94 249.60 242.67
       LEG A LOAD IN TONS 125.01 125.01 125.01 125.01 125.01 125.01
       LEG B LOAD IN TONS 164.15 155.35 147.07 139.29 131.95 125.01

9.0 LIFTING CAPACITY IN TON 258.84 250.49 242.67 235.31 228.39 221.87 215.70   BEAM STRUCTURAL
       LEG A LOAD IN TONS 111.53 111.53 111.53 111.53 111.53 111.53 111.53             RATINGS
       LEG B LOAD IN TONS 154.67 146.32 138.49 131.14 124.22 117.69 111.53

10.0 LIFTING CAPACITY IN TON 240.99 232.96 225.45 218.40 211.78 205.55 199.68 194.13
       LEG A LOAD IN TONS 100.75 100.75 100.75 100.75 100.75 100.75 100.75 100.75
       LEG B LOAD IN TONS 147.61 139.57 132.06 125.01 118.40 112.17 106.29 100.75

12.0 LIFTING CAPACITY IN TON 215.70 208.00 200.83 194.13 187.87 182.00 176.49 171.29 161.78
       LEG A LOAD IN TONS 84.57 84.57 84.57 84.57 84.57 84.57 84.57 84.57 84.57
       LEG B LOAD IN TONS 138.49 130.79 123.62 116.92 110.66 104.79 99.28 94.09 84.57

14.0 LIFTING CAPACITY IN TON 199.68 192.00 184.89 178.29 172.14 166.40 161.03 156.00 146.82 138.67
       LEG A LOAD IN TONS 73.01 73.01 73.01 73.01 73.01 73.01 73.01 73.01 73.01 73.01
       LEG B LOAD IN TONS 134.03 126.35 119.24 112.63 106.48 100.75 95.38 90.35 81.17 73.01

16.0 LIFTING CAPACITY IN TON 189.91 182.00 174.72 168.00 161.78 156.00 150.62 145.60 136.50 128.47 121.33
       LEG A LOAD IN TONS 64.35 64.35 64.35 64.35 64.35 64.35 64.35 64.35 64.35 64.35 64.35
       LEG B LOAD IN TONS 132.93 125.01 117.73 111.01 104.79 99.01 93.63 88.61 79.51 71.48 64.35

18.0 LIFTING CAPACITY IN TON 184.89 176.49 168.81 161.78 155.31 149.33 143.80 138.67 129.42 121.33 114.20 107.85
       LEG A LOAD IN TONS 57.61 57.61 57.61 57.61 57.61 57.61 57.61 57.61 57.61 57.61 57.61 57.61
       LEG B LOAD IN TONS 134.64 126.24 118.57 111.53 105.06 99.09 93.56 88.42 79.18 71.09 63.95 57.61

20.0 LIFTING CAPACITY IN TON 183.92 174.72 166.40 158.84 151.93 145.60 139.78 134.40 124.80 116.48 109.20
       LEG A LOAD IN TONS 52.21 52.21 52.21 52.21 52.21 52.21 52.21 52.21 52.21 52.21 52.21
       LEG B LOAD IN TONS 139.06 129.87 121.55 113.98 107.08 100.75 94.92 89.55 79.95 71.63 64.35

22.0 LIFTING CAPACITY IN TON 186.87 176.49 167.20 158.84 151.27 144.40 138.12 132.36 122.18 113.45
       LEG A LOAD IN TONS 47.80 47.80 47.80 47.80 47.80 47.80 47.80 47.80 47.80 47.80
       LEG B LOAD IN TONS 146.43 136.04 126.76 118.40 110.83 103.96 97.68 91.92 81.74 73.01

24.0 LIFTING CAPACITY IN TON 194.13 182.00 171.29 161.78 153.26 145.60 138.67 132.36 121.33
       LEG A LOAD IN TONS 44.12 44.12 44.12 44.12 44.12 44.12 44.12 44.12 44.12
       LEG B LOAD IN TONS 157.37 145.24 134.53 125.01 116.50 108.84 101.90 95.60 84.57

26.0 LIFTING CAPACITY IN TON 206.77 192.00 179.20 168.00 158.12 149.33 141.47 134.40
       LEG A LOAD IN TONS 41.01 41.01 41.01 41.01 41.01 41.01 41.01 41.01
       LEG B LOAD IN TONS 173.12 158.35 145.55 134.35 124.46 115.68 107.82 100.75

27.0 LIFTING CAPACITY IN TON 205.58 199.11 184.89 172.56 161.78 152.26 143.80
       LEG A LOAD IN TONS 37.94 39.63 39.63 39.63 39.63 39.63 39.63
       LEG B LOAD IN TONS 175.00 166.84 152.62 140.29 129.51 119.99 111.53

28.0 LIFTING CAPACITY IN TON 202.21 205.58 192.00 178.29 166.40 156.00
       LEG A LOAD IN TONS 34.57 37.94 38.35 38.35 38.35 38.35
       LEG B LOAD IN TONS 175.00 175.00 161.01 147.30 135.41 125.01

29.0 LIFTING CAPACITY IN TON 198.95 202.21 200.83 185.38 172.14
       LEG A LOAD IN TONS 31.31 34.57 37.15 37.15 37.15
       LEG B LOAD IN TONS 175.00 175.00 171.04 155.59 142.35

30.0 LIFTING CAPACITY IN TON 195.79 198.95 202.21 194.13
       LEG A LOAD IN TONS 28.15 31.31 34.57 36.04
       LEG B LOAD IN TONS 175.00 175.00 175.00 165.46

31.0 LIFTING CAPACITY IN TON 192.74 195.79 198.95
       LEG A LOAD IN TONS 25.10 28.15 31.31
       LEG B LOAD IN TONS 175.00 175.00 175.00

32.0 LIFTING CAPACITY IN TON 189.77 192.74
        LEG A LOAD IN TONS 22.13 25.10
        LEG B LOAD IN TONS 175.00 175.00
33.0 LIFTING CAPACITY IN TON 186.89

        LEG A LOAD IN TONS 19.25
       LEG B LOAD IN TONS 175.00

       LIFT BEAM LOAD CHART WITH 1402-2-39 GANTRY

THE DATA AND INFORMATION DISCLOSED IN THIS DOCUMENT ARE 

THE EXCLUSIVE PROPERTY OF J&R ENGINEERING AND MAY BE THE 

SUBJECT OF PATENTS OR APPLICATIONS.  REPRODUCTION, 

COPYING, DISCLOSURE OR THE USE OF THIS DOCUMENT, DATA AND

INFORMATION WITHOUT THE WRITTEN PERMISSION OF J&R 

ENGINEERING IS PROHIBITED.
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5.6  HYDRAULIC GANTRIES
These jacking devices consist of two or more jack base units and one or more header beams
with devices for rigging attachment.  Each jack base unit has one or more multiple-stage

hydraulic cylinders housed within a steel base with wheels at each corner.  The jack’s base

units are used in pairs and are spanned at the top by a header beam. The load is rigged to and
hangs from the header beam. Link plates facilitate attachment of the rigging to the header

beam. Link plates are steel plates with a large square opening and a shackle hole near the

bottom.  The jack base units must be set up on a suitable, level runway or track made up of
steel beams, steel plate, or a combination of the two materials. For lift and roll operations, the

runway should have suitable guides to maintain proper alignment and control of the jacking

system.  Once lifted, the load can be transported along the runway with hydraulic propel jacks
or hydraulic propel wheels. Hydraulic gantries have lifting capacities up to 1,800 tons or more

and lifting heights of more than 40 feet.

Figure 5.6-1 Hydraulic Gantry Components

Figure 5.6-2 Two Hydraulic Gantries Hitched Together

5 . 6  H Y D R A U L I C  G A N T R I E S
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Hydraulic gantries have the advantage of requiring very little headroom clearance, making

them ideal for indoor use.  If two pairs of jacks are used, they work well to up-end or lay down
machinery and equipment. While these gantries originally were used for setting presses, mill

machinery, generators, turbines, and similar heavy equipment, they have rapidly found their

way onto construction sites. In this arena, they work well for offloading, transloading, or
setting a wide variety of plant equipment such as heat exchangers, tanks, refinery vessels,

generators, transformers, etc. The large lift capacity and relatively quick setup time compete

favorably with large capacity cranes for offloading and transloading. For example, the system
can be set up to span over a load on a rail car. The load is then rigged and lifted vertically from

the deck of the rail car. The rail car is then pushed away and a tractor trailer is backed in under

the load, which is then lowered onto the trailer and hauled away. For transloading equipment in
the 250 to 800 ton range, the jacking system is an economic alternative to using cranes.

Currently, manufacturers are producing two different varieties of hydraulic gantry base units —

the bare cylinder type and the telescopic steel boom type. The bare cylinder type consists of a
telescopic hydraulic cylinder mounted to a steel base with wheels at each corner. In the steel

boom type, the telescopic cylinder is mounted within a telescoping structural box boom. This

type resembles a hydraulic crane boom. The purpose of the box boom is to provide a means for
positively locking the boom — with pins or other devices — while the loaded system is being

rolled or the load is being held for a period of time. This allows the load to be held by the jack

base boom structure and not the hydraulic fluid pressure within the cylinder.  The steel boom
also serves to resist any lateral load independent of the hydraulic cylinder. In the bare boom

type, a lateral load is taken directly by the pistons.

Figure 5.6-3 Pair of Hydraulic Gantries with Header
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5.6.1 Lift Planning with Hydraulic Gantries
Before planning or executing a lift with a hydraulic gantry system, the lift planner and

operators should attend the manufacturer’s training program.  They should also thoroughly
review the gantry manufacturer’s operation manual and the document “Recommended

Practices for Hydraulic Jacking Systems” available through the Special Carriers and Rigging

Association.

The planner must first determine if the job will require one pair or two pairs of jack bases. This
decision is dictated by the weight of the load and the arrangement of the approved lift points.

Next, the lift location and set location must be determined. This will dictate the jack locations,

header beam length requirements, and runway locations.  When the runway is placed, attention
must be given to obstacles on the ground such as pedestals, footings, building columns, rebar,

conduit, pits, anchor bolts, and so forth.  The runway must be leveled in accordance with the

gantry manufacturer’s recommendations.  Clearance of the jack base units, header beam, and
rigging to overhead obstacles should also be considered.  Overhead, the top of the gantry must

clear roof trusses, beams, ductwork, and most important, bridge cranes. Overhead bridge

cranes are a potential menace to hydraulic gantries. These cranes MUST temporarily be taken
out of operation when working within their territory. There have been instances when bridge

crane operators have run into and tipped over the extended hydraulic gantries.

For attaching rigging to the equipment being lifted, link plates are generally positioned on the
header beam directly above the lift points.  A rigging engineer, familiar with hydraulic gantry

system design and operations, must evaluate the header beams, runways, rigging, support

foundations, and procedures when planning hydraulic gantry work.  Because of the variety of

5 . 6  L  I  F  T    P  L  A  N  N  I  N  G    W  I  T  H     H  Y  D  R  A  U  L  I  C    G  A  N  T  R  I  E  S

Figure 5.6-4 Typical Link Plate
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possible loading conditions, pre-engineered header beams are not available, and each situation

must be evaluated individually.  The hydraulic gantry runways are generally set up on a solid,
level base such as wooden mats or concrete.  The runway beams ideally should be supported

continuously along their length. However, the beams are typically pre-engineered to span short

distances between support or shim points. Long spans are possible with specifically designed
runway girders. Regardless of the span, an engineer must check the adequacy of the soil,

concrete base, or other structures on which the runways are ultimately resting.

Figure 5.6-5 Hydraulic Gantry Lift
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When hydraulic gantries are operated outdoors, the effects of wind during loading should be

considered. It will often be found, however, that the wind’s effect is insignificant because of the
large weight and relatively small sail area of the items typically being lifted by these systems.

To side-shift means the ability of a gantry to move a load in a direction perpendicular to its

runway. Hydraulic gantries do not have built-in side-shift capabilities. There are several ways
around this problem. Small amounts of equipment side-shifting (1 to 2 inches) are normally

required to set a piece of equipment on its anchor bolts because the pick location is normally

not precisely in line with the final set location. To accommodate this condition, the most
common and accepted practice is to use chain come-alongs or wire rope grip hoists at each

corner of the lifted equipment to drift the equipment into place while it is being lowered.  This

practice is normally sufficient to align the equipment with its anchor bolts.  A qualified rigging
engineer should plan and supervise such an operation.  The second side-shift option is to mount

hydraulic rams or a hydraulic side-shift device on the header beam and push the link plates

over in the required direction. The link plates normally bear directly on the top flange of the
header beam.  For a side-shift operation, the link plates are mounted on some type of rollers.

The ram or side-shift device actually pushes the roller or slide on which the link plate rests.

This type of system must be restrained against accidental sideways movement.  Another side-
shift option, if space permits, is to actually disassemble the complete hydraulic gantry system

and set it up in the desired direction of travel.   This method is time consuming and frequently

involves significant rigging changes.  Therefore, if possible, it should be avoided.

5 . 6  L  I  F  T    P  L  A  N  N  I  N  G    W  I  T  H     H  Y  D  R  A  U  L  I  C    G  A  N  T  R  I  E  S

Figure 5.6-6 J & R Engineering Power Link
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Figure 5.6-7 Hilman Roller Data

5.7 POLE LIFT SYSTEMS
Pole lift systems are a traditional method of erecting, in one piece, very tall, heavy vessels such

as refinery columns. Availability of large, high-capacity cranes has diminished the use of poles.
They are still used because they are inexpensive to purchase and can be used in areas where a

crane will not fit. Many pole systems are available worldwide, but it is unlikely that any two

are identical. No design standards exist for the pole system. Each set is engineered and built for
a specific application or type of application. The pole system is then modified, if necessary, and

used for the next job. American Hoist and RMS of Sweden are perhaps the only manufacturers

that make somewhat standardized systems.
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Figure 5.7-1 Gallows Pole Arrangement

5 . 7  P O L E  L I F T  S Y S T E M S



5-18

VER 2.12.02
Copyright 1996, 2002 Bechtel Corporation, Second Edition. All rights Reserved.

The poles of a pole system consist of steel lattice towers and resemble a lattice crane boom.

They are used in pairs. The “gin pole” configuration and the “gallows pole” configuration are
two arrangements commonly used.

In the gin pole configuration, the poles are set up on the vessel foundation at either side of the

vessel head’s lifting points. Hoist lines come down from offset sheaves attached to each of the
pole tops and hook onto the vessel’s lift points. The lead lines run down the poles to a drum

hoist (or hoists) on the ground. A tailing device or crane is required at the tail end of the vessel.

The bases of the poles taper to a point and bear on the foundation on steel rocker bearings or
ball joints. The tips of the poles are usually tapered to accommodate the set of hoisting sheaves

and guy leads. A set of at least three guy lines supports each pole. The guys anchor into buried

concrete deadmen. Buried deadmen use the weight of the surrounding soil to resist guy-
tension; an alternative is to use massive aboveground dead weights. Guy lines are the most

undesirable feature of pole systems. Many plant owners do not like guy wires hanging above

their operating machinery and do not like to excavate holes for the deadmen. Furthermore, the
guy tensioning procedure is time consuming and difficult.

The gallows pole configuration consists of a pair of poles topped by a header beam. The pole

tips are equipped with bearing seats to support the header. A variety of hoisting mechanisms are

available and usually hang from the header. The most common is similar to the system used for
gin poles: A pair of head blocks attaches to the header and the lead lines run down the poles to

drum hoists mounted on the ground. Another option is to incorporate a hydraulic jacking

system onto the headers. The jacking system could be a strand lift system, a chain link jack
system, a rod system, etc.

The gallows system has two advantages over the gin pole system. First, if a long enough
header beam is used, the poles may be set up at some distance adjacent to the vessel’s
foundation, thus avoiding obstructions on the ground or protruding platforms from the sides
of the vessel. Second, the hoist head blocks (or jacking mechanism) can be mounted on a
trolley on the header beam to accommodate side-shifting. Like gin poles, gallows’ frames
usually require guying. If a four-pole system is used or required, internal guying can be used.
The RMS System takes the pole concept one step farther. The RMS System resembles a

gallows pole arrangement. The difference is that it is a jacking system and the header is jacked
from the ground up.



5-19

VER 2.12.02
Copyright 1996, 2002 Bechtel Corporation, Second Edition. All rights Reserved.

Figure 5.7-2 Gallows Pole Arrangement

5 . 7  P O L E  L I F T  S Y S T E M S
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Consideration must be given to the space and method required to erect the pole system. If

there is sufficient room on the ground, the entire pole system can be rocked up in one piece,
including the header. If the system is too tall or there is insufficient room on the ground, assist

cranes are required to set up the system.

5.8 STRAND JACKS
Another recent development in the lifting industry is the strand jack. This system consists of a

hollow core hydraulic cylinder through which passes a series of steel strands. The strands are

anchored to the jack via two sets of gripper chuck clusters; one fixed to the base or shell of the
jack, and the other attached to the piston. The system raises the strand by alternately gripping

with the piston chuck and extending the jack, then gripping and holding with the fixed lower

chuck while retracting the jack. The cycle then starts again by gripping with the piston chuck
and releasing the fixed lower chuck. The system is an adaptation of, and uses components

from, concrete post-tensioning equipment (the steel strands and the gripper chucks). Hanging

at the bottom of the strands is a third gripper chuck that is outfitted with a clevis eye (for a
shackle or pin), which facilitates attachment to the load.

Strand jacks are quite versatile. They have been mounted within building structures, on trolleys

for use as gantry cranes, and on crane boom tips for lifting.  The bridge building industry

initially used this system. The jacks were set up on bridge abutments to hoist prefabricated
bridge segments into place from barges below. Capacities for an individual strand jack are

usually in the 60 to 660 ton range. Groups of jacks are generally used for a lift, and combined

lift capacities can exceed thousands of tons. Strand lift systems have the advantage of
facilitating unlimited lift heights because any length of strands can be used. The excess strands

exit from the top of the jack and drape back down, minimizing the head room.  The strands

may be reused several times but must be inspected for kinks and excessive gripper wear marks
before each use.

To allow loads to be lowered using strand jacks, generally some type of strand guide is placed

above the jack.  This guide is generally a curved steel frame designed to support most of the
weight of the strand wire portion that protrudes beyond the end of the strand jack.  If a guide is

not used, the wire can be kinked or hung up at the top of the jack and prevent jack lowering.

Enerpac makes a version of the strand lift system. Instead of a single center hole cylinder,

Enerpac’s system uses three smaller regular rams arranged in a triangular cluster. The strands
attach to a structural cap plate and pass between the group of rams. The advantage of this

arrangement over a single hollow core jack is serviceability during operation. If an individual

jack becomes inoperative for any reason during the lift, the offending jack can easily be
swapped out without needing to lower the load. It is impossible to service a hollow core jack

after a lift commences because the strands are threaded through the center. If the hollow core

jack does become inoperative, the load cannot be raised or lowered and outside assistance is
required to free the load.
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Figure 5.8-1 Strand Jack System

5 . 8  S T R A N D  J  A  C  K  S
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5.9 OTHER SYSTEMS
Closely related to the strand lift system are the rod jacking system and the chain system.
Instead of multiple lifting strands, rod systems use a single rod, bar, or chain. Many of these

systems are one-of-a-kind systems — no two are exactly alike. They consist of a hollow core

jack or cluster of regular jacks through which the single lifting rod passes. When the jack is at
full extension, the rod is dogged-off. The jack then retracts and takes another stroke. The jack-

and-dog operation continues until the desired lift height is reached.

Some systems, such as the Heede system, use a square bar and gripper chucks to hold the rod.
The Lucker system uses a single wire rope cable and also uses gripper chucks. The Bigge

system uses threaded rods and has large split “nuts” to dog the rods. A Rigging International

system uses a large flat bar; the bar has pin holes along its length with which to dog off.
Several companies own chain jack systems. The chain links usually are made of 12- to 18-inch

long forging and are connected with pins like a giant bicycle chain. The dog mechanism grips

the chain at the pin. The chain system and cable system, like the strand systems, have the
advantage of requiring little headroom because the cable or chain drapes or festoons after it

passes the top of the jack. The rods on the rod systems come in segments and are anywhere

from 5 to 20 feet long. The rods require an assist hoist to be removed.

In all of these systems, the jacking mechanism usually mounts on a trolley in some sort of
gantry frame. However, the jacking mechanisms are usually removable and can be set up

within building structures or on the top of poles or towers if necessary.

5.9.1 Hoisting Systems
Lifting Steam Drum of the Boiler Building, Practical Example

Steam drums for the conventional power plants normally are located at the top of the boiler

structure and are suspended by U-bolts. Lifting the steam drum is performed by one of the

following three methods:

• The most commonly used method is to anchor a hoist on the ground adjacent to the

structure. Two hoist lines are run from the hoist to two multi-sheave head blocks at the top
of the structure. This approach requires a series of snatch blocks and a “cathead” support

for the head blocks.

• In recent years, strand jacking systems have become widely  used for boiler steam drum

lifts. This approach requires two sets of strand jacking systems placed at the top of the
boiler. The jacks are mounted on a temporary support structure with side travel

capabilities.

• Mobile cranes have been used occasionally to lift and set steam drums. This method is the

most desirable if access, crane capacity, and reach are available.

Hoist systems are the most common apparatus used to lift steam drums.  The installation
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procedure will be described here with an example problem.

The steam drum is set after erection of the main steel members of the boiler structure.  The
drum is picked from the ground and hoisted within the structure to its final location at the top

of the structure.  Steam drums are longer in length than the steel building in which they are

hoisted.  Consequently, they are always hoisted in an inclined position.  Equipment and
hardware required to lift the steam drum consists of:

• A hoist with at least two drums.  Each hoist drum must have sufficient line pull to hoist the

steam drum.

• Two sets of catheads with links for connection of the upper blocks to the cathead main pin

• Two sets of multi-sheave head blocks and a series of snatch blocks

• Temporary structural steel for support of the cathead

To properly size the required equipment, hardware, and supports, the maximum loads must
first be determined.

In order to properly size the required equipment, hardware and supports, the maximum loads

5 . 9  H  O  I  S  T  I  N  G    S Y S T E M S
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must first be determined.

Example:

A horizontal Steam Drum is 7.2’ (86.4”) diameter, 58’ long and weighs 300 kips. Two lifting
lugs are provided centered 6.75” above the vessels surface, and located 31’ apart equidistant
about the C of G. The Drum is to be located high in a steel structure and is to be hoisted into
position; restricted access requires the Drum to be inclined at an angle of 42º to the
horizontal during hoisting. Determine the lifting loads at each lug a) when horizontal, and b)
during hoisting. Both lines of suspension are assumed to remain vertical throughout.

When horizontal, the C of G lies central between the lugs, therefore the loan carried is equal
in both =300 / 2 = 150 kips.

As the Drum is inclined, the geometry of the suspension is such that the line of action of the
force (the Drums weight) acting through the center of gravity moves proportionally closer to
the upper suspension transferring weight onto it and reducing the weight carried by the lower
lug. See the sketches below.

H = Y/2 + Z   �  86.4” + 6.75” = 49.95”
A = H SIN 42º  �   49.95” SIN 42º = 33.42”
B = x1 COS 42º   �  186” COS 42º = 138.22”
C = B - A  �  138.22” - 33.73” = 104.8”
D = B + A  �  138.22” + 33.73” = 171.95”

L1 = (D * L) / (C + D)   �   (171.65” * 300 Kips) / (104.8 + 171.65) = 186.27 Kips
L2 = (C * L) / (C + D)   �  (104.8 * 300) / (104.8 + 171.65) = 113.73 Kips

Design both Lugs for 200 Kips

42.0°

x1
 =

 1
5
’−6

"

x2 = 15’−6"

42.0°

B D

C B AA

X
 =

 31
’−0

"

L1 L2

L

Y = 7’−2"

Z = 7"

15’−6" 15’−6"

31’−0"

L1 L2

L
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5 . 9  O T H E R  S Y S T E M S

Figure 5.9-1 Typical Steam Drum Placement Using Strand Jacks
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