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PREFACE

The Occupational Safety and Health Act of 1970 (Public Law 91-596), states
that the purpose of Congress expressed in the Act is '"to assure so far as
possible every working man and woman in the Nation safe and healthful
working conditions and to preserve our human resources...by," among other
things, "providing for research in the field of occupational safety and
health...and by developing innovative methods, techniques, and approaches
for dealing with occupational safety and health problems." Later in the
Act, the National Institute for Occupational Safety and Health (NIOSH) is
charged with carrying out this policy. One method by which NIOSH responds
to this charge is to publish Technical Guidelines.

Technical Guidelines present the results of comprehensive systematic
analyses of occupational hazards, and suggestions for preventing injury and
disease among workers. They are intended to supplement existing Federal
safety and health standards and may provide background useful in formulating
new standards for development. In the interest of wide dissemination of
this information, NIOSH distributes Technical Guidelines to other
appropriate governmental agencies, organized labor, industry, and public
interest groups. We welcome suggestions concerning the content, style, and
distribution.

This document provides guidance for protecting workers in the precast
concrete products industry. It was prepared by the staff of the Division of
Safety Research in conjunction with the Division of Standards Development
and Technology Transfer, NIOSH. I am pleased to acknowledge the many
contributions made by reviewers selected by the Prestressed Concrete
Institute (PCI), the American Concrete Pipe Association (ACPA), and the
National ©Precast Concrete Association (NPCA); other reviewers and
consultants; representatives of other Federal agencies; and the staff of the
Institute. However, responsibility for the conclusions and recommendations
belongs solely to the Institute. All comments by reviewers, whether or not
incorporated into the final version, are being sent with this document to
the Occupational Safety and Health A@ministration (OSQA) for consideration

in standard setting.
)
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4 Donald Millar, M.D., D.T.P.H. (I}nd.)
Assistant Surgeon General
Director, National Institute for
Occupational Safety and Health
Centers for Disease Control
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ABSTRACT

Concerned by reports that the precast concrete products industry (SIC 3272)
has an injury incidence rate which is consistently at least twice that of
the national average, the National Institute for Occupational Safety and
Health (NIOSH) began developing this document with the intent of providing
recommendations aimed at reducing worker exposure to hazards.

The document characterizes the industry and describes the operations, tasks
and processes required to manufacture precast concrete products. The
magnitude of the occupational safety problem in the precast concrete
products 1industry is defined through presentation of injury and 1illness
incidence rates. In support of the document's systematic approach to the
identification of industry hazards, a detailed analysis of 1,319 accident
case histories was performed. This analysis identifies the tasks, tools,
and equipment that are the most hazardous to the worker.

For example, materials handling tasks, both manual and mechanical, accounted
for 28.0% of the total injuries studied. Tasks associated with welding,
burning and cutting accounted for 4.6% of the total injuries. Some of the
specific tools found to be particularly hazardous to precast concrete
workers include: hoists and cranes, which accounted for 4.47Z of the total
injuries and 40% of the fatalities; unpowered handtools, which accounted for
5.7% of the total injuries; and powered handtools, which accounted for 5.8%
of total injuries.

The determination of how workers are injured during precasting operations
led to the formulation of comprehensive safety recommendations. The recom-
mended engineering controls and/or operational safe work practices offered
are applicable to product manufacture and delivery to a construction site
only, and do not address erection or installation procedures.

To further enhance the document's usability for small to middle-sized pre-

casting plants, a chapter addressing safety management principles is
presented.

iv



REVIEW CONSULTANTS

Theodore W. Coons
President

Spillman Company

1701 Moler Road
Columbus, Ohio 43207

Steve Cooper

Consultant

Institute of the Iron Working Industry
1750 New York Avenue, N.W.

Washington, D.C. 20006

George Krepel

Manager, Production Programs
Prestressed Concrete Institute
201 North Wells Street
Chicago, Illinois 60606

James H. Pals

Executive Director
Western Institute

3100 South Sheridan
Denver, Colorado 80227

Rodney Smith

President

Smith Cattleguard Company
Route 28

Midland, Virginia 22728

Paul Zia, Ph.D., P.E.
Consulting Structural Engineer
2227 Wheeler Road

Raleigh, North Carolina 27607



CONTENTS

Page
PREFACE L ] » L] L] » L] L . - L] » - L - L . - . » L ] . - L ] - - L] . L] i i i
AB STRACT . L] . - L] L] . . L] L) L] . L] . . L] . » L] L] . L . L] L L] L] iv
REVIEW CONSULTANTS ¢ o ¢ o o o o o o o o o 2 o o s o o o o « » v
ACKNOWLEDGEMENTS « v & ¢ & ¢ ¢ o « ¢ o s o 2 o o o s o o « o o ix
I. IDtroductiOn « « « o o o« o o o o o s o & o 5 o o o o « s s o » 1
A. Historical Background . . . 4 ¢ ¢ + o 4 ¢ o o 2+ o = o 2 . 1
B. SCOPE v« ¢ v ¢ o o o o o o o a s s o o o « o o o o o s« 1
II. Description of the Precast Concrete Products
INAUSEYY ¢« ¢ o « o o o o o o o o s o o o o o o s s o o o o o & 3
A. Plant Census and Worker Population . « » « + & « & & « o & 3
B. Process and Task Descriptions . « « ¢ v & & o & o« o « &+ & 5
I11. Identification of the Safety Hazards and
Definition of the Problems . + ¢ ¢« ¢ v ¢ 4 « o o o s o &« o 25
A. Injury and Illness Incidence Rates . o+ 4 « &+ « o o « « o+ & 25
B. Costs of INJuries . « « ¢ « o o o o o o s o o o o o « o « 27
C. Identification of the Hazards . « ¢« v« v o o o « « o s o 28
D. New Employee Injury Rates .« « ¢ ¢ ¢ o o o +» o o o o o o 55
E. Summary of the Problem . . . . « v ¢ ¢« & ¢ ¢ & & s « &+ o & 55
IV. Recommendations for Safe Work Practices
for the Precast Concrete Products Industry . . + « o « o + & 57
A. General Safety Recommendations . . . « v o ¢ « s o s o » & 57
B. Safe Work Practices for Precasting Processes . o+ « « . . 74
C. Safety Recommendations for Accident
Causal Factor Patterns . . o « o o o o o o o o = o o s 87
V. Safety Management . . ¢ v & ¢ ¢ ¢ o « 2 o o ¢ o o o o o o o o 93
A. Pre-Assessment of Present Program . . .« « &+ o « ¢ o « o & 93
B. Basic Elements of a Safety Program e ¢ 4 e e s e s e 94
C. Post-Assessment of Program e ¢ e 2 s 6 s s e e e e e e e 105
VI. Recommendations for Research NeedsS . v v o ¢ o o o o o o o o 107
REFERENCES . .« ¢ & 4 ¢ ¢ o ¢ o ¢ o s o 5 o s s s s s o o o o s 109
APPENDIX A. EXAMPLES OF MANUFACTURED CONCRETE PRODUCTS
WITHIN SIC 3272 & v ¢ 4« v ¢ o o o o o o o« o o o = 113
APPENDIX B. REVIEW OF STATE, FEDERAL, AND FOREIGN SAFETY
STANDARDS AND TRADE ASSOCIATIOM GUIDELINES . . . 117
APPENDIX C. SAMPLE SAFETY AUDIT + ¢ ¢ « o ¢ o o o o o« o o » « 125
APPENDIX D. EXAMPLES OF SAFETY PROGRAM ASSESSMENT FORMS . . . 127
GLOSSARY . & ¢ & ¢ o o o o o ¢ s o o o s o o s s o s s s o o 145

vii



I11-1.

I11-2.

ITI-3.

I1TI-4.

ITI-5.

FIGURES

Prestressed and Reinforced Beam Form . « « . « & « &+ o« « &
A "Single Tee" Slab with the Strands Held Down

at the Midpoint to "Harp" the Pretensioned Steel . . . .
Concrete Batching, Mixing, Discharge, and Transport System
Vertical Pipe Casting .+ « ¢ ¢ o o o o o o o s o o o« » o
Four Mechanical Methods of Casting Concrete Pipe . « .+ .+
Semiautomatic Vertical Packerhead Pipe Casting System . .
Horizontal Pipe Spin Casting . + « « ¢ 4 « « s o « o o o
Example of Main Shield Bed End Protection . . « « « & o &
Example of Secondary Barrier Protection . . . . . « . . .
Example of a Plant Safety and Health Policy . « + « « o &
Example of a Plant Safety Policy Statement e e e s s e s
Accident Investigation Report Form . . . « « ¢ &« & + & + .

TABLES

Number of Plants and Employees Producing

Precast Concrete Products, 1980 (SIC 3272) . . . . . . .
Summary of Plant Censuses (SIC 3272) + v &« & o « « o« « o &
Trade Association Estimates of Number of Plants

and Production Employees, 1980 (SIC 3272) . . « ¢« « « « .
Occupational Injury and Illness Incidence Rates for the
Precast Concrete Products Industry (SIC 3272) . . . . . .
Occupational Injury and Illness Incidence

Rates for All Durable Goods Manufacturing Industries . .
Examples of Occupational Injury and Illness Incidence
Rates for Selected Manufacturing Industries, 1980 . . . .
Summary of Supplementary Data System

Accident/Injury Profile, 1976-79, for the

Precast Concrete Products Industry . « « « o « « o o « &
Summary of Cross—Analysis Tabulation of Workers'
Compensation Data, 1976 - 1979, for the Precast

Concrete Products InNndustry . ¢« ¢« ¢ &« o & o o = o o o o @
Comparison of SDS Accident/Injury Classification

with the Analysis of Accident Causal Factors for

the Precast Concrete Products Industry . . + « « & « « &
Recommended Personal Protective Equipment . . « « « « o
Employee Training . « + o o v ¢ o & « o o o ¢ o o o o o
OSHA Standards that Impact on the Manufacture

and Delivery of Precast Concrete Products . « « . . . . .

viii

10

11
13
16
17
18
19
79
80
96
97
104

25

26

27

30

31

39
88
102

122



ACKNOWLEDGEMENTS

Mr. Ted A. Pettit and Mr. Ronald L. Stanevich, NIOSH/DSR/Standards and
Consultation Branch, served as Project Officer and Document Manager, respec-
tively. Herbert Lian, DSR, served as technical editor. Enviro Control
Division of Dynamac Corporation, Rockville, Maryland developed the basic
information for review and consideration by NIOSH staff under contract No.
210-80-0040.

ix



CHAPTER 1
INTRODUCTION

A. Historical Background

Various forms of cement or cement-lime have been used since ancient times.
The Romans used the product in ashlar work (stone and brick) and as concrete
in building harbors, piers, canals, and water supply and sewerage systems.
The remains of ancient structures reveal that building materials progressed
from relatively simple applications of natural materials to cast concrete,
one of the earliest substitutes for natural stone. Despite the ravages of
time, weather, and warfare, many ancient concrete structures remain to give
testimony to their durability.

Following the Roman period, the use of cement and concrete had a long period
of dormancy until the emergence of studies by the early British civil
engineers in the late 18th century. During the 19th century, after the
successful development of the Erie Canal under Governor DeWitt Clinton of
New York, engipneering projects increased the need for cement and concrete.
New sources and techniques were developed, transportation improved,
industrial growth expanded, and concern for public health emerged.
Transportation requirements created a demand for railways, highways, storm
drainage, and bridges; buildings required structural and architectural
elements; and improvements in public health called for sewerage, water
storage, and water distribution systems.

Technological advances, beginning with reinforced concrete and culminating
in contemporary prestressing methods, have made longer, stronger concrete
members possible. Thus, concrete has grown out of a mere supplemental
relationship with steel into direct competition with it in construction of
varying projects.

The widespread use of standardized precast/prestressed concrete products,
such as architectural panels, pipe, etc., has brought about the prevalence
of fixed, permanent plants for manufacturing concrete products. The
improvement of transportational methods and systems has contributed to the
evolution of the precast concrete plant, in that it has become cost
efficient to mass produce concrete products and transport them to the
various construction sites rather than cast members on-site. Such plants
capably produce job-specific, one-of-a-kind product as well, offering an
alternative to poured-in-place operations, or casting operations adjacent to
actual construction sites.

B. Scope

This document concerns occupational exposure in the manufacturing of precast



concrete products (SIC 3272). Examples of products manufactured within SIC
3272 are contained 1in Appendix A. Contractors engaged 1in concrete
construction work including on-site precasting of concrete products are
classified in the construction industries and are not considered in this
document. Other industries concerned with manufacture of concrete products
which are excluded from the scope of this document are:

o Concrete Block and Brick (SIC 3271)
o Ready-Mixed Concrete (SIC 3273)

o Lime (SIC 3274)

o Gypsum Products (SIC 3275).



	PREFACES; INTRO.
	PREFACE
	ABSTRACT
	REVIEW CONSULTANTS
	CONTENTS
	FIGURES
	TABLES
	ACKNOWLEDGMENTS
	INTRODUCTION

	INDUSTRY DESCRIPTION
	HAZARD ID & PROBLEM DEFINITION
	RECOMMENDATIONS
	SAFETY MGMT.; RESEARCH NEEDS
	REFERENCES; APPX A & B
	APPX C & D; GLOSSARY

