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Preface

reference, first published in 1950—Handbook of Rigging—for

Construction & Industrial Operations (Lifting, Hoisting, and Scaf-
folding), has been comprehensibly revised, expanded, and updated
to include the current best practices for safe rigging procedures on
the construction site, as well as in industrial and utility facility
environments.

Emphasis in each chapter is on the legal obligation of rigging con-
tractors and project management to comply with safety and health
requirements, as set forth in OSHA 1926 federal regulations; ANSI/
ASTM safe operation standards for lifting and hoisting equipment—
for materials and personnel; as well as specific industry standards
and guidelines applicable to various rigging procedures, equipment,
and devices.

The handbook is intended to provide a ready reference and guide
for:

T I This fifth edition of the industry acknowledged standard rigging

e Engineers and contractors engaged in rigging design and
operations.

o Expert riggers and erectors of buildings and other structures.

e Maintenance mechanics in industrial plants and electric
power generation facilities having less frequent rigging jobs
to perform.

e Operators of all types of hoists, derricks, and cranes.

o Workers engaged in the erection of scaffolds or signages, or in
climbing tall structures (towers and chimneys) for repair or
maintenance work.

Accident statistics show that construction is a high-hazard indus-
try to work in. As most of the accidents that occur are the result of
human error, it’s important for everyone involved in rigging—lifting,
hoisting, and scaffolding procedures—to accept responsibility for the
part they play in the operations.
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Preface

Almost all the crane accidents reported each year, however, could
have been avoided if the workers controlling the cranes” operation
had paid more attention to what they were doing, checked the condi-
tion of slings and lifting equipment before use, ensured that loads
were not lifted over any public place or work area, and not allowed
anyone to ride on a suspended load.

A key aspect of this handbook is to encourage managers and
workers to accept their responsibility to minimize the risk of acci-
dents to persons and property through proper training that can sig-
nificantly improve accident prevention on the construction site.

The handbook attempts to identify the elements of safe rigging
practice and expand on the minimum safety regulations promulgated
by OSHA and the various standards organizations. It should be used
as a guide, in conjunction with the applicable safety regulations by
everyone concerned with or responsible for the safety of employees
at work on a project, as well as for the general public and surround-
ing property and structures.

Information in specific chapters on rigging equipment, systems,
and devices can provide the basis for developing instructional mate-
rial used in training personnel engaged in rigging operations. It also
can be included in standard instructions issued to employees for the
safe use of rigging equipment and handling of construction materials.

Safe practices recommendations in the handbook, of necessity,
are framed in general terms to accommodate the many variations in
rigging practices and the different ways in which rigging is used.
Because these recommendations are only advisory in nature, they
must be supplemented by strict observance of specific relevant
regulations—as well as individual equipment manufacturers’ rec-
ommendations and requirements.

The author is grateful to the various professional, technical, and
trade organizations, government agencies, equipment manufacturers,
and materials producers for providing technical information, illustra-
tions, and tables cited throughout the text.

Joseph A. MacDonald:
Construction Writers Association
Society of American Military Engineers
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were used then, as now, to pry stones, roll logs, and move ob-

jects that were too heavy to be moved by hand. The inclined
plane, or natural ramp, was in use even then to help move heavy
objects up to higher elevations.

The first major rigging job, of which there is not only a record, but
also indisputable evidence, was the construction of the three pyra-
mids at Gizeh, near Cairo, Egypt—about 2700 BC. Estimates are that
preparation work must have taken about 10 years, and construction
about 20 years.

As it stands today, the large pyramid—built to contain the re-
mains of Pharaoh Cheops (Khufu)—is 746 ft (227 m) square at the
base and 451 ft (141 m) high. Originally, the structure was encased in
fine grain limestone. But at some unknown time during the past 4600
years, or more, this sheath was removed.

The large pyramid contains about 2.3 million stones—weighing
from 2 to 30 tons each; a total of about 5.75 million tons—nearly 20
times the weight of the masonry in the 102-story Empire State Build-
ing in New York City.

T I The art of rigging may be traced to prehistoric times. Levers

Inclined Planes (Ramps)

Records indicate that a sand ramp, requiring nearly one million tons
of sand, transported from the desert, was built-up on one side as the
pyramid rose in height. Another million tons of sand were then re-
quired to backfill the interior of the pyramid. And, when the job was
completed, the ramp had to be removed.

The construction crews had no mechanical equipment. Instead,
they used levers, rollers, crude ropes, sledges, plumb lines, and string
sightings to get the massive job done. The huge stones were hauled
up the ramp on rollers, for an average lift of 100 ft, by the brute
strength of 100,000 slaves in teams of 50 workers each, driven by the
slave master’s whips.

The pyramid remains today as indisputable proof of the ingenu-
ity and brutality of the Egyptian constructors.
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Winch and Pulley Hoist

Archaeological records show that as far back as 515 BC, the ancient
Greeks were using a crane mechanism for lifting heavy loads using
small construction teams—unlike the more labor intensive ramp, re-
quiring large bodies of unskilled labor that had been the norm in the
autocratic society of Egypt and Assyria.

Although the art of rigging may be traced to prehistoric times, it was
the Greeks who first invented the winch and pulley hoist that lead to a
widespread replacement of ramps as the main means of vertical motion.

Greek temples of the classical age like the Parthenon featured
stone blocks weighing less than 15 to 20 tons. And, the practice of
erecting large monolithic columns was practically abandoned in favor
of using several column drums.

Archaeologists point out that the distinctive holes appearing on the
stone blocks of Greek temples—either above the center of gravity of the
block, or in pairs equidistant from a point over the center of gravity—
are positive evidence of the existence of a mechanical lifting machine.
The first recorded evidence for the existence of the compound pulley
system appears in the Mechanical Problems, attributed to Aristotle
(382-322 BC).

The Romans adopted the Greek crane and developed it further—
enabling the construction of buildings having enormous dimensions.
Several extensive recorded accounts, as well as particularly detailed
reliefs of Roman cranes, exist from the late first century AD.

Modern Lifting and Hoisting Procedures

The art of rigging has developed to the degree that today manu-
facturers build 200- to 400-ton traveling cranes for power plants;
hammerhead cranes of even greater capacity for shipyards; and
mobile cranes and derricks capable of handling trusses and gird-
ers weighing up to 200 tons for buildings or bridges.

This handbook, however, does not deal with rigging operations
of such magnitude. Rather, it covers conventional rigging operations
on construction sites for erection and demolition of buildings and
structures; in industrial factories, and electric power plant; in the
transporting and handling of heavy machinery; as well as for mining
and port facilities operations.

Scaffolding Systems

Included, also, is a section on the erection of temporary scaffolding
used for painting, construction, repair, or demolition of buildings and
structures (towers and chimneys).

In the period up to 1916, the majority of scaffolding was con-
structed from timber. The shortages and costs of imported timber in
Great Britain at the time of World War I spurred the development of
new systems.
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The first major development took place in 1918 when British en-
gineers patented the universal coupler for use on steel tubes, provid-
ing many advantages over timber not only in strength and stiffness,
but also in extensive reuse—as well as the obvious relative speed by
which it could be assembled compared to timber scaffolding.

During that period, many different scaffolding systems were be-
ing developed around the world, consisting of welded frames that
could be slotted or clipped together to form access or support towers,
resulting in reduced construction time and complexity, and requiring
less skill in assembly.

Continual developments have resulted in stronger systems that
incorporate either horizontal restraints (using lasers, ties, or braces)
at more levels; or stronger tubes or connections—making scaffolding
systems even easier to use.

The handbook’s appendices include a bibliography, as well as
government agency and industry association information resources.
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1.1

CHAPTER 1

Codes and
Standards

umerous codes, standards, specifications, and regulations
Ngovern all rigging operations. They are promulgated and

enforced to protect construction site workers as well as the
general public against unsound practices, misuse of equipment, and
improper handling of materials—to prevent physical harm, property
damage, and possible financial disaster.

Most standards were developed for permanent construction,
although also applicable for temporary construction. Some, however,
have been written specifically to address temporary structures used
in construction such as those for scaffolds and scaffolding.

Standards written for temporary structures in construction are
voluntary and generally only guidelines, developed by a consensus
procedure through the major standards-writing organizations:
American National Standards Institute (ANSI), ASTM International
(ASTM); and the National Fire Protection Association (NFPA).

Other standards are written by independent organizations for
their specific industries, such as American Institute of Steel Construc-
tion (AISC), Aluminum Association (AA), and American Institute of
Timber Construction (AITC).

Regulations and requirements promulgated by the federal Occupa-
tional Safety & Health Administration (OSHA) as well as state and local
jurisdictional agencies, however, are compulsory technical and legal
documents. In some cases, provisions of the voluntary standards are
adopted, either in part or as a whole, by regulatory agencies thereby
becoming mandatory standards. Many ANSI standards, for example,
have been incorporated into OSHA Regulations.

Building Codes

Formerly, three model building codes were used in different
regions of the country. In the late 1990s, however, the three organi-
zations formed the International Code Conference (ICC) to jointly

3
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Codes, Standards, and Regulations

develop a single set of comprehensive and coordinated national
Model Construction Codes. Since 2000, the International Building Code
has been the single building code throughout the United States.

Authority for building code enforcement varies from state to
state, depending on whether there is a statewide building code with
an ultimate central authority, or if codes are the purview of local
authorities. Although each state holds the ultimate power to enforce
building codes, traditionally these regulations have been adopted
entirely, or modified, and enforced at the municipal and the county
levels to meet local conditions.

These local jurisdictions may write their own codes or may legally
adopt the state promulgated building code, or the International Build-
ing Code.

Codes Guide

Since 1967, the National Conference of States on Building Codes and
Standards (NCSBCS) has coordinated state and local building codes.
The organization consists of chief building regulatory officials of the
states, local code officials from across the nation, federal officials, and
other organizations and professionals interested in the need to
strengthen building codes and public safety.

NCSBCS provides an interchange of information and technical
services to encourage safe, durable, accessible, and efficient design
and construction of buildings throughout the nation. It publishes,
among a number of related documents:

e Guide to current building codes and standards, covering
local, state, and federal regulations

e Standard safety guidelines (adopted by many states) to
help provide uniformity in building construction and to
guard against fire hazards and other unsafe conditions in
buildings

While national design codes can also be applied to temporary
structures in construction, specific commentary on design criteria
and construction methods is minimal.

U.S. Consensus Standards and Specifications

Several subject-specific and nationally recognized design standards
have been developed and written to allow their adoption by refer-
ence in a general building code, including the following:

ANSI—American National Standards Institute

American National Standard for Construction and Demolition
Operations (A10)

American Safety Code for Building Construction
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American Standard Building Code Requirements for Minimum
Design Loads in Buildings and Other Structures (A58.1-1945)
Minimum Design Loads for Buildings and Other Structures
(A 58.1-1982)

Scaffolding (A10.8)—covers a broad range of scaffold types, includ-
ing general requirements and provisions for platforms, tube and
coupler scaffolds, and fabricated tubular frame scaffolds
Specifications and Guidelines for Aluminum Structures—
Aluminum Association Design Manual

Steel Erection (A10.13)—general guidelines on temporary flooring,
bolting and “fit-up,” building and bridge erection, dismantling,
mill work, and working over water; relatively prescriptive; cross
references a variety of related standards

Structural Framing, Studs, Joists and Planks (PS 20)—American
Lumber Standards

ANSI/ASCE—American National Standards Institute/American
Society of Civil Engineers
Standard for design loads on structures during construction
Guidelines for design of buildings and the associated temporary
structures construction
Performance criteria, design loads, load combinations, and safety
factors to be used in the analysis and design of structures during
their transient stages of construction, as well as temporary struc-
tures used in construction operations

ASTM—ASTM International
Standard ASTM Specifications for Structural Steel Shapes (A992/
992M-06a)

Nonferrous Metal Products: Aluminum and Magnesium Alloys—
Book of Standards (ASTM Volume 02.02-05)

CSI—Construction Specifications Institute
Standards and formats to improve construction documents and
project delivery

NIST—National Institute of Standards and Technology

Develops and promotes the use of science-based tools—reference
standards, measurements, data, models, and protocols—designed
to enhance:
e Construction industry through innovations in building mate-
rials and construction technology
e Safety, security, and sustainability of buildings and physical
infrastructure
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The institute provides science-based measurement and predictive
tools and protocols for advanced construction technologies—innovative
connections, high-performance constructed systems, and process
technologies for automated construction.

Industry Consensus Standards

More than 400 industry organizations produce or promulgate (or
both) standards regulating design and construction of buildings,
among them:

American Institute of Steel Construction (AISC)

Steel Construction Manual, (13th Ed.)—Update of the AISC Steel
Construction Manual, combining the previously separate Allow-
able Stress Design and Load and Resistance Factor Design. Manual
includes:

e 2005 AISC—Specification for Design Fabrication and Erection of
Structural Steel Buildings

Applies to both permanent construction and temporary
structures
Reflects development of independent Load and Resis-
tance Factor (LRFD) specification and exclusively covers
allowable stress design
Covers fabrication and erection of structural steel, includ-
ing specific sections related to temporary structures in
construction
Covers temporary Support of Structural Steel Frames;
and presents some guidelines on temporary structures
Identifies characteristics and related requirements for
self-supporting and non-self-supporting steel frames—
steel frames that require interaction with other elements
not classified as structural steel to provide the required
stability or resistance to wind or other lateral loads
Temporary supports such as guys, braces, falsework, crib-
bing or other elements required for erection that are deter-
mined, furnished, and installed by the erector

e 2005 AISC Code of Standard Practice for Steel Buildings and
Bridges

e 2004 RCSC Specification for Structural Joints Using ASTM A325
or A490 Bolts

This Manual replaces the ASD Manual (9th Ed.) and the LRFD
Manual (3rd Ed.). Much of the HSS Connections Manual has also been
incorporated and updated in the Manual.
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American Welding Society (AWS)

Structural Welding Code (AWS D1.1/D1.1 M — 2004)—Covers the
welding requirements for any type of welded structure made from
the commonly used carbon and low-alloy constructional steels;
includes 12 mandatory and 14 nonmandatory annexes. Sections 1
through 8 provide rules for the regulation of welding in steel con-
struction; this code:

e Contains latest workmanship standards, inspection proce-
dures, and acceptance criteria

e Updates certain ASTM steel specifications and adds new
prequalified steels,

e Reflects advances in technology
o Details newest allowable stress range formulae

e Presents latest revision of prequalified base metal list

American Society of Civil Engineers (ASCE)

Design Load on Structures during Construction (ASCE 57-02)—Standard
provides minimum design load requirements during construction for
buildings and other structures; addresses partially completed struc-
tures and temporary structures used during construction.

Loads specified are suitable for use either with strength design
(such as USD and LRFD) or allowable stress design (ASD) criteria
and are equally applicable to all conventional (and temporary) con-
struction methods.

Topics include loads and load combinations, dead and live loads,
construction loads, lateral earth pressures, environmental loads, and
performance and safety criteria.

Recommended Practices and Guidelines

Sources of information related to the design, erection, and construc-
tion of temporary structures include:

ANSI—National Standard for Construction and Demolition Operations:
Scaffolding Safety Requirements; Steel Erection—Safety Requirements

AISC—Code of Standard Practice and Manual of Steel Construction—
Allowable Stress Design

AITC—Timber Construction Manual
ASCE—Minimum Design Loads for Building and Other Structures

ASSE—Safety Requirements for Rigging Qualifications and
Responsibilities (American Society of Safety Engineers)

ASTM—Standards in Building Codes
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AWS—Structural Welding Code-Steel

CSA—Falsework for Construction Purposes (Canadian Standards
Association)

NFPA—National Design Specifications for Wood Construction

SSFI—Recommended Procedures for Compression Testing of Welded
Frame Scaffolds and Shoring Equipment (Scaffolding Shoring and
Forming Institute)

TPI—Recommendations of Handling and Erecting Wood Trusses —Bracing
Wood Trusses: Commentary and Recommendations (Wood Truss
Council of America)

UL—Internal-Combustion-Engine-Power Industrial Trucks—Electric-
Battery-Powered Industrial Trucks (Underwriters Laboratories)

Regulations and Standards

OSHA Regulations
OSHA 29 CFR

1926  Safety and Health Regulations for Construction
1910  Occupational Safety and Health Standards

U.S. Consensus Standards and Guidelines
ANSI Construction Collection

Personnel and material hoists

Requirements for scaffolding

Temporary and portable space heating devices and equipment
Safety nets

Steel erection

ASTM—International Book of Standards

Section 04 — Construction
Wood
Building Construction (I) E 72-E1670
Building Construction (II) E1671
Latest, Property Management Systems, Technology



CHAPTER 2

Government
Regulations

during rigging operations such as worker and public safety

ﬁ number of federal regulations apply to working conditions
and health, waste disposal, and water runoff.

2.1 Federal Regulations

The regulations most profoundly affecting temporary structures in
construction are those of the Occupational Safety & Health Adminis-
tration (OSHA), Department of Labor.

Most states administer their own occupational safety and health
programs, generally adopting the federal OSHA regulation of similar
requirements. When three sets of regulations may apply—federal,
state, and local supplementing each other—contractors should fol-
low the strictest requirements.

OSHA

OSHA Regulations—Mandatory requirements to protect employees
from the hazards of construction (and rigging) operations are pub-
lished in the following:

29 CFR Part 1926—Safety and Health Requlations for Construction

E - Personal Protective and Life Saving Equipment

F - Fire Protection and Prevention

H - Materials Handling, Storage, Use and Disposal

I - Tools (Hand and Power)

] - Welding and Cutting

L - Scaffolds

M - Fall Protection

N - Cranes, Derricks, Hoists, Elevators, and Conveyors
O - Motor Vehicles and Mechanized Equipment (Forklift)
W - Rollover Protective Structures and Ouverhead Protection
X - Stairways and Ladders
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29 CFR 1910 — Occupational Safety and Health Standards
D - Walking—Working Surfaces
E - Means of EQress
F - Powered Platforms, Manlifts, and Vehicle-Mounted Work Platforms
G - Occupational Health and Environmental Control
H - Hazardous Materials
I - Personal Protective Equipment
J - General Environmental Controls
K - Medical and First Aid
L - Fire Protection
M - Compressed Gas and Compressed Air Equipment
N - Materials Handling and Storage
App A to 1910.178 — Stability of Powered Industrial Trucks
(Non-mandatory)
App to Paragraph (1) of this section
O - Machinery and Machine Guarding
P - Hand & Portable Powered Tools and Other Hand-Held Equipment
Q - Welding, Cutting, and Brazing
S - Electrical Design Safety Standards for Electrical Systems
Safety Related Maintenance Requirements
Safety Requirements for Special Equipment
App A — Reference Documents

A number of OSHA regulations are patterned after the stan-
dards promulgated by various standards organizations. For
example:

1926 Subpart L—Scaffolds is patterned after ANSI A10.8—
Scaffolding and organized into general and type-specific provi-
sions, with general provisions applying to scaffolding systems
of all types:

o Light duty—designed for a 25 Ib/ft> (1.2 kN/m?)
maximum working load to support workers and tools
only. Storage of equipment or material on the platform
is not allowed.

o Medium duty—designed for a 50 Ib/ft* (2.4 kN/M?
maximum working load for workers and materials, often
intended for bricklayers” and plasterers” work.

e Heavy duty—designed for a 75 Ib/ft* (3.6 kN/m?) maximum
working load for workers and material storage, often
intended for stone masonry work.

Department of Energy (DOE)

Worker Protection Management for Federal and Construction Employees—
Guidance, standards, and orders pertaining to the management of
safety and health on DOE construction projects:



Government Regulations

10 CFR 851—Worker Safety and Health Program

DOE Order 440.1A—Worker Management for DOE Federal and
Contractor

Environmental Protection Agency (EPA)

National Pollutant Discharge Elimination System Regulations—NPDES
requires that the construction manager implant:

Stormwater pollution prevention plan
Inspection for construction site operator
Erosion and sediment control
Stabilization of soils after construction

Although EPA delegates authority to implement certain regulatory
programs to some states, a state may have requirements that are more
stringent than the federal requirements. Be sure to check with state
and local agencies before starting a construction rigging project.

Stormwater Runoff

Under the Clean Water Act (CWA), a construction project that disturbs
one or more acres of land requires obtaining a CWA permit to cover
discharge of stormwater runoff from the construction site. Stormwater
general permits are issued through either EPA’s National Pollutant
Discharge Elimination System program, or the state NPDES permit-
ting authority. Obtaining permit coverage requires considering;:

e Notice of Intent—submitting a notice of intent or permit
application as required by the permitting authority, requiring
the contractor’s certification to not harm federally listed
endangered species.

e Pollution Prevention Plan—developing and implementing a
stormwater pollution prevention plan that describes the
physical characteristics of the site, listing potential sources of
pollutants, and identifying erosion prevention, sediment
control, and stormwater management practices that will be
implemented at the site.

e Notice of Termination—submitting a Notice of Termination,
if required by the permitting authority, when construction

site work is completed, or when someone else assumes
control of the site.

Solid and Hazardous Waste

Examples of materials at construction sites that may be classified as
hazardous wastes include spent cleaner (such as organic solvents),
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paints (including lead-based paint), used oil, paint thinners, wastes
that contain ignitable and corrosive materials, and wastes that con-
tain certain toxic pollutants. A list of hazardous wastes and their
allowed concentrations is provided in the regulations that implement
the Resource Conservation and Recovery Act (RCRA).

e Managing, treating, and disposing of hazardous wastes—
listing of quantities of hazardous wastes that determine
whether a generator is large or small. Generators of large
amounts of hazardous wastes are subject to more regulatory
requirements.

Storing hazardous wastes at the construction site: if stor-
age time is exceeded, a RCRA permit is required
Transport, treatment, and disposal of hazardous
wastes: transporters of hazardous wastes must be reg-
istered with either EPA or a state as a hazardous waste
transporter; the generator is responsible for assuring
that the hazardous waste is delivered to a RCRA-permitted
treatment or disposal facility and must sign the haz-
ardous wastes manifest used to track the hazardous
wastes transport to a permitted treatment or disposal
facility

e Other wastes subject to EPA—these, as well as state and local
regulations, include lead-based paint wastes; fluorescent
lamps that contain mercury; construction/demolition wastes
(such as wood, roof material, insulation plaster, or sheet rock),
and storage tanks (either above ground or underground) sub-
ject to the requirements of either

Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA)
Oil Pollution Act (OPA)

These regulations dictate how these materials are to be stored, labeled,
and disposed of, and plan for spill prevention.

Spill Reporting

Emergency planning and reporting requirements are covered in The
Emergency Planning and Community Right-to-Know Act (EPCRA), and
the Oil Pollution Act (OPA), with exact requirements dependent on
the type of chemical handled. Each EPCRA hazardous chemical has
an associated “reportable quantity.”

State Requirements and Local Ordinances
At the state level, health and safety requirements are important con-
siderations in rigging work, not only for site workers, but also the
general public (see Table 2.1).



Government Regulations

Internet Law Library
US State and Territorial Laws— provides inks to local ordinances and
regulations (www.priweb.com/internetlawlib/1.htm)

American Legal Publishers
Websire includes city and county codes for 26 states
(www.amlegal.com/library/)

County Codes and Ordinances

National Association of Counties web site provides access to county codes
and ordinances, arranged by subjects, state, and county
(www.naco.org/Content/NavigationMenu/About, Counties/Codes, and
Ordinances/.htm)

Cyburbia: The Urban Planning Portal
Publishes planning resource directory; contains links to local zoning codes
and ordinances (www.cyburbia.org)

First Source Building Codes Library

Provides detailed information on local building codes and amendments, plus
contact information for local building authorities and public utilities; covers
major cities nationwide (www.reedfirstsource.com/codes/index.asp)

General Code Publishers

Provides access to more than 170 city, township, village, and borough codes
from 19 states in the Northeast, Southeast, Midwest, and West
(www.generalcode.com)

LexisNexis
Provides free access to municipal and county codes or ordinances from more
than 33 states (www.municipalcodes.lexisnexis.com)

Municipal Code Corporation
Provides the full text of county, municipal, and local codes from 47 states
(www.municode.com)

Municipal Codes Online
Seattle Public Library web site provides links to codes and ordinances for
municipalities and counties in nearly all 50 states (www.spi.org/default.asp)

Municipal Codes Web Library
Provides free access to full text of local ordinances in more than 30 states
(www.ordlink.com)

Ordinance.com

Subscribers can search zoning ordinances databases by state, county, and
town from 10 regions to view and print zoning ordinances, applications and
instructions, submission checklists, fees, and applications for variance
(www.ordinance.com)

Smart Growth Online
Resources include municipal land development ordinances, codes, statutes,
fact sheets, guidebooks, and other documents (www.smartgrowth.org)

TaBLe 2.1 Resources for Local Ordinances and Regulations
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2.3 Licenses, Permits, and Certifications

Each municipal government has the authority to issue its own busi-
ness licenses, construction permits, and trades certifications; how-
ever, states also issue certain licenses and permits.

Because there is no uniformity throughout the country regarding
these licenses, permits, and certifications, the contractor must consult
with the appropriate local and state officials to determine the specific
requirements for the proposed project.

Permits and licenses relating to construction include:

Licenses—Architects, interior designers, and landscape archi-
tects

Licensing—Electricians; elevators and escalators
Licenses—Plumbers

Registration—Professional land surveyors
Registration—Easement or right-of-way

Permits—Stormwater permits for construction

Licenses

Many states and large municipalities also require that contractors be
licensed; and various construction trades must be licensed, including;:

Site safety—Site safety manager certification

Electricians—Electrical contractors, Master and Journeymen
electricians, special electricians, and other persons who
perform electrical work

Elevators and related equipment

Hoisting machine operators—Three classes (A, B, C); three
subclasses (C-1, C-2, C-3)

Riggers—Master riggers, special riggers, climber and tower
crane riggers

Plumbers—Master and Journeyman plumbers
Welders—Four main classes (1-4); three classes (1R, 2H, 3R)

Building Permits

State and municipal agencies require permits for:

Construction and renovation work covering foundations and
earthwork, demolition, and debris removal/disposal

Construction equipment operation

Stormwater runoff
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Zoning Requirements

Specific regulations include uses as of right, uses permitted by
a special permit, supplementary use regulations, performance
standards, signage, bulk restrictions, and off-street parking/
loading.

Compliance Resources

Vital information on compliance with OSHA construction regu-
lations is available on a totally searchable CD-ROM containing
2007 OSHA

e Construction Industry Safety Standards (29 CFR Part
1926)

e Administrative Standards

¢ General Industry Safety Standards (29 CFR Parts 1900-
1910)

e OSHA posters and forms (required) and more

CICA (Construction Industry Compliance Assistance Cen-
ter)—Provides information on environmental requirements in fed-
eral and state laws, including commercial/industrial building,
demolition, stream or other water body; publishes a planning
guide for construction explaining in detail the environmental obli-
gations that construction companies can face across the various
federal laws (stormwater, wetlands, air, waste, etc.). (www.cicacen-
ter.org)

NECAC (National Environmental Compliance Assistance
Clearinghouse)—Web site provides quick access to compli-
ance assistance tools, contacts, and planned activities from
EPA and other compliance assistance providers. (www.cfpub.
epa.gov/clearinghouse)

EPA (Environmental Protection Agency)—Compendium of
Compliance Assistance Tools for the Construction Sector. Identifies
numerous tools that cover a wide range of environmental issues per-
tinent to the construction sector—from state-specific permitting guid-
ance to detailed technical guidance that is applicable for all states.
(www.p2pays.org/ref/41/4077)

OSHA (Occupational Safety & Health Administration)—
29 CFR 1926 — Occupational Safety and Health Regulations for Con-
struction 29 CFR 1910 — Occupational Safety and Health Regulations
(www.osha.gov)

USGPO (US Government Printing Office)—29 CFR 1926.20 —
General Safety and Health Provisions (www.gpo.gov)

15
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3.1

CHAPTER 3
Basic Machines

determine the forces that will affect the job, and then to select
and arrange the equipment that will move the loads safely—
both horizontally and vertically.

Too often, the load-bearing parts of a rigging system are stressed
to a point dangerously close to the breaking point, without the rigger
realizing it. This element of chance can be reduced to a minimum by
a simple knowledge of how to determine the loads that must be
moved and the capacity of the equipment being used.

The forces involved in rigging will vary with the method of
connection, the direction of support in reference to the load, and
the effects of motion. Thus, the rigger must know something
about mechanical laws, the determination of stresses, the effects
of motion, the weight of loads, the centers of gravity, and factors
of safety.

Also essential is a basic knowledge about the strength of materials.

T I The first and most important step in any rigging operation is to

Mechanical Laws

Machinery offers a mechanical advantage in moving loads. The sim-
ple machines, from which every machine is constructed, include:

e Inclined plane—An inclined plane requires less force to
move a load, but the distance traveled is greater. The
greater the distance over which the force must be applied,
however, the smaller the force required to do the work
with the load.

Ramp—inclined plane; friction is a problem in using a
ramp to move heavy objects; if an incline is very steep,
steps cut into the incline make it easier to use
Wedge—two back-to-back inclined planes

o Lever—A bar that turns on a point called a fulcrum.

19
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o Wheel and axle—A lever that rotates through 360°; the circle
turned by the wheel is much greater than the circle turned by
the axle.

Gear—wheel with teeth around the outer rim; used to reg-
ulate speed and direction of motion in complex machines
and increase or decrease the force applied

Crank—handle of a machine connected at right angle to an
axle; used to transmit motion

Pulley and shaft—wheels with grooves around the rim;
fixed pulley doesn’t change position; moveable pulley,
both load and pulley move.

e Screw—Derived from the inclined plane; wound about a
nail; the distance between the screw threads depends on the
slope of the inclined plane.

e Block and fall—Apparatus for raising or lowering heavy
weights, consisting of a pulley blocks and the rope of a tackle
to which the power is applied in hoisting.

Inclined Plane

Riggers frequently make use of the inclined plane when hauling a
load on rollers up a ramp, or on skids onto a truck. To estimate
roughly the pull required to haul a load of 15,000 Ib on rollers up an
incline of 4 ft in 20 ft, draw a diagram ABC representing the incline.
Then draw, to any suitable scale, a vertical line DE representing the
weight of the load (Fig. 3.1). Assume a scale of 1 in. = 10,000 Ib so that
a line 1% in. long will represent the weight of the load. From D draw
a line DF at a right angle to the slope of the incline AB.

Using the same scale of 1 in. = 10,000 Ib, measure the distance EF,
which will be the theoretical pull required. This scales to about 0.3 in., or
3000 Ib, which is the pull if frictionless rollers were used. To this value the
resistance of friction must be added to determine the actual pulling force.

The standard equation for determining the resistive force of fric-
tion when trying to slide two solid objects together state that the force

WEIGHT W=15,000%

20 FEET

(0] 10,000%  20,000%

Ficure 3.1 Force required to move an object up an inclined plane or ramp.
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of friction equals the coefficient of friction times the normal force
pushing the two objects together:

F=uxN

where F| = resistive force of friction (pounds or newtons)
u = coefficient of friction for the two surfaces (number
between and infinity)
N =normal or perpendicular force pushing the two objects
together (pounds or newtons)

The coefficient of friction is a number related to the two specific sur-
faces that are in contact with each other that is heavily dependent on
the roughness of each surface and how the materials slide against
each other.

This equation applies to both static friction—before an object
starts to slide—and kinetic friction—when the object is actually mov-
ing or sliding. Static friction and kinetic friction have different coeffi-
cient of friction values (Table 3.1).

On an incline, the normal force will be reduced by the cosine of
the incline angle:

N =W x cos(a)

N =normal force on the incline
W =weight of the load
a = incline angle
cos(a) = cosine of angle

where

Surface #1 Surface # 2 Static friction | Kinetic friction
Steel Steel (dry) 0.6 0.4

Steel Steel (greasy) 0.1 0.05

Oak Oak (parallel grain) | 0.62 0.48

Oak Oak (cross grain) 0.54 0.32

Wood Wood (clean) 0.25-0.50 0.2

Wood Wood (wet) 0.2 -

Wood Metals (clean) 0.2-0.6 -

Wood Metals (wet) 0.2 -

Source: USDA Forest Service, Forest Products Laboratory.

TaBLe 3.1 Coefficient of Sliding Friction for Various Materials, with the
Static Coefficient being Larger than the Kinetic Coefficient
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Leverage

Another simple application of the mechanical advantage is through
leverage, in which one point (the fulcrum) of a rigid bar is fixed,
another point is connected with the force (the load) to be acted on,
and a third point is connected with the force (the power) to be applied.
The crowbar is a typical lever. As commonly used, there are two
arrangements of the fulcrum (Fig. 3.2).

e Located at one end of the lever with an upward pull on the
other end to lift the load; gravity acts as the downward force
(Fig. 3.2a).

e Located under the end of the lever, with a downward push
on the other end to lift the load; ground or floor exerts an
upward force to resist the downward pressure (Fig. 3.2b).

Assume a weight W of 1000; acting at a distance of 3 in. from the ful-
crum F and a person lifting up on the lever at a distance 30 in. from
the fulecrum. The force P times the force distance (30 in.) always equals
the weight W (1000 1b) times the weight distance (3 in.). Thus,

1000 Ibx 3 in.

0in =100 Ib

Px30 in. = 1000 Ib x 3 in. P

If the force distance is 10 times the weight distance, the force is one-
tenth the weight, and the lever is said to provide a mechanical advan-
tage of 10. This holds true for other ratios of distances also.

WEIGHT PUSH P

WEIGHT
PULL P W= |1000Q

w= | 000%

T2

(a)

WEIGHT
FULCRUM W=125# WEIGHT
F=8754# W= 1,000 #

P = 100#
FULCRUM
F = 900#

(c) (d)

Ficure 3.2 Force required to lift or to move a load by means of levers.
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If the crowbar is used, however, as shown in Fig. 3.2b where the
fulcrum is between the force and the load, the force then is a push P
in the downward direction. Using the same 30 in., the force P times
the force distance (27 in.) equals the weight W (1000 Ib) times the
weight distance (3 in.). Thus:

Px27in=1000bx3in p=.000bx3in
27 in.

_ 1000 Ib —111b

By observation, then, the crowbar is most efficient, or requires less
force when used (Fig. 3.2a), although sometimes it may be neces-
sary to limit the pressure on the fulcrum (Fig. 3.2b). In this latter
application, the pressure is always the sum of the weight W and the
force P.

A third form of leverage with fulcrum and load at the ends of
a rigid member and the applied force at an intermediate point
(Fig. 3.2c) produces a mechanical disadvantage. This arrange-
ment, however, is important in a fishing rod, where a relatively
lightweight at the end of the rod must be lifted quickly by a rela-
tively heavy pull of small travel above the butt end. In construc-
tion work a heavy load of a very small travel, on a scale used for
weighing loads on trucks, is balanced by a small force with con-
siderable travel on the indicator end (Fig 3.2d).

Some form of the simple lever is the basis for almost every other
tool; even the simple twisting of two lines with a pipe to pull a load is
merely the application of a lever with a long driving arm; and a short
resisting arm.

Pulley System
One application of the basic lever is in the use of a pulley, where the
block-and-tackle arrangement acts as the lever, with the fulcrum at
the side of the block and the rope fixed to the ceiling.

The mechanical advantage obtained with the block-and-tackle
arrangement is explained in detail in Chap. 18.

Wheel and Axle

An important adaptation of the lever principle is the wheel and
axle (or shaft). Although the movement of the lever is limited,
the motion of the wheel may continue indefinitely. For the wheel-
and-axle arrangement with belts and pulleys, the belt pulls or
tensions, are inversely proportional to the pulley diameters, that
is, when one pulley is four times as large as the other, the belt
pull on the larger pulley is one-fourth the belt pull on the smaller
pulley (Fig. 3.3).

3
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Ficure 3.3

Force required to
lift a load by
means of wheels
and a shaft.

In this example, a force P is exerted on the radius R (12 in.) of the
large pulley, while the weight W (1000 Ib) is supported on the radius r
(3 1in.) of the small pulley. Thus,

Px12 in, = 1000 bx3 in.  p=10001bx3in. 10001 _ .-,
mn 1

For gears on the same shaft, the mechanical advantage of the driven
pulley relative to the driver is directly proportional, and the speed is
inversely proportional to the lengths of the respective radii (Fig. 3.4).

If there is a train of gears, such as on a hand winch consisting of
several gear reductions, the theoretical pull that can be exerted on the
hoist rope may be readily estimated. Thus,

FXxCxG xG, xGy x---
W:
DX P XP, xP, X

Ficure 3.4 Force required to lift a load by means of a train of gears.
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where W = pull on hoist rope (pounds)
F = force on hand crank (about 17 Ib at 2% ft/sec)
C =radius of hand crank (inches)
G,, G, G,, ... =number of teeth in gear (G, G,, G,, ...)
D = radius of drum, to center of rope (inches)
P, P, P, ..=number of teeth in pinion (P, x P, x P, ..)

(Deduction must be made for friction.)

Determining Stresses

To figure the stress developed by a load, it is important to know
that the forces acting in one direction must be equal and opposite
to the forces acting in the other direction—that is, all forces must
be in equilibrium.

Swinging Scaffold

When an ordinary outrigger is used on a building to support a swing-
ing scaffold, the reactions at the supporting and hold-down points
are easily calculated, once the load is known. The load force multi-
plied by the length of its lever arm must equal the hold-down force
multiplied by the length of its lever arm. Thus the fulcrum reaction is
equal and opposite the two forces (Fig. 3.5).

Derrick
Additional factors complicate the determination of these reactions,
since the supporting members act at numerous angles and in various
combination, a simple graphic method provides adequate results for
all members (Fig. 3.6).

This diagram, called a triangle of forces, shows how all the forces
at one point must be in equilibrium (Fig. 3.6a).

NortEe: Conventionally, vector arrows heading toward a point under
consideration indicate that the member is under compression; arrows
heading away from the point indicate tension.

Ficure 3.5 f'—b'*‘f*—a“—ﬁ

Load distribution r ]
for an outrigger
when used to l
support a scaffold. l
Hold-down Load

F w

25



26

Engineering Principles

A 5 tons A
2
C
; C
10 tons 6 7 tons
4 10 tons 9 tons 6% tons
3 D
B
Point 1 Point 2
{a) (b) {c)
C
C
8 tons
1
47 tons
B R D u
1 1
4 -tons 4 tons
Point 3 Point 4
(d) (e}

Ficure 3.6 Force distribution vectors (Scale: 1 in. = 10 tons).

Starting at point 1 (Fig. 3.6b), the derrick’s load-line pull must be
equally balanced by the boom resistance and the topping-lift pull.
Thus, three forces act at this point. Draw line AB—at a convenient
scale—parallel to the load line. Next, draw lines BC and AC parallel
to the derrick boom and to the topping lift, respectively. These lines
will intersect at a point C. Measuring the lengths of these two lines
will provide directly the force induced in the respective members.

Assume the derrick load is 10 tons. By drawing line AB 5 in. long,
the diagram will have a scale of 2 tons =1 in. Then, if line BC is 4.5 in.
long, the stress in the derrick boom is 9 tons; if line AC is 2.5 in. long,
then the stress in the topping lift is 5 tons. Any one force in this tri-
angle is the result that balances the other two forces.

To analyze the forces at point 2 (Fig. 3.6c), draw a new force tri-
angle using the same stress and length of the line for the topping lift
as at point 1, but reverse the direction of the arrow. Next, draw line CD
to represent the guy, and line DA to represent the mast. Again, the com-
pleted diagram constitutes a triangle of forces with the respective
lengths a direct measure of the stresses in the various parts.

Next, to determine the stress at the foot of the mast, note that the
boom stress BC is made up of a vertical and a horizontal reaction
(Fig. 3.6d). The vertical reaction CR goes down into the foot block
along with the vertical reaction found previously in the mast reaction
AD. Because CR equals 8 tons and AD equals 6.5 tons, the total vertical
load on the foot block, point 3, is 14.5 tons. BR is the horizontal force of
4.5 tons that must be resisted to keep this point from slipping.
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72in
8 u 2% in
Lever arms 51in } Lever
5=in 2 ‘ arms
o »
Fulcrum Fulcrum 10
R 10 tons t tons
22in 22in
1. 8 l 8 l
I 55in '! ’]l [ 5—in - -
10 tons X 74 in = R tons X 5% in 10tons X 23 in= U tons X 63 in
10x71 7875 R 10x2% 2375 s
= 8- _-1433= approx. 143 tons U= = ———=431=approx. 4= tons
51 8 51 55 8
2 2
U + load = reaction
3 - 3
4%+10=142
(a) (b)

Ficure 3.7 Checking derrick reactions upon supporting points. (a) Calculating lever
loads; (b) calculating vertical positioning.

Similarly, the guy reaction can be found by drawing DC equal
and opposite to the force noted on the drawing for point 2 (Fig. 3.6e).
The horizontal and vertical reactions are necessary to form a closed
triangle of forces.

To check the reactions of the derrick on the supporting points, elim-
inate all of the members that are used to make the mechanical device
workable; then simply consider the problem as a rigid lever (Fig. 3.7).

Project the load line down to meet the horizontal line of the lever,
because the effective load lever arm and the load are perpendicular to
it. Next, consider point 4 as the fulcrum of a lever and point 3 as a
resisting load. Then, mathematically calculate the resisting load as
14.33 tons (Fig. 3.8a). This checks close enough with the 14.5-ton reac-
tion previously determined.

By the same method, calculate the vertical reaction at U as 4.31
tons, which is close enough to the 4.5-ton force determined to keep
point 3 from slipping (Fig. 3.8b).

Nortk: Differences in the values obtained by the check method result from
graphic discrepancies in the triangle of forces method and are small
enough to be acceptable.

Sling

When a sling suspension is being analyzed, using a triangle of forces
clearly shows the effect of decreasing the angles of lift. Assume a 10-
ton load, sling arrangement (Fig. 3.8).
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10 tons
10°
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(a)

5 tons

24 tons
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30°

7
10 tons

(b)

R =10 tons

Ficure 3.8 Analyzing sling suspension and force distribution.

When the sling’s lift angle is

e 10°, each arm is stressed to 24 tons, with the resistance reac-

tion reaching 23.2 tons.

e 45°, the load puts a 7-ton stress in each sling arm that must be
resisted by a 4.875-ton dividing reaction.

e 30°, each arm is stressed 10 tons, and the dividing reaction of
8.5 tons.

Thus, it is apparent that when a chocker hitch is jammed down for
hoisting, the resulting very small lift angle produces sling arm stresses
considerably greater than the load. Also, the stress is very high at the
point where the hitch bends over the upper corner of the load, and
can cause quick damage at this point. Such hitches require the use of
a supplementary compression member (such as spreader bar) to pro-

vide the cross resistance necessary for the weaker load member.
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When three or more known forces act at one point, a string poly-
gon can be used to determine the resultant force. Simply draw a set of
lines (to scale) parallel to the known forces and place the lines end to
end. The beginning and end points are connected with a line that
represents the result of all the forces. The resultant line is opposite in
direction to the known forces and of a magnitude equal to the scaled
length.

Three or more unknown forces acting on a point constitute an
indeterminate problem, and a triangle of forces cannot be drawn for
the solution. Such a problem requires a design engineer to use calcu-
lus for the solution.

Effect of Motion

A knowledge of the principles of basic machines described thus far
would be quite adequate if the rigger were to deal only with station-
ary forces. Most rigging operations, however, involve loads in motion.
The rigger, therefore, should also be aware of the effect that motion
has on loads and the stress placed on a rope, chain, beam, scaffold,
ladder, or other load-bearing member because of a suddenly applied
load, such as a jerk or impact.

For example, a beam may safely support a concentrated load of
1000 Ib at the center. If a wheel, however, carrying a 1000-Ib load is
rolled at high speed over this beam, it will produce a stress in the
beam twice as great as that produced by the static (stationary) load.
Similarly, if the 1000-Ib load (assumed to be incompressible) is
dropped onto the beam from a height of 2 ft, the energy developed at
the instant of impact would be 1000 Ib x 2 ft, or 2000 ft-Ib. This energy
must be absorbed by the beam.

If the beam could be deflected by 2 ft, the impact would be

2000 ft-Ib

>R =1000 Ib

to which must be added the static load of 1000 lb that would be
applied if the load were at rest on the beam.
If the beam deflects only 1 in., the impact would be

2000 ftIb

plus 1000 b, or a total of 25,000 Ib.
If the beam deflects only % in., the impact would be

2000 ftIb

T/48 % =96,000 Ib
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plus 1000 Ib, or a total of 97,000 1b, under which loading the beam
would fail.

The load will compress slightly on impact or the sling will stretch,
or both, and therefore the stopping distance of the load’s center of
gravity will be somewhat greater.

When the movement of the load is horizontal, or nearly so (such
as when a heavy slab on a pair of rollers gets out of control on a slight
downgrade, and the load strikes a fixed object such as building col-
umn), the distance the load drops (probably only a few inches or so),
is known, and the deflection of the column is assumed.

If, on the other hand, the speed is known, then it is possible to
calculate the theoretical vertical drop by using the formula:

V2 V2
H‘@ or H=213

where H = theoretical drop (ft)
V = velocity (ft/sec)
g = acceleration due to gravity (ft/sec)

For example, if a 3600-1b automobile, traveling at 60 mph (88 ft/sec)
runs head-on into a massive concrete bridge abutment, backed by an
earth embankment, the movement of the abutment will be negligible.
But, when the car comes to rest, if the rear axle is 3 ft nearer to the wall
than when the front bumper first touched it, then the stopping dis-
tance of the car’s center of gravity is 3 ft (the equivalent drop to pro-
duce this speed).

% o= 88 x 88
T 64.32 T 6432

H =120 ft

At the instant of impact, the energy developed would be
E=3600 Ib x120 ft = 432,000 ft-Ib
Thus, the impact force would be

432,000 ft1b
3t (stopping distance)

= 144,000 Ib (nearly 72 tons)

The inertia of a rugged object in motion that takes place with a
decrease or increase in speed tends to increase the stresses the rigging
must bear. As hoist load line starts to move, the load must accelerate
from zero to the normal speed of ascent. This requires an additional
force over and above the weight of the load, which will vary with the
rate of change of the velocity.
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A load lifted very slowly by a hand winch induces little addi-
tional stress in the load line, whereas a load accelerated quickly by
mechanical power may put twice as much stress on the rope as the
weight to be lifted.

Friction, too, can impose severe stresses in rigging. Where sheave
maintenance is neglected, additional friction in each sheave may be
as much as 10 percent of the rope tension for every sheave used. Thus,
if a hoist line is reefed up, friction will add considerably to load and
acceleration requirements.

In addition, the rope may have been weakened by continuous
use, involving small sheaves with worn grooves, reverse bending, or
generally harsh construction applications.

REMEMBER: It is important to apply a load or take up slack on a rope slowly.

Determining Weight of Loads

The most important step in any rigging operation is to determine the
load’s weight. If this information cannot be obtained from design
plans, catalog data, or other dependable sources, it may be necessary
to calculate such weights.

The weights and properties for all sizes of standard and special
structural wood and metal shapes and members—and methods of
finding weights of built-up or special members—are contained in

these handbooks.

o Manual of Steel Construction—America Institute of Steel Con-
struction (www.aisc.org)

o Aluminum Design Manual (2005)—Aluminum Association
(www.aluminum.org)

o Timber Construction Manual (4th Ed.)—American Institute of
Timber Construction (www.aitc.org)

e Manual for Engineered Wood Construction—American Wood
Council (www.awa.org)

Because these books may not be available on all job sites, the approx-
imate weight of one square foot by 1-in. thick steel is 40.6 lb; iron is
37.5 Ib; aluminum is 13.3; and lumber (pine) is 2.5 1b to 3.6 Ib.

It is customary to figure weights based on 1/8-in. increments of
material:

One square foot of 1/8-in. thick steel weighs 5.1 1b
One square foot of iron weighs 4.7 Ib
One square foot of aluminum weighs 1.8 Ib

i
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Any additional thickness of the material is some multiple of those weights.

Structural beam sizes are usually supplied on erection plans
together with their weight per foot of length and the length of the
member. Thus, it is easy to compute the weight of any member to be
lifted. The weights of angles, plates, or built-up members, however,
will have to be calculated.

Structural Shape Weights

To compute structural shape weights, separate the parts, or flatten
them into rectangles, which in turn become parts or multiples of a
square foot of material 1 in. thick. For example:

o Steel Plate— % -in. thick, 2-ft wide, 20-ft long, weighs 2 x 20 x
4x51=8161b

e Iron plate— %-in. thick, 2-ft wide, 20-ft long, weighs 2 x 20 x
4x4.7=7521b

¢ Aluminum plate— %-in. thick, 2-ft wide, 20-ft long, weighs 2 x
20x4x1.8=2881b

If the steel plate were a cover plate on the top and bottom flange of a
24-ft long, wide-flange beam W 30 x 132, the composite weight of the
member (not including fastenings) would be (816 x 2) + 132 x 24 = 4800 Ib.

To compute angle weights, approximately close enough for safe
use consider the angle as flattened out to form a plate.

e Steel angle—L 2 x 3.5 x5/8, would flatten out to approx-
imately a 7 x 5/8-in plate, thus its weight would be 7/12 x
5x 5.1 =14.7 Ib. Since the actual weight of this angle is
13.6 1b (Manual of Steel Construction tables), the calcu-
lated weight is close enough for figuring rigging lifting
requirements.

e Tanks or other cylindrical shapes—consider these shapes as
rectangular plates to calculate the weight of load to be lifted.
Multiply the circumference (distance around the cylinder) x
3.14 x the length (or height) of the cylinder, and add to this
value the closed end areas of the cylinder 2 x (1/2 diameter x
1/2 diameter x 3.14).

Thus, a steel boiler 5 ft in diameter has a circumference of 5 x 3.14 =
15.7.If the boiler is 8-ft long and made of a 3/8-in. plate, it would flat-
ten out to a rectangle 15.7 x 8 = 125.6 ft?>, which would weight 3 x 5.1 x
125.6 =1922 1b.

Because the end area of the boiler is 3.14 X 5/2 x 5/2 =19.62 ft?, if
the ends were capped with a %-in. plate the end pieces would weigh
2x19.62 x4 x 5.1 =800.5 Ib. Thus, the boiler’s total weight would be
1922 +800.5 =2722.5 1b.
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3.5 Calculating Approximate Weights

When the weight of a load cannot be obtained from readily available
sources, it may be necessary to roughly calculate the weight of such
objects.

Plane shape—If the object is of a simple shape, consider it cut
up into a number of rectangular geometric shapes, the cubic con-
tents (and the weight) of which then can be calculated with a fair
degree of accuracy. The sum of these values will give the total
weight (Fig. 3.9).

For example: To find the area of a “flat plate” of irregular shape
(Fig. 3.10), draw chalk lines from any corners desired so as to subdi-
vide the shape into a number of triangles. Take the measurement of

RECTANGLE l Arbxh
\
le— =]
TRIANGLE _IL a:-22R
b o b ol kbl
'b'1 rb'l b
TRAPEZOID _L Ash 'E%B
le-B .-l B —4 [P

A=SUM OF AREAS OF
QUADRILATERAL w TRIANGLE NO.2 TRIANGLES

TRIANGLE NO.1

h‘A"\'\z
CIRCLE Q d As.79xdxd
IRREGULAR hhhihhihhhhhhhhhhnhbhh o SUMOF ALL h DIMENSIONS
NUMBER OF h DIMENSIONS

b

Fieure 3.9 Calculating areas of various plane figures.
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b=15"
h :3’/2"

’ A

Fieure 3.10 Calculating area of a complex plane figure.

each triangular shape and apply the formula A = %2 (b x h). The sum
of the triangles equals the area of the plane.
Cut the irregular shape into three triangles A, B, and C.

Triangle A has a base of 30 in. and a height of 9 in., area is 30 x
9/2=135in.?

Triangle B has a base of 28 in. and a height of 8 % in., area is 28 x
8.5/2=119in.?

Triangle C has a base of 15 in. and a height of 3 2 in., area is 15 x
3.5/2=26.25in?

The total area of the plate, therefore, is 135 + 119 + 26.25 = 280.25 in.2
If the plate is 3/4-in. thick, the volume of the plate is 20.25 x 3/4 =
210 in.?

From a table of material weights, steel weighs 0.28 1b/in.?, thus
the plate weights 210 x 0.28 = 59 Ib.

Complex solid objects—calculating an irregularly shaped solid
object, such as a concrete member, begins with dividing the object
into smaller simpler geometric shapes, and then determining the vol-
umes of the individual parts (Fig. 3.11).

For example: To calculate the weight of an irregularly shaped
concrete block (Fig. 3.12), divide the shape into a rectangular
block A and a frustum (part) of a solid pyramid B. The volume of
part Ais 4 x5 x 3.5 ft =70 ft>. The volume of part B is the volume
of the entire pyramid (6 ft high) minus the volume of the upper
pyramid (3 ft high).

The volume of the large pyramid is the area of the base, times
one-third the height 4 x 5 x 6/3 = 40 ft*. From this, subtract the vol-
ume of the small pyramid 2 x 2 % x 3/3 =5 ft*. Thus, the volume of
the frustum is 40 — 5 = 35 ft*. The total volume of the concrete struc-
ture is 70 + 35 = 105 ft*. Since concrete weighs about 144 Ib/ft?, the
block weighs 105 x 144 = 15,120 Ib, or about 7 % tons.

Because the weight of most materials to be lifted is based on their
weight per cubic foot, it is first necessary to determine how many
cubic feet of material (its volume) must be hoisted before the weight
can be estimated (see Table 7.4a, Weights of Various Materials).

The weights of some common materials should enable a rigger to
compute the approximate weight of a given load. When in doubt, do
not hesitate to seek advice from an engineer or foreman on the job.
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Ficure 3.11 Areas and volumes of various solid shapes.

Ficure 3.12 Calculating volume of a complex solid figure.
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REMEMBER: The time taken to calculate the approximate weight of any
object is time well spent; and may prevent a serious accident through
overloading of lifting gear.

Determining Centers of Gravity

Frequently, the rigger must determine the center of gravity of an
irregularly shaped load before safely slinging it for lifting. Center
of gravity is the location where the center of the object’s entire
weight is theoretically concentrated and where the object will
balance when lifted. When the object is suspended freely from a
hook, this point will always be directed below the hook. Thus, a
load that is slung above and through the center of gravity will be
in equilibrium and will not tend to slide out of the hitch or
become unstable in any manner.

Of course, the center of gravity of a solid figure has to be located in
three planes or directions: lengthwise, crosswise, and vertically. Find-
ing the exact location of the center of gravity of a solid figure requires
mathematical calculations. For the average rigging job, however, the
center of gravity can be estimated closely enough.

For example: Cut out of a piece of cardboard, at any convenient
scale, a shape to represent familiar and some irregularly shaped plan
figures, representing the length or cross-section of an object to deter-

mine the exact location of their centers of gravity.

Plane Figures

Most of the centers of gravity will lie within an object, with few located
outside (Fig. 3.13).

Irregular Objects

Punch pinholes near two adjacent corners of the cardboard shape and
then suspend it freely from a pin stuck into a wall, or other vertical
surface. Suspend from the pin a small plumb bob or other weight

S0

Ficure 3.13 Approximate location of center of gravity of plane shapes.
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Fieure 3.14 Locating center of gravity of an irregular plane figure.

attached to a string, and draw a line on the cardboard along the string;
repeat, using the other hole. The object’s center of gravity will lie at the
intersection of the shape to be lifted (Fig. 3.14).

Another way to determine the center of gravity of an irregularly
shaped object is to break up the shape into simple masses, then
determine the resultant balancing load and its location at a point
where the weights multiplied by their respective lever arms will
balance (Fig. 3.15).

In odd-shaped bodies, where the center of gravity cannot be
calculated readily, the rigger must assume a center of gravity then
correct it by trial and error, moving the hoist, load, and sling sus-
pension a little at a time until a satisfactory result is obtained
(Fig. 3.16).

If any load tilts more than 5 percent after it is lifted clear off
the ground, it should immediately be landed and rerigged. A
hitch should be arranged to support the load above the center of
gravity at all times during the rotation for correct positioning, so
that the load will never tend to turn without being under control
(Fig. 3.17).

Center of gravity

Center of gravity Center of gravity

\,
o \
> X - D
//*\~ \\ o
. \\L N
“ -

(a) (b} {c)

Ficure 3.15 Locating center of gravity of various irregular solids.
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[

(a) Load unstable hook NOT {b) Load will shift until
over center of gravity center gravity is below the hook

A

iy B

(c) Load stable — Hook over center of gravity

Ficure 3.16 Location of hook. (a) Load unstable; (b) Load will shift; (c) Load
stable with hook over center of gravity.

Center of gravity
I =
Centerof___J|
gravity d Center of
gravity
== i
(a) (b)

Ficure 3.17 Making a hitch arrangement for turning a load onto its
side. (a) Correct method with the load under control at all times;

(b) Incorrect method, load will fall out of control as soon as the center
of gravity passes outside of the lower corners.
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REMEMBER: The center of gravity must always be located below the
effective point of lift. The need for determining the location of the center
of gravity of a load to be hoisted is explained in detail in Chap. 12.

Applying Factors of Safety

Although center of gravity factors must be considered before selecting
the type and size of rope to be used for moving any particular load, it
is virtually impossible for the rigger to evaluate all the variables that
can affect rigging and lifting equipment. Therefore, to compensate for
any unforeseen influences, a factor of safety is usually applied to the
material being used.

This factor is defined as the usual breaking strength of a material
divided by the allowable load weight. In the case of plow-steel cable,
the factor is 10; for manila rope, it is 5. Factors of safety, however, can
vary with a manufacturer’s experience of what is safe for the use and
material under consideration.

For example: If a particular 1/4-in.-diameter, plow-steel cable has
a breaking strength of 50,000 Ib, a rigger might use 10,000 Ib as the
maximum load weight that such a cable should lift, whereas, for 3 /4-in.-
diameter manila rope having a breaking strength of 5000 Ib, the rig-
ger might restrict the loading to 500 Ib.

In hoisting operations, where many cumulative effects are often
encountered, the actual stress in a rope may come close to the actual
breaking strength, even if a factor of safety is applied. Before deter-
mining the safe working load of a particular rope, check the rope
manufacturer’s ratings. If the manufacturer provides rope capacity in
terms of breaking strength, be sure to divide that value by the factor
of safety to get the safe working load.

Never consider the factor of safety as reserve strength. It is not
available for additional capacity. Moreover, it must never be reduced,
under any circumstance.
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CHAPTER 4
Wood Technology

structures. Yet, wood is still commonly used by riggers in many

applications, such as for structural members in rigging and shor-
ing timbers, as scaffold planks, and for ladders.

It is essential, then, that the rigger is able to ensure that the correct
species and quality of wood are used, and also to check depreciation
and loss of strength of wood members (Table 4.1).

Most riggers can readily identify spruce, yellow pine, Douglas
fir, and a few other kinds of wood, while the average carpenter has
a much broader knowledge of the various species. But, identifica-
tion is more or less by general appearance, rather than by any tech-
nical knowledge.

When it comes to determining the actual condition of a piece of
wood that has been in use for some time and exposed to the elements,
only a competent inspector examining a specimen with extreme care
can even roughly provide such information.

In scaffolding, wood has been all but superseded by tubular steel

Physical Properties

Physical properties are the quantitative characteristics of wood and
its behavior to external influences other than applied forces. Some
physical properties of wood are influenced by species as well as by
variables such as moisture content; other properties tend to be more
independent of species (Table 4.2).

The weight, shrinkage, and strength of wood depend on the
moisture content, which is expressed as a fraction or percentage of
the weight of over-dry wood. Tree moisture content may range from
about 30 to over 200 of the weight of the wood substance, with the
sapwood portion usually having the highest moisture content. While
the heartwood moisture content is usually much less than that of sap-
wood, in some species it can be greater.

Although the moisture content values given in Table 4.2 are consid-
ered typical for various species, there is considerable variation within
and between trees. This variability often exists in wood as water or
water vapor in cell cavities, and as water bound chemically within cell

|
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Grading Primary
Size Class property | standard Applicable
Boards Visual Clear ASTM D245 All species
wood
Dimension | Visual Clear ASTM D245 Redwood, cedars,
wood minor western
softwoods,
hardwoods
Full size ASTM Other softwoods
D1990
Mechanical Full size MSR policy All species
rating by
specific
gravity policy
Timbers Visual Clear ASTM 245 All species
wood

Source: American Wood Council, Washington, DC (www.aws.org)

TaBLe 4.1 Standards and Specifications for Determining Design Values for Solid-
Sawn Structural Lumber under PS 20 Procedure

walls. Thus green wood is often defined as wood in which the cell
walls are completely saturated with water vapor in cell cavities.

The moisture content at which the cell walls are completely satu-
rated without water being present in the cell cavities is called the fiber
saturation point. This averages about 30 for most wood. It is often con-
sidered that the moisture content below which the physical and
mechanical properties of wood begin to change is a function of both
the relative humidity and temperature of the ambient air.

Wood in service usually is exposed to both long-term (seasonal) and
short-term (daily) changes in the relative humidity and temperature of
the ambient air. Thus, wood is always undergoing at least slight changes
in moisture content. The long-term changes are usually gradual, while
the short-term fluctuations tend to influence only the wood surface.

The practical objective of all wood seasoning, handling, and stor-
ing methods should be to minimize moisture content changes in wood
during use. Protective coatings, such as varnish, lacquer or paint, help
retard these changes.

Shrinkage

Wood tends to shrink mainly tangentially, that is, in the direction of
the annual growth rings; about one-half as much radially, across the
rings; and only slightly longitudinally, across the grain. The com-
bined effects of radial and tangential shrinkage, however, can distort
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Moisture content, percent

Species Heartwood Sapwood
Hardwoods
Elm
American 95 92
Cedar 66 61
Rock 44 57
Maple
Silver 58 97
Sugar 65 72
Oak
California black 76 75
Northern red 80 69
Southern red 83 75
White 64 78
Softwoods
Cedar
Alaska 32 166
Eastern red 33 249
Western red 58 249
Douglas fir, coast-type 37 115
Fir
Grand 91 136
Noble 34 115
Pacific silver 55 164
White 98 160
Hemlock
Eastern 97 119
Western 85 170
Pine
Longleaf 31 106
Ponderosa 40 148
Red 32 134
Shortleaf 32 122
Sugar 98 219
Western white 62 148
Redwood 86 210
Spruce
Eastern 34 128
Sitka 41 142

TasLE 4.2 Moisture Content of Wood

the shape of wood pieces because of the difference in shrinkage and
the curvature of the annual rings.

Wood shrinkage is affected by a number of variables. In general,
though, wood having a greater density will shrink more. The size and



44

Engineering Principles

shape of a piece of wood may also affect shrinkage; in some species,
the temperature and rate of drying may influence shrinkage.

Transverse and volumetric shrinkage can vary by as much as 15,
while longitudinal shrinkage is generally quite small. Average values
for green to oven-dry shrinkage are between 0.1 and 0.2 for most spe-
cies of wood. Certain types of wood, however, exhibit excessive lon-
gitudinal shrinkage and should be avoided in use where longitudinal
stability is important, including;:

e Reaction wood—whether compression wood in softwoods, or
tension wood in hardwoods, tends to shrink excessively
along the grain, and this longitudinal shrinkage can cause
serious warping, such as bow, crook, or twist; cross breaks
may develop in the zones of high shrinkage.

o Center wood—eliminates from the center of some species of
wood exhibiting lengthwise excessive shrinkage.

e Cross-grain wood—subject to increased shrinkage along the
longitudinal axis of the piece.

Density and Specific Gravity
Two primary sources of variation affect the weight of wood members:
the wood’s density and its variable moisture content

Density—The density of wood, exclusive of water, varies
greatly, both within and between species. For most it falls between
about 20 Ib and 45 Ib of mass per cubic foot and can be as high as
65 Ib of mass per cubic foot.

Although calculated density values should always be consid-
ered as approximations, because of the variations in wood struc-
ture, moisture content, and the ratio of heartwood to sapwood
found in the different species, these values are sufficiently accu-
rate to permit estimation of structural loads and calculation of
lifting weights.

Specific gravity—To compare species or products and to estimate
weights, specific gravity is used as a standard reference basis, rather
than density. The specific gravity of wood is usually based on the
oven-dry weight and the volume at some specified moisture content.
Specific gravity of oven-dry wood does not change at moisture con-
tents above approximately 30, the wood fiber saturation point.

If the specific gravity of a piece of wood is known, based on its
over-dry weight, its volume at a specified moisture content between
9 and 30 can be approximated.

Weathering

Freshly cut wood exposed to weathering, without first being treated
for protection, undergoes certain physical changes, such as change in
color, warping, loss of surface fibers, surface roughening, and checking.
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The most severe chemical degradation of untreated wood occurs
from exposure to ultraviolet light—the sun’s rays.

In most woods, cycles of wetting and drying produce checks or
cracks that are easily visible. Moderate- to low-density woods develop
fewer checks than do high-density woods; and vertical grain woods
check less than flat-grain boards.

Common Wood Defects

No matter what the species of timber, some pieces will contain
defects—naturally occurring or man-made.

Growth-related

o Spiral grain—Helical orientation of grain giving a twisted
appearance; when severe, will affect lumber dimensional stability;
widespread in softwoods tending to be left spiral; in hardwoods—
tending to be right spiraled; affected by the environment

¢ Knots—Fiber density and orientation increase likelihood that
knots will star-check or crack when drying; if annual ring
continuity is maintained the knot will be solid; if the branch
dies, then trunk diameter growth will encase the bark and a
loose knot results

e Reaction wood—Greatly affects dimensional stability as
wood dries; compression wood (conifers)—produced on the
underside of an eccentric branch in order to “push” the
branch back against the pull of gravity; tension wood
(hardwoods)—produced on the upper side to “pull” the
branch back up; noted as “woolly” surface in green lumber

e Pitch defects—Various conditions found in softwood having
resin canals; pitch streaks—excessive amounts of resin in
localized areas of wood; pitch pockets—cavities in growth
rings filled with liquid or crystallized sap

Seasoning-related
¢ Checks—Typical problem with green wood (log) drying

Wood Deterioration

e Fungus—living organism that breaks down living wood cells
to extract nourishment; ultimately, the wood is destroyed as a
useful product; and won’t burn; sapwood is most susceptible
and generally becomes unusable; heartwood is more durable

e Brown Rot (conifers)—due to speed of fungus attack and
more severe damage

45
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e White Rot (hardwoods)—spalt, a by-product of the rotting
process by a vast array of stain, mold, and decay fungi caus-
ing many different and beautiful patterns in rotting wood
(well known result in maple evidenced by black lines repre-
senting forward progress of fungus)

Natural defects can be due to many reasons, such as environmental
factors, growth patterns, and soil composition. Man-made defects
can occur at many points—from the falling of the tree, transport, stor-
age, sawing, drying, etc.

Boards having knots usually do not pose a serious problem, since
work usually can be done around them and splits can be cut off; how-
ever, boards that are heavily twisted, bowed, cupped or crooked are
not usable (Fig. 4.1).

Knots

The most common defect in wood is the knot—that portion of a branch
that become incorporated in the hole of the tree. Its influence on the
mechanical properties of wood is primarily due to the interruption of
continuity and changes in direction of wood fibers around the knot.

The influence of a knot on the performance of lumber depends
on the size, location, shape, soundness, accompanying local slope of
grain, and type of stress to which the know it subjected. Knots have
a much greater effect on strength and axial tension than in axial
compression. The effect on bending is somewhat less than that in
axial tension.

A branch or limb extending at about a right angle from a tree
forms a round knot in the face of a piece of lumber. When it extends
at an angle, the knot in the face of the lumber will be an oval; when it
extends more nearly parallel to the surface, a spike will be formed.
When estimating the strength of a piece of wood that contains a knot,
remember that the axis of the knot extends to the pith of the tree and
forms a cone with the knot’s apex at the pith.

Knots are further classified as intergrown and encased .The inter-
grown kind is formed where a limb is alive and growth is continuous
at the junction of limb and trunk. The encased knot, however, is
formed after the branch dies, with new growth of the trunk enclosing
the dead limb, thus the fibers of the trunk no longer connect continu-
ously with the fibers of the knot.

Pitch Pockets

A pitch pocket is a well-defined opening that contains free resin,
extends parallel to the annular rings, and is almost flat on the pith side
and curved in the bark side. These pockets are characteristic of pines,
spruces, and Douglas firs. The effect of pitch pockets on strength
depends on their number, size, and location in the piece of wood.



Bow — Warp along face
of a board, frequently
end-to-end

e

Cup — Hollow across
face of board’s width
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Crook — Warping along
edge line (crown) from
end-to-end

a—

Twist — Multiple bends in
board where ends twist in
opposite directions
directions

Shake — Separation of
grain between growth
rings, often extending
along board’s face and
sometimes below its
surface

T .

g L
Pitch — Accumulation of
resinous material (gum or
sap) on the surface or in

pockets below the surface
of wood

Checking — Crack in the
wood structure of a piece,
usually running lengthwise,
restricted to the end of a
board, and not penetrating
the opposite side of a piece
of sawn timber

.
B
e

Tight knot — Knot fixed by
growth or position in the
wood structure so that it
firmly retains its place in
the surrounding wood..

Wormholes — Small holes in
wood caused by insects and
beetles

Split — Longitudinal separation
of the fibers that extends to
the opposite face of a piece of
sawn timber

Loose knot — Knot that
cannot be relied upon to
remain in the pierce of
wood; caused by a dead
branch not fully integrated
into the tree before it was
cut down

Machine burn — Darkening
of wood due to overheating
by machine knives or rolls
when pieces are stopped
in a machine

Ficure 4.1 Common wood defects.

The pitch pocket defect in large timber is not too serious provided
the dip grain that accompanies it is not excessive. However, a large
number of pitch pockets indicate a lack of bond of the wood and the
probable presence of a shake.

L
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Checks

The next most common wood defect is the check, which develops
because of uneven shrinkage when the wood is dried. This results in
the pulling apart or separating of cell rows in a radial split, usually
starting at the bark or outside the timber. A check of almost impercep-
tible width is as detrimental to the wood member as a wider one.

Checks are most harmful if located near the ends of a beam’s ver-
tical faces, at about the middle of the beam’s height. At this point, the
horizontal shearing stress is at its maximum, and the beam tends to
split in half. Checks at this location tend to reduce resistance to this
horizontal shear, with resultant beam failure under small loads.

Failure from a check is particularly true of beams having a depth
greater than one-twelfth of their span (Fig. 4.2). In most woods, cycles
of wetting and drying produce checks or cracks that are easily visible.
Moderate- to low-density woods develop fewer checks than do high-
density woods, and vertical-grain woods check less than flat-grain
boards.

Shakes

These are lengthwise separations of wood that occur between and
parallel to the annular rings. Like checks, shakes are most objection-
able when occurring at the points of maximum horizontal shear.
Occasionally, in an old timber, splits may be observed longitudinally
on one face and diagonally on the adjacent face. Inserting a knife
blade into the split and then running it lengthwise should show if it
has a tendency to rotate around the pith. If it does, the split is a check;
if not, it probably is a shake—assuming that the rings cannot be
observed at the end of the timber.

Warping
When wood dries, it shrinks more tangentially than radially, and an
almost insignificant amount longitudinally. Unless influenced by

LONG SLENDER BEAM l /(l)compkzssuon FAILURE DEVELOPS

I :(Z) FINAL FAILURE IS IN TENSION I

(a}
{1) BEAM FAILS IN HORIZONTAL SHEAR
ALONG THE NEUTRAL PLANE,ONE

SHORT DEEP BEAM J PART SLIPPING ON THE OTHER
/ -
el B0 ——
(2) EACH PART, ACTING AS AN#~ (3 EACH PART FINALLY
INDIVIDUAL BEAM,DEVELOPS FAILS IN TENSION

COMPRESSION FAILURE

(b)

Ficure 4.2 Typical failures. (a) Long, slender beam; (b) short, deep beam.
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outside factors, dimensional changes caused by shrinkage follow a
definite pattern (Fig. 4.3).

e Edge-grain planks shrink more on their thickness.

¢ Flat-grain planks shrink more on their width.

¢ Boxed heart timbers cause all faces to become slightly con-
vex. If large checks develop, the faces will become somewhat

concave.

TWISTS SO AS TO =
INGREASE ANGLE

OF CHECK
\\\\\ AR'|"

BOXED HEART ’ TIMBER HAVING

S d TIMBER = === . SPIRAL_GRAIN

SHRINKS MOST
HORIZONTALLY

SURFACES
BECOME
GONGCAVE

SHRINKS MOST
VERTICALLY

TWISTS SOAS TO
INCREASE
ANGLE OF
CHECKS

A WITH ANNUAL RINGS
""" AT ABOUT 45° ANGLE ° HAVING SPIRAL GRAIN

CROOKS OR BOWS
TOWARD EDGE
HAVING WIDE

CUPS SO ASTO
STRAIGHTEN
ANNUAL RINGS

TIMBER HAVING WIDE

THIN FLAT
AND NARROW_RINGS

GRAIN BOARD

Ficure 4.3 Predetermined manners of wood warping.
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As a result of weathering, boards tend to warp (particularly cup)
and pull out of their fastenings. To resist this action, it is best to use
boards having widths no greater than eight times their thickness.

Reaction Wood

Abnormal woody tissue, frequently associated with leaning trunks
and crooked limbs of both conifers and hardwoods, is termed reaction
wood. In softwoods this tissue is found on the lower side of an inclined
member and it is called compression wood. In hardwoods, it is located
on the upper side of the inclined member and is known as tension
wood.

Both types of reaction wood undergo excessive longitudinal
shrinkage when subjected to moisture loss below the fiber saturation
point—up to ten times normal in compression wood and five or more
times normal in tension wood. When either of these woods is present
in the same board with normal wood, unequal longitudinal shrink-
age causes internal stresses that result in warping.

Pronounced compression wood can be detected by ordinary
visual examination. It is characterized by eccentric growth of
annual rings, which are of a dense nature and are predominantly
in summerwood.

External Causes of Damage

Although wood generally is highly resistant to many chemicals,
mild acids, and solutions of acidic salt, various chemical solutions
will have different effects on the mechanical properties of wood.
Two general types of action result from contact with chemical
solutions:

o Swelling of wood—Liquids such as water, alcohols, and some
other organic liquids swell the wood and thereby lower its
mechanical properties. These liquids do not degrade the wood
structure chemically. This action is completely reversible.

o Chemical alteration—Action of acids or acidic salts results
in the hydrolysis of celluloses and hemicelluloses; oxidiz-
ing agents result in oxidized wood substances; and alkalies
or alkaline salt solutions result in delignification and dis-
solved hemicelluloses. Acidic conditions tend to make the
wood brittle.

These types of actions are irreversible and involve permanent
changes in the wood’s structure because of alteration of one or
more of its chemical constituents. In general, heartwood of such
species as Douglas fir, Southern pint, and white oak is quite resis-
tant to attack by dilute mineral and organic acids. Oxidizing acids
such as nitric acid, however, have a greater degradative action
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than nonoxidizing acids; and alkaline solutions are more destruc-
tive than acidic solutions.

Hardwoods are more susceptible to attacks by both acids and
alkalies than softwoods.

Wood products are sometimes treated with decay preservatives
or fire-retarding chemicals, usually in water solutions, and then are
kiln-dried. While wood properties are affected to some extent by the
combined effects of such water-soluble chemicals, treatment meth-
ods, and kiln drying, overall the mechanical properties of such woods
remain essentially unchanged.

Temperature

Effect on wood properties may be either immediate (reversible) or
permanent (irreversible). In general one immediate effect is that
mechanical properties tend to decrease as the temperatureis increased.
There is an interaction with moisture content because dry wood is
less sensitive to temperature change than is green wood.

Increases in temperature, however, are usually accompanied by a
reduction in moisture content. Permanent loss in mechanical proper-
ties can occur if wood is subjected to high temperatures over long
periods. The magnitude of this effect depends on temperature, dura-
tion of exposure, wood moisture content, and wood property. (In
1999, the U.S. Department of Agriculture Forest Service published a
report on the permanent effects of increased temperature on wood.)

Decay or Rot

Nearly all wood is susceptible, in varying degrees, to common decay
fungus. This is not an inorganic oxidizing process, such as the rusting of
steel or the crumbling of stone, but rather a disease of the wood—wood-
destroying fungi that seriously reduce the strength of wood members.

Decay fungi remove wood substance, thus lowering the gross
specific gravity of the material. Strength losses can occur rapidly,
even during the early stages of decay before noticeable loss in mass
has occurred. For wood to be susceptible to decay, four conditions
must be present.

¢ Wood must provide food for the fungus—unless chemically
treated, most woods are able to do this to some extent.

e There must be a sufficient amount of moisture present—when
wood is kept constantly dry, or when it contains less than
20 percent moisture, it will not decay; and when wood is
submerged continuously in water, it shows very little decaying.

e There must be air present—moist stagnant air being the most
effective.

¢ There must be warmth—wood will not decay in extremely
cold climates.

a
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Everyone is familiar with the fruiting bodies produced by decay fungi
on fallen trees and tree stumps, including toadstools, shelves, and
crusts. On the underside of these fruiting bodies, millions of tiny spores
or germs are produced which, when matured, become free and are
blown by the wind.

When deposited on susceptible wood, they will germinate and
form minute fibrous strands. As the strands grow, they puncture the
wood's cell walls and not only feed on the contents of the cells, but
also actually devour the cell walls. Even apparently sound wood
adjacent to obviously decayed parts may contain hard-to-detect early
(incipient) decay that decidedly weakens wood, especially in shock
resistance.

The term dry rot is frequently used, but this is a misnomer, for no
wood that is dry can rot. It usually refers to decay where there is no
visible evidence of contact with moisture, such as in portable ladders.
Moisture, however, had to be present at some time, though not neces-
sarily continuously. For example, wood that has been painted in the
green, or unseasoned, state may decay under the coating of paint.

In its incipient stage, decay may not be too advanced to take
remedial action, but the symptoms must first be recognized. Among
the surface indications of incipient decay:

e Small bleached or otherwise discolored areas on the surface wood

e Zigzag zone lines not far from the ends of structural
members

e Oozing of extractive liquids from the joints between wood
structural members

e Dark zones in the wood separated by zones of lighter-color
tissue caused by fungi

e Persistently moist appearance of freshly cut sections

Further decay of such wood can be arrested by keeping the wood dry.
Under no circumstances should wood showing evidence of incipient
decay be used where members might be subject to shock or impact loads.

In its advanced stage, decay is more readily recognizable—but
the only remedy then is to remove and replace the rotted members.
Advanced decay in the interior of wood structural members can be
detected by:

o Inspecting structural members for sagging.

¢ Jabbing a knife blade into the wood and noting the resistance
to penetration; rotted wood is very soft.

e Drilling small holes into the timber and observing the
resistance to penetration to drilling, and the color of the chips
removed; dark wood, powder, or paste is an indication of
internal decay.
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e Striking the timber with the round end of a ball-pen hammer
and noting if the sound is dead and hollow.

e Striking the wood member against a concrete floor to deter-
mine loss of resonance.

In addition to structural weakness, decayed wood is much more
combustible than sound wood, and therefore presents a greater fire
hazard.

Itis poor practice to leave the end grain of any wood exposed, since
it readily absorbs moisture from the air. The ends of lumber should be
heavily painted or tarred. Ordinary paints, varnishes, and similar pro-
tective coatings, however, cannot be relied on to preserve wood against
decay. These contain no substances that are poisonous to fungi, and
they may themselves support the growth of fungus in the presence of
dampness. Although protective coatings retard wood’s absorption of
moisture, they also retard the drying out of wood that has taken up
moisture through an uncoated surface or joint.

NOTE: End grain of oak in contact with galvanized metal will cause local
rotting of the wood, while similar contact with steel beams or plates will
cause rapid local corrosion of the metal.

Termites

The termite is perhaps the most troublesome insect to contend with in
structural timbers. Superficially, it resembles an ant in size, general
appearance, and habit of living in colonies. Although there are numer-
ous species of termites in this country, they can be grouped into two
general categories: ground inhabiting or subterranean; and wood-
inhabiting or nonsubterranean.

Most of the termite damage in this country results from the subter-
ranean variety, which is more prevalent in the southern than in the
northern states, where colder weather does not favor development.
These termites develop their colonies and live in the ground, building
their tunnels through earth and around obstructions to get at the wood
they need for food. They also must have a constant source of moisture.

The most frequently observed termite is the winged adult; however,
itis the grayish-white worker termite that is the most destructive. Winged
adult termites are brownish or blackish in color, with elongated body
and long white wings extending beyond it at the rear (Fig. 4.4).

During certain seasons, usually in the spring and fall, the winged
sexual adults migrate in large numbers and at such time may be
observed for a short period of several hours. They then lose their
wings, enter crevices between timbers, and breed new colonies.

Worker termites are blind, shun the light, and are seldom seen—
except when a structure or building is demolished or altered, and

3
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Soldier Worker
(@ (b)

Ficure 4.4 Principal forms of the subterranean termite. (a) Soldier; (b) tiny,
destructive, worker termite; (c) swarmer.

the timber in which they are living is suddenly cut into or the soil is
excavated.

Termites frequently eat away the entire inside of a timber,
leaving nothing but a thin shell of wood (and possibly paint)—
with no exterior evidence of attack until the member ultimately
fails structurally. Signs of infestation include the earthlike shelter
tubes by-passing masonry to provide communications between
ground and wood; migrating termites; the wings that the termites
have shed just before reentering the wood; pellets of fine digested,
excreted wood similar to sawdust on the floor below joints in the
wood; holes in the surface of the wood about the size of BB shot;
and the sagging or collapse of structural members. Termite dam-
age often is confused with decay, which is quite different and is
caused by fungi.

Combating termites is nearly a hopeless task, unless all the
infested wood is removed and burned. When contact with moisture
from the earth, a leaking pipe, or a roof leak is cut off, the termites,
which depend on such a supply, will die. Among the poisons used in
combating termites are orthodichlorobenzene, Paris green, sodium
fluorosilicate, and carbon tetrachloride.

Mechanical Properties

Mechanical properties of wood members are the characteristics of
a material in response to externally applied forces. The properties
most commonly measured to determine wood strengths include
modulus of rupture in bending; maximum stress in compression
parallel to the grain; compression strength perpendicular to the
grain; and shear strength parallel to the grain. Additional mea-
surements often include work-to-maximum-load in bending,
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impact bending strength, tensile strength perpendicular to the
grain, and hardness

Wood Strength and Stiffness

The ability of wood to resist loads depends on a number factors,
including the type, direction, and duration of loading; ambient con-
ditions of moisture content and temperature; and the presence or
absence or defects such a knots and checks.

The elastic properties of wood are those produced at low stress
levels and are completely recoverable after the loads are removed.
When wood is loaded to higher stress levels beyond the elastic range,
plastic deformation of failure occurs. Six strength properties com-
monly measured for design purposes include:

¢ Bending—cross-section fiber stress

¢ Bending MOE—edgewise loading orientation
e Compression—parallel to the grain

e Compression—perpendicular to the grain

¢ Tension—parallel to the grain

e Shear—parallel to the grain

In addition, measurements are sometimes required for tensile strength
perpendicular to the grain, and side hardness.

For clear, defect-free wood, the bending test probably provides
the most widely available strength property. The modulus of rupture
(MOR) reflects the maximum load-carrying capacity in bending and
is proportional to the maximum moment borne by the specimen.
Modulus of rupture is an accepted criterion of strength, although it is
not a true stress because the formula by which it is calculated is valid
only within the elastic range. The MOR of clear wood is intermediate
between tensile and compression strength parallel to the grain.

Compression strength parallel to the grain is much lower than
tensile strength. During a bending test, initial yielding occurs on the
compression side, followed by visible compression failures and
enlargement of the compression zone. The neutral surface shifts
toward the tensile side of the specimen as the tensile stress continues
to increase. The maximum moment in the member is reached when
failure in tension occurs.

NorEs:
¢ Modulus of rupture in bending—reflects the maximum load-
carrying capacity of the member and is proportional to the maximum
moment borne by the wood member
o Work-to-maximum load in bending—measure of the energy
absorbed by the member as it is slowly loaded

%
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e Impact bending height of drop—related to the energy absorption
due to a rapid or falling load

e Hardness—load required to embed a 0.444-in. diameter ball to
one-half its diameter in a direction perpendicular to the grain

The mechanical properties of wood derived from extensive sam-
pling and analytical procedures often are represented as the average
mechanical property of species and are used to derive allowable
properties for design.

Although only clear straight-grained wood is used to determine
basic mechanical properties, wood products vary considerably in
their physical properties because of a tree’s growth characteristics
(Table. 4.3).

Variables such as specific gravity, cross grain, knots, and localized
slopes of grain, plus natural defects, such as pitch pockets, must be
considered when assessing the mechanical properties or estimating
the actual performance of wood products.

Shakes

These are lengthwise separations of wood that occur between and
parallel to the annular rings. Like checks, shakes are most objection-
able when occurring at the points of maximum horizontal shear.

Strength of straight-grained” wood (%)
Slope of grain Beams™ Posts/Columns***
1:40 100 100
1:20 85-100 100
1:18 80-85 up to 100
1:16 76-80 up to 100
1:15 74-76 87-100
1:14 69-74 82-87
1:12 61-69 74-82
1:10 53-61 66-74
1:8 50-53 56-66
1:6 50-53 50-56

* Cross grain causes a noticeable loss of strength in beams and columns.
** Applies only to middle half of length.
“* Applies to entire length.

TaBLe 4.3 Strength of Straight-Grained Wood as a Function of Grain Slope
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Occasionally, in an old timber, splits may be observed longitudinally
on one face and diagonally on the adjacent face.

Inserting a knife blade into the split and then running it length-
wise should show if it has a tendency to rotate around the pith. If it
does, the split is a check; if not, it probably is a shake—assuming that
the rings cannot be observed at the end of the timber.

Pitch Pockets

A pitch pocket is a well-defined opening that contains free resin,
extends parallel to the annular rings, and is almost flat on the
pith side and curved in the bark side. These pockets are charac-
teristic of pines, spruces, and Douglas firs. The effect of pitch
pockets on strength depends on their number, size, and location
in the piece of wood.

The pitch pocket defect in large timber, however, is not too serious—
provided the dip grain that accompanies it is not excessive. A large
number of pitch pockets, though, indicate a lack of bond of the wood
and the probable presence of a shake.

Grain Angle

Grain angle produces a profound effect on a wood member’s Modu-
lus of Elasticity and strength because of the strong anisotropic nature
of wood. Tensile is sometimes 20 to 50 times higher along the grain
than in the radial or tangential directions in the softwoods used for
structural dimension lumber.

Cross grain is one of the most treacherous defects in a piece of
wood and is a general classification that includes various grain pat-
terns such as diagonal, spiral, interlocked, dip, wavy, and curly. Cross
grain can have a major effect on the mechanical properties of lumber.
Elastic properties in directions other than those along its three mutu-
ally perpendicular axes (orthotropic)

o Longitudinal—parallel to the grain (parallel to the long axis of
the wood fibers

o Tangential—perpendicular to the grain but tangent to the
annual growth rings

¢ Radial—normal to the growth rings

Diagonal grain results from sawing a straight piece of wood from
a crooked log, or from not sawing parallel to the bark in a straight but
tapered log (the wood fibers do not run parallel to the edges of the
piece). Such a grain may occur on either the edge-grain or the flat-
grain face of the piece. More generally, it occurs on the former in
which it is usually readily discernible by the angular direction of the
annual ring markings. It occurs on the flat-grain face, it will be con-
sidered in the same class as spiral grain.

|
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Spiral grain is not as easy to detect. Wood fibers in a log generally
run in a longitudinal direction. In some logs, however, the fibers run
at a slight angle, thus taking a spiral path around the log. Spiral grain
may frequently be observed on telephone poles and flagpoles, where
it is definitely indicated by checks. On the flat-grain face of a piece of
wood, the markings of the annul rings do not indicate the direction of
the grain. If there are a number of herringbone-Vs on this face, they
indicate diagonal grain, but the angle must be measured on the edge
grain or radial face. If the points of these Vs are not in a line parallel
to the edge of the piece, then spiral grain exists.

To determine the direction of the true grain in a piece of wood,
first observe the markings or visible grain on the radial face. If these
do not run parallel to the edge of the piece, the grain is diagonal, the
angle being measured by the length required to produce a deviation
of 1 in. Next, observe the tangential or flat-grain.

Also, in hardwoods the direction of the rays, or of the large pores,
indicates the grain. In certain softwoods (those that may contain pitch
pockets), the resin ducts are positive indicators of the grain. These
ducts appear as fine brownish lines similar to tiny pin scratches.

If none of these indicators are observed, apply the point of a foun-
tain pen to the wood and note the direction in which the ink runs in
the wood cells. Another test is to jab the point of a sharp knife blade
into the tangential face at an angle of about 15° to the surface, with
the knife set crossways to the length of the piece. Slowly rotate the
knife blade with the cutting edge toward the piece of wood. This will
lift up a splinter, with the direction in which the fibers tend to pull out
indicating the direction of the grain.

Torn or chipped grain on the radial face also indicates spiral
grain, which should always be measured on the flat-grain surface
farthest from the pith. If the annual rings on a cross section run
diagonally across the piece, or if there are not true flat-grain or edge-
grain faces, determining the angle of cross grain becomes more
involved (Fig. 4.5).

Diagonal—To measure the angle of diagonal grain on such a
piece, locate on the end (the cross section of the piece) that corner
which is farthest from the pith. From this corner draw a line radially,
or at right angle to the rings. On this line, if the size of the piece will
permit, measure 1 in. from the corner. Then, follow the annual ring
markings until they intersect that edge farthest from the pith. The
ratio B:A indicates the diagonal grain

Spiral—To measure the angle of spiral grain in a piece of wood,
whose faces are neither radial nor tangential, mark a point some dis-
tance from the end on one of the edges that is neither nearest nor
farthest from the pith; and follow along the fibers of a check, or paral-
lel to a check, to the end of the piece.

Then draw a line from the end of this line radially toward the
pith. The minimum distance of this radial line from the starting edge D,
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SPIRAL GRAIN

Ficure 4.5 Method of measuring the angle of diagonal and spiral grain,
when the rings are oblique to the edge of a piece of wood.

used in conjunction with the distance of the turning point from the
end of the member C, will give the angle of the spiral grain.

Some wood may contain both diagonal and spiral grain. To obtain
the true angle of the grain in such a piece, first obtain the angles of the
spiral grain and the diagonal grain, both being expressed decimally.

Dip grain or burls—small pieces of wood are generally weakened
by the presence of dip grain or burls, which are usually the result of
defects that may or may not exist in the piece. The cross grain in the
dip usually runs at a sever angle and greatly reduces the strength, in
particular when this defect is on the tension side of a beam. To deter-
mine the strength of a beam of small cross section, such as a ladder
side rail containing dip grain at the tension face, assume that the dip
cannot take tensile stress, and therefore the depth of the section
should be deducted from the depth of the beam.

Brashness

This is an abnormal condition that causes wood in bending to break sud-
denly and completely across the grain when deflected only a relatively
small amount. Brashness is usually associated with slow grown hard-
woods, very fast or very slow softwoods, and wood with pre-existing
compression failures. Wood that is exceptionally lightweight for its spe-
cies is usually brash, as is wood that has been exposed to a high tem-
perature for a long time—such as wood ladders used in boiler rooms.

39
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A piece of tough wood and a piece of brash wood may have iden-
tical strengths in static bending, but under impact the brash piece will
fail at a much lower stress. Under ordinary conditions, the strength of
wood in tension is from two to four times its compressive strength,
but this ratio is greatly reduced in brash wood.

Creep

Time-dependent deflection, over that resulting from classic deforma-
tion, occurs when wood is subjected to a constant load over a period
of time. Changes in climatic conditions during a duration of load or
creep test may produce a lower load capacity and more creep than
that observed under constant conditions of temperature and mois-
ture content. Fortunately, such changes are moderate for most wood
structural members in typical service environments.

Compression Failures

Next to cross-grain and brashness, a tendency for compression failure
is perhaps the most hazardous defect in structural wood. Although
this defect is not too common, the danger is that it is sometimes
extremely difficult, if not actually impossible, to detect such a defect
with the unaided eye.

NOTE: Because of the low strength associated with compression failure,
many safety codes require certain wood structural members, such as
ladder rails and scaffold planks, to be entirely free of such conditions.

Reaction Wood

Abnormal woody tissue, frequently associated with leaning trunks
and crooked limbs of both conifers and hardwoods, is termed reaction
wood, and includes compression and tension woods. Both types of
reaction wood undergo excessive longitudinal shrinkage when sub-
jected to moisture loss below the fiber saturation point—up to 10 times
normal in compression wood and five or more times normal in ten-
sion wood.

When either of these woods is present in the same board with
normal wood, unequal longitudinal shrinkage causes internal stresses
that result in warping.

Compression wood—tissue in conifers found on the lower side of
an inclined member. Pronounced compression wood can be detected
by ordinary visual examination. It is characterized by eccentric
growth of annual rings, which are of a dense nature and are predom-
inantly in summerwood.

In finished lumber, compression wood is usually somewhat darker
because of the greater proportion of summerwood. Compression wood
on the flat-grain and the edge-grain faces is dull and lifeless in
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appearance. It is the one exception to the rule that the strength of any
piece of wood, regardless of its species, can be judged by its weight.

By its very nature, compression wood should be excluded from all
use where strength under shock or impact is essential. The great lon-
gitudinal shrinkage of compression wood (2 % to 20 times normal
wood), if located near the center of the piece, may cause this pat of the
wood to fail in tension, thereby producing cross cracks in the com-
pression wood. If located near the edge of a small piece, the compres-
sion wood, in shrinking, will cause crooking or bowing.

Also, because of abnormal shrinkage, spike knots are frequently
twisted from their positions and tend to protrude above the face of
the wood member. Poles containing compression wood are hazardous
for linemen to climb, for if cross checks develop at the surface, the
shell of the outer wood may peel off, with the result that the points of
their climbers will lose their hold on the pole.

Tension wood—tissue in hardwoods located on the upper side of
the inclined member. In some species, tension wood may show up on
a smooth surface as areas of contrasting colors. Although tension
wood is somewhat more difficult to detect, eccentric growth visible
on the transverse section frequently indicates its presence. Also, the
tough tension wood fibers resist being cut cleanly and result in a
wooly condition on the surface of sawn boards.

Reaction wood, compared to normal wood of comparable spe-
cific gravity, is definitely weaker.
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CHAPTER 5

Wood Structural
Members

ood structural members—beams, columns, joists, and planks—
Ware usually rectangular in cross section and have constant

depth and width throughout their span. They should be
designed large enough so that loading will not stress the member beyond
allowable values for tension, compression, shear, and bending. Under cer-
tain conditions, such as to maintain specified clearances, beams, joists, and
planks should also be large enough to limit deflection under loading.

A wood member’s strength differs on each axis, with the member
being strongest when the load is applied parallel to its grain. When
properly designed, a wood member may also be safely loaded per-
pendicular to the grain (Table 5.1).

Notation for Beam Formulas

A = cross-sectional area (in.?)
E =modulus of elasticity (Ib/in.?)
F, = design value for extreme fiber in bending (Ib/in.?)
f, = unit stress (Ib/in.%)
F_=design value in compression parallel to grain (Ib/in.?)
f, = unit stress (Ib/in.?)
F, = design value in tension parallel to grain (Ib/in.?)
F = design value in horizontal shear (Ib/in.?)
f,= unit stress (Ib/in.?)
I=moment of inertia (in.*)
L =length of member (ft)
M =bending of resisting moment (in.-Ib; or ft-Ib)
P = total concentrated load (Ib)
Q = static moment of area about neutral axis (in.?)
r=radius of gyration (in.?)
S = section modulus (in.%)
V = vertical design shear (Ib)
W = total weight (Ib)
w = weight per foot (Ib)
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Stress parallel to grain Stress perpendicular to grain

Tension

= =:

Tension parallel to grain

Wood fibers tend to stretch along the Wood fibers tend to separate from the
grain. grain.

A wood member’s highest strength A wood member’s least strength is when
property is its natural resistance to the fibers are under tension perpendicu-
tension parallel to the grain. lar to the grain. As a result, design

values are seldom given.
Knots or holes reduce a member’s cross ~ Not applicable.
section, thereby substantially reducing
fiber resistance to the applied force.
A force applied at an angle to the grain  Not applicable.
reduces the fiber resistance.

Compression

~H
= = < >

Compression parallel 10 grain Compression perpendicular to grain

Wood fibers tend to compress lengthwise. Wood member surfaces tend to compress,
resulting in a displacement of the

member.
Resistance to compression parallel to Not applicable.
the grain is affected by the presence of
knots or holes, as well as by the angle
of loading.
Shear
Shear parallel to grain
Where loading induces a compression This factor need not be considered, since
stress on one side of a wood member limits on design stresses in shear
and tension on the other side, shear parallel to the grain, and in compres-
stress tends to occur parallel to the sion or bearing perpendicular to the
grain, the largest occurring along the grain, control the design of a wood

neutral axis on the plane at which the member.
induced stress changes from compres-
sion to tension.

Shear resistance is reduced by excessive Not applicable.
checks and splits in the wood.

TaBLe 5.1 Stress Effects for Load Conditions Parallel and Perpendicular to Grain
(a) Tension (b) Compression (c) Shear (d) Bending
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Stress parallel to grain Stress perpendicular to grain
Bending
| | | Compression
A ‘} Tension

Fiber stress in bending

Perpendicular loading induces compres- Not applicable.
sion stresses in the extreme fibers on

the loaded side of a wood member, and

tension stresses on the opposite side.
These stresses diminish in intensity from  Not applicable.
the outside face fibers to zero at the

center of the member’s neutral axis.
Resistance to bending in the extreme Not applicable.
fibers is reduced by knots or holes, as

well as by deviations in the grain slope.

TasLe 5.1 (Continued)

5.1 Structural Properties

Certain mathematical expressions of the properties or elements of
wood sections are used in computing the values of structural mem-
bers of various shapes for the various conditions under which they
are subjected to stress.

e Cross section. Section taken through the member, perpendic-
ular to the member’s longitudinal axis (Fig. 5.1).

o Cross sectional area. Area of a section taken through the mem-
ber, perpendicular to the member’s longitudinal axis; calcu-
lated by multiplying the section’s base by its depth A in
square inches.

A=bd (in?)

o Neutral axis. Line in the cross section of a member on which
there is neither tension nor compression.

o

A T
7 T U

Fieure 5.1 Typical cross sections of timber beams.

L

[ O —amy
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where

Modulus of elasticity. Ratio of a wood member’s tensile
strength to tensile strain, in its deformation region.

__ stress
strain

E (Ib/in.%)
Moment of inertia. Sum of each member’s basic cross-sectional
area, multiplied by the square of its distance from the neutral
axis of that particular area.

bd?

I==— (in*

7 (%)
Radius of gyration. Square root of a section’s moment of inertia
divided by its area.

=L )

Section modulus. Moment of inertia of a section, divided by
the distance from the neutral axis of the cross section.

I bd* . .
ST )
A = cross-sectional area (in.?)
b = width of member (in.)
¢ = distance from neutral axis (in.)
d = depth of member (in.)
E =modulus of elasticity (Ib/in.?)
I = moment of inertia (in.*)
L = distance from face-to-face of supports (ft)
r =radius of gyration (in.?)
S = section modulus (in.%)
W = total uniform load (Ib)
w, = dead load (Ib)
w, = live load (Ib)

Effective span. Distance from face to face of supports, plus
one-half the required length of bearing at each end, L in feet.

Design load. Total uniform load, equal to the dead load (weight
of structural member) plus live load (workers and materials
supported by the member), W in pounds.

W=w,+w, (Ib)

Linear loading. Uniform load w over the length of the member,
wL in pound-feet.
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Species Specific gravity Weight (Ib/ft3)
Coast Sitka pine 0.39 26.6
Douglas fir—Larch 0.51 34.3
Douglas fi—South 0.48 32.7
Eastern spruce 0.43 28.9
Eastern white pine 0.38 25.5
Hem fir 0.42 28.1
Northern pine 0.46 31.2
Oak - red and white 0.67 47.3
Ponderosa pine (North) 0.49 33.0
Southern cypress 0.48 33.6
Southern pine 0.55
Spruce - pine - fir 0.42 26.9
Western cedars 0.35 24.2

Source: American Wood Council

TaBLE 5.2 Properties of Selected Structural Lumber Used in Scaffolding
and Ladders

Structural Members

Beams
When determining stresses and deflections of wood structural mem-
bers, actual—not nominal—sizes must be used.

The proper design of timber beams involves three steps:

1. Compute the member’s section modulus (S = M/f) and select
an appropriate sized beam from Wood Structural Design 1962—
American Forest and Paper Association.

2. Testthebeam selected for horizontal shear; increase dimensions
if necessary.

3. Test the beam selected for deflection.

Most designers simply perform the first computation (section modu-
lus) and then select the proper beam size that they know from experi-
ence will meet the requirements for steps 2 and 3. In determining the
strength and stiffness of a wood member under transverse loading, it
is necessary to consider:
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1. Bending moment induced by a load
2. Horizontal shear at beam supports
3. Bearing on supporting members

4. Deflection or deformation caused by load

Any of the following four factors may control the design of a struc-
tural wood member.

Bending
For structural safety, a beam’s bending moment, induced by the com-
bination of live and dead loads on the beam, may not be greater than
the resisting moment of the wood member.

For example: Assume a beam having a span L uniformly loaded
with w pounds per foot (Fig. 5.2):

L
W=wL
R AR
L L
2 2
_\l/_ m
Shear
l
Moment
wl
R=V=7
wlL?
Mmax =g~

Ficure 5.2 Forces and stresses developed in a uniformly distributed load on
a simple beam.
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1. Compute the maximum bending moment M, which occurs at
the beam’s midpoint L/2, using the formula:

A4=%§(mﬁ)

Convert to Ib-in.

_wl?x12 3wl?

M 8 2

(Ibin.)

2. Divide the resisting moment M by the allowable fiber stress in
bending Fb for the particular type of wood and grade of lumber,
to determine the section modulus S of the structural member.

s==

F,

Since the bending moment may not be greater than the
resisting moment, the two formulas can be equated:

3wl?
RS=22

3. Determine one of the following:
a. Size of beam required—when span and load are known:

_ 3uwl?

2F,

S

b. Allowable span—when size and load per linear foot are known:

2F,S
L=\Zw

c. Allowable load per linear foot—when size of beam and span
are known:

_2FS
T 32

Alternatively, once the section modulus of a wood structural member
is determined, the rigger can select a properly sized beam directly
from precomputed tables; however, make sure to select a wood sec-
tion that has a section modulus equal to or greater than the computed
value. (The section modulus of a structural wood member is I/c,
which for a rectangular beam is bd?/6.)

Although many beam sizes will meet these requirements, the
most practical sizes are those beams whose breadth ranges from one-
half to one-third of the beam’s depth.
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REMEMBER: Beams that are relatively deep compared to their width tend
to bend sideways under loading unless properly braced.

Rules-of-thumb for beams having the following ratios of depth to
width, or thickness:

2:1 No lateral support is needed

3:1or4:1 Ends should be held in position

51 One edge should be held in line for entire length of beam
6:1 Lateral supports are required at intervals of 8 ft

Although lumber is customarily specified in terms of nominal
sizes, always use the actual sizes (net dimensions) for any design
computations.

Horizontal Shear
Horizontal or longitudinal shearing forces in a member must be con-
sidered in designing a beam subject to vertical shear (Fig. 5.3 ). When
a beam is loaded vertically, the upper part of the beam tends to slide
along its lower part. To prevent this sliding action, the shear resis-
tance of wood member must equal or exceed the horizontal shear that
the vertical loading induces.

Maximum horizontal shear occurs in a rectangular beam at the
neutral axis of the section and depends on the magnitude of vertical
shear in the member:

VQ
=7

3V
T

Breaking strength of a beam: Stiffness of a beam:

* Directly proportional to the width, but e Directly proportional to width, but

* Proportional to depth squares, and * Proportional to depth cubes, and

¢ Inversely proportional to the span * Inversely proportional to span cubed

(Thus, whether the depth or width of a solid beam is doubled, the mass is the
same, but the strength/stiffness/weight ratios for a beam are very much better
with increased depth rather than increased thickness)

Fieure 5.3 Horizontal or longitudinal shear in a simple beam.



Wood Structural Members

S S

Ficure 5.4 Notched beam with tapered notches 1/6 the beam’s depth.

Where f = Unit Stress
V = Maximum Shear Force
Q = First moment of Area (around neutral axis)
I =Moment of Inertia
B = Width of Beam

The unit stress, however, may not be greater than the design value in
horizontal shear Fo for the particular type and grade of wood used.

Because notching a beam will affect the shear strength of the
member, notching should be avoided whenever possible, especially
on a beam’s tension side. Never notch the tension side of a beam that
is 4-in. deep or deeper except on its ends. Notches at the ends of a
beam, however, should not be greater than one-fourth the depth of
the wood member (Fig. 5.4).

To reduce stress concentration, where notching a beam is necessary,
use a gradually tapered notch instead of square cornered one. Notches in
wood beams should not be deeper than one-sixth the depth of the wood
member. And never put a notch in the middle one-third of a span.

Always check the desired bending load of a beam having square
cornered notches at its ends against the load obtained by the formula:

d") (2F bd’
v-(3)5)
Bearing on Supports

When a wooden beam is loaded, its fibers tend to compress at the
beam support points. Make sure there is sufficient end-bearing area
for the beam to transfer the load without damage to the fibers. Deter-
mine the bearing area by dividing the beam’s end reaction by the
design value of compression perpendicular to the grain F_from the
particular type and grade of wood being used. If the bearing area,
from the end of a wood beam, is less than 6 in. long, it is safe to use
higher stresses in compression perpendicular to the grain. For such
bearing areas, if located 3 in. or more from the ends of a beam, increase
the compression values as indicated in Table 5.3.

Deflection

Abeam’s deflection A is the amount of deformation that results from
a load applied to the beam. As long as the induced bending stress
does not exceed the design value, deflection does not seriously affect
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Length of bearing (in.) Factor
L7 1.75
1 1.38
1% 1.25
2 1.19
3 1.13
4 1.10
6 or more 1.00

TaeLe 5.3 Factors by Which to Increase Compression
Values Based on Bearing Length

the safety of the beam, and deflection can be ignored, with the design
of the beam based on strength alone. Deflection, however, becomes a
critical factor for the rigger when a specified clearance is required
under the beam.

Joists

These wood members are small beams spaced closely together to
support floor (or roof) loads. They are designed in the same manner
as wood beams. Maximum spans for various sizes of floor loads and
stresses are based on the bending strength using the live load indi-
cated on each heading, plus a dead load of 10 Ib/ft* (span tables for
Joists and Rafters—American Wood Council, Washington, DC).

Planks

The span of a scaffold plank is the distance it runs between supports.
The longer the span, the more deflection (bend) it will have, and there-
fore, the less its load-bearing capacity will be.

For scaffolding, wood planks 2 in. thick, or thicker, are laid on
the flat spanning from beam to beam (similar to the way a floor
would be laid). The beams are spaced 5 ft to 12 ft on center,
depending on the load to be supported and the kind of wood used
(Tables 5.4 and 5.5).

To compute the correct thicknesses of a plank, assume a width
of 12 in. and apply beam design methods. Scaffold planks should be
unsurfaced, and actual dry dimensions should not be less than spec-
ified. For example:

2x%x9 17/sx 8% /4
2x10 17/,x9
2x12 17/sx 113 /4
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Maximum permissible | Maximum permissible
Maximum span using full span using nominal
intended load thickness lumber thickness lumber
25 Ib/ft? 10 ft 8 ft
50 Ib/ft? 8 ft 6 ft
75 lb/ft2 6 ft —

Source: OSHA, Washington, DC.

TaBLE 5.4 Allowable Spans (for a given load) for 2 x 10 (nominal) or 2 x 9
(rough) Solid Sawn Wood Planks

The longer the span, the more deflection (bend) it will have, and
therefore, the less its load-bearing capacity will be (Table 5.6). Because
nominal thickness lumber is not cut to its exact dimensions, nominal
2 x 10 is really more like 1% x 9%. As a result, it does not have the
same load-bearing capacity of full thickness lumber.

For fabricated planks and platforms, maximum spans are to be
recommended by the manufacturer. To assure that scaffold planking
remains within its safe load-bearing capacity, it may not be allowed
to deflect more than 1/60th of its span between supports [OSHA
1926.451(f)(16)].

Rated load capacity Intended load

Light duty 25 Ib per ft? applied uniformly over the
entire span area

Medium duty 50 Ib per ft? applied uniformly over the
entire span area

Heavy duty 75 Ib per ft? applied uniformly over the
entire span area

One person 250 Ib placed at the center of the span
(total 250 Ib)

Two person 250 Ib placed 18 in. to the left and right
of the center of the span (total 500 Ib)

Three person 250 Ib placed at the center of the span and
250 Ib placed 18 in. to the left and right of
the center of the span (total 750 Ib)

Source: OSHA, Washington, DC.

TaBLe 5.5 Allowable Spans (for a given load) for Fabricated Planks and
Platforms, Maximum Spans to be Recommended by the Manufacturer
Based on this Table

3
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Span of plank Maximum permissible
between supports Calculation deflection

10 ft 120 in./60 in. 2in.

7 ft 84 in./60 in. 1343 in.

5 ft 60 in./60 in. 1 in.

Source: OSHA, Washington, DC.

TaBLE 5.6 Maximum Permissible Planking Deflection

Planks should have strength ratios of at least 80 percent of the
strength of a theoretically flawless plank.

¢ Planks, when fully accepted, should be immediately branded
on their ends—permanently marked suited for scaffolding.

e Inspected planks should be carefully handled and not
dropped in bulk from the delivery truck.

e Use of planks other than those specifically accepted for
scaffolding should be forbidden.

REMEMBER: Deflection can indicate when a platform is overloaded. To
assure that scaffold planking remains within its safe load-bearing
capacity, it may not be allowed to deflect more than 1/60th of its span
between supports [OSHA 1926.451(f)(16)]. A competent person should
not allow employees to occupy a platform that exceeds the 1/60th ratio.

Columns

Most timber columns, or posts, have square or rectangular cross sec-
tions and are single lengths of timber. Although columns built up
from pieces of timber and joined by nails, bolts, or other mechanical
fasteners are often used, they do not have the same strength as a
one-piece member of comparable material and dimensions. The
strength of a built-up column must be reduced by precomputed per-
centages to provide a section equal to the strength of a one-piece col-
umn of the same dimension and quality.

The slenderness ratio of a column is a measure of its stiffness
and has an important bearing on the load a column will support.
The strength of built-up columns must be reduced by the percent-
ages in the table to provide a section equal to the strength of a one-
piece column of the same dimension and quality (Table 5.7).

The slenderness ratio is computed by dividing the column’s later-
ally unsupported length by the appropriate cross-sectional dimension,
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Ratio of built-up column

Slenderness ratio (L/D) of strength to equivalent solid
equivalent solid column column strength

6 82
10 72
14 71
18 65
22 74
26 82

TaBLE 5.7 Adjustment Factors for Built-Up Columns with Cover Plate

both in inches (Fig. 5.5). To determine the laterally unsupported length
of a column, measure the column’s distance parallel to its longitudinal
axis—between the supports that restrain the column against any lat-
eral movement.

A short column, one having a slenderness ratio less than 11, will
support a load equal to the area of the cross section multiplied by the
full allowable compressive strength of the particular type and grade
of wood. If the length is increased, however, then the cross-sectional
area must also be increased.

Numerous timber column formulas are used in finding the per-
missible unit stress. A formula recommended by the National Forest
Products Association is

d
T \J _2_. U " U

Ficure 5.5 Slenderness ratio |/d for simple solid columns.

[}
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where F = maximum permissible unit stress for column cross section
(Ib/in?)
C = maximum allowable unit stress parallel to grain for short
blocks (Ib/in.?)
I = unsupported length of column (in.)
d = least width or diameter of cross section (in.)

Timber columns are designed by trial and error, first assuming a cross
section and then testing to see whether or not it meets the specified
requirements. For example:

1. Assume a cross-sectional area of approximate proper
dimensions.

2. Solve for F in the timber column formula, substituting for /
the length of the column, in inches; and for d the least width
or diameter of the column, in inches.

3. The computed F value is in units of pounds per square inch,
and is multiplied by the number of square inches in the
assumed column’s cross-sectional area to obtain the allowable
safe load for the column.

4. Compare the allowable load found in step 3 with the actual
load to be supported.

5. If the actual load is greater, the assumed cross section is too
small.

6. Assume a larger cross section, and test again.

While lumber columns may be designed by use of a formula, the
rigger will find it more convenient to use precomputed tables to
make the proper selection of column sizes (National Forest Products
Association).

Rules-of-Thumb

When designing wood structural members:

1. The safe load on a beam varies directly with the beam’s
width; doubling the width of a beam doubles the safe load
it can carry.

2. The safe load on a beam varies as the square of the beam’s
depth; doubling the depth of a beam increases by four times
the safe load it can carry.

3. Placing two planks on top of each other provides twice the
strength of one plank.

4. Securely nailing or doweling plank ends together to prevent
slipping of one plank on the other provides four times the
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strength of one plank, or twice the strength of the two planks
placed on top of each other (unsecured).

5. The safe load on a beam varies indirectly with the beam’s
span; doubling the span cuts the safe load by one-half.

6. A beam of a given size, material, and span will carry a
uniformly distributed load twice as great as a concentrated
load applied at the center of the span (provided the unbraced
span is relatively short).

7. The deflection of a beam of a given size, material, and span
varies directly as the load placed on the beam; doubling the
load doubles the deflection.

8. The deflection of a beam of a given size, material, and loading
varies as the cube of the beam’s span; doubling the span
increases the deflection 2 x2 x 2 =38.
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CHAPTER 6

Metal Structural
Members

niform cross-sections include tees, angles, and beams manu-

factured through extrusion, continuous casting, roll forming,

and other manufacturing processes. Typically, profiles and
structural shapes are formed securely to satisfy various strength
requirements and precise cross-sectional dimensions of the shape or
profiles.

Profiles and structural shapes are available in a variety of shapes
and sizes, including solid, hollow, and semihollow structural mem-
bers. Ultimately, the characteristics of a structural shape are deter-
mined by the cross-sectional view. Selecting profiles and structural
shapes requires an analysis of how cross sections can be adapted to
construction.

Selecting an adequately sized steel or aluminum section for a
rigging or scaffolding operation is a relatively simple task using the
well-established manuals that offer vital data for selecting struc-
tural members that have sufficient strength to ensure safe, adequate
loading.

o Steel Construction Manual. Furnishes complete tabular data
and methodology for choosing and dimensioning every
variety of standard structural steel shape, covering even
pipe and tubing, bars, and plating (American Institute of
Steel Construction)

o Aluminum Design Manual. Furnishes comparable facts and
figures for structural aluminum (Aluminum Association)

The use in rigging of steel or aluminum beams today is almost uni-
versal for construction or maintenance of facilities and structures.
The highly practical and useful wood beam is, of course, still well-
suited to many applications. The steel and aluminum manuals, how-
ever, are essential to any installation where either of these metals is to
be part of the rigging activity (Table 6.1).

19
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Engineering Principles

Property Steel Aluminum

Extrudability Not practical Very good

Weldability Good (no reduction in Fair (reduction in
strength) strength)

Corrosion Fair Good

resistance

Tensile yield 35-50 ksi 35 ksi

strength

Stiffness 29,000 ksi 10,000 ksi

Elongation 20% 8-10%

Density 0.283 psi 0.098 psi

Strength-to-weight 1.0-1.41 2.0

ratio

TaBLe 6.1 Comparison of Common Structural Shapes and Grades

It is to the rigger’s advantage to understand the basic terminol-
ogy and design fundamentals used in selecting required metal beams

or columns.

Structural Metal Shape Properties

Structural steel and aluminum is manufactured in a wide variety of

cross-sectional shapes and sizes:

o W-shape. Most widely used structural member for beams, col-

umns, and other load-bearing applications. Parallel inner and
outer flange surfaces of a constant thickness provide greater
cross-sectional area in the flanges, resulting in greater strength
than is provided by the S-shape member. The distance
between W beams is measured from the center of the sec-
tions” webs.

S-shape. Has relatively narrow flanges, which taper in
thickness, approximately 17° toward the flange’s base. The
distance between S beams is measured from the center of the
sections” webs.

C-shape. Channel sections resemble half an S-beam, with
flanges on only one side of the web. Inner flange surfaces
slope approximately 17°, making the C-shape member
especially useful in locations where a single flat surface on
one side is required. When used alone, the C-shape is not
very efficient as a beam or column. Efficient built-up
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members, however, may be constructed of channels assembled
together with other structural shapes and connected by rivets
or welds. The distance between channels is measured from
the back of the web or the heel of the flanges.

Structural steel member W-, S-, and C-shapes are
designated by their nominal depth, in inches, along the web
and the weight in pounds, per foot of length. A W14 x 30,
for example, indicates a W-shape that is 14 in. deep along
its web and weighs 30 Ib per linear foot.

o HP-shape (bearing pile). Almost identical to the W-shape; the
only difference is that the web and flange thicknesses are
equal.

o Angle. L-shaped section with leg lengths either equal or
unequal, identified by dimensions and thickness of its legs,
such as L6 x 4 x %. The dimension of each leg is measured
along the outside of the angle, and for unequal-leg angles, the
dimension of the wider leg is always give first. The third
dimension applies to the thickness of the legs, which always
have equal thicknesses. Angles are used primarily to support,
brace, or connect other structural steel members. They may be
used as single members, or they may be used in combinations
of two or four to form main structural members.

o Steel plate. Structural member that has a width greater than
8 in. and a thickness of % in. or more. Generally used as
connections between other structural steel members; may also
be used as component parts of built-up structural members,
such as columns.

6.2 Selecting Structural Metal Beams

When selecting a metal structural beam, keep in mind these rules:

e A beam of a given size and span will carry a uniformly dis-
tributed load twice as great as a load concentrated at the cen-
ter of the span. Therefore, if the table indicates that a certain
beam on a given span will safely carry a concentrated load of
7500 Ib, if the load is spread out over the entire length of the
beam, 15,000 Ib may safely be applied. Likewise, on a cantile-
ver beam the allowable distributed load is twice the allow-
able concentrated load.

o The safe load on a simple beam varies indirectly as the
span. Therefore, if the span of a beam of given size is
doubled, the safe load is reduced to one-half. On a
cantilevered beam, if the lower arm is reduced to one-half,
the load may be doubled.
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The deflection, or bending, of a simple or cantilevered beam
under load varies directly as the load. Therefore, doubling
the load will ordinarily double the deflection.

The deflection of a simple beam of a given size and load
varies as the cube of the span. For example, if the span is
multiplied by 2, the deflection is multiplied by 2° (2x2 x2=8);
if the span is multiplied by 2%, the deflection is multiplied by
2153 (2V2 x 2Va x 2V5 = 15%5).

The load applied to a beam must include not only the useful
load to be lifted, but also the weight of the slings, the hoist
tackle or chain hoist, the pull on the hauling line or hand
chain, and, if the beam is very heavy, the weight of the beam
itself. For scaffolding, it would be necessary to consider not
only the weight of the workers, but also that of scaffold
planking and any material stored on the planks as well as any
equipment being used.

The span of a simple beam, supported at or near its ends, is
the distance between the supports measured in inches. The
length of span depends to a degree on the nature of the
material on which the beam rests.

If the supports are very firm, such as heavy steel or concrete
(Fig. 6.1a), the effective span is measured from edge to edge
of the supports.

If the beam rests on timbers that compress slightly under the
bearing load (Fig. 6.1b), or if the steel beams on which it rests
can rotate slightly under the beam (Fig. 6.1c), the span is
measured from the center of one bearing to the center of the
other bearing.

Ficure 6.1
Measuring a
beam’s length of
span between
various supports.
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6.3 Design Calculations
Although the manuals on steel and aluminum design will provide
most of the required data for selecting a structural member, it is nec-
essary to follow certain procedures.

To calculate Need to know

Safe load Span of beam, size, material
Beam size Span of beam, load, material
Maximum beam span Size of beam, load, material

The same unit stress of 36,000 psi is used for all steel beams and 14,000 psi
for all aluminum beams. Tables in the respective manuals list the product
of unit stress times section modulus under the heading of maximum
bending moment, thus simplifying the calculations.

Bending Moment

A key factor in proper beam selection is the bending moment of a
structural member (Fig. 6.2). To determine the bending moment when
the size of the beam is to be calculated or, if the beam size is known,
to find the maximum span or load, use these bending formulas:

where M = bending moment (Ib-in.)
P = concentrated load (Ib)
W = total uniformly distributed load (Ib)
L =length of span (in.)

LOAD P
% L0AD W
[ 1 V222727 220222777 202 222
7777 77
SPAN L //,'% / SPAN L ¢
v
CONCENTRATED LOAD vl UNIFORMLY DISTRIBUTED LOAD
) - Z 8 am %
LB .AM .M .18 N4 =LY
-2 pe 2t R M Wl LS
{a} SIMPLE BEAMS (b)
L0AD P
5 LOAD W
%/ ‘
LENGTH | [ I|
A LENGTH L
CONCENTRATED LOAD UNIFORMLY DISTRIBUTED LOAD
™ M R L M
M= P p:-L L=; M-2 w T L W
() CANTILEVER BEAMS (d)

Ficure 6.2 Calculating the bending moment of a beam under various types
of loading.
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Unless the beam is very narrow relative to the span, all calcula-
tions are quite simple. On beams with a high slenderness ratio, addi-
tional investigations must be made. The slenderness ratio is the length
of the span between lateral bracing of the compression flange, divided
by the width of the beam flanges.

In a W-beam or S-beam used as a simple beam, the upper flange
resists compressive stresses and the beam has the same tendency to
buckle as does a loaded column. In selecting a beam, make sure that
the member has a cross-sectional area large enough to resist ade-
quately all bending, shear, and deflection.

It is essential to take the slenderness ratio into consideration; if
the beam is very slender, there is a tendency for it to deflect sideways,
then twist and roll over. Because the beam is much weaker on its side,
it will fail and allow the load to drop. Bracing the compression flange
against deflection sideways so that the compression flange of the lon-
gest unbraced part of the span is 15 in. or less will prevent this from
happening, and the full calculated load can be safely carried.

Bending Design
To design a metal beam for bending use the formula:

7=S

First, determine the type of metal member being used and its unit
stress, plus the laterally unsupported length of span. Then complete
the maximum bending moment (as previously explained) of the
beam. Next, divide this moment by the allowable extreme fiber unit
stress. (Building codes permit 22,000 psi for A36 steel; 14,000 psi for
6061-T6 alloy aluminum.)

This gives the required section modulus S of the beam. Referring
to the tables of properties of steel shapes, simply select a beam with a
section modulus equal to or greater than that which is required. Gen-
erally, the section with the lightest weight per linear foot is the most
economical.

WARNING: In using the flexure formula, do not mix units of measure: if
fis in pounds per square inch, then M must be in pound-inches, not
pound-feet.

This method of calculating the beam size is applicable to any type
of loading and any material. In most applications, however, beams
have uniformly distributed loads. Therefore, when designing for
bending, it is more convenient to use the tables covering this type of
loading to select the proper size of beam directly—all that is needed
is the load and span.
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Shear

Since most beams are large enough to resist bending are also large
enough to resist shear, this step is usually omitted.

Deflection
To avoid floor and ceiling cracking in building construction, beam
deflection should not exceed 1/360 of the span. For rigging and scaf-
folding applications, however, the only serious problem with beam
deflection might be one of having to provide sufficient clearance for
equipment. Usually, because beams used for this type of operation
have short lengths, this computation can be disregarded. A long-span
beam designed to carry a relatively light load, however, should be
investigated to make sure that deflection does not exceed 1/360 span.
Because simple beams with uniformly distributed loads occur so
frequently in practice, tables of maximum loads for specific spans are
of great convenience to the designer. The loads in these tables are
given in 1000 Ib (kips), and the extreme fiber stress used in comput-
ing the load is 24,000 psi. (Refer to the appropriate manuals to deter-
mine maximum load deflection values.)

Equivalent Distributed Loads

Although common practice generally dictates the use of tables cover-
ing uniform loading, such tables can be abridged for beams subjected
to direct loading (Table 6.2).

Since equivalent distributed loads found by this method do not
include the weight of the beam, beam sections determined this way
should also be checked for shear and deflection when used for struc-
tural applications.

Bearing Plate

A steel bearing plate is usually required to distribute the beam load
over the bearing area of a masonry wall, or concrete pier support to
prevent the beam from crushing the masonry or concrete support.
The plate uniformly distributes the beam load on the support

Equivalent uniform load Deflection coefficient
2.00P 0.80
2.67P 1.02
4.00P 0.95
4.90P 1.01

Source: Manual of Steel Constriction, American Institute of Steel
Construction.

TaBLE 6.2 Types of Loading—Equal Loads, Equal Spaces
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Anchor as required

Ficure 6.3 Bearing-plate design data.

structure and also helps seat the beam at its proper elevation
(Fig. 6.3). The size of the plate required is found by dividing the beam
load on the support area by the allowable bearing unit stress.

A=—

Fp

where A = area pf bearing plate B x C (in.?)
P =load from beam (Ib)
F,=allowable bearing stress of support material (Ib/in.?)

The wall thickness will determine the plate dimension parallel to
the beam length. The plate dimension parallel to the length of the wall
is B. Both dimensions are usually given in even inches (see Table 6.3).

Material Bearing capacity (psi)
Stone concrete, depending on quality 600-800

Common brick, lime mortar 100

Common brick, lime-cement mortar 200

Common brick, cement mortar 250

Hard brick, cement mortar 300

Rubble, cement mortar 150

Rubble, lime-cement mortar 100

Hollow T.C blocks, cement mortar 80

Hollow cinder blocks, cement mortar 80

TaBLE 6.3 Allowable Bearing Capacity of Masonry Walls (psi)
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To determine the thickness of the plate, take the maximum bend-
ing moment at a distance #n from the edge of the plate. Then use the

formula:
‘o /m
E,

where = thickness of bearing plate (in.)

p = actual bearing pressure of plate on masonry (psi)

F,=allowable bending stress in bearing plate (psi)
(AISC gives F, =.75F where F is the yield-point stress of
the steel plate)

n=(B-k)/2 (in.)

k = distance from bottom of flange to web toe of fillet (in.)
(Values of k may be found in the AISC manual under
dimensioning for detailing)

Since A36 steel is commonly used for bearing plates, the formula
reduces to:

2

‘o 3pn* | pn
27,000 ~ Y9000

6.4 Steel Structural Sections
Steels used for building construction in the United States use stan-
dard alloys identified and specified by ASTM International. These
steels have an alloy identification that begins with A, followed by
two, three, or four numbers.

AISC 360 — Specification for Structural Steel Buildings
AISC 303 - Code of Standard Practice for Steel Buildings and Bridges
AISC 325 - Steel Construction Manual

(The four-number AISI steel grades, commonly used for mechanical
engineering, machines, and vehicles, are a completely different specifica-
tion series.)

The most commonly used structural steel used today is the ASTM
A36 type, which has a high yield point (36,000 psi) (Table 6.4).

Because of this strength, smaller lighter sections can be used for
many applications. All structural members made of A36 steel may be
riveted, bolted, or welded for erection. Structural steel members
include:
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Carbon steels

A36 - structural shapes and plate
A53 — structural pipe and tubing
A500 - structural pipe and tubing
A501 - structural pipe and tubing
A529 - structural shapes and plates

High strength low alloy steels

A441 - structural shapes and plates
A572 - structural shapes and plates
A618 — structural pipe and tubing
A992 — W shapes beams only

Source: ASTM International

TasLe 6.4 Standard Commonly Used Structural
Steels

Beams
144 Wide flange

WT  Structural tee

S American standard flange (I-shape)
ST American standard tee

L Angle

C American standard channel

HP  Bearing pile

PL Plate
M Miscellaneous shapes
Open-Web Joists

Theses lightweight steel trusses are used primarily to support
floors and roof panels between main supporting beams, girders,
trusses, or walls. They may also be used to support wood decking
for scaffolding. Manufactured joists used in construction are stan-
dardized in depths, spans, and load-carrying capacities. The pri-
mary series include K, KCS, LH, DLH, and ]G (joist girder), ranging
in sizes from 8 in. to 30 in. deep (in 2-in. increments); and in lengths
8 ft to 60 ft.

Columns

The load a steel column can carry safely depends not only on the num-
ber of square inches in its cross section, but also on the shape of the
column section. (This is not true for a wood column, which is always a solid
shape.) The cross section of a steel column, however, is seldom sym-
metrical with respect to both major axes; therefore, when axially loaded,



Metal Structural Members

such a column tends to bend in a plane perpendicular to the axis of the
cross section about which the moment of inertia is the least.

In an I-beam the moment of inertia about the axis parallel to the
web is considerably smaller than that about the axis parallel to the
flanges. Therefore, despite the amount of material in such a cross sec-
tion, an I-beam is not an economical column section.

Failure of short columns occurs by crushing; that of long slender
columns, by stresses resulting from bending. In short members, the
average unit stress is f = P/A. But for small cross-section steel col-
umns, long enough to have a tendency to bend, the stresses are not
equally distributed over the cross section and therefore the average
unit stress must be less than 20,000 psi. This average stress is depen-
dent on the slenderness ratio of the column, its end conditions, and
its cross-sectional area.

While the slenderness ratio for timber columns is I/d (the unbraced
column length divided by the dimension of the least side, both in
inches), for steel columns it is //r (the unbraced column length divided
by the least radius of gyration, both in inches). The least radius of
gyration describes a steel column’s measure of effectiveness in resist-
ing bending. Given the least moment of inertia and the area of the
cross section, the radius of gyration r may be readily computed.
Tables of properties of steel sections, however, provide their value,
thus eliminating the need to compute it.

Pipe Columns

Steel pipe and tubing, with their symmetrical shapes, have equal
moments of inertia about each axis, and therefore are frequently used
as columns, especially for scaffolding. Properties and allowable loads
for various sizes of standard steel pipe columns—designated as HSS
sections—are given in the AISC handbook.

In addition, although AISC 2000 Specification for Design of Hollow
Structural Sections covers load and resistance factors for any square,
rectangular, or round shape produced in accordance with a pipe or
tubing specification. The information also applies to steel pipe.

Column Base Plates

All steel columns must be supported at their bases on a rolled steel
slab or billet to distribute the column load over an adequate area and
prevent crushing of the supporting concrete or masonry foundation.
The base of the column and the steel slab must be in absolute contact,
attached by welding or by angle sections secured to the masonry
footing by anchor bolts (Fig. 6.4).

The area of the plate or billet is found by dividing the column
load by the allowable unit compressive stress for the concrete or
masonry footing. Determine the thickness of the plate or billet by
assuming the plate to be an inverted cantilever with the maximum
bending moment at the edge of the column.

89
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Ficure 6.4 Typical end-of-column base plate to distribute concentrated load
of the column.

The design of a column base plate involves two main considerations:

e Spreading the load so as to maintain the bearing pressures
under the allowable values.

¢ Connecting or anchoring the base plate and the column to the
concrete or masonry foundation.

(For frame analysis it may be important to consider the degree of fixity of the
entire anchorage, so the design of the base plate and the anchor bolts should
consider the interaction of axial load and bending moment.)

Aluminum Structural Sections

One of the most widely used structural aluminum alloys today is
ASTM Aluminum-Alloy 6061-T6, a general-purpose structural alumi-
num alloy, having moderate strength with a yield point of 39,900 psi,
good dimensional stability, and excellent weldability. Alloy 6061-T6
structural aluminum is popular for medium to high strength require-
ments; has good toughness characteristics; and is easily welded and
joined by various commercial methods. Excercise caution, however,
when using 6061-T6 sections because direct contact with dissimilar
metals can cause galvanic corrosion.

The Aluminum Design Manual covers types, characteristics, and
use of aluminum structural sections—I-beams, channels, angles, tees,
and zees—including;:

e Section properties. Shapes similar to the American standard
shapes, but weighing 11 percent less
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e Y-axis. Dramatic increases, ranging from 40 percent to 150 percent

e Flanges. Thicker than the web; section modulus (resistance to
bending) in the Y-axis is approximately 11 percent greater for
the same weight per foot

o Wider flanges. Make extruded aluminum beams more stable

o Straight flanges. Make joining aluminum structural members
easier

o Radius of gyration. Shows similar improved properties

Use only a section’s nominal dimension when calculating struc-
tural aluminum members. Safety factors (or resistance factors, if you
use load and resistance factor design) account for the fact that alumi-
num beams might be smaller than the nominal dimension.

The allowable tensile stress for a structural aluminum member is
the tensile strength divided by a safety factor of 1.95. The tensile strength
is the lesser of the tensile strength of the filler alloy and 90 percent of the
weaker of the welded tensile ultimate strengths (Table 6.5).

' English | Metric
Physical properties
Density | 0,0975 psi | 2.7 g/ce
Mechanical properties
Tensile strength (Ultimate) 45,000 psi 310 MPa
Tensile strength (Yield) 39,900 psi 275 MPa
Elongation at break 12% 12%
Modulus of elasticity 10,000 ksi 69.GPa

(Average of tension and compression. In Aluminum Alloys, the compressive
modules is typically 2% greater than the tensile modulus)

Notched tension strength 47,000 psi 324 MPa
Ultimate bearing strength 88,000 psi 607 MPa
Bearing yield strength 56,000 psi 366 MPa
Fatigue strength 13,800 psi 96 MPa
Fracture toughness 4,207 psi 29 MPa

Pa = unit of measure pascal is equal to one newton per square meter; MPa = mega (million)
pascals; GPa = giga (billion) pascals.
Source: Aluminum Design Manual, Aluminum Association.

TaBLe 6.5 Physical and Mechanical Properties of Aluminum 6061-T6: 6061-T651

9
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Web

To calculate the web crippling strength use the inside radius.

e For extruded structural shapes (where the corner between
the web and flange is filler) use R1 =0.

e For cold-formed steel beams, use R1 (the bend radius at the
web-flange juncture).

No general deflection limit is given for aluminum beams, since
the Specification for Aluminum Structures is used in many different
applications, each with its own performance requirements.
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Areas and Volumes

|
A A Triangle: Area = %-
b— b b—l

Trapezium: Area = Sum of areas of compo-~
nent triangles

p——o0— j
h byh
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Sector: Area = 0.00873r24 = ?r

Irregular shape: divide length into parallel
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TaBLe 7.1 Areas of Plane Figures
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y4 /]
/ Ig Regular prism: Volume = area of base X i
13
N
I Cylinder: Volume = area of base X h

area of base X h

Cone: Volume = 3

Frustum of cone: Volume = volume of cone
of height h» — volumeof cone of height
b

area of base X h

Pyramid: Volume = 3

Frustum of pyramid: Volume = volume of
pyramid of height h; — volume of con-
of height &,

Sphere: Volume = 0.524d?

Wedge: (Rectangular base, b; parallel to b)

1 hg Volume = —_ha(2b + b
F d 6
18 T

D
b—al Ring: Volume = 2.46Dd?

Barrel: Volume = 0.262h(2D? 4 d?)

d

TaBLe 7.2 Volumes of Solid Figures
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TaBLe 7.3 Circumferences and Areas of Circles*
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1% | 51.84 | 213.8 || 20 62.83 | 314.2 73.83 | 433.7 || 30 94.25 | 706.9
5 | 52.23 | 217.1 14 1 63.22 | 318.1 5¢ | 74.22 | 438.4 % | 9503 | 7187
34 | 52.62 | 220.4 15 | 63.62 | 322.1 3 | 74.61 | 4430 5| 95.82 | 730.6
7% | 53.01 | 223.7 36 | 64.01 | 326.1 76 | 75.01 | 4477 341 96.60 | 7426
17 53.41 | 227.0 1 | 64.40 | 330.1 || 24 75.40 | 452.4 || 31 97.39 | 754.8
14 1 53.80 | 230.3 56 | 64.80 | 334.1 14 | 76.18 | 461.9 14| 98.17 | 767.0
14 | 54.19 { 233.7 3 | 65.19 | 338.2 5 | 76.97 | 471.4 is| 9896 779.3
3% | 54.59 | 237.1 7% | 65.58 | 342.2 3% | 77.75 | 4811 3% | 9975 7917
1% | 54.98 | 240.5 || 21 65.97 | 346.4 || 25 78.54 | 490.9 || 32 100.5 | 804.2
56 | 55.37 | 244.0 14 | 66.37 | 350.5 14 | 79.33 | 500.7 14{101.3 | 816.9
34 | 55.76 | 247.4 14 | 66.76 | 354.7 is | 80.11 | 510.7 s | 102.1 | 829.6
7% | 56.16 | 250.9 34 1 67.15 | 358.8 34 | 80.90 | 520.8 3 ]| 102.9 | 8424
18 56.55 | 254.5 15 | 67.54 | 363.1 || 26 81.68 | 530.9 || 33 103.7 | 855.3
16 | 56.94 | 258.0 5% | 67.94 | 367.3 14 | 82.47 | 541.2 14 1104.5 | 8683
14 1 57.33 | 261.6 3 | 68.33 | 371.5 i5 | 83.25 | 551.5 1052 | 88l1.4
36 | 57.73 | 265.2 76 | 68.72 | 375.8 3% | 84.04 | 562.0 3% | 106.0 | 894.6
146 | 58.12 | 268.8 || 22 60.12 | 380.1 |} 27 84.82 | 572.6 {| 34 106.8 | 907.9
56 | 5851 | 272.4 14 | 69.51 | 384.5 14 | 85.61 | 583.2 1% | 107.6 | 921.3
34 | 58.90 | 276.1 15 | 69.90 | 388.8 15 | 86.39 | 594.0 108.4 | 934.8
7% | 59.30 | 279.8 36 | 70.29 | 393.2 34 | 87.18 | 604.8 % | 109.2 | 948.4
19 59.69 | 283.5 15 | 70.69 | 397.6 || 28 87.96 | 615.8 || 35 1100 | 962.1
14 | 60.08 | 287.3 5% | 71.08 | 402.0 14 | 8875 | 626.8 15 | 1107 | 975.9
i4 | 60.48 | 291.0 34 | 71.47 | 406.5 s | 89.54 | 637.9 15 | 111.5 | 989.8
36 | 60.87 | 294.8 7% | 71.86 | 411.0 3 | 90.32 | 649.2 3 | 112.3 |1003.8
TaBLe 7.3 Circumferences and Areas of Circles* (Continued)
Inches
Feet
0 1 2 3 4 5 6 7 8 9 10 11
0 |.0000 | .0055 | .0218 | .0491 | .0873 | .1364 | .1963 | .2673 | .3491 | .4418 | .5454 | .6600
1 |.7854 | .9218 | 1.069 | 1.227 | 1.396 | 1.576 | 1.767 | 1.969 | 2.182 | 2.405 | 2.640 | 2.885
2 |3.142 | 3.409 | 3.687 | 3.976 | 4.276 | 4.587 | 4.909 | 5.241 | 5.585 | 5.940 | 6.305 | 6.681
3 |7.060 | 7.467 | 7.876 | 8.206 | 8.727 | 9.168 | 9.621 | 10.08 | 10.56 | 11.04 | 11.54 | 12.05
4 [12.5713.10]13.64 | 14.19 | 14.75 | 15.32 | 15.90 | 16.50 | 17.10 | 17.72 | 18.35 | 18.99
5 |19.63 | 20.29 | 20.97 | 21.65 | 22.34 | 23.04 | 23.76 | 24.48 | 25.22 | 25.97 | 26.73 | 27.49
6 |28.27|29.07 | 29.87 | 30.68 | 31.50 | 32.34 | 33.18 | 34.04 | 34.91 | 35.78 | 36.67 | 37.57
7 |38.48|39.41 | 40.34 | 41.28 | 42.24 | 43.20 | 44.18 | 45.17 | 46.16 | 47.17 | 48.19 | 49.22
8 |50.27 | 51.32 | 52.38 | 53.46 | 54.54 | 55.64 | 56.75 | 57.86 | 58.99 | 60.13 | 61.28 | 62.44
9 |63.62 | 64.80 | 66.00 | 67.20 | 68.42 | 69.64 | 70.88 | 72.13 | 73.39 | 74.66 | 75.94 | 77.24
10 |78.54 | 79.85 | 81.18 | 82.52 | 83.86 | 85.22 | 86.59 | 87.97 | 89.36 | 90.76 | 92.18 | 93.60
11 | 95.03]96.48 | 97.93 | 99.40 | 100.9 | 102.4 | 103.9| 105.4 | 106.9 | 108.4 | 110.0} 111.5
12 [113.1]114.7 (1163 117.9 | 119.5{ 121.1 § 122.7 | 124.4 | 126.0 | 127.7 | 129.4| 131.0
13 | 132.7 | 134.4(136.2 | 137.9 | 139.6 | 141.4 | 143.1 | 144.9 | 146.7 | 148.5 | 150.3 | 152.1
14 |153.9 | 155.8 | 157.6 [ 159.5 | 161.4 [ 163.2 | 165.1 | 167.0 | 168.9 | 170.9 | 172.8 | 174.8
TaBLe 7.4(a) Circle Diameters (ft and in.) and areas (sq ft)
Inches 1 2 3 4 5 6 7 8 9 10 11
Feet | 0.0833 | 0.1667 | 0.2500 [ 0.3333 [ 0.4167 | 0.5000 | 0.5833 | 0 6667 | 0.7500 | 0.8333 | 0.9167
Inches 1% 14 34 36 5% 34 %
Feet |0.0104 (0.0208 | 0.0313 | 0.0417 | 0.0521 | 0.0625 | 0.0729

ExaMmpLe: 5 ft 736 in. = 5.0 -4 0.5833 + 0.0313 = 5.6146 ft
* From Marks, Mechanical Engineers’ Handbook, 4th ed., McGraw-Hill, 1941.

TaBLe 7.4(b) Circle Diameters (inches and fractions of an in.) and areas
(decimals of a ft)
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100 Engineering Principles

Trigonometric Functions

Given |Required
a,c A, B, b sinA=g; cosB=g; b=Veg —a?
c ¢
a,c Area g—‘/cz —a?
b f——
a, b A, B, c ta,nA=%; tan B = —; ¢c=Va? +p?
a
ab
A _—
a, b rea 3
A,a B,b,c | B=90°—4; b=acotA; c¢c= .a
sin 4
n2 A
A,a Ares Wrot 4
2
b
4, b B,a,c | B=90°—A; a=>btand; c¢=
cos A
b2 A
A, b Area t;n
A, e B,a,b | B=90°—A; a=csind; b=ccosd
in 24
A, c Ares, ¢ sin24
4
. D |6 —e)(s — ) d4te+f
d,e f D sm§= _—ef_—_; s=—-—2—-
. B /(s—d)(s—f)
doef E sin o = ——r—
. F (s —d)s —¢)
d,e,f F sm5= T—

TaBLE 7.5 Trigonometric Formulas



Useful Formulas, Tables, and Conversion Factors 101

Given |Required Formulas

d,e,f | Area V(s — d)(s — e)s — )

dsnE dsin F
d,D,E |e¢f e_sinD' =7
de sin F
d, D, E | Area 5 (e from above formula)
in D
deD |E sinE = ”%
esin F
d, e, D =
& / s sin K
deF | D tan D = —3SF
e —dcos F
dsin F
deF |f f= =2 2 (D from above formula)
sin D
de sin F'
dye, F | Area ° s;n

TaBLE 7.5 Trigonometric Formulas (Continued)

8
0
A 5 C

Required
Known
A B a b c
a a
a, b tanA=g cotB=l—) Var + b2
a,c sind =2 | cosB =2 Ve — g2
¢ ¢
b
b, e cos A = — sinB=é Vi — b2
c ¢
4,a 90° — A acot A - 2
sin A
A, b 90° — A btan A b
cos A
A, ¢ 90° — A csin A ccos A

TaBLE 7.6 Trigonometric Solutions



102

Engineering Principles

Natural Sines at intervals of 0°.1, or 6.

° Average
o0 1|2 |°3|°4 |°5 |°6 |°7 |°8|°9 4
Degrees| _ ) | 6) |12y | a8 |28 |@307) |36 |42 |8 |54 difter-
0.0000| 90°

0° | 0.0000| 0017| 0035| 0052| 0070 0087] 0105]| 0122]|0140| 0157| 0175| 89 17
1 0175 0192| 0200| 0227| 0244| 0262] 0279] 0297|0314 0332| 0349 17
2 0349| 0366| 0684| 0401| 0419| 0436]| 0454| 0471|0488 0506| 0523 87 7
3 0523| 0541} 0558| 0576| 0593| 0610| 0628| 0645 0663| 0680| 0698 86 17
4 0698| 0715{ 0732| 0750| 0767| 0785| 0802| 0819 0837| 0854| 0.0872| 85 17
5 | 0.0872} 0889] 0906| 0924| 0941| 0958]| 0976]| 0093| 1011| 1028| 1045| 84 17
6 1045| 1063 1080 1097| 1115 1132| 1149| 1167|1184 1201| 1219| 83 17
7 1219] 1236| 1253 1271| 1288| 1305| 1323| 1340| 1357| 1374| 1392| 82 17
8 1392] 1409| 1426| 1444| 1461| 1478| 1495| 1513| 1530| 1547| 1564| 81 17
9 1564] 1582 1599| 1616| 1633| 1650| 1668| 1685| 1702| 1719| 0.1736| 80° 17
10° | 0.1736| 1754} 1771| 1788| 1805 1822 1840| 1857| 1874 1891 1908 79 17
11 1908 1925{ 1942] 1959} 1977| 1994| 2011| 2028| 2045 2062| 2079| 78 17
12 2079| 2096| 2113| 2130| 2147| 2164| 2181 2198 2215| 2233| 2250| 77 17
13 2250| 2267| 2284 2300 2317 2334| 2351| 2368| 2385( 2402 2419 76 17
14 2419| 2436| 2453] 2470| 2487] 2504| 2521| 2538 2554{ 2571] 0.2588| 75 17
15 | 0.2588| 2605 2622| 2639| 2656| 2672 2689 2706| 2723 2740 2756 T4 17
16 2756| 2773| 2790( 28071 2823| 2840 28571 2874 2890| 2907] 2024} 73 17
17 2924| 2940( 2957| 2974] 2990| 3007| 3024| 3040| 3057} 3074] 3090 72 17
18 3090| 3107| 3123| 3140| 3156| 3173 3190| 3206( 3223| 3239| 3256| 71 17
19 3256 3272| 3280| 3305| 3322| 3338} 3355| 3371| 3387 3404/ 0.3420] 70° 16
20° | 0.3420| 3437] 3453| 3469| 3486} 3502} 3518| 3535| 3551| 3567| 3584 69 16
21 3584| 3600} 3616| 3633] 3649] 3665| 3681| 3697| 3714| 3730] 3746| 68 16
22 3746| 3762] 3778| 3795| 3811] 3827| 3843| 3859 3875| 3801) 3907| 67 16
23 3907/ 3923| 3939| 3955| 3971| 3987| 4003] 4019| 4035| 4051] 4067| 66 16
24 4067| 4083 4099| 4115| 4131| 4147| 4163| 4179| 4195 4210| 0.4226| 65 16
25 | 0.4226| 4242| 4258| 4274| 4289| 4305| 4321| 4337| 4352| 4368| 4384| 64 16
26 4384| 4399| 4415| 4431| 4446| 4462| 4478| 4493| 4509| 4524| 4540{ 63 16
27 4540| 4555| 4571| 4586| 4602| 4617| 4633| 4648 4664 4679] 4695| 62 16
28 4695 4710] 4726| 4741| 4756| 4772| 4787| 4802] 4818] 4833| 4848| 61 15
29 4848| 4863] 4879| 4894| 4009| 4024] 4939| 4955( 4970 4985| 0.5000{ 60° 15
30° | 0.5000] 5015| 5030| 5045| 5060| 5075| 5090| 5105] 5120] 5135| 5150 59 15
31 5150| 5165| 5180| 5195] 5210| 5225| 5240| 5255| 5270| 5284] 5299| 58 15
32 5209] 5314| 5329( 5344| 5358| 5373 5388| 5402] 5417| 5432 5446| 57 15
33 5446| 5461] 5476| 5490| 5505| 5519 5534| 5548| 5563| 5577| 55921 56 15
34 5592| 5606] 5621{ 5635| 5650| 5664| 5678 5693| 5707| 5721[ 0.5736| 55 14
35 | 0.5736| 5750| 5764| 5779| 5793| 5807| 5821] 5835| 5850| 5864] 5878| 54 14
36 5878| 5892| 5906| 5920( 5934] 5048 5962| 5976| 5990| 6004| 6018 53 14
37 6018} 6032| 6046| 6060| 6074] 6088| 6101} 6115| 6129| 6143 6157 52 14
38 6157] 6170| 6184| 6198 6211| 6225| 6239| 6252( 6266| 6280 6293| 51 14
39 6203| 6307] 6320( 6334 6347| 6361 6374/ 6388| 6401| 6414/ 0.6428] 50° 13
40° | 0.6428| 6441| 6455| 6468| 6481| 6494 6508} 6521| 6534] 6547] 6561 49 13
41 6561| 6574| 6587] 6600| 6613] 6626| 6639} 6652| 6665| 6678] 6691 48 13
42 6691] 6704| 6717] 6730| 6743 6756| 6760} 6782| 6794] 6807| 6820f 47 13
43 6820| 6833| 6845| 6858| 6871/ 6884| 6896| 6909| 6921| 6934| 6947] 46 13
44 6947| 69591 6972 6984| 6997| 7009| 7022| 7034 7046] 7059 0.7071f 45° 12
45° | 0.7071

°g | °8|°7|°6|°5|°4|°3]°2]°1| °0

= Degrees

(547)| (487 | (427)| (36")] (30)| (24N (18" (12} (6" | (0)

Natural Cosines

* From Marks, Mechanical Engineers’ Handbook, 4th ed., McGraw-Hill, 1941.

TaBLE 7.7 Natural Sines and Cosines*



Useful Formulas, Tables, and Conversion Factors

Natural Sines at intervals of 0°.1, or 6.

o0 [e1|e2[°3[°4]e5|°6]°7|8]=9 Average
Degreesi —{0) | (6 | 12| (18" (24)| B0)| (36" (42| (48)| (54) differ-
0.70711 15°
45° | 0.7071] 7083| 7096| 7108} 7120| 7133| 7145| 7157| 7169} 7181f 7193 44 12
46 7193| 7206 7218| 7230 7242| 7254] 7266( 7278| 7290} 7302 7314] 43 12
47 7314} 7325] 7337| 7349] 7361| 7373| 7385! 7396| 7408] 7420 7431] 42 12
48 7431 7443 7455| 7466 7478| 7490] 7501| 7513| 7524} 7536| 7547| 41 12
49 7547| 7559{ 7570| 7581| 7593| 7604} 7615| 7627| 7638| 7649 0.7660] 40° 11
50° | 0.7660| 7672| 7683 7694| 7705| 7716] 7727; 7738| 7749] 7760} 7771] 39 11
51 7771) 7782( 7793( 7 7815 7826| 7837| 7848( 7859! 7869] 7880 38 11
6 7 78911 7902} 7912} 7923| 7934| 7944} 7955} 7965| 7976] 7986 37 11
53 7986| 7997| 80071 8018] 8028| 8039| 8049! 8059} 8070| 8080 8090 36 10
0 8100f 8111| 8121} 8131} 8141| 8151} 8161| 8171| 8181| 0.8192] 35 10

55 0.8192] 8202| 8211] 8221| 8231} 8241) 8251| 8261| 8271| 8281 8290| 34 10
56 8290] 8300( 8310{ 8320 8329| 8339| 8348} 8358| 8368| 8377 8387 33 10
57 8387| 8396| 8406] 8415| 8425 8434| 8443| 8453 8462 8471 8480 32 9
58 8480 8490| 8499] 8508] 8517! 8526| 8536; 8545| 8554 8563| 8572| 31 9
59 8572] 8581| 8590] 8599 8607| 8616| 8625] 8634 | 8643| 8652| 0.8660| 30° 9
60° | 0.8660] 8669 8678| 8686( 8695 8704 8712| 8721 8729 8738 8746 29 9
61 8746| 8755] 8763| 8771| 8780| 8788} 8796| 8805( 8813} 882i| 8829] 28 8
62 8829 8838| 8846| 8854| 8862 8870] 8878) 8886| 8894 8902] 8910 27 8
63 8910] 8918! 8926| 8934] 8942| 8949 8957| 8965( 8973( 8980/ 8988| 26 8
64 8988| 8996 9003 9011| 9018| 9026) 9033] 9041| 9048| 9056| 0.9063| 25 7
65 0.9063| 90701 9078| 9085] 9092| 9100] 9107} 9114] 9121} 9128| 9135| 24 7
66 9135] 9143| 9150| 9157| 9164| 9171| 91781 9184| 9191| 9198 9205| 23 7
67 9205 9212| 9219] 9225! 9232| 9239] 9245| 9252} 9259( 9265 9272| 22 7
68 9272 9278| 9285 9291! 9298 93047 9311| 9317| 9323( 9330} 9336| 21 6
69 9336| 9342 9348 9354] 9361] 9367| 9373| 9379| 9385 9391{ 0.9397| 20° 6
70° }0.9397| 9403| 9409 9415( 9421] 9426| 9432] 9438| 9444( 9449| 9455] 1S 6
71 9455 9461| 9466| 9472] 9478) 9483| 9489} 9494/ 9500| 9505 9511f 18 6
72 9511 9516 9521| 9527 9532| 9537| 9542] 9548| 9553) 9558, 9563| 17 5
73 8563} 9568| 9573| 9578| 9583| 9588( 9593 9598! 9603| 9608 9613/ 16 5
74 9613| 9617| 9622{ 9627} 9632| 9636 9641 9646| 9650| 9655| 0.9659 15 5
75 0.9659| 9664] 9668 9673] 9677 9681 9686| 9630| 9694 9699| 9703 14 4
76 Q703! 9707| 9711| 9715 9720| 9724| 9728 9732| 9736 9740 9744| 13 4
7 9744 9748] 9751| 9755| 9759| 9763| 9767| 9770} 9774 9778 9781 12 4
78 9781} 9785| 9789( 9792| 9796| 9799] 9803| 9806| 9810f 9813 9816 11 3
79 9816| 9820( 9823| 9826| 9829| 9833| 9836| 9839] 9842( 9845] 0.9848| 10° 3
80° | 0.9848| 9851( 9854| 9857 9860( 9863 9866 9869: 9871| 9874{ 9877, 9 3
81 9877| 9880| 9882 9885| 9888} 9890] 9893| 9895] 9898( 9900| 9903 8 3
82 9903{ 9905| 9907| 9910| 9912] 9914 9917| 9919{ 9921 9923] 9925 7 2
83 9925( 9928} 9930| 9932| 9934| 9936( 9938| 9940; 9942{ 9943| 9945 6 2
84 9945| 9947] 9949| 9951| 9952| 9954| 9956| 9957] 9959| 9960| 0.9962 5 2
85 0.9962| 9963| 9965| 9966| 9968| 9969] 9971} 9972| 9973 9974} 9976 4 1
86 99761 9977| 9978| 9979| 9980( 9981 99821 9983| 9984| 9985 9986 3 1
87 9986( 9987| 99881 9989| 9990| 9990] 9991| 9992| 9993 9993] 9994 2 1
88 9994| 9995| 9995| 9996( 9996 9997 9997{ 3997[ 9998| 9998: 0.9998| 1 0
89 0.9998| 9999| 9999( 9999| 9999{ 0000| 0000{ 0000| 0000]| 0000| 1.0000 0° ]
90° 1.0000,

°9 | °8f°71°6[°5]|°4]°3]°2]°1 °.0

= Degrees

(541 (481] (420 367| B0 240 )| 29| 89 | (@)

Natural Cosines

TaBLe 7.7 Natural Sines and Cosines*(Continued)
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Natural Tangents at intervals of 0°.1, or 6.

o0 |1 |°2|°3|calo5]|°6|°7]°8]c0 Average
Degreest _i0) | (&) | (2| 18| 24| 30)] (38| (421)| )] 549 e
0.0000{ 90°

0° |0.0000( 0017 0035] 0052{ 0070( 0087| 0105| 0122] 0140| 0157| 0175 89 17
1 0175( 0192| 0209( 0227( 0244( 0262( 0279{ 0297| 0314| 0332| 0349 88 17
2 0349 0367| 0384| 0402| 0419] 0437] 0454] 0472( 0489] 0507} 0524 87 17
3 0524( 0542] 0559| 0577{ 0594} 0612| 0629] 0647| 0664| 0682| 0699 86 18
4 0699} 0717| 0734) 0752| 0769} 0787( 0805( 0822( 0840| 0857 0.0875} 85 18
5 0.0875| 08921 0910| 0928} 0945| 0963| 0981| 0998| 1016| 1033} 1051] 84 18
6 1051] 1069{ 1086 1104{ 1122| 1139| 1157| 1175 1192} 1210] 1228| 83 18
7 1228| 1246} 1263] 1281] 1299| 1317! 1334 1352 1370| 1388| 1405} 82 18
8 1405| 1423| 1441 1459 1477] 1495( 1512 1530 1548| 1566| 1584 81 18
9 1584 1602| 1620{ 1638| 1655} 1673| 1691| 1709{ 1727| 1745 0.1763| 80° 18
10° [ 0.1763| 1781( 1799] 1817| 1835| 1853| 1871| 1890] 1908[ 1926 1944 79 18
11 1944) 1962( 1980 1998] 2016] 2035| 2053 2071} 2089| 2107 2126/ 78 18
12 2126| 2144| 2162| 2180] 2199] 2217| 2235 2254| 2272| 2290{ 2309] 77 18
13 2309| 2327| 2345| 2364| 2382} 2401( 2419| 2438 2456| 2475 2493 76 18
14 2493| 25121 2530| 2549| 2568| 2586( 2605( 2623 2642| 2661| 0.2679] 75 19
15 0.2679| 2698 2717} 2736] 2754| 2773| 2792| 2811| 2830] 2849| 2867 74 19
16 2867| 2886 2905| 2924| 29043| 2962| 2981{ 3000| 3019{ 3038 3057 73 19
17 3057| 3076( 3096| 3115 3134| 3153| 3172 3191| 3211 3230] 3249 72 19
18 3249] 3269| 32881 3307| 3327 3346| 3365| 3385| 3404| 3424| 3443 71 19
19 3443| 3463; 3482| 3502| 3522 3541 3561 3581 3600| 3620| 0.3640| 70° 20
20° | 0.3640| 3659| 3679 3699| 3719| 3739( 3759 3779] 3799f 3819 3839 69 20
21 3839] 3859) 3879 3899| 3919 3939( 3959( 3979| 4000( 4020| 4040| 68 20
22 4040] 4061( 4081{ 4101| 4122] 4142} 4163| 4183 4204( 4224] 4245| 67 21
23 4245| 4265| 42861 4307| 4327| 4348| 4369| 4390 4411| 4431 4452| 66 21
24 4452 4473 4494| 4515| 4536| 4557| 4578| 4599| 4621} 4642| 0.4663| 65 21
25 0.4663( 4684| 4706] 4727| 4748 4770( 4791] 4813 4834] 4856| 4877 64 21
26 4877 4899 4921f 4942 4964| 4986| 5008| 5029| 5051| 5073 5095 63 22
27 5095| 5117} 5139 5161) 5184| 5206| 5228 5250| 5272| 5295 5317 62 22
28 5317} 5340| 5362| 56384} 5407( 5430( 5452 5475| 5498| 5520| 5543] 61 23
29 5543| 5566] 5589| 5612 5635| 5658| 5681} 5704| 5727| 5750} 0.5774| 60° 23
30° | 0.5774| 5797| 5820| 5844| 5867| 5890| 5914| 5938 5961 5085/ 6009 59 24
31 6009| 6032| 6056( 6080| 6104| 6128| 6152| 6176] 6200( 6224 6249 58 24
32 6249| 6273| 6297 6322 6346 6371| 6395] 6420} 6445/ 6469 6494} 57 25
33 6494| 6519| 6544 6569| 6594| 6619| 6644 6669| 6694| 6720 6745 56 25
34 6745| 6771| 6796] 6822| 6847| 6873 6899] 6924| 6950 6976| 0.7002( 55 26
35 0.7002| 7028} 7054| 7080| 7107} 7133| 7159; 7186| 7212 7239; 7265 54 26
36 7265 7292| 7319| 7346| 7373| 7400] 7427| 7454 74811 7508| 7536| 53 27
37 7536/ 7563| 7590( 7618| 7646| 7673] 7701( 7729] 7757 7785 7813 52 28
38 7813] 7841| 7869| 7898| 7926; 7954| 7983] 8012| 8040( 8069 8098 51 28
39 8098| 8127| 8156( 8185| 8214] 8243] 8273| 8302| 8332 8361( 0.8391 50° 29
40° ] 0.8391| 8421| 8451 8481 8511| 8541 8571 8601 8632| 8662 8693 49 30
41 8693| 8724 8754] 8785) 8816; 8847] 8878( 8910| 8941f 8972 9004| 48 31
42 9004| 9036 9067| 9099| 9131| 9163 9195 9228] 9260| 9293| 9325| 47 32
43 9325| 9358} 9391| 9424| 9457} 9490; 9523( 9556} 9590/ 9623( 0.9657| 46 33
4 0.9657] 9691} 9725| 9759] 9793 9827| 9861| 9896] 9930] 9965| 1. 45° 34
45° | 1.0000

°g l°8|°7|°6|°5[°4]°3]°2]°1 °.0

- Degrees

(549 (48] (421)| (36")| (301 (241)| (18] (127)| (81 | (O)

Natural Cotangents
* From Marks, Mechanical Engineers’ Handbook, 4th ed., McGraw-Hill, 1941.

TaBLE 7.8 Natural Tangents and Cotangents*



Useful Formulas,

Tables,

Natural Tangents at intervals of 0°.1, or 6.

and Conversion Factors

°0 o1 [°2|°3]ca|°5]96]|7]|028]0°9 Average
Degrees) () | 6) | (120 (18)] (24| @G0! (367)| (421)] (48)] (54) differ-

1.0000| 45°
45° | 1.0000] 0035 0070{ 0105} 0141| 0176] 0212]| 0247( 0283| 0319| 0355 44 35
46 0355] 0392] 0428} 0464) 05011 0538] 0575| 0612 0640} 0686| 0724) 43 37
47 0724] 0761} 0799] 0837] 0875| 0913| 0951| 0990| 1028} 1067| 1106] 42 38
48 1106] 1145 1184] 1224| 1263; 1303| 1343( 1383| 1423} 1463] 1504} 41 40
49 1504| 1544| 1585 1626| 1667| 1708| 1750 1792| 1833{ 1875 1.1918| 40° 41
50° | 1.1918] 1960] 2002| 2045| 2088} 2131| 2174{ 2218} 2261 2305| 2349 39 43
51 2349| 2393] 2437 2482| 2527) 2572| 2617| 2662) 2708| 2753 2799] 38 45
52 2799| 2846 2802| 2938] 2985( 3032} 3079} 3127} 3175| 3222| 3270| 37 47
53 3270] 3319{ 3367| 3416| 3465| 3514| 3564} 3613 3663 3713/ 3764| 36 49
54 3764/ 3814} 3865| 3916 3968| 4019j 4071 4124} 4176| 4229 1.4281| 35 52
55 1.4281| 4335| 43881 4442| 4496} 4550] 4605| 4659| 4715 4770 4826! 34 55
56 4826 4882| 4938! 4994| 50511 5108] 5166| 5224| 5282( 5340 5399| 33 57
57 5399| 5458| 5517 5577| 5637| 5697| 5757| 5818] 5880f 5941| 6003| 32 60
58 6003| 6066| 6128] 6191| 6255) 6319] 6383 6447} 6512( 6577 6643| 31 64
59 1.6643| 6709| 6775! 6842| 6909( 6977| 7045/ 7113| 7182f 7251 1.7321] 30° 67
60° 1.732(1.739(1.746/1.753{1.76011.767|1.775|1.7821.789|1.797} 1.804| 29 7
61 1.80411.811/1.819(1.827]1.834(1.842/1.84011.857]1.86511.873] 1.881) 28 8
62 1.881/1.889{1.897(1.905/1.913(1.921{1.929/1.937]1.946]1.954| 1.963| 27 8
63 1.963/1.971]1.980|1.988{1.997}2.006/2.014|2.023(2.032|2.041( 2.050| 26 9
64 2.050}2.059(2.069{2.078|2.087{2.097|2.106{2.116{2.125(2.135 2.145| 25 9
65 2.145|2.154(2.164(|2.174/2.184|2.194{2.204]2.215|2.225{2.236] 2.246| 24 10
66 2.246)2.25712.267(2.278]2.289|2.300{2.311]|2.32212.333(2.344] 2.356| 23 11
67 2.35612.367]2.379|2.391|2.402{2.41412.426|2.438(2.4502.463| 2.475| 22 12
68 2.475|2.488(2.500{2.513(2.526|2.539(2.552]2.565(2.5678/2.592| 2.605| 21 13
69 2.605/2.619{2.633!2.646(2.66012.6752.689(2.703{2.718/2.733| 2.747] 20° 14
70° 2.747]2.762]2.778]2.793)2.888|2.82412.840|2.856]2.872/2.888] 2.904 19 i6
71 2.904|2.92112.937|2.954|2.971}2.989(3.006/3.024|3.042|3.860( 2.078( 18 17
72 3.07813.096(3.115{3.133|3.152(3.172(3.191(3.211|3.230{3.251| 3.271| 17 19
73 3.271(3.291/3.312(3.33313.35413.376{3.39813.420{3.442|3.465| 3.487| 16 22
74 3.487(3.51113.534{3.558(3.582|3.606|3.630]3.655|3.68113.706| 3.732 15 24
75 3.73213.75813.785|3.8123.83913.867|3.895/3.923/3.952|3.981| 4.011| 14 28
76 4.01114.041}4.07114.102|4.134/4.165(4.198/4.230/4.264]4.297| 4.331 13 32
77 4.33114.366(4.402{4.437|4.474|4.5114.5484 ,586/4.625|4.665| 4.705( 12 37
78 4.70514.74514.78714.829|4.872|4.915(4,959/5.005|5.050({5.097} 5.145 11 44
79 5.1455.193]5.242|5.292|5.34315.396(5.44915.503(5.558|5.614| 5.671] 10° 53
80° 5.671|5.73015.78915.850|5.912(5.976(6.04116.107(6.17416.243| 6.314] 9
81 6.31416.38616.46016.535|6.61216.69116.77216.8556.940(7.026; 7.115 8
82 7.115)7.2077.300(7.396/7.495|7.596|7.700(7.806/7.916(8.028| 8.144| 7
83 8.144]8.26418.386|8.513(8.643(8.777|8.915|9.058/9.205(9.357] 9.514f 6
84 9.51419.677]9.845/10.02{10.20(10.39{10.58|10.78/10.99|11.20] 11.43, 5
85 11.43(11.6611.91(12.16(12,43112.71]|13.00113.30|13.62|13.95| 14.30| 4
86 14.30(14.67115.06(15.46{15.90/16.35/16.83]17.34/17.89|18.46| 19.08) 3
87 19.08|19.74120.45(21.20|22.02|22.90|23.86(24.90|26.03|27.27( 28.64 2
88 28.64|30.14(31.82(33.69|35.80|38.19(40.92|44,07|47.74|52.08| 57.29| 1
89 57.29(63.66(71.62(81.85(95.49(114.6(143.2(191.0(286.5/573.0 o 0°
90° 3

°9 [°8|°7|°6([°5([°a|°3|°2]¢°1 °.0
= Degrees
(54") | (48")] (427)| (36")| (30" (24" (18")| (12")| (6") | (0)
Natural Cotangents

TaBLE 7.8 Natural Tangents and Cotangents*(Continued)
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106 Engineering Principles

Conversion Factors

Linear Measure

1 millimeter
1 centimeter
1 decimeter

1 meter

1 kilometer

1 inch

1 foot
1 yard
1 mile

0.03937 inch
0.3937 inch
3.937 inches
39.37 inches
3.28083 feet
1.09361 yards
3280.83 feet

1093.61 yards
0.62137 mile

25.4 millimeters
2.54 centimeters
0.254 decimeter
0.0254 meter

0.3048 meter
0.9144 meter
1.60935 kilometers

Square Measure

1 square millimeter

1 square centimeter
1 square decimeter

1 square meter

1 square kilometer

1 square myriameter

1 square inch

1 square foot
1 square yard

|

0.00155 square inch
1973.5 circular mils

00.155 square inch
15.5 square inches

1550 square inches
10.7639 square feet
1.196 square yards

0.386109 square mile
247.11 acres
38.6109 square miles

645.2 square millimeters
6.452 square centimeters
0.06452 square decimeter

0.0929 square meter
0.836 square meter

Cubic Measure

1 cubic centimeter

1 cubic decimeter

1 cubic meter

|
|

0.061 cubic inch
61.0234 cubic inches
0.035314 cubic foot

35.314 cubic feet
1.308 cubic yards

TaBLe 7.9 Metric System of Measures and Weights



Useful Formulas, Tables, and Conversion Factors

Weight

1 gram
1 kilogram

1 metric ton,
1000 kilograms

|

15.432 grains
2.204622 pounds
2204.6 pounds

0.9842 gross ton
1.1023 net tons

1 grain 0.0648 gram
1 pound 0.4536 kilogram
Capacity
. 61.0234 cubic inches
1 liter = 0.03531 cubic foot

1 cubic foot
1 gallon

0.2642 gallon

28.317 liters
3.785 liters

Compound Units

1 gram per square millimeter
1 kilogram per square millimeter
1 kilogram per square centimeter

1 kilogram per square meter

1 kilogram-meter
1 kilogram per meter
1 pound per square inch

1 pound per square foot

1 pound per cubic inch

1 pound per cubic foot

1 kilogram per cubic meter
1 foot per second

1 meter per second

i

{

{

{

1.422 pounds per square inch
1422.32 pounds per square inch
14.2232 pounds per square inch

0.2048 pound per square foot
1.8433 pounds per square yard

7.2330 foot-pounds
0.6720 pound per foot

0.07031 kilogram per square
centimeter

0.0004882 kilogram per square
centimeter
0.006944 pound per square inch

27679.7 kilograms per cubic meter
16.0184 kilograms per cubic meter
0.06243 pound per cubic foot
0.30480 meter per second

3.28083 feet per second
2.23693 miles per hour

TaBLE 7.9 Metric System of Measures and Weights (Continued)
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Farenheit | Celsius || Farenheit | Celsius || Farenheit | Celsius || Farenheit | Celsius
-35 -35 32 0 95 35 158 70
—-24 -30 41 5 104 40 167 75
-13 —25 50 10 113 45 176 80

-4 -20 59 15 122 50 185 85

5 -15 68 20 131 55 194 90
14 -10 77 25 140 60 203 95
23 -5 86 30 149 65 212 100

TaeLe 7.10 Temperature Equivalents

Beaufort Miles Terms used in
number per hour Knots Wind effects observed on land USWB forecasts

0 Less than  Less than Calm; smoke rises vertically
1 1

1 1-3 1-3 Direction of wind shown by Light
smoke drift; but not by wind
vanes

2 47 4-6 Wind felt on face; leaves rustle;
ordinary vane moved by wind

3 8-12 7-10  Leaves and small twigs in con- Gentle
stant motion; wind extends
light flag

4 13-18 11-16  Raises dust, loose paper; small Moderate
branches are moved

5 19-24 17-21 Small trees in leaf begin to Fresh

sway; created wavelets form on
inland waters

6 25-31 22-27 Large branches in motion; Strong
whistling heard in telegraph
wires; umbrellas used with dif-
ficulty
7 32-38 28-33  Whole trees in motion; inconve-
nience felt walking against
wind
8 39-46 34-40 Breaks twigs off trees; general- Gale
ly impedes progress
9 47-54 41-47  Slight structural damage oc-
curs; chimney pots, slates re-
moved

10 55-63 4855 Seldom experienced inland; Whole gale
trees uprooted; considerable
structural damage occurs

11 64-72 56-63 Very rarely experienced; ac- Hurricane
companied by widespread dam-
age

12 or 73 or 64or Very rarely experienced; ac-

more more more  companied by  widespread
damage

(Compiled by U.S. Weather Bureau 1955)

TaeLe 7.11 Wind Forces (Beaufort Scale)



Useful Formulas, Tables, and Conversion Factors

Exact Exact
8ths 16ths | 32nds | 64ths decimal 8ths 16ths | 32nds | 64ths decimal
values values
4 8 16 32 0.50
1 0.01 5625 33 .51 5625
1 2 .03 125 17 34 53 125
3 .04 6875 35 .54 6875
1 2 4 .06 25 9 18 36 .56 25
5 .07 8125 37 57 8125
3 6 .09 375 19 38 .59 375
7 .10 9375 39 .60 9375
1 2 4 8 12 5 5 10 20 40 62 5
9 .14 0625 41 £4 0625
5 10 .15 625 21 42 85 625
11 .17 1875 43 .67 1875
3 6 12 .18 75 11 22 44 .68 75
13 .20 3125 45 .70 3125
7 14 .21 875 23 46 .71 875
15 23 4375 47 73 4375
2 4 8 16 25 6 12 24 48 75
17 26 5625 49 76 5625
9 18 28 125 25 50 78 125
19 .29 6875 51 .79 6875
5 10 20 31 25 13 26 52 81 25
21 .32 8125 53 .82 8125
11 22 .34 375 27 54 .84 375
23 .35 9375 55 85 9375
3 6 12 24 375 7 14 28 56 87 5
25 .39 0625 57 .89 0625
13 26 40 625 29 58 90 625
27 42 1875 59 92 1875
7 14 28 43 75 15 30 60 93 75
29 45 3125 61 .95 3125
15 30 46 875 31 62 .96 875
31 48 4375 63 98 4375

“From Marks, Mechanical Engineer’s Handbook, 4th ed., McGraw-Hill, 1941.

TaBLe 7.12 Decimal Equivalents of Common Fractions*
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110  Engineering Principles

Material Weights
Substance Weight, 1b/t?
Metals, Alloys, Ores
Aluminum, cast-hammered 165
Aluminum, bronze 481
Brass, cast-rolled 534
Bronze, 7.9 to 14%Sn 509
Bronze, phosphor 554
Copper, cast-rolled 556
Copper ore, pyrites 262
Gold coin (U.S.) 1073
Iron, gray cast 442
Iron, cast, pig 450
Iron, wrought 485
Iron ore, hematite 325
Iron ore, limonite 237
Iron ore, magnetite 315
Iron slag 172
Lead 710
Lead ore, galena 465
Manganese 475
Manganese ore, pyrolusite 259
Mercury 849
Nickel 537
Platinum, cast-hammered 1330
Silver, cast-hammered 656
Steel, cold-drawn 489
Tin, cast-hammered 459
Tin ore, cassiterite 418
Tungsten 1200
Zinc, cast-rolled 440
Zinc ore, blende 253
Timber, U.S. Seasoned (Moisture 15 to 20%)
Ash, white-red 40
Birch 32
Cedar, white-red 22
Cypress 30
Fir, Douglas spruce 32
Fir, eastern 25
Elm, white 45
Hemlock 29
Hickory 48
Mahogany 44
Maple, hard 43
Maple, white 33
Qak, chestnut 54
Oak, live 59
QOak, red, black 41
Qak, white 46
Pine, Oregon 32
Pine, red 30
Pine, white 26
Pine, yellow, long-leaf 44
Pine, yellow, short-leaf 38

TaBLe 7.13 Weights of Various Materials



Useful Formulas, Tables, and Conversion Factors 1

Substance Weight, 1b/ft?
Timber (Continued)
Poplar 27
Redwood, California 26
Spruce, white, black 27
Walnut, black 42
Walnut, white 26
Water, 4°C, maximum density 62.428
Water, 100C 59.830
Water, ice 56
Water, snow, fresh fallen 8
Water, seawater 64

Various Building Materials

Ashes, cinders 4045
Cement, portland, loose 90
Cement, portland, set 183
Lime, gypsum, loose 53-64
Mortar, set 103
Slags, bank slag 67-72
Slags, bank screenings 98-117
Slags, machine slag 96
Slags, slag sand 49-55
Earth, etc. Excavated
Clay, dry 63
Clay, damp, plastic 110
Clay and gravel, dry 100
Earth, dry, loose 76
Earth, dry, packed 95
Earth, mud, packed 115
Riprap, limestone 80-85
Riprap, sandstone 90
Riprap, shale 105
Sand, gravel, dry, loose 90-105
Sand, gravel, dry, packed 100-120
Sand, gravel, wet 118-120
Excavations in Water
Sand or gravel 60
Sand or gravel and clay 65
Clay 80
River mud 90
Soil 70
Stone riprap 65
Stone, Quarried, Piled
Basalt, granite, greiss 96
Limestone, marble, quartz 95
Sandstone 82
Shale 92

TaBLe 7.13 Weights of Various Materials (Continued)



Substance

Weight, 1b/ft?

Coal and Coke, Piled

Coal, anthracite 47-58
Coal, bituminous, lignite 40-54
Coal, peat, turf 20-26
Coal, charcoal 10-14
Coal, coke 23-32
TaBLE 7.13 Weights of Various Materials (Continued)
Weight, 1b Weight, 1b Weight, 1b Weight, Ib
Size, per lin ft Size, per lin ft Size, per lin ft Size, per lin ft
in. in. in, in.
Square{Round Square | Round Square|Round Square| Round
0O {..... ... 3 30.60( 24.03 |} 6 122.4 96.1 9 275.4 { 216.3
Use 0.013( 0.010|| Me 31.89] 25.05 He 125.0 98.2 Me | 279.2 | 219.3
0.053 0.042|| 6 33.20| 26.08 14 127.6 | 100.2 16 | 283.1 ) 222.4
e 0.120f 0.094|| 31e 34.54| 27.13 36 130.2 | 102.2 He | 287.0 | 2254
0.213{ 0.167|] % 35.91} 28.21 34 132.8 | 104.3 4 290.9 | 228.5
He 0.332} 0.261|} e 37.31] 29.30 546 135.5 | 106.4 54 | 204.9 | 231.6
0.478] 0.376|] 3% 38.73| 30.42 34 138.2 | 108.5 34 208.8 | 234.7
e 0.651] 0.511)]] e 40,18} 31.55 e 140.9 | 110.7 %e | 302.8 | 237.8
0.850] 0.668]] 1% 41.65| 32.71 1¢ 143.7 | 112.8 % 306.9 | 241.0
%e 1.078 0.845|] %e 43.15| 33.89 %e 146.4 | 115.0 %e | 310.9 | 244.2
3% 1.328( 1.043|] 3 44.68( 35.09 % 149.2 | 117.2 36 | 315.0 | 247.4
11{e 1.607{ 1.262] 1Me 46.23| 36.31 1ie | 152,1 | 119.4 1146| 319.1 | 250.6
34 1.913{ 1.502|| % 47.81) 37.55 3 1549 | 121.7 4 323.2 | 253.9
134s 2,245 1.763|| 134 49.42| 38.81 13{¢ | 157.8 | 123.9 134¢| 327.4 | 257.1
7 2.603] 2.044|| 7% 51.05| 40.10 7% 160.7 | 126.2 7% | 331.6 | 260.4
1546 2.988] 2.347(] 1%4e 52.71| 41.40 1546 | 163.6 | 128.5 15{s] 335.8 | 263.7
1 3.4001 2.670!| 4 54.40| 42.73 | 7 166.6 | 130.9 || 10 340.0 | 267.0
e 3.838] 3.015/] Ye 56.11| 44.07 e 169.6 | 133.2 e | 344.3 | 270.4
1% 4.303| 3.380(| 1% 57.85| 45.44 18 1726 | 135.6 16 | 348.6 | 273.8
3e 4,795 3.766|| He 59,62} 46.83 316 175.6 | 137.9 3e | 352.9 | 277.1
P2 5.313| 4.172|| U 61.41| 48.23 W 178.7 | 140.4 1% 357.2 | 280.6
54e 5.857| 4.600|] 54s 63.23| 49.66 e 181.8 | 142.8 54¢ | 361.6 | 284.0
34 6.428 5.049|] 3% 656.08| 51.11 3% 184.9 | 145.2 366.0 | 287.4
e 7.026| 5.518|] e 66.95] 52.58 e 188.1 | 147.7 74s | 370.4 | 290.9
14 7.650] 6.008|| 34 68.85{ 54.07 14 191.3 | 150.2 1% 13749 | 2944
%e 8.301| 6.519|I %s 70.78( 55.59 9%e 194.5 | 152.7 96 | 379.3 | 2979
56 8978 7.051|| 5% 72.73| 57.12 % 197.7 | 155.3 % | 383.81301.5
114s 9.682] 7.604|] 1le 74.71| 58.67 1l4s | 200.9 | 157.8 114s| 388.4 | 305.0
4 10.413| 8.178]| 34 76.71| 60.25 34 204.2 | 160.4 % 392.9 | 308.6
134¢ | 11.170| 8.773|| 134{¢ | 78.74| 61.85 134s | 207.5 | 163.0 134¢| 397.5 | 312.2
7 11.953| 9.388|| 74 80.80| 63.46 7% 210.9 | 165.6 % 402.1 | 315.8
154¢ | 12,763| 10.024{| 131e 82.89| 65.10 1%4s | 214.2 | 168.2 15{s] 406.7 | 319.6
2 13.600{ 10.681(| 5 85.00| 66.76 1| 8 217.6 | 170.9 i 11 411.4 | 323.1
ol 14.4631 11.359|| e 87.14| 68.44 Ye 221.0 { 173.6 1{s | 416.1 | 326.8
1% 15.353; 12.058! 14 89.30 70.14 16 224.5 | 176.3 % 420.8 | 330.5
e 16.270f 12.778!| 3e 91.49( 71.86 He 227.9 | 179.0 36 | 425.5 | 334.2
1% 17.218 13.519]| 4 93.71] 73.60 % 231.4 | 1818 Y 430.3 | 338.0
He 18,182] 14.280|| s 95.96| 75.36 e 2349 | 184.5 e | 435.1 | 341.7
38 19.178| 15.062|| 34 98.23| 77.15 34 238.5 | 187.3 3¢ 439.9 | 345.5
7ie | 20.201| 15.866|] 74¢ 100.53| 78.95 s 242.1 | 190.1 71 | 444.8 | 349.3
% 21.250| 16.690|| ¥ 102.85| 80.78 % 245.7 | 192.9 14 449.7 | 353.2
e 22.326| 17.534{] e 105.20{ 82.62 Us 249.3 | 195.8 %e | 454.6 | 357.0
54 23.428| 18.400|} 56 107.58| 84.49 1% 252.9 | 198.7 459.5 | 360.9
114¢ | 24.557| 19.287|| 1l4e | 109.98| 86.38 114 | 266.6 | 201.5 114g| 464.4 | 364.8
% 25,713 20.195|} 34 112.41( 88.29 34 260.3 | 204.5 34 469.4 | 368.7
1344 | 26.895]) 21.12311 134 | 114.87| 90.22 1344 | 264.0 | 207.4 1346 474.4 | 372.6
% 28.103] 22.072|| 7% 117.35( 92.17 38 267.8 | 210.3 479.5 | 376.6
1844 | 29.338} 23.042)| 1346 | 119.86| 94.14 154¢ | 271.6 | 213.3 151¢| 484.5 | 380.5

* From Marks, Mechanical Engineers' Handbook, 4th ed., McGraw-Hill, 1941,

TaBLE 7.14 Weights of Square and Bound Steel Bars* (For iron, subtract 2%)
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Useful Formulas, Tables, and Conversion Factors

Diameters of Standard Bolts and Pipes

Bolt Areas Tensile strength, 1b Shearing strength, 1b
) - - Full bolt Bottom of thread
.| © s =] =33 =4 o
2E188:1%.ev.[8s |8y | 3% At At At
B |g gf 241258 2 | =& (= AT 10000 | 7.500 10,000
8 352 | = e ) oad Y| 1 per per per
Q'D ZGQ- ag‘ cgag :.—g :E.—E :.—-5 8q In. 8q in. sq in. 8q in.
1 20 0.049 | 0.027 270 340 470 380 490 200 270
e | 18 0.077 | 0.045 450 570 790 580 770 340 450
34 16 0.110 | 0.068 680 850 1,190 830 1,100 510 680
Ze | 14 0.150 | 0.093 930 1,170 1,630 1,130 1,500 700 930
% 13 0.196 | 0.126 1,260 1,570 ,200 1,470 1,960 940 1,260
e | 12 0.248 | 0.162 1,620 2,030 2,840 1,860 2,480 1,220 1,620
54 i1 0.307 | 0.202 2,020 2,520 3,530 2,300 3,070 1,510 2,020
34 10 0.442 | 0.302 3,020 3,770 ,290 3,310 4,420 2,270 3,020
7% 9 0.601 | 0.419 4,190 5,240 7,340 4,510 6,010 3,150 4,1
1 8 0.785 | 0.551 5,510 6,890 9,640 5,890 7,850 4,130 5,510
1% 7 0.994 | 0.693 6,990 8,660 | 12,130 7,450 9,940 5,200 6,930
1% 7 1.227 | 0.890 8,800 | 11,120 | 15,570 9,200 | 12,270 6,670 8,900
134 6 1,435 1.054 | 10,540 | 13,180 | 18,450 | 11,140 { 14,850 7,910 | 10,540
1K 6 1.767 | 1.294 | 12,940 | 16,170 | 22,640 | 13,250 | 17,670 9,700 | 12,940
15 51% [2.074] 1.515 | 15,150 | 18,940 | 26,510 | 15,550 | 20,740 | 11,360 | 15,150
134 5 2.405 ] 1.745 | 17,450 | 21,800 | 30,520 | 18,040 { 24,050 | 13,080 | 17,440
174 5 2.7611 2.049 | 20,490 | 25,610 | 35,860 | 20,710 | 27,610 | 15,370 | 20,490
2 415 [3.142 ¢ 2.300 | 23, 28,750 | 40,500 | 23,560 | 31,420 | 17,250 ; 23,000
24 414 13.976 | 3.021 | 30,210 | 37,770 | £2,870 | 29,820 | 39,760 | 22,660 | 30,210
2% 4 4.909 | 3.716 { 37,160 | 46,450 | 65,040 | 36,820 9,000 | 27,870 | 37,160
2% 4 5.940 | 4.620 | 46,200 | 57,750 | 80,840 | 44,580 | 59,400 | 34,650 ; 46,200
3 3% |7.069] 5.428 | 54,280 | 67,850 | 94,990 | 53,020 | 70,690 | 40,710 y
* From Marks, Mechanical Engineers’ Handbook, 4th ed., McGraw-Hill, 1941.
TasLe 7.15 U.S. Standard Bolts from */, to 3 in. Diameter’
(All dimensions in inches.)
ke Rough and semifinished Finished
:
;'a‘. Width across Min width Width across Min width
% flats across corners Height flats across corners Height
a Max Min Hex |Square Max Min Hex | Square
be ] 36 0.363 | 0.414 | 0.498 116, 746 0.428 | 0.488 | 0.588 3a
Me % 0.484 | 0.552 | 0.665 1364 e 0.552 | 0.629 | 0.758 1564
36 %e 0.544 § 0.620 | 0.747 5% 0.613 | 0.699 | 0.842 943
s 5 0.603 | 0.687 | 0.828 1964 34 0.737 | 0.840 | 1.012 2164
1% 34 0.725 | 0.827 | 0.995 2144 134¢ | 0.799 | 0.911 1.097 36
Y % 0.847 | 0.966 | 1.163 % 0.861 | 0.982 | 1.182 2764
56 15{g | 0.906 | 1.033 | 1.244 2764 151 | 0.922 | 1.051 1.266 1549
34 11§ 1.088 | 1.240 | 1.494 13§ 1.108 | 1.263 1.521 s
% 134s 1.269 | 1.447 | 1.742 1942 | 136 1.293 | 1.474 | 1.775 2342
1 1% 1.450 { 1.653 | 1.991 2142 | 11 1.479 | 1.686 | 2.031 34
11 114q 1.631 1.859 | 2.239 4 1144g 1.665 1.898 | 2.286 2749
144 17% 1,813 | 2.067 | 2.489 272 1% 1.850 | 2.109 | 2.540 134g
13 244 2.175 | 2.480 | 2.986 24 2.222 | 2.533 | 3.051 1%
134 256 2.538 | 2.893 | 3.485 | 1342 25% 2.593 | 2.956 | 3.560 | 154e
2 3 2.900 | 3.306 | 3.982 11349 | 3 2.964 | 3.379 | 4.070 | 11
234 334 3.263 | 3.720 [ 4.480 | 13¢ 334 3.335 | 3.802 | 4.579 | 11}
21 34 3.625 | ¢.133 | 4.977 | 1242 | 334 3.707 | 4.226 | 5.090 | 178
234 414 3.088 | 4.546 | 5476 | 15364 | 414 4.078 | 4.649 | 5.599 | 24
3 4)% 4.350 | 4.959 | 5973 414 4.449 | 5.072 | 6.108 | 244

Regular nuts (rough, semifinished, and finished) have a maximum width across flats of 134D

except for D = 14 to Y6 when the width = 114D + e,
width is —0.050D. Thickness is 74D.
#* From Marks, Mechanical Engineers’ Handbook, 4th ed., McGraw-Hill, 1041,

D is bolt diameter.

Tolerance for

TaBLe 7.16 Square and Hexagonal Regular Bolt Heads®

13
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Diameter : Length of 5
x; (f);;:\:;— Transverse areas pipe per 2 ..a & N
sl 5 |85|Es saftof | aga|ga|8s
&g B RGeS S B ;| 88
=51 %8 [E4|9g |~ |~ = - T IR - el k- TR -t
4| 25 |x4 §§ 18] Be | B |Felis| gl wgl |50
gg 53 =T 35| %8 ol 57 |87 |83 88| €S~ |E&|B g
s8] €*F S 2 % &= g gg sSZi%s| et 3 o s
z < <& g (4 & i SERICE z |2
1% 0.405 | 0.27{0.068; 1.27| 0.85 0.13 0.06 | 0.07) 9.44 [14.15/2513.00 | 0.24] 27
1 0.540 | 0.36/0.088| 1.70] 1.14 0.23 0.10 | 0.12] 7.08 |10.49]1383.30 | 0.42| 18
34 0.675 | 0.49(0.091] 2.12; 1,55 0.36 0.19 | 0.17| 5.66 | 7.76] 751.20 | 0.57| 18
15 0.840 | 0.62]|0.109] 2.63! 1.95 0.55 0.30 | 0.25] 4.55| 6.15] 472.40 | 0.85| 14
% 1.050 | 0.82]0.113] 3.30| 2.59 0.87 0.53 | 0.33] 3.64 | 4.64] 270.00 | 1.13] 14
1 1.315 { 1.05(0.134| 4.13; 3.29 1.36 0.86 | 0.50| 2.90 | 3.65 166.90 | 1.68| 11}%
134 1.660 | 1.38/0.140| 5.22 4.34 2.16 1.50 | 0.67] 2.30| 2.77| 96.25 | 2.27| 11}%
13| 1.800 | 1.61|0.145] 5.97] 5.06] 2.84 2.04 | 0.80] 2.01| 2.37| 70.66 | 2.72| 11}%
2 2.375 | 2.07|0.154| 7.46| 6.49 4.43 3.36 | 1.07| 1.61| 1.85] 42.91 | 3.65| 11}
2K 2.875 | 2.47|0.204{ 9.03| 7.75 6.49 478 | 1.71} 1.33 ] 1.55] 30.10 | 5.79] 8
3 3.500 | 3.07|0.217(11.00! 9.63 9.62 7.39 | 2.24{ 1.09 [ 1.25} 19.50 | 7.57| 8
314 4.000 | 3.55/0.226]12.57|11.15] 12.57 9.89 | 2.68/ 0.96 | 1.08 1457 ] 9.11] 8
4 4.500 | 4.03]0.237|14.14{12.65] 15.90 12,73 | 3.18/0.85} 0.95 11.31 [10.79] 8
5 5.563 | 5.05{0.259/17.48/15.85; 24.31 19.99 | 4.32( 0.69| 0.76) 7.20 |14.62] 8
6 6.625 | 6.07]0.280|20.81|19.05] 34.47 28.89 | 5.5910.58| 0.63| 498 (1897 8
8 8.625 | 8.07]0.276|27.10/25.35] 58.43 51.156 | 7.28/ 0.44 | 0.47 2.82 124.69| 8
8 8.625 | 7.98/0.322|27.10/25.07] 58.43 50.02 | 8.41| 0.44 | 0.48 2.88 128.55] 8
9 9.625 | 8.94{0.344[30.24(28.08! 72.76 62.72 [10.04| 0.40 | 0.43 2.29 (33.91f 8
10 10.750 {10.1910.278(33.77{32.01| 90.76 81.55 | 9.211 0.36 | 0.37 1.76 131.20 8
10 10.750 [10.14|0.306(33.77;31.86| 90.76 80.75 {10.01| 0.36 | 0.38| 1.78 |34.24] 8
10 10.750 (10.02{0.366{33.77|31.47( 90.76 78.82 [11.94) 0.36 | 0.38] 1.82 {4048 8
12 12.750 [12.09|0.328(40.06{37.98| 127.68 | 114.80 |12.88| 0.30 | 0.32 1.25 [43.77| 8
12 12.750 }12.00}0.375|40.06|37.70] 127.68 | 113.10 (14,591 0.30} 0.32 1.27 149.56| 8

TaBLE 7.17 Standard Pipe and Line Pipe*

. Length of
Diameter "i‘i Clrt;v;géfer' Transverse areas pipe per ’én
i sq ft of 5.0
w8 B
—-a - P g N . : - — =2
ad | = wadg! g ] e = = : g |Fo
a EE og~| =2 & ) R 2 | 35 |8 g8 £8
éés 384l 85e| 57 | 5e | 54| 85 | 52 | 55 |5gde|5d=| ER
28 (<% [<E5| % | & | E | F° | E® | |48 (52 |2
34 0.405] 0.21 | 0.100 1.27 0.64 0.13 0.03] 0.10 | 9.43 | 18.63 0.31
Y 0.540| 0.29 | 0.123 1.70 0.92 0.23 0.07; 0.16 | 7.08 | 12.99 0.54
34 0.675| 0.42 | 0.127 2,12 1.32 0.36 0.14 0.22 { 5.66 9.07 0.74
¥ 0.840| 0.54 | 0.149 2.64 1.70 0.55 0.23| 032 455 | 7.05 1.09
EA 1.050| 0.74 | 0.157 3.30 2.31 0.87 0.43| 0.44 | 3.64 5.11 1.47
1 1.315| 0.95 | 0.182 413 2.99 1.36 0.71| 0.65 ! 2.90 4.02 2.17
1Y 1.660] 1.27 { 0.194 5.22 4.00 2.16 1.27) 0.89 | 2.30 3.00 2.99
134 1.900| 1.49 { 0.203 5.97 4.69 2.84 1.75/ 1.08 | 2.01 2.56 3.63
2 2.375| 1.93 | 0.221 7.46 6.07 4.43 294 1.50 | 1.61 1.98 5.02
2% 2.875| 232 0.280 | 9.03| 7.27 6.49] 4.21] 2.28 | 1.33 165 | 7.66
3.500 2.89 | 0.304 | 11.00 9.09 9.62 6.57; 3.05 | 1.09 133 | 10.25
316 4.000] 3.36 | 0.321 | 12.57 | 10.55 12.57 8.86! 3.71 | 0.96 1.14 | 12.50
4.500] 3.82 | 0.341 | 14.14 | 12.00 15.90| 11.45] 4.46 { 0.85 1.00 | 14.98
5 5.563 8 0.375 | 1748 | 15.12 | 24.31] 18.19| 6.11 | 0.69 0.79 | 20.78
6 6.625; 5.75 | 0.437 | 20.81 | 18.07 34.47 25.98{ 8.50 | 0.58 0.66 | 28.57
8 8.625{ 7.63 | 0.500 | 27.10 | 23.96 58.43| 45.66] 12.76 | 0.44 0.50 | 43.34
10 10.750| 9.75 | 0.500 | 33.77 | 30.63 | 90.76] 74.66| 16.10 | 0.36 0.40 | 54.73
12 12.750| 11.75 | 0.500 | 40.06 | 36.91 | 127.68] 108.43| 19.25 | 0.30 0.33 | 65.41

* From Marks, Mechanical Engineers’ Handbook, 4th ed., McGraw-Hill, 1941,

TasLe 7.18 Extra-Strong Pipe”



Useful Formulas, Tables, and Conversion Factors

. Nominal wall . Nominal wall
N:;'l“' Outside thickness, in. V&t l‘l’)‘" N::l“' Outside thickness, in. ‘X" br
P s — i | e | de siin
8si1ze, 1n. * 7 |'Wrought) ends slze, 1n, [ rought en
iron Steel iron Steel
¥ 0.840 0.307 0.294 1.714 214 2.875 0.565 0.552 | 13.695
3 1.050 0.318 0.308 2.440 3 3.500 0.615 0.600 18.583
1 1.315 0.369 0.358 3.6569 4 4.500 0.690 0.674 | 27.541
134 1.660 0.393 0.382 5.214 5 5.563 0.768 0.750 | 38.552
1% 1.900 0.411 0.400 6.408 6 6.625 0.884 0.864 53.160
2 2.375 0.447 0.436 9.029 8 8.625 0.895 0.875 | 72.424
* From Marks, Mechanical Engineers’ Handbook, 4th ed.,, McGraw-Hill, 1941,

TaBLE 7.19 Double-Extra-Strong Pipe*

Nominal Size
(OD)

Wall thickness
inches

Weight Ib/ft Schedule

3/4 (1.050)

1(1.315)

1/, (1.660)

1-*/, (1.900)

2 (2.375)

0.113
0.154
0.219
0.308

0.133
0.179
0.250
0.358

0.140
0.191
0.250
0.382

0.145
0.200
0.281
0.400

0.083
0.109
0.125
0.141
0.154
0.172
0.188
0.218
0.250
0.281
0.344
0.436

1.13
1.47
1.94
2.44

1.68
2.17
2.84
3.66

2.27
3.00
3.76
5.21

2.72
3.63
4.86
6.41

2.03
2.64
3.00
3.36
3.65
4.05
4.39
5.02
5.67
6.28
7.46
9.03

40
80
160

40
80
160

40
80
160

160

TaBLE 7.20 Pipe Weight (Ib/ft)

15
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g 3 23,5 2 | %« ERS)

s L ("] —_ 1<) 4
258 | Bi%s |F0Es |8 |Eed |38 |.pi2 |EeEe
,|Pacy | 83cf |ese® | E ) BEe |ERT | Edfg | Bfaz
S | §582% | s8ss |HH83 |E |EDd|EEER | E5iRR| 2552
EeabE | Bl g’mm&@ B | g0 | 2@ | 8952 co®a
[ T gl -—38 DlEWwS Yy | v W B, BRUEY O | Tm e
3 | H3%ET | T.oFE|E2288 125 |E53 4388 | wEiis[=388
K <S8 502::3 FEnci | B0 | Fud | SGRA | SGSEL| £ ERE
04900 | ...... 0.500 0.500 0.4902 0.6666

04615 | ...... 0.464 0.469 0.4596 0.6250

0.4305 0.432 0.438 0.4289 0.5883

0.3938 0.400 0.406 0.3983 0.5416

0.3625 0.372 0.375 0.3676 0.5000

03310 | 038 !..... 0.348 0.344 0.3370 0.4452

03065 | 0340 |..... 0.324 0.312 0.3064 0.3964

0.2830 0.2271 0.300 0.281 0.2757 0.3532

0.2625 0.218] 0.276 0.266 0.2604 0.3147

0.2437 0.212| 0.252 0.250 0.2451 0.2804

0.2253 0.207| 0.232 0.234 0.2298 0.2500

0.2070 0.204] 0.212 0.219 0.2145 0.2225

0.1920 0.201] 0.192 0.203 0.1991 0.1981

0.1770 0.199; 0.176 0.188 0.1838 0.1764

0.1620 0.197] 0.160 0.172 0.1685 0.1570

0.1483 0.194] 0.144 0.156 0.1532 0.1398

0.1350 0.191] 0.128 0.141 0.1379 0.1250

0.1205 0.188( 0.118 0.125 0.1225 0.1113

0.1055 0.185( 0.104 0.109 0.1072 0.0991

0.0915 0.182| 0.092 0.004 0.0919 0.0882

0.0800 0.180| 0.080 0.078 0.0766 0.0785

0.0720 0.178) 0.072 0.070 0.0689 0.0699

0.0625 0.175] 0.064 0.062 0.0613 0.0625

0.0540 0.172] 0.056 0.056 0.0551 0.0556

0.0475 0.168| 0.048 0.050 0.0490 0.0495

0.0410 0.164| 0.040 0.0438 0.0429 0.0440

0.0348 0.161} 0.038 0.0375 0.0368 0.0392

0.0317 0.157] 0.032 0.0344 0.0349

0.0286 0.155| 0.028 0.0312 0.0313

0.0258 0.153| 0.024 0.0281 0.0278

0.0230 0.151] 0.022 0.0250 0.0248

0.0204 0.148} 0.020 0.0219 0.0220

0.0181 0.146] 0.018 0.0188 0.0196

0.0173 0.143| 0.0164 | 0.0172 0.0175

0.0162 0.139] 0.0148 | 0.0156 0.0156

0.0150 0.134] 0.0136 | 0.0141 0.0139

0.0140 0.127]| 0.0124 | 0.0125 0.0123

0.0132 0.120]| 0.0116 | 0.0109 0.0110

0.0128 0.115| 0.0108 | 0.0102 0.0098

0.0118 0.112] 0.0100 | 0.0094 0.0087

0.0104 0.110} 0.0092 | 0.0086 0.0077

0.0095 0.108] 0.0084 | 0.0078 0.0069

0.0090 0.106] 0.0076 | 0.0070 0.0061

0.0085 0.103] 0.0068 | 0.00668 0.0054

0.0080 0.101| 0.0060 | 0.0062 0.0048

0.0075 0.099] 0.0052 | 0.0059 0.0043

0.0070 0.097| 0.0048 | 0.0055 0.0039

0.0066 0.095] 0.0044 | 0.0053 0.0034

0.0062 0.092| 0.0040 | 0.0051 0.0031

0.0060 0.088| 0.0036 | 0.0049 0.0027

0.0058 0.085| 0.0032 | 0.0047 0.0024

0.0055 0.081| 0.0028 | ...... 0.0022

0.0052 0.079] 0.0024 0.06019

0.0050 0.077] 0.0020 0.0017

0.0048 0.075/ 0.0016 | ...... 0.0015

0.0046 \0.072] 0.0012 | ...... 0.0014

0.0044 0.069| 0.0010 0.0012

* From Marks, Mechanical E:

Ah

k, 4th ed., McGraw-Hill, 1941,

TaBLe 7.21 Wire and Sheet-Metal Gauges* (Diameters and thicknesses in

decimel parts of an inch)



Useful Formulas, Tables, and Conversion Factors

Rope Sizes

Never base selection of ropes of any material on size alone. Always
consider size (diameter) and weight together. The amount, or weight,
of material in a standard length of rope determines rope characteris-
tics, such as breaking strength, working load, the cyclic and shock
loading forces it can withstand. The weight of a standard length of
rope is the rope’s weight: length ratio, pounds per 100 ft (Ib/ft) or
kilograms per 100 meters (kg/100 m).

Diameter Circumference Diameter Circumference
Inches Millimeters Inches Millimeters | Inches Millimeters Inches Millimeter
Y8 3.2 E 10.0 156 23.8 3 76.2
/32 4.0 15/32 12 1 25.4 3-8 79.4
36 4.8 Y16 15 1-Yi6 27.0 3-3s 85.7
a2 5.6 146 17 1-Ys 28.6 3-12 88.9
Ya 6.3 Ya 20 1-%6 30.2 3-% 95.2
%6 7.9 1 25.4 1-v4 31.7 3-7% 98.4
£ 9.5 1-Y5 28.6 1-% 34.9 4-3 111
e 11.1 1-% 34.9 1-%e 36.5 4-Ye 114
Ya 12.7 1-% 41.3 1-v% 38.1 4-Y, 121
%6 14.3 1-34 44 .4 1-5 41.3 5- 130
£ 15.9 2 50.8 1-1Y16 42,9 5-V4 133
16 17.5 2-Y4 57.1 1-% 44.4 5-V 140
£ 19.0 2-% 60.3 1-1%46 46.0 5-%4 146
13416 20.6 2-Vp 63.5 1-% 47.6 57 149
s 22.2 2-% 69.8 1-1%16 49.2 6-Vs 156

2 50.8 6-Y4 159

*U.S. sizes designed by diameters. Circumferences shown are for comparison only.

TaBLE 7.22 Metric Equivalents of Standard Rope Sizes*

Wire Web thickness Rim width Groove depth
Rope Light Heavy Light Heavy Light Heavy
Size weight weight weight weight weight weight
(in.) (in.) (in.) (in.) (in.) (in.) (in.)
1/2 3/8 1/2 11/s 11/4 3/4 3/4
5/8 1/2 3/4 1-"/16 1-3/4 15/16 15/16
3/4 1/2 3/4 11/, 13/, 1 11/s
7/8 3/4 3/4 2 2 1-%/16 1-%/16
1 3/4 3/4 2-/a 2-/a /s 1/
/s 3/4 1 22/s 24/> 15/ 116
11/s 1 /s 2-/s 23/4 13/, 1/s
1°/s /s 1/ 3 3/a 1%/16 2+/16
/2 /s /s 3+/a 3/ 2/s 2/a

TaBLE 7.23 Sheave Rim Dimensions

u7



118 Engineering Principles

Blocks and Tackles

Adopted
symbol Description Formula
M Mechanical advantage M=N
N Number of parts of line supporting load Known quantity
w Load being hoisted, pounds W=PxNXxE
P Lead-line pull, pounds P =W/(NXE)
E Efficiency of tackle Refer to chart below
F Load on standing block, pounds F=W+P
L Length of lead line (hauled in), feet L=DxN
D Distance load is hoisted, feet Known distance
T Time required to hoist load, minutes Known time
A Accomplishment (work put in), foot pounds A=PXxL
H Horsepower (work expressed mathematically) H = (P x L)/ (33,000 x T)

(1 hp =33,000 1b. of work done in 1 min)

TaBLe 7.24 Basic Formulas for computing Loads on Blocks and Tackles

Block and tackle makes work easier. Like any other machine, however, it can not decrease
the total amount of work to be done.

Thus: Work input = work output
FixS,=F, xS,

Where:
F; = effort applied, in pounds
S, = distance through which effort moves, in feet
F, = resistance overcome, in pounds
S, = distance resistance is moved, in feet

A small force operating through a large distance, therefore, can move a big load through a
small distance

Example: To raise a 600-1b load 20 ft, a pull of only one-fifth of 600—or 120 Ib

is needed—but actually requires a 160-1b pull through 100 ft of rope.

To calculate the efficiency of tackle:

Output _ F, xS,
Input ~ F; xS,

Efficiency =

Efficiency = % =075 (15%)

TaBLe 7.25 Computing Efficiency of Tackle
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CHAPTER 8

Protection of
Worksite, Adjacent
Areas, and Utilities

The problems of protection at construction sites are immense. Protection
clearly implies a liability, and the bulk of litigation derived from
construction sites alleges improper protection of lives and property . ..
Most construction damage claims involve more than one contractor,
therefore, if an award is made, it is often apportioned among the
defendants on the basis of a degree of liability.

Since this is often a very subjective area . . . a claim will often turn
against you on seemingly unimportant evidence—such as having used
the wrong color danger sign. The important thing to remember, is that
form may be as important as substance in a legal sense. It is not enough to
put up a required danger sign—it must be the prescribed color and size.

Robert T. Ratay, Handbook of Temporary Structures in Construction

8.1 Work Area Safety

Construction work safety rules are promulgated and enforced by the
federal government and by many states and municipalities. The con-
tractor faces substantial civil penalties for failure to comply with the
federal code as administered by the Occupational Health & Safety
Administration (OSHA). Direct disobedience can expose the contrac-
tor to criminal penalties.

Safety requirements for construction activities tend to vary
greatly. For example, state requirements generally are considerably
less extensive than OSHA requirements; however, some state regula-
tions are much broader, while municipal codes generally are some-
what between the state and federal codes in length, dealing with most
local problems.

12
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8.2

Worksite Preparation

When the codes supplement each other, it is best that the contrac-
tor follow the more strict requirements. The federal codes should be
followed when state and federal or municipal codes conflict; the
sequence to follow is: federal, followed by state, followed by munici-
pal regulations.

NoTE: Every construction site should have a copy of OSHA manual CFR
29 Part 1926—Safety and Health Regulations for Construction to
use as a reference over the duration of the project.

In addition to OSHA requirements, which apply uniformly
across the country, each state and locality may have differing building
codes that will regulate construction projects in their jurisdictions. The
contractor is also required to obtain permits for any work done, includ-
ing sidewalk crossings and for storage of materials in the street.

Signage and Protective Barriers

Proper signs are a contractor’s legal obligation to protect the public
and workers from the hazards that may exist around the construction
site. The two basic OSHA-approved DANGER and CAUTION signs
are available at most contractor supply houses (Fig. 8.1). Traffic con-
trol signs are more complicated in complying with regulations for
directing moving traffic. Those signs have been standardized nation-
ally, as detailed in ANSI D6.1-1971, Manual on Uniform Traffic Control
Devices for Street and Highways.

When conditions exist that require a flag-person to direct traffic,
OSHA requires that the flag-person must be properly equipped using
ared flag of at least 18 in. x 18 in. (45 cm x 45 cm) during the day and
red lights at night, and wearing a red or orange vest by day and a
reflectorized vest by night.

Traffic signs must be mounted at right angles to traffic and
about 2.0 ft (6 m) from the roadway. Advance warning signs must
begin at least 1500 ft (450 m) before the construction site and be
followed by repeat signs at 1000 ft (300 m) and 500 ft (150 m) from
the site. A typical sign would be diamond-shaped with an orange
background and black lettering. The suggested speed limits should
be readable for existing conditions—if they are too low, they will be
ignored.

Use only standardized orange and black, nonregulatory signs for
construction warning signs. Avoid using standardized regulatory
signs of red and yellow, and black and white types normally placed
and enforced by police and highway departments. If they are to be
used, it should be with the approval and supervision of the police
agency having jurisdiction. Such signs are not just warning signs—
they impose legal obligation on the public.
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Caution

A\

Danger of
falling objects

CAUTION CAUTION
Hard Hats Construction
Required In Area Authorized
This Area Personnel Only
SAFETY SAFETY
FIRST FIRST
Authorized This Area
s Closed Off
NANCED NANCED
DANGER ||l DANGER
Electrical Do Not
Hazard Enter

Ficure 8.1 OSHA approved basic warning signs. (Source: FREE Printable
OSHA and Statutory Signs—www.freesinage.com/osha_caution.)

Barricades and Fences
Many forms of barricades are used (ANSI D6.1-1971), including;:

o Drums. 30-gal (0.11 m?) and 55-gal (0.21 m®) are used, closely
spaced; they should be marked with 6-in. (15-cm) orange
stripes and 4-in. (10-cm) white strips using reflectorized
paint. Plastic drum shapes are available for traffic control by
building supply houses. Drums must never be used in the
road without advance warning signs.


www.freesinage.com/osha_caution
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8.3

Worksite Preparation

e Cones. Used for short-duration jobs of less than a day; should
be 18 in. (45 cm) high and preferably orange in color. Cones
must never be used in the road without advance warning
signs.

e Fences. Erected to protect equipment and materials, and to
reduce contractor exposure to public liability claims, espe-
cially trespassing children. Chain link is commonly used on
large open sites while a plywood fence is more practical for
city construction, reducing the invitation to thefts and offer-
ing better protection to pedestrians.

Because gates for truck entry are typically 16 ft (5 m) wide,
swinging gates are not suitable for an opening this size, posing a
maintenance problem and difficulty in securing them well enough
to prevent entry by children. The safest and most secure gate is a
chain link sliding gate.

Avoid providing spectator viewing openings in the fence. Where
viewing windows are unavoidable, they should be covered with
heavy shatterproof plastic and located away from compressor hoses,
which should be kept as far from the fence as possible.

The construction superintendent is directly responsible for mak-
ing the job site safe at night by properly closing the fence and placing
barricades at the end of the day.

Site Lighting and Perimeter Fencing

The process of providing proper illumination for the work area is an
ill-defined area of the contract and specifications. Yet, the responsibil-
ity to provide temporary lighting falls in the scope of work of the
general contractor—or is included in the scope of work of the electri-
cal contractor.

Studies have shown that at least parts of some construction proj-
ects do not have the minimum illumination required by accepted
safety standards, even when the contract requirements are met. An
examination of construction standards and requirements indicates
that the contract language defining the extent of the temporary light-
ing often is vague and the requirements minimal.

Construction worksite lighting OSHA regulations, based on ANSI
A11.1-1965; R 1970-Standard UL 1572, apply to luminaires for use in
nonhazardous locations and intended for installation on branch cir-
cuits of 600 V or less between conductors in accordance with the US
National Electrical Code NEC, ANSI/NFPA 70, and the Canadian Electri-
cal Code Part 1 (CEC), CSA C22.1.

Lighting and lllumination Fundamentals
Temporary lighting is the process and the equipment used to provide
artificial illumination in a work area. Illumination is the amount of
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Light meter readings
Location (FC = footcandles)*
Outside on a sunny day 4000 FC
Parking deck 3FC
Shopping mall common area 56 FC

*Readings were taken 36 in. off the floor to reflect the common task
height.

TaBLe 8.1 Miscellaneous Light Readings (3 ft above the floor)

light falling on a surface and is measured in footcandles (FC), the
measurement of the light falling on a square foot of surface.

Measuring illumination at a specific point only describes the illu-
mination environment in one dimension—that is, the quantity of illu-
mination. Other aspects, such as brightness, contrast, and glare help
define the quality of illumination. (Brightness refers to the perception
of the human observer.)

The overall lighting in an area may be adequate for the work pro-
cess, but as workers move from one area to another, or look from one
area to another, the amount of illumination is different, and the eye
must keep adjusting (Table 8.1).

Temporary Lighting Requirements

Although some level of lighting is necessary to provide workers with
a safe environment, safety is only one aspect of illumination of a con-
struction project. The quality of work and productivity may be related
to illumination.

OSHA standard 29 CFR 1929.56 Illumination and 29 CFR 1926.56(a)
General specify that construction areas, runways, corridors, offices,
shops, and storage areas must be lighted to not less than the mini-
mum illumination while any work is in progress (Table 8.2). For
areas or operations not covered in Table 8.2 refer to ANSI A11.1-
1965; R 1970 - Practice for Industrial Lighting for Recommended Values
of Illumination.

Project Specifications
The construction manager or general contractor can place the duty to
provide temporary lighting under the scope of work for the electrical
contractor. Although construction design documents define the con-
tractor’s responsibilities during construction, they focus on the design
elements of the finished product, but rarely setting environmental
guidelines to be followed during the construction phase.

The design team should work with the construction contractor to
adopt environmental guidelines to be followed during construction
(U.S. DOE - Energy and Environmental Guidelines for Construction).

125



126 Worksite Preparation

Intensities
(footcandles) Areas of operation

5 General construction area lighting

3 General construction areas, concrete placement,
excavation, waste areas, accessways, active
storage areas, loading platforms, refueling, and
field maintenance areas

5 Indoor warehouses, corridors, hallways, and
exitways

5 Tunnels, shafts, and general underground work
areas. Exception: minimum of 10 footcandles
is REQUIRED at tunnel and shaft heading during
drilling, mucking, and scaling. Bureau of Mines—
approved cap lights shall be acceptable for use
in a tunnel heading.

10 General construction plant and shops (such as
batch plants, screening plants, mechanical and
electrical equipment rooms, carpenter shops,
rigging lofts, and active store rooms, barracks or
living quarters, locker or dressing rooms mess
halls, indoor toilets, and workrooms).

30 First-aid stations, infirmaries, and offices

Source: 29 CFR 1926.56—Table D-3, OSHA

TaBLe 8.2 Minimum Illumination Intensities (footcandles)

Task Lighting

INlumination on the construction site is based on improving task light-
ing for the workers. Task lighting requirements, however, are gener-
ally difficult to identify on the construction project since there are
many workers performing different tasks with different lighting
requirements. (Masons have different requirements than electricians,
and electricians putting in conduit have different requirements than
electricians installing a control panel on an HVAC unit.)

There is also the problem of where the workers are performing
their tasks. Construction projects require constant movement of many
workers, performing tasks at different levels at a location. The larger
problem, however, is that construction workers are asked to work in
various locations within and outside a building with various light lev-
els at each location. Furthermore, the contrast of light at many locations
can be drastic. And the light conditions are constantly changing with
the time of day, outside conditions, and the constant installation of
more building components. These factors all contribute to the visual
working conditions of the typical construction project.



8.4

Protection of Worksite, Adjacent Areas, and Utilities

Use efficient work lighting, exceeding 40 lumens per watt,
such as T5 or T8 fluorescent lamps with electronic ballasts and low
mercury content for general work area lighting. Metal halide
lamps are an energy-efficient choice for high-bay overhead instal-
lations, as are high-pressure sodium lamps if color rendition is
not critical.

Minimize the use of quartz/halogen and conventional incandes-
cent lamps. Compact fluorescent lamps are a better choice with high-
efficiency lighting paying back quickly through reduced operation
and maintenance/replacement costs.

Temporary construction lighting is a complex problem that
needs attention. The safety, productivity, and quality of construc-
tion project are influenced by the quantity and quality of the light-
ing. The construction environment is constantly changing, and the
dynamic quality of the environment requires solutions that are
just as dynamic.

There is no simple solution but to look at one possible solution at
a time and analyze the costs and benefits, which then may open the
door to combinations of solutions that are cost effective, provide a
safer work environment, promote higher productivity, and help to
insure higher quality.

Perimeter Fencing

Perimeter fencing should always be erected before construction
activities start, particularly if the site is located near a school or
in a residential area, and is unattended outside work hours. At
no time shall a temporary/security fence be installed in a man-
ner that would prohibit the safe and continued operation of an
occupied building in accordance with the local building code. All
fences must be maintained in a structurally sound and attractive
manner.

The standard of fencing required for a particular construction site
will depend on the hazards and environmental conditions at the
worksite, as well as location. Some factors to consider include build-
ing height (more than one story); location near stores, offices, schools,
residential areas; whether there are any trenches and trench depth;
whether the site is vacant outside work hours.

Worksite Housekeeping

Keeping a construction site relatively clean of debris can reduce haz-
ards to employees during construction work (CFR 29 1926.25.0SHA
Safety and Health Standards for Construction Industry).

Waste Material Removal

Most of the waste generated through construction activities is nonhaz-
ardous solid waste, including concrete, steel wood, rubber, asphalt,
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soil, and organic matter (such as tree stumps and roots). Disposal of
these wastes may be regulated under a variety of federal, state, and
local laws, with many states and local governments specifying special
construction waste landfills for disposing nonhazardous construction
and demolition debris.

OSHA 1926.252 (c) requires contractors to remove all scrap lumber,
waste material, and rubbish from the immediate work area as the
work progresses. Disposal of waste material or debris by burning
must comply with local fire regulations.

All solvent waste, oily rags, and flammable liquids must be kept
in fire resistant covered containers until removed from the worksite.
Hazardous construction wastes, if generated, are regulated under the
federal RCRA hazardous waste regulations.

The benefits of good housekeeping practices far exceeds the small
additional effort required to establish good housekeeping practices at
a construction site (Table 8.3).

e Store waste materials in covered areas; cover exposed piles of
soil, construction materials, and waste with a plastic sheeting or
temporary roof.

e Keep covers on all trash cans and dumpsters.

o Keep the area around trash receptacles free of debris.

o Keep trash receptacles in a covered area to prevent wind or rain
from getting into the trash.

o Keep all stored scrap material from entering the storm drain
system.

e Prevent liquids from leaking out of the trash area and entering the
storm drain system.

e Protect all storm drain inlets using berms, screens, or filter fabric.
e Maximize trash cans to prevent littering.

o Waste being held for recycling or disposal should be held separate
and covered.

e Reduce waste by ordering only the amount needed to finish the job
at hand.

e Recycle leftover material whenever possible.
e Make sure that trailers carrying materials are covered during transit.

e Use a vacuum or other effective capture and container system to
collect all of the water and sediment from saw cutting asphalt or
concrete.

e Pick up and sweep dirt and debris from all work areas—including
streets, sidewalks, and alleys—when a project is complete,

e Do not wash down work areas, tools, and equipment on surfaces
that drain to the storm drains or creeks.

TaBLe 8.3 Waste Management Practices
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Water/Wastewater Treatment/Disposal

The contractor is responsible for making arrangements for obtain-
ing water for construction use. Proof of such arrangement is sub-
ject toreview and approval by the local water authority. If required,
the contractor must obtain a permit from the authority before
drawing any water from the supply system. The contractor must
adhere to all stormwater pollution control requirements, to pre-
vent sediment from entering the stormwater collection and con-
veyance system.

Managing the proper use of water on the construction site
includes, among other practices:

¢ Implementing a water conservation awareness program
within the worksite

¢ Monitoring daily water consumption by taking water meter
readings daily

¢ Including discussion of water consumption, water bill, and
water conservation in the monthly project meeting

¢ Installing pressure-reducing valves after the meter position
and service stop valve where pressure exceeds 2.5 bar

¢ Installing throttle control valve along pipes leading to
toilets, wash basins, etc. to reduce excessive flow rate at
the taps

¢ Installing sub-meters at constructional and nonconstructional
activities areas to monitor water usage and determine the
norm of water usage for those activities areas; identifying the
reasons and taking appropriate action if the amount of water
uses in any operation is above its norm

¢ Installing service pipes that are more durable at worksite
to minimize leakage due to damage; lay exposed pipe
where feasible

o Performing regular leak detection tests and checks for water
leakage in taps, hoses, pipes, water tanks, etc. so that leaks
can be discovered as early as possible; and taking immediate
action to repair the leak(s)

¢ Ensuring water saving devices are installed and in good
working condition, such as:
e Low-capacity flushing toilets
e Self-closing delayed-action taps at all washing facilities

e Using nonpotable water for vehicle washing at the vehicle
washing area whenever possible; and recycling the used water

¢ Installing an earth removal facility for the vehicles to remove
the earth from the ties before commencing washing.
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Best Water Management Practices!

Natural features and soil exposure minimization. Leave vegetation
in place when possible and disturb the smallest area of land
possible. Control access to surface water with fencing or
bugger zones. Divert runon/runoff away from exposed areas.
Phase construction to minimize the amount of exposed soil at
one time.

Erosion control (soil stabilization). Install temporary or permanent
seeding and planting; mulching or cover using geotextiles,
mats, and erosion control blankets.

Groundwater protection. Protect drinking water supply
wellheads from construction activity and stormwater by
sloping, fencing, or berming. If infiltration devices are used,
do not excavate to or through the water table. Drywells and
other infiltration devices are subject to underground injection
control regulations.

Good housekeeping. Dedicate covered contained areas for any
activities involving toxic contaminants, or move such
activities off-site, exposed and spread by stormwater.

Inspection and maintenance. Inspect construction site regularly
and train staff and subcontractors to recognize and discuss
potential problems at the construction site so they can be
prevented.

Postconstruction stormwater management. Provide detention
ponds, infiltration basins, and trenches; pervious pavements,
“green” parking and alternative pavers, grassed swales,
grassed filter strip and buffer zones.

8.5 Jobsite Safety Checklist

Program administrator (1926.20.35) A B Comments

. OSHA Postings, Emergency Numbers

. Hazcom (MSDS, Labeling)

. Job Specific Safety Orientation

. Safety Meeting (Last Meeting Topic)

. Job Site Injury Records

oo~ W NP

. Medical Services (Kits, Training)

1Source: Environmental Protection Agency—uwuww.epa.gov/safewater.
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Housekeeping/sanitation (1926.20.35)

Comments

. Work Area Orderly (Nails Removed)

. Passageways and Walkways Clear

. Lighting

. Waste Containers Provided and Used

. Sanitary Facilities Clean

oA W IN P

. Adequate Eating and Drinking Areas

Fire prevention (1926.24, .25, .97)

Comments

. Hazards ID and Control Fueling/Welding

. Extinguishers Identified and Charged

. Correct Type for the Job

. “No Smoking” Posted and Enforced

. Hydrants Clear

OO |~ W|IN P

. Flammable Liquids Storage

Electric utility (1926.20, .21)

Comments

. Electrical Dangers Posted

. GFCI and Overcurrent Protection

. Access to Breaker Boxes Clear

. Lockout Procedures Used

. Drop Cords Protected

. Utility Lines Located and Market

~N| oo WIN P

. Overhead Lines Protection

Hand and power tools (1926.300, .400)

Comments

. Tools in Good Working Condition

. Damaged Tools Repaired/Replaced

. Proper Tool Used for Each Job

. Power Tools Grounded/Double Insulated

. Cords in Good Condition

. Mechanical Safeguards in Use

~N oo W NP

. Power Actuated Tools Safety/Certification

Ladders (1926.1053)

Comments

1.

Ladders Inspected/Good Condition

2.

Job Made Ladders Construction

3.

Ladders Proper for Job and Secured

4.

Siderail Extend 36 in. above Landings
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5. Stepladders Fully Open When in Use

6. Overhead Electrical Exposure

Scaffolding (1926.451) A B | Comments

. Erection Properly Supervised

. Scaffolding Plumb and Square

. Connections Sound and Secure

. Footings and Mudsills

. Scaffold Tied to Structure

. Guardrails, Midrails, and Toeboards

. Worker Protection (Falling Objects)

. Scaffold Access

O |00 | N O O Ww|(N |-

. Planks Properly secured/Overlapped

10. Planking Free from Debris, Ice, Snow

11. Overhead Electrical Exposure

Heavy equipment, motor vehicles (1926.600) A B Comments

. Equipment Maintenance and Inspection

. Operating Manuals Available

. Operators Qualified

. Haul Roads Maintained

. Speed Limits Posted

. Seat Belts Operative and Used/ROPs

. Horns, Brakes, Lights, Back-up Alarms

. Wheels Cocked When Required

O |00 N0 O Ww|(N|F

. Glass in Good Condition

10. Weight Limits and Load Capacities

11. Personnel Transported Safely

Welding and cutting (1926.350) A | B | Comments

1. Extinguishers Available/Firewatch

2. Screens and Shields in Place/Personal
Protective Equipment

3. Cylinders Secured/Stored Properly

4. Electrical Ground/Cables Sound

Materials handling/storage (1926.953) A B | Comments

1. Materials Properly Stored and Stacked

2. Dust Protection
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3. Proper Number of Employees for Operations

4. Employees Lifting Loads Correctly
Barricades and fencing (1926.502) A B
1. Site Fenced

2. Floor Openings Planked/Protected

3. Roadways and Sidewalks Protected

4. Proper Access/Traffic Control
Hoists, cranes, and derricks (1926.550) A B | Comments

1. Equipment Maintenance/Inspections

2. Equipment Support/Outriggers

3. Load Capacities Posted and Observed

4. Signalman Use as Appropriate

5. Overhead Electrical Exposure

Personal protective equipment (1926.100) A B | Comments

. Eye/Face Protection

. Hard Hats Mandatory
. Safety Shoes/Boots

. Fall Protection Equipment

. Respiration/Ventilation Required

OO |~ W NP

. Noise Exposures
Roadway construction (1926.600) A B | Comments

1. Laws and Ordinances Observed

2. Flagmen Certified/Positioning

3. Warning Signs and Markers

4. Traffic Control/Devices

5. Lighting Equipment Exposure/Traffic

8.6 Site Features

Before beginning any construction rigging operations, it is important
to conduct a careful inspection of the site and its boundaries to deter-
mine all possible conditions that must be considered in planning the
way work on the project will be carried out as well as to calculate the
possible additional costs of removing obstacles, or providing tempo-
rary construction to circumvent them. Inspection should follow a
predetermined checklist to assure nothing is overlooked.
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Temporary Access

On-site

If the local authority imposes weight restrictions on approach roads
or bridges, reductions in the size of equipment used on the worksite
may be necessary that, in turn, may mean an increased time frame
due to lower output. If a temporary access approach system is neces-
sary, the system implemented must be capable of being readily
removed at the end of the contract to minimize reinstatement costs.

Off-site

The most common overhead obstructions are high-tension electricity
cables. Before starting work on a site, contractors must contact the
local utility company to determine the safety requirements in relation
to clearances to ensure that flash-over from cables to site, vehicles,
and personnel does not occur, especially in wet conditions, when the
flash-over distance is less than when it is dry.

Determine safety requirements in terms of clearances to prevent dis-
charge from overhead lines to construction facility, equipment, and
workers. Provide minimum horizontal distances and travel clearances.

OSHA requires contractors to ensure that when cranes and
boomed vehicles are operated near overhead power lines, the power
lines are de-energized or separated from cranes and their loads by
implementing one or more procedures:

e De-energize and visibly ground electrical distribution and
transmission lines.

e Use independent insulated barriers to prevent physical
contact with the power line.

¢ Maintain minimum clearance between energized power lines
and cranes and their loads.

ANSI standard B30.5-199 specifies guidelines to prevent contact
between cranes and electrical energy. For mobile cranes operating
near overhead power lines:

e Consider any overhead wire to be energized unless and until
the person owning the line or the utility authorities verify
that the line is not energized.

e De-energize power lines before work begins, erecting
insulated barriers to prevent physical contact with the
energized lines of maintaining safe clearances between the
energized lines and boomed equipment.

e Limit the use of cage-type boom guards, insulating links, and
proximity warning devices.

¢ Notify line owners before work is performed near power
lines.
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e Post warnings on cranes cautioning operators to maintain
safe clearance between energized power lines and their
equipment.

Once the minimum working clearances have been established,
traveling under cables must be restricted to defined points, where goal
posts are erected on each side of the overhead line to define the maxi-
mum height that can pass under the lines. Elsewhere, barriers must be
erected at safe distances away from the lines to prevent vehicles trav-
eling inadvertently under the lines at that point.

Ground-level and Underground Obstructions

Other than open excavations, the most likely ground-level obstruc-
tions on a construction site are surface drainage pipes, industrial
mains, and similar installations. These obstructions generally require
some form of bridging to permit travel over them. Barriers may also
be needed to prevent damage from construction or machinery adja-
cent to any service pipes or other installations.

Water, gas, and electric services normally present underground
obstructions that require temporary protection only if they are sited
close to the surface and need protection from traffic passing over
them, or from other forms of vibration. As with ground obstructions,
bridging across will usually provide the best solution.

Whether or not true bridges are needed for ground-level or
underground obstructions will depend on the circumstances. Often
the use of standard steel sections or timber sections will readily pro-
vide adequate protection.

Space Allocation

Construction projects often occupy the entire site, or a very high
percentage of the area, to provide construction work area for opera-
tion at or near ground level. In planning the project, the contractor
must consider the sequence of operation to determine the method of
creating space for contractor and subcontractor offices; workers
sheds; trailers and materials storage; unloading area; first-aid sta-
tion; and sanitary facilities.

Planning also should aim to restore space, at or near ground level,
upon completion of construction work.

Boundary Considerations

Conduct a preconstruction survey using video and still photographs
to identify the construction worksite boundaries and mark adjacent
properties and structures for protection. In addition, provide each
property owner with a copy of the survey and have each owner sign
an affidavit acknowledging the results of the survey.
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Adjacent Buildings

The contractor must provide protection for adjacent buildings and
structures at all times for the duration of construction—especially
from adjacent excavations. Of particular importance is the protection
of historic facades, with new interior construction.

Protective measures and temporary construction must be mutu-
ally agreed upon, in writing, by both property owners, and include
shoring, temporary walls, and permanent common walls.

Consider the height of adjacent buildings for crane swing clear-
ances. Crane overswing on adjoining property is considered trespass-
ing, and as such requires obtaining the adjoining owner’s consent.
Installation of protective fans or nets may be required.

Trees

Tall trees, adjacent to the site boundary, create obstacles that may inhibit
construction operations and impinge on the location of work facilities.
In particular, the height of trees may limit crane overswing.

If access is needed past trees at the boundaries, or just outside,
protection against damage is a likely requirement. Careful trimming
and fencing around the base may be all that is required, with the adja-
cent property owner’s agreement.

Provide minimum protective distances for trees to be retained,
using fencing at suitable distance around the trees. Make plans for
removing trees that are not to be saved.

Railway Lines
Special requirements normally govern the use of cranes adjacent to
railway property, as well as protecting the railway from falling objects.
Railway companies or local transportation authorities have a legal
duty to protect the traveling public, and thus make and enforce rules
about what goes on land adjacent to their operational property.

Contractors must protect the tracks and property of a railroad,
and are responsible for any damage to a railroad’s roadbed, tracks,
trains and equipment, catenary wires and supports, and any other
railroad property. The contractor must take protective measures nec-
essary to prevent any material, equipment, or debris from falling on
railroad tracks or equipment operating on the tracks.

The contractor must pay the railroad for its replacing or repairing
any damage to railroad’s facilities or trains resulting from the con-
tractor’s operations.

Drainage and Watercourses

Maintenance of a well-drained site is of prime importance. In the ini-
tial site inspection carefully examine the state of the ground and, in
particular, any existing watercourses:
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o If water courses exist, is there any local knowledge in relation
to liability or flood at certain times of the year? If so, what has
been the worst extent?

e If no permanent diversions are shown on the drawings, will
any temporary diversions be needed? If so, what will be the
likely size and extent?

¢ If no diversions are specified, can access be maintained to all
parts of the worksite? Or will temporary bridging of any kind
be necessary?

o Will water runoff ditches be needed to avoid washout danger
to falsework or other temporary foundations, or to protect
excavations from flooding?

Trespass
Possible encroachments on adjacent properties include:

¢ Crane overswings
¢ Ground anchors for boundary retaining walls on excavations

¢ Right-of-way passage to inaccessible areas of the construction
site

e Roadways with sewer line beneath them.

8.8 Public Safety

Safety, health, and noise exposure during construction not only
includes the protection of workers and the general public, but also
the adjacent public and private properties. Make sure to review EPA,
OSHA, and local ordinances to protect the public outside the con-
struction site from risks to safety and health.

Health

Proper control of dust and disposal of debris, garbage, waste materi-
als, and water MUST be provided on the construction site.

Noise

Control of and protection from noise generated by construction activ-
ities must be provided not only for those working on the site, but also
the public outside the site area. Meeting any noise level restrictions
covered by OSHA requirements or imposed by local authorities may
require temporary works in the shape of baffles, shelters, or other
noise-reducing measures.

Several steps can be taken at the construction site to reduce the
level of noise emanating from the site. A construction fence made
with plywood is the single most effective noise barrier, providing
excellent noise attenuation. Noise attenuation is a function of material
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and mass, therefore the heavier the plywood the more effective the
noise barrier. The height of the fence is also important in reducing the
amount of noise that leaves the site. As a practical matter, fences over
12 ft (3.8 m) in height pose stability and wind problems (although
with proper engineering anything is possible).

Special enclosures around excessively noisy machines are often
appropriate, particularly during alterations inside buildings where
noise levels can reach dangerous levels very quickly. The use of ply-
wood panels sandwiched with insulation is an effective enclosure;
however, because plywood is combustible, where fireproof materials
are required, prefabricated fireproof shelters and enclosures must be
used that provide noise reductions of 25 dB to 40 dB.

Sound absorbers may also be used to temporarily reduce the con-
struction noise leaving an enclosed area. Two types include: a cylin-
der of absorbent material, the size of a 50-gal (0.2 m?) drum designed
to be hung from the ceiling; and a sound-absorbent panel for wall
and ceiling mounting.

Pedestrian Protection

The contractor must perform construction operations so as not to
expose the public to risks of safety or health, including installing of
warning signs, barriers, and protective structures to prevent objects
from falling outside site boundary onto passers-by, adjacent school
yards, parking facilities, or other areas where large numbers of peo-
ple are likely to congregate at regular intervals.

Required pedestrian protection must be maintained in place and
kept in good condition for the entire length of time pedestrians may be
endangered. Upon completion of construction activity, walkways,
debris, and other obstructions must be removed, leaving public property
in as good a condition as it was before such work was commenced.

e Signs to direct pedestrian traffic safely around the construc-
tion site and for protection must be provided during construc-
tion and demolition activities, as required by OSHA 1926:.

o Walkways for pedestrian travel must be provided in front of
every construction and demolition site (unless the appropriate
authority authorizes the sidewalk to be fenced or closed).
Walkways must be of sufficient width to accommodate
pedestrian traffic, but not less than 4 ft (1.2 m) wide; must be
provided with a durable walking surface; and must be
designed to support all imposed loads, having a live load
design not less than 150 psi (7.2 kN/m?).

o Construction railings at least 42 in. (1.1 m) in height must be
sufficient to direct pedestrians around construction areas.

o Covered walkways must have a minimum height of 8 ft (2.44 m),
as measured from the floor surface to the canopy overhead;
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have adequate lighting at all times; and be designed to
support all imposed loads with live load design not less than
150 psi (7.2 kN/m?). Openings in the overhead structure are
prohibited.

o Barriers at least 8 ft (2.44 m) in height must be placed on the side
of the walkway nearest the construction and extend the entire
length of the construction site, with openings in the barriers
protected by doors that are normally kept closed.

o Directional barricades must be used to protect pedestrian traffic
where the walkway extends into the street; barricade must be
of sufficient size and construction to direct vehicular traffic
away from the pedestrian path.

o Catch platforms or netting, installed below the construction
deck, must be used to protect the public from material
inadvertentlyfallingfromhigh-risestructuresduringconstruction;
with the platform or netting raised as construction progresses,
so as not to be more than three or four floors below the
construction deck.

o Scaffolds must be covered with wire mesh, and toe boards and
handrails must always be in place when working over the
sidewalk to prevent materials, tools, and hardware from
falling through the scaffold planking; scaffolds on the side of
a building must be secured to the building at every 30 ft (9 m)
horizontally and 26 ft (8 m) vertically and should be checked
daily to make sure that any ties, removed to facilitate work,
have been replaced.

8.9 Property Protection

Adjoining public and private property must be protected from dam-
age—and water runoff and erosion must be controlled—during con-
struction and demolition work.

o Streets, alleys, and public property. Storing and handling of
materials or of equipment on streets or public property must
comply with the local building regulations; and meet the
satisfaction of appropriate authorities.

o Storage and placement. Construction equipment and materials
must be stored and placed so as not to endanger the public,
the workers, or adjoining property for the duration of the
construction project. Materials, equipment, fences, sheds, or
any other structure:

e must not be placed or stored so as to obstruct access to fire
hydrants, standpipes, fire or police alarm boxes, utility
poles, catch basins, or manholes; or so as to interfere with
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the passage of water in the gutter; such fixtures must be
protected during the progress of work, but sight of them
must not be obstructed.

o mustnotbelocated within 20 ft (6.1 m) of a streetintersection,
or placed so as to obstruct normal observations of traffic
signals or to hinder the use of public transit loading
platforms.

Unobstructed areas. Maintain, at all times, required exits,
existing structural elements, fire protection devices, and
sanitary safeguards during alterations, repairs, or additions
to any building or structure.

Fire extinguishers. All structures under construction, alteration,
or demolition must be provided with not less than one
approved portable fire extinguisher at each stairway, of all
floor levels where combustible materials have accumulated;
and in every storage and construction shed. Additional
approved portable fire extinguishers must be provided where
special hazards exists, such as flammable or combustible
liquid storage areas.

Water supply. Temporary or permanent water supply must be
made for fire protection; additional fire protection safeguards
must be made as outlined in Chapter 29, NFPA Fire Prevention
Code 1 during construction.

Exit maintenance. Required exits must be maintained at all
times during alterations and additions to any building; where
an existing building exceeds 50 ft (1520 m) in height is altered,
at least one temporary lighted stairway must be provided,
unless one or more of the permanent stairways are available
for egress as construction progresses.

Waste disposal. Removal of waste materials from the
construction site must be made in a manner that prevents
injury or damage to persons, adjoining properties, and public
right-of-way.

Sanitary facilities. Sanitary facilities must be provided during
construction or demolition activities in accordance with the
International Plumbing Code.
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9.1 Sanitary Facilities

The contractor must provide an adequate supply of potable water on
the construction site and portable containers to dispense drinking
water that are capable of being tightly closed and equipped with a
tap (OSHA 1926.51 Sanitation).

Water must not be dipped from containers.

Common drinking cup is prohibited; where single service cups
(to be used but once) are supplied, both a sanitary container
for the unused cups and a receptacle for disposing of the used
cups must be provided.

Any container used to distribute drinking water must be
clearly marked as to the nature of its contents and not used
for any other purpose.

Nonpotable water, such as water used for construction work
or firefighting purposes only must be identified by signs that
meet OSHA requirements to indicate clearly that the water is
unsafe and is not to be used for drinking, washing, or cooking
purposes.

Toilets must be provided for employees, according to OSHA
1926.51 Sanitation Regulations (Table 9.1).

9.2 Medical Services and First Aid

For enabling first aid to be rendered to construction workers, if they
are injured or become ill at work, the employer:

Must provide, or ensure, that such equipment and facili-
ties are available—as are adequate and appropriate in the
circumstances.

Must ensure first-aid supplies, approved by the consulting
physician, are readily available on the worksite.

U]



142

Worksite Preparation

Number of employees Minimum number of facilities

20 or less 1

20 or more 1 toilet seat and 1 urinal per
40 workers

200 or more 1 toilet seat and 1 urinal per
50 workers

TaBLe 9.1  Minimum Number of Toilet Facilities per Employee

e Must provide a suitable number of persons, for rendering
first aid to the employees—as are adequate and appropriate
in the circumstances. A person shall not be suitable unless he
orshe has undergone such training and has such qualifications
as the Health and Safety Executive may approve for the time
being in respect of that case; with such additional training as
may be appropriate in the circumstances of that case.

e Must make an assessment of first-aid needs appropriate to
the circumstances of each workplace. OSHA, however, does
not fix the level for the provision of first aid; each employer
must assess what facilities and personnel are appropriate.

e Must conspicuously POST the telephone numbers of the local
physicians, hospitals, or ambulances.

9.3 Equipment and Materials Storage

Where possible, appropriate equipment and materials storage areas
(and equipment maintenance areas) should be identified before any
construction work is done on the site. Most important is to provide
diversions to keep runoff from entering storage or maintenance areas.
Equipment storage areas that properly control runoff will prevent
oil, grease, solvents, hydraulic fluids, sediment, wash water, and
other pollutants from being carried off the area and entering surface
waters; and prevent pollutants from filtering into the ground.

Equipment

The maintenance, repair, cleaning, and storage of construction machin-
ery, vehicles, and equipment should be confined to areas specifically
designed and designated for that purpose. This practice includes both
open and covered equipment maintenance and storage areas.

Where possible, maintenance areas should be placed on flat areas
to prevent surface runoff from entering or leaving the area. Most
important is controlling runoff from both kinds of storage, not only
from construction sites but also existing permanent storage facilities.
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If equipment is to be maintained and stored in an open area (tem-
porary storage), consider the following:

¢ Site should not be within the drip line of trees.

o Site should not be within 100 ft of a watercourse or wetland; run-
off should be diverted away from watercourses and wetlands.

If equipment is to be maintained and stored in a permanent struc-
ture (building), consider the following;:

¢ Building should not be located within 100 ft of a watercourse.

e Building should not be constructed, when possible, within
100 ft of a wetland.

Under no circumstance should buildings or equipment be located
in floodplains, stream beds, or the channel of any watercourse.

Outside equipment/maintenance storage areas should be
inspected daily to ensure equipment is not being stored within the
drip line of trees, and to ensure the vehicles and equipment are not
leaking. Also, make sure waste materials are being properly disposed
of. Periodic checks of the equipment wash area should also be done
to ensure it is not failing.

Ongoing maintenance of structural equipment maintenance/
storage areas should include periodic inspections of the structure to
check for cracks in the floor, and for other structural flaws. In existing
building make sure to inspect the floor drains to make sure they are
not discharging to storm drains.

Building Storage

All floors of an equipment storage building should be constructed of
concrete or other impervious materials to prevent contaminants from
leaching into the soils or goundwater.

All floor drains that discharge to storm sewers must be sealed, or
plugged; new floor drains should discharge to a sanitary sewer.
Equipment wash areas must discharge into a sanitary sewer line.

Depending on the amount of oil, grease, and other pollutants,
pretreatment of wastewater may be needed before it enters the sani-
tary sewer.

Trucks and other equipment with large quantities of mud should
be washed outside on a designated wash area, so as not to clog sani-
tary sewer lines.

Open Area Storage

All maintenance, ideally, should be done on impervious areas sur-
rounded with impervious berms. Where this is not possible, use pads
designed to contain the pollutants that may leak or spill during main-
tenance operations—especially on sandy and other coarse soils where
spilled materials can easily leach into the groundwater.
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Wash areas should be constructed out of 2-in. to 3-in. stone or
other approved material, with a minimum 6-in. base. They should be
underlain with geotextile materials, and protected using berms or
diversions to prevent the runoff water from leaving the site.

Materials

All construction materials stored in tiers must be stacked, racked,
blocked, interlocked, or otherwise secured to prevent sliding, falling,
or collapse.

Stored materials must not create a hazard. Storage areas must be
kept free from accumulated materials that may cause tripping, fires,
or explosions, or that may contribute to the harboring of rats and
other pests.

When stacking and piling materials, it is important to be aware of
factors such as materials” height and weight, how accessible the
stored materials are to the user, and the condition of any containers
where the materials are being stored. Height limitations must be
observed when stacking material.

Lumber. Lumber must be stacked and leveled on solidly supported
bracing. If handled manually, lumber must not be stacked higher
than 16 ft; if a forklift is used, 20 ft is the maximum stacking height.
For quick reference, paint stripes on walls or posts to indicate max-
imum stacking heights.

Used lumber. All nails must be removed before stacking.

Bricks. Stacks of loose bricks must be tapered back 2 in. for every
foot of height above the 4-ft level.

Masonry blocks. When stacked higher than 6 ft, masonry blocks
should be tapered back one-half block for each tier above the 6-ft
level.

Bags and bundles. These must be stacked in interlocking rows to
remain secure. Bagged material must be stacked by stepping back
the layers and cross-keying the bags at least every ten layers. To
remove bags from the stack, start from the top row first.

Bound material. Bound material should be stacked, placed on racks,
blocked, interlocked, or otherwise secured to prevent it from slid-
ing, falling, or collapsing. Loads greater than that approved by a
building official must not be placed on any floor of a building or
other structure. Where applicable, load limits approved by the
building inspector should be conspicuously posted in all storage
areas.

Drums, barrels, and kegs. These must be stacked symmetrically. If
stored on their sides, the bottom tier must be blocked to keep them
from rolling. When stacked on end, put planks, sheets of plywood
dunnage, or pallets between each tier to make a firm, flat stacking
surface.
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Structural steel, bar stock, poles, and other cylindrical materials. Unless
on racks, these materials must be stacked and blocked to prevent
spreading or tilting. Pipes and bars must not be stored in racks that
face main aisles, this could create a hazard to passers-by when sup-
plies are being removed. When stacking any material two or more
tiers high, the bottom tier must be chocked on each side to prevent
shifting in either direction. Material that cannot be stacked due to
size, shape, or fragility can be safely stored on shelves or bins.

Flammable/combustible materials. Almost every construction site
will store a certain amount of flammable (ignition below 140°F
[60°C]) or combustible (ignition above 140°F [60°C]) liquids, and
liquid petroleum gas. Flammable and combustible liquids must
never be stored in hallways, on stairs, or at exits. OSHA regulations
permit storage of up to 25 gal (0.1 m?) of flammable or combus-
tible liquids within a building without special storage cabinets.
Quantities above 25 gal (0.1 m®) must be stored in an approved
metal cabinet. A given storage cabinet cannot have over 60 gal
(0.22 m®) of flammable liquids or 120 gal (0.45 m?) of combustible
liquids. Containers or cylinders of liquified petroleum gases, such
as butane and propane, must never be stored inside the building
(Table 9.2).

Proper use of temporary heat at the construction site is regulated
by considerable state and local law as well as by detailed OSHA
regulations. Strict compliance is important for safety reasons as
well as legal reasons. Serious fires due in part to violations of fire
regulations fall in the criminal negligence area. Inspections for
compliance with fire regulations by various agencies are quite fre-
quent, and noncompliance tends to be quite obvious.

Approved fire extinguishers must always be available within 50 ft
(15 m) of stored flammables. (Local fire departments have specific
regulations on the approved number, type, and size of extinguish-
ers for their jurisdictions.) Never use water-type extinguishers on
flammable or combustible liquids and electrical fires; only foam,
carbon dioxide, and dry chemicals are suitable and effective.

Quantity of LP gas stored Distance from nearest building
Ib kg ft m

500 or less 228 0 0

501 to 6000 229 to 2736 10 3

6001 to 10,000 | 2737 to 4560 | 20 6

Over 10,000 Over 4560 25 7.6

TaBLE 9.2 Storage Regulations for LP Gas in the Vicinity of Buildings
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Do not use temporary LP gas heaters without first consulting the
local fire department on the various regulations for such heaters,
due to the ever-present danger of explosion. All temporary heat-
ers must be kept at least 10 ft (3 m) from tarpaulins to avoid being
turned over by a thrashing tarpaulin in high winds.

OSHA standards require proper ventilation for solid fuel salaman-
ders using coke or coal only.

9.4 Storage Area Checklist’

Direct runoff from equipment maintenance/storage areas to
stabilized outlets designed to assimilate the volume and type
of pollutants discharged to them.

Keep heavy equipment well maintained to prevent leaks.

Do not wash vehicles and other equipment at locations where
the runoff will flow directly into a watercourse of storm sewer.

Store, cover, and isolate construction materials, including
topsoil and chemicals, to prevent runoff of pollutants and
contamination of groundwater.

Develop a spill response plan, including procedures that must
be taken in case of a spill.

Develop a waste management plan that includes daily
disposal of canisters or other chemical containers (such as
from hydraulic fluids, etc.), scrap wood, scrap metal, and all
other waste materials; or keep in sealed waste containers
until they can be disposed of off-site in a landfill.

Do not bury waste materials on-site.

Designate and maintain specific areas for employee parking.

9.5 Communications Systems

A proper communications system must be made up of strategically
placed equipment and properly defined responsibilities. The emer-
gency response plan must posted in a conspicuous place on the project
identifying the designated equipment and the people to operate it.

Administrating and organizing the plan is vital to its effective-
ness. Thus, the person who has this task will normally be the person
in charge of the emergency response operation and will be responsi-
ble to ensure that:

Everyone clearly understands their roles and responsibilities
within the emergency response plan.

1Source: Michigan Department of Natural Resources.
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e Emergency resources, whether people or equipment, are
kept at adequate levels in step with the progress of the
project.

An important key to effective emergency response is a commu-
nications system that can relay accurate information quickly. This
requires using reliable communications equipment, developing
procedures, and training personnel as well as providing a backup
system in case the system is rendered useless by the emergency,
such as telephone lines that may be cut.

Post the type and location of emergency communication systems
on the project, including location of telephones, a list of site personnel
with cellular phones or two-way radios, and any other equipment
available.

Clearly mark emergency phone numbers, as well as the site
address/location, for:

e Fire
e Police
e Ambulance

o Utilities (electric and water)

Data Exchange

The main communications issue in construction is to provide a
method to exchange data between the field operation and the field
office, normally located in a trailer within close proximity of the field
operation. The foreman or supervisor in the field needs to be free to
roam within the boundaries of field operations. The information
needs under consideration are time-critical to assist in maintaining or
improving the efficiency at the jobsite.

Construction site communications can take place through differ-
ent media and technologies, including satellite, terrestrial, mobile,
wireless, and wired systems (Table 9.3). When choosing an effective
communication system, consider:

e Benefits, in terms of the nature of information that needs to
be transmitted, including voice, data, video, web collabora-
tion, etc.

o Access to all members of the project teams, including workers,
foremen, and superintendent

¢ Reliability, availability, and quality of service

o Costofservice, including network, administration, maintenance,
and upgrade

e Availability of terminals and users' devices, such as mobile
handsets

4
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Technology Advantages Drawbacks
Cellular/Mobile e \oice/Data transfer e Full dependence on the service provider
GSM: Global Systems for mobile e Familiar technologies e Communications costs are difficult to
communications e Instant availability control

e Roaming

e Miniaturized terminals

e Well-established

DEC - Digital Enhanced Cordless
Telecommunications standard that
provides a general radio access for
wireless communications operating
in the 1880 to 1900 MHz band

Voice/data transfer

e No license required

e High-speed data up to 552 kbits/s with
migration to up to 2 Mbits/s

o High reliability through reserved frequency

band resulting in no interference

problems for industrial applications

e Limited coverage

VPN - Virtual Private Network
Consists of registering the mobile
phone within the same service
provider that provides the VNP at a
pre-agreed rate

e \oice/Data transfer
e Cost control
e Communications with other networks

o Full dependence on service provider for
coverage and quality of service
e Costs are governed by length of calls

WLAN - Wireless Local Area
Network in which a mobile user
can connect to a LAN through a
wireless (radio) connection

Voice/data transfer

Unlimited free voice calls between devices
External communications cost-control
Well-established technology

High bandwidth data transfer

e VoIP quality of service issues

e WLAN IP phones are mainly made for indoor use

e Short coverage perimeters may involve
higher number Network Access Points




PMR - Private Mobile Radio
Broadly covers all forms of two-
way radio system

Well-established technology
Coverage up to 15 miles in ideal
conditions

No data transfer

Short-length conversations
Internal communications only
Bulky handsets

Advanced PMR

Interfaces to the PSTN to
provide access to external voice
communications

Coverage up to 15 miles in ideal
conditions
Voice/data supported

Limited data transfer

e Bulky handsets
e Number of simultaneous calls limited by the

number of channels available

LEO - Low Earth Orbit Satellite

Universal coverage
Voice/data supported
Quick deployment for services

Very expensive per minute calls and
subscriptions
Bulky handsets

GEO - Geostationary Earth Orbit
Satellite

Requires a satellite receiver to
provide a direct connection to
the Geostationary Satellite and
enable information to be passed
onwards; WLAN is also required
to connect to personnel on
construction sites

Good coverage with the satellite footprint
Voice/data supported

Quick deployment

Supports high level encryption

True broadband is achievable delivering
high speed “Always On” access to the
Internet

e Voice transmission delay
e Coverage issues inside
e Communications is not always reliable;

however, some providers to the
geostationary offer a Service Level
Agreement

Source: Sebastian Beyh & Mike Kangioglou, University of Salford, U.K.

TaBLe 9.3 Various Communications Systems Used in Construction
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9.6 Emergency Response Plan

Planning for emergency response must begin before any work com-
mences on the project. A good emergency response plan can be generic
and, with some minor changes, can be easily adapted to specific sites
and readily implemented. Development of the plan should include:

e Hazard identification/assessment of emergency resources
e Communications systems

¢ Administration response procedure

e Communication of the procedure

¢ Debriefing and posttraumatic stress procedure

The plan should be used to set emergency procedures, implement
and communicate the procedures, and ensure that any required train-
ing has been completed. The plan should also be evaluated regularly
to ensure that it conforms to current operations and conditions.

It is very important to review the emergency plan on a regular
basis, especially after an emergency has occurred. Changes may be
necessary where deficiencies became apparent as the plan went into
operation.

To be effective, an Emergency Response Procedure must be clearly
communicated to all site personnel, and the procedure must be posted
in a conspicuous location.

Review the procedure with:

e New site subcontractors and new workers to ensure that it
covers their activities adequately

e Suppliers to ensure that it covers any hazards that the storage
or delivery of their materials might create

¢ Owner/client, on any new work areas in operating plants, to
ensure that new hazards are identical and covered in the
procedure

e Construction team members on a regular basis to address
new hazards or significant changes in the conditions

Response Procedure?
The emergency response procedure for a construction project must
continually undergo review and revision to meet changing conditions.
Recovery process, or what happens after the emergency response has
been completed, is a critical step in the plan.

Many emergency tasks may be handled by people who are not
accustomed to dealing with emergencies; they may have seen their

2Source: Construction Safety Association of Ontario.
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work partners and friends badly injured and suffering great pain.
Once the emergency is over, some of the people involved may need
assistance in order to recover. And, in some cases, professional coun-
seling may be needed.

As part of the site emergency planning, construction companies
should have measures in place to deal with posttraumatic stress. For
more information, refer to local hospitals, ambulance services, and
medical practitioners that may be able to help.

Debriefing is necessary to review how well the plan worked in
the emergency and to correct any deficiencies that were identified.
Debriefing is critical to the success of future emergency response
planning.

Security Systems

Construction sites are vulnerable to theft and vandalism; theft of
machinery, pilfering or removal of materials; and damage to prop-
erty. Before the project begins, create a site security plan. Consider the
following;:

e How to secure jobsite perimeter

o What type of lighting is needed

e Where to place video surveillance

¢ How to secure valuable equipment and materials

¢ Whether to employ on-site security

To combat equipment theft, Liberty Mutual Insurance’s Loss Pre-
vention Department recommends permanently etching an identify-
ing mark on the equipment (spray paint and initials on a piece of
equipment, however, does not qualify as being “positively” identi-
fied). Liberty also suggests asking for identification from drivers
before loading equipment onto low boys, as well as removing keys
and securing the jobsite at the end of the day.

Equipment should also be immobilized when it is not in use by
removing rotors, lowering blades and buckets, and disabling batter-
ies and electric starting systems. If mobilization is not possible, then
equipment should be parked in a “wagon train” formation, using
larger equipment to protect small equipment. Using front-end load-
ers and forklifts to block trailer entrances can also help protect equip-
ment on site.

To help prevent theft of office equipment from jobsite offices,
position the site or trailer office in an area with limited access to the
opportunist thief, yet highly visible to the public. Expensive pieces of
office equipment should be well marked with indelible markings.

Valuable business information such as payroll figures, work
schedules and future ventures, or anything that could undermine a
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company’s strategy if it were lost or put in the hands of competition
should also be recognized as a potential target, and protected
accordingly.

Site Lighting

Use high-efficiency security lighting and motion sensor controls on
construction sites according to energy conservation standards speci-
fied by U.S. Department of Energy—ANSI/ASHRAE/IESNA Standard
90-1-2004 — Energy Standard for Buildings (Except Low-Rise Residential
Building) — which includes specific lighting power limits for a variety
of exterior lighting applications.

Outdoor lighting should average 65 lumens per watt, and be
designed so that only lighting necessary for security, such as at site
gates and trailers, operates through the night using light-sensitive
controls. Control other site security lighting using motion detectors.
Motion detectors, however, must be carefully placed and tested for
best security and to avoid disturbing the neighbors.

Construction areas, ramps, runways, corridors, offices, shops, and
storage areas must be lighted to not less than minimum illumination
intensity standards while any work is in progress. OSHA regulations,
derived from ANSI A11.1-1965; R1970, contain very specific require-
ments for illumination of construction site work areas (Table 9.4).

Footcandles | Area of operation

5 General construction area lighting

3 General construction areas, concrete placement,
excavation, waste areas, accessways, active
storage areas, loading platforms, refueling, and field
maintenance areas

5 Indoor warehouses, corridors, hallways, and exitways

Tunnels, shafts, and general underground work
areas. (Exception: minimum of 10 footcandles
required at tunnel and shaft headings during drilling,
mucking, and scaling. Bureau of Mines—approved cap
lights shall be acceptable for use in the tunnel lining.)

10 General construction plant and shops such as batch
plants, screening plants, mechanical and electrical
equipment rooms, carpenters shops, rigging lofts, and
active store rooms, barracks, or living quarters, locker
or dressing rooms, mess halls, indoor toilets, and
workrooms

30 First-aid stations, infirmaries, and offices

TaBLe 9.4 Minimum lllumination Intensities on Construction Worksites
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For areas of operation not covered by these rules, refer to ANSI
A11.1-1965; R 1970 — Practice for Industrial Lighting for Recommended
Values of Illumination.

Although use of high-intensity discharge (HID) lamps provides
temporary increased illumination on construction sites to perform
work tasks, it also increases the risk of eye and facial injuries from
exposure to ultraviolet (UV) radiation. NECA has issued a warning
about eye burn hazard from exposure to HID lighting, and certain
precautions must be taken when using such lamps.

It is generally recommended to mount HID fixtures at a high level
in the work area to minimize employee exposure, and to turn off HID
fixtures when people are working in an elevated position near them.

¢ Use only self-extinguishing HID lamps or luminaires that
protect the lamp with a glass or plastic lens.

¢ Provide additional guarding such as metal screens under the
HID lamp to protect it against breakage.

e Use HID luminaires only in high ceiling areas.

o If elevated work is to be performed, extinguish the HID
luminaire and substitute alternative lighting sources (such as
higher wattage fluorescent light bulbs).

e Do not field-modify HID luminaires; doing so increases the
contractor’s liability in the event of an incident.

o Use frosted lamps rather than clear ones; frosted lamps reduce
the glare but don't eliminate it. Looking at the lamp could
result in possible eye damage.

Fencing
Temporary/security fencing must be provided when:

¢ Construction or demolition (or both) occurs on any site visi-
ble from a public or private street

e Required in accordance with OSHA and local building codes
to prevent unauthorized persons gaining access to the con-
struction site, where they could be exposed to hazards such
as building debris, exposed steel reinforcing, trenching, and
excavation

During nonworking hours, the main groups exposed to haz-
ards on construction sites are children and adolescents. Although
a fence will not always stop those who are determined to gain
access to a construction site (children and thieves), it will discour-
age most people and may demonstrate that reasonably practical
steps have been taken to meet contractor responsibilities under
OSHA regulations.
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Levels of risk may be categorized as:

o High risk. Areas that the public would normally access or pass
through, such as inner city areas, main business areas, and
education institutions. For such sites, it is necessary to pre-
vent public access to the worksite.

e Medium risk. Areas having moderate public traffic, such as
suburban residential areas. For such sites, it is necessary to restrict
access to the worksite, and provide warning of the hazard.

e Low risk. Areas having minimal public access, such as rural
areas or new subdivisions.

A building permit is required to erect a security fence. The con-
tractor should submit, with the permit application, a site plan (drawn
to scale) showing abutting streets, lot lines, and their dimensions;
existing building and their dimensions; the proposed fence location;
and proposed setbacks. A drawing or picture of the fence indicating
the style and height should also be provided.

The standard Guide for Design and Construction of Chain Link Fenc-
ing (ASTM 2166) provides design and security engineers all the
proper ASTM chain link fence material and system installation and
layout options to design a security fence that will comply with their
specific security requirements—and substantially increase the diffi-
culty of penetration of a construction site.

Alarms

Construction sites are easy targets for thieves. Constant staff turnover
means it is difficult to keep good security records, and the high value
of plant and equipment can lead to quick and easy profit for success-
ful thieves. A proportion of construction site crime is committed by
people working in the industry. This means that great responsibility
rests with site supervisors. Make it a company policy to inform every-
one that they can go a long way toward reducing the problem.

It is important to install adequate security alarm systems, includ-
ing boundary alarms, motion detectors, and area sensors. In addition,
consider using remotely monitored IP CCTV systems, and covert CCTV,
which can serve to:

Replace static security guards (up to 70% more cost effective)
Provide security evenings and weekends

Provide security throughout the day while staff and contractors
are on site

Record activity on site for health and safety

Record general site progress

Allow on-site activity to be viewed in real-time through any
laptop /PC that has an Internet connection and web browser.

Make sure to post warning signs prominently that clearly state both vis-
ible and covert security systems are in place throughout the worksite.
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9.8 Security Checklist

Security

Check

Employees, contractors, security guards

e Conduct background checks on employees, and check
references

e Check out performance and references of subcontractor and
security guards prior to hiring

Perimeter fencing, gates, and locks

o Limit number of access points onto construction site; where
feasible, situate in locations highly visible from adjacent streets

o Install fencing around site perimeter adjacent to streets
e Do not cover fencing for 20 ft on either side of gates

e Install, where possible, barbed wire on top of and through
the fencing

e Secure vehicle and pedestrian gates and openings after
hours of operation
e Use padlocks for securing gates designed to prohibit
cutting of shackle
e Secure locking gates with minimum 3/8-in. thick, 30 grade
coil chain, or 5/16-in. cable

Signage

e Post address signs, prominently, at all vehicle entrances
listing street name and number using letters and numbers at
least 6 in. in height

o Install NO TRESPASSING signs listing state penal code at all
perimeter access points

e Post signs, at the main entrance gate and on the exterior
of on-site office trailer or building, with a 24-hr emergency
number for a person who can respond to site

e Post all signs a minimum of 5 ft from ground level

Site lighting

e |lluminate construction worksite during hours of darkness,
specifically:
e Vehicle gate locations
o All open centralized storage areas for construction
materials or fixtures
e Trailers, temporary buildings, or containers used as an
office or storage for construction materials or fixtures

oo

e Maintain minimum light level at required locations according to
OSHA regulations (developed from ANSIA11.1-1965; R 1970)
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o Install light fixtures a minimum 18 ft high, with tempered or poly
carbonate lens approved for wet locations (UL Bulletin 1572)

e Use motion sensors to control required lighting that would
affect occupied residential properties

Office trailers and temporary buildings

o Install on doors deadbolt locks and auxiliary locking devices
that use slide bolt or hasp, with a protective device to
prohibit cutting the padlock
e Bolt or hasp attached with nonremovable bolts from the

exterior and padlock with minimum 1/2-in. thick shackle
having heel and toe locking

e Secure windows with either
e Steel bars, minimum 1/2-in. round or 1-in by 1/4-in. flat,
spaced not more than 5-in.apart, secured with bolts that
are nonremovable from the exterior; or
o Steel gate mesh, minimum 1/8-in. thick, securely attached
using a means resistant to removal from the exterior

Storage containers (with at least 64 sq. ft. storage area)

e Secure doors using a hasp or slide bolt with a protective
device to prohibit cutting the padlock, and attached with
nonremovable bolts from the exterior

e Render exterior hinge pins nonremovable by design or welding

Materials

o Protect likely targets, such as copper wire, aluminum, and
fittings

e Time deliveries for the day of installation, when possible
(deliveries late in the week give thieves the entire weekend
to steal them

e Hire temporary security if unable to install or secure valuable
deliveries

e Have suppliers include serial numbers on sales invoices to
increase chances of tracking stolen goods

Tools

e Make tools easy to identify by engraving them with visible
identification numbers; paint them bright, and unique colors

e Lock gang boxes and supply sheds at times with sturdy locks
and case-hardened chain

e Make sure all tools are checked-out and checked -in each
day; make an individual responsible for the tools

e Require employees to have their personal properly engraved
with a unique identification number (such as, driver’s license
number)
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Heavy equipment

e Make heavy equipment easy to identify; use bright a
colored paint, engrave with a large company logo,
or make heavy equipment with unique color schemes
(or both)

e Render moving equipment inoperable when the hours of m]
operation are ceased, making them unable to start, operate,
or move

o Remove keys and lock cabs when equipment is not in use a

e Disable equipment in any way possible: remove the battery, a
remove wheels

e Maintain on-site record for all motorized equipment m]
with a minimum 15-in. diameter, listing the equipment
manufacturer, model, license plate number, vehicle
identification number (VIN), and product identification
number (PIN)

Police report

e File a police report, providing as much information as O
possible; description of stolen equipment, including brand
name, serial number, and markings; who might have been on
the site when the theft occurred; and any possible suspect
information

Regulations and Standards
OSHA Regulations
1926 Subpart D—Occupational Health and Environmental Controls
1926.59 Hazard Communication
1926 Subpart G—Signs, Signals, and Barricades

1926.200 Accident Prevention Signs and Tags
1926.201 Signaling

1926.202 Barricades

1926.203 Definitions Applicable to this Subpart

1926 Subpart H—Materials Handling, Storage, Use, and Disposal

1926.250 General Requirements for Storage
1926.251 Rigging Equipment for Material Handling
1926.252  Disposal of Waste Materials
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Worksite Preparation

1926 Subpart P—Excavations

1926.650 Scope, Application, and Definitions Applicable to this
Subpart

1926.651  Specific Excavation Requirements

1926.652  Requirements for Protective Systems

Appendix B Sloping and Benching

Appendix C  Timber Shoring for Trenches

Appendix D Aluminum Hydraulic Shoring for Trenches
Appendix E  Alternatives to Timber Shoring

Appendix F  Selection of Protective Systems

U.S. Consensus Standards

ANSI A1l 1-1965; R 1970 Practice for Industrial Lighting for
Recommended Values of lllumination

ASTM F 2611 Guide for Design and Construction of Chain Link
Security Fencing
UL 1572  Luminaires for Use in Non-hazardous Locations

Industry Consensus Standards and Guidelines

American Society of Civil Engineers, Reston, VA (www.asce.org)
Associated General Contractors of America, Arlington, VA (www.
agc.org)

American Lighting Association, Dallas, TX (www.americanlightin-
gassoc.com)

National Electrical Contractors Association, Bethesda, MD (www.
necanet.org)

National Alarm Association of America, Dayton, OH (www.
naaa.org)

National Burglar and Fire Alarm Association, Irving, TX (www.
alarm.org)

American Water Works Association, Denver, CO (www.awwa.org)
Water Environment Federation, Alexandria, VA (www.wef.org)


www.asce.org
www.agc.org
www.agc.org
www.americanlightingassoc.com
www.americanlightingassoc.com
www.necanet.org
www.necanet.org
www.naaa.org
www.naaa.org
www.alarm.org
www.alarm.org
www.awwa.org
www.wef.org
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CHAPTER 10

Fiber Rope
(Cordage)

bers into place to erect a structure of any magnitude. These
hoisting tools range from uncomplicated devices, such as tri-
pods and gin poles, to more complex mechanisms, such as cranes and
motor-powered derricks. Whatever the case, one of the most impor-
tant components of these hoisting mechanisms is the fiber rope (cord-
age) or wire rope that must be attached to and hold the load to be
hoisted and maneuvered.
Before becoming skilled in the supervision of hoisting devices, a
steelworker must first understand the use and maintenance of both
fiber ropes and wire ropes.

f ; teelworkers require tools to hoist and maneuver the steel mem-

10.1 Natural Fiber Ropes

These ropes are made with short, overlapping fibers that come from
plants and include Manila, hemp, sisal, jute, coil, and cotton. (Hemp
and jute, today, are used for industrial purposes, such as textiles,
packaging material, burlap, sacks, carpet yarn, felts, padding, and
miscellaneous items.)

Each type of natural fiber rope has its own advantages and disad-
vantages, and varying grades of a particular type or rope are used for
different operating conditions. Strength among natural fiber ropes
varies considerably depending on such diverse factors as climate,
curing, manufacturing, and maintenance.

Manila. Manila is made from the leaf stems of the abaca plant
stalk, which belongs to the banana family. Manila is strong and dura-
ble; and should be used for operations requiring a dependable rope
that stands up under severe use and resists weathering (Table 10.1).

A good grade of Manila rope is light yellow (cream) in color,
with a smooth waxy surface, clean, and pliable. Poorer grades of
Manila are characterized by varying shades of brown. Only number 1
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162 Rigging Systems

Nominal size Manila
New rope

Linear tensile Working

Circum- density,* strength,’ load,*

Diameter ference 1b/100 ft b Safety factor 1b

e % 1.50 406 10 41
Ya Ya 2.00 540 10 54
e 1 2.90 900 10 90
s 1% 4.10 1,220 10 122
The 1V 5.25 1,580 9 176
Yo 1% 7.50 2,380 9 264
%6 1% 10.4 3,100 8 388
% 2 13.3 3,960 8 496
Y4 2Y4 16.7 4,860 7 695
36 2Y2 19.5 5,850 7 835
s 2% 224 6,950 7 995
1 3 27.0 8,100 7 1,160
1%s 3% 31.2 9,450 7 1,350
1% 3% 36.0 10,800 7 1,540
1% 3% 41.6 12,200 7 1,740
1% 4 47.8 13,500 7 1,930
1% 4 60.0 16,700 7 2,380
1% 5 74.5 20,200 7 2,880
1% 5% 89.5 23,800 7 3,400
2 6 108. 28,000 7 4,000
2% 6% 125. 32,400 7 4,620
2% 7 146. 37,000 7 5,300
2% TVe 167. 41,800 7 5,950
2% 8 191. 46,800 7 6,700
2% 82 215. 52,000 7 7,450
3 9 242, 57,500 7 8,200
3% 10 298. 69,500 7 9,950
3% 11 366. 82,000 7 11,700
4 12 434, 94,500 7 13,500

*Linear density (1b/100 ft) shown is average. Maximum is 5% higher.

*New rope tensile strengths are based on tests of new and unused rope of standard construction
in accordance with Cordage Institute standard test methods.

*Working loads are for rope in good condition with appropriate splices, in noncritical applica-
tions, and under normal service conditions. Working loads should be exceeded only with expert
knowledge of conditions and professional estimates of risk. Working load should be reduced
where life, limb, or valuable property is involved, or for exceptional service conditions such as
shock loads or sustained loads. Working loads are not necessarily intended to apply in those
applications where a thorough engineering analysis of all conditions of use has been made and
these conditions will not be exceeded in service. In such cases tensile strength, elongation,
energy absorption, behavior under long-term or cyclic loading, and other pertinent properties of
a rope may be evaluated to allow the selection of the rope best suited to the requirements of the
application and an analysis of any risk involved in its use.

Source: The Cordage Institute.

TaBLe 10.1 Manila Rope Strength (Three-Strand Laid and Eight-Strand Plaited,
Standard Construction)



Fiber Rope (Cordage)

Yacht Extremely light color, high-grade Manila rope of the
highest quality; costly and thus used on jobs where
appearance is most important

Bolt Very light-color, high-grade Manila rope; about
10 percent to 15 percent stronger than number
1 grade Manila

Number 1 Very light-color, standard high-grade Manila hoisting
rope; specified for most rigging applications

Number 2 Slightly darker Manila rope with about the same initial
strength as number 1 grade; loses strength very rapidly
through use

Hardware Darkest of all Manila ropes; very poor grade with
store many fiber ends protruding from the strands; has low
strength and short life

TaBLe 10.2 Manila Rope Grades

grade Manila fiber rope should be specified for rigging operations
(Table 10.2).

The quality of the fiber and its length give Manila line relatively
high elasticity, strength, and resistance to wear and deterioration. In
many instances, the manufacturer treats the line with chemicals to
make it more mildew resistant and thereby increases its quality.

Sisal. The next best fiber rope is a whitish, rather coarse rope
made from agave sisalana and henequen. The fiber is similar to
Manila, but lighter in color, less strong, and durable. It should be
used where rope requirements are less demanding and cost is a major
consideration (Table 10.3).

Coir. Coir is made from the fiber of coconut husks and is light
enough to float on water. A resilient rough line, it has about one fourth
the strength of hemp; therefore, the use of coir is restricted to small
lines.

Cotton. Smooth white line that withstands much bending and
running.

When purchasing hoisting rope be sure to specify that new Manila
rope be made of first-grade Manila fibers. Most rope manufacturers
identify their first-grade Manila rope by twisting one or more colored
yarns, or a colored string, in a strand. Rope without such a fiber mark-
ing should not be used for hoisting.

NOTE: The size of a rope larger than 1%/s in. (44.5 mm) in circumference is
generally designated by its circumference in inches. Fiber rope is available
up to 16 in. (40 cm) in circumference, but 12 in. (30 cm) is normally the
largest size carried in stock. Anything larger is used only on special jobs.
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Nominal size Sisal
New rope
Linear tensile Working
Circum- density,* strength,* load,*
Diameter ference 1b/100 ft 1b Safety factor Ib

%e % 1.50 360 10 36

Ya Y4 2.00 480 10 48

e 1 2.90 800 10 80

% 1% 4.10 1,080 10 108

% 1% 5.26 1,400 9 156

Yo 1% 7.52 2,120 9 236

%e 1%4 104 2,760 8 354

% 2 13.3 3,520 8 440

Y4 2V 16.7 4,320 7 617
36 2% 19.5 5,200 7 743

3 2% 22.5 6,160 7 880

1 3 27.0 7,200 7 1,030
1%se 3% 31.3 8,400 7 1,200
1% 3% 36.0 9,600 7 1,370
1% 3% 41.7 10,800 7 1,540
1% 4 47.8 12,000 7 1,710
1% 4% 59.9 14,800 7 2,110
1% 5 74.6 18,000 7 2,570
1% 5% 89.3 21,200 7 3,030

2 6 108. 24,800 7 3,540
2% 6% — — 7 —
2V 7 146. 32,800 7 4,690
2Va T — — 7 —
254 8 191. 41,600 7 5,940
2% 8% — —_ 7 —_

3 9 242, 51,200 7 7,300
3% 10 299. 61,600 7 8,800
3% 11 — —_— 7 —

4 12 435. 84,000 7 13,000

*Linear density (1b/100 ft) shown is average. Maximum is 5% higher.

*New rope tensile strengths are based on tests of new and unused rope of standard construction

in accordance with Cordage Institute standard test methods.

*Working loads are for rope in good condition with appropriate splices, in noncritical apphca-
tions, and under normal service conditions. Working loads should be exceeded only with expert
knowledge of conditions and professional estimates of risk. Working load should be reduced
where life, limb, or valuable property is involved, or for exceptional service conditions such as
shock loads or sustained loads. Working loads are not necessarily intended to apply in those
applications where a thorough engineering analysis of all conditions of use has been made and
these conditions will not be exceeded in service. In such cases tensile strength, elongation,
energy absorption, behavior under long-term or cyclic loading, and other pertinent properties of
a rope may be evaluated to allow the selection of the rope best suited to the requirements of the

application and an analysis of any risk involved in its use.

Source: The Cordage Institute.

TaBLe 10.3 Sisal Rope Strength (Three-Strand Laid and Eight-Strand Plaited,
Standard Construction)
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REMEMBER: It is up to the purchaser to specify the type, size, and
construction of rope best suited to the specific job requirements.

Construction

For a natural fiber rope to function effectively, it must have a closely
packed structural form that will remain compact and maintain its
cross-sectional dimension throughout its serviceable life. The degree
and effectiveness of this compactness will depend on the amount of
twist applied, the tension in various components during twisting
operations, and the compression that the tubes and dies impart to a
rope’s components while being twisted (Fig. 10.1).

The construction most commonly encountered in fiber ropes is
one in which the fibers are first compacted by a right-hand twist
into yarns; the yarns are then compacted by a left-hand twist into
strands; and finally the strands are compacted by a right-hand twist

Same strand

Pitch {measure crown

o to crown, same strand)
Rope is right

lay (z) Same strand

Strand

Filaments (basic element}

(a)

Ficure 10.1 Fiber rope construction. (a) Three-strand rope; (b) eight-
strand plaited rope; (c) double-braided rope. (Source: The Cordage Group,
Auburn, NY.) (Continued)
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L \ Two pairs, left-turn

Two pairs, right-turn strand (s)

strand (z)

Single-ply yarn
{if core and cover
yarns are three-ply}

S twist —pfy
Ay L
Seuf LR Ryt
s i L o
‘ 3
1 . 5 twist

1B
A f ;
Filaments R (AW Ll Filaments

(basic element) - # Core (basic element)
(inside) yarn
(may be single or plied yarn)

Cover (outside) yarn
(may be single or plied yarn)

'--ztwist

Nt

)

—
g
Z twist " /

(b)

S #}g«' Outer cover

= "‘i —=.L A . '

Ficure 10.1 Fiber rope construction. (a) Three-strand rope; (b) eight-

strand plaited rope; (c) double-braided rope. (Source: The Cordage Group,
Auburn, NY.) (Continued)
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Diamond Twisted
braid

(d) (e)

(@)

Ficure 10.2 Fiber rope comparisons. (a) Solid braid; (b) hollow braid;
(c) double braid; (d) diamond braid; (e) twisted.

into ropes. Cables are constructed by twisting these ropes in a left-
hand direction (Fig. 10.2).

With its components twisted in opposing directions, a fiber rope
will maintain its compactness during use, but only as long as the
opposing twists remain in equilibrium. Any use of a rope that disrupts
this equilibrium will alter the rope’s properties. For example, improper
coiling and handling of rope removes the turns, eventually inducing
strand kinking and thus will reduce a fiber rope’s serviceability.

Repeated stretching may alter the rope and its strand-twist rela-
tionship; the rope’s swelling from wetting has a strong effect on the
equilibrium of twists.

Most Manila rope used in rigging operations is of three-strand
construction. Where abrasion is the key factor, however, a four-strand
rope with a rope core is recommended for work (Fig. 10.3). Such a
rope is rounder in cross section and only slightly less strong than the

Core
Hawser-laid Shroud-laid Cable-laid
line line line

(a) (b) ()

Ficure 10.3 Types of fiber rope lays.
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168  Rigging Systems

more standard three-strand rope. It is used almost exclusively for
power hoisting.

o Hawser-laid consists of three strands twisted together, usually
in a right-hand direction.

o Shroud-laid is composed of four strands twisted together in a
right-hand direction around a center strand or core—usually
of the same material, but smaller in diameter than the four
strands. A shroud-laid rope is more pliable and stronger than
hawser-laid rope. It not only prevents kinking, but also makes
use of its pliability and strength when used on sheaves and
drums.

o Cable-laid usually consists of three right-hand hawser-laid
lines twisted together in a left-hand direction. It is epecially
useful in heavy construction work because if it tends to
untwist, it will tighten any regular right-hand screw connection
on which it may be attached, hence its use provides an added
safety feature.

10.2 Synthetic Fiber Ropes

Although natural fiber rope is normally used in rigging operations, a
number of synthetic fibers are also used. Unlike those constructed of
natural fibers, synthetic fiber ropes consist of individual fibers run-
ning the entire length of a rope. These longer fibers impart a greater
strength to the rope and, as a result, ropes of synthetic fibers such as
nylon, polyester, polyethylene, and polypropylene have replaced
Manila rope for many uses.

Synthetic fiber ropes cost considerably more than their natural
fiber counterparts, but numerous advantages justify the expense. Syn-
thetic fiber ropes are stable under the most adverse conditions; are
impervious to rot, mildew, and fungus; and have a high resistance to
chemicals.

These ropes also are lighter than natural fiber ropes, more flexi-
ble, easier to handle, and have excellent impact and fatigue character-
istics. However, they tend to soften at high temperatures. Hence,
synthetic fiber ropes should never be used under conditions of extreme
heat, such as near welding or other open fires, or where high and
concentrated friction might cause the fibers to melt.

Synthetic fibers used to fabricate rigging rope are described in the
following sections.

Nylon

Nylon has a chalky white texture with a smooth surface is soft and pli-
ant, and feels elastic to the touch. Continuous filaments, running the
full length, provide nylon rope with high strength (three times that of
Manila rope) and high resistance to creep under sustained loading.
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Nylon rope stretches permanently upon initial hoisting. Once
this permanent stretch occurs, nylon rope recovers completely from
subsequent stretching under load. To compensate for this, all new
nylon ropes should be broken in and allowed to stretch before being
put into use.

Nylon rope’s high resistance to abrasion results from a protec-
tive fuzz coating that develops after its outer fibers are initially
abraded. Although highly impervious to alkalis, however, nylon
fibers are easily weakened by chemicals, most acids, paints, and lin-
seed oil. If contact with chemicals is suspected, wash the nylon rope
thoroughly in cold water and carefully examine its fibers to detect
any possible damage.

Because nylon fibers absorb moisture readily, nylon rope when
wet becomes slippery and loses about 10 percent of its strength. When
dry again, nylon rope regains full strength. Among its other charac-
teristics, nylon rope is not susceptible to mildew or rot and thus can
be stored wet or dry. Nylon rope retains its physical properties almost
to its melting point, permitting use at temperatures up to 300°F with-
out loss of strength (see Table 10.4).

Braided Nylon

Cover over a braided nylon construction provides a soft flexible rope
that will not twist or kink, and displays the highest possible strength.
With this type of construction, stress from loading is divided equally
between the rope’s cover and core. Thus, regardless of cover damage,
50 percent of the rope’s initial strength still remains in the core.

Polyester (Dacron® and Terylene®)

Although almost the same as nylon in appearance, polyester rope
does not nave the elastic feeling of nylon. In comparable sizes, poly-
ester rope is much heavier than nylon, but not as strong.

The same as nylon, polyester rope stretches permanently under
initial loading and recovers fully from subsequent loading stretch.
Hence, it too must be broken in to allow initial stretching before use.
Under normal loading, polyester fiber rope stretches approximately
the same as Manila rope. Polyester fiber rope’s ability to absorb shock
loading is only about two-thirds that of nylon; however, it is consid-
erably more than that of Manila rope.

Polyester has an abrasion resistance similar to that of nylon, and
can be used under similar hot working condition—up to 330°F
(148.9°C) for long periods—without loss of strength. Unlike nylon,
however, polyester fiber rope absorbs almost no water and thus does
not lose its strength when wet.

It is highly resistant to damage from sun and weather, mildew
and dry rot, acids, and alkalines, but its fiber can be damaged by con-
tact with chemicals. Polyester fiber slings should be washed fre-
quently in cold water (see Table 10.5).
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Nominal size Nylon
New rope
Linear tensile Working
Circum- density,* strength,” load,*
Diameter ference 1b/100 ft b Safety factor Ib

Ve % 1.00 900 12 75
Ya Ya 1.50 1,490 12 124
%e 1 2.50 2,300 12 192
% 1% 3.50 3,340 12 278
s 1% 5.00 4,500 11 410
Yo 1% 6.50 5,750 11 525
%e 1% 8.15 7,200 10 720
% 2 10.5 9,350 10 935
Y4 2Y4 14.5 12,800 9 1,420
136 2% 17.0 15,300 9 1,700
s 2% 20.0 18,000 9 2,000
1 3 26.4 22,600 9 2,520
146 3Y4 29.0 26,000 9 2,880
1% 3% 34.0 29,800 9 3,320
1Y% 3% 40.0 33,800 9 3,760
1%e 4 45.0 38,800 9 4,320
1% 4% 55.0 47,800 9 5,320
1% 5 66.5 58,500 9 6,500
1% 5% 83.0 70,000 9 7,800
2 6 95.0 83,000 9 9,200
2% 6Ye 109. 95,500 9 10,600
2Y4 7 129. 113,000 9 12,600
2% Ve 149. 126,000 9 14,000
2% 8 168. 146,000 9 16,200
2% 8% 189. 162,000 9 18,000
3 9 210. 180,000 9 20,000
3% 10 264. 226,000 9 25,200
3% 11 312. 270,000 9 30,000
4 12 380. 324,000 9 36,000

*Linear density (1b/100 ft) shown is average. Maximum is 5% higher.

*New rope tensile strengths are based on tests of new and unused rope of standard construction
in accordance with Cordage Institute standard test methods.

*Working loads are for rope in good condition with appropriate splices, in noncritical applica-
tions, and under normal service conditions. Working loads should be exceeded only with expert
knowledge of conditions and professional estimates of risk. Working load should be reduced
where life, limb, or valuable property is involved, or for exceptional service conditions such as
shock loads or sustained loads. Working loads are not necessarily intended to apply in those
applications where a thorough engineering analysis of all conditions of use has been made and
these conditions will not be exceeded in service. In such cases tensile strength, elongation,
energy absorption, behavior under long-term or cyclic loading, and other pertinent properties of
a rope may be evaluated to allow the selection of the rope best suited to the requirements of the

application and an analysis of any risk involved in its use.

Source: The Cordage Institute.

TaeLe 10.4 Nylon Fiber Rope Material and Construction (Three-Strand Laid and
Eight-Strand Plaited, Standard Construction)
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Nominal size Polyester
New rope
Linear tensile Working
Circum- density,* strength,’ load,*
Diameter ference 1b/100 ft 1b Safety factor Ib

Ve % 1.20 900 10 90
Y4 Y4 2.00 1,490 10 149
%6 1 3.10 2,300 10 230
% 1% 4.50 3,340 10 334
e 1Y, 6.20 4,500 9 500
Yo 1% 8.00 5,750 9 640
%Ne 1% 10.2 7,200 8 900
% 2 13.0 9,000 8 1,130
Y4 2V 17.5 11,300 7 1,610
%6 21, 21.0 14,000 7 2,000
s 2% 25.0 16,200 7 2,320
1 3 30.4 19,800 7 2,820
1%s 3% 34.4 23,000 7 3,280
1% 3% 40.0 26,600 7 3,800
1Y, 3% 46.2 29,800 7 4,260
1%s 4 52.5 33,800 7 4,820
1% 4% 67.0 42,200 7 6,050
1%% 5 82.0 51,500 7 7,350
1% 5V 98.0 61,000 7 8,700
2 6 118. 72,000 7 10,300
2% 62 135. 83,000 7 11,900
2% 7 157. 96,500 7 13,800
2% Ve 181. 110,000 7 15,700
2% 8 204. 123,000 7 17,600
2% 8% 230. 139,000 7 19,900
3 9 258. 157,000 7 22,400
3V 10 318. 189,000 7 27,000
3% 11 384. 228,000 7 32,600
4 12 454. 270,000 7 38,600

*Linear density (Ib/100 ft) shown is average. Maximum is 5% higher.

*New rope tensile strengths are based on tests of new and unused rope of standard construction
in accordance with Cordage Institute standard test methods.

*Working loads are for rope in good condition with appropriate splices, in noncritical applica-
tions, and under normal service conditions. Working loads should be exceeded only with expert
knowledge of conditions and professional estimates of risk. Working load should be reduced
where life, limb, or valuable property is involved, or for exceptional service conditions such as
shock loads or sustained loads. Working loads are not necessarily intended to apply in those
applications where a thorough engineering analysis of all conditions of use has been made and
these conditions will not be exceeded in service. In such cases tensile strength, elongation,
energy absorption, behavior under long-term or cyclic loading, and other pertinent properties of
a rope may be evaluated to allow the selection of the rope best suited to the requirements of the
application and an analysis of any risk involved in its use.

Source: The Cordage Institute.

TaBLe 10.5 Polyester Fiber Rope Material and Construction (Three-Strand Laid
and Eight-Strand Plaited, Standard Construction)
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Polypropylene and Polyethylene

Nearly identical in appearance, these two synthetic fiber ropes are
pliable and have a smooth, almost slippery feel. Both ropes have con-
siderably lower strength than nylon or polyester.

Polypropylene ropes stretch considerably more than polyester
ropes, while polyethylene ropes stretch about the same as polyester
ropes. Shock loading properties are about half that of nylon ropes.

Although not as tough as nylon or polyester ropes, polypropyl-
ene rope does not lose its strength when wet. Polyethylene rope’s
strength, however, is much lower compared with that of other syn-
thetic fiber ropes.

Both ropes soften progressively with rising temperatures and thus
are unsuitable for use in high-temperature operations. Both are highly
resistant to attack by acids and alkalies, mildew, and rot, but are weak-
ened by prolonged exposure to sunlight (see Tables 10.6 and 10.7).

10.3 Characteristics of Fiber Rope

The function of any rope, basically, is to transmit a tensile force from
its point of origin to a point of applications. Comparing properties
and characteristics of different fiber ropes is necessary in choosing
the right rope for a particular task-including strength, weight, dura-
bility, and stretch. To choose the rope with the combination of proper-
ties that best fit a specific job of application see Table 10.9.

A rope in use is subject to three basic mechanical stresses: tensile
pull, structural friction (associated with bending and flexing), and sur-
face friction that contributes to abrasion. These forces act on a rope
under dynamic operating conditions and repeated loadings. Secondary
stresses resulting from acceleration and heat are usually also involved.

Tensile Pull or Load

Acceleration stresses that result from reversing a load’s motion momen-
tarily increase the tensile load on a rope by as much as 100 percent. When
a rope bends on sheaves, the tensile load will increase by as much as
10 percent for each sheave. Tensile stress applied and maintained during
a pull will stretch a rope continually, reducing the diameter until the rope
breaks. Of course, the amount of stretch will depend on the fiber, amount
of twist, and size of rope, with the shortest components—the rope’s core
or inner fibers—stretching to their limit and breaking first.

Bending Flexing

When a rope is bent, its individual strands roll over one another, con-
tracting for the inner part of the bend and pulling away from each other
to form its outer part. The strands rub against each other and produce
powdering and chafing on the surface. If the rope is excessively over-
loaded, internal chafing will result where strands are in contact.
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Nominal size Propylene
New rope

Linear tensile Working

Circum- density,* strength,” load,*

Diameter ference 1b/100 ft Ib Safety factor 1b

e % .70 720 10 72
Ya Ya 1.20 1,130 10 113
%e 1 1.80 1,710 10 171
¥s 1% 2.80 2,440 10 244
e 1% 3.80 3,160 9 352
Yo 1% 4.70 3,780 9 420
%6 1% 6.10 4,600 8 575
% 2 7.50 5,600 8 700
Y 2V4 10.7 7,650 7 1,090
1316 2% 12.7 8,900 7 1,270
] 2% 15.0 10,400 7 1,490
1 3 18.0 12,600 7 1,800
116 3V 20.4 14,400 7 2,060
1% 3% 23.8 16,500 7 2,360
1% 3% 27.0 18,900 7 2,700
1%s 4 30.4 21,200 7 3,020
1% 4% 38.4 26,800 7 3,820
1% 5 47.6 32,400 7 4,620
1% 5% 59.0 38,800 7 5,550
2 6 69.0 46,800 7 6,700
2 61% 80.0 55,000 7 7,850
2Va 7 92.0 62,000 7 8,850
2% 7% 107. 72,000 7 10,300
2% 8 120. 81,000 7 11,600
2% 81 137. 91,000 7 13,000
3 9 153. 103,000 7 14,700
3% 10 190. 123,000 7 17,600
3% 11 232. 146,000 7 20,800
4 12 2176. 171,000 7 24,400

*Linear density (1b/100 ft) shown is average. Maximum is 5% higher.

*New rope tensile strengths are based on tests of new and unused rope of standard construction

in accordance with Cordage Institute standard test methods.

*Working loads are for rope in good condition with appropriate splices, in noncritical applica-
tions, and under normal service conditions. Working loads should be exceeded only with expert
knowledge of conditions and professional estimates of risk. Working load should be reduced
where life, limb, or valuable property is involved, or for exceptional service conditions such as
shock loads or sustained loads. Working loads are not necessarily intended to apply in those
applications where a thorough engineering analysis of all conditions of use has been made and
these conditions will not be exceeded in service. In such cases tensile strength, elongation,
energy absorption, behavior under long-term or cyclic loading, and other pertinent properties of
a rope may be evaluated to allow the selection of the rope best suited to the requirements of the

application and an analysis of any risk involved in its use.

Source: The Cordage Institute.

TaeLe 10.6 Propylene Fiber Rope Material and Construction (Three-Strand Laid
and Eight-Strand Plaited, Standard Construction)
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Nominal size Composite!
New rope
Linear tensile Working
Circum- density,* strength,* load,*
Diameter ference 1b/100 ft Ib Safety factor 1b
%e % .94 720 10 72
Ys Ya 1.61 1,130 10 113
%6 1 2.48 1,710 10 171
£ 1% 3.60 2,430 10 243
%6 1% 5.00 3,150 9 350
Yo 1% 6.50 3,960 9 440
%6 1% 8.00 4,860 8 610
% 2 9.50 5,760 8 720
Y 2Y4 12.5 7,560 7 1,080
136 2% 15.2 9,180 7 1,310
% 2% 18.0 10,800 7 1,540
1 3 21.8 13,100 7 1,870
1%16 3% 25.6 15,200 i 2,170
1% 3% 29.0 17,400 7 2,490
1% 3% 334 19,800 7 2,830
1%46 4 35.6 21,200 7 3,020
1% 4%, 45.0 26,800 7 3,820
1% 5 55.5 32,400 7 4,620
1% 5% 66.5 38,800 7 5,550
2 6 78.0 46,800 7 6,700
2V 6% 92.0 55,000 7 7,850
2V, 7 105. 62,000 7 8,850
2% 2 122. 72,000 i 10,300
2% 8 138. 81,000 7 11,600
2% 8% 155. 91,000 7 13,000
3 9 174. 103,000 7 14,700
3V 10 210. 123,000 7 17,600
3% 11 256. 146,000 7 20,800
4 12 300. 171,000 7 24,400

*Linear density (1b/100 ft) shown is average. Maximum is 5% higher.

*New rope tensile strengths are based on tests of new and unused rope of standard construction
in accordance with Cordage Institute standard test methods.

#*Working loads are for rope in good condition with appropriate splices, in noncritical applica-
tions, and under normal service conditions. Working loads should be exceeded only with expert
knowledge of conditions and professional estimates of risk. Working load should be reduced
where life, limb, or valuable property is involved, or for exceptional service conditions such as
shock loads or sustained loads. Working loads are not necessarily intended to apply in those
applications where a thorough engineering analysis of all conditions of use has been made and
these conditions will not be exceeded in service. In such cases tensile strength, elongation,
energy absorption, behavior under long-term or cyclic loading, and other pertinent properties of
a rope may be evaluated to allow the selection of the rope best suited to the requirements of the
application and an analysis of any risk involved in its use.

iMaterials and construction of this polyester/polypropylene composite rope conform to MIL-
R-43942 and MIL-R-43952. For other composite ropes, consult the manufacturer.

Source: The Cordage Institute.

TaBLe 10.7 Composite (Polypropylene and Polyethylene) fiber rope material and
construction (Three-Strand Laid and Eight-Strand Plaited, Standard Construction)
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Because strand movement depends on the bend radius, a larger
sheave will minimize the wear. Sheave diameters should always be
five times a rope’s diameter—or more—depending on the speed and
frequency of strand-bending adjustments. No frictional damage occurs
to a rope under tensile stress when subjected to static bending, such as
in a knot. Load failure, instead, results from a shearing force applied to
the rope by the knot’s loop.

Surface Friction

A rope in use normally is subjected to surface friction as it rubs
against itself and against sharp edges, both in straight tension and
in bending moments. It is also subject to internal and external wear
from imbedded grit, resulting in the major cause of most fiber rope
failure—surface abrasion.

10.4 Breaking Strengths and Safe Working Loads
of Fiber Rope

The breaking strength of rope refers to the tension at which the rope
will break apart when an additional load is applied. Breaking
strength is a measure of a rope’s serviceability. Strength as a prop-
erty of the rope, however, is significant only in relation to its size.
Rope strengths are not measured directly in terms of stress per unit
area—as with most materials—but rather on the basis of strength
and length-to-weight ratio.

The degree of twist on a rope and its strands is the primary factor influ-
encing a rope’s strength. The greater the twist, the lower a rope’s strength;
a tightly twisted hard-lay rope will be as much as 20 percent lower in
strength than the corresponding standard-lay rope (see Table 10.8).

Wetting a rope has a profound effect on its strength, with wet natu-
ral fiber ropes tending to swell in size and shrink in length. Swelling
increases the angle of twist, thus making the rope harder and reducing
its strength. (Synthetic fibers, in particular, lose considerable strength
when wet while Manila and cotton ropes tend to increase in strength.)

Repeated tensile loading will not adversely affect fiber rope
strength. In fact, if a rope’s internal yarns are not broken, repeated
loading can actually increase breaking strengths as much as 20 percent,
because yarn and strands subject to increased tensions become better
adjusted as the rope is stretched repeatedly.

A rope’s strength is only about two-thirds the potential strength of
its combined components. Because rope efficiency depends on the degree
of twist, a slacker twist results in higher strength. But, as the number of
strands increases for a given size, a rope’s strength will decrease.

Weather also affects a rope’s serviceable life by degrading the
fibers and weakening them. Alternate wetting, drying, and stretching
structurally loosens a rope, and this in turn increases elongation, even
during minor loading.
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New Three-Strand Fiber Ropes

Nominal rope Poly- Poly-
diameter, propy- Polyes- ethyl-
in. Manila Nylon lene ter ene
Y6 100 200 150 200 150
Yy 120 300 250 300 250
516 200 500 400 500 350
Y 270 700 500 700 500
Y 530 1,250 830 1,200 800
% 880 2,000 1,300 1,900 1,050
i 1,080 2,800 1,700 2,400 1,500
s 1,540 3,800 2,200 3,400 2,100
1 1,800 4,800 2,900 4,200 2,500
1v 2,400 6,300 3,750 5,600 3,300
1Y 2,700 7,200 4,200 6,300 3,700
1% 3,700 10,200 6,000 8,900 5,300
1% 4,500 12,400 7,300 10,800 6,500
194 5,300 15,000 8,700 12,900 7,900
2 6,200 17,900 10,400 15,200 9,500
Braided Synthetic Fiber Ropes
Nominal rope Nylon Nylon cover, Polyester
diameter cover, polypropy- cover, poly-
(inches) nylon core lene core propylene core
Yy 420 — 380
%6 640 — 540
% 880 680 740
Y16 1,200 1,000 1,060
Yo 1,500 1,480 1,380
Y6 2,100 1,720 —
5 2,400 2,100 2,400
Vs 3,500 3,200 2,860
s 4,800 4,150 3,800
1 5,700 4,800 5,600
1va 8,000 7,000 —
1va 8,800 8,000 —
1Y% 12,800 12,400 —
1% 16,000 14,000 —
1% 19,400 18,000 —
2 23,600 20,000 —

*Safety factor = 5.

TaBLe 10.8 Approximate Safe Working Strength of Manila and Nylon Ropes
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Elongation, Elasticity, and Creep

The degree to which a rope elongates depends on fiber type and rope
size. Elongation also depends on a rope’s construction. Hard fiber
ropes do not stretch as much as some made of soft fibers, and small
diameter ropes stretch less than larger-sized ones when loaded to the
breaking point. In addition, the more the twist (the harder the lay),
the more a rope will stretch.

After initial loading, each time a rope is used within a given
loading range it will behave more like a rigid material. Unlike rigid
materials, however, ropes do not display true elasticity. Once
stretched by an appreciable load, a rope remains more or less per-
manently elongated.

Some contraction of the rope begins to take place immediately
upon release of a load. More than half the total recovery that will ever
be attained occurs in a matter of minutes. The extent of a rope’s recov-
ery from stretch will depend on the magnitude of the applied load,
rope size, nature of fiber, and structure of the rope.

o Rope loaded lightly, in comparison to its breaking strength, will
recover faster than when loaded heavily.

o Larger-sized rope, when stretched, tends to readjust internally,
more or less permanently, and thereby has less of a chance to
recover from stretch.

o Four-strand rope shows less recovery than a three-strand rope.

e Hard-lay rope, having more twist, will recover less than a soft-
lay rope.

® Rope loaded repeatedly, thereby compacted to its maximum
tensile load, will ultimately show complete recovery from
stretch provided the applied load does not exceed the load
used in prestretching the rope.

e Wet rope will not show as marked recovery as a dry rope, because
the wet one has a higher initial stretch, and wetting internally
adjusts the rope’s yarn and strand tension relationship.

Rope loaded for any sustained time will continue to stretch
beyond its initial elongation when the load was first applied. This
slow, continual stretch under load is called creep. A rope lulled taut
and secured to maintain tension will stretch until it breaks, even
though the tension is well be low its normal breaking strength.

Impact Loading

Although a rope’s ultimate elongation remains about the same,
regardless of the rate of loading, its breaking strength will increase
with a faster loading rate. With impact loading, however, a rope can
absorb considerably more energy that it can during a slow steadily
applied load. Tests indicate that under extreme impact loading, a new

17
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hard-fiber rope will absorb as much as twice the amount of energy it
would absorb from a slow, steady loading.

Flexibility

Arope’s flexibility depends on the degree with which strands that are
normally compressed against each other can overcome the frictional
forces binding them together, and thus adjust to a new position.

As the rope flexes (bends), lubricant is forced to the outer surface
of the strands, which tends to restrict yarn and strand movement and
thus results in poor rope performance. Improving both the type and
amount of lubrication will improve a rope’s flexing endurance. Hard
fiber rope requires a minimum lubricant content of about 10 percent
to 15 percent; however, sticky ingredients in lubricants will have an
adverse effect on a rope’s flexing endurance.

A twisted fiber rope will have better flexing endurance for a compa-
rable loading than a braided one of the same size and material. Increas-
ing the twist will help improve a rope’s flexing endurance. An increase
in the number of strands, however, generally will have no effect.

REMEMBER: All the forces acting on a rope when it is pulled in tension
are also present when the rope is bent. As this tension increases, the
compacting action of the rope’s strand surface tends to reduce rope
flexibility. In addition, the outer surface compression that develops in a
bent rope, in relation to its internal compressive forces, tends to create
shearing stresses that further damage the rope.

Strand surface condition and fiber rigidity will also influence
knot strength. Where strand surfaces are smooth, the frictional forces
involved in bending are reduced and a knot will break more readily.
When a rope is wet, knot strength efficiency ordinarily will increase;
this is particularly true of Manila rope.

10.5 Calculating Breaking Strength of Fiber Rope

Rope manufacturers have determined the breaking strength of vari-
ous ropes through tests, and provide published tables with this infor-
mation. The fiber from which a particular rope is constructed has a
definite bearing on its breaking strength.

Maximum safe working load for high-grade Manila rope, common-
lay three-strand must not exceed values listed in Table 10.1.

Manila Rope
The breaking strength of Manila rope is higher than that of an equal-
size sisal line because of the difference in strength of the two fibers.

rope tensile strength
design factor

= safe working load
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The rule of thumb for estimating the breaking strength of Manila
rope is:
C squared (in.) x 900 = BS (Ib)

C squared (cm)x 64.8 =BS (kg)

Nylon Rope

The breaking strength of nylon rope is almost three times that of
Manila line of the same size. The rule of thumb for estimating the
breaking strength of nylon rope is:

C squared (in.) x 2400 = BS (Ib)
C squared (cm)x172.8=BS (kg)

where C is the circumference of rope.

Nylon rope can withstand repeated stretching to the breaking point
with no serious effects. When nylon line is under load, it thins out. Under
normal safe working loads, nylon line will stretch about one-third of its
length. When free of tension, it returns to its normal size. When nylon
line is stretched more than 40 percent, it is likely to part—and the stretch
immediately recovered with a snapback that sounds like a pistol shot.

WARNING: The snapback of a nylon line can be as deadly as a bullet. While this
Sfeature is also true for other types of rope, overconfidence in the strength of
nylon may lead one to underestimate its backlash; therefore, ensure that no one
stands in the divect line of pull when a heavy strain is applied to a line.

The critical point of loading is 40 percent extension of length; for
example, a 10-ft length of nylon rope would stretch to 14 ft when
under load. Should the stretch exceed 40 percent, the rope will be in
danger of parting.

Nylon rope, however, will hold a load even though a consider-
able number of strands are abraded. Ordinarily, when abrasion is
localized the rope may be made satisfactory for reuse by cutting away
the chafed section and splicing the ends.

10.6 Calculating Safe Working Load of Fiber Rope

Briefly defined, the safe working load of a fiber rope is the load that
can be applied without causing damage to the rope.

REMEMBER: The safe working load of a rope is considerably less than the
breaking strength. A wide margin of difference between breaking strength
and safe working load is necessary to allow for such factors as additional
strain imposed on the rope by jerky movements in hoisting or bending
over sheaves in a pulley block.
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In the absence of a Safe Working Load chart for a particular size fiber
rope, a rule of thumb for determining the safe working load (SWL) is:

SWL = C squared (in.) x 150 SWL (Ib)
SWL = C squared (cm) x 10.8 SWL (kg)

where C is the circumference of rope.
If a fiber rope is in

e Good shape—add 30 percent to the calculated SWL
¢ Bad shape—subtract 30 percent from the SWL

REMEMBER: The strength of a line will decrease with age, use, and
exposure to excessive heat, boiling water, or sharp bends. Especially with
used line, these and other factors affecting strength should be given
careful consideration, making proper adjustment in the breaking
strength and safe working load capacity of the line.

Although rope manufacturers provide tables that show the break-
ing strength and safe working load capacity of rope, the values given
in those tables apply to new rope used under favorable conditions.
Therefore, as the rope ages or deteriorates with use, the values given
in the manufacturers’ tables must be progressively reduced.

10.7 Safety Factor of Fiber Rope

The safety factor of a rope is the ratio between its breaking strength and
the safe working load. Usually a safety factor of 4 is acceptable, but this
is not always the case. In other words, the safety factor will vary,
depending on such things as the condition of the line and circumstances
under which it is to be used. While the safety factor should never be
less than 3, it often must be well above 4 (possibly as high as 8 or 10).

For best average or unfavorable conditions, the following safety
factors are usually suitable:

4—Dbest condition (new rope)

6—average condition (rope used but in good condition)

8—unfavorable condition (frequently used rope, such as running
rigging)

Where uses of rope, however, involve a serious risk of injury to
personnel or damage to valuable property, or if there is any question
about the loads involved or the conditions of use, the working load
should be reduced substantially and the rope properly inspected.

Because of the wide range of rope use, rope condition, exposure
to the different factors that affect rope behavior, and the degree of risk
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to life and property involved, it is impossible to make blanket recom-
mendations for safe working loads.

CAUTION: Working loads are only guidelines for rope in good condition
with appropriate splices, in noncritical applications, and under normal
service conditions.

¢ Working loads should be reduced where life, limb, or valuable
property is involved, or for exceptional service conditions
such as shock loads.

e Working loads are not applicable when rope is subjected to
significant dynamic loading resulting from picking up, stop-
ping, moving, or swinging a load rapidly or suddenly, such
as when rope is used as towing lines, lifelines, safety lines,
and climbing ropes.

Overloading a rope poses a serious safety threat to personnel. It is
also likely to result in heavy losses through damage to material and
equipment. To avoid overloading, the strength of the rope being used
must be known and involves three factors: breaking strength, safe
working load, and safety factor.

To provide the rigger with some guidelines for using rope under
normal service conditions in noncritical applications, the Cordage
Institute publishes strength tables for various types of rope, covering
a wide range of diameters, tensile strengths, safety factors, and work-
ing loads for rope in good condition with appropriate splices (Rope
Standards CI 1201-CI 131).

10.8 Handling and Care of Fiber Rope

Manila ropes are chemically treated to resist mildew and dry rot, thus
permitting their use for prolonged periods under wet and dirty con-
ditions. Nevertheless, all Manila ropes are subject to mildew and dry
rot and therefore must be cleaned and dried at regular intervals.

Proper maintenance of Manila rope will extend serviceability. To
slow down rotting, wash rope in cold water after use and hang in
loosely formed coils over wooden pegs to dry. Allow air to circulate
around stored ropes. Carefully check slings and safety lines fre-
quently for signs of mildew or rot.

Keep Manila rope protected from prolonged exposure to sunlight,
which also causes deterioration. If a rope stiffens with storage, it can
be made pliable again with a thin coating or warm lubricating oil.

When nylon rope is properly handled and maintained, it should
last more than five times longer than Manila rope subjected to the
same use. Do not store nylon rope in strong sunlight; cover it with
tarpaulins. If a nylon rope becomes slippery because of grease, it
should be cleaned with light oils, such as kerosene or diesel oil.
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To keep fiber ropes in good condition to provide safe and depend-
able service and extend their working life, make sure they are handled
and cared for properly. Procedures for handling and caring of fiber
rope include the following;:

Keep them away from all sources of heat and exhaust gases
that will cause rapid deterioration of fibers.

Never drag fiber rope over the ground or over rough or dirty
surfaces. The rope can easily pick up sand and grit that can
work into the strands and wear the fibers.

Clean dirty ropes with water; cleanliness is a key part of the
care of fiber rope.

Do not use soap—it takes oil out of the rope.

Avoid pulling a rope over sharp edges because the strands
may break. When rope must pass over a sharp edge, place
chafing gear such as a board, folded cardboard or canvas, or
part of a rubber tire between the rope and the sharp edge to
prevent damaging the rope.

Never cut a rope unless absolutely necessary. When possible,
always use knots that can be untied easily.

Protect fiber rope from undue exposure to weather, dampness,
and sunlight. Fiber rope contracts (shrinks) if it gets wet. If
there is not enough slack in a wet rope to perrmit shrinkage,
the rope is likely to overstrain and weaken. If a taut rope is
exposed to rain or dampness, make sure that the rope, while
still dry, is slackened to allow for the shrinkage.

Always thaw out a frozen rope before using it to prevent breaking
the frozen fibers. But allow wet and frozen ropes to dry naturally,
as too much heat will cause the fibers to become brittle.

Always clean and dry wet ropes before storing them.

Make sure to air natural fiber ropes whenever they have sour
odor until the odor disappears.

Do not store fiber ropes on the floor, in boxes, or on shelves
where air circulation is restricted. To permit proper air
circulation, place the rope in loose coils on a wood grating
platform about 6 in. (15 cm) above the floor; or hang the line
in loose coils on a wooden peg.

Store fiber ropes in a dry, cool room having good air
circulation, at a temperature of 50° to 70°F, and at a humidity
of 40 to 60 percent.

Avoid continuous exposure of rope to sunlight because
excessive sunlight can damage the rope.

Never expose fiber rope to lime, acids, or other chemicals, or
store it in a room containing chemicals—even the fumes may
severely damage the line.
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Uncoiling Fiber Rope

New fiber rope is coiled, bound, and wrapped in burlap. This protec-
tive covering should not be removed until the rope is to be used
because it protects the line during storage and prevents tangling.

When opening a coil of new fiber rope, carefully follow the
instructions printed on the tag. Fiber rope, like wire rope, can be dam-
aged if it is removed from the shipping coil incorrectly.

After opening and removing the burlap wrapping, lay the coil of
rope flat on the floor with the inside rope end at the bottom of the
core. If the rope’s end is not there, turn the coil over so that the end
will be at the bottom. Cut the lashings that bind the coil together, then
reach down inside the core and pull the end of the rope up through
the core (Fig. 10.4).

As the rope comes up through the coil, it will unwind in a counter-
clockwise direction. Even though the rope is unwound properly, loops
and kinks may form in it. Remove them immediately and carefully to
prevent their being pulled taught, thereby damaging the rope.

If, for any reason, a rope must be uncoiled from the outside, place the
coil so that as the rope pays out it will unwind in a counterclockwise
direction. If a rope has a large number of kinks, coil it counterclockwise
on the floor, then pass the end through the coil and proceed to uncoil.

After being used, rope should always be coiled down in a clock-
wise direction (assuming it is a right-hand lay). Should the rope be
kinked from excessive turns, remove the kinks by coiling the rope
down counterclockwise and then pulling the bottom end of the coil
up and out the middle of the coil.

Right-lay rope: Right-lay rope:
uncoil from inside in a counter- coil in clockwise direction.
clockwise direction.
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Ficure 10.4 Proper uncoiling and coiling of fiber rope.
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o If the rope is free of kinks as it leaves the coil, make it up in
the correct manner.

o If the rope is still kinked, repeat the process before making up
the line for storage.

Do not uncoil new nylon line, however, by pulling the end up
through the eye of the coil. Avoid coiling nylon in the same direction
all the time, or you could unbalance the lay.

Making Up Rope

After removing the rope from the manufacturer’s coil, it may be made
up (i.e., prepared for storage or for use) by winding it on a reel or by
cooling it down, that is, laying it in circles, roughly one on top of the
other. Rope should always be coiled in the same direction as the lay—
clockwise for right lay and counterclockwise for left lay. When a line
has been coiled down, one end is ready to run off. This is the end that
went down last and is now on top. If, for some reason, the bottom end
must go out first, turn the coil over to free it for running.

When rope is cut to a required length, the rope ends must be bound
or whipped with yarn to prevent the strands from untwisting and the
end from fraying. If the ends are not properly whipped, the strands will
slip in relation to each other, causing one of them to assume more or less
than its share of the load, thus shortening the rope’s useful life.

The process of securing the ends of a rope will not increase the
size of the rope enough to prevent the fitting of the blocks or open-
ings through which it must pass.

Whippings are made with yarn, or fine twine. In applying a whip-
ping, make a loop in the end of the yarn and place the loop at the end
of the rope. Wind the standing part around the rope covering all but
a portion of the loop. Pass the remainder of the standing end up
through the small loop and pull the dead end of the yarn, thus pull-
ing the standing end and the small loop (through which it is threaded)
back underneath the whipping until they reach a point midway
underneath the whipping. Trim both ends of the yarn close up against
the loops to finish off the whipping.

Before cutting a rope, however, place two whippings on the rope
1 or 2 in. apart and make the cut between the whippings. This proce-
dure prevents the ends from untwisting after they are cut.

Inspection of Fiber Rope

The exterior appearance of fiber line is not always a good indication
of its internal condition. Fiber rope softens with use and dampness,
heavy loads, fraying, breaking or broken strands, and dragging over
rough surfaces all contribute to rope weakening and failure. Additon-
ally, overloading a rope can cause it to part, resulting in heavy dam-
age to material, equipment, and serious injury to personnel.
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For these reasons, every foot of a rope must be inspected carefully
at regular intervals to determine whether it is safe for use, its life
expectancy, and its load-carrying ability.

Frequency of sling use
Severity of service conditions
Nature of lifts being made

Experience gained during the service life of slings used in
similar circumstances and for special and infrequent service
use as recommended by a qualified person.

Designate a qualified person to inspect slings and all fastenings
and attachments each day before use for damage or defects, thor-
oughly covering slings and attachments. When inspecting a fiber
rope sling make sure to check:

Exterior. Look for surface cuts, gouges, or worn surface area;
dry, brittle, scorched, or discolored fibers; or melting or
charring of any part of the sling. Check for signs of abrasion,
cuts, broken fibers and yarns, burns, any unlaying of the
twist, or a reduction the rope’s diameter. If any of these con-
ditions are found, notify a supervisor to determine the safety
of the sling. If the sling is found to be unsafe, it must be dis-
carded immediately.

Interior. Should be as clean as when the rope was new. A
buildup of powder-like sawdust on the inside of the fiber rope
indicates excessive internal wear and that the sling is unsafe.

Scratch. Fibers with a finger nail; if the fibers separate easily,
the fiber sling has suffered some kind of chemical damage
and must be discarded.

Look for external wear and cutting, internal wear between the
strands, and deterioration of the fibers. The section of the rope show-
ing the most deterioration should be the determining factor when
estimating a rope’s condition. During inspection, however, be careful
not to distort a rope’s lay during inspection.

Visible Defects
Remove all synthetic rope slings from service if visible defects include
any of the following:

Acid or caustic burns
Melting or charring of any surface part
Snags, punctures, tears, or cuts

Broken or worn stitches
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* Wear or elongation exceeding the amount recommended by
manufacturer

* Distortion of end fittings

¢ Missing or illegible sling identifications

¢ Cuts, gouges, areas of extensive fiber breakage along the
length and abraded areas on the rope

* Damage to 10 percent or more of the ropes diameter

¢ Uniform fiber breakage along the major part of the length of
the rope in the sling such that the entire rope appears covered
with fuzz or whiskers

¢ Fiber breakage or melted fiber inside the rope that appears along
the length at the same relative position and involves damage
estimated at 10 percent of the fiber in the strand at that point

¢ Discoloration and brittle or stiff areas on any part of the sling
* Excessive dirt and grit in the interior of the rope structure

e Foreign matter that has permeated the rope and attracts and
holds grit

* Kinks, distortion, or other damage in the rope structure

* Melted or charred areas that affect more than 10 percent of the
diameter of the rope or affect several adjacent strands along the
length to more than 10 percent of their individual diameters

¢ Poor condition of thimbles or other fittings manifested by
corrosion, cracks, distortion, or localized wear

¢ Other conditions that cause doubt as to continued use of the sling.

Remove the sling or attachment from service immediately where
any such defect or deterioration is present; do not use worn or dam-
aged slings or attachments.

Do not use repaired or reconditioned fiber rope slings. Do not use
old or used rope to make up a fiber rope sling; modifications or alter-
ations to end attachments or fittings are considered a repair.

Checking Rope Strength

Broken fibers or yarns or any other failures represent a loss of rope strength.
But do not be misled by dirt on the rope’s surface. Any rope that has been
used will be dirty on the outside. Carefully open up the rope by untwist-
ing the strands to observe the condition of the rope’s inside. Try not to
kink the strands. The rope’s interior should be as bright and clean as
when the rope was new. Rope that is mildewed gives off a musty odor.

Check for broken yarns inside, excessively loose strands and
yarns, or any accumulation of powder such as dust that results from
excessive strand wear.

o If the fiber rope is large enough to permit it, open up a strand
and, with a pencil or other blunt instrument, try to pull out
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one of the inside yarns. Keep in mind that if a rope has been
overloaded, it is the interior yarns that will have failed first.
Excessive oil on the outside of new rope also indicates that
the rope has been overloaded.

e If the fiber rope is four-strand construction with a core, try to
gently pull out the core. If it readily comes out in short pieces, the
rope has been overloaded and should not be used for hoisting.

o If possible, pull out a couple of long fibers from the end of the
rope and try to break them. The finer fibers are relatively stronger
than the coarser ones, and all should be broken only with difficulty.
Some fibers have a tensile strength as high as 30,000 psi.

o If the inside of the rope is dirty, if the strands have begun to
unlay, or if the rope has lost its life and elasticity, it must not be
used for hosting purposes.

o If the rope is high stranded and presents a spiral appearance,
or if the core protrudes, the load will not be equally distributed
on the strands and a very short rope life may be expected.

e If a rope feels dry and brittle, has sections that are glazed or
fused, or is discolored from exposure to acid fumes, it must
always be discarded.

e If a rope is weak in just one spot, cut out that proportion and
splice the rope. Make sure that all splices are properly served
or taped. Do not allow any tuck to become undone, since ev-
ery tuck is necessary for optimum splice efficiency.

o If thimbles are loose in eyes because of rope stretch they must
be retightened in the eye by seizing the eye. Never allow a
thimble to become so loose that it rocks in the eye, resulting in
chafing of the rope inside the eye, with ultimate breakdown.

e If there is any doubt as to whether the rope is fit for use,
replace it at once. Never risk danger to life or damage to prop-
erty by taking a chance.

NOTE: When a rope has been condemned, it should be destroyed at once, or cut
up into short hand lines so that it cannot be used again for hoisting purposes.

10.10 Comparative Characteristics of Cordage Fibers

When selecting natural or synthetic fiber rope for rigging opera-
tions, properties important enough to be taken into account
include strength (dry and wet), weight, elongation, surface char-
acteristics, water absorption, rot and mildew resistance, abrasion
resistance, chemical resistance, sunlight degradation, and high
and low temperature properties (Table 10.9).
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3- and 8-strand, plaited

Double braid

Manila Core and cover nylon
Rope diameter 1in. 2 in. 1 in. 2 in.
Strength characteristics
Tensile strength, dry (approximate average), lb 9,000 31,000 31,300 117,000
Recommended factor of safety 5 5 5 to 8* 5 to 8*
Working strength, 1b 1,800 6,200 To 6,260* To 23,400*
Wet strength compared to dry strength, % To 120 To 120 88 88
Strength per unit of weight or “breaking length” (breaking
strength), 1b/ft 33,000 29,000 118,000 110,000
Cyclic loading characteristics Poor Poor Excellent Excellent
Individual filament or fiber strength, grams per denier 6.0 to 7.5 6.0 to 7.5 7.5 to 8.3 7.5 to 8.3
Weight and density characteristics
Weight per 100 ft, Ib 27.0 108.0 26.0 106.0
Specific gravity of fiber 1.38 1.38 1.14 1.14
Ability to float No No No No
Elasticity, stretch (approximate)
Permanent elongation at working load (20% of breaking strength),
% 4.8 4.8 6.5 (11.0 wet)
Working elasticity (temporary stretch under load) at working load
(20% of breaking strength), % 5.0 5.0 6.5 (11.0 wet)
Elongation at 100% load (at break) for broken-in ropes, % 13 13 23.5
Individual filament or fiber elongation, % 2t03 2to3 16 to 20
Surface characteristics
Rendering gualities, ability to ease out smoothly under load over
bitts Poor Good, requires fewer wraps
Hand (feeling of rope to the touch) Some harshness due to hairs; af-  Smooth; after use becomes fuzzy

ter use considerable harshness
due to broken fiber ends

with a softer feel
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Water absorbed into fiber
(Some water will be held between fibers of all ropes)

Up to 100% of weight of rope

5 to 6%

Resistance to rot, mildew, and attack by marine organisms
(Some marine organisms will attach themselves to any
submerged object, including synthetic ropes)

Poor

100% resistant

Deterioration
Due to aging (stored ropes, ideal conditions)

About 1% per year

Zero

Due to exposure to sunlight Some slight Some slight
Resistance to chemicals
Acids Very poor Fair, except to concentrated sul-
furic and hydrochloric acids
Alkalis Very poor Excellent
Solvents Good Good
Wear
Resistance to surface abrasion Good Excellent
Resistance to internal wear from flexing Good Excellent
Resistance to cutting (toughness) Good Excellent

High- and low-temperature properties
Melting point

Low-temperature properties
Flammability

Loses strength rapidly over
180°F

No change

Burns like wood

480°F; progressive strength loss
above 350°F

No change
Burns with difficulty

*Depending on application.

Source: Sampson Rope Manual, Sampson Ocean Systems, Inc.

TaBLe 10.9 Comparative Characteristics of Various Fibers Used in Cordage (Continued)
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3- and 8-strand, plaited

Nylon Polyester
Rope diameter 1in. 2 in. 1in. 2 in.
Strength characteristics
Tensile strength, dry (approximate average), 1b 25,000 92,000 20,000 to 65,000 to
22,000 80,000
Recommended factor of safety 9 9 9 9
Working strength, 1b 2,890 10,000 2,220 to 2,450" 7,200 to 8,900"
Wet strength compared to dry strength, % 90 to 95 90 to 95 100 100
Strength per unit of weight or “breaking length” (breaking 96,000 97,000 65,000 to 55,000 to
strength), 1b/ft 72,000 64,000
Cyeclic loading characteristics Good Good Good to excel-  Good to excel-
lent lent
Individual filament or fiber strength, grams per denier 7.5 t0 8.3 7.5 to 8.3 6.0t0 7.0 6.0 to 7.0
Weight and density characteristics
Weight per 100 ft, 1b 26.0 95.0 30.5 118.0
Specific gravity of fiber 1.14 1.14 1.38 1.38
Ability to float No No No No
Elasticity, stretch (approximate)
Permanent elongation at working load (20% of breaking strength),
% 8.0 8.0 6.0 to 6.2 6.0 to 6.2
Working elasticity (temporary stretch under load) at working load
(20% of breaking strength), % 16.0 16.0 5.9 to 6.5 5.9 to 6.5
Elongation at 100% load (at break) for broken-in ropes, % 35 35 20 to 22 20 to 22
Individual filament or fiber elongation, % 16 to 20 11 to 13 11 to 13
Surface characteristics
Rendering qualities, ability to ease out smoothly under load over  Poor Good

bitts
Hand (feeling of rope to the touch)

with a softer feel

Smooth; after use becomes fuzzy

Smooth and hard, not slippery;
after use becomes fuzzy with a

softer feel
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Water absorbed into fiber

(Some water will be held between fibers of all ropes)

5 to 6%

Less than 1%

Resistance to rot, mildew, and attack by marine organisms
(Some marine organisms will attach themselves to any
submerged object, including synthetic ropes)

100% resistant

100% resistant

Deterioration

Due to aging (stored ropes, ideal conditions)

Due to exposure to sunlight

Zero
Some slight

Zero
Almost none

Resistance to chemicals

Acids Fair, except to concentrated sul- Very good to excellent
furic and hydrochloric acids

Alkalis Excellent Very good, except to concentrated
sodium hydroxide at high tem-
peratures

Solvents Good Very good to excellent

Wear

Resistance to surface abrasion Very good Excellent

Resistance to internal wear from flexing Excellent Very good to excellent

Resistance to cutting (toughness) Excellent Very good to excellent

High- and low-temperature properties
Melting point

Low-temperature properties
Flammability

480°F; progressive strength loss
above 350°F

No change
Burns with difficulty

480°F; progressive strength loss
above 350°F

No change

Burns with difficulty

*Depending on application.
*Depending on grade of polyester used.

Source: Sampson Rope Manual, Sampson Ocean Systems, Inc.

TaBLe 10.9 Comparative Characteristics of Various Fibers Used in Cordage (Continued)
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3-strand 12-strand single braid
Polyethlene Polyester and polypropylene
Rope diameter 1in. 2 in. 1in. 2in.
Strength characteristics
Tensile strength dry, (approximate average), Ib 12,600 47,700 23,500 88,000
Recommended factor of safety 6 6 5 to 8* 5 to 8%
Working strength, 1b 2,100 7,900 To 4,700* To 17,600*
Wet strength compared to dry strength, % 100 100 100 100
Strength per unit of weight or “breaking length” (breaking
strength), 1b/ft 66,000 75,500 94,000 89,000
Cyclic loading characteristics Fair Fair
Individual filament or fiber strength, grams per denier 3.0to 7.0 3.0t0 7.0 Polyester 7.5 to 9.0; monopoly 3.0
Weight and density characteristics
Weight per 100 ft, 1b 18.5 72.5 25.0 99.0
Specific gravity of fiber 0.95 0.95 1.14 1.14
Ability to float Yes Yes No No
Elasticity, stretch (approximate)
Permanent elongation at working load (20% of breaking strength),
% 5.8 5.8 39 3.9
Working elasticity (temporary stretch under load) at working load
(20% of breaking strength), % 5.9 59 3.0 3.0
Elongation at 100% load (at break) for broken-in ropes, % 22 22 16 16
Individual filament or fiber elonation, % 10 to 12 10 to 12

Surface characteristics

Rendering qualities, ability to ease out smoothly under load over  Good but requires extra wraps

bitts
Hand (feeling of rope to the touch)

to broken fiber ends

Smooth and very slippery; after
use becomes slightly harsh due

Good

Smooth, not slippery; after use,

fuzz and a few broken fiber
ends but little harshness



Water absorbed into fiber
(Some water will be held between fibers of all ropes)

Zero

Less than 1%

Resistance to rot, mildew, and attack by marine organisms
(Some marine organisms will attach themselves to any
submerged object, including synthetic ropes)

100% resistant

100% resistant

Deterioration
Due to aging (stored ropes, ideal conditions)

Due to exposure to sunlight

Zero
Some; black resists best

Zero
Some slight

Resistance to chemicals

Acids Excellent except to concentrated Very good to excellent
sulfuric acid

Alkalis Good Good, except to concentrated so-
dium hydroxide at high tem-
peratures

Solvents Good Good to excellent

Wear

Resistance to surface abrasion Good Very good

Resistance to internal wear from flexing Very good Very good

Resistance to cutting (toughness) Good Very good

High- and low-temperature properties
Melting point

Low-temperature properties
Flammability

280°F; softens above 250°F
Brittle below —150°F
Burns with difficulty

330°F; softens above 300°F
No change
Burns with difficulty

*Depending on application.

Source: Sampson Rope Manual, Sampson Ocean Systems, Inc.

TaBLe 10.9 Comparative Characteristics of Various Fibers Used in Cordage (Continued)



161

3- and 8-strand, plaited

Polypropylene monofilament

Polypropylene multifilament

Rope diameter 1lin. 2 in. 1in. 2 in.
Strength characteristics
Tensile strength, dry (approximate average), Ib 14,000 52,000 15,700 55,500
Recommended factor of safety 6 6 6 6
Working strength, 1b 2,330 8,700 2,620* 9,250*
Wet strength compared to dry strength, % 102 to 105 102 to 105 102 to 105 102 to 105
Strength per unit of weight or “breaking length” (breaking
strength), 1b/ft 77,800 75,500 82,000 75,000
Cyclic loading characteristics Excellent Excellent Excellent Excellent
Individual filament or fiber strength, grams per denier 3.0t0 7.0 3.0t0 7.0 3.0t0 7.0 3.0t07.0
Weight and density characteristics
Weight per 100 ft, 1b 18.0 69.0 19.2 74.0
Specific gravity of fiber 0.91 091 0.91 0.91
Ability to float Yes Yes Yes Yes
Elasticity, stretch (approximate)
Permanent elongation at working load (20% of breaking strength),
% 3.8 3.8 7.5 7.5
Working elasticity (temporary stretch under load) at working load
(20% of breaking strength), % 8.9 8.9 10.5 105
Elongation at 100% load (at break) for broken-in ropes, % 24 24 36 36
Individual filament or fiber elongation, % 16 to 20 10 to 12 22 to 28 22 to 28

Surface characteristics
Rendering qualities, ability to ease out smoothly under load over
bitts

Hand (feeling of rope to the touch)

Poor

Smooth but not slippery; after
use becomes harsh due to bro-

ken fiber ends

Fair

Smooth and soft with some natu-
ral fuzziness; remains same af-

ter use
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Water absorbed into fiber
(Some water will be held between fibers of all ropes)

Zero

Zero

Resistance to rot, mildew, and attack by marine organisms
(Some marine organisms will attach themselves to any
submerged object, including synthetic ropes)

100% resistant

100% resistant

Deterioration
Due to aging (stored ropes, ideal conditions)

Due to exposure to sunlight

Zero
White some; black resists best

Zero
White some; black resists best

Resistance to chemicals

Acids Excellent Excellent

Alkalis Good Good

Solvents Good Good
Wear

Resistance to surface abrasion Good Good

Resistance to internal wear from flexing Very good Very good

Resistance to cutting (toughness) Good Very good

High- and low-temperature properties
Melting point

Low-temperature properties
Flammability

330°F, softens above 300°F
No change
Burns with difficulty

330°F, softens above 300°F
No change
Burns with difficulty

*Depending on application.

Source: Sampson Rope Manual, Sampson Ocean Systems, Inc.

TaBLe 10.9 Comparative Characteristics of Various Fibers Used in Cordage (Continued)
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3- and 8-strand, plaited

Core polypropylene; Core polyethlene; cover veneer
cover polyester and polyethlene of polyethylene and dacron
Rope diameter 1in. 2 in. 1in. 2 in.
Strength characteristics
Tensile strength, dry (approximate average), 1b 15,000 56,500 14,000 60,000
Recommended factor of safety 6% 6% 6% 6%
Working strength, 1b 2,500 9,400 2,300 10,000
Wet strength compared to dry strength, % 100 100 100 100
Strength per unit of weight or “breaking length” (breaking
strength), 1b/ft 69,800 68,000 53,000 63,000
Cyclic loading characteristics Very good Very good Good Good
Individual filament or fiber strength, grams per denier — — — —
Weight and density characteristics
Weight per 100 ft, 1b 21.5 83.0 26.5 95.0
Specific gravity of fiber Varies with Varies with Varies with Varies with
rope size rope size rope size rope size
Ability to float Varies with Varies with No No
rope size rope size
Elasticity, stretch (approximate)
Permanent elongation at working load (20% of breaking strength),
% 5.9 5.9 4.7 4.7
Working elasticity (temporary stretch under load) at working load
(20% of breaking strength), % 71 7.1 5.1 5.1
Elongation at 100% load (at break) for broken-in ropes, % 27 27 21 21

Individual filament or fiber elongation, % — — — —
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Surface characteristics
Rendering qualities, ability to ease out smoothly under load over
bitts

Hand (feeling of rope to the touch)

Good

Smooth and hard; after use bris-
tles and fuzz appear but little
harshness

Good

Smooth and hard, not slippery;
after use becomes fuzzy but not
harsh

Water absorbed into fiber
(Some water will be held between fibers of all ropes)

Almost zero

Almost zero

Resistance to rot, mildew, and attack by marine organisms
(Some marine organisms will attach themselves to any
submerged object, including synthetic ropes)

100% resistant

100% resistant

Deterioration
Due to aging (stored ropes, ideal conditions)
Due to exposure to sunlight

Zero
Slight

Zero
Some slight

Resistance to chemicals

Acids Good to excellent Excellent, except to concentrated
nitric acid
Alkalis Excellent Excellent
Solvents Good to excellent Good to excellent
Wear

Resistance to surface abrasion
Resistance to internal wear from flexing
Resistance to cutting (toughness)

Very good
Very good
Very good

Very good
Very good
Very good

High- and low-temperature properties
Melting point

Low-temperature properties
Flammability

Progressive strength loss above
250°F

Some brittleness below —150°F

Burns with difficulty

Progressive strength loss above
250°F

Some brittleness below —150°F

Burns with difficulty

Source: Sampson Rope Manual, Sampson Ocean Systems, Inc.

TaBLe 10.9 Comparative Characteristics of Various Fibers Used in Cordage (Continued)
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Double braid

Core polypropylene; cover nylon

Core and cover polyester

Rope diameter 1in. 2 1in. 1in. 2 in.
Strength characteristics

Tensile strength, dry (approximate average), lb 28,400 106,000 28,400 106,000
Recommended factor of safety 5 to 8* 5 to 8% 5 to 8* 5 to 8*
Working strength, 1b To 5,700* To 21,200* To 5,700* To 21,200*
Wet strength compared to dry strength, % 95 95 100 100
Strength per unit of weight or “breaking length” (breaking

strength), 1b/ft 120,000 112,000 88,700 82,800

Cyclic loading characteristics
Individual filament or fiber strength, grams per denier

Excellent
Cover 7.5 to 8.3; core 3.0 to 7.0

Excellent
Cover 6.0 to 7.0; core 3.0 to 7.0

Weight and density characteristics
Weight per 100 ft, 1b

Specific gravity of fiber
Ability to float

24.0 95.0
1.02 1.02
Yes Yes

32.0 126.0
1.38 1.38
No No

Elasticity, stretch (approximate)
Permanent elongation at working load (20% of breaking strength),
%

Working elasticity (temporary stretch under load) at working load
(20% of breaking strength), %

Elongation at 100% load (at break) for broken-in ropes, %
Individual filament or fiber elonation, %

6 (11.0 wet)

6 (11.0 wet)
30
16 to 30

3 (5 wet)

3 (5 wet)
17
11to 13

Surface characteristics
Rendering qualities, ability to ease out smoothly under load over
bitts

Hand (feeling of rope to the touch)

Good

Smooth; after use becomes fuzzy

with a softer feel

Good

Smooth, not slippery; after use
becomes fuzzy with a softer
feel
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Water absorbed into fiber
(Some water will be held between fibers of all ropes)

3.0%

Less than 1%

Resistance to rot, mildew, and attack by marine organisms
(Some marine organisms will attach themselves to any
submerged object, including synthetic ropes)

100% resistant

100% resistant

Deterioration
Due to aging (stored ropes, ideal conditions)

Due to exposure to sunlight

Zero
Some slight

Zero
Almost none

Resistance to chemicals

Acids Fair, except to concentrated sul- Very good to excellent
furic and hydrochloric acids
Alkalis Excellent Very good, except to concentrated
sodium hydroxide at high tem-
peratures
Solvents Good Very good to excellent
Wear

Resistance to surface abrasion
Resistance to internal wear from flexing
Resistance to cutting (toughness)

Very good to excellent
Good
Very good to excellent

Excellent
Very good to excellent
Very good to excellent

High- and low-temperature properties
Melting point

Low-temperature properties
Flammability

Good

Very good
Burns with difficulty

480°F; progressive strength loss
above 350°F

No change
Burns with difficulty

*Depending on application.

Source: Sampson Rope Manual, Sampson Ocean Systems, Inc.

TaBLe 10.9 Comparative Characteristics of Various Fibers Used in Cordage (Continued)
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Regulations and Standards

OSHA Regulations
1910 Subpart N—Material Handling and Storage
1910.184 Slings
1926 Subpart H—Materials Handling, Storage, use and Disposal
1926.25/ Rigging Equipment for Material Handling
1926.25/(d)  Natural Fiber and Synthetic Web Slings
1926.25/(d)(4) Splicing

U.S. Consensus Standards
ANSI/ASME B30.23  Personnel Lifting Systems

ASME B30.9-2006 Contains Provisions on Maintaining Inspection
Records

Industry Concensus Standards and Guidelines
Cordage Institute

CI-1401* 2006  Safer Use of Fiber Rope
CIS-12006 Rope Standards CI1 1201 - CI 1312

Physical Properties, Design Factors, and Safe Working
Loads

CIS-22006 Solid Braid Standards, Complete Set CI 1300 Through CI
322 Includes Standards CI 1201 and CI 1320 Through
Cl1321

Web Sling and Tiedown Association

WSTDA-WS-1-04  Web Sling Standard
WSTDA-RS-1-01  Roundsling Standard
WSTDA-T-3-07 Winches Standard
WSTDA-T-4-06 Webbing Standard
WSTDA-WB-1-05  Synthetic Webbing for Slings



CHAPTER 11

Knots, Bends,
Hitches, and Splices

bends, and hitches, but the average riggers can get along with
the knowledge of a comparatively few. The term knot is usually
applied to any tie or fastening formed with a rope. In a general sense,
however, knot also includes the words bends and hitches.
The distinction between knots, bends, and hitches is generally
accepted as:

There are hundreds, if not thousands, of different rope knots,

e Knot. An intertwining of the end of a rope within a portion of
the rope.

e Bend. Intertwining of the ends or two ropes, or of the same
rope, to make one continuous rope or endless rope, or to fasten
a line to a ring or loop.

e Hitch. Attachment of a rope to a post, pole, ring, hook, or other
object so it will hold temporarily but can be readily untied.

e Loops. Made to be dropped over an object, unlike hitches
that are made directly around the object and follow its
shape. (When synthetic rope is used to tie this knot, it might
be less reliable, thus the end should be secured with an extra
half hitch, or tucked and wrapped beneath one of the rope’s
strands.)

NortE: A good knot, bend, or hitch is one that can be tied rapidly and
easily, holds fast when pulled tight, and is easily untied. Their prime
requirements are suitability, strength, and security against slippage.

REMEMBER: A rope fastening is never as strong as the original rope—knots,
bends, and hitches reduce the rope’s strength by 5 to 10 percent. The proper
fastening must be selected for the job to be done, and tied correctly to
obtain the maximum strength.
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11.1 Knots, Bends and Hitches

Knots, bends, and hitches are made from three fundamental elements:
a bight, a loop, and a round turn. The free or working end of a rope is
known as the running end. The remainder of the rope is called the
standing part.

One of the main reason for selecting one knot, rather than another,
is the relative strength of that particular knot.

Knots are various methods for fastening or securing a length of one
or more segments of rope by tying or interweaving, or webbing, and
include:

e Stoppers. Most often used to prevent the ends of a length of

rope from slipping through an eye or a hole, and can be used
to bind the end of a line so that it will not unravel. These
include:

o QOverhand knot—forms the basic knot of most other knots.
It is used as a simple stopper knot in the end of a rope;
difficult to untie when wet (Fig. 11.1a).

o Figure-eight—forms a larger knot than would be
formed by an overhand knot in the end of a rope to
prevent the end from slipping through a fastening or
loop in another line. To make the figure-eight knot,
make a loop in the standing part, then pass the run-
ning end around the standing part, back over one side
of the loop and down through the loop, and pull tight
(Fig. 11.1b).

o Overhand loop—extremely useful where a bulky stop-
per knot is required; however, difficult to untie
(Fig. 11.1c¢).

Bends. These are used to join two lengths of rope:

o Square (reef) knot—ties two lines of the same size together
so they will not slip. To tie a square knot, first bring the
two ends of the line together and make an overhand
knot. Then form another overhand knot in the opposite
direction (Fig. 11.2a).

Sheet bend—joins ropes of unequal diameters; not 100 percent
secure, and should rnot be used where it will be subject to
great strain (Fig. 11.2b).

Double sheet bend—a strong knot used to tie two ropes (usually
of different thicknesses or rigidity) together. It is a doubled
version of the sheet bend (Fig. 11.2¢).



Knots, Bends, Hitches, and Splices

(c)
Fieure 11.1 Stopper knots. (a) Overhand; (b) figure eight; (c) overhand loop.

Tie and Lay one end Completed
overhand knot back alongside knot
itself

(a) Square knot

(b) Sheet bend (c) Double sheet bend

Ficure 11.2 Bends. (a) Square knot; (b) sheet bend; (c) double sheet bend.
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NoTE: A good rule to follow for a square knot is left over right and
right over left. When tying a square knot, make sure the two
overhand knots are parallel; this means that each running end
must come out parallel to the standing part of its own rope. If the
knot fails to meet this test, it is known as a “granny” knot, which
should never be used; it is unsafe because it will slip under strain.
A true square knot instead of slipping under strain will only draw
tighter.

Hitches

These are used for binding a rope to an object:

Barrel Hitch. Lifts a barrel or other rounded object that is either
in a horizontal or a vertical position.

Cat’s paw. Slings heavy loads, best for rope of medium
diameter because the strain is equal on both sides. Even if
a single part of a loaded rope is hung over a hook, the rope
is weakened by a about one-half. This knot, however, gives
the extra assurance that should one leg break the other will
last long enough to allow the load to be safely lowered to
the ground.

Clove hitch. Tied around a post with one hand; not totally
secure, however, if the strain is intermittent and at an
inconsistent angle. Adding a stopper knot or making one or
two half hitches around the standing part will make a clove
hitch more secure.

Half hitch. Temporary knot of a single hitch made around
the standing part of another hitch; not meant to take any
strain, but rather used to complete and strengthen other
knots.

Scaffold hitch. Useful for suspending timber struts such as
those used in scaffolding; can also be used as a clamp knot to
hold two objects together while nailing or gluing takes place.
When used as a lashing, the hitch should be pulled tight and
then sealed off with a reef knot.

Timber hitch. Temporary noose, formed by twisting the
working end of a rope around its own part and not around
the standing part. Three twists are usually sufficient to
secure the rope around planks, poles, or tree trunks so
that they may be raised or lowered, dragged, or pulled.
More twists may be needed if the object to be moved is
especially thick (Fig. 11.3).



(a) Barrel hitch (b) Cat’s paw hitch

—
Bitter N
end
) Under
Around again itself

(c) Clove hitch

Standing
part

Double half hitch

(d) Half hitches

Ficure 11.3 Hitches. (a) Barrel; (b) cat’s paw; (c) clove hitch; (d) half hitches;
(e) scaffold hitch; (f) rolling hitch; (g) timber hitch; (h) tautline hitch. (Continued)

205



206 Rigging Systems

(e) Scaffold hitch

— [ [= (é\ )\})Z)\\

(f) Rolling hitch (g) Timber hitch

Ficure 11.3 Hitches. (a) Barrel; (b) cat’s paw; (c) clove hitch; (d) half hitches;
(e) scaffold hitch; (f) rolling hitch; (g) timber hitch; (h) tautline hitch. (Continued)
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1 2

(h) Tautline hitch

Ficure 11.3 Hitches. (a) Barrel; (b) cat’s paw; (c) clove hitch; (d) half hitches;
(e) scaffold hitch; (f) rolling hitch; (g) timber hitch; (h) tautline hitch. (Continued)

Loops
These are used to create a closed circle in a rope.

e Bowline. Especially useful, a temporary eye is needed in the
end of a rope; it will neither slip nor jam and can be untied
easily (Fig. 11.4).

e Bowline on a bight. Used especially in sea rescues, with the

victim placing one leg in each loop and hanging on the
standing part of the rope.

o Figure-eight loop knot
o Loop knot dressed

Shortenings
These are used to shorten a rope or take up a weakened part of a rope.

o Loop knot. The best way of shortening a damaged rope, taking
up the weakened part of the rope in the center of the knot;
used for towing equipment on wheels.

o Sheepshank. Generally thought of as merely a means to shorten
a line, but in an emergency it can also be used to take the load
off a weak spot in the line. To make a sheepshank, form
two bights. Then take a half hitch around each bight. When
using a sheepshank to take the load off a weak spot, make sure
the spot is in the part of the rope not under strain (Fig. 11.5).
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11.2 Splicing Natural Fiber Rope

Splicing in rope work is the forming of a semipermanent join between
two ropes or two parts of the same rope by partly untwisting and
then interweaving their strands. Splices can be used to form a stopper
at the end of a line, to form a loop or an eye in a rope, or to join two
ropes together. When properly installed, splices do not seriously affect
rope strength.

Splices are preferred to knotted rope, because a knot reduces the
strength of a rope by as much as 40 percent or more, while a splice
retains up to 95 percent of the rope’s strength. However, splicing
usually results in a thickening of the line and, if subsequently
removed, a distortion of the rope. Most types of splices are used on
three strand rope, but some can be done on twelve or greater strand
braided rope.

Four general types of fiber rope splices commonly used for rig-
ging operations are discussed below.

Short Splice

Used to join the ends of two ropes, the short splice is more similar to
the technique used in other splices and results in the spliced part
being about twice as thick as the nonspliced part. The short splice,
however, has greater strength than the long splice, and retains more
of the rope strength than any knots that join rope ends.

Even though it is the strongest of all splices, the short splice is not
suitable for a rope that must run over sheaves or pass through blocks
because in a short splice, the ends of a rope are joined together or the
ends of two different ropes are joined, causing an increase in the
diameter of the line for a short distance.

One purpose for which the short splice is especially useful is in
making endless slings. It is also used for making straps. Slings and
straps are made of pieces of rope with their own ends short-spliced
together.

Where possible, a short splice, rather than a long splice, should be
used because the short splice requires less line and can be fashioned
quicker than the long splice. To make a short splice, the ends of the
two ropes are unlaid for a sufficient distance and placed together
with the strands of one rope passing alternately between the strands
of the other. Then the two ropes are jammed closely together. Holding
the end of one rope and the strand of the other rope firmly in the left
hand, pass the middle strand over the strand of the second rope,
which goes down to the left of it; then tuck it under, and haul taut
(Fig. 11.6). Do the same to each of the other strands in succession, put-
ting them over the strand next to them and under the next one beyond.
Turn the rope around and do the same to the other set of strands.
Repeat on both ropes.
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Ficure 11.6 Making a short splice. (Source: U.S. Army Field Manual, Army
Department, Washington, DC.)

Take care not to bring two strands up through the same interval
in the rope. Each strand should come up separately between the two
strands of the rope into which they are passed. To finish the splice,
tape it by dividing the yarns after the ends have been interwoven,
passing one-half as before and then cutting off the other half. To bring
the rope to shape again after splicing, roll it under the foot. For small
cord, use a piece of flat wood.

Long Splice

A long splice is used to join two rope ends forming one rope—the
length of the two ropes. Unlike most splice types, the long splice
results in a splice that is only very slightly thicker than the rope with-
out the splice; however, a long splice sacrifices some of the strength of
the short splice by replacing two of the strands of each rope end with
those from the other, and cutting off some of the extra strands that
result. The long splice allows the spliced rope to still fit through the
same pulleys, which is necessary in some applications.

When properly made, the long splice strength will be equal to
that of the rope itself.

Although slightly weaker than the short splice, the long splice
has definite advantages for specific applications. Because it increases
the rope diameter only slightly, it allows the rope to run through a
sheave or block easily. A long splice also lessens wear and chafing of
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(b)

Ficure 11.7 Making a long splice. (Source: U.S. Army Field Manual, Army
Department, Washington, DC.)

the rope’s fibers at the point of splicing, and has a neater appearance
than a short splice.

When making a long splice, it is important to choose the correct pairs of
strands for opposites. To determine the correct pair, try laying one of
the tucking ends into the opposite standing line. The strand that this tucking
end tends to push out and replace will be the correct opposing strand.

To make a long splice, unlay the end of two ropes for a much greater
distance (about 15 turns) than with the short splice, and put the ends
together. Unlay one strand for some length and fill up the space left by
its removal with the opposite strand from the other rope. Do the same
with two more strands. Roll and pound the rope so the tucks will settle
in tight (Fig. 11.7). Make an overhand knot with the two remaining
strands. Divide both strands into halves and pass one half over the next
strand and under the following one. Do this, two or three times and cut
all the ends off close. Work the remaining two pairs of strands the same
way, and the splice is finished.

The rope should be well stretched before the ends of the strands
are cut off.

Back Splice (End Splice)

Strands in the end of the rope are spliced directly back into the end
without forming a loop. This splice is used to finish off the end of the
rope to keep it from fraying.

yiil
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Making a back splice follows the same principle as with the
eye and short splice—over one and under one. It starts from a
crown knot (Fig. 11.8). After the crown knot is hauled down tight
by heaving on each of the three strands, proceed to lay up the
back splice. This merely requires splicing the three loose strands
back into the rope, following the same principle as with the eye
and short splice—over one and under one. Because the back
splice leaves a lump in the rope, it should not be used where
there is a possibility of the enlarged end hanging up, such as try-
ing to run it through hoisting blocks.

The end of the rope with the splice is about twice the thickness of
the rest of the rope. With nylon and other plastic materials, the back
splice is often no longer used; the rope strands are simply fused
together with heat to prevent fraying. The strands at the end of rope
are spliced back into its own strands. This splice is used to prevent a
rope from unlaying when an enlargement at the end of the rope is not
objectionable.

Untwist six turns Start with
crown knot

Y
1

Tuck over one Turn rope and
and under next tuck each strand

Trim ends

Ficure 11.8 Making a back splice.
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Eye Splice

The eye splice is normally used to form an eye in the end of a fiber
rope to fasten the rope to a ring or hook. It is made like the short
splice, except that only one rope is used, with the end spliced back
into its own side. Metal or nylon thimbles should be set in all eye
splices used for lifting to prevent chafing of the rope. The eye splice is
estimated to be 90 percent as strong as the rope itself (Fig. 11.9).

Make an eye splice on plain-laid fiber rope by unlaying (untwist-
ing) a portion of the strands, in the end of the rope—about five turns
from right to left through the intact portion of the rope in a manner
similar to weaving. Place the strands on the standing part to form the
eye and splice them into the standing part of the line by tucking the
unlaid strands from the end into the standing part.

Each free strand passes between the different rope strands to form
the first series of tucks. Thereafter, each free strand passes over one
rope strand and under the next rope strand. Repeat this operation until
three complete tucks are inserted into natural ropes, or until four com-
plete tucks are inserted into synthetic fiber ropes. The last strand must
go through the third strand on the other side of the rope.

An original round of tucks, plus two more complete rounds, is
enough for an ordinary eye splice. For synthetic fiber ropes, maintain
strand turns for the first two tucks to taper the splice.

Taper an eye splice similarly to a long splice by halving the strands
and tucking them securely. With large lines, whip the ends of the
strands before starting the splice; otherwise they will frazzle out and

Completed eye splice

Ficure 11.9 Making an eye splice. (Source: U.S. Army Field Manual, Army
Department, Washington, DC.)
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result in problems. Large lines must also be seized at the point where
unlaying stops or they will cause trouble working them.

Tapering is accomplished by cutting approximately 1/3 of the
fibers of each strand, tucking each strand over and under the rope
strands, cutting approximately half the remaining fibers of each
strand, and completing the final tuck before cutting the remaining
loose strands (approximately 2/3 and 1/3 of the fibers remain in the
last two tucks).

With any rope up to about 2 in. (50 mm) diameter, pull the strands
apart in the rope’s standing with fingers. For larger diameter ropes,
use a fid—a tapered and pointed tool made from maple, hickory, or
other hardwood.

Tucks Efficiency

With short and eye splices, four full tucks tapered to finish with one-
half and one-quarter tucks will give full efficiency. Medium-sized
and large ropes always require tapering the splice to obtain maxi-
mum strength. Where very heavy and rapidly fluctuating loads are
involved, increase the number of tucks as a safety measure.

To tuck any rope up to 2 in. (50 mm) diameter, open the strands in
a standing part with fingers; for larger ropes, use a fid. In addition,
with large rope it is necessary to whip the ends of the strands before
starting a splice, otherwise they will frazzle out and cause trouble.
Large lines must also be seized at the point where unlaying stops or
it will be difficult to work them.

Normal splices can be made on synthetic ropes, but because of
the smooth surface of the yarns, it is essential to insert extra tucks to
maintain full efficiency and prevent slippage. Care must also be taken
when splicing synthetic fiber rope to avoid losing the twist and to
maintain the form and lay of yarns and strands that will separate eas-
ily because of their smooth nature.

When tapering a splice, make sure to leave the yarn ends of the
strands with long tails, preferably not less than 1 in. or 2 in. (25 mm
or 50 mm), and simply seized to the finished rope.

Whipping Natural Fiber Rope

Fiber rope ends should be whipped (seized) to stop the rope from
unraveling. A common whipping requires no tools and the rope does
not need to be unlayed. The problem is that it will slide off the end of
the rope with little provocation and thus should not be used for rope
ends that will be handled. This is avoided in other whippings by
interleaving the whipping with the strands of the rope and creating
friction with the strands to avoid slipping (Fig. 11.10).

Natural fiber rope normally is whipped with twine—its size
dictated by the size of the rope. Artificial fiber ropes should
have their ends fused by heat rather than whipped to prevent
unraveling.
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Right through
the middle of
a strand

Wind turns toward Through the middle
@ the end sl of a strand again

Note:
use twine doubled
It is shown single

here for clearness
only.

Needle comes out
between two
strands is back

Last one comes out
@ through the middle
of a strand

Follow the groove Back again
@ back and pick up a @ and pick up
strand another

Fieure 11.10 Whipping (seizing) natural fiber rope. (Source: U.S. Army Field
Manual, Army Department, Washington, DC.)

A rope should be whipped a short distance (1%% times the diameter)
from its end. Begin the whipping by laying the head of the twine
along the rope and make a bight back along the rope. Wrap the twine
around the rope and bight of twine securely. Continue wrapping until
the whipping is 12 times wider than the rope is thick.

Slip the working end of the twine through the bight and carefully
pull on the standing end of the twine until the bight and working end
are pulled under the whipping. Normally it is not necessary to main-
tain tension on the working end to prevent the bight from being
dragged completely through and so destroying the whipping.

Cut the twine flush with the edges of the whipping and the rope
end not less than half its width from the whipping to give the rope
end a finished look.

11.3 Splicing Synthetic Fiber Rope

As with natural fiber rope, when fabricating a synthetic fiber rope
sling use splicing. Do not use knots, clips, or clamps. If thimbles do
not have ears, lash the thimbles to the rope to prevent rotation.
Splicing synthetic fiber rope is similar to that of Manila rope;
however, when splicing synthetic fiber rope friction tape should be
used instead of seizing stuff for whipping the strands and rope as
whipping tends to slip on the smooth synthetic fibers. And, because
it is smooth and elastic, nylon rope requires at least one tuck more
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than does manila rope. For heavy loads, a back tuck should be taken
with each strand.

For tuck splices in three- and eight-strand synthetic ropes, no less
than four full tucks must be used. Short splices contain at least eight
full tucks, four on each side of the center splice. Strand-end tails in all
tuck splices must not be trimmed short.

Synthetic rope slings have a minimum length of ten times the
rope diameter between the last tuck of tuck splices or between the
ends of the buried tails or strands of other types of splices. The diam-
eter and width of the bearing surface of the fitting can affect the
strength of the sling.

A distinct advantage of a sling made with nylon rope is that it can
hold a load even when many strands are abraded. Normally, when
abrasion is local, the rope may be restored to use by cutting away the
chafed section and splicing the ends. Chafing and stretching do not
necessarily affect the load-carrying ability of nylon rope.
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CHAPTER 12

Slings and Hitches

from a crane, hoist, or derrick. But, properly designing a piece

of hoisting equipment to safely lift a given load on a hook is
not the only problem that the rigger faces. The load must be secured
to the hook, and the attachment must be of adequate strength to lift
the load safely, thus the reason for using a sling and the need for
proper sling design.

The dominant characteristics of a sling are determined by the
components of that sling. For example, the strengths and weaknesses
of a wire rope sling are essentially the same as the strengths and
weaknesses of the wire rope of which it is made.

Slings are generally one of six types: natural fiber rope; synthetic
fiber rope; synthetic fiber web; wire strand rope or metal mesh; and
chain. In general, use and inspection procedures tend to place these
slings into three groups: fiber rope web, wire rope and mesh, and
chain.

Each type has its own particular advantages and disadvantages.
Factors to consider when choosing the best sling for the job include
the size, weight, shape, temperature, and sensitivity of the material to
be moved, as well as the environmental conditions under which the
sling will be used.

Rigging in its truest sense is the handling of loads suspended

12.1 Natural Fiber Rope Slings

Fiber rope slings are preferred for some applications because they are
pliant, grip the load well, and do not mar the surface of the load. They
should be used only on light loads, however, and must not be used on
objects that have sharp edges capable of cutting the rope or in appli-
cations where the sling will be exposed to high temperatures, severe
abrasion or acids, and caustics. They are used primarily for tempo-
rary work, such as painting jobs, and are the best choice for use on
expensive loads, highly finished parts, fragile parts, and delicate
equipment. Generally, fiber rope slings are discarded rather than ser-
viced or repaired. Operators must always follow the manufacturer’s
recommendations.

21
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The choice of rope type and size will depend on the application,
the weight to be lifted, and the sling angle. Before lifting any load
with a fiber rope sling make sure to inspect the sling carefully because
these slings deteriorate far more rapidly than wire rope slings and
their actual strength is very difficult to estimate.

Manila Rope Slings

Manila rope slings are used for the lightest loads; an endless
Manila rope looped into a noose around the object to be lifted is sat-
isfactory. Such a sling is inexpensive, lightweight, flexible, and easy
to handle. It can bend around the comparatively sharp edges of boxes
or crates, but should be padded when passing over the sharp
machined edges of metal parts. Even in some heavier jobs, such as
handling of steel shafts, which must not be scratched or burred,
Manila rope slings are useful (Table 12.1).

Fiber rope slings must be spliced in accordance with OSHA
minimum requirements, as well as any recommendations from the
manufacturer.

Because fiber rope deteriorates on contact with acids and caus-
tics, however, fiber rope slings must not be used around those sub-
stances unless the manufacturer specifically recommends them for
that use.

12.2 Synthetic Fiber Rope Web Slings

Synthetic web slings are used for rigging loads that must not be
marred or scratched, such as finely machined, highly polished, or
painted surfaces. These slings offer a number of advantages for rig-
ging purposes, including:

* Softness and bearing width. Having less tendency to crush fragile
loads.

o Flexibility. Tending to mold to the shape of the load, thus grip-
ping a load more securely.

o Elasticity. Tending to stretch under load and thus able to absorb
heavy shocks and to cushion loads.

o Long life. Not affected by moisture and certain chemicals.
The most commonly used synthetic web slings are made of nylon,

polyester, and polypropylene. They have a number of advantages
over slings made of other materials, including;:

* Strength. Ability to handle loads up to 300,000 lbs (136,363 kg);
having a design factor of 5.

o Convenience. Conform to any shape.
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Eye and eye sling

Endless sling

Basket hitch Basket hitch
Angle of rope to horizontal Angle of rope to horizontal
Nominal Minimum 90° 60° 45° 30° 90° 60° 45° 30°
di;r(r)xi‘:er, wlifgllxin::r :;Z ax.ll;&g, V:;Itl Choker Angle of rope to vertical V::_ltl Choker Angle of rope to vertical

in. 100 ft, Ib Ib hitch  hitch 0° 30° 45° 60° | hitch  hitch 0° 30° 45° 60°

Ya 7.5 2,650 550 250 1,100 900 750 550 950 500 1,900 1,700 1,400 950
Y6 10.4 3,450 700 350 1,400 1,200 1,000 700 1,200 600 2,500 2,200 1,800 1,200

L7 13.3 4,400 900 450 1,800 1,500 1,200 900 | 1,600 800 3,200 2,700 2,200 1,600

Y 16.7 5,400 1,100 550 2,200 1,900 1,500 1,100] 2,000 950 3,900 3,400 2,800 2,000

136 19.5 6,500 1,300 650 2,600 2,300 1,800 1,300] 2,300 1,200 4,700 4,100 3,300 2,300

s 22.5 7,700 1,500 750 3,100 2,700 2,200 1,500 2,800 1,400 5,600 4,800 3,900 2,800
1 27.0 9,000 1,800 900 3,600 3,100 2,600 1,800] 3,200 1,600 6,500 5,600 4,600 3,200
1%e 313 10,500 2,100 1,100 4,200 3,600 3,000 2,100; 3,800 1,900 7,600 6,600 5,400 3,800
1% 36.0 12,000 2,400 1,200 4,800 4,200 3,400 2,400| 4,300 2,200 8,600 7,600 6,100 4,300
1v4 41.7 13,500 2,700 1,400 5,400 4,700 3,800 2,700| 4,900 2,400 9,700 8,400 6,900 4,900
1% 47.9 15,000 3,000 1,500 6,000 5,200 4,300 3,000] 5,400 2,700 11,000 9,400 7,700 5,400
1% 59.9 18,500 3,700 1,850 7,400 6,400 5,200 3,700| 6,700 3,300 13,500 11,500 9,400 6,700
1% 74.6 22,500 4,500 2,300 9,000 7,800 6,400 4,500| 8,100 4,100 16,000 14,000 11,500 8,000
1% 89.3 26,500 5,300 2,700 10,500 9,200 7,500 5,300| 9,500 4,800 19,000 16,500 13,500 9,500
2 107.5 31,000 6,200 3,100 12,500 10,500 8,800 6,200 | 11,000 5,600 22,500 19,500 16,000 11,000
2V 125.0 36,000 7,200 3,600 14,500 12500 10,000 7,200 13,000 6,500 26,000 22,500 18,500 13,000
2V 146.0 41,000 8,200 4,100 16,500 14,000 11,500 8,200 15,000 7,400 29,500 25,500 21,000 15,000
2 166.7 46,500 9,300 4,700 18,500 16,000 13,000 9,300 16,500 8,400 33,500 29,000 23,500 16,500
2% 190.8 52,000 10,500 5,200 21,000 18,000 14,500 10,500 | 18,500 9,500 37,500 32,500 26,500 18,500

TaBLe 12.1 Rated Capacity of Manila Rope Slings, in Pounds (Safety Factor = 5)



220 Rigging Systems

Safety. Adjust to the load contour and hold it with a tight,
nonslip grip.

Load protection. Will not mar, deface, or scratch highly polished
or delicate surfaces.

Long life. Unaffected by mildew, rot, or bacteria and resist
some chemical action.

Economy. Low initial cost, long service life.
Shock absorbency. Absorb heavy shocks without damage.

Temperature resistance. Unaffected by temperatures up to 180°F
(82.2°C).

Because each synthetic material has unique properties, however,
synthetic fiber web slings should be used according to the manufac-
turer’s instructions, especially when dealing with chemically active
environments.

Nylon. Must be used wherever alkaline or greasy conditions
exist. It is also preferable when neutral conditions prevail and
when resistance to chemicals and solvents is important.

Dacron. Must be used where high concentrations of acid
solutions—such as sulfuric, hydrochloric, nitric, and formic
acids—and where high-temperature bleach solutions are prev-
alent. (Nylon will deteriorate under these conditions.) Do not
use Dacron in alkaline conditions because it will deteriorate;
use nylon or polypropylene instead.

Polyester. Must be used where acids or bleaching agents are
present; is also ideal for applications where a minimum of
stretching is important.

Synthetic fiber web slings must always be removed from service
if any defects exist, such as:

Acid or caustic burns

Melting or charring of any part of the surface
Snags, punctures, tears, or cuts

Broken or worn stitches

Wear or elongation exceeding the manufacturer’s recom-
mended amount

Distortion of fittings

12.3 Wire Rope Slings

Most slings used today are made of wire rope. Although they have
become the workhorses of the sling field, with exceptionally sound
safety features, wire rope slings must be chosen carefully for the
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services in which they are to be placed since they also have certain
limitations.

Like manila rope slings, however, wire rope slings should be pad-
ded where they bend over sharp edges of the load to be lifted. Although
load edges made of soft material such as wood crate or skid will not cut
the sling, individual wires are bent sharply and highly stressed—
possibly beyond their elastic limit, even before the live load is applied.

Wire rope is composed of individual wires that have been twisted
to form strands. The strands are then twisted to form a wire rope.
When wire rope has a fiber core, it is usually more flexible but less
resistant to environmental damage. Conversely, a core that is made of
a wire rope strand tends to have greater strength and is more resis-
tant to heat damage.

Wire rope slings are a basic material handling tool offering a strong,
dependable, and economical option for most lifting applications. Rela-
tive to other types of slings, however, wire rope slings are average in
strength/weight ratio, average in abrasion and cut resistance, poorest
in elongation and flexibility, and average for high temperatures.

Even so, their popularity is enhanced by the numerous sling con-
figurations available to support a broad range of applications, and
include:

e Single, double, triple, and quad leg slings. These can be designed
and fabricated within close tolerances to desired specifica-
tions. For safety purposes, it is essential that all fittings and
attachments carry a rated capacity equal to or greater than
that of the wire rope sling. Where this is not possible, the
rated capacity of the entire assembly must be downgraded to
the weakest component.

o Cable laid. Fabricated from a rope comprised of seven small
wire ropes; used where flexibility and resistance to kinking
are more important than resistance to abrasion. Since the rope
is made up of many smaller wire ropes, the sling can bend
around smaller diameters without taking a permanent set or
kink. The small wires, however, are susceptible to abrasion.

o Eight-part braided. Fabricated from eight pieces of smaller di-
ameter wire ropes, braided together to form one large sling;
commonly used for high capacity lifts; can be either flat or
round, snug tightly to a load in a choker hitch, resist kinking,
and offer the ultimate flexibility and versatility.

o Hand-tucked splice. Created by forming an eye and “tucking”
and “locking” a strand of the wire rope under other adjacent
strands. Although not as strong as mechanically spliced
slings, the absence of steel sleeves allows this sling to be eas-
ily removed from underneath loads. Caution, however, must
be exercised as hand-tucked splices may unravel if the sling
rotates during use.

22
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12.4 Sling Construction

Three configurations of fiber and wire rope slings are commonly used
for lifting a load.

Endless sling (grommet). Usually referred to simply by the term
sling, it can be made by splicing the ends of a piece of fiber line or
wire rope to form an endless loop.

Single-leg sling. Commonly referred to as a strap, it can be made by
forming a spliced eye in each end of a piece of fiber or wire rope.
Sometimes the ends of a piece of wire rope are spliced into eyes
around thimbles, and one eye is fastened to a hook with a shackle.
With this arrangement, the shackle and hook are removable.

The single-leg sling maybe used as a choker hitch in hoisting
by passing one eye through the other eye and over the hoisting
hook; also useful as a double-anchor hitch that works well for
hoisting drums or other cylindrical objects where a sling must
tighten itself under strain and lift by friction against the sides of
the object. Single-leg slings can be used to make various types of
bridle hitches.

Bridle hitch. Consists of two, three, or four single hitches used
together for hoisting an object. The hitch provides excellent load
stability when the load is distributed equally among each sling leg,
the load hook is directly over the center of gravity of the load, and
the load is raised. Using bridle slings requires that the sling angles
be carefully determined to ensure that the individual legs are not
overloaded.

NoTE: Itiswrong to conclude that a three- or four-leg bridle will safely lift
a load equal to the safe load on one leg multiplied by the number of legs.
This is because there is no way of knowing that each leg is carrying its
share of the load. With a four-legged bride sling lifting a rigid load, it is
possible for two of the legs to support practically the full load while the
other two legs only balance it.

Use manufacturer’s rated capacity for two-leg bridle slings as the
safe working load for three- or four-leg bridle hitches.

Wire Rope Sling Elements

Although wire rope slings are manufactured in a wide variety of con-
figurations, all can be identified in terms of just three elements,
described below.

* Type of sling—eye and eye, or endless

e Form of hitch—vertical, bridle, choker, or basket

o Angle of legs—vertical, included, or horizontal
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Types of Slings
Eye and eye. Made by forming an eye in each end of a length of wire
rope, using either a mechanical or a hand splice.

Endless (grommet). Made of either strand-laid or cable-laid con-
struction. Strand-laid grommets are formed from a single length of
wire strand that is laid or twisted helically around itself on each of
six successive loops, with the end tucked into the space where a
short length of the hem center has been removed. Cable laid grom-
mets are formed of six wire ropes laid around a wire core, with the
ends joined together by hand, or mechanically, forming an endless
body (Fig. 12.1).

Forms of Hitches

Vertical (straight). Permits the use of full-rated capacity of a sling in a
different link between load and lifting device. No load rotation, how-
ever, can be permitted with this type of sling, because there is a dan-
ger of the rope losing its twist or lay.

Measure from bearing to bearing

Eye and eye wire rope sling

(a)

When giving
length of sling,
be sure
to specify
circumferential

Endless grommet sling

(b)

Ficure 12.1 Basic types of fiber and wire rope slings. (a) Eye and eye
(Source: American Sling Company, Inc., Hurst, TX.); (b) endless
grommet (Source: Ashley Sling Inc., Atlanta, GA.)
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Vertical-sling hitch Choker-sling hitch
(2) (b)

Basket-sling hitches

(©)

Ficure 12.2 Basic forms of fiber rope sling hitches. (a) Vertical; (b) choker;
(c) basket. (Source: F.D. Lake, Grand Rapids Ml.)

Choker. Used to hold irregular or unbalanced loads securely.
Rated capacities, however, are reduced by 25 percent—as compared
to a straight attachment—since the noose configuration affects the
ability of the component wires and strands in the rope to adjust dur-
ing the lift, and thereby can actually damage the body at the point
of choke.

Basket. Used in pairs for better balance and greatest strength, dis-
tributing load evenly between the two ends of a sling. Since the
sling’s two ends are not vertical, however, lifting capacity may not be
double the capacity of a vertical hitch with the same sling (Fig. 12.2).

Bridle. Combination of two, three, or four single hitches, used
together for hoisting an object that has the necessary lifting attach-
ments (Fig. 12.3). Abridle hitch provides excellent load stability when
the load is distributed equally among the legs, with the hook located
directly over the center of gravity of the load. Its use, however,
requires that sling angles be determined carefully to ensure that indi-
vidual legs are not overloaded.

Angle of Hitch Legs
Unless the sling angle is stated, the lifting capacities are misleading
because the capacity of a sling leg is reduced as the rigging angle is
reduced (Table 12.2).

Whenever possible, sling angles should be greater than 45° from
the horizontal; use of any sling with legs at angles less than 30° from
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Type 222 Type 333 Type 444

Three leg Four leg
(b) ()

Ficure 12.3 Wire rope bridle slings. (a) Two leg; (b) three leg; (c) four leg.
(Source: Safety Sling, Pittsburgh, PA.)

the horizontal is extremely dangerous and not recommended because
of effect on the load that would result from an error in sling angle
measurement of as little as 5° (Fig. 12.4).

Comparing the rated capacities of a sling on the manufacturer’s
charts readily indicates the loss of capacity between a straight sling
with one vertical leg and a sling with angled legs.

Rigging the lifting device close to the load, thereby increasing
the angle at which the sling legs are spread (the included angle),

Sling | Sling | Sling | Sling
angle | angle | angle | angle
(A) | factor | (A) | factor

90° | 1.000 | 55° |0.819

L H 85° | 0.996 | 50° |0.766
80° | 0.985 | 45° |[0.707
A Left 75° | 0.966 | 40° |0.643
,— point
70° | 0.940 | 35° |0.574
—D—»

Load 65° | 0.906 | 30° |0.500

60° | 0.866

To calculate the reach for equal legs needed to rig at a 45° or 60° angle
Reach at 45°: L =1.4 x D Reach at60°: L=2xD

Source: ED. Lake, Grand Rapids, ML

TaBLE 12.2 Estimating Lift Angle of Basket and Bridle Hitches
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(a) (b) (c)

Ficure 12.4 Stresses induced in multilegged slings due to angle between
legs. (Source: Wire Rope Works Inc. (formerly Paulsen Wire Rope Corp.),
Williamsport, PA, www.wireropeworks.com.)

sharply increases the tension placed on the legs of a sling. Although
the length and width of the load, the sling length, and the avail-
able headroom will determine the sling angle that can be used to
lift a particular load, it is imperative that the sling-leg angle be
kept as large as possible.

A sling-leg angle less than 30° is neither economical nor good
practice. Such angles not only build up the tension in the sling legs
out of all proportion to the weight of the load, they also create a
much greater “in pull” on the ends of the load, thus producing an
eccentrically loaded column effect (long, slender objects have a ten-
dency to buckle).

Rule of thumb: When the sling leg angle (as measured from the
horizontal) is:
60°—the lifting capacity is reduced by about 15 percent
45°—the lifting capacity is reduced by about 30 percent
30°—the lifting capacity is reduced by about 50 percent

Never assume that a three- or four-leg hitch will safely lift a load
equal to the safe load on one leg multiplied by the number of legs.
There is no way of knowing that each leg is carrying its share of the
load—two loads may take the full load, while the other legs serve
only to balance the load.
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12.5 Alloy Steel Chain Slings

Chain slings can be manufactured using permanent, welded cou-
pling links, or if preferred, mechanical coupling links for quicker
“in the field” assemblies. Either way, the sling must have an attached
identification tag providing the grade, size, reach, type of sling,
working load limit at a specific angle of lift, and serial number.

Relative to other types of slings, chain slings have the poorest
strength/weight ratio, best abrasion and cut resistance, average
elongation and shock resistance, best flexibility, and best resist-
ance to high temperature. They are commonly used because of
their strength and ability to adapt to the shape of the load. They
should be used to lift heavy objects with sharp edges that could
cut wire or are hot.

Only alloy steel chains must be used for overhead lifting opera-
tions. They are flexible, durable and long lasting, ductile, easy to
inspect, collapsible for convenient storage, and will adhere securely
to the contours of a load. Although chain slings have little flexibility,
they grip the load well.

Despite giving no warning of failure, chain still is better suited for
some jobs because it is more resistant to abrasion, corrosion, and heat.
In particular, chain slings are the best choice for lifting very hot
materials. They can be heated to temperatures up to 1000°F (637.78°C).
When alloy chain slings are consistently exposed, however, to serv-
ice temperatures in excess of 600°F (315.6°C), operators must reduce
the working load limits in accordance with the manufacturer’s
recommendations.

Care should be taken when using alloy chain slings because they
are subject to damage by sudden shocks. Misuse of chain slings could
damage the sling, resulting in sling failure and possible injury to an
employee.

12.6 Selecting Proper Slings

Slings must be selected in accordance with their intended use, based
on the size and type of load, and the environmental conditions of the
workplace.!

* Determine weight. Make sure that the load to be lifted is known.
If not, take proper steps to ensure the sling has more than
adequate rated capacity.

e Decide on hitch. Make sure that the hitch accommodates the
load’s shape and size as well as its weight. Selection must

1Source: Wire Rope Producers Committee of the American Iron and Steel
Institute, Washington, DC.
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take into consideration any possible physical damage to the
load as well as providing a positive attachment. The hitch
chosen may affect the choice of sling construction.

Check lifting device. Make sure that the lifting device has suf-
ficient capacity, is in proper working condition, and provides
the maneuverability required once the load is hoisted, and
that the sling fits on this device.

Consider room to lift. Make sure that the lifting device has
sufficient head room to pick up the load and handle it when
the length of the sling is added to the hook.

Determine sling length. Make sure to use the longest sling
possible for completing the lift, since the longest sling will
provide the smallest angle of spread between the legs for
minimum stress on the sling.

Check rated capacity. Ascertain the sling’s safe working load
capacity. Do not guess. Use the manufacturer’s rated capacity
chart. Double-check that the sling length, type, and diameter
chosen, when rigged at the selected angle, will accommodate
the load to be lifted.

Determine leg configuration. Make sure to use the correct leg con-
figuration. Whether to use a single-part sling (one rope) or a
multipart sling (several ropes) involves the handling character-
istics of the sling more than any other factor. Considering the
capacity alone, multipart slings will be more flexible, more eas-
ily handled, than single-part slings, and will often provide the
only practical means for handling extremely heavy lifts.
Estimate the proper angle between the leg of the sling and
the load.
Select the proper fittings (hooks, master rings, etc.).
Determine the overall reach (measured from the bearing
point on the master link to the bearing point of fitting).
Choose chain size that meets the required work load,
angles, and reduction factor.
Choose the grade, type, and finish of steel that meets job
requirements.

12.7 Safe Working Loads for Slings

Formulas for estimating loads in most sling configurations are based

on the safe working loads (SWL) of the single-vertical hitch of a par-

ticular sling. The efficiencies of the end fittings used also have to be

considered when determining the capacity of the combination.
Bridle hitch—with two, three, or four legs:

SWL=SWL, x H/L x 2
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Leg angle A Reduction
A 30° 14%
45° 30%
60° 50%
75° 75%

TaBLe 12.3 Reduction in Lifting Capacity When
Lifting with Basket Hitch

where SWL, = for single-vertical hitch
H =height
L =1length

When the sling legs are not of equal length, use the smallest
H/L measurement. This formula is for a two-leg bridle hitch, but
its use is strongly recommended also for the three- and four-leg
hitches (Table 12.3).

NoOTE: Never assume that a three- or four-leg hitch can safely lift a load
equal to the safe load on one leg multiplied by the number of legs.!

Single-basket hitch:

Vertical legs: SWL=SWL, x2
Inclined legs: SWL=SWL, x H/4

Double-basket hitch—angles of 45° or more:
SWL=SWL, x3/4 (or .75) x H/L x 2

Angles of less than 45° generally are not recommended; however, if
they are used:

SWL=SWL, x A/Bx H/Lx2

NoOTE: Make sure when lifting heavy loads that the bottoms of the sling
legs are fastened to the load to prevent damage to the load.

Many pieces of equipment have eyes fastened to them during the
process of manufacture to aid in lifting. With some loads, though,
fastening a hook to the eye on one end of each sling leg suffices to
secure the sling to the load. Use a protective pad when a fiber line or

'Source: Safe Working Loads for single vertical hitch (SWLv) listed
under OSHA—Guidance on Safe Sling Use — Tables 1 through 26.
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Slip
noose Two end bridle sling Three-end bridle sling
When angle is When angle is
Size of rope 75° 60° 45° 75° 60° 45°
¥s 3,200 3,000 2,800 2,200 4,600 4,200 3,400
Va 5,400 5,200 4,800 4,000 7,800 7,200 6,000
Y 8,400 8,000 7,200 6,000 12,000 10,800 9,000
Ya 12,000 11,400 10,200 8,400 17,000 15,400 12,600
¥ 16,000 16,000 14,000 11,400 24,000 21,000 17,200
1 22,000 20,000 18,000 15,000 30,000 26,000 22,000
1% 26,000 26,000 23,000 19,000 40,000 36,000 28,000
1Ys 32,000 32,000 28,000 23,000 48,000 42,000 36,000
1% 40.000 38,000 34,000 28,000 58,000 52,000 42,000
12 46,000 44,000 40,000 32,000 66,000 60,000 48,000

Source: AMHOIST—American Hoist & Derrick Co.

TaBLe 12.4 Safe Working Loads for Typical Slings, in Pounds

wire rope sling is exposed to sharp edges at the corners of a load.
Pieces of wood or old rubber tires are fine for padding (Table 12.4).

To ensure safe use of slings between scheduled inspections, each
operator should keep a close watch on those slings being used. If any
accident involving the movement of materials occurs, the operator
must immediately shut down the equipment and report the accident
to a supervisor.

The cause of the accident must be determined and corrected before
resuming operations.

Sling Angle

The rated capacity of any sling depends on the size, the configura-
tion, and the angles formed by the legs of the sling and the horizontal.
Assling with two legs, used to lift a 1000-Ib object, will have 500 lbs of
the load on each leg when the sling angle is 90°. The load stress on
each leg increases, however, as the angle decreases.

For example, if the sling angle is 30° when lifting the same 1000-Ib
object, the load is 1000 Ibs on each leg. Try to keep all sling angles
greater than 45°. Avoid sling angles approaching 30°—they are
considered hazardous (Table 12.5).

REMEMBER: When using slings, the greater the angle from the vertical
the greater the stress on the sling legs.
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Largest angle between Capacity reduction
any leg and vertical* factor (cosine)

0° 1.000

5° 0.996
10° 0.985
15° 0.966
20° 0.940
25° 0.906
30° 0.866
35° 0.819
40° 0.766
45° 0.707
50° 0.643
55° 0.574
60° 0.500
65° 0.423
70° 0.342
75° 0.259
80° 0.174
85° 0.087
90° 0.000

*Normally a sling should not be used when the vertical angle exceeds 45°.

Source: Paulsen Wire Rope Corporation.

TaBLe 12.5 Sling Capacity Reduction Factors

12.8 Safe Lifting Practices with Slings

Each lifting job varies in size, shape, weight, and the location of lift
points for sling attachment. A good rigger must learn to recognize the
difference between a good hitch and an unsafe one, know where and
how to attach a sling, and be able to anticipate how a load will react
when lifted onto the sling. Improper rigging is not only hazardous it
can be costly and damaging to both the load and the sling.

The rigger must exercise intelligence, care, and common sense in
selecting a sling in accordance with the sling’s intended use, based on
the size and type of load and the environmental conditions of the
workplace. All slings must be visually inspected before use to ensure
that there is no obvious damage.

Awell-trained rigger can prolong the service life of equipment and
reduce costs by avoiding the potentially hazardous effects of overload-
ing equipment, operating it at excessive speeds, taking up slack with a
sudden jerk, and suddenly accelerating or decelerating equipment.

The operator must look for causes and seek corrections whenever
a danger exists, and should cooperate with coworkers and supervi-
sors and become a leader in carrying out safety measures—not merely
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for the good of the equipment and the production schedule, but more
importantly, for the safety of everyone concerned.

There are four primary factors the operator must consider to lift a
load safely:

1. Size, weight, and center of gravity of the load. To make a level lift,
the crane must be directly above the load’s center of gravity,
that point at which the entire weight may be considered as
concentrated. While slight variations are usually permissible,
if the crane hook is too far to one side of the center of gravity,
dangerous tilting will result causing unequal stresses in the
different sling legs. This imbalance must be compensated
immediately.

2. Number of legs and angle the sling makes with the horizontal line.
As the angle formed by the sling leg and the horizontal line
decreases, the rated capacity of the sling also decreases—that
is, the smaller the angle between the sling leg and the
horizontal, the greater the stress on the sling leg and the
smaller (lighter) the load the sling can safely support; larger
(heavier) loads can be safely moved if the weight of the load
is distributed among more sling legs.

3. Rated capacity of the sling. This varies depending on the type of
sling, the size of the sling, and the type of hitch. Operators
must know the capacity of the sling. Sling manufacturers
generally make available charts or tables that contain this
information. The values given are for new slings. Older slings
must be used with additional caution. Under NO circum-
stances shall a sling’s rated capacity be exceeded.

4. History of sling’s care and use. Mishandling and misuse of
slings are the leading causes of sling-related accidents. The
majority of injuries and accidents, however, can be avoided
by operators becoming familiar with the essentials of proper
sling care and use.

Proper care and use are essential for maximum service and safety.
Slings must be protected with cover saddles, burlap padding, or
wood blocking as well as from unsafe lifting procedures such as over-
loading to prevent sharp bends and cutting edges.

Before making a lift, check to be certain that the sling is properly
secured around the load and that the weight and balance of the load
have been accurately determined. If the load is on the ground, do not
drag the load along the ground. This could damage the sling. If the
load is already resting on the sling, ensure that there is no sling dam-
age prior to making the lift.

Next, position the hook directly over the load and seat the sling
squarely within the hook bowl. This gives the operator maximum
lifting efficiency without bending the hook or overstressing the sling.
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Wire rope slings also are subjected to damage resulting from contact
with sharp edges of the loads being lifted. These edges can be blocked
of padded to minimize damage to the sling.

After the sling is properly attached to the load, a number of good
lifting techniques common to all slings include the following;:

* Make sure that the load is not lagged, clamped, or bolted to
the floor.

¢ Guard against shock loading by taking up the slack in the
sling slowly; apply power cautiously to prevent jerking at the
beginning of the lift, and slowly accelerate or decelerate.

e Check the tension on the sling, raise the load a few inches,
stop, then check for proper balance and that all items are clear
of the path of travel.

e Never allow anyone to ride on the hood or load.

¢ Keep all personnel clear while the load is being raised, moved,
or lowered; crane or hoist operators should watch the load at
all times when it is in motion.

e Never allow more than one person to control a lift or give
signals to a crane or hoist operator except to warn of a
hazardous situation.

¢ Never raise the load more than necessary.
¢ Never leave the load suspended in the air.
e Never allow a worker (or anyone else) to ride a suspended load.

Once the lift has been completed, clean the sling; check it for dam-
age, and store it in a clean, dry airy place—on a rack or wall.

REMEMBER: Damaged slings cannot lift as much weight as new or older
well-cared slings. Proper and safe use and storage of slings will increase
their service life.

Center of Gravity

It is extremely important that everyone involved in the lifting and
transporting of loads be familiar with the fundamentals of statics
and the effect of the center of gravity of a body in relation to the
lifting point, or the distribution of forces in the sling and body
(Fig. 12.5).

For example, in a uniform, rectangular load the center of gravity
is directly beneath the intersection of the diagonals. As a rule of
thumb, when an irregular-shaped object is to be lifted, it is helpful to
visualize the load as “enclosed” by an imaginary rectangle, and the
center of gravity can be perceived as a point where diagonals of this
imaginary rectangle intersect.
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Ficure 12.5
Compensating for
center of gravity in
irregularly shaped
objects. (Source:
Wire Rope Works
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Keep in mind, however, that such a general rule cannot apply to
objects that have weight concentrated at one end or side. The effects
of such forces in equilibrium include the following;:

Center of gravity is under the crane hook. The angles of lift are
equal and each sling leg is carrying the same load.

Center of gravity is not in line with the point of lift. This requires
the use of unequal leg lengths to put the center of gravity
under the point of lift and balance the load. The rated capacity
of the sling must be based on the smallest horizontal angle.

Center of gravity of the load is above the points of attachment.
When lifted, the load will rotate to bring the center of gravity
to the lowest point. Whenever possible, have the points of
attachment above the center of gravity of the load.

With a two-legged sling, the load will tilt and possibly slip from
hooks unless precisely balanced.

With a three-legged sling the third leg provides stability. One leg,
however, is carrying half the weight of the load, and the
capacity should be based on a two-legged sling at some
horizontal lift angle.

With a four-legged sling there is good stability with the load if
equally distributed on each leg.


www.wireropeworks.com
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o When the load is lifted by a sling, the legs of the sling will exert
lifting forces on the load to raise it. The legs will also exert
other forces, which are horizontal components of the loads
on the sling legs. The forces, however, can crush or deform
the load if it cannot withstand these. Therefore, when frag-
ile loads are involved, a spreader beam is recommended
(Fig. 12.6).

The center of gravity is the point in a load at which all the weight
can be said to be concentrated during a lift. It acts downward to bring
the load to a position of equilibrium directly below the lifting hook,
even though the load may not be level.

Before attempting to lift a load that may be much heavier on
one end than on the other, or where eyebolts or lifting lugs may
not have been located with respect to the center of gravity of the
load, the rigger must estimate the location of the load’s center of
gravity and spot the crane hook directly over this theoretical
point (Fig. 12.7).

AFTER ADJUSTING SLING TO
PROPER LENGTH, INSTALL A
CABLE CLIP AT THIS POSITION

-
CENTER O|F GRAVITY

Ficure 12.6 Center of gravity not midway between hitch points; unequal
legs.
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Fieure 12.7 Proper hitch for turning a load on its side.

12.9 Care and Maintenance of Slings!

When not in use, all slings should be hung up in an orderly manner
on special hooks or brackets to keep them as straight as practicable.

All slings should be inspected periodically and condemned when
found to be in an unsafe condition. Inspect all slings in service daily,
and remove from service a sling that shows defect, including:

e Abnormal wear

e Powdered fiber between strands

e Broken or cut fibers or strands

e Variation in size or roundness of strands
¢ Discoloration or rotting (fiber rope)

¢ Distortion of sling hardware

Fiber ropes and synthetic webs are generally discarded rather
than serviced or repaired. Operators must always follow the manu-
facturer’s recommendations.

Protect all slings from sharp corners by using wooden blocks and
pads at lift contact points. (A protective pad should be used any time
a sling passes around a sharp corner.) Examine every sling visually
from end to end before every lift. And examine them carefully to
determine that the slings are in as new condition as practicable before
each lift. Remember, the manufacturer’s capacity applies only to a
new sling in unused condition.

1Source: LiftAll Co. Inc., Landsville, PA.
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When slings and rigging are initially broken out for field use,
they must be proof-tested and tagged before being returned for stor-
age. Care in the use and handling of slings will prolong their opera-
tional life significantly. Factors that affect the strength of slings
include:

Abuse. Avoid abusing slings by actions such as dragging
them on the ground through oil, chemicals, or water; run-
ning over them with vehicles; contact with flying welding
or burning slag; or unnecessary exposure to ultraviolet rays
from sunlight.

External damages. Primary causes of sling failure are the
cutting of synthetic slings and the nicking or gouging of steel
and chain slings. These damages are usually caused by sharp
or small diameter load edge against the sling.

Improper loading. Shock loading, unbalanced loading, over-
loading, and inadequate consideration for the effect of angle
factors can adversely affect safety. Make sure the load weight
is within the rated capacity of the sling(s) being used for both
type of hitch and angle of lift.

Temperature. Avoid loads and environments where tempera-
tures exceed the limits of the slings being used. All slings can
be damaged by excessive heat.

Punctures and abrasions. Sling strength is seriously degraded
from punctures (synthetic fiber ropes) and abrasion (fiber
and wire ropes). Rough load surfaces and dragging slings on
the ground will damage all slings—fiber as well as wire ropes.
Use proper padding between slings and rough loads; and
never drag slings on the ground or over concrete floors.

Foreign matter. Material such as metal strips and heavy grit
can damage web slings, externally and internally. And, both
synthetic and steel slings can be damaged by weld spatter
and heat from a welding torch. Avoid contact with foreign
matter whenever possible.

Ultraviolet light. Nylon and polyester web slings are adversely
affected by prolonged exposure to UV light (sunlight or arc
welding). Inspect and remove slings that appear bleached
and stiff.

Improper storage. Even in storage, synthetic and steel slings
can degrade if not kept in clean, dry conditions.
Wire rope slings and associated hardware should be stored
either in coils or on reels, hung in the rigging loft, or laid
on racks indoors to protect them from corrosive weather
and other types of damage, such as kinking or being
backed over.
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Web slings should be stored properly, when not in use,
hanging on pegs or on a rack in a dark area to avoid
unnecessary sunlight UV degradation. Never leave slings
out at the end of the workday:.

o Chemical environment. Slings exposed to certain chemicals, or to
vapors of chemicals and paints, can lose some or all of their
strength. Check with the sling manufacturer before using
slings in a chemical environment to assure sling compatibility.

12.10 Inspection of Slings

The operator or person in charge (or both) must visually inspect
slings selected for the job for obvious unsafe conditions—before,
during, and after each use. Determining to remove slings from ser-
vice, however, requires experience and good judgment, especially
when evaluating the remaining strength in a sling—after allowing
for normal wear. The safety of the sling depends primarily on the
remaining strength.

Proper usage and knowledge of slings is an essential safety factor
for all sling usage. Never use a repaired or reconditioned fiber rope
lifting sling; and never use a sling without inspecting it prior to each
use. Frequency of fiber sling inspections should be based on fre-
quency of use, severity of service conditions, and experience with
service life of slings used in similar applications.

¢ [Initial inspection. Before any new sling is placed in service, it
should be inspected to insure that the correct sling is being
used, as well as to determine that the sling meets the require-
ments of the manufacturer’s specifications.

o Frequent inspection. The person handling the sling each time it
is used should make this inspection.

e Periodic inspection. Should be conducted at least monthly by a
designated person.

Possible Defects
A fiber sling should be removed from service if any defects are visi-

ble, such as:
e Acid of alkali burns
¢ Melting, charring, or weld splatter on any part of the sling
e Holes, tears, cuts, snags, or embedded particles
e Broken or worn stitching in load bearing splices
o Excessive abrasive wear

¢ Knots in any part of the sling
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Always refer to the sling manufacturer’s SWL tables when selecting a
sling. Formulas, providing approximate usable values for estimating
the loads on the most common configuration, are based on the SWL

Slings and Hitches

¢ Distortion and excessive pitting or corrosion or broken fittings

e Other apparent defects that cause doubt as to the sling’s

strength

e Missing sling-rated capacity, or not readable sling material

identification.

Safe Working Load Formulas

of the single vertical hitch of that sling and include:

Choker hitches and bridle hitches—For two-, three-, and four-leg

hitches

SWL=SWL x H/Lx2

Choker hitches—Single, angles greater than 45°

SWL=SWL x3/4
Choker hitches—Double, angles greater than 45°
SWL =SWL x 3/4x H/Lx2
Basket hitches—Single, vertical legs
SWL=SWL x2
Basket hitches—Single, inclined legs
SWL=SWL x3/4xH/Lx2
Basket hitches—Double, vertical legs

SWL=SWL, x 4

Basket hitches—Double, inclined legs

SWL=SWL, x H/L x4

Endless slings and grommets

SWL =2 x values for previous configurations
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where SWL = safe working load
SWL, = safe working load, single vertical hitch
L =length of sling legs
H =headroom between hook and load

Each formula for a given sling configuration, material, and size is
based on the SWL of the single vertical hitch of that sling. Make sure
the efficiencies of end fitting used are also taken into account when
determining the capacity of the combination.

Regulations and Standards

OSHA Regulations
1910 Subpart N  Materials Handling and Storage
1910.176 Handling Materials, General Regulations
1910.184 Slings

U.S. Consensus Standards
ANSI/ASME B30.9 — 2006
Safety Standards for Synthetic Rope
Slings
Safety Standards for Round Slings

ASTM A906/A906M  Standard Specifications for Grade 80 and Grade
100 Alloy Steel Chain Slings

Industry Consensus Standards and Guidelines

Fiber Rope Technical Information and Application Manual — The
Cordage Institute



CHAPTER 13

Fiber Rope Slings
and Synthetic Fiber
Web Slings

type of slings in rigging, fiber rope slings have their proper

place on rigging jobs—for lifting comparatively light loads
and on temporary work. Natural and synthetic fiber rope slings,
except wet frozen slings, may be used in temperatures that range
from —20°F to + 180°F (-28.9°C to + 82.2°C) without decreasing the
working load limit.

ﬁ Ithough today wire rope slings are the most commonly used

e Follow the sling manufacturer’s recommendations for opera-
tions outside this temperature range, and for wet frozen slings.

e Store fiber and synthetic rope slings by hanging on hooks or
brackets.

e Never splice these slings; only the manufacturer must make
alterations to slings.

13.1 Fiber Rope Slings

Fiber rope slings are preferred for some applications because they are
pliant, they grip the load well, and they do not mar the surface of the
load (Table 13.1). Manila rope slings, however, should be used only
on light loads and must not be used on objects that have sharp edges
capable of cutting the rope or in applications where the sling will be
exposed to high temperatures, severe abrasion, or acids.

Sling Selection

The choice of rope type and size will depend on the application, the
weight to be lifted, and the sling angle. Before lifting any load with a
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4 A

Eye and eye sling

Endless sling

Basket hitch
Angle of rope to horizontal

Basket hitch

Angle of rope to horizontal

Nominal Minimum 90°  60°  45°  30° 90°  60°  45°  30°
diameter, wlg?;;:tn:ir mh% Ve Choker __Anele of rope to vertical | Ver! Choker ___Angle of rope to vertical
in, 100 ft, 1b b hitch hitch  0°  80°  45°  60° | hitch hitch  0°  30°  45°  60°
va 75 2,650 550 250 1,100 900 750  550| 950 500 1,900 1,700 1,400 950
%e 104 3,450 700 350 1400 1,200 1,000 700| 1,200 600 2,500 2,200 1,800 1,200
% 13.3 4,400 900 450 1,800 1,500 1,200 900| 1,600 800 3200 2700 2200 1,600
% 16.7 5,400 1,100 550 2200 1900 1,500 1,100| 2,000 950 3,900 3,400 2,800 2,000
We 195 6,500 1,300 650 2,600 2,300 1800 1300 2,300 1200 4700 4,00 3,300 2,300
% 22.5 7,700 1,500 750 3,100 2,700 2,200 1,500 2,800 1,400 5600 4800 3,900 2,800
1 27.0 9,000 1,800 900 3,600 3,100 2,600 1,800 3,200 1,600 6500 5600 4,600 3,200
e 313 10,500 2100 1,100 4200 3,600 3,000 2100| 3,800 1900 7,600 6600 5400 3,800
1% 36.0 12,000 2400 1,200 4800 4,200 3,400 2400| 4,300 2200 8,600 7,600 6100 4,300
1% 417 13,500 2700 1400 5400 4,700 3,800 2,700| 4,900 2400 9,700 8400 6900 4,900
1% 479 15,000 3000 1,500 6,000 5200 4,300 3,000| 5400 2,700 11,000 9400 7,700 5,400
1% 59.9 18,500 3700 1,850 7,400 6400 5200 3,700| 6,700 3,300 13,500 11,500 9,400 6,700
1% 74.6 22,500 4500 2,300 9,000 7,800 6,400 4,500 8,100 4100 16,000 14,000 11,500 8,000
1% 89.3 26,500 5300 2,700 10,500 9,200 7,500 52300| 9,500 4,800 19,000 16,500 13,500 9,500
2 107.5 31,000 6,200 3,100 12,500 10,500 8,800 6,200 11,000 5600 22,500 19,500 16,000 11,000
2%  125.0 36,000 7,200 3,600 14,500 12,500 10,000 7,200 | 13,000 6,500 26,000 22,500 18,500 13,000
W 146.0 41,000 8,200 4,100 16,500 14,000 11,500 8200 | 15,000 7,400 29,500 25,500 21,000 15,000
%  166.7 46,500 9,300 4,700 18,500 16,000 13,000 9,300 | 16,500 8400 33,500 29,000 23,500 16,500
2%  190.8 52,000  |10,500 5200 21,000 18,000 14,500 10,500 |18,500 9,500 37,500 32,500 26,500 18,500

TaBLe 13.1 Rated capacity of Manila Rope Slings, in Pounds (Safety Factor = 5)
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fiber rope sling, be sure to inspect the sling carefully because fiber
rope slings deteriorate far more rapidly than wire rope slings and
their actual strength is very difficult to estimate.

Always check fiber rope slings before using them:

Surfaces for dry, brittle, scorched, or discolored fibers—signs
of possible damage that requires further analysis.

Interior of the sling, which should be as clean as when the
rope was new.

Fibers, when scratched should NOT come apart easily, which
would indicate possible chemical damage.

13.2 Synthetic Fiber Web Slings

Synthetic webbing slings are widely used for rigging loads that must
not be marred or scratched, such as finely machined, highly polished,
or painted surfaces. These webbing slings offer a number of advan-
tages over slings made of other materials.

Softness and bearing width. Less tendency to crush fragile
loads.

Elasticity. Tends to stretch under load, able to absorb heavy
shocks and cushion loads.

Strength. Ability to handle loads up to 300,000 Ib (136,363 kg).

Flexibility. Tends to mold to the shape of the load, gripping a
load more securely.

Safety. Adjusts to the load contour and holds it with a tight,
nonslip grip.

Load protection. Will not mar, deface, or scratch highly polished
or delicate surfaces.

Long life. Unaffected by mildew, rot, or bacteria; and resists
some chemical action.

Economy. Low initial cost, plus a long service life.
Shock absorbency. Absorbs heavy shocks without damage.

Temperature resistance. Unaffected by temperatures up to 180°F
(82.2°C).

Each synthetic material has its own unique properties.

Nylon

The most popular and best general-purpose synthetic webbing
slings are made of nylon, which must be used wherever alkaline or
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greasy conditions exist. It is also preferable when neutral conditions
prevail and when resistance to chemicals and solvents is important.
Nylon slings are unaffected by grease or oil and have good chemical
resistance to aldehydes, ethers, and strong alkalies. Nylon slings,
however, should not be used with acids and bleaching agents; and
they are not suitable for use at temperatures that exceed 250°F
(121°C). The stretch-rated capacity is approximately 10 percent
(Table 13.2).

Dacron

This synthetic fiber sling must be used where high concentrations of
acid solutions—such as sulfuric, hydrochloric, nitric, and formic
acids—and where high-temperature bleach solutions are prevalent.
(Nylon will deteriorate under these conditions.) Do not use Dacron in
alkaline conditions, however, because it will deteriorate; use nylon or
polypropylene instead. Polyester must be used where acids or bleach-
ing agents are present and is also ideal for applications where a mini-
mum of stretching is important.

Polyester

Whenever acid conditions are present and a minimum stretch is
desired, use polyester webbing slings. They are unaffected by
common acids and hot bleaching solutions, but they should not be
used with concentrated sulfuric acid and alkaline conditions. Poly-
ester slings are not suitable for use at temperatures that exceed
250°F (121°C) The stretch-rated capacity is approximately 3 percent
(Table 13.3).

Polypropylene
Use polypropylene webbing slings whenever acid or alkaline condi-
tions exist, since the fibers are not affected by these conditions. These
fibers, however, are not suitable for use at temperatures exceeding
180°F (100°C). The stretch-rated capacity is approximately 10 percent,
as it is for nylon (Table 13.4).

All synthetic webbing slings have a 5:1 design factor. For specific
applications, they are available with protective coatings:

e Latex. Seals out moisture and dirt; reduces the effects of
abrasion.

e Neoprene. Increases wear resistance and the sling’s coefficient
of friction for a firmer grip.

o Polyurethane. Increases sling life, by as much as five times that
of untreated fabrics, and the coefficient of friction to provide
greater gripping power.
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Eye and eye sling

Endless sling

Basket hitch Basket hitch
Angle of rope to horizontal Angle of rope to horizontal
Minimum 90° 60° 45° 30° 90° 60° 45° 30°
r(ﬁ)oem(;i!;?rlx- wi?gltn}ir ::xi?lk;lf V:';]tl Choker Angle of rope to vertical V:ltl Choker Angle of rope to vertical
eter, in, 100 ft, Ib Ib hitch  hitch 0° 30° 45° 60° hitch  hitch 0° 30° 45° 60°
Yo 6.5 6,080 700 350 1,400 1,200 950 700 | 1,200 600 2,400 2,100 1,700 1,200
e 8.3 7,600 850 400 1,700 1,500 1,200 850 [ 1,500 750 3,000 2,600 2,200 1,500
% 10.5 9,880 1,100 550 2,200 1,900 1,600 1,100{ 2,000 1,000 4,000 3,400 2,800 2,000
Y 14.5 13,490 1,500 750 3,000 2,600 2,100 1,500] 2,700 1,400 5400 4,700 3,800 2,700
1% 17.0 16,150 1,800 9060 3,000 3,100 2,600 1,800| 3,200 1,600 6,400 5,600 4,600 3,200
s 20.0 19,000 2,100 1,100 4200 3,700 3,000 2,100( 3,800 1900 7,600 6,600 5400 3,800
1 26.0 23,750 2,600 1,300 5,300 4,600 3,700 2,600 4,800 2,400 9,500 8,200 6,700 4,800
1% 29.0 27,360 3,000 1,300 5,100 5,300 4,300 3,000 5500 2,700 11,000 9,500 17,700 5,500
1vs 34.0 31,350 3,500 1,700 7,000 6,000 5,000 3,500 6,300 3,100 12,500 11,000 8,900 6,300
1V, 40.0 35,625 4,000 2,000 7,900 6,900 5,600 4,000 7,100 3,600 14,500 12,500 10,000 7,100
1% 45.0 40,850 4,500 2,300 9,100 7,900 6,400 4,500 8,200 4,100 16,500 14,000 12,000 8,200
1% 55.0 50,350 5,600 2,800 11,000 9,700 7,900 5,600(10,000 5,000 20,000 17,500 14,000 10,000
1% 68.0 61,750 6,900 3,400 13,500 12,000 9,700 6,900| 12,500 6,200 24,500 21,500 17,500 12,500
1% 83.0 74,100 8,200 4,100 16,500 14,500 11,500 8,200 | 15,000 7,400 29,500 27,500 21,000 15,000
2 95.0 87,400 9,700 4,900 19,500 17,000 13,500 9,700( 17,500 8,700 35,000 30,500 24,500 17,500
2vs 109.0 100,700 11,000 5,600 22,500 19,500 16,000 11,000 (20,000 10,000 40,500 35,000 28,500 20,000
2% 129.0 118,750 13,000 5,600 26,500 23,000 18,500 13,000 [ 24,000 12,000 47,500 41,000 33,500 24,000
21 149.0 132,000 15,000 7,400 29,500 25,500 21,000 15,000 ]| 24,500 11,500 53,000 46,000 37,500 26,500
2% 160.0 133,900 17,100 8,600 34,000 29,500 24,000 17,000 31,000 15500 61,500 53,500 43,500 31,000

Source: OSHA 1926.251, Rigging Equipment for Material Handling.

TaeLe 13.2 Rated capacity of Nylon Rope Slings, in Pounds (Safety Factor = 9)



o Eye and eye sling Endless sling
g Basket hitch Basket hitch
Angle of rope to horizontal Angle of rope to horizontal
Minimum 90° 60° 45° 30° 90° 60° 45° 30°
ri‘:‘gg_ WI:?;?;; :{;ﬁ:ﬁf V:;Itl' Choker Angle of rope to vertical Vgltl' Choker Angle of rope to vertical
eter, in. 100 ft, 1b b hitch  hitch 0° 30° 45° 60° | hitch  hitch 0° 30° 45° 60°
Ve 8.0 6,080 700 350 1,400 1,200 950 7001 1,200 600 2,400 2,100 1,700 1,200
Y16 10.2 7,600 850 400 1,700 1,500 1,200 850 1,500 750 3,000 2,600 2,200 1,500
% 13.0 9,500 1,100 550 2,100 1,800 1,500 1,100} 1,900 950 3,800 3,300 2,700 1,900
Y1 17.5 11,875 1,300 650 2,600 2,300 1,900 1,300| 2,400 1,200 4,800 4,100 3,400 2,400
e 21.0 14,725 1,600 800 3,300 2,800 2,300 1,600 2,900 1,500 5900 5,100 4,200 2,900
s 25.0 17,100 1,900 950 3,800 3,300 2,700 1,900| 3,400 1,700 6,800 5900 4,800 3,400
1 30.5 20,900 2,300 1,200 4,600 4,000 3,300 2,300| 4,200 2,100 8,400 7,200 5,900 4,200
1v1e 34.5 24,225 2,700 1,300 5,400 4,700 3,800 2,700| 4,800 2,400 9,700 8,400 6,900 4,800
1vs 40.0 28,025 3,100 1,600 6,200 5,400 4,400 3,100} 5,600 2,800 11,000 9,700 7,900 5,600
1v4 46.3 31,540 3,500 1,800 7,000 6,100 5,000 3,500 6,300 3,200 12,500 11,000 8,900 6,300
1% 52.5 35,625 4,000 2,000 7,900 6,900 5,600 4,000| 7,100 3,600 14,500 12,500 10,000 7,100
1Y, 66.8 44,460 4,900 2,500 9,900 8,600 7,000 4,900| 8,900 4,400 18,000 15,500 12,500 8,900
1% 82.0 54,150 6,000 3,000 12,000 10,400 8,500 6,000|11,000 5,400 21,500 19,000 15,500 11,000
134 98.0 64,410 7,200 3,600 14,500 12,500 10,000 7,200 13,000 6,400 26,000 22,500 18,000 13,000
2 118.0 76,000 8,400 4,200 17,000 14,500 12,000 8,400 15,000 7,600 30,500 26,500 21,500 15,000
2vs 135.0 87,400 9,700 4,900 19,500 17,000 13,500 9,700 |17,500 8,700 35,000 30,500 24,500 17,500
2V4 157.0 101,650 11,500 5,700 22,500 19,500 16,000 11,500 ]| 20,500 10,000 40,500 35,000 29,000 20,500
21 181.0 115,900 13,000 6,400 26,000 22,500 18,000 13,000 |23,000 11,500 46,500 40,000 33,000 23,000
2% 205.0 130,150 14,500 7,200 29,000 25,000 20,500 14,500 | 26,000 13,000 52,000 45,000 37,000 26,000

Source: OSHA 1926.251, Rigging Equipment for Material Handling.

TaeLe 13.3 Rated capacity of Polyester Rope Slings, in Pounds (Safety Factor = 9)
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Eye and eye sling Endless sling
Basket hitch Basket hitch
Angle of rope to horizontal Angle of rope to horizontal
Minimum 90° 60° 45° 30° 90° 60° 45° 30°
r(I;)Zmdlinaar;l)- wli?;}in:ir ::;Z}E&g’ Vgltx Choker Angle of rope to vertical V:;Itl Choker Angle of rope to vertical
eter, in. 100 ft, 1b Ib hitch  hitch 0° 30° 45° 60° | hitch hitch 0° 30° 45° 60°
Yz 4.7 3,990 650 350 1,300 1,200 950 650 1,200 600 2,400 2,100 1,700 1,200
Y16 6.1 4,845 800 400 1,600 1,400 1,100 80041 1,500 780 2,900 2,500 2,100 1,500
% 1.5 5,890 1,000 500 2,000 1,700 1,400 1,000 1,800 900 3,500 3,100 2,500 1,800
Y4 10.7 8,075 1,300 700 2,700 2,300 1,900 1,300| 2,400 1,200 4,900 4,200 3,400 2,400
1346 12.7 9,405 1,600 800 3,100 2700 2,200 1600| 2,800 1400 5600 4,900 4,000 2,800
Y8 15.0 10,925 1,800 900 3,600 3,200 2,600 1,800( 3,300 1,600 6,600 5,700 4,600 3,300
1 18.0 13,300 2,200 1,100 4,400 3,800 3,100 2,200| 4,000 2,000 8,000 6,900 8,600 4,000
1%s 204 15,200 2,500 1,300 5,100 4,400 3,600 2,500 4,600 2,300 9,100 7,900 6,500 4,600
1vs 23.7 17,385 2,900 1,500 5800 5,000 4,100 2900] 5200 2,600 10,500 9,000 7,400 5,200
1v4 27.0 19,950 3,300 1,700 6,700 5,800 4,700 3,300| 6,000 3,000 12,000 10,500 8,500 6,000
1546 30.5 22,325 3,700 1,900 7,400 6,400 5,300 3,700| 6,700 3,400 13,500 11,500 9,500 6,700
1, 38.5 28,215 4,700 2,400 9,400 8,100 6,700 4,700| 8,500 4,200 17,000 14,500 12,000 8,500
1% 475 34,200 5,700 2,900 11,500 9,900 8,100 5,700{10,500 5,100 20,500 18,000 14,500 10,500
134 57.0 40,850 6,800 3,400 13,500 12,000 9,600 6,800 (12,500 6,100 24,500 21,000 17,500 12,500
2 69.0 49,400 3,200 4,100 16,500 14,500 11,500 8,200 15,000 7,400 29,500 25,500 21,000 15,000
2Y 80.0 57,950 9,700 4,800 19,500 16,500 13,500 9,700 17,500 8,700 35,000 30,100 24,500 17,500
2V, 92.0 65,550 11,000 5,500 22,000 19,000 15,500 11,000 13,500 9,900 39,500 34,000 28,000 19,500
2% 107.0 76,000 12,500 6,300 25,500 22,000 18,000 12,500 | 23,000 11,500 45,500 39,500 32,500 23,000
2% 120.0 85,500 14,500 7,100 20,500 24,500 20,000 14,300 25,500 13,000 51,500 44,500 36,500 25,000

Source: OSHA 1926.251, Rigging Equipment for Material Handling.

TasLe 13.4 Rated capacity of Polypropylene Rope Slings, in Pounds (Safety Factor = 6)
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Because each synthetic material has unique properties, synthetic
fiber web slings should be used according to the manufacturer’s
instructions—especially when dealing with chemically active envi-
ronments. Synthetic fiber web slings must be removed from service if
any defects exist, such as:

e Acid or caustic burns

e Melting or charring of any part of the surface
. Snags, punctures, tears, or cuts

e Broken or worn stitches

¢ Wear or elongation exceeding the manufacturer’s recommen-
ded amount

¢ Distortion of fittings

Fiber ropes and synthetic webs are generally discarded rather
than serviced or repaired. Operators must always follow manufacturer’s
recommendations.

Types of Synthetic Fiber Web Slings

All synthetic webbing slings have a 5:1 design factor. They are avail-
able in one-, two-, three-, or four-ply webbing, with metal end fit-
tings; and include:

o Triangle and choker triangle. Fitted on both ends of vertical
slings, chokes or basket hitches; available in 2- to 12-in. (5.08-
to 30.48-cm) web widths; having 2400- to 38,000-1b (1088.6- to
17,234.5-kg) capacities.

o Triangles. Fitted on both ends of vertical slings or basket hitches
only; available in 2-to 12-in. (5.08- to 30.48-cm) web widths;
having 3200- to 38,400-1b (1431.5- to 17,418-kg) capacities.

e Sewn eyes. Either flat tapered eyes or twisted eyes fitted on
vertical slings, chokers, or basket hitches; available in 1- to
6-in. (2.54- to 15.24-cm) web widths; having 4600- to 28,600-1b
(2086.5- to 12,972.7-kg) capacities.

o Endless or grommet. Used on continuous web loops—vertical
slings, chokers, or basket hitches; available in 1- to 6-in. (2.54-
to 15.24-cm) web widths; having 2600- to 57,200-1b (1179.3- to
29,945.5 kg) capacities.

13.3 Splicing Fiber Rope Slings

Spliced fiber rope slings should not be used unless they have been
spliced in accordance with the following minimum requirements;
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and in accordance with any additional recommendations of the
manufacturer.

Provide, for Manila rope eye splices, at least four full tucks;
and for short splices at least six full tucks—three on each side
of the splice center line.

Provide, for synthetic fiber rope eye splices, at least four full
tucks, and for short splices at least eight full tucks—four on
each side of the splice center line.

Do not trim flush strand end tails of eye and short splices with
the surface of the rope immediately adjacent to the full tucks,
regardless of the type of fiber. Recommended distances for
fiber rope:
Under 1 in. diameter—tail should project at least six rope
diameters beyond last full tuck.
Over 1 in. diameter—tail should project at least 6 in.
beyond last full tuck. Where a projecting tail inter-
feres with use of the sling, the tail should be tapered
and spliced into the body of the rope using at least
two additional tucks (requiring a tail length of
approximately six rope diameters beyond the last full
tuck).

Make sure fiber rope slings have a minimum clear length of
rope between eye splices equal to ten times the rope
diameter.

Never use knots instead of splices.

Clamps not designed specifically for fiber ropes should not be
used for splicing.

Make sure eye splices are of such size to provide an included
angle of not greater than 60° at the splice when the eye is
placed over the load or support.

Do not use fiber rope slings if end attachments in contact with
the rope have sharp edges or projections.

Remove from service natural and synthetic fiber rope sling
immediately if any of the following conditions are present:
Abnormal wear
Powdered fiber between strands
Broken or cut fibers
Variations in the size or roundness of strands
Discoloration or rotting
Distortion of hardware in the sling

Only fiber rope slings made from new rope should be used;
use of repaired or reconditioned fiber rope slings is
prohibited.

219
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13.4 Safe Lifting Practices with Slings

Fiber ropes and synthetic webs are generally discarded rather than
serviced or repaired. Operators must always follow manufacturer’s
recommendations.

Proper use and knowledge of slings are essential safety factors for
all sling usage. Learn as much as possible about the slings, and mate-
rials to be lifted; slings come in many different types, one of which is
right for the purpose at hand.

Analyze the load to be moved with respect to size, weight, shape,
center of gravity of the load, temperature, and sensitivity; then select
the sling that best meets those needs (based on the characteristics of
the load and the environmental conditions surrounding the lift).

e Consider the number of legs and angle with the horizontal,
rated capacity of the sling, and history of sling’s care and use.
¢ Inspect all the equipment before and after a move.

¢ Always be sure to give the equipment whatever “in service”
maintenance it may need.

Maximum Safe Working Loads

Use safe lifting practices, especially the proper lifting technique
for the type of sling and the type of load (Table 13.5). Always

Slip
noose Two-end bridle sling Three-end bridle sling
When angle is When angle is
Size of rope 75° 60° 45° 75° 60° 45°
¥s 3,200 3,000 2,800 2,200 4,600 4,200 3,400
v 5,400 5,200 4,800 4,000 7,800 7,200 6,000
8 8,400 8,000 7,200 6,000 12,000 10,800 9,000
Ya 12,000 11,400 10,200 8,400 17,000 15,400 12,600
¥ 16,000 16,000 14,000 11,400 | 24,000 21,000 17,200
1 22,000 20,000 18,000 15,000 30,000 26,000 22,000
1% 26,000 26,000 23,000 19,000 40,000 36,000 28,000
1Va 32,000 32,000 28,000 23,000 | 48,000 42,000 36,000
1% 40,000 | 38,000 34,000 28,000 | 58,000 52,000 42,000
12 46,000 44,000 40,000 32,000 66,000 60,000 48,000

Source: AMHOIST—American Hoist & Derrick Co.

TaBLe 13.5 Safe Working Loads for Typical Slings, in Pounds
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follow the manufacturer’s recommendations to properly attach
the sling to the load.

Good lifting techniques, common to all slings, are listed in
Chap. 12.

13.5 Care and Maintenance of Fiber Rope
and Synthetic Fiber Web Slings

The mishandling and misuse of slings are the leading cause of sling-
related accidents. The majority of injuries and accidents, however,
can be avoided by becoming familiar with the essentials of proper
sling care and use.

Proper care and use are essential for maximum service and safety.
Slings must be protected with cover saddles, burlap padding, or
wood blocking as well as from unsafe lifting procedures such as over-
loading to prevent sharp bends and cutting edges.

Remember, damaged slings cannot lift as much weight as new or
older, well-cared for slings. Proper and safe use and storage of slings
will increase their service life.

Use fiber slings only within a temperatures range of 20°F (29°C) to
180°F (82°C), unless they are wet or frozen. Wet or frozen slings have
different limitations, and the manufacturer recommendations must
be followed.

Never splice synthetic fiber slings; only the manufacturer must
make alterations to slings. Remove natural or synthetic fiber slings
from service if:

e There is abnormal wear.

e Powdered fibers appear between strands.

o Fibers are broken or cut.

e Variation in size or roundness of strands occurs.
¢ Discoloration or rotting is detected.

e Distortion of hardware is detected.

Synthetic Fiber Web Slings

All webbing must be uniform in thickness.

e Do not use polyester and nylon webs where fumes, vapors,
sprays, mists, liquids of acids, phonetics, or caustics are
present.
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e Remove from service any web slings when the following
conditions are present
Acid or caustic burns
Melting or charring of any part of the sling
Snags, punctures, tears, or cuts
Broken or worn stitches
Distortion of any fitting

Flat Webbing and Round Synthetic Fiber Slings

Made from nylon, polyester, polypropylene, or aramid polyamide.
Each sling must be labeled with the SWL.

Inspection of Fiber Rope and Synthetic
Fiber Web Slings

Periodic inspections of natural and synthetic fiber rope and web
slings must be made at intervals no greater than 12 months: yearly for
normal service use; monthly for severe service use; and periodic
inspections where service conditions warrant, as determined on the-
following basis:

o Initial. Before any new sling is placed in service, it should be
inspected to insure that the correct sling is being used, as well
as to determine that the sling meets the requirements of the
manufacturer’s specifications.

e Frequent. The operator handling the sling, or person in
charge (or both) must conduct an inspection of the slings
selected for the job—each time prior to, during, and after
each use.

e Periodic. A designated person must conduct an inspection
of fiber rope sling at least monthly, depending on frequency
of use, severity of service conditions, and experience with
service life of slings used in similar applications.

o Recordkeeping. Inspections (daily, monthly, annual) and proof
test certification from manufacturer (check ASME B30.9 — Slings).

When inspecting a fiber rope sling, prior to using it, look first at
its surface for cuts, gouges, or worn surface areas; dry, brittle,
scorched, or discolored fibers; or melting or charring of any part of
the sling. If any of these conditions are found, the supervisor must be
notified and a determination made regarding the safety of the sling.
If the sling is found to be unsafe, it must be discarded.

Next, check the sling’s interior. It should be as clean as when
the rope was new. A buildup of powder-like sawdust on the
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inside of the fiber rope indicates excessive internal wear and that
the sling is unsafe.

Finally, scratch the fibers with a fingernail. If the fibers separate
easily, the fiber sling has suffered some kind of chemical damage
and must be discarded. When checking fiber line slings for signs of
deterioration caused by exposure to the weather:

e Make sure none of the fibers have been broken or cut by sharp-
edged objects.

e Never use a repaired or reconditioned fiber rope lifting
sling.

e Never use a sling without first inspecting it prior to each
use.

The inspector should check for possible defects and remove fiber
slings from service if any defects are visible, such as:

e Acid of alkali burns

¢ Melting, charring, or weld splatter on any part of the sling

e Holes, tears, cuts, snags, or embedded particles

¢ Broken or worn stitching in load bearing splices

e Abnormal wear

e Excessive abrasive wear

e Powdered fibers between strands

e Broken of cut fibers

e Variation in size or roundness of strands

¢ Knots in any part of the sling

¢ Discoloration or rotting is detected

e Distortion and excessive pitting or corrosion or broken
fittings

e Other apparent defects that cause doubt as to the sling’s
strength

e Sling rated capacity or sling material identification is missing
or not readable

Self-inspection Checklist

The following self-inspection checklist, developed by OSHA under
the general industry standard 29 CFR 1910.184 and the construction
standard 1926.251, applies to slings used with other equipment to
move material by lifting or hoisting (Table 13.6). A yes answer to a
question indicates that portion of the inspection complies with the
OSHA or U.S. Environmental Protection Agency (EPA) standard, or
with a nonregulatory recommendation.
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Natural fiber rope Yes No N/A

e Are fiber rope slings that are made from Y N N/A
conventional three-strand construction fiber
rope used only within their rated capacities and
minimum diameter of curvature?

Note: Consult the tables in the OSHA regulations or
the manufacturer’s requirements for permitted load
ratings and diameter of curvature restrictions for the
different rigging situations. Diameter of curvature is
important because wrapping a sling around some-
thing at a diameter less than that recommended
reduces the strength of the sling at the bend and
could cause failure of the line.

e Are natural and synthetic fiber rope slings used only | Y N N/A
within a temperature range of —20°F to 180°F?

e |f natural and synthetic fiber rope slings are used Y N N/A
outside the temperature range of —20°F to 180°F or
have been wetted or frozen, are the manufacturer’'s
recommendations followed for continued use?

e |s the use of spliced fiber rope prohibited? Y N N/A

Note: Consult the OSHA regulations under 29 CFR
1910.184(h)(3) and 1926.251(d)(2) and (4) for addi-
tional requirements on splices.

e Do fiber rope slings have a minimum clear Y N N/A
length of rope between eye splices equal to 10
times the rope diameter?

e |s the use of knots in place of splicing Y N N/A
prohibited for fiber rope slings?

e |s the use of fiber rope slings prohibited if the Y N N/A
end attachments in contact with the rope have
sharp edges or projections?

e Are natural and synthetic fiber rope slings Y N N/A
immediately removed from service if any of the
following conditions are present?

Abnormal wear

Powdered fiber between strands

Broken or cut fibers

Variations in size or roundness of strands
Discoloration or rotting

Distortion of hardware in the slings

e Are fiber rope slings made only from new rope, Y N N/A
i.e., is the use of repaired or reconditioned fiber
rope slings prohibited?

TaBLe 13.6 Inspection Checklist—Natural and Synthetic Fiber Rope Slings, and
Synthetic Fiber Web Slings
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Synthetic Web

e |s each synthetic web slings marked or coated Y N N/A
to show the rated capacity for each type of
hitch and synthetic web material?

e |s the synthetic webbing of uniform thickness Y N N/A
and width?

Note: Selvage edges must not be split from the web-

bing’s width.

e Do fittings have a minimum breaking strength Y N N/A
equal to that of the sling?

e Are fittings free of all sharp edges that could Y N N/A
damage the webbing?

e |s stitching the only method used to attach end Y N N/A

fittings to webbing and to form eyes?

e Are synthetic web slings only used within their Y N N/A
rated load capacity?

Note: Consult the tables in the OSHA regulations or
the manufacturer’s requirements for permitted load
ratings for the different rigging situations.

o When synthetic web slings are used, are the Y N N/A
following precautions taken?

Nylon web slings are not used where fumes,
vapors, sprays, mists, or liquids of acids or
phenolics are present.

Polyester and polypropylene web slings are not
used where fumes, vapors sprays, mists, or liquids
of caustics are present.

Web slings with aluminum fittings are not used
where fumes, vapors, sprays, mists, or liquids of
caustics are present.

e |s the use of synthetic web slings of polyester Y N N/A
and nylon above 180°F prohibited?

e |s the use of polypropylene web slings above Y N N/A
200°F prohibited?

e Are synthetic web slings repaired only by the Y N N/A

sling manufacturer or another competent
person or organization?

TaBLe 13.6 Inspection Checklist—Natural and Synthetic Fiber Rope Slings, and
Synthetic Fiber Web Slings (Continued)
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Is each repaired sling proof tested by the
manufacturer (or another competent person or
organization) to twice the rated capacity before
its return to service? Is a certificate of proof
test available?

N/A

Is the use of temporarily repaired slings
(including webbing and fittings) prohibited?

N/A

Are synthetic web slings immediately removed
from service if any of the following conditions
are present?

Acid or caustic burns

Melting or charring of any part of the sling surface
Snags, punctures, tears, or cuts

Broken or worn stitches

Distortion of fittings

N/A

Are shackles and hooks only used within their
safe working loads?

N/A

Note: Consult the OSHA regulations for the safe
working loads of various sizes of shackles. Use the
manufacturer’s recommendations to determine the
safe working loads for the various sizes and types
of hooks. Test all hooks with no applicable manufac-
turer’s recommendations at twice the intended SWL
before they are initially put into use. Maintain docu-
mentation of the dates and results of the test.

Source: Occupational Safety & Health Administration, Washington DC.

TaBLE 13.6

Synthetic Fiber Web Slings (Continued)

Inspection Checklist—Natural and Synthetic Fiber Rope Slings, and




CHAPTER 14

Wire Strand Rope

ire rope is a machine composed of wires, strands and a

core—a number of precise, moving parts, designed and

manufactured to bear a very definite relation to one
another. This relationship ensures that the wire rope has the flex-
ibility and strength crucial to professional and safe hoisting
operations.

14.1 Wire Strand Rope Markings!

Wire rope manufactured in the United States normally has some type
of colored marker to identify its manufacturer:

o Strand markers. Simply a colored lubricant applied externally
to one strand during manufacturing; can be seen by looking
at the wire rope. (Strand markers are not used in mining rope,
elevator rope, galvanized rope, compacted rope, or any rope
that is postlubricated.) Strand markers are used in the manu-
facture of all standard (round) wire ropes but are not a confir-
mation of the manufacturer in and of itself.

e Core markers. Used in most of the wire rope manufac-
tured in the United States; but cannot be seen unless the
wire rope is disassembled. Manufacturers add colored
threads of filaments to fiber and steel (independent wire
rope cores).

Wire rope that is imported is difficult to detect without disman-
tling the entire rope, and even then there is no clear way to determine
if the wire rope is imported. Under federal law, when imported wire
rope enters the United States its container must conspicuously state
the name of the country of origin in which the wire rope was pro-
duced. The “container” for the wire rope may be a reel or shipping
cart, or the straps by which a coil is secured.

'Source: Williamsport Wire Rope Works Inc., Williamsport, PA.
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14.2 Types and Sizes

To meet the varied requirements of many applications, wire rope is
manufactured from wires made of steel, iron, or other metal in various
sizes, and in several tensile strength grades. Each grade provides a dif-
ferent combination of tensile strength, toughness, ability to withstand
abrasion, and resistance to fatigue from bending and flexing. The pri-
mary grades of wire rope (in increasing degree of strength) include:

e Mild plow steel. Tough and pliable; can stand repeated strain
and stress and has a tensile strength (resistance to lengthwise
stress) of 200,000 to 225,000 psi (14,060 to 15,818 kg/m?).
These characteristics make it desirable for cable tool drilling
and other purposes where abrasion is encountered.

o Plow steel wire. Unusually tough and strong. This steel has a
tensile strength of 195,000 to 258,000 psi (13,709 to 18,138 kg/m?);
plow steel wire rope is suitable for hauling, hoisting, and
logging.

o Improved plow steel. One of the best grades of rope available.
Improved plow steel is stronger, tougher, and more resistant
to wear than either mild plow steel or plow steel. Each square
inch of improved plow steel can withstand a strain of 220,000
to 300,000 psi (15,466 to 21,090 kg/m?); therefore, this wire
rope is especially useful for heavy-duty service, such as
cranes with excavating and weight-handling attachments.

o Extra improved plow steel. Has tensile strength of 245,000 to
340,000 psi (15,115 to 23,902 kg /m?).

Each grade of plow steel is about 15 percent stronger than the
preceding grade. Any of these grades are furnished in specially
treated or coated versions, where corrosion resistance is of utmost
importance, including iron-chromium-nickel composition, zinc-
coated, and plastic-jacketed steel ropes.

Nortke: Although today all these grades are made from steel, the original
iron rope steel classification takes its name from the rope originally made
from wrought or puddle iron, having a tensile strength of 100,000 psi.
High-strength steel rope, developed from the iron grade, was used
extensively on steam plows in England in 19th century, thus giving rise
to the term plow steel. Iron and traction steel ropes are of lower strength
than plow steel and are used primarily for elevators.

Sizes

The size of wire rope is determined by its diameter—with sizes spec-
ified by use:
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General hoisting rope 3/16 to 4 in. dia.
Rigging and guy ropes 1/4 to 11/, in. dia.
Running ropes 3/4 to 21/, in. dia.
Mooring lines 3/8 to 3t/ in. dia.
Shovel and dragline hoist ropes 3/4 to 5 in. dia.
Elevator ropes 3/15 to 11/45 in. dia.

The actual diameter of a wire rope, when new, is usually slightly
larger than its nominal size. Any variation in diameter is always over,
never under, and it can range from 1/64 in. (0.4 mm) for smaller-sized
ropes to 1/8 in. (3.18 mm) for ropes over 2 in. (50.8 mm) diameter.

The durability and performance of wire rope is determined pri-
marily by the type and size of wire and strands, the type of core, and
any special treatment applied to the rope, such as preforming or pre-
stressing. Proper handling and care are essential to maintain wire
rope in a durable, safe, and serviceable condition.

14.3 Construction of Wire Strand Rope

Wire rope consists of three parts: wires, strands, and a core. The basic
unit is wire, which is carefully processed and drawn from selected
grades of steel to predetermined physical properties and sizes. A spe-
cific number of finished wires is then helically laid together (not
twisted) into a uniform geometric pattern to form a strand.

A number of strands are then either laid, or helically bent around
a core of fiber (natural or synthetic), or of wire to form the wire rope
(Fig. 14.1). This process must be performed with precision and exactness
to form a strand of correct size and characteristics. The required num-
ber of suitably fabricated strands are laid symmetrically with a defi-
nite length of lay around a core, forming the finished wire rope.

Wire Rope

Ficure 14.1 Basic components of a typical wire strand rope.
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Strand

Basic construction

Ficure 14.2 Construction of a typical wire strand rope.

Strands and Wires

Wire ropes are designated primarily by their type of construction,
that is, the number of wires in each strand; and the number and
arrangement of strands in the rope (Fig. 14.2). For example, the con-
struction 6 x 25 denotes a six-strand rope, with each strand having
25 wires. Constructions having similar weights and breaking strengths
are grouped into a series of basic classifications, including 6 x 7, 6 x 37,
and 8 x 19, among others.

Thus a 1/»-in., 6 X 19 wire rope having 6 strands with 19 wires per
strand has the same outside diameter as a 1/,-in., 6 X 37 wire rope,
which has 6 strands with 37 wires (of smaller size) per strand. The
number of wires to a strand varies, depending on the purpose for
which the wire rope is intended.

Durability and performance of wire rope is determined primar-
ily by the type and size of wires used, the number of wires and
strand arrangement, the lay of wires and strands, the type of core,
and any special treatment applied to the wire rope, such as pre-
forming or prestressing. The smaller (and more numerous) the wires
used in a rope, the more flexible the rope will be. Such a rope, how-
ever, has considerably less abrasion resistance than does a larger-
sized rope.

Wires

The wires in a strand may be the same size or a mixture of sizes
(Fig. 14.3).

o Ordinary. One size of wire is used throughout, with each
strand having 4 to 18 outer wires.

e Seale. Two sizes of wire are used with the smaller wires on the
inside—to provide flexibility—and larger wires on the
outside—to resist abrasion; each strand has 8 to 18 wires
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B

Basic strand construction — Single Seale — Large outer wires with same
layer, same size wires wound around number of smaller inner wires around
a center core of same diameter wire. a core wire, provides excellent abrasion

resistance but less fatigue resistance.

&

Filler wire — Two layers of uniform Warrington — Two layers of uniform
wires around a core of same size wire wires around a core of same size wire;
with small wires filling spaces between alternating large and small diameter

Ficure 14.3 Basic strand patterns. (a) Single layer; (b) seale; (c) filler wire;
(d) warrington.

e Warrington. Two sizes of wire are used, alternately laid, large
and small to combine great flexibility with resistance to

abrasion; each strand has 10 to 18 outer wires

e Filler. Two sizes of wire area used—very small wires filling
valleys between outer and inner rope of the same-size wires
to provide good abrasion and fatigue resistance; each strand

has 8 to 18 wires of the same size.

As the number of wires per strand increases, combinations of
Filler, Seale, and Warrington arrangements are used to provide the
rope with specific characteristics and produce varying degrees of

resistance to bending, fatigue, and abrasion.

Ordinary and Seale-type construction may have an even or an odd
number of outer wires. Warrington and Filler types always have an
even number in their outer layer. The number of outer wires deter-
mines, in a general way, the relative flexibility of the wire rope. By
increasing the number of outside wires, the reserve strength of a rope

may be increased.

The first number in the classification of wire rope refers to the
strands; the second number, to the amount of wires in each strand,

thus:
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e 6 X 7 contains 6 strands made up of 3 through 14 wires, of
which no more than 9 are outside wires.

e 6 x 19 contains 6 strands made up of 15 through 26 wires,
of which no more than 12 are outside wires; arranged in sev-
eral different strand patterns and normally recommended
where the diameter of rope used is /s through 1!/sin.
(3.175-28.595 mm).

® 6 X 37 contains 6 strands made up of 27 through 49 wires, of
which no more than 18 are outside wires; arranged in several
different strand patterns and normally recommended where
the diameter range is 1'/4 in. (31.75 mm) and larger.

Wire ropes also are identified by their strand shape—round, flat-
tened, lock coil, and concentric. Most rigging and hoisting ropes are
of the round-strand classification, and these are further classified
according to the number of wires per strand and the arrangement (or
geometric construction) of wires within the strands. The wires in a
round strand may be all the same size or a mixture of sizes.

Rope Core

At the center of a wire rope is a core around which strands are laid.
The core’s principal function is to support the outer strands, main-
tain their proper position when loads are applied, and prevent them
from crushing when the wire is wrapped around a drum or passes
through a sheave. Depending on their construction, wire rope cores
include:

e Fiber cores (FC). Usually made of sisal (occasionally Manila)
fibers, offering the advantage of increased flexibility. It also
serves as a cushion to reduce the effects of sudden strain and
act as an oil reservoir to lubricate the wire and strands (to
reduce friction). In the smaller ropes, cotton and jute are
sometimes used for the central member. Fiber cores are also
manufactured from synthetic fibers such as polypropylene or
nylon that are less susceptible to compacting than natural
fibers, especially when the rope is wet.
¢ Never use fiber core wire ropes where temperatures may
damage the core.

¢ Never use fiber core wire ropes when multilayer winding it
used, since such ropes are susceptible to crushing.

e Use fiber-core wire ropes only at temperatures below 200°F
(93°C).

o Wire strand cores (WSC). Consist of a single strand usually
(but not always) of the same construction as the main rope
strands. They resist more heat and stretch less than fiber
cores—actually increasing overall strength by about 15 percent.
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Ficure 14.4

Wire rope cores.
(a) Fiber core, FC;
(b) independent
wire rope core,
IWRC; (c) wire
strand core, WSC.

(c)

The wire strand core, however, makes the wire rope less
flexible than a fiber core, as well as less resilient and less
capable of absorbing shock loads than do fiber-core ropes.
Strand cores are used only with standing ropes and small-
diameter running ropes.

o Independent wire rope core (IWRC). Consists of a separate,
small wire rope over which the main strands of the rope
are laid. This core strengthens the rope, increases the main
rope’s resistance to crushing by supporting its circular
cross section as it bends around sheaves and drums under

heavy loading, and supplies maximum resistance to heat
(Fig. 14.4).

Depending on for what purpose the wire rope is intended, it may
be manufactured as:

o Preformed strand. Strands or wires shaped to conform to the
curvature of the finished rope before laying up, the rope is
termed preformed wire rope.

o Common strand. 1 x 7 construction that includes one straight cen-
ter strand with six wires wrapped around it. The 1 X 7 construc-
tion is the basis for 1 x 19, 7 x 7, and 7 x 19 wire rope, with 1 x 7
being the stiffest construction and 7 x 19 one of the most flexible.

Do not confuse wires and strands—if a strand is broken, the rope must
not be used, whereas a single broken wire in a sling is not as important.

Rope Lay

In addition to wire and strand size and pattern, the lay of a rope can

vary, that is, the direction of the twist of the wires in a strand and the

direction that the strands are laid in the rope. The term lay can mean:
¢ One complete wrap of a strand around the core.

¢ Direction the strands are wound around the core; wire rope is
referred to as right lay or left lay. A right lay rope is one in
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Left regular lay (LRL) Leftlang Iay (LLL)

Ficure 14.5 Wire rope lays. (a) Right, regular lay; (b) right, lang lay; (c) left,
regular lay; (d) left, lang lay.

which the strands are wound in a right-hand direction like a
conventional screw thread (see Fig. 14.5). Aleft lay rope is just
the opposite

e Direction wires are wound in the strands in relation to the
direction of the strands around the core; in regular lay rope,
the wires in the strands are laid in one direction while the
strands in the rope are laid in the opposite direction.

In some instances, both the wires in the strand and the strands in
the rope are laid in the same direction; in other instances, the wires
are laid in one direction and the strands are laid in the opposite direc-
tion, depending on the intended use of the rope (Fig. 14.5).

Right Lay (or Left Lay)

Right lay ropes rotate to the right (similar to a right-hand screw
thread) or to the left while receding from the observer when viewed
from above. Right lay is the standard lay of wire rope, with very few
types of installations requiring use of left lay rope.

Regular Lay

This is rope lay of either direction, with wires in the individual strands
laid in the opposite direction from that of the rope itself, thereby reduc-
ing the chances of such ropes kinking and untwisting in use. The result
is that the wire crown runs approximately parallel to the longitudinal
axis of the rope. These ropes have good resistance to kinking and twist-
ing, and are easy to handle. They are also able to withstand consider-
able crushing and distortion due to the short length of exposed wires.
This type of rope has the widest range of applications.

NoTE: In a regular lay wire rope, wires in the strands, and strands in the
rope are laid in opposite directions; thus, in a right lay rope, the lay of
wire in the strands would be “left lay” in making a regqular lay wire rope;
standard type of construction, unless otherwise specified, is furnished
on orders for wire rope.
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Lang Lay

Lang lay is rope in which the wires composing the strands are laid in
the same direction as the rope (either right or left lay) forming a left-
hand helix, similar to the threads of a left-hand screw thread. Since
the outside wires in lang lay ropes lie diagonally across the longitudi-
nal axis of the rope and are exposed for longer lengths than in regular
lay, they present a greater wearing surface, have increased resistance
to abrasion, and are more flexible. Internal stress due to bending over
sheaves and drums is reduced, thus causing lang lay ropes to be more
resistant to bending fatigue.

Lang lay rope is recommended for many excavating, construc-
tion, and mining applications, including draglines, hoist lines, dredge
lines, and other similar lines. Greater care, however, must be exer-
cised when handling lang lay ropes as they are more likely to kink
and untwist than regular lay ropes, but the rotation of a left lay
rope tightens a standard coupling. Before using lang lay ropes,
fasten both ends permanently to prevent untwisting.

NoTE: In lang lay wire rope, wires in the strands and strands in the rope
are 