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CATEGORY 4 CRANE SAFETY STUDENT GUIDE

INTRODUCTION

Welcome

Welcome to Category 4 Crane Safety.

Category 4 Crane Safety is designed to acquaint crane operators with Navy
requirements for the safe operation of category 4 cranes and provide a knowledge base
on which to build upon with on-the-job experience.

Topics covered include: NAVFAC P-307 familiarization, Crane Components, Operator's
Daily Checklist (ODCL), Complex and Non-Complex Lifts, Determining Load Weight
and Load Weight Distribution, Sling Angle Stress and D/d Ratio, Rigging Gear Marking
and Record Requirements, Rigging Gear Use, Load Charts, Crane Communications,
Crane Team Concept, Safe Operations, and Crane and Rigging Gear Accidents.

Course Objectives

Upon successful completion of this course you will be able to: understand the
requirements of NAVFAC P-307, identify crane component types, complete an
Operator's Daily Checklist (ODCL), determine load weights, load weight distribution, and
sling angle stress, identify proper selection and use of rigging gear, explain the crane
team concept, identify proper crane communication methods, and identify crane and
rigging gear accidents.
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CATEGORY 4 CRANE SAFETY STUDENT GUIDE

NAVFAC P-307

Welcome
Welcome to the NAVFAC P-307 module.

Instructional Objectives

Upon successful completion of this module, you will be able to state the purpose of
NAVFAC P-307, identify covered equipment, describe the training and qualification
requirements of NAVFAC P-307, and determine which types of cranes require licenses
for operation.

Overview

Purpose

The overall purpose of NAVFAC P-307 is to maintain the level of safety and reliability
that was originally built into the equipment, ensure optimum service life, provide training
and qualification standards for all personnel involved with maintenance, inspection, test,
certification, engineering, rigging and operation of Weight Handling Equipment, or WHE,
and ensure the safe lifting and controlling capability of WHE and promote safe operating
practices.

Weight Handling Equipment includes both cranes and the rigging gear used for lifting
operations.

Applicability

NAVFAC P-307 applies to Navy shore activities, including Navy activities on joint bases
and bases of other military services and agencies; Naval Construction Forces, including
the naval construction training centers, and naval special operating units; and fleet
activities and detachments that operate shore based weight handling equipment.
NAVFAC P-307 meets or exceeds all applicable OSHA requirements for maintenance,
inspection, testing, certification, repair, alteration, and operation of equipment.

NAVFAC P-307 Contents NAVFAC P-307 Table of Contents
For an overview of NAVFAC P-307, review
this table of contents. r Ooée»‘“‘%

Genegral Qvarview

Maintanance

Certification

Crane Alterations

Equipment History File

Operator Licensing Program
Operator Qualification and Testing

Licensing Procedures and Drocumentation

W = @ ot B W R -

Operator Checks

10 Operation Safety

11 Additional Requirements

12 Investigation and Reporting of Crane and Rigging Gear Accidents

13 Training and Qualification

~~ 14 Rigging Gear and Miscellaneous Equipment
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CATEGORY 4 CRANE SAFETY STUDENT GUIDE

Weight Handling Requirements

NAVFAC P-307 provides requirements for Weight Handling Equipment including
maintenance (repairs and alterations), inspection, test, certification, operations, training,
licensing, and rigging gear use.

Maintenance and Inspection Requirements

NAVFAC P-307 also provides requirements for documentation of maintenance and
inspection, including the types and frequency of inspection, deficiencies to load bearing
parts, load controlling parts, and operational safety devices, repairs and alterations
made to cranes, and minimum requirements for record keeping.

Pcf)stlng Qf Certification Posting of Certification Information
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The crane identification G, [ ST (o WSy et oo
number, certified capacity and omemess  wosne | wosue  wasor | WU T
certification expiration date R P —— waname | (1972
must be posted on or near the Y et

crane. Posting a copy of the T

actual cgrtlflcatlon, crane test o s 57 527«5‘;; e

cards, stickers, or signs, are all s raor e

T rag 37 |

acceptable methods provided —
they include the required o
information. = |

HOE THAR LICAS UREMERTS:

T BASE | neauwme

i
a1 L

W T 7/ O 7

] W 3 e 3,”1"“ CUUEA) CURG. II;E:’
_____._’,E,E% =5 ApEst
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F THAT IHGPECTHING ARL TES TS ANECOMDUETEE: 14 ACC S I|I'|I £ 71 1 F GAAKE TRET SEQCETUIARS SETFGRTY M 12 CUFFSK) HRGAL Hsl TS FRGRIEERING COMMARLD 1337
DUk LW 190 T 13 PURTHER SGEATIFIED 1441 TH:

Types of Equipment

NAVFAC P-307 covers category 1, 2, 3, and 4 cranes, as well as rigging gear. Detailed
descriptions of the cranes are included in Section 1. lllustrations of individual crane
types can be found in Appendix B. Rigging gear is covered in Section 14.
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CATEGORY 4 CRANE SAFETY STUDENT GUIDE

Knowledge Check

1. Select the best answer. NAVFAC P-307 uses the term Weight Handling Equipment
to refer to:

Cranes, crane gear, rigging gear, and all equipment
Only rigging gear

All cranes and rigging gear

Anything within the crane envelope

apop

2. True or False. NAVFAC P-307 provides guidance to shore based naval activities for
management of weight handling equipment.

a. True
b. False

NAVFAC P-307 Overview: Section 1

Section 1 describes cranes and crane-related equipment used in weight handling
operations, discusses gqualifications of personnel involved in the maintenance,
alteration, repair, inspection, testing and operation of Weight Handling Equipment
(WHE), discusses Third Party Certification of cranes, and provides requirements for
Non-Navy owned cranes and rigging equipment at Naval Activities.

Cat 1 Cranes

Category 1 cranes include: Portal cranes, Hammerhead cranes, Locomotive cranes,
Derricks, Floating cranes, Tower cranes, Container cranes, Mobile cranes, Aircraft
crash cranes, Mobile boat hoists including self-propelled and towed types, and Rubber-
tired gantry cranes.

They are considered Category 1 cranes regardless of capacity.

All category 1 cranes require a license to operate.

Crane Components —
The principal parts of most Category 1 and Category 4 cranes are:
the boom, machinery house, roller path or rotate bearing,
supporting structure, and travel system.

The boom is defined as an inclined spar, strut, or other long
structural member that supports the hoisting tackle (blocks and
hooks). A jib is an extension that may be attached to the main
boom when lifting light loads to a higher elevation than that
permitted by the main boom. Boom length is the distance from the
boom "heel" or "foot" pins to the center of the boom tip sheave.
The machinery house normally contains the diesel engine and generator, batteries,
clutches, brakes, motors, and drums.

The rotate bearing is a large, precision machined ring bearing connecting the stationary
and rotating portions cranes.

The supporting structure consists of the carrier frame, rotate base, and gantry.

The travel system may include wheels, tires, tracks, travel motors, clutches, and brakes.
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CATEGORY 4 CRANE SAFETY STUDENT GUIDE

Cat 1 Crane Examples
These are examples of Category 1 cranes.

Hammerhead

Consists of:

« rotating counterbalanced,
cantilevered boom equipped
with one or mere trolleys that
move in and out on the boom

Supported by:

= a pintle or turntable
mounted alop a
traveling or fixed tower

Derrick

Example:

* jib-equipped crane having a
boom hinged near the base
of a fixed mast

Typically:

+ boom may rotate 90° or
more between the mast
supports or "stiff legs” or
members capable of resisting
both tensile and compressive
forces

Load movement:
« toward the mast by raising the boom
« away from the mast by lowering the the boom

Mobile Crane

Example:
Truck mounted hydraulic Cranes
+ most common mobile cranes

Consists of:

+ rotating superstructure

+ upperworks mounted on an
specialized truck chassis
equipped with a power plant
and cab for traveling
over the road

Primary power:
= one engine for both the

upper works and the carrier or
+ a separate engine for each

Training Only NCC-C4CS-02

Floating Crane

Types:

* barge

+ pontoon or

* hull-mounted

« rotating superstructure
mounted on an integral base

Luffing booms:
+ capable of continuous
360° rotation

Primary power

+ supplied by a diesel-electric
generator or diesel-driven
hydraulic pumps

* While some are self
propelled, most require tug
boat assist to mave about

Container Cranes

Consist of:

+ hinged boom and main beam

« with a traveling trolley
mounted on a rail mounted
traveling gantry structure

At military port facilities
Used for:
* quickly transferring
containers on and off ships

Portal

Consist of:

+ Rotating superstructure
mounted on a gantry
structure with:

- operator's cab
- machinery
- luffing boom

Primary power:

+ diesel-engine driven
generators or hydraulic
pumps

Support:

+ supported by wide gauge rail
allowing the portal crane to
move about the facility

10 of 217



CATEGORY 4 CRANE SAFETY STUDENT GUIDE

Mobile Boat Hoist

The mobile boat hoist consists of a steel structure of rectangular box
sections, supported by four sets of wheels capable of straddling and
carrying boats.

Landing Craft Retrieval Unit

The landing craft retrieval unit is a type of mobile boat hoist with
self propelled or towed carriers consisting of a wheeled steel
structure capable of straddling and carrying boats.

Rubber Tire Gantry
The rubber tire gantry crane shown is a Cat 1 crane as
described in NAVFAC P-307.

Cat 2 and 3 Cranes

Category 2 and Category 3 cranes include: Overhead traveling cranes; Gantry cranes;
Wall cranes; Jib cranes; Davits; Pillar cranes; Pillar jib cranes; Monorails and associated
hoists; Fixed overhead hoists, including fixed manual and powered hoists; Portable A-
frames and portable gantries with permanently installed hoists; and Pedestal mounted
commercial boom assemblies attached to stake trucks, trailers, flatbeds, or railcars, or
stationary mounted to piers, etc., with certified capacities less than 2,000 pounds.
Portable manual and powered hoists are covered in Section 14 of the NAVFAC P-307
(they are defined in Section 1). The activity may, however, treat them as Category 2 or
3 cranes.

Capacity

The certified capacity of these cranes determines the category. Category 2 cranes
have a certified capacity of 20,000 Ibs. and greater. Category 3 cranes are those with a
certified capacity of less than 20,000 Ibs.

Training Only NCC-C4CS-02 11 of 217



CATEGORY 4 CRANE SAFETY STUDENT GUIDE

Cat 2 and 3 Crane Examples

These are examples of Category 2 and Category 3

Cranes.

Category 2 and 3 Cranes
Pillar Jib - Fixed Crane

Consists of:

+ a rotating vertical member
with a horizontal arm
supporting a trolley and hoist

Maobility:
« normally rotates 360°

Pillar Jib

Category 2 and 3 Cranes
Trolley Mounted
Overhead Hoist

Consists of:

+ an under-hung, trolley-

+ one or more drums and
sheaves for wire rope
or they may ulilize chain

Powered by:

« manual

- electric

* hydraulic

* of pheumatic powered

Mffﬂ:icllitw Trolley Mounted
« fix B
= or may travel on jib crane Overhead Hoist

booms ar monarail track

Knowledge Check

Category 2 and 3 Cranes
Bridge or OET Crane [0 %

Example:
+ cab-operated
* can be
- pendant or
- radio controlled

Consists of:

» a single or multiple bridge
girders spanning a building
with top-running

» or under-hung trolleys

Mobility: Bridge or OET Crane
+ limited to the area between
the runways

Category 2 and 3 Cranes
Jibs

Points:

+ normally category 3 cranes

+ category 2 if certified
capacity of 20,000 pounds
or greater

Consists of:

« a rotating horizontal boom
(either cantilevered or
supported by tie rods)

carrying a trolley and hoist.

+ usually mounted an a wall or

building column Jib

1. Select the best answer. Category 2 and Category 3 cranes are separated by:

Licensing requirements
Certified capacity
Certification date

Boom capacity and length

apop

Training Only
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CATEGORY 4 CRANE SAFETY STUDENT GUIDE

2. True or False. Boom length is the distance from the boom “heel” or “foot” pins to the
center of the boom tip sheave.

a. True
b. False

3. Select the best answer. What is the category of this crane?

Category 1
Category 2
Category 3
Category 4

apop

4. Select the best answer. What is the category of a jib crane with a capacity of less
than 20,000 Ibs?

Category 1
Category 2
Category 3
Category 4

apop

5. Select the best answer. What is the category of this
crane?

a. Category 1

b. Category 2

c. Category 3 A o

d. Category 4 Capacity of 24,000 Ibs.

b i i

Category 4 Cranes — Mounting
Category 4 cranes may be attached to stake beds, trailers, flat bed trucks, rail cars, or
may be stationary mounted on piers, barges, etc.

Category 4 Cranes — Booms _
. Category 4 Cranes:
Category 4 Cranes may have a non-telescoping, - Non-telescoping Boom

telescoping, or articulating boom. + Telescoping Boom
« Articulating Boorm

Training Only NCC-C4CS-02 13 of 217



CATEGORY 4 CRANE SAFETY STUDENT GUIDE

Pedestal Mounted — Capacity

Pedestal mounted commercial boom assembly cranes with less than 2,000 Ibs. capacity
are considered Category 3 cranes. Capacities greater than 2,000 Ibs. are Category 4

cranes and require a licensed operator.

Category 4 Cranes - Special Considerations

Commercial truck mounted cranes [described in ASME B30.5] and articulating boom
cranes [described in ASME B30.22] of all capacities are Category 4 cranes and require
a licensed operator - even if the crane is down rated for administrative purposes.

Category 4 Cranes — Examples
These are examples of Category 4 cranes.

Category 4 Examples

Category 4 Crane

Truck Mounted
Commercial Boom Assembly

Hydraulic Boom Crane

= Commercial

= Truck- Mounted

= Standard Ground Control

Structure:
= cartier, usually a flatbed truck |
- independently operated crane |

Power:
Power to operate may be from
the truck’s engine by way of a

power take off unit

Truck Mounted
Commercial Boom Assembly

Category 4 Crane

Articulating Boom

Consists of:

= the carrier, usually a flatbed
truck

= independently operated
articulating boom crane.

Power:

Power to operate may be from
the truck’s engine by way of a
power take off unit

1

Articulating Boom Crane

Training Only
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Category 4 Examples

Category 4 Cranes

Boom Assemblies
= Non-Telescoping
= Articulating
* Telescoping

Mounted on:

* Mobile Units
- flat bed trucks
- trailers
- stake beds
- rail cars

= Stationary Units

- Piers

Category 4 Crane

Non Telescoping
Boom

Consists of:

« a rotating superstructure
(center post or tumn-table)

« boom,

« operating machinery

 one of more operator's
stations

Its function is to lift, lower, and

swing loads at various radii.

Non-Telescoping Boom

Category 4 Crane

Truck Mounted 5 j
Avrticulating Boom it

Articulating Boom Crane
Truck Mounted
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Category 4 Crane

Hydraulic
Extendible Boom

Category 4 Cranes — Components
Shown are examples of Category 4 crane
components.

Telescoping Section
. Hinge Pin
Hydraulic Section

E —= == A stabilizers - Outriggers

Category 4 Cranes
All Category 4 cranes require a licensed operator.

Maintenance, Certification, and Alterations (Section 2,
3, and 4)

NAVFAC P-307 Section 2 (Maintenance) provides
maintenance inspection frequencies and details.
Personnel performing maintenance inspections shall
be trained and qualified as inspectors per section 13.
Section 3 (Certification) provides crane certification
requirements.

Section 4 (Alterations) provides crane alteration
requirements.

Training Only NCC-C4CS-02 15 of 217
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Licensing (Sections 6, 7, and 8)

NAVFAC P-307 provides uniform standards for crane operator licensing.

Cat 1, Cat 2, cab-operated Cat 3, and Cat 4 operators must be trained and licensed
according to Sections 6, 7, and 8.

Licenses are not required to operate non-cab operated Cat 3 cranes. However, training
and a demonstration of ability to operate safely is required.

Operator Training

Prior to taking any performance test, the license
candidate shall be thoroughly trained on the operation of
the type of crane for which a license is to be issued.

The candidate shall operate that type of crane only under
the direct observation of a licensed operator. The licensed
operator shall retain full responsibility for the safe
operation of the crane.

The supervisor shall approve lifting of loads based upon
the candidate's demonstration of knowledge of the
equipment and operation without loads.

The candidate shall not perform complex lifts.

Operator Checks (Section 9)

A complete check of the crane shall be performed by
the operator prior to the first use of the crane each day
(whether the crane is used in production,
maintenance, testing, or being relocated).

NAVFAC P-307 Section 9 covers pre-use check and
documentation requirements, procedure requirements,
specific instructions, and deficiency reporting and
requirements.

Operation Safety and Additional Requirements (Sections 10 and 11)

NAVFAC P-307 Section 10 includes crane operation safety procedures, crane team
responsibilities and lifting and crane operation requirements.

Section 11 provides additional crane requirements.

Crane And Rigging Accidents

In the event of an accident, activities shall investigate and report the accident in
accordance with NAVFAC P-307 Section 12, as well as OPNAYV Instructions 5102.1 and
5100.23.

Crane and Rigging Gear Accident definitions can be found in Section 12.

Training Only NCC-C4CS-02 16 of 217
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Crane Accidents Defined
A crane accident occurs when any of the elements
of the operating envelope fail to perform correctly
during operations, including operation during
maintenance or testing resulting in the following:

P-307 —

Personnel Injury or death

Minor injuries that are inherent in any
industrial operation, including strains and
repetitive motion related injuries, shall be
reported by the normal personnel injury
reporting process of the activity in lieu of
these requirements.

Material or equipment damage

Dropped load

Derailment

Two-blocking

Overload

Collision including unplanned contact
between the load, crane, and/or other
objects.

Section 13 Training

Rigging Gear Accident Defined
A rigging gear accident occurs when any of the

elements of the operating envelope fails to perform

correctly during weight handling operations
resulting in the following:

Personnel injury or death.

Minor injuries that are inherent in any
industrial operation, including strains and
repetitive motion related injuries, shall be
reported by the normal personnel injury
reporting process of the activity in lieu of
these requirements.

Material or equipment damage that requires
the damaged item to be repaired because it
can no longer perform its intended function.

Dropped load

Two-blocking or cranes and powered hoists

covered by section 14 (Rigging Gear and
Miscellaneous Equipment)
Overload

Section 13 of NAVFAC P-307 provides training and qualification requirements for
personnel involved in the operation, maintenance, inspection, and testing of Navy
Weight Handling Equipment.

P-307 Section 14 - Rigging Gear
Section 14 of NAVFAC P-307 provides maintenance, inspection, test requirements, and
specific use criteria and precautions for rigging gear and miscellaneous equipment not

covered in sections 2 through 11.

Knowledge Check

1. True or False. Non-cab Operated Category 3 cranes require a license to operate.

a. True
b. False

2. Select all that apply. A license is required to operate:

apop

Training Only

Category 1 cranes
Category 2 cranes
Cab-Operated Category 3 cranes
Category 4 cranes
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CATEGORY 4 CRANE SAFETY STUDENT GUIDE

3. Select the best answer. All of the equipment ty[es listed below are covered by the
P-307, except:

Construction equipment
Category 1 cranes
Category 2 and 3 cranes
Category 4 cranes
Rigging gear

PO T®

Training Only NCC-C4CS-02 18 of 217



CATEGORY 4 CRANE SAFETY STUDENT GUIDE

NOTES
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CRANE COMPONENTS

Welcome
Welcome to Crane Components.

Learning Objectives

Upon successful completion of this module you will be able to define and identify critical
crane components, load bearing parts, load controlling parts, and operational safety
devices.

Power Types

Category 1 and 4 cranes generally use electric or
hydraulic power that is supplied by a diesel engine.

A collector ring system conveys electrical current from the
revolving portion of the crane to the lower crane structure.

Category 2 and 3 Crane Power Supply

Current to Category 2 and 3 cranes is carried from
the building or shore power to the bridge and trolley
by an insulated electrification conductor system,
festoon system, or cable track system.

Category 1 and 4 Cranes

The principal parts of most Category 1 and 4 cranes are:
the boom, machinery house, roller path or rotate bearing,
supporting structure, and travel system.

Training Only NCC-C4CS-02 21 of 217
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Category 2 and 3 Cranes

The principal parts of overhead traveling cranes are: bridge
girders, end trucks, trolley with hoisting mechanism, and
operator's cab or pendant control.

Critical Crane Components

Careful repair and maintenance are essential to safe crane operations. To ensure
repairs are not compromised by sub-standard parts critical crane components are
clearly identified. NAVFAC P-307, Appendix F provides examples of load bearing parts,
load controlling parts, and operational safety devices.

Load-bearing Parts

Load-bearing parts support the load. Failure of a load-bearing part
can cause dropping, uncontrolled shifting or uncontrolled movement
of the load. There are many different load bearing parts; this picture
shows three examples.

Load-bearing Parts - Examples

Examples of load-bearing parts are wire rope, sheaves,
hooks, hook blocks, and hoist drum pawils.

The next example screen shows a boom dog, used to
prevent unwanted rotation of a boom or hoist drum.

Wire rope, : Sheaves
Hooks, & Blocks

Dogs or Pawls

Training Only NCC-C4CS-02 22 of 217
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Load-bearing Parts — Carrier Frame Structures

The carrier frame provides a working base for the

upper works of the crane. The tires, wheels, and

axles support the carrier frame for transporting and

for lifting loads on rubber. Outriggers, stabilizers, Eamer Fiame
and locking devices provide support for on-outrigger rotate Gear
operations.

Failure of any one of these components or systems
can cause the load to drop or cause uncontrolled Outrigger beams,
movement of the load. These are critical Hank i Deviees
components that must be carefully checked before
operations or testing.

Tires, Wheels, & Axles

Load-bearing Parts — On Bridge Cranes

Two examples of load-bearing parts found on
bridge cranes include the bridge girders that
carry the weight of the trolley including hoisting
machinery and the load; and the wire rope
drum and hoisting machinery that lifts and
supports the load.

Appendix F of NAVFAC P-307 provides
additional examples of load-bearing parts.

Bridge Girders

Wire Rope Drum
& Hoisting Machinery

LOAD-CONTROLLING PARTS

Load-controlling parts are crane components that position, restrain, or control
movement of the load. Malfunction of these parts can cause dropping, uncontrolled
shifting, or movement of the load.

Shown are two examples of load controlling parts.

Load-controlling Parts Examples 1

Examples of load-controlling components are
foot-controlled brakes used as secondary
brakes for hoist speed control, travel gear
assemblies, rotate gear assemblies, and rotate
locks. Appendix F of NAVFAC P-307 provides

L. . Foot-controlled Travel-Gear Rotate-Gear
additional examples of load-controlling parts. Eiriioss Axsbmbling Aihemibliag
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Load-controlling Parts Examples 2

Some additional examples are crane-mounted diesel engines and generators, electrical-
power-distribution systems, and electrical crane-control circuits related to rotate and
travel including brakes and clutches.

Knowledge Check

1. Select the best answer. What types of power does a Category 1 or 4 crane
generally use and what is its source?

Hydraulic and water power supplied by a compressor

Electric or hydraulic power supplied by a diesel engine
Pneumatic and hydraulic power supplied by a compressor
Pneumatic and electric power supplied by a backup generator

apop

2. Select the best answer. Load - parts are those that restrain,
position, or control the movement of the load.

Lifting
Controlling
Operation
Bearing
Handling

PO T O

3. Select the best answer. A hook is what type of component?

General safety device
Operational safety device
Load-Controlling part
Load-Bearing part

apop

4. Select the best answer. Hydraulic foot brakes are what type or group of
components?

General Safety Device
Load-Bearing Parts
Load-Controlling Parts
Operational Safety Device

apop

5. Load - parts are those that support the load.

a. Bearing

b. Controlling
c. Lifting

d. Operational
e. Handling
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6. Select the best answer. How is electrical current conveyed from the revolving
portion of the crane to the lower crane structure?

a. Through the collector ring system
b. Through transistors

c. Through the electrical panels

d. Through the main circuit board

Safety Devices

Safety devices are divided into two groups, general safety devices and operational
safety devices. Operational safety devices affect the safe lifting and handling ability of
the equipment.

Operational safety devices are critical crane components.

General safety devices provide protection for personnel and equipment on, or in the
crane operating path.

Operational Safety Devices — Load Indicators

Load-moment Indicators are operational aids providing the crane
operator necessary information to stay within the capacity of the crane.
Load-moment Indicators that provide shutdown capabilities are
operational safety devices. They may provide the operator with load
weight, boom angle, and boom length. As the operator approaches
critical limits load moment devices may sound an audible alarm,
illuminate warning lights, or lock out functions that could possibly allow
the operator to overload the crane.

If a load moment device has lockout capability, it must be treated as an
operational safety device.

Operational Safety Devices — Angle Indicators
Mechanical boom angle indicators are operational
safety devices. These devices provide the
operator with the boom angle needed to calculate
the radius of the crane.

Mechanical boom angle indicators are usually
mounted on the boom where they can easily be
read from the cab.

= Provides boom angle
needed to calculate radius

*Mounted in view of the cab
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Operational Safety Devices — Limit Switches
Limit switches are operational safety devices that prevent RN
damage to the crane if a loss of control occurs. Most cranes are Weighted Type / @
equipped with limit switches. /

The purpose of a hoist limit switch is to prevent over-travel of
the hook block and the possibility of two-blocking.

Two-blocking occurs when the hook block comes in contact with
the upper sheave block during hoisting of the hook (or lowering
the boom). Two-blocking is dangerous because it could result in
damage to the crane, parting of the hoist lines, and dropping the
load.

These images are examples of weighted-type hoist upper-limit
switches. A spring-loaded switch opens the circuit when the hook block raises the
weight. Interruption of power to the hoist function stops the upward movement of the
hoist block to prevent two-blocking.

Operational Safety Devices — Over-speed

Over-speed, pressure, and temperature devices on crane-
mounted engines are operational safety devices. When the
engine provides the power to move loads, the devices
provide shutdown ability to protect the engine from damage.
Appendix F of the P-307 provides additional examples of
operational safety devices.

General Safety Devices

General safety devices are those devices that protect or
alert the operator or personnel working in the vicinity of the
crane. Some general safety devices used to warn
personnel working on or around the crane are horns, bells,
whistles, travel alarms, travel warning lights, and bumpers.

Travel Warning Lights Bumpers B

Knowledge Check

1. Select the best answer. Safety devices that provide protection for personnel and
equipment are considered devices.

General
Universal
Operational
Load bearing

apop
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2. Select the best answer. Safety devices that affect the safe load lifting and handling
capabilities of equipment are considered safety devices.

Operational
General
Universal
Load-Bearing

apop

3. Select the best answer. Which of the following does not affect the safe operation of
the crane?

Operational Safety Devices
Load-Controlling Parts
General Safety Devices
Load-Bearing Parts

apop

4. Select the best answer. A travel alarm is what ty[e or group of components?

Load-Bearing Part

General Safety Device
Load-Controlling Part
Operational Safety Devices

apop

Review and Summary

NAVFAC P-307, section 1 defines load bearing parts, load controlling parts, and
operational safety devices, which, as a group, are commonly referred to as "critical”
components.”

Careful repair and maintenance is essential to safe crane operations. Your awareness
and maintenance of critical parts ensures repairs and maintenance are not
compromised by sub-standard parts.
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NOTES
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OPERATOR’S DAILY CHECKLIST (ODCL)

Welcome
Welcome to the Operator’s Daily Checklist Module.

Learning Objectives

Upon successful completion of this module you will be able to state the purpose of pre-
operational checks, explain the frequency of pre-operational checks, and properly
complete an Operator's Daily Checklist.

Introduction

An Operators Daily Checklist or ODCL is a safety checklist.

The ODCL aids the operator in doing a complete check and provides a record of
inspections.

Purpose

The daily inspection conducted by the operator is a general
check by sight, sound, and touch. It helps the operator
identify conditions that may render the crane unsafe to
operate and enhances crane reliability.

Frequency

A complete check of the crane is performed by the operator prior to the first use of the
crane each day using a Crane Operator's Daily Checklist, referred to as the ODCL.
The operator signs the ODCL at the completion of this initial check.

Subsequent operators review, perform operational checks, except boom limit switches
and sign the initial ODCL prior to operating the crane.

If a load is suspended from the hook for a period that spans more than one operator,
the operator who completes the lift shall perform appropriate checks immediately upon
completion of the lift unless he/she will not operate the equipment again.

For operations not involving a lift, such as moving the crane to a new location, the
operator needs to check only the functions to be used.

When a crane is used in construction, a complete pre-use check must be performed by
each operator.

A documented pre-use check is not required for non-cab operated Category 3 cranes;
however, for bridge, wall, and gantry cranes, a documented pre-use check shall be
performed at least once each calendar month the crane is in use.
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Sections of the ODCL

A proper pre-operational check is performed in four 4_OPERATIONAL CHECK o]

. . u
sections: the walk around check, the machinery house [:]3 OPERATOR CAB CHECK —
check, the operator's cab check, and the no-load [c|-[2 _MACHINERYHOUSECHECK _____IH]
operational check. [T [2[7 WALK AROUND CHECK

. Lra S[U[ NA
The operator may perform the check from the various 71 S Garir Frame and Rotas B2 -
groupings in parallel. L TT]7 [\ s eare j“
h e
_'E:iz R I v
i 7
e i
0 v
[m ] N
| .
T Tires Whesls and Tracks N4
N Leaks v
9| Qutriggers and Stabilizers * v
7y || Load Chain * v
/‘\/ La] Area Safety * v

Knowledge Check

1. Select the best answer. A complete check of the crane is performed by the operator
prior to:

Moving the crane to a new location
Complex lifts only

Securing the crane each day

The first use of the crane each day

apop

2. Select the best answer. The ODCL is used to identify:

Members of the current crane team

Who is licensed to operate the crane
Conditions that may render the crane unsafe
Necessary and missing paperwork

apop

3. Select all that apply. What are the four sections of a properly performed pre-
operational check?

Operational check

Walk around check
Operator’s cab check
Electrical function check
Stability check
Machinery house check

~poooTw

4. Select the best answer. What method of inspection is used in the operator’s daily
check of the crane?

CCl inspection

Review of OEM manual
Observing the crane in operation
Sight, sound and touch

apop
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Warning Tags

Before energizing the crane, look for warning tags. You may find
warning tags posted with the certification card or information,
attached on the pendant controller or other types of crane
controls, or on the power source of the crane.

The red danger tag prohibits operation of equipment when its
operation could jeopardize the safety of personnel or endanger
equipment. If you discover one, never energize the crane with a
danger tag attached! Energizing equipment with a danger tag
attached may result in personnel injury or equipment damage.
The yellow caution tag generally gives some type of warning,
precaution, or special instructions to the operator of the crane.
Most caution tags inform of hazardous conditions such as rail
stops, swing interference, crane clearance problems, etc.
Always read and follow the written instructions on the tag before
operating the crane. If you do not understand the instructions, ask your supervisor for
clarification.

A Lockout Tag is installed to inform you that the energy has been locked out, and is
used to protect the person or persons who hung the tag while they are working on the
affected system or component. It is intended for one shift use and is usually
accompanied by a physical locking device to prevent operation.

Another tag you may find is an “Out of Service” tag. An Out of Service tag is normally
installed to perform maintenance, testing, or inspection. When you find this tag, do not
use or operate the crane.

Remember, only authorized personnel may install or remove warning tags.

CAUTION

¢ DO NOT CRERATE THIS EQUIPMENT UNTIL
5 SPECIAL INSTRUCTIONS ON REVERSE SIDE

f A onouont L
e o —

Who Can Remove These Tags?
Only authorized personnel may install or remove warning tags. Who are the authorized
personnel? The person who applied the tag and sometimes his or her supervisor.

1 WALK AROUND CHECK - ! Critical Components
S[U[ NA . .
a[2 MACHINERY HOUSE CHECK The ODCL identifies components that are
B |
= iti [ :
5 GPERATOR CAB GHECK elebia L critical to the safe operation of the crane
af[ol [sTulva]  Critical components are load-bearing parts,
|elcla]|4 OPERATIONAL CHECK K .
HEQ . sturma| load-controlling parts, and operational safety
1t T Ouriagers and Siabiizers ™ devices. They are identified by an asterisk
el <clu I Noi * :
i B0 B o ()nexttotheitem. t
([T} ' |7 Brakes and Clitches * ny deficiency to a critical component or
Hil9 Boom Angl e .
A h T Gt Swich *fgg'd"g'egfl’%"::&"ts safety hazard must be reported to your
1o i ; ; ;
ol Tomerone] « Load controlling parts supervisor immediately, and the crane shall
s Load k | General Saff - Operational safety devices % not be Opel’ated until resolved.
rdr Area| | | Fleeting She
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Limit Switches
Limit switches are operational safety devices that prevent

. —>
damage to the crane if a loss of control occurs. Most cranes @
are equipped with limit switches.
The purpose of a hoist limit switch is to prevent over-travel of
the hook block and the possibility of two-blocking.
Two-blocking occurs when the hook block comes in contact
with the upper sheave block during hoisting of the hook (or
lowering the boom). Two-blocking is dangerous because it
could result in damage to the crane, parting of the hoist lines,
and dropping the load.
These images are examples of weighted-type hoist upper-
limit switches.
A spring-loaded switch opens the circuit when the hook block raises the weight.
Interruption of power to the hoist function stops the upward movement of the hoist block
to prevent two-blocking.

Weighted Typiy

Unsatisfactory Conditions

INSTRUCTIONS — Check all applicable items indicated, prior to the first

\neatsfacioy conchion of any flem incicaled wih an aetersk (. You must give a detailed description of

Operations may continue if the condition has been reviewed and unsatisfactory conditions in the remarks block
g?;::;:ﬁ;?erahon has been authorized by the activity engineering Of the ODCL fOI’m.

o e ey e speciic comporenis and deseribe || you discover a load bearing part, load

REAARS controlling part or operational safety device

o Bridge lights not working that is unsatisfactory, you must stop, secure

the crane and notify your supervisor. The
supervisor shall immediately report the crane deficiency to the crane inspection
organization. The item shall be marked by the operator as unsatisfactory on the ODCL
and the deficiency shall be described in the remarks block.
Minor deficiencies must be marked as unsatisfactory on the ODCL and the operator
shall describe the deficiency in the remarks block.
The supervisor shall provide the ODCL to the organization responsible for corrective
action.

CRANE OPERATCR'S DAILY CHECK LIST
B R CAT SRR E Eo

FomE "r.‘.:\:‘)"-r.h TocaT o FIRRETER B TRTE
B SRATE

Recording

2 MACHNERY HOUSE CHECK.
D

Results of the inspection must be noted on

the ODCL.

Each item shall be marked “S” for

satisfactory, “U” for unsatisfactory, or “N/A”

for not applicable.

The operator signs the ODCL after

performing the pre-operation check.

The ODCL must be turned in to the

supervisor after the last use of the crane

SLPERVISOR'S SIGRATLRE

each day. B

e
FRST OFERATOR'S SIGNATURE

LATE
(OPERATORS SIGRATIRE

DATE DATE Dale LA TE

FERTERS
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Knowledge Check

1. Select the best answer. On the ODCL, critical components are identified by

Bold letters

Ampersand (&)

Asterisks (*)

Letter color: red for critical — yellow for cautionary

apop

2. Select the best answer. Critical components must be carefully examined during the
ODCL. Which of the following are considered critical components?

a. Windlocks, stops and bumpers
b. Batteries
c. Emergency Stop Button

3. Select the best answer. If you discover a load-bearing part, load-controlling part, or
operational safety device that is unsatisfactory, you should:

Report the situation to crane inspection

Stop, secure the crane, and notify your supervisor
Report the situation to crane maintenance
Resolve the situation before continuing

apop

4. Select the best answer. Whether a critical component or not — any unsatisfactory
conditions must be:

a. Described in the “Remarks” block of the ODCL
b. Delivered to maintenance and engineering for action

5. Select the best answer. Each item on the ODCL shall be marked:

Serviceable, unserviceable, or not applicable
Satisfactory, unsatisfactory, or not applicable
Stable, unstable, or not applicable

Correct, incorrect, not applicable

apop

6. Select the best answer. What is the purpose of a hoist limit switch?

To prevent overtravel of the hook block and the possibility of two-blocking
To cause the operator to slow down

To prevent rotation of the hook

To cut off power to the crane when contacted

apop
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Walk Around Check
This is a sample walk around check section from an 1 WALK AROUND CHECK

. . . S| U[ NA
ODCL. Begin this check by walking around the crane Safely Guards and Plates * 4
and the job site, observing anything that is out of order e el -

Wire Rope *
Reeving *
Block *
Hook *

Sheaves or Sprockets * =

Boom and Jib * -
s
i)

or out of place as well as any potential hazards or
interference.

Gantry, Pendants, and Boom Stops *
Walkways, Ladders, and Handrails  F %
Winlocks, Stops, and Bumpers -
Tires, Wheels and Tracks
Leaks
Outriggers and Stabilizers *
- oad Chain *

rea Safety *

|-¢033—|7¢|—'—:r;n—m olo|o|w

Safety Guards and Plates
Check for missing safety guards and plates.

General Hardware
As you walk around the crane look for missing and loose
hardware such as nuts, bolts, brackets and fittings.

Wire Rope and Reeving

Visually check wire rope for unusual wear, fraying,
birdcaging, corrosion, and kinking. Check end
connections, where visible, for proper configuration,
seating, and condition of wire rope.

Visually check the condition of wire rope or load chain
reeving. Ensure wire rope or load chain is running true
in the hook block and boom point sheaves, and laying
correctly on the drum or sprockets

Block and Hook

Visually check the condition of the block and ensure all swivels rotate
freely.

Check the condition of the hook for cracks, excessive throat opening,
or twist. If rigging gear is on the hook and cannot be easily removed,
check the hook to the maximum extent possible without removing

rigging gear.
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Walk Around Check 2

Sheaves or Sprockets

Check, where practical, the condition of sheaves or sprockets
to determine that they are free to rotate and are not cracked or
chipped.

Boom and Jib

Check the condition of the boom and jib for straightness
and any evidence of physical damage, such as cracking,
bending, or other deformation of the steel elements or
welds.

When checking lattice booms, be especially watchful for
bent lattices and dents in the main chords. It is important to
have bent or dented crane boom members inspected and
evaluated because they can greatly reduce the strength of
a boom, possibly resulting in sudden collapse of the boom.

Walkways, Ladders, and Handrails

Check the condition of walkways, ladders, and
handrails for loose mountings, cracks, excessive rust,
loose rungs, or any other signs of unsafe conditions.
Ensure safety chains and gates are functional.

Walk Around Check 3

Tires, Wheels, and Tracks

Check the condition of tires for inflation, serious cuts,
or excessive wear. If lifts on rubber are planned,
check tires with a gauge for proper inflation pressure
per OEM load charts.

Check wheels to ensure they are not loose or
damaged.

On track machines, look for excessive slack, broken
or loose pads, or any other obvious defects.
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Leaks

Check for evidence on the crane and on the ground beneath
the crane, of any leakage of fuel, lubricating oil, hydraulic fluid,
or engine coolant.

Outriggers and Stabilizers

Check outriggers and stabilizers for damage.

If floats or pads are not permanently installed on the
outriggers, ensure they are on the carrier and that they
are not damaged.

Load Chain
Check for damaged or deteriorated links.

Area Safety

Check the work area and ensure that the exact locations of
obstacles or hazards are known.

Ensure ground conditions are sufficiently firm to support a
loaded crane.

Verify temporary connections are removed or cleared for
operation (e.g., temporary shore power or hotel power).

N

MACHINERY HOUSE CHECK

Machinery House Check
This graphic represents the machinery check section of
a typical ODCL.

Housekeeping

Diesel Engine and Generator *
Leaks

Lubrication

Battery

Lights

Glass

Clutches and Brakes *

Electric Motors *

Auxiliary Engine and Compressor
Danger/Caution Tags *

Fire Extinguishers

ir’Hoist Drum Pawls and Ratchets *

i o

— | x| TTQ|o|lajlo|o|a
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Machinery House Check - Housekeeping

Check to ensure that the machinery house and accesses are clean.

The crane operator is responsible for the cleanliness and housekeeping of the crane.
Ensure tools and authorized materials are properly stored and that waste and debris are
removed.

Machinery House Check - Leaks

Inspect for excessive grease on machinery. Look for hydraulic
brake fluid leaks around brake linings and cylinders. Check for
lubricating oil leaks around gear cases. If there appears to be
more than normal seepage, report the condition to your
supervisor.

Machinery House Check - Lubrication
Check gear cases for lubricant level and evidence of over or
under lubrication of crane components.

Battery and Lights
Check batteries for excessive corrosion and
leakage. Check to ensure lights are working.

Clutches and

Brakes

Check accessible portions of clutches and brakes for
evidence of excessive heat, wear, or grease and oil
on the linings. Check for evidence of loose fasteners
and for missing or broken parts.

If a brake is equipped with a manual release
mechanism, check to ensure the mechanism is not
in the released position.

Machinery House Check — Electric Motors
Check all motors for evidence of loose fasteners, oil or grease
splashes, and any indications of overheating.
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Danger/Caution Tags

If danger or caution tags are posted, read, understand, and follow the
directions on the tags.

Check the appropriate ODCL column as follows: "S" - all tags are
properly hung: "U" - tags improperly hung or otherwise deficient: "NA"
- no tags.

Fire Extinguishers
Ensure fire extinguishers are in place, seals are unbroken, and
inspection tags are up to date.

Knowledge Check
1. Select the best answer. Discoloration of the brake drum is usually caused by:

a. Normal operations

b. Overloading the crane
c. Lubrication

d. Overheating

2. Select the best answer. During inspection, cracked or flaking paint may indicate:

a. Poor quality paint

b. Aluminum paint on steel components
c. Structural damage or loose bolts

d. Latex paint over alkyd primer

Boom Angle / Radius Indicator
Fire Extinguisher

Level Indicator (Mobile Cranes) *
Danger / Cautions *

starting the engine.
Start the engine and check the items in the
Operator Cab Check section.

Operator’'s Cab Check 3 OPERATOR CAB CHECK
1S i i ' i STUNA

This is a typical Operator's Cab Check section from “TGauges "
an ODCL. b | Indicator and Warning Lights v

2 ndicator -
The operator should enter the cab and ensure all L oad Rufing Chars™ 7
controls are in the neutral or off position prior to c | List Trim Indicator (Floating Cranes)»

9

h

[+]

e
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Load Rating Charts

Ensure that the load rating charts
are posted in the operator's cab
and that they are legible.

Verify that the crane number is
correct, the certification expiration
date is not expired, and the crane
capacity is listed.

The two expiration dates that are
of particular importance to all
crane operators are the expiration
date of the certification of the
crane being operated, and the
expiration date of the operator's
license. The operator cannot
operate a crane if his or her
license is expired, and a crane
may not be operated to perform

CERTHWCATION OF LHAN TINT MM SOHDITION BerT 1o

RAEL R
LLEALER L il

LT

T HT
ARMUAL CERTERCATEON (% PAHT LINE )
(IO p— =

T T re———

production lifts if the crane certification is expired.

Fire Extinguishers

Ensure fire extinguishers are in place, seals are unbroken, and

inspection tags are up to date.

Training Only

Boom Angle/Radius Indicator

Gauges, Indicator and Warning Lights

Check gauges to ensure none are broken or missing and
that they are operating normally.

Check indicator and warning lights to ensure none are
broken or missing and that applicable indicator and
warning lights are lit.

Check indicator(s) for damage and ensure linkages

are connected.

When electronic indicators are used, ensure power is

supplied.

NCC-C4CS-02
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Level Indicator

Danger/Caution Tags

If danger or caution tags are posted, read, understand, and

follow the directions on the tags.

Check the appropriate ODCL column as follows: "S" - all tags
are properly hung: "U" - tags improperly hung or otherwise

deficient: "NA" - no tags.

Operational Check

The final check before placing the crane in service is
the “No Load" operational check.

When possible, the no load operational check shall
be conducted away from personnel and any
hazardous surroundings. A qualified rigger, if present
during the operational check, should control access,
observe crane operation, and report any unusual
noises, or other indications of unsafe conditions to the
crane operator.

When performing the operational check portion of the

ODCL in cold weather or icy conditions, the operator should raise the blocks and boom

On mobile cranes, check the level indicator for damage.

4

OPERATIONAL CHECK

NA

Area Safety *

s |w

Qutriggers and Stabilizers *

Unusual Noises

Control Action *

Wire Rope or Chain *

Brakes and Clutches *

Boom Angle / Radius Indicator *

- TF@a =0 a|o|oc|w

Limit Switches *

Emergency Stop *

i( “Dther Operational Safety Devices *

General Safety Devices

I | Fleeting Sheaves

before lowering them to avoid damage when sheaves may be frozen.

Operators should inform rigging personnel to stand clear of the area below the blocks

and boom prior to operation.

The operator should hoist up slowly, in small increments, to break any ice and/or snow
free, and monitor the sheaves to ensure proper movement and operation of the sheaves

and wire rope.

Area Safety

a loaded crane.
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Check the work area and ensure that the exact locations
of obstacles or hazards are known.
Ensure ground conditions are sufficiently firm to support
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Outriggers and Stabilizers
Prior to initial set up, check outriggers and stabilizers to
ensure they function freely.

Unusual Noises

After starting the engine, be alert for unusual noises, fluid
leaks, improper functioning, incorrect readings of gauges,
and loss of power or bad response to control of the
engine or motors.

Controls Action

Check controls through a range sufficient to ensure that
they operate freely and that the corresponding component
actuates properly when controls are activated.

Check hoist controls through the full speed range.

Wire Rope or Chain

Check for proper paying-out of the wire rope or chain,
that the wire rope or chain and hook blocks do not
twist/spin, and that the wire rope or chain is running
freely through the sheaves or sprockets and blocks.

If the boom and hoist drums or load sprocket are visible
from the operator's station, check for proper spooling of
the wire rope on/off the drum or chain on/off the load
sprocket.

After lowering the hooks and the boom for limit switch tests and hook inspections,
observe sections of wire rope or chain that may not be visible during the walk around
check.

Brakes and Clutches

Check brake and clutch actions and ensure they are
functioning normally and that there is no slippage, excessive
play, or binding.

Exercise brakes and clutches to ensure they are dry.
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Boom Angle/Radius Indicator
Check operation of the boom angle and/or radius indicator.

Limit Switches

Checking of limit switches shall be performed at slow
speed and include each upper hook hoist primary limit
switch and the upper and lower boom hoist primary limit
switches. (Verifying the operation of the upper and lower
boom hoist limit switches is required only during the
initial check of the crane each day.)

Checking of hook hoist lower limit switches is not
required if the hook can be lowered to its lowest
possible position (e.g., bottom of dry-dock being worked at minimum radius) while still
maintaining a minimum of two wraps of rope on the hoist drum (three wraps for un-
grooved drums).

For cranes that do not have the requisite number of wraps, the hook hoist lower limit
switch shall be checked where operationally possible, i.e., if the crane is at a location
where the limit switch can be checked (where the lower limit switch is not checked
during the pre-use check, it shall be checked if the crane is subsequently relocated to a
position where it can be checked).

For cranes without hoist upper limit switches, do not check hoist overload clutches if so
equipped. (See NAVFAC P-307, section 10 for specific precautions for these hoists.)
Checking of secondary limit switches is not required unless a specific operation is
planned where the primary limit switch will be bypassed.

Emergency Stop

Check the emergency stop or power-off button. Know its location
and ensure it is working properly. If the emergency stop is
checked while a motion is in operation, check at the slowest
possible speed.

Note: This is not applicable to diesel engine shutdowns on portal
and floating cranes.

PULL - "ON" / PUS!

H - "OFF"

Other Operational Safety Devices
Check any other operational safety devices as directed by the
activity engineering organization. An example would be dead-
man controls. Dead-man controls refer to controllers that
automatically stop operations when released. These pictures
show two types of dead-man controls. A foot switch and a push-
button thumb switch on top of the controller.

Training Only NCC-C4CS-02 42 of 217



CATEGORY 4 CRANE SAFETY STUDENT GUIDE

General Safety Devices
Check general safety devices such as sirens, horns, and travel
alarms for proper operation.

Knowledge Check

1. Select the best answer. The crane number, certification expiration date and certified
capacity are found:

Posted on the crane

In the load lift review

In the operator’'s manual

Posted in the crane maintenance area
In the EOM

PO T®

2. Select the best answer. Dead man controls refer to controllers that automatically...

a. Push your hand away from the handle when the crane stops
b. Stop operations when released

c. Change operational speeds to suit conditions

d. Compensate for slow operator response

3. Select the best answer. If you observe a red tag on a piece of equipment, you
should:

Under no circumstances operate this piece of equipment
Fix the problem and operate the equipment

Remove the tag and continue operations

Review the special instructions and operate accordingly
Verify the tag was from previous work

PO T O

4. Select the best answer. If you observe a yellow tag on a piece of equipment, you
should:

a. Remove the tag and continue operations

b. Under no circumstances operate this piece of equipment
c. Review the special instructions and operate accordingly
d. Fix the problem and operate the equipment

e. Verify the tag was from previous work

Training Only NCC-C4CS-02 43 of 217



CATEGORY 4 CRANE SAFETY STUDENT GUIDE

Summary

Performing a thorough and complete pre-operational crane check is the first step toward
safe and reliable crane operations. The ODCL identifies unsafe conditions and
enhances crane reliability. It verifies proper operation of the crane and is conducted
once each day. The ODCL is reviewed by subsequent operators. The operational
check is required once per shift. The ODCL is separated in to four sections, the walk
around check, machinery house check, operator's cab check and the no-load
operational check.
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CRANE SET-UP

Welcome
Welcome to Crane Set-Up.

Learning Objectives

Upon successful completion of this module you will be able to: list key considerations for
traveling mobile cranes to job sites, identify job site considerations, and explain
outrigger and stabilizer setup.

Introduction

At the end of this module you will understand the importance of proper crane set-up.
Understanding proper crane set-up and a well prepared working area for the crane is
critical for the safety of every lift.

Traveling to the jobsite
For safe travel to the job site, the driver of the carrier must be trained and qualified for
the specific type of machine to be moved.

Pre-Use Check (ODCL)

A complete check of the crane shall be performed by the operator
prior to the first use of the crane each day (whether the crane is
used in production, maintenance, testing, or being relocated). A
Crane Operator's Daily Checklist (ODCL) shall be used for this
purpose.

For operations not involving a lift (e.g., moving the crane to a new
location), the operator shall check those functions applicable to the
operation to be performed.

If the crane will be operated for production, maintenance, or
testing after relocation, a complete check of the crane shall be
performed prior to operation.

Thorough Check of the Crane

If a pre-use check is not practical, at a minimum, a thorough check of the carrier shall
be performed. Make sure all safety equipment such as lights, mirrors, flares, flags, and
fire extinguishers are on board and functional.

Route

If traveling over public roads the driver must also meet
all federal and state requirements. When possible,
the route should be checked for hazards, such as low
overpasses, power lines, or questionable ground
conditions. Disengage the power take-off unit (PTO)
according to OEM instructions. Do not attempt to
move the crane until building up the required air pressure.
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Knowledge Check

1.

Select the best answer. Which of the following should be considered before
traveling a crane?

a. Number of riggers required
b. Trained and qualified driver
c. Engineering documentation

Select the best answer. Which of the following should be considered before
traveling a crane?

a. Union requirements for drivers
b. Pre-use checks performed
c. Security clearance

Select the best answer. Which of the following should be considered before
traveling a crane?

a. Number of riggers required
b. Tire sizes
c. Check the route

Select the best answer. When traveling, the rotate lock should be

Engaged
Disengaged
Rotated

Optimized for travel

apop

Site Conditions

The success of the lift may depend on how the crane operator deals with varying job
site conditions such as crane clearances, underground hazards, and proximity to
overhead power lines.

Crane Clearances

Pay particular attention to counterweight clearance. No
part of the crane rotate structure may be closer than 2 feet
from an obstruction.
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Live Mast Clearance
Clearances between the live mast and obstructions may be reduced after
initial setup.

This illustration shows how raising the boom to a high angle on some
cranes may cause the live mast to project beyond the counterweight.

Setting up too close to buildings or tall structures with this crane could
lead to a crane accident.

Underground Hazards

Underground hazards at the worksite must be considered
when setting up mobile cranes. The crane will support the
load only if the ground will support the loaded crane.

Avoid areas known to have buried utilities, tunnels or
pipelines as machine weight and vibration can cause them to
collapse. If the bearing capacity of the ground is
guestionable, use additional blocking or cribbing to increase
ground support and crane stability.

Proximity to Power Lines

Power line contact is the largest single cause of
fatalities associated with cranes.

Check for power lines before setting up or operating
cranes. If any part of the crane or load could approach
the distances noted in NAVFAC P-307, figure 10-3,
during a proposed operation, the steps in NAVFAC P-
307 paragraph 10.11.1 shall be taken.

Figure 10-3 also provides required clearance distances
for operation in transit, or when traveling below a power
line. Paragraph 10.11.1.6 gives additional
requirements.

Treat all wires and electrical equipment as if they are
hot even when they are de-energized.

Barricading

The crane shall be so positioned at the job
site as to provide adequate clearance from
all obstructions to any part of the crane in
any position that it will operate. Particular
attention to counterweight clearance is
required. Accessible areas within the swing
radius of the rotating superstructure of a
crane shall be barricaded to prevent
personnel from being struck or crushed by
the crane.

Barricading
+ Reduces personnel hazard
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Knowledge Check

1. Select the best answer. When setting up a mobile crane, what is the minimum
clearance between the rotating upper works and fixed objects?

Whatever the crane operator feels is safe
12 inches

6 feet

2 feet

18 inches

"0 T

2. Select the best answer. If the minimum clearance cannot be achieved the crane
team must

Erect barricades

Sound the horn to warn personnel in the area

Designate a team member to guard the area when rotating
Rotate slowly and cautiously

Turn on headlights

PO T O

Crane Set-Up Considerations

Many mobile cranes rely on outriggers to support the entire crane.
Some use stabilizers which add stability to a crane while relying on tires
for support. Stabilizers are also used on certain truck cranes with front
stabilizers in addition to four outriggers.

Crane operators must follow OEM set-up requirements to stay within the
safe design limits of the crane. Manufacturer’s load charts should
contain all of the information necessary for proper crane set-up.

Firm Supporting Surface

The supporting surface must be able to support the pressure
generated by a crane.

A high percentage of the weight of the crane and load can be
transmitted to one float especially when rotating a heavy load
directly over it. Since the area of the outrigger or stabilizer float
is relatively small it generates high pressures. On soft ground or
guestionable surfaces, always use blocking beneath floats. This
distributes the crane's load over a larger area.

Outriggers Properly Extended

Outriggers with extendable beams should be fully extended except
where they have OEM designed mid-point extension and zero
extension positions for outriggers.

You must use the corresponding load charts that match these
outrigger positions.

cranes have
ial extension charls
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Tires Off the Ground

When a crane is set up on outriggers, the weight of the
crane must be off the carrier tires in order for the crane to
Vi, < pick it's full rated capacity. Tires should be just clear of
s counteracting weight|  the ground. On some cranes with pivoting axels, one of
the tires may touch the ground.

In either case, the weight of the raised tires is part of
crane’s counteracting weight that offsets the moment of
the load. Keeping the tires as close the supporting
surface as possible provides a safeguard if an outrigger
jack or beam fails. Some cranes use stabilizers in
conjunction with the tires to help stabilize the crane for lifting.

A Level Crane
A level crane is critical to the safety of every lift. The importance of this cannot
be over-emphasized! Operating in an out of level condition is not allowed.

H
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Using a Bubble Level
In-the-cab level indicators should be used for initial setup
only. Bubble type levels like this one in the crane cab,
should be confirmed if any doubt exists. For lifts
approaching rated capacity, or for load testing, it is best
to confirm with a calibrated level.

Using a Machinist Level

A level can be placed on the machined surface of the
rotate base on the carrier. Normally an area near the
boom heel pins provides access. Do not place the level
on a deck plate. They are often not smooth enough.

Check the level
over the side

Using a Plumb Bob

The crane’s whip hoist line can be used as
a quick check for level. Check for level by
sighting the hoist line along the centerline
of the boom while positioned over the front
or over the rear. Repeat this check over
the side. If the whip hoist does not line up
with the boom the crane is out of level.

Training Only NCC-C4CS-02 51 of 217



CATEGORY 4 CRANE SAFETY STUDENT GUIDE

Pads Pinned

Outrigger floats or pads must be secured to the outriggers
and stabilizers. If it is not secured, the cylinder may
disengage the pad if the outrigger becomes light.

They are usually secured with pins or quick release
locking devices.

Locking Beams

When operating a crane with mechanical outrigger locks, be
sure they are locked.

The type shown here is usually found on scissor-type
outrigger beams that hinge at the carrier frame and are raised
and lowered with a hydraulic cylinder between the frame and
the beam. Some cranes use a threaded rod screwed down
onto the top of a hydraulic jack cylinder to prevent bleed-off
and movement. Others use cam locks.

Knowledge Check

1. Select the best answer. When setting up a crane you must have

A crane walker

Jack stands

A valid driver’s license

A firm supporting surface

apop

2. Select the best answer. When on outriggers, outrigger beams must always be

a. Locked
b. Rotated

3. Select the best answer. When setting up a crane on outriggers, the tires must be

Depressurized

Rotated for flexibility
Just clear of the ground
Firmly set for stability

apop

Training Only NCC-C4CS-02 52 of 217



CATEGORY 4 CRANE SAFETY STUDENT GUIDE

4. Select the best answer. When setting up a crane on outriggers the outriggers will be

Retracted on the down side

Placed according to engineering specifications
Extended as far as possible

Properly extended

apop

5. True or False. When lifting on tires, ensuring the crane is level is still necessary.

a. True
b. False
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CoMPLEX AND NON-COMPLEX LIFTS

Welcome
Welcome to the Complex and Non-complex Lifts module.

Objectives
Upon successful completion of this module you will be able to define complex and non-
complex lifts, identify complex lifts, and state complex lift requirements.

Non-Complex Lifts
Are ordinary in nature, do not require direct supervisory oversight, and are made at the
discretion of the rigger in charge.

Complex Lifts

Complex lifts have a moderate to high level of risk.

Activities are required to identify complex lifts and prepare detailed written procedures
for their execution. Procedures may be in the form of standard instructions or detailed
procedures specific to a lift.

Complex Lift Categories

Complex lifts include:

e Hazardous materials

e Large and complex geometric shapes

e Lifts of personnel

e Lifts exceeding 80 percent of the capacity of the crane's hoist and lifts exceeding 50
percent of the hoist capacity for a mobile crane mounted on a barge (Excluded from
this rule are lifts with jib cranes, pillar jib cranes, fixed overhead hoists, and monorails,
and lifts of test weights during maintenance or testing when directed by a qualified
load test director)

e Lifts of submerged or partially submerged objects

e Multiple crane or multiple hook lifts on the same crane

e Lifts of unusually expensive or one-of-a-kind equipment or components

e Lifts of constrained or potentially constrained loads (a binding condition); and

e Other lifts involving non-routine operations, difficult operations, sensitive equipment, or
unusual safety risks.

Complex Lift Procedures

Activities shall identify complex lifts and prepare procedures (including rigging sketches
where required) for conducting these lifts. Procedures may be standard written
instructions or detailed procedures specific to a lift.

A supervisor or working leader must review on-site conditions and conduct a pre-job
briefing for all complex lifts.

A supervisor or working leader must supervise lifts over 80% (except for category 3
cranes), multiple hook lifts when the weight exceeds 80% of any hoist, and lifts of
ordnance involving the use of tilt fixtures.

If the lifts are repetitive in nature, supervisors must be present during the first complex
lift evolution with each team.
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Subsequent identical lifts by the same crew may be done under the guidance of the
rigger-in-charge.

Complex Lift Exceptions

Exceptions to the complex lift requirements include lifts over 80% of capacity made with
jib cranes, pillar jib cranes, fixed overhead hoists, and monorail cranes. These cranes
are usually smaller capacity cranes used primarily to service only one workstation,
machine or area.

Lifts of test weights during maintenance or load test are excluded from the complex lift
requirements.

Ordnance lifts covered by NAVSEA OP 5 in lieu of the NAVFAC P307 are also
excluded; except for lifts using tilt fixtures, lifts where binding may occur, lifts of
submerged loads, multiple crane or multiple hook lifts.

Knowledge Check

1. Select the best answer. Detailed written procedures are required for:
Non-Complex lifts

All lifts

Some lifts
Complex lifts

apop

2. Select the best answer. For all complex lifts, a supervisor or working leader must
review on-site conditions and ...

Define the crane operating envelope
Conduct a pre-job briefing

Select rigging gear

Inspect all rigging gear

apop

3. Select the best answer. Lifts of test weights during maintenance or load test are ...

a. Evaluated according to the complex lift requirements
b. Excluded from the complex lift requirements

c. Included in the complex lift requirements

d. Routine lifts because they are not complex shapes

4. Select the best answer. A crane with a capacity of 100,000 pounds is performing a
lift of 40,000 pounds. This is a(n):

Complex lift
Hazardous lift
Overload lift
Non-Complex lift

apop
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Hazardous Materials

Lifting hazardous materials with a crane is a complex lift. Materials such as
oxygen, acetylene, propane or gasoline in bottles, cans or tanks that are
properly secured in racks designed for lifting by a crane are excluded.

Large and Complex Geometrical Shapes
Complex lifts also include large and complex
shapes.

For example: objects with large sail area that
may be affected by winds, objects with
attachment points at different levels requiring
different length slings, and odd shaped
objects where the center of gravity is difficult
to determine.

Personnel Lifts

Use cranes for lifting personnel only when no safer method is
available.

Cranes, rigging gear and personnel platforms shall conform to OSHA
requirements: 29 CFR Part 1926.1431 and ASME B30.23.

The total weight of the loaded personnel platform and rigging shall not
exceed 50% of the rated capacity of the hoist.

A trial lift with at least the anticipated weight of all personnel and
equipment to be lifted shall be performed immediately before placing
personnel in the platform.

A proof test of 125% of the rated capacity of the platform must be held
for 5 minutes. This may be done in conjunction with the trial lift.

A body harness and shock absorbing lanyard shall be worn and
attached to a structural member within the personnel platform capable of supporting the
impact from a fall. The harness and anchorage system shall conform to OSHA
requirements.

Tag lines shall be used unless their use creates an unsafe condition.

Hoisting of the personnel platform shall be performed in a slow, controlled, cautious
manner with no sudden movements of the crane.

Personnel shall keep all parts of the body inside the platform during raising, lowering,
and positioning.

Before personnel exit or enter a hoisted platform that is not landed, the platform shall be
secured to the structure where the work is to be performed, unless securing to the
structure creates an unsafe situation.
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Lifts Over 80% Capacity

Lifts exceeding 80% of the capacity of the hoist are considered complex
lifts.

Use a larger capacity hoist if possible to avoid exceeding 80% of
capacity.

More Complex Lift Examples

Submerged Lifts

Lifts of submerged or partially submerged objects are
complex lifts.

The following lifts are not considered complex:

Removal of valves, rotors, pipes, etc., from dip tanks for
cleaning or coating purposes.

Lifting boats of known weight from the water if the boats
are of open design with bilge compartments accessible for visual inspection; the boats
have label plates indicating weights; and the boats have pre-determined lifting points
established by the OEM or the activity engineering organization.

Lifting submerged or partially submerged objects that meet the following criteria: the
object is verified to not contain fluid in pockets and/or voids that is unaccounted for in
the weight of the object; the object is verified or known to not be stuck by suction or
adhesion by corrosion, marine growth, excessive surface tension, mud etc.; and the
object is verified to be clear of obstructions such as other objects in the water,
underwater cables, etc.

Multiple Crane Lifts

Lifts with two or more cranes or multiple hook lifts on the same
crane, except for bridge or gantry cranes with hooks coupled
together and specifically designed for simultaneous lifting, are
complex lifts.

These lifts require special planning, coordination and skill.

The weight of the load and the weight carried by each crane and
hook must be determined prior to the lift to avoid overloading of
the cranes and/or rigging gear.

One signal person must be assigned to direct and control the
entire operation.
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Constrained Loads

Lifts of constrained or potentially constrained loads (binding
conditions) are complex lifts.

Where overloading of the crane or rigging is possible due to
binding conditions, a portable load indicating device with a
readout readily visible to the signal person or RIC shall be used.
When a load indicating device is used, an appropriate stop point
shall be established and the load indicating device shall be
carefully monitored to ensure the stop point is not exceeded.
When necessary, chainfalls or other hoisting control means shall
be used to avoid sudden overload of the crane or rigging gear.

Other Lifts
Other complex lifts include:

risks.

Knowledge Check

Lifts of unusually expensive or one-of-a-kind equipment or
components; and lifts involving non-routine operations,
difficult operations, sensitive equipment, or unusual safety

1. Select the best answer. Which of the following identify the two basic categories of

crane lifts?

Usual and unusual
Complex and Non-Complex
Critical and Non-Ciritical
Common and Non-Common
None of these

PO T®

2. Select the best answer. Personnel lifts are ...

Considered complex only under special conditions

Always considered complex lifts

Not considered complex if personal protective gear is worn
Not considered complex if personnel lifting devices are used

apop

3. Select the best answer. Personnel in a man-lift platform or basket must ...

Stand with knees bent to absorb motion shock

Wear aircraft reflective tape on their hard hat

Wear a safety belt with a shock-absorbing lanyard

Wear a full body harness with a shock-absorbing lanyard

apop
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4. Select the best answer. For personnel lifts, the total load must not exceed ...

The load chart capacity

The gross capacity if designated as a complex lift
50% of the hook capacity

80% of the hook capacity

oo op

Summary

There are two types of lifts: complex and non-complex.

Complex lifts have a moderate to high level of risk involved. All complex lifts require:
preplanning, written procedures and supervisory oversight.

Complex lift exceptions include: lifts by certain smaller cranes used primarily to service
only one work area, cranes designed for simultaneous lifting, load tests and ordnance
lifts covered by NAVSEA OP-5; except for lifts exceeding 80 percent of the capacity of
the crane’s hoist, lifts using tilt fixtures, lifts where binding may occur, lifts of submerged
loads, and multiple crane or multiple hook lifts.
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DETERMINING LOAD WEIGHT

Welcome
Welcome to Determining Load Weight.

Learning Objectives

Upon successful completion of this module you will be able to identify the importance of
knowing the weight of an item, choose acceptable ways to obtain weight information,
calculate area and volume of basic objects, and determine the weight of basic shapes.

Load Weight

Load weight determines the capacity of the crane and the rigging gear required.

Load weight must be verified or calculated whenever it is estimated to exceed 50% of
the crane’s hook capacity or 80% of the rigging gear capacity

Determining Load Weight Acceptable Methods

Load-indicating devices, label plates, engineering evaluation and calculation are all
acceptable methods of determining load weight.

When using a load-indicating device (LID) to determine load weight, the rigger-in-charge
shall have a reasonable estimate of the weight to be lifted. An appropriate stop point
shall be established and the load indicating device shall be carefully monitored to
ensure the stop point is not exceeded.

Determining Load Weight Unacceptable Methods

Never take word of mouth to establish load weight! Word of mouth may be used as a
starting point for sizing the crane and rigging gear so the component can be weighed
with a load indicating device, but never shall it be used as the final determination of load
weight.

To avoid overloading any equipment used in a crane lift, the rigger-in-charge shall know
or have a reasonable estimate of the weight to be lifted. If the weight is estimated to
exceed 50% of the capacity of the hoist or 80% of the capacity of the rigging gear,
platform/skid, below-the-hook lifting device, etc., the weight shall be verified by
performing an engineering evaluation or using a local procedure approved by the
certifying official or activity engineering organization. Alternatively, a load indicating
device shall be used.

Determining Load Weight Basic Rules
When determining the weight of an object you can always round up the dimensions and
the weight, but never round down. Never mix feet and
inches, and double-check your answers.

Standard Weights of Materials

This is a standard chart showing the weights of various
materials per square foot, per inch of thickness and weight
per cubic foot of volume. This chart is used as an aid when
calculating load weights.
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Finding Weight

Weights may be calculated using either area or volume.

Find the weight of objects such as plates by multiplying the area in square feet by the
material weight per square foot, for a given thickness.

To find the weight of three-dimensional objects multiply volume in cubic feet by the
material weight per cubic foot.

Which calculating method you use, will depend on the item. You may need to use both
methods for complex objects.

Calculating Weight By Area

To calculate the weight of this plate, we
must find the area and multiply it by the
material weight per square foot. Here,
we have a steel plate, 4 feet by 2 feet
by 1 inch thick. The area is 8 square
feet. To calculate the weight, we need
to find the unit weight, or weight per
square foot for the material. Using the standard material weight chart, we find steel
weighs 40.8 pounds per square foot per inch of thickness. The math can be simplified
by rounding to 41 pounds. Multiplying 8 square feet by 41 pounds per square foot gives
us 328 pounds.

+ 1" thick steel weights 40.8 Ibs
per square foot
*Area = 8 ft?

Area x Unit weight per sq foot = weight
8 ft?
X 41 |bs per f* (rounced)
328 Ibs.

WIurne=LengthXWidlhj}(Height Steel Weighs 490 |bs per cubic foot Ca|CU|atIng Welght By Volume
10" X 12" X 4' = 480 Cubic Feet 490 X 480 = 235, 200 Ibs . . . .
Volume is always expressed in cubic units, such
as cubic inches, cubic feet, and cubic yards.
Let’s calculate the volume of this box. The
formula is length, times width, times height. The
length is 12 feet. The width is 10 feet. The
height is 4 feet. When we multiply 12 times 10,
times 4, the volume is 480 cubic feet. Now we
can use the standard materials weight chart and
multiply the standard weight by the volume.

Calculating Area Area = Length x Width
The area of a square or rectangular shaped object is 7
determined by multiplying length times width or base times Width -

height. The area is always expressed in units of square feet or
square inches.

1
— Length Heigtht

Base x Height Area = Base x Height

Area = >

= Base —

Calculating the Area of a Triangle

To calculate the area of a triangle multiply the base of
the triangle by the height of the triangle and then divide
by 2.

The height of a triangle is the perpendicular distance
from the point opposite from the base to the base.

N L
7

Base
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Calculating the Area of a Circle

To calculate the area of a circle, multiply Pi, which is 3.14, by the
radius squared.

Find the radius of the circle by dividing its diameter in half. To
square the radius, multiply the radius by itself. For example, if a
circle has a diameter of 3 feet, the radius will be 1.5 feet. 1.5 feet
times 1.5 feet equals 2.25 square feet. Therefore, the radius
squared is 2.25 square feet. Pitimes the radius squared would
be 3.14 times 2.25 square feet, or 7.065 square feet. Diameter Radius = 1/2 Diameter

Calculating the Weight of Complex Shapes
Most complex shapes can be broken down into a series of simple
shapes.

To calculate the area of this complex shape, calculate
the area of the square using the formula length times
width. Next, calculate the area of the triangle using the

formula base times the height divided by 2. Then add
LxW = Area the areas together to get the total area of the complex

- Shape.
I = Area

Area of the First Part

The first step is to calculate the area of the rectangle,

or square, as shown in this example. The formula for &'
the area of a rectangle is, length times width. The

length is 8 feet and the width is 8 feet. 8 feet, times 8
feet, equals 64 square feet.

Area = m x Radius?
T (Pi)=3.14
Radius? = Radius x Radius

Area = Length x Width
8'x 8' = 64 sq feet

Area of the
8' Second Part
Next, find the area of the triangle.
The formula for the area of a triangle is, base times

4 | height divided by 2.
Area of a Triangle = 225 X HeIGt e page is 4 feet and the height is 8 feet. 4 ft times
8 x 4' 2 8 ft equals 32 ft*
—— =16=" 32 ft? divided by 2 equals 16 ft?
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Adding Areas

Now that we have found the area of the two sections, all
we have to do is add the area of the square to the area of
the triangle to find the total area of the object.

64 square feet, plus 16 square feet, equals 80 square
feet.

If we know what the material is and how thick it is, we can
find its weight with one more calculation.

B4saft + 1659t = 8059t Total Area

7 Calculating Area and Material Weight Step
Length x Width = Area One
10' x 8' = 80sq ft ‘

To calculate the weight using area, we must
find the material weight per square foot based
on its thickness. Then, we simply multiply the
’ base weight by the area of material. The area
Length = 10— of this steel plate is 80 square feet.

Step Two Length x Width = A
' . engin x Wi = Area
Now we need to know the plate's thickness. 10'x 8 = 80sq ft

According to the ruler, it is 1 inch thick.

Length = 10"
Ace’s Book of Rigeing gT Acg’ igging” Step Three
T —Tvase] L : Weightper We can find the weight of common materials
meoiio 1) 4] Tbs./ft2 NT{ " ||| listed in several reference books available from
A = i | i _—— various industry sources. Here, in “Ace’s Book
e 3 i ﬁ?@ of Rig_ging”,_we find the_se tabl_es._
ey B e ikl | Material weight per cubic foot is in the left table.
e ] o In the right table, unit weights are listed by
T — 02 weight per square foot, per inch of material
Hamli Corpec | 356 | thickness. We will use the table on the right
Lead o since the material weights here are based on the

thickness of material.

We find steel listed in the “Materials” column. The unit weight is 40.8 pounds per
square foot, per inch thickness of steel plate. Now let’s apply the rule we learned earlier
in the lesson to make the math easier and give us a safety margin in our calculations.
What was the rule on rounding that we should apply to this unit of weight? Round up!
So, 40.8 pounds per square foot is rounded up to 41 pounds per square foot.
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Step Four

To calculate the weight of the plate: Multiply the area, 80
square feet by the unit weight of 41 pounds per square
foot. The weight of the plate is 3,280 pounds

If 1-inch thick steel plate weighs 41 pounds per square
foot, a 2-inch thick steel plate would weigh 82 pounds
per square foot.

What would 1/2 inch thick steel plate weigh per square
foot? It would weigh 20.5 pounds.

Calculating Weight of a Triangle
Base x Height ~ Step One

Area of a Triangle =

2 In this example, we have a triangular
shape.
5y 12" How do we find the area of this plate?
X = 30 saft Multiply the base times the height and
divide by 2. 12 times 5, divided by 2. The
area of this plate is 30 square feet.
Step Two AGa's BO0K of Figghng
To find the weight of this plate, we have to multiply the H:'":' ‘l’%&f e B
area (30 square feet) by the unit weight of the material ||~ 5" " i oftikness
per inch of thickness. [ Mape s T 30
The material is brass, and the thickness is 3 inches. S | T T
. . . | Sand (dry L2 i T
To find the total weight of the material we need to Reiorced | 150 :@ T
. . . i — 165 Mond T Copper / i~
reference a table or chart to obtain the unit weight. T = S
e Dot
Monel / Copper / 556 > 448 |bs./ft?
Phasp hor Bronze o .
. Chx Rounded up [45 Ibs.
Step Three

We now know that brass weighs 45 pounds per
square foot, per inch of thickness.

We multiply the thickness, 3 inches, by the unit

weight of 45 pounds. The material weighs 135 122 3 x 45 Ibs./ft2 = 135 Ibs. ft2
pounds per square foot. Next, we multiply the area, 135 Ibs./ft? x 30 ft2= 4,050 Ibs.
30 square feet, times the weight per square foot, 5

135 pounds. We find that this item weighs 4,050 Weight of brass plate = 4,050 Ibs.
pounds.
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Calculating Weight of a Circle Using Area

To calculate the area of a circle, multiply Pi, 3.14,
by the radius squared.

This steel plate is 4 feet in diameter. Therefore,

the radius is 2 feet. The plate is 1 ¥z inches thick.

To find the area: multiply Pi, or 3.14 times the
radius squared. 3.14 times 2, times 2 equals
12.56 square feet.

To find the weight per square foot: multiply the
plate thickness, 1 % inches, times the weight of 1
square foot of 1-inch thick steel. 1.5 times 41
equals 61.5 pounds.

To find the weight: multiply the area, 12.56
times the unit weight of 1 %2 inch thick steel plate
which is 61.5 pounds.

The weight of this circular steel plate is 772.44
pounds.

. Area= a x Radius?

4 - ~ 0 w(Pi)=3.14
radius=2"
_ thickness =1.5"

steel = 41 |bs per sq ft

Area = 3.14 x 22

Area=12.56 ft

Thickness x pounds per 1" thickness weight
1.5x41=615Ibs/ft2

Area x Ibs per sq. ft = Weight of plate
12.56 ft? x 61.51bs =772.44 |bs

. — [ Rounding

P B rEn =3 . . .

o icknas =15 Rounding numbers make calculations easier.
sieelmalbspersat Always round up.
Area=3‘§:a{ - Rounding up gives a larger area and heavier
weight, therefore an added safety margin.
Thickness x pounds per 1" lhigkness weight Round up the plate area and the Weight.
5% = 62 lbs /1t The area, 12.56 square feet, rounded is 13
Area X Ibs/ft? = Weight of plate square .feet' .
132 X 62 Ibs/ft? = 806 Ibs The weight, 61.5 pounds, rounded is 62 pounds.

13 times 62 equals 806 pounds.

Knowledge Check

1. Select the best answer. To find the weight of a piece of aluminum plate, you would

multiply ...

a. Square feet times material weight per square foot based on a specified thickness

b. Cubic feet times material weight per cubic foot

2. Select the best answer. A triangular shaped 1 inch thick metal plate has a base of
10 feet and a height of 15 feet. What is the area of the plate?

1,500 feet

150 feet

75 square feet
1,500 square feet

apop
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3. Select the best answer. A circular shaped %2 inch thick aluminum plate has a
diameter of 7 feet. What is the area of the plate rounded up?

a. 22 square feet
b. 22 feet

c. 39 square feet
d. 7 square feet

4. Select the best answer. A complex shape of 1 inch thick aluminum plate has a
rectangular area of 64 square feet and triangular area of 16 square feet. If
aluminum weighs 14 pounds per square foot, how much does the plate weigh
(rounded up to the nearest hundred pounds)?

1,100 pounds
1,300 pounds
1,000 pounds
1,200 pounds

apop

5. Select the best answer. A complex shape of 1 inch aluminum plate measures 6 feet
long on the top edge, 8 feet wide on the left edge, 12 feet long on the bottom edge,
ending with a 10 foot long hypotenuse connecting back to the top edge. What is the
correct equation to find the area of the triangular shape?

a. 8x12/2
b. 8x6/2

c. 6x12/2
d. 12x10/2

6. Select the best answer. The formula for determining the area of a triangular shaped
object is:

Base x Height divided by 2
Base x Height x 2

Length x width x height
None of the above

apop
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Calculating Volume

The volume of a square or rectangular object is
figured as length times width multiplied by the
height.

Volume = Length x Width x Height

length Volume = 1t x R2 x Height
n=3.14

radius

The volume of a cylinder is Pi times the radius heigh |
squared, times the height.

Calculating Weight Using Volume

To calculate weight, by volume, we need to
find the unit weight, or weight per cubic foot
for the material. We go back to the tables to
find the weight for a cubic foot of fir wood.
This time we will use the table on the left
since the material weights listed here are
based on the weight per cubic foot of material.

80 tiibic fsat oF fF lmber Using the standard material weight chart, we
X 34 pounds per cubic foot find that fir weighs 34 pounds per cubic foot.
2,720 pounds load weight If the weight were listed in fractions or

decimals, such as 33.8 pounds per cubic foot,
we would simplify the math by rounding 33.8 up to 34 pounds. Multiplying 80 cubic feet
by 34 pounds equals 2,720 pounds.
This stack of lumber weighs 2,720 pounds.

Volume of a Cy”nder o Area (ft?) of the circular end (area of a circle) = Pi x radius?
What is the formula for finding the volume of a Volume (ft%) of a solid cylinder = Pi x radius? x height

cylinder?

To calculate the volume we must first find the area
of the circular end. The formula for area is Pi times
radius squared. Once we know the area, we
simply multiply it times the height or length. So the
formula we use to find the volume of a solid
cylinder is, Pi times radius squared times the height. If the cylinder were lying down you
would use its length in place of the height.

" | Volume of a Cylinder
Volume of a Cylinder = Pi x Radius? x Height

Calculating the Volume of a Cylinder

G822 Pmensons: Let’s calculate the volume of this
eight= .
Diameter = 6' Radius = 3' Cy|lndel’.

Area of a Cylinder =  x Radius? x Height If the diameter of this object is 6 feet,
3.14 x (33) = 28.26 sq foet what would the radius be?
28.26 sq feet X 10' = 2826 cubic feet | N€ radius would be 3 feet.
The height is 10 feet.
We multiply Pi, which is 3.14 times 3
feet times 3 feet. The result is 28.26 square feet.
Now, multiply 28.26 square feet, times the height, 10 feet.
The result is the volume of this cylinder, 282.6 cubic feet.

Walls = 1" thick
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If the cylinder is hollow, we will need to calculate the volume of the cylinder and the
volume of the contents separately.

Calculate the volume as if the cylinder is solid. Then calculate the volume of the hollow.
Subtract the volume of the hollow section from the volume of the solid cylinder.

Calculating the Cylinder Weight

One inch steel plate weighs 40.8 pounds per
square foot.

The bottom plate is 6 feet in diameter, so the
radius is 3 feet. 3 feet squared equals 9
square feet. e Step1 314 x6'x 10 = 188.4 2

=) Bottom plate weight = n x Radius? x 40.8 Ibs ft2

Step1 33 =9ft
Step 2 3.14 x 9ft? = 28.26 fi?
Step 3 28.26 ft2X 40.8 = 1,154 Ibs.

Cylinder wall weight = 7 x diameter x Height ft x weight of materials

We multiply 9 square feet by 3.14. This Ty SRR 1SRATKA0STTE e
gives us the area, 28.26 square feet. Bottom Plate = 1,154 Ibs
We multiply this by the unit weight for steel Cylinder = 7,687 Ibs

plate of 40.8 pounds per square foot. The bottom plate weighs 1,154 pounds.

Calculate the cylinder wall weight as a flat plate. Multiply Pi, (3.14) by the diameter, 6
feet, and then by the height, 10 feet.

Multiply the area 188.4 square feet by the weight of steel plate, 40.8 pounds per square
foot. The resulting weight is 7,687 pounds.

Cylinder Weight with Contents
Using the volume calculation, let’s find the

Saltwater = 64 Ibs ft3 ) . . . .
weight of the water contained in this thin-

Materials weight x cubic feet = weight of the water

64 Ibs/ft x 282.6 ft? x = 18,086.4 Ibs walled cylindrical tank. S
Rounded up = 18,087 Ibs Let’s calculate the weight of this cylinder
full of salt-water. We need to know the
Bottom Plate = 1,154 Ibs igh bic f f |
Cylinder = 7,687 Ibs weight per cubic foot of salt water.
Water = 18,087 Ibs Looking at our material weight chart we
Total Weight of cylinder and water = 26,928 Ibs see saltwater weighs 64 pounds per cubic

foot. We multiply the material weight
times the cubic feet to find the weight of
the water in the cylinder. 282.6 cubic feet
times 64 pounds per cubic foot equals 18,086.4 pounds.
Now we will add up the weights. 1,154 pounds for the bottom plate, 7,687 pounds for
the cylinder wall; and 18,087 pounds of water, for a total load of 26,928 pounds.

Knowledge Check

1. Select the best answer. A box has 27 cubic feet of sand in it. Sand weighs 105 Ibs.
per cubic foot. The box weighs 1,200 Ibs. empty. The correct equation to find the
total weight is:

a. 27 x105=2,835 Ibs.

b. 27 x 1,200 = 32,400 + 105 = 32,505 Ibs.
c. 27x105=2,835+ 1,200 = 4,035 Ibs.
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2. Select the best answer. A cylinder has a diameter of 12 feet, and a height of 17 feet.
What is the volume of the cylinder rounded up?

204 cubic feet

7,687 cubic feet
204 square feet
1,922 cubic feet

apop

3. Select the best answer. A cylinder is made of solid aluminum which has a unit
weight of 165 pounds per cubic foot. What is the weight of this cylinder if the
diameter is 4 feet and the height is 5 feet?

10,000 Ibs.
10,362 Ibs.
12, 532 Ibs.
10,532 Ibs.

apop

4. Select the best answer. A rectangular shaped tank has a length of 24 feet, a width
of 10 feet, and a height of 12 feet. What is the volume of the tank?

2,880 cubic feet
2,900 feet

2,880 square feet
2,400 square feet

apop
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LOoAD WEIGHT DISTRIBUTION

Welcome
Welcome to the Load Weight Distribution Module.

Learning Objectives

Upon successful completion of this module you will be able to: explain the difference
between the center of balance or balance point and the center of gravity, understand
the importance of locating an object’s center of gravity, calculate the center of gravity of
various objects, discuss the determining factors of weight distribution to attachment
points, apply the “Two legs carry the load” rule, explain the imp