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Disclaimer
Mention of any company or product does not constitute endorsement by NIOSH. In addition, 
citations to Web sites external to NIOSH do not constitute NIOSH endorsement of the 
sponsoring organizations or their programs or products. Further more, NIOSH is not responsible 
for the content of these Web sites.

Ordering Information 
This document is in the public domain and may be freely copied or reprinted. To receive NIOSH 
documents or other information about occupational safety and health topics, contact NIOSH at 

Telephone: 1–800–CDC–INFO (1–800–232–4636) 
TTY: 1–888–232–6348 
Web site: www.cdc.gov/info

or visit the NIOSH Web site at www.cdc.gov/niosh 

For a monthly update on news at NIOSH, subscribe to NIOSH eNews by visiting  
www.cdc.gov/niosh/eNews. 

DHHS (NIOSH) Publication No. 2013–135

July 2013

Safer • Healthier • PeopleTM 

Please direct questions about these instructional materials to the 
 National Institute for Occupational Safety and Health (NIOSH): 

Telephone: (513) 533–8302 
E-mail: preventionthroughdesign@cdc.gov

www.cdc.gov/info
www.cdc.gov/niosh
www.cdc.gov/niosh/eNews
mailto:preventionthroughdesign@cdc.gov
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Foreword
A strategic goal of the Prevention through Design (PtD) Plan for the National Initiative is 
for designers, engineers, machinery and equipment manufacturers, health and safety (H&S) 
professionals, business leaders, and workers to understand the PtD concept. Further, they are to 
apply these skills and this knowledge to the design and redesign of new and existing facilities, 
processes, equipment, tools, and organization of work. In accordance with the PtD Plan, this 
module has been developed for use by educators to disseminate the PtD concept and practice within 
the undergraduate engineering curricula.

John Howard, M.D.
Director, National Institute for 

Occupational Safety and Health
Centers for Disease Control and Prevention
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Introduction
This Instructor’s Manual is part of a broad-based multi-stakeholder initiative, Prevention through 
Design (PtD). This module has been developed for use by educators to disseminate the PtD 
concept and practice within the undergraduate engineering curricula. Prevention through Design 
anticipates and minimizes occupational safety and health hazards and risks* at the design phase 
of products,† considering workers through the entire life cycle, from the construction workers 
to the users, the maintenance staff, and, finally, the demolition team. The engineering profession 
has long recognized the importance of preventing occupational safety and health problems by 
designing out hazards. Industry leaders want to reduce costs by preventing negative safety and 
health consequences of poor designs. Thus, owners, designers, and trade contractors all have an 
interest in the final design.

This manual is for one of four PtD education modules to increase awareness of construction 
hazards. The modules support undergraduate courses in civil and construction engineering. The 
four modules cover the following:

1. Reinforced concrete design
2. Mechanical-electrical systems
3. Structural steel design
4. Architectural design and construction.

The manual is specific to a PowerPoint slide deck related to Module 1, Reinforced concrete 
design. It contains learning objectives, slide-by-slide lecture notes, case studies, test questions, 
and references. It is assumed that the users are experienced professors/lecturers in schools of 
engineering. As such, the manual does not provide specifics on how the materials should be 
presented. Slide notes are included on most of the slides for the instructor’s consideration. 

Numerous examples of inadequate design and catastrophic failures can be found on the 
Internet. If time permits, have the students seek, share, and analyze appropriate and inadequate 
designs. The PtD Web site is located at www.cdc.gov/niosh/topics/ptd. The National Institute 
for Occupational Safety and Health (NIOSH) Fatality Assessment and Control Evaluation 
(FACE) Reports can be found at www.cdc.gov/niosh/face/. Occupational Safety and Health 
Administration (OSHA) Fatal Facts are available at www.osha.gov/OshDoc/toc_FatalFacts.html. 

*A “hazard” is anything with the potential to do harm. A “risk” is the likelihood of potential harm from that hazard 
being realized.

†The term products under the Prevention through Design umbrella pertains to structures, work premises, tools, 
manufacturing plants, equipment, machinery, substances, work methods, and systems of work.

www.cdc.gov/niosh/topics/ptd
www.cdc.gov/niosh/face
www.osha.gov/OshDoc/toc_FatalFacts.html
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Reinforced Concrete 

Reinforced Concrete Design 

Developed by John Gambatese, Ph.D., P.E. 
Ryan Lujan 

School of Civil and Construction Engineering 
Oregon State University 

EDUCATION MODULE 

Photo courtesy of Thinkstock 

NOTES TO INSTRUCTORS
This module presents safe-design considerations pertaining to reinforced concrete design and 
construction. It contains specific examples of common workplace hazards related to construction 
and illustrates ways design can make a difference. A case study is included to facilitate class 
discussions. One section of slides presents the Prevention through Design (PtD) concept, another 
summarizes reinforced concrete design principles, and a third illustrates applications of the PtD 
concept to real-world construction scenarios.

This education module is intended to facilitate incorporation of the PtD concept into your 
concrete design course. You may wish to supplement the information presented in this module 
and may assign projects, class presentations, or homework as time permits. Sections may 
be presented independently of the whole. Presentation times are approximate, based on our 
presentation  experience.

Sl
id

e 
1

Learning Objectives and Overview
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To activate features embedded in some slides, please “enable content,” make this a “trusted 
document,” and view the slides in “slide show” mode. To show the presentation file in slideshow 
mode, press F5. Each slide is accompanied by speaker notes that you can read aloud while the 
slide is projected on the screen. The audience does not see the speaker notes. When you click 
on “Use Presenter View” on the Slide Show tab, your monitor displays the speaker notes but the 
projected image does not. 

Thank you for using this module. To report problems or to make suggestions, please contact the 
National Institute for Occupational Safety and Health (NIOSH): 

Telephone: (513) 533–8302 
E-mail: preventionthroughdesign@cdc.gov

SOURCE
Photo courtesy of Thinkstock

 

mailto:preventionthroughdesign@cdc.gov
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Reinforced Concrete 

Topic 
Slide  

numbers 
Approx. 
minutes 

Introduction to Prevention through Design (PtD)   5–29 45 

Elements, Activities, and Hazards 30–45 30 

Mitigating Concrete Construction Hazards 46–78 50 

Construction Case Study 79–82 20 

Recap 83–84      5 

References and Other Sources 85–95 — 

Guide for Instructors 

NOTES
The first two slides of the presentation provide acknowledgments and general information. 
Learning objectives are delineated on Slide 3. Slide 4 contains the Overview. Slides 5 through 29 
introduce the PtD concept and can be covered in approximately 45 minutes. Slides 30 through 
45 use a variety of concrete design references to summarize the concrete design and detailing 
process, as well as concrete construction activities. Some instructors will wish to use the two 
sets of process slides earlier in their course, well before they explicitly cover PtD. Construction 
safety and hazards are rarely covered in engineering curricula but are important for engineers to 
understand if they are to implement PtD. Slides 46 through 78 are provided to educate students 
about the hazards associated with concrete construction. In addition, these slides provide specific 
examples of PtD opportunities in reinforced concrete designs. Finally, a construction case study 
is provided in slides 79 through 82 to illustrate how design impacts construction safety and how 
PtD could be implemented to prevent injuries and fatalities.

Sl
id

e 
2
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Reinforced Concrete 

Learning Objectives  

• Explain the Prevention through Design (PtD) concept. 

• List reasons why project owners may wish to incorporate 
PtD in their projects. 

• Identify workplace hazards and risks associated with 
design decisions and recommend design alternatives to 
alleviate or lessen those risks. 

NOTES
At the completion of this education module, an engineering student should be able to

 ● Explain the PtD concept.
 ● Describe motivations, barriers, and enablers for implementing PtD on projects.
 ● List three reasons why PtD improves business value.

Sl
id

e 
3
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Reinforced Concrete 

Overview 

• PtD Concept 

• Introduction to 
Reinforced Concrete 

• Reinforced Concrete 
Design Process, 
Construction Activities, 
and Safety Hazards 

• Reinforced Concrete 
PtD Examples 

• Case Study 

Photo courtesy of Thinkstock 

NOTES
This is an overview of the PtD topics that we will cover in this module. Many of you are probably 
not familiar with PtD. We will discuss the concept. Next I will summarize the concrete design, 
detailing, and manufacturing processes. Similarly, I will summarize the concrete construction 
process, which has also come up in class previously. Finally, I will show you some specific ways 
that design engineers can incorporate PtD into their concrete designs. A case study will be used to 
illustrate how PtD concepts can be used to improve safety in reinforced concrete construction.

SOURCE
Photo courtesy of Thinkstock

Sl
id
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Reinforced Concrete Reinforced Concrete 

Introduction to Prevention through Design 
EDUCATION MODULE 

NOTES
Let’s start by introducing PtD.

Sl
id

e 
5

Introduction to  
Prevention through Design (PtD)
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Reinforced Concrete 

Occupational Safety and Health 

• Occupational Safety and Health Administration (OSHA) 
www.osha.gov 

– Part of the Department of Labor 
– Assures safe and healthful workplaces 
– Sets and enforces standards  
– Provides training, outreach, education, and assistance 
– State regulations possibly more stringent  

• National Institute for Occupational Safety and  
Health (NIOSH) www.cdc.gov/niosh 

– Part of the Department of Health and Human Services, Centers 
for Disease Control and Prevention 

– Conducts research and makes recommendations for the 
prevention of work-related injury and illness  

NOTES
All employers, including structural design firms, are required by law to provide their employees 
with a safe work environment and training to recognize hazards that may be present. They also 
must provide equipment or other means to minimize or manage the hazards. 

Designers historically have not been familiar with the federal Occupational Safety and Health Act 
(OSH Act) standards because they were rarely exposed to construction jobsite hazards. However, 
with the increasing roles that designers are playing on worksites, such as being part of a design-
build team, it is becoming increasingly important that they receive construction safety training, 
including information about federal and state construction safety standards.

The Occupational Safety & Health Act of 1970, Public Law 91-596 (OSH Act) [29 USC* 1900], 
was passed on December 29, 1970, “To assure safe and healthful working conditions for 
working men and women; by authorizing enforcement of the standards developed under the 
Act; by assisting and encouraging the States in their efforts to assure safe and healthful working 
conditions; by providing for research, information, education, and training in the field of 
occupational safety and health; and for other purposes.” The construction industry standards 

* United States Code. See USC in Sources.

Sl
id

e 
6
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enforced by the Occupational Safety and Health Administration (OSHA) are found in Title 29 
Part 1926 of the Code of Federal Regulations [29 CFR 1926].

The National Institute for Occupational Safety and Health (NIOSH) is part of the Department 
of Health and Human Services, Centers for Disease Control and Prevention. The National 
Occupational Research Agenda (NORA) is a partnership program to stimulate innovative 
research and improved workplace practices. Unveiled in 1996, NORA has become a research 
framework for NIOSH and the nation. Diverse parties collaborate to identify the most critical 
issues in workplace safety and health. Partners, then, work together to develop goals and 
objectives for addressing these needs. Participation in NORA is broad, including stakeholders 
from universities, large and small businesses, professional societies, government agencies, 
and worker organizations. NIOSH and its partners have formed ten NORA Sector Councils: 
Agriculture, Forestry & Fishing; Construction; Healthcare & Social Assistance; Manufacturing; 
Mining; Oil and Gas Extraction; Public Safety; Other Services; Transportation, Warehousing 
& Utilities; and Wholesale and Retail Trade. The mission of the NIOSH research program for 
the Construction sector is to eliminate occupational diseases, injuries, and fatalities among 
individuals working in these industries through a focused program of research and prevention. 

SOURCES
CFR. Code of Federal Regulations. Washington, DC: U.S. Government Printing Office, Office of 
the Federal Register.

NIOSH FACE reports [www.cdc.gov/niosh/face]

OSHA Fatal facts accident reports index [www.setonresourcecenter.com/MSDS_Hazcom/
FatalFacts/index.htm]

OSHA home page [www.osha.gov]

USC. United States Code. Washington, DC: U.S. Government Printing Office.

www.cdc.gov/niosh/face
www.setonresourcecenter.com/MSDS_Hazcom/FatalFacts/index.htm
www.setonresourcecenter.com/MSDS_Hazcom/FatalFacts/index.htm
www.osha.gov
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Reinforced Concrete 

Construction Hazards 

• Cuts 

• Electrocution 

• Falls 

• Falling objects 

• Heat/cold stress 

• Musculoskeletal disease 

• Tripping 

[BLS 2006; Lipscomb et al. 2006] 

 

Graphic courtesy of OSHA 

NOTES
A construction worksite by its nature involves numerous potential hazards. A portion of the work 
is directly affected by weather. Workers interact with heavy equipment and materials at elevated 
heights, in below-ground excavations, and in multiple awkward positions. The composition 
of the site workforce changes over the project, and work is done autonomously at times and in 
coordination at others. The construction worksite is unforgiving to poor planning and operational 
errors. 

For these reasons, pre-job construction-phase planning is used as a best practice to systematically 
address potential hazards. Project-specific worker safety orientations prior to site work also play 
an important role. PtD practices, by systematically looking further upstream at design-related 
potential hazards, extend these pre-job measures. PtD can help identify potential hazards so that 
they can be eliminated, reduced, or communicated to contractors for pre-job planning.

Sl
id

e 
7

Construction Hazards
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Every hazard that can be addressed should be addressed. Falling can cause serious injury. 
Boilermakers, pipe-fitters, and iron workers can experience career-ending musculoskeletal 
injuries by lifting heavy loads or working in a cramped position. Anyone can be seriously 
injured by a falling object. Whether a structural member or a simple wrench, a falling object 
can be deadly. Anyone can trip, but the elevated height and proximity to dangerous equipment 
increase the risk of injury on a construction site. Some accidents are caused by poor lighting and/
or sunlight glare. Common injuries due to spatial misperception include hitting your head or 
cutting yourself on sharp corners. Hot summer and cold winter days can affect worker health. 
Personal protective equipment (PPE), such as hardhats, gloves, ear protection, and safety glasses, 
is required for a reason! Not every hazard on a construction worksite can be “designed out,” but 
many significant ones can be minimized during the design phase.

SOURCES 
BLS [2006]. Injuries, illnesses, and fatalities in construction, 2004. By Meyer SW, Pegula SM. 
Washington, DC: U.S. Department of Labor, Bureau of Labor Statistics, Office of Safety, Health, 
and Working Conditions. 

Lipscomb HJ, Glazner JE, Bondy J, Guarini K, Lezotte D [2006]. Injuries from slips and trips in 
construction. Appl Ergonomics 37(3):267–274.

OSHA [ND]. Fatal facts accident reports index [foreman electrocuted]. Accident summary no. 17 
[www.setonresourcecenter.com/MSDS_Hazcom/FatalFacts/Index.htm].

www.setonresourcecenter.com/MSDS_Hazcom/FatalFacts/Index.htm
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ACCIDENT SUMMARY No. 17

Accident Type: Electrocution
Weather Conditions: Sunny, Clear
Type of Operation: Steel Erection
Size of Work Crew: 3

Collective Bargaining No
Competent Safety Monitor on Site: Yes - Victim

Safety and Health Program in Effect: No
Was the Worksite Inspected Regularly: Yes

Training and Education Provided: No
Employee Job Title: Steel Erector Foreman

Age & Sex: 43-Male
Experience at this Type of Work: 4 months

Time on Project: 4 Hours

BRIEF DESCRIPTION OF ACCIDENT

Employees were moving a steel canopy structure using a "boom crane" truck. The boom cable made contact 
with a 7200 volt electrical power distribution line electrocuting the operator of the crane; he was the foreman 
at the site.

INSPECTION RESULTS

As a result of its investigation. OSHA issued citations for four serious violations of its construction standards 
dealing with training, protective equipment, and working too close to power lines.

OSHA's construction safety standards include several requirements which, If they had been followed here. 
might have prevented this fatality.

ACCIDENT PREVENTION RECOMMENDATIONS

1. Develop and maintain a safety and health program to provide guidance for safe operations (29 CFR 
1926.20(b)(1)). 

2. Instruct each employee on how to recognize and avoid unsafe conditions which apply to the work and 
work areas (29 CFR 1926.21(b)(2)) 

3. If high voltage lines are not de-energized, visibly grounded, or protected by insulating barriers, 
equipment operators must maintain a minimum distance of 10 feet between their equipment and the 
electrical distribution or transmission lines (29 CFR 1926.550(a)(15)(i)). 

SOURCES OF HELP

 Ground Fault Protection on Construction Sites (OSHA 3007) which describes OSHA requirements for 
electrical safety at construction sites. 

Sl
id

e 
7

The following report and references are from OSHA.
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 Construction Safety and Health Standards (OSHA 2207) which contains all OSHA job safety and health 
rules and regulations (1926 and 1910) covering construction 

 OSHA Safety and Health Training Guidelines for Construction (available from the National Technical 
Information Service - Order No PB-239312/AS) comprised of a set of 15 guidelines to help 
construction employees establish a training program in the safe use of equipment, tools, and 
machinery on the job 

 OSHA-funded free onsite consultation services Consult your telephone directory for the number of 
your local OSHA area or regional office for further assistance and advice (listed under the US Labor 
Department or under the state government section where states administer their own OSH programs). 

NOTE: The case here described was selected as being representative of fatalities caused by improper work 
practices. No special emphasis or priority is implied nor is the case necessarily a recent occurrence. The legal 
aspects of the incident have been resolved, and the case is now closed.

Sl
id

e 
7

The following report and references are from OSHA.
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Reinforced Concrete 

Construction Accidents in the United States 

Construction is one of the most 
hazardous occupations. This 
industry accounts for  

• 8% of the U.S. workforce, 
but 20% of fatalities 

• About 1,100  
deaths annually 

• About 170,000 serious 
injuries annually 

[CPWR 2008] 

 

Photo courtesy of Thinkstock 

NOTES 
As many of us know, construction is one of the most dangerous industries for workers. In the 
United States, construction typically accounts for 170,000 serious injuries and 1,100 deaths each 
year. The fatality rate is disproportionally high for the size of the construction workforce. Twenty 
percent of all collapses during construction are the result of structural design errors. Statistics like 
these do not tell the whole story. Behind every serious injury, there is a real story of an individual 
who suffered serious pain and may never fully recover. Behind every fatality, there are spouses, 
children, and parents who grieve every day for their loss. We all recognize that safety is a vital 
component of an inherently dangerous business. All of us—including architects and engineers—
must do what we can to reduce the risk of injuries on our projects.

Sl
id

e 
8

Construction Accidents
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SOURCES
CPWR [2008]. The construction chart book. 4th ed. Silver Spring, MD: Center for Construction 
Research and Training.

New York State Department of Health [2007]. A plumber dies after the collapse of a trench wall. 
Case report 07NY033 [www.cdc.gov/niosh/face/pdfs/07NY033.pdf].

OSHA [ND]. Fatal facts accident reports index [laborer struck by falling wall]. Accident summary 
no. 59 [www.setonresourcecenter.com/MSDS_Hazcom/FatalFacts/index.htm]. 

Photo courtesy of Thinkstock

www.cdc.gov/niosh/face/pdfs/07NY033.pdf
www.setonresourcecenter.com/MSDS_Hazcom/FatalFacts/index.htm
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FATALITY ASSESSMENT AND CONTROL EVALUATION 

A Plumber Dies After the   
Collapse of a Trench Wall  

Case Report:  07NY033 

SUMMARY 

In May 2007, a 46 year old self-employed plumbing contractor (the victim) died when the unprotected 
trench he was working in collapsed.  The victim was an independent plumber subcontracted to install a 
sewer line connection to the sewer main, part of a general contractor project to install a new sanitary 
sewer for an existing single family residence.  

At approximately 12:30 PM on the day of the incident, the workers on site observed the victim walking 
back toward the residence for parts as they initiated their lunch break.  When the victim did not come 
for his lunch or answer his cell phone, the general contractor and workers starting searching for the 
victim.  The excavation contractor observed that a portion of the trench had collapsed where the victim 
was installing a sewer tap.  The victim was found trapped in the trench under a large slab of asphalt, 
rock and soil.  Three workers immediately climbed down the side of the trench to try to assist the 
victim.  One of the workers called 911 on his cell phone.  Police and emergency medical services 
(EMS) arrived on site within minutes.  The EMS members entered the unprotected trench but could not 
revive the victim.  The county trench rescue team recovered the victim’s body at approximately seven 
feet below grade and lifted him from the ditch four hours after the incident.  He was pronounced dead 
at the site.  More than 50 rescue workers were involved in the recovery. 

New York State Fatality Assessment and Control Evaluation (NY FACE) investigators concluded that, 
to help prevent similar occurrences, employers and independent contractors should: 

Require that all employees, subcontractors, and site workers working in trenches 
five feet or more in depth are protected from cave-ins by an adequate protection 
system. 
Require that a competent person conducts daily inspections of the excavations, 
adjacent areas, and protective systems and takes appropriate measures necessary 
to protect workers. 
Require that all employees and subcontractors have been properly trained in the 
recognition of the hazards associated with excavation and trenching.  In addition, 
the general contractor (GC) should be responsible for the collection and review of 
training records and require that all workers employed on the site have received 
the requisite training to meet all applicable standards and regulations for the scope 
of work being performed. 
Require that on a multi-employer work site, the GC should be responsible for the 
coordination of all high hazard work activities such as excavation and trenching. 

Sl
id

e 
8

The following report and references are from the New York State Fatality Assessment and Control Evaluation program.
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Require that all employees are protected from exposure to electrical hazards in a 
trench. 

Additionally, 
Employers of law enforcement and EMS personnel should develop trench rescue 
procedures and should require that their employees are trained to understand that 
they are not to enter an unprotected trench during an emergency rescue operation. 
Local governing bodies and codes enforcement officers should receive additional 
training to upgrade their knowledge and awareness of high hazard work, including 
excavation and trenching.  This skills upgrade should be provided to both new and 
existing codes enforcement officers. 
Local governing bodies and codes enforcement officers should consider requiring 
building permit applicants to certify that they will follow written excavation and 
trenching plans in accordance with applicable standards and regulations, for any 
projects involving excavation and trenching work, before the building permits can 
be approved. 

INTRODUCTION 

In May, 2007, a 46 year old self-employed plumbing contractor died when the trench he was working 
in collapsed at a residential construction site.  Approximately 8000 pounds of broken asphalt, rock and 
dirt fell atop the victim, fatally crushing him as he was installing a sewer tap to a town sewer main.  
The New York State Fatality Assessment and Control Evaluation (NY FACE) program learned about 
the incident from a newspaper article the following day.  The Occupational Safety and Health 
Administration (OSHA) investigated the incident along with the county sheriff's office.  The NY 
FACE staff met and reviewed the case information with the OSHA compliance officer.  This report 
was developed based upon the information provided by OSHA, the county sheriff's department, and 
the county coroner's medical and toxicological reports.

The general contractor (GC) on the residential construction site had been hired by the homeowners to 
complete a project that included the installation of a new sanitary sewer connection for an existing 
single family residence.  The GC was the owner and sole employee of his company, which had been in 
business for many years.  The GC directed the work of two subcontractors on the work site to complete 
the installation of the residential sewer line. 

One subcontractor was an excavating company that had been in business for approximately 
four years.  The owner of this company hired two workers to assist him with the excavation of 
the trench. 
The second subcontractor was the victim, a self-employed licensed plumber who had over 
twenty years of experience with a variety of construction projects, including the installation of 
sewer lines. The victim did not have any previous work relationship with either the GC or the 
excavation subcontractor. 

The OSHA investigation report indicated that the GC and the subcontractor did not have health and 
safety programs.  A formal health and safety plan had not been established to identify the hazards of 
the excavation project and the actions to be taken to remediate them.  The GC, subcontractors and the 
subcontractors’ employees did not have hazard recognition training or safety training on the 
fundamentals of excavation and trenching.  None of the workers on the site were knowledgeable on 
excavation and trenching safety standards and applicable regulations and they did not understand the 
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hazards and dangers associated with working in a trench.  A competent person was not present to 
conduct initial and ongoing inspections of the excavation project, identify potential health and safety 
hazards such as possible cave-in, and oversee the use of adequate protection systems and work 
practices. 

INVESTIGATION 

The GC was hired to replace a crushed sewer line that ran under the driveway of an existing single 
family residence.  Rather than dig up the driveway to replace the old line, which was thought to be 
more costly and time-consuming, the GC decided to run a new line.  All required town permits had 
been obtained and the local codes enforcement requirements for one-call system notification of the 
excavation and underground utility location mark-outs had been completed. The work had been 
scheduled to be completed in one day (Friday), but the excavation subcontractor lost time due to 
hitting a water line and encountering very rocky soil during the excavation. The project had to be 
extended to two days (Friday and Monday).  The town water and sewer inspector visited the work site 
on Friday, observed the digging of the trench which began at the residence, and halted the digging of 
the trench at the edge of the property to avoid having an open trench in the road and consequent road 
closure over a weekend. Excavation company workers had been observed in the trench spotting and 
hand digging. 

On Monday, the day of the incident, the excavating subcontractor initiated excavation from the edge of 
the road to the sewer main in the roadway.  An employee witness of the excavating company stated 
that the victim was directing excavation work while in the trench and hand digging to expose the sewer 
main once the excavator came close to the location.  OSHA findings indicated that tools were 
uncovered in the trench in the area of the trench wall collapse, including a shovel, pick ax, hammer 
drill and drill bits, consistent with the scenario of the victim being in the ditch, hand digging to locate 
the sewer main.  The town water and sewer inspector also visited the work site on Monday. He 
determined that the victim did not have the correct parts to complete the sewer connection, advised 
him of the correct parts, and indicated that he would return later in the day to re-inspect and 
photograph the completed sewer tap in order to allow the excavating subcontractor to run the pipe back 
to the house, backfill the excavation and reopen the road. 

The GC left the work site to purchase the correct parts, while the excavation continued.  The 
dimensions of the final trench were approximately 55 feet in length, 3 feet to 8 feet in depth, and 30 
inches to 128 inches in width (see Figure 1). It was shaped like a “T.” The gravity sewer main that the 
victim was connecting to was located at a depth of 7 feet 4 inches (7' 4”) below grade at the east (E) 
end of the top of the “T.” Installation of new sewer pipe from the residence had been initiated and 
some of the trench had already been backfilled.  The length of the trench from the top of the “T” to the 
location of the newly installed sewer pipe was 35 feet 11 inches (35'11”) at the time of the incident. 
Soil analysis results, conducted after the incident, indicated a granular, sandy gravel Type C soil 
(OSHA Excavation Standard) that contained large cobbles and boulders, the least stable soil type. 
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HOUSE 

Figure 1: Schematic of the excavation and the incident site (courtesy of OSHA) 

The faces of the trench were vertical.  No shoring or benching was used.  Large cobbles and boulders 
and loose rock/dirt were visible on the face of the excavation and were not removed or supported. The 
pavement above the E and W faces of the excavation had been undermined during excavation activities 
and no support system was utilized to protect employees from a possible collapse.  Pieces of road 
pavement and asphalt had been undermined during excavation activities in the road in the proximity of 
the sewer main at the top of the “T.” These areas were in plain view and did not have additional 
support.  On the W side of the excavation, loose boulders, rock and debris in spoils piles were located 
less than two feet from the edge of the trench. (Figure 2) The excavator was positioned adjacent to the 
N end of the trench, where undermined areas were in plain sight.  The N end of the trench, where the 
victim was installing the sewer tap, also lacked an access ladder or other safe means of entry/egress. 

Figure 2: View of the west wall of the excavation south of the “T.”  
Note the boulders and loose rock/dirt on the excavation face as well as the location of the spoils pile  
within 2 feet of the edge of the trench. (courtesy of OSHA)  
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The GC returned just before 12 noon with the correct parts and handed them to the victim.  The GC 
left the site in order to purchase lunch for the workers, including the victim.  At this same time, the 
victim called the town water and sewer inspector, informed him that he had located the sewer main, 
had all the correct parts, and was ready to connect.  The town inspector informed the victim that 
someone from the town would be out after lunch to inspect and photograph the sewer tap.  According 
to the town inspector, a sewer tap to a sewer main is a simple job that would take about 20 minutes to 
complete. The GC returned with lunch at 12:30PM. The workers, with the exception of the victim, 
took a break for lunch at a location near the front end loader (Figure 1). The workers saw the victim 
walking in the trench in the direction of the residence and heard him say that he was “looking for a 
splitter for a three-way.”  By 1:00 PM the victim still had not come for his lunch. The GC called the 
victim on his cell phone and looked for him in his van behind the house. The other workers joined in 
the search. The excavating subcontractor observed that a portion of the west side of the trench had 
collapsed.  When the workers approached the excavation, they found the victim trapped in the trench 
under a large slab of asphalt, rock, and soil, with only the back of his head exposed. Three workers 
climbed down the side of the trench to try to assist the victim.  

The workers removed the dirt from around his head, lifted his head, and tried to clear his airway.  They 
checked for a pulse, but found none. One of the workers then called 911 from his cell phone.  The 
workers attempted to move the slab of asphalt without success.  Within minutes, the police arrived, 
followed by EMS at approximately 1:08 PM.  The EMS personnel entered the unprotected trench but 
were unable to revive the victim.  Volunteer firefighters from multiple fire departments and a special 
trench rescue team responded, the latter team having been created by the county after the deaths of two 
workers in a construction trench collapse 10 years earlier.  A wooden safety box was built by the 
trench rescue team and efforts began to free the victim from entrapment by chipping the asphalt slab 
into pieces. Using a system of ropes and pulleys, the rescue team lifted the victim from the ditch at 
4:25 PM.  His body had been recovered at about 7' below grade. The county coroner pronounced him 
dead at 4:35 PM.  Approximately 50 rescuers responded to the 911 call.  

The OSHA investigation resulted in findings that the trench section that collapsed was a triangular 
shaped area at the northwest corner of the excavation, approximately 5 feet 1 inch (5' 1”) in length, 4 
feet (4' ) wide, and 6-7 feet (6-7') deep.  Multiple hazards were present, but had not been identified and 
remediated.  The W side of the excavation collapsed and pieces of asphalt paving and rock fatally 
crushed the victim while he was making the sewer tap (Figures 3 and 4). 

The hazards of the unprotected trench exposed additional people to the excavation collapse as the GC, 
the excavation company workers and EMS personnel entered the trench to attempt a rescue of the 
victim.   In addition to the trench hazards, no precautions had been taken to prevent exposure to the 
underground electrical and utility lines.  The town inspector had noted that a young employee of the 
excavation company was “manually hand digging with shovel and pick ax “within a few inches of the 
buried electrical lines.” This is consistent with OSHA findings that indicated attempts had been made 
to cut the rock in the face of the trench at the location of the underground utilities.  A demo saw, 
hammer drill and cordless reciprocating saw used to cut rocks and pavement were found within inches 
of the 12,000 volt underground electrical line.  Several other utilities were also exposed in this location 
at the edge of the road (Figure #1, Tools #1).  EMS personnel also entered the trench when power was 
still connected to the utilities in the trench. 
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Figure 3: Location of collapse. Figure 4: Area of trench collapse 
Note spoils piles and equipment located less Note the large boulders hanging from the than 
2 feet from the edge of the trench excavation faces and undermined areas on the 
(courtesy of OSHA) edge of the trench (courtesy of OSHA) 

RECOMMENDATIONS/DISCUSSION 

Recommendation #1: Employers and independent contractors should require that all employees, 
subcontractors and site workers working in trenches five feet or more in depth are protected from 
cave-ins by an adequate protection system. 

Discussion: Employers and contractors should require that all employees working in trenches five feet 
deep or more are protected from cave-ins by an adequate protection system appropriate to the 
conditions of the trench, including sloping techniques or support systems such as shoring or trench 
boxes (OSHA 29CFR 1926.652).  Sloping involves positioning the soil away from an excavation 
trench at an angle that would prevent the soil from caving into the trench.  Even in shallow trenches 
less than five feet in depth, the possibility of accidents still exists.  Trenches five feet deep or less 
should also be protected if a competent person identifies a cave-in potential.  Trench protection 
systems are available to all employers and independent contractors, even as rental equipment.  
Employers should also require that all pieces of excavated pavement, asphalt, dirt, rock, boulders, and 
debris as well as excavation equipment are located in spoils piles or positions that are at least two feet 
from the edge of the excavated trench. Where a two foot setback is not possible, spoils may need to be 
hauled to another location. In this incident, sloping would not have been an appropriate protection 
system, due to the composition of the soil.  Employers and contractors should consult tables located in 
the appendices of the OSHA Excavation Standard that detail the protection required based upon the 
soil type and environmental conditions present at a work site.  Employers and contractors can also 
consult with manufacturers of protective systems to obtain detailed guidance for the appropriate use of 
protection systems. 
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Trenches should be kept open only for the minimum amount of time needed.  Hinze and Bren (1997)  
observed that the risk of a collapse in an unprotected trench increases the longer a trench is open.  They  
propose that after a trench is dug, the apparent cohesion of trench walls may begin to relax after only  
four hours, contributing to increasingly unstable walls in an unprotected trench.  In this incident, a 45  
feet length of the trench had been excavated and was left open for more than two days.  The trench  
section where the incident occurred was dug at approximately 8:30 AM on the day of the incident.   
Hand digging and incorrect parts resulted in additional delays in making the sewer tap to the main.   
The trench collapse occurred approximately four hours later, between 12:30 PM and 1:00 PM.  

The key to preventing a trench accident is not to enter an unprotected trench. When the walls of a  
trench collapse or cave in, the results are entrapment or struck-by incidents to anyone caught inside,  
accidents which can occur in seconds.  Many workers in a trench are in a kneeling or squatting position  
that results in little opportunity for an escape.  Victims do not need to be completely covered in soil.  
Even with partial covering, enough pressure is created for mechanical asphyxia in which the weight of  
the dirt and soil compresses the chest. One cubic yard of soil has an average weight of 2500 pounds  
(Figure 4), but can vary due to the composition and moisture content.   

2, 785 pounds 2, 500 pounds 

Figure 5: Weight of one cubic yard of soil (courtesy of “Weights of Building Materials, Agricultural  
Commodities, and Floor Loads for Buildings” standard reference)  

Recommendation #2: Employers and independent contractors should require that a competent 
person conducts daily inspections of the excavations, adjacent areas, and protective systems and 
takes appropriate measures necessary to protect workers. 

Discussion: Employers and independent contractors are responsible for complying with the OSHA 
Excavation Standard requirements to designate a competent person on site for excavation and 
trenching projects to make daily inspections of excavations, the adjacent areas, and protective systems 
(OSHA 29CFR 1926.651). A competent person is defined as someone who is capable of identifying 
existing and predictable hazards in the surroundings and working c onditions that are dangerous to 
employees and who has the authorization to take prompt corrective measures to eliminate them.  They 
should inspect the trenches daily, as needed throughout the work sh ift, and as conditions change (for 
example, heavy rainfall or increased traffic vibrations).  These insp ections should be conducted before 
worker entry, to ensure that there is no evidence of a possible cave-in, failure of a protective system, 
hazardous conditions such as spoils piles or equipment location, or hazardous atmosphere.  
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In particular, competent persons are required by OSHA to complete a competent person training 
curriculum, which could be an OSHA training program or an equivalent safety or trade organization 
training.  The competent person needs be knowledgeable on the hazards associated with excavation 
and trenching, as well as the causes of injuries and the safe work practices and specific protective 
actions needed.  Competent persons must also be experienced in excavation and trenching with a 
minimum of hands-on training in a demonstration trench or in a field component. The competent 
person needs to know the key points of the OSHA Excavation Standard, including the excavation 
standards and appendices, checklists, soils analysis and the components of a daily trenching inspection.   

Having a competent person is a particularly acute problem among contracting companies that employ 
fewer than 10 workers.  Of the National Institute for Occupational Safety and Health (NIOSH) FACE 
cases related to excavation and trenching, 88% were non-union companies with less than 10 workers.  
These small companies are not members of trade associations and are the least likely to employ trench 
safety protections and to have an adequately trained competent person or an excavation crew.  

In this incident, no competent person was hired by the GC to conduct initial and ongoing inspections 
of the trench.  The GC, excavating contractor, and excavation company employees did not possess an 
understanding of the hazards associated with excavation and trenching operations or a knowledge of 
the requirements of the OSHA Excavation Standard.  No one on-site was qualified to function as the 
competent person.  

Recommendation #3: Employers and independent contractors should require that all employees 
and subcontractors have been properly trained in the recognition of the hazards associated with 
excavation and trenching. On a multi-employer work site, the GC should be responsible for the 
collection and review of training records and require that all workers employed on the site have 
received the requisite training to meet all applicable standards and regulations for the scope of work 
being performed. 

Discussion: Excavation and trenching is one of the most hazardous construction operations.  Even 
with a competent person on site, workers in excavation and trenching operations are also in need of 
health and safety training, including basic hazard recognition and prevention.  Workers should be able 
to identify the specific hazards associated with excavation and trenching, the reasons for using 
protective equipment and how to work in a trench safely.  Workers should be trained not to enter an 
unprotected trench, even in a rescue attempt, since they place themselves at risk of becoming injured or 
killed. If necessary, projects should be delayed until training requirements are met and training records 
are provided. 

In this case, the general contractor, excavation subcontractor, and excavation company employees did 
not demonstrate adequate knowledge of safe work practices in excavation and trenching. The limited 
training in proper excavation technique as well as inadequate hazard recognition and prevention 
training were critical to the failure to properly assess the hazards present and protect the trench. 

Recommendation #4: Employers and independent contractors should require that on a multi-
employer work site, the GC should be responsible for the coordination of all high hazard work 
activities such as excavation and trenching. 

Discussion: The GC is responsible and accountable for the safety of all employees, subcontractors and 
workers on the site.  Health and safety plans should be in place to formally address the hazards that 
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may be encountered, including written plans to manage these hazards and protect the safety of all 
workers on the site. 

In this incident, the GC did coordinate the work activities of the subcontractors and workers on the job, 
but health and safety plans were not addressed. The management of excavation and trenching hazards 
was left to a subcontractor who was not a competent person, knowledgeable or trained in the 
requirements of the OSHA Excavation Standard. 

Recommendation #5: Employers of law enforcement and EMS personnel should develop trench 
rescue procedures and should require that their employees are trained to understand that they are 
not to enter an unprotected trench during an emergency rescue operation. 

Discussion: Employers of law enforcement and EMS personnel should develop a formal safety 
procedure for emergency rescue in an unprotected trench.  Entering an unprotected trench after a cave-
in or collapse could place would-be rescuers in danger.  Rescue is a delicate and slow operation 
requiring knowledge of the behavior of unstable soil, necessary to prevent further injury to the victim 
or the rescuers.  The added weight and vibrations can also contribute to an increased susceptibility to 
further collapse.  Many rescuers precipitate second and third stage trench cave-ins and have become 
victims themselves.  In this incident EMS personnel entered the unprotected trench in an attempt to 
rescue the victim, exposing themselves to an excavation collapse hazard. 

Emergency rescue workers, such as law enforcement officials and EMS personnel, should receive 
specialized training in how to rescue workers who may be trapped in utility trenches, and should not 
put themselves in danger by entering an unprotected trench. In this incident, a specialized rescue team 
was called in to respond to the emergency.  The rescue workers had special equipment for trench 
rescues and building collapses and had undergone specialized training in the area of trench/building 
collapse emergencies.  They immediately constructed a wooden safety box in the trench with a system 
of ropes and pulleys before entering the trench to free the victim. National Fire Protection Association 
(NFPA) 1670, Chapter 11 details the requirements for rescue operations after a trench cave-in occurs. 

Recommendation #6: Local governing bodies and codes enforcement officers should receive 
additional training to upgrade their knowledge and awareness of high hazard work, including 
excavation and trenching.  This skills upgrade should be provided to both new and existing codes 
enforcement officers. 

Discussion: This recommendation may create a mechanism of observation and oversight by the codes 
enforcement officers who are likely to encounter small employers and independent contractors during 
their work.  The officers could inform the employers and contractors of potential hazards, provide fact 
sheets that highlight the key requirements for the excavation and trenching standards, and check some 
of the basics of the trenching project such as depth of the trench, protection of the trench and 
identification of the competent person.  In addition, they could advise employers and contractors to 
contact safety experts to learn about and implement trench safety. This may be an effective accident 
prevention strategy, reaching the thousands of untrained and unprepared small employers and 
independent contractors with awareness and guidance, the very workers who represent the major group 
of fatalities in New York State.  

In this incident, the town water and sewer inspector observed workers in the unprotected trench serving 
as spotters, observed a worker hand digging within a few feet of a live buried electrical utility, and 
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observed the victim spotting in the unprotected trench for the excavating subcontractor while 
attempting to locate the sewer main.  If the above recommendation was in place, with a trained and 
knowledgeable officer, at a minimum the excavation work may have been halted and entry into an 
unprotected trench may have been prohibited. 

Recommendation #7: Local governing bodies and codes enforcement officers should consider 
requiring building permit applicants to certify that they will follow written excavation and trenching 
plans in accordance with applicable standards and regulations, for any projects involving 
excavation and trenching work, before the building permits can be approved.  

Discussion: Local governing bodies may consider revising building permits to require building permit 
applicants to certify that they will follow written plans for any projects involving excavation and 
trenching.  Statements on the permit applications would be added to indicate that the 
employer/independent contractor agrees to accept and abide by all standards and regulations governing 
the excavation and trenching work, not just local governing body codes and ordinances.  If 
construction companies and independent contractors were required to provide written documentation 
of how the high hazard work of excavation and trenching will be performed safely as part of the 
building permit application process, it may prompt the employers and contractors to plan ahead, 
formally assess the hazards, seek assistance in developing the required safety and injury prevention 
program, and implement the necessary injury prevention measures.  No work should be initiated unless 
these requirements are met after review and approval. These changes may help to prevent trench 
related fatalities in NYS. 

Recommendation #8: Employers and independent contractors should require that all employees are 
protected from exposure to electrical hazards in a trench. 

Discussion: Utilities to the single family residence were located underground in the trench near the 
edge of the road.  Workers were observed using power and hand tools within inches of live 12,000 volt 
lines.  This did not contribute to the fatality, but did present another potential hazard to workers in the 
excavation and trenching project and to the rescue workers.  Performing cutting work next to hot utility 
lines could have resulted in additional serious injuries and death from electrocution.  The company 
performed the utility mark-out as required by local codes but did not contact the utility company to 
turn off the power as required, when they realized the need to hand cut large rocks and boulders in the 
trench. The power was not shut off to these lines until after the incident, when workers returned to 
complete the work.  

Key words: Trench, collapse, cave-in, trenching, excavation, trench protection systems, entrapment, 
spoils piles 
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776 

21. OSHA. OSHA Technical Manual SECTION V: CHAPTER 2 EXCAVATIONS: HAZARD 
RECOGNITON IN TRENCHING AND SHORING. Retrieved February 8, 2011 from 
http://www.osha.gov/dts/osta/otm/otm_v/otm_v_2.html 

22. OSHA. OSHA's Construction e-tool.  Retrieved February 8, 2011 from 
http://www.osha.gov/SLTC/etools/construction/trenching/mainpage.html 

The New York State Fatality Assessment and Control Evaluation (NY FACE) program is one of many 
workplace health and safety programs administered by the New York State Department of Health (NYSDOH).  
It is a research program designed to identify and study fatal occupational injuries.  Under a cooperative 
agreement with the National Institute for Occupational Safety and Health (NIOSH), the NY FACE program 
collects information on occupational fatalities in New York State (excluding New York City) and targets 
specific types of fatalities for evaluation.  NY FACE investigators evaluate information from multiple sources 
and summarize findings in narrative reports that include recommendations for preventing similar events in the 
future.  These recommendations are distributed to employers, workers, and other organizations interested in 
promoting workplace safety. The NY FACE does not determine fault or legal liability associated with a fatal 
incident.  Names of employers, victims and/or witnesses are not included in written investigative reports or other 
databases to protect the confidentiality of those who voluntarily participate in the program. 

Additional information regarding the NY FACE program can be obtained from: 
New York State Department of Health FACE Program 

Bureau of Occupational Health 
Flanigan Square, Room 230  

547 River Street  
Troy, NY  12180  

Page 12 of 13  
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1-518-402-7900 
www.nyhealth.gov/nysdoh/face/face.htm 
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The following report and references are from the New York State Fatality Assessment and Control Evaluation program.

http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_id=10774&p_table=STANDARDS
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ACCIDENT SUMMARY No. 59

Accident Type: Struck by Falling Wall
Weather Conditions: Clear/Wet Soil
Type of Operation: Trenching
Size of Work Crew: 2

Competent Safety Monitor on Site: No
Safety and Health Program in Effect: Inadeqaute

Was the Worksite Inspected Regularly: No, short duration
Training and Education Provided: Some

Employee Job Title: Laborer
Age & Sex: 27-Male

Experience at this Type of Work: 1 Year
Time on Project: 1 Day

BRIEF DESCRIPTION OF ACCIDENT

An employee was in the process of locating an underground water line. A trench had been dug approximately 
4 feet deep along side a brick wall 7 feet high and 5 feet long. The brick wall collapsed onto the victim who 
was standing in the trench. The injuries were fatal.

INSPECTION RESULTS

As a result of its investigation, OSHA issued citations for violation of the standard.

ACCIDENT PREVENTION RECOMMENDATIONS

The contractor should not permit employees to excavate below the level of the base of foundation footings 
when walls are unpinned [29 CFR 1926.651(i)(1)]

SOURCES OF HELP

 OSHA 2202 Construction Industry Digest ¯ includes all OSHA construction standards and those 
general industry standards that apply to construction. Order No. 029-016-00151-4, ($2.25). Available 
from the Superintendent of Documents, Government Printing Office, Washington DC 20402-9325, 
phone (202) 512-1800. Make checks payable to Superintendent of Documents. For phone orders, 
Visa® or MasterCard®. 

 OSHA 2254 Training Requirements in OSHA Standards and Training Guidelines ¯ includes all 
OSHA construction standards and those general industry standards that apply to construction. Order 
No. 029-016-00160-3, ($6.00). Available from the Superintendent of Documents, Government Printing 
Office, Washington DC 20402-9325, phone (202) 512-1800. Make checks payable to Superintendent of 
Documents. For phone orders, Visa® or MasterCard®. 

 OSHA Safety and Health Guidelines for Construction (Available from the National Information 
Service, 5285 Port Royal Road, Springfield, VA 22161; (703) 605-6000 or (800) 553-6847; Order No. 
PB-239-312/AS, $27). Guidelines to helpconstruction employers establish a training program in the 
safe use of equipment, tools, and machinery on the job. 
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 For information on OSHA-funded free consultation services call the nearest OSHA area office listed in 
telephone directories under U.S. Labor Department or under the state government section where 
states administer their own OSHA programs. 

 Courses in construction safety are offered by the OSHA Training Institute, 1555 Times Drive, Des 
Plaines, IL 60018, 708/297-4810. 

 OSHA Safety and Health Training Guidelines for Construction (Available from the National Technical 
Information Service, 5285 Port Royal Road, Springfield, VA 22161; 703/487-4650; Order No. PB-239-
312/AS): guidelines to help construction employers establish a training program in the safe use of 
equipment, tools, and machinery on the Job. 

NOTE: The case here described was selected as being representative of fatalities caused by improper work 
practices. No special emphasis or priority is implied nor is the case necessarily a recent occurrence. The legal 
aspects of the incident have been resolved, and the case is now closed.
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Design as a Risk Factor: Australian  
Study, 2000–2002 

• Main finding: design 
contributes significantly to 
work-related serious injury 

• 37% of workplace  
fatalities are due to  
design-related issues 

• In another 14% of fatalities, 
design-related issues may 
have played a role 

[Driscoll et al. 2008] 

 

Photo courtesy of Thinkstock 

NOTES 
Several studies around the world have demonstrated that design can directly affect the safety 
of a construction site or process. The Australian government investigated the design-related 
root causes of their work-related fatalities. Seventy-seven (37%) of the 210 identified workplace 
fatalities definitely or probably had design-related issues involved. In another 29 fatalities (14%), 
the circumstances suggested that design issues were involved. The most common scenarios 
involved problems with rollover protective structures and/or associated seat belts; inadequate 
guarding; lack of residual current devices; inadequate fall protection; failed hydraulic lifting 
systems in vehicles and mobile equipment; and inadequate protection mechanisms on mobile 
plants and vehicles.

These fatal incidents might have been prevented if the hazards that caused them had been 
considered during the design phase.

Sl
id

e 
9

Scaffolding Accidents



PtD | Reinforced Concrete Design Instructor’s Manual 35

Sl
id

e 
9

SOURCES
Driscoll TR, Harrison JE, Bradley C, Newson RS [2008]. The role of design issues in work-
related fatal injury in Australia. J Safety Res. 39(2):209–14 [Epub 2008:Mar 13; PubMed index for 
MEDLINE: 18454972].

NIOSH Fatality Assessment and Control Evaluation (FACE) Program [1983]. Fatal incident 
summary report: scaffold collapse involving a painter. FACE 8306 [www.cdc.gov/niosh/face/In-
house/full8306.html].

Photo courtesy of Thinkstock

www.cdc.gov/niosh/face/In-house/full8306.html
www.cdc.gov/niosh/face/In-house/full8306.html
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FACE 8306

Fatal Incident Summary Report: Scaffold Collapse Involving a Painter 

INTRODUCTION 

The National Institute for Occupational Safety and Health (NIOSH), Division of Safety Research 
(DSR), is currently conducting the Fatal Accident Circumstances and Epidemiology (FACE) 
Study. By scientifically collecting data from a sample of similar fatal accidents, this study will 
identify and rank factors which increase the risk of fatal injury for selected employees.

On May 25, 1983, a painter suffered fatal injuries when the suspended scaffolding from which he 
was working collapsed. The County Coroner requested NIOSH technical assistance to develop 
information on factors involved with the incident data.

CONTACTS/ACTIVITIES 

After receiving notification, three Division of Safety Research personnel, a safety specialist, 
a safety engineer, and an epidemiologist, visited at the site to interview the employer and 
witnesses and to obtain comparison data from suitable co-workers. The research team, the police 
department, and the employer examined the impounded scaffold at an independent testing 
laboratory. 

A debriefing session was held with the employer, other employees, and the contractor. During 
this introductory meeting, background information was obtained about the contractor and the 
employer, including an overview of their safety and health program. Interviews were conducted 
with witnesses and co-workers. Examining the scaffold assisted the researchers in developing 
hypotheses about the sequence of events leading to the incident. 

SYNOPSIS OF EVENTS 

The two workers had placed the scaffold supporting wire rope on the 7th floor permanently 
installed eye hooks. They then reeved the wire rope to the scaffold stirrups which are located at 
each end of the scaffold staging. After reeving was complete, the workers raised the scaffolding 
to the 7th floor windows. This action was accomplished by turning the drive motor directional 
switch to the “up” position and holding the motor switch in the “on” position. 

The victim had to apply caulking around the windows. After caulking half way across the floor, 
he had to change positions, including independent life lines with a co-worker, who survived the 
incident. After caulking the remaining windows, the workers switched positions again in order to 
begin their descent. 

The co-worker stated that he turned away from the victim and faced his stirrup in preparation 
of descent. As he did this, he felt some movement in the scaffold. He turned and looked at the 
victim, who motioned by hand signal to turn the directional switch to the “down” position. The 
co-worker signaled “okay” and turned to face his stirrup. As he was in the process of preparing 
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his stirrup for downward movement plus getting his lanyard grab device ready to move down, 
he felt several sudden jerks and was suddenly dangling from his life line. After regaining his 
composure, the co-worker looked for the victim in the area of his life line. The co-worker then 
noticed the victim lying in the street across from the building. 

GENERAL CONCLUSIONS AND RECOMMENDATIONS 

There is some evidence which indicates the deceased was not familiar with the operation of this 
type of scaffold. For this type of scaffold, the operator must operate the drill and a brake lever at 
the same time with one hand, while releasing his lanyard on the safety line with the other hand. 

Additionally, the victim’s lanyard failed to prevent the fatal fall for one of two reasons. Either the 
lanyard was deteriorated to the extent that the impact load was in excess of the lanyard strength 
or the lanyard became entangled in the scaffold components. 

It is suspected that the wire rope broke because the hoist’s secondary safety mechanism did not 
function quickly enough. The wire rope broke at a level 20+ feet below where the scaffold was 
originally positioned. When the mechanism finally activated, the force of the falling scaffold 
caused the emergency braking cam to squeeze the rope to such an extent that it actually cut 5 of 
the 6 strands. The remaining strand was not of sufficient strength to hold the falling scaffold and 
it also broke. 

It is recommended that workers who use scaffolds should be trained in the proper use, 
maintenance, and limitations of scaffolding, life lines and lanyards. Also management should be 
aware of their responsibilities when their workers are using scaffolds. Safety requirements for 
scaffolding are outlined in the OSHAct regulations 1910.28, 1910.29 and 1926.451.
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Accidents Linked to Design 

• 22% of 226 injuries that occurred from 2000 to 2002 in Oregon, 
Washington, and California were linked partly to design [Behm 2005] 

• 42% of 224 fatalities in U.S. between 1990 and 2003 were 
linked to design [Behm 2005] 

• In Europe, a 1991 study concluded that 60% of fatal accidents 
resulted in part from decisions made before site work began 
[European Foundation for the Improvement of Living and Working Conditions 1991] 

• 63% of all fatalities and injuries could be attributed to design 
decisions or lack of planning [NOHSC 2001] 

NOTES
Research conducted in the United States, Europe, and other regions has shown that design 
does affect the inherent risk in constructing a facility. Research linked design to 22% of injuries 
that occurred in western states and 42% of fatalities across the country. European researchers 
found that nearly two-thirds of fatalities and injuries were linked to design. Facility designers 
are encouraged to consult with occupational safety and health professionals early in the design 
process to identify and design out hazards and to reduce risk of injury, illness, and death.

SOURCES
Behm M [2005]. Linking construction fatalities to the design for construction safety concept. 
Safety Sci 43:589–611.

NOHSC [2001]. CHAIR safety in design tool. New South Wales, Australia: National Occupational 
Health & Safety Commission.

European Foundation for the Improvement of Living and Working Conditions [1991]. 
From drawing board to building site (EF/88/17/FR). Dublin: European Foundation for the 
Improvement of Living and Working Conditions.
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Falls 

• Number one cause of construction fatalities 
– in 2010, 35% of 751 deaths 

www.bls.gov/news.release/cfoi.t02.htm 

• Common situations include making connections, walking 
on beams or near openings such as floors or windows 

• Fall protection is required at height of 6 feet above  
a surface [29 CFR 1926.760]. 

• Common causes: slippery surfaces, unexpected 
vibrations, misalignment, and unexpected loads 

NOTES
Falls are the number one cause of deaths in the construction industry. In 2004, 445 (36%) of 1,234 
deaths were due to falls [BLS 2006]. By contrast, of 751 deaths in the construction sector in 2010, 
35% were attributed to falls [BLS 2011a]. The decline in number of fatalities in the construction 
sector in 2010, compared to 2004, was attributed more to the economic downturn than to any 
other factor, however [BLS 2011b].

Falls from any height can be fatal. In construction, workers are often high off the ground. For 
structural reasons, the taller cross-sections of W shapes are usually chosen for beams. The flanges 
on W shapes may be less than six inches wide. Workers walk on beams, sometimes without fall 
protection. Fall protection is highly recommended and often required in most scenarios involving 
heights. OSHA requires fall protection at a height of 15 feet above a surface during steel erection. 
For other construction phases, it is 6 feet [29 CFR 1926.760].
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SOURCES 
BLS [2011a]. Census of Fatal Occupational Injuries. Washington, DC: U.S. Department of Labor, 
Bureau of Labor Statistics [www.bls.gov/news.release/cfoi.t02.htm].

BLS [2011b]. Injuries, Illnesses, and Fatalities (IIF). Washington, DC: U.S. Department of Labor, 
Bureau of Labor Statistics [www.bls.gov/iif/home.htm].

BLS [2006]. Injuries, illnesses, and fatalities in construction, 2004. By Meyer SW, Pegula SM. 
Washington, DC: U.S. Department of Labor, Bureau of Labor Statistics, Office of Safety, Health, 
and Working Conditions [www.bls.gov/opub/cwc/sh20060519ar01p1.htm]. 

OSHA [2001]. Standard number 1926.760: fall protection. Washington, DC: U.S. Department of 
Labor, Occupational Safety and Health Administration.

www.bls.gov/news.release/cfoi.t02.htm
www.bls.gov/iif/home.htm
www.bls.gov/opub/cwc/sh20060519ar01p1.htm
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Heating
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Brick Mason
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Op. Engineer

Welder
Construction Laborer
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Roofer
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Number of deaths per 100,000 full-time workers

Rate of work-related deaths from 
injuries, selected construction 
occupations, 2003–2009 average 

Full-time equivalent (FTE) is defined as 
2,000 hours worked per year. 

[BLS 2003–2009; CPWR 2008] 

Death from Injury 

NOTES
The Center for Construction Research and Training compiles a “Construction Chart Book” 
using Bureau of Labor Statistics data [CPWR 2008]. It includes two illuminating charts useful 
for considering safety issues. This chart is compiled from 2003–2009 data on workplace fatalities. 
Ironworkers experience the highest work-related death rate, with 61.6 fatalities per 100,000 FTE. 

SOURCES 
BLS [2003–2009]. Census of Fatal Occupational Injuries. Washington, DC: U.S. Department of 
Labor, Bureau of Labor Statistics [www.bls.gov/iif/oshcfoi1.htm].

CPWR [2008]. The construction chart book. 4th ed. Silver Spring, MD: Center for Construction 
Research and Training.

Sl
id

e 
12

www.bls.gov/iif/oshcfoi1.htm


PtD | Reinforced Concrete Design Instructor’s Manual 43

Sl
id

e 
12



PtD | Reinforced Concrete Design Instructor’s Manual44

Reinforced Concrete 
13 

Fatality Assessment and Control Evaluation 

NIOSH FACE Program www.cdc.gov/niosh/face 

NOTES
The NIOSH Fatality Assessment and Control Evaluation Program examines worker fatalities by 
type of injury. By studying these reports, an enterprising designer can identify recurrent problems 
to “design out.”

SOURCE 
NIOSH Fatality Assessment and Control Evaluation Program [www.cdc.gov/niosh/face/]
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Eliminating or reducing work-related hazards and 
illnesses and minimizing risks associated with 

• Construction  

• Manufacturing 

• Maintenance 

• Use, reuse, and disposal of facilities, materials, and 
equipment 

What is Prevention through Design? 

NOTES
PtD is a risk management technique that is being applied successfully in many industries, 
including manufacturing, healthcare, telecommunications, and construction. PtD is the optimal 
method of preventing occupational illnesses, injuries, and fatalities by designing out the hazards 
and risks. This approach involves the design of tools, equipment, systems, work processes, and 
facilities in order to reduce, or eliminate, hazards associated with work. The concept is simply that 
the safety and health of workers throughout the life cycle are considered while the product and/
or process is being designed. The life cycle starts with concept development, and includes design, 
construction or manufacturing, operations, maintenance, and eventual disposal of whatever is 
being designed, which could be a facility, a material, or a piece of equipment.

PtD processes have been required in other countries for several years now, but in the United 
States, PtD is being adopted on a voluntary basis. The National Institute for Occupational 
Safety and Health (NIOSH) is spearheading a national initiative in PtD and partnering with 
many professional organizations to apply the concept to their industry and professions. The 
Occupational Safety and Health Administration (OSHA) is very interested in PtD but is not 
currently considering making it mandatory.
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PtD design professionals (that is, architects and/or engineers) working with the project owner (that 
is, the client) make deliberate design decisions that eliminate or reduce the risk of injuries or illness 
throughout the life of a project, beginning at the earliest stages of a project’s life cycle. PtD is thus 
the deliberate consideration of construction and maintenance worker safety and health in the design 
phase of a construction project. PtD processes in construction have been required in the United 
Kingdom for over a decade and are being implemented in other countries such as Australia and 
Singapore. 

PtD applies to the design of a facility, that is, to the aspects of the completed building that make 
a project inherently safer. PtD does not focus on how to make different methods of construction 
safer. For example, it does not focus on how to use fall protection systems, but it does include 
consideration of design decisions that influence how often fall protection will be needed. 
Similarly, PtD does not address how to erect safe scaffolding, but it does relate to design decisions 
that influence the location and type of scaffolding needed to accomplish the work. PtD concepts 
may also be used to design temporary structures. Some design decisions improve workplace 
safety. For example, when the height of parapet walls is designed to be 42”, the parapet acts as a 
guardrail and enhances safety. When designed into the permanent structure of the building and 
sequenced early in construction, the parapet at this height acts to enhance safety during initial 
construction activities and during subsequent maintenance and construction activities, such as 
roof repair. In the United States, the employer is solely responsible for site safety.
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Hierarchy of Controls per ANSI/AIHA Z10-2005 

ELIMINATION 
Design it out 

SUBSTITUTION 
Use something else 

ENGINEERING CONTROLS 
Isolation and guarding 

ADMINISTRATIVE CONTROLS 
Training and work scheduling 

PERSONAL PROTECTIVE EQUIPMENT 
Last resort 

Control 
effectiveness 

Business 
value 

BEST BEST 
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NOTES
This slide shows the well-accepted Hierarchy of Controls. PtD anticipates and removes potential 
hazardous elements at the design phase of a project through elimination or substitution. Residual 
risks may be minimized through the use of engineering and administrative controls.

The top of the hierarchy is better in terms of improved occupational safety and health (OSH) and 
cost savings. Below is a description of the different levels, from most to least effective. 

Elimination: “Design out” hazards and hazardous exposures.

Substitution: Substitute less-hazardous materials, processes, operations, or equipment. A larger 
crane may be specified when the load or the reach approaches the crane design limit. Nontoxic 
chemicals are preferred. The Green Chemistry movement replaces toxic compounds with less 
hazardous chemicals.

Engineering controls: Isolate process or equipment or contain the hazard. Remove hazard from work 
zone, e.g., with exhaust ventilation. Require two hands to operate machinery. Use warning devices 
to warn worker about entry into hazard zone. Signs, labels, alarms, and flashing lights give warnings. 
Safety switches, hand guards, and other engineering controls prevent certain kinds of injuries. 



PtD | Reinforced Concrete Design Instructor’s Manual 49

Sl
id

e 
15

Administrative controls: Job rotation, work scheduling, training, well-designed work methods, 
and organization are examples. Administrative controls include training modules and company 
procedures. A well-organized worksite is safer than a messy one. Reducing the clutter on a 
construction site improves worker safety by reducing the exposure to hazards. The foreman 
controls site layout and housekeeping policies.

Personal Protective Equipment (PPE): Includes but is not limited to safety glasses for eye 
protection; ear plugs for hearing protection; clothing such as safety shoes, gloves, and overalls; 
face shields for welders; fall harnesses; and respirators to prevent inhalation of hazardous 
substances. 

SOURCE
ANSI/AIHA [2005]. American national standard for occupational health and safety management 
systems. New York: American National Standards Institute, Inc. ANSI/AIHA Z10-2005.
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Personal Protective Equipment (PPE) 

• Last line of defense against injury 

• Examples: 

– Hard hats 

– Steel-toed boots 

– Safety glasses 

– Gloves 

– Harnesses 

 OSHA www.osha.gov/Publications/osha3151.html 

Photo courtesy of Thinkstock 

NOTES
Personal Protective Equipment, or PPE, includes items worn as a last line of defense against 
injury. OSHA-required PPE can include hardhats, steel-toed boots, safety glasses or safety 
goggles, gloves, earmuffs, full body suits, respiratory aids, face shields, and fall harnesses. 

SOURCES 
NOHSC [2001]. CHAIR safety in design tool. New South Wales, Australia: National Occupational 
Health & Safety Commission.

OSHA PPE publications
www.osha.gov/Publications/osha3151.html
www.osha.gov/OshDoc/data_General_Facts/ppe-factsheet.pdf 
www.osha.gov/OshDoc/data_Hurricane_Facts/construction_ppe.pdf

Photo courtesy of Thinkstock
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PtD Process 

Design 
team 

meeting 

Design Internal 
review 

Issue for 
construction 

External 
review 

• Trade contractor 
• Health & Safety 

review 

• Establish PtD expectations 
• Include construction and operation perspective 
• Identify PtD process and tools 

• Quality Assurance/ 
Quality Control 

• Health & Safety review 
• Value Engineering 

review 

• Focused Health & 
Safety review 

• Owner review 

• Owner 
• Architect 
• Project Manager 
• Health & Safety 

Professional 

[Hecker et al. 2005] 

NOTES
This graphic depicts the typical PtD process. The key component of this process is the incorporation 
of safety knowledge into design decisions. For example, site safety should be considered throughout 
the design process. A progress review specifically focused on site safety may be effective. Site safety 
knowledge can be provided by trade contractors, an on-site employee, or a hired consultant. The 
graphic emphasizes the importance of communication between designers and constructors. Such 
communication during design may reveal steps to reduce construction duration.

Many Project Managers schedule a Value Engineering review prior to issuing drawings for bid. 
The purpose is to reduce overall project costs. Unfortunately, during the review, redundant 
systems that are necessary to protect worker health may be eliminated. It is therefore considered a 
best practice to conduct a focused Health & Safety (H&S) review before drawings are issued.

SOURCE 
Hecker S, Gambatese J, Weinstein M [2005]. Designing for worker safety: moving the 
construction safety process upstream. Prof Saf 50(9):32–44.
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Integrating Occupational Safety and Health with the 
Design Process 

Stage Activities 

Conceptual design Establish occupational safety and health goals, identify occupational hazards 

Preliminary design Eliminate hazards, if possible; substitute less hazardous agents/processes; establish 
risk minimization targets for remaining hazards; assess risk; and develop risk control 
alternatives. Write contract specifications. 

Detailed design Select controls; conduct process hazard reviews 

Procurement Develop equipment specifications and include in procurements; develop “checks and 
tests” for factory acceptance testing and commissioning 

Construction Ensure construction site safety and contractor safety  

Commissioning Conduct “checks and tests,” including factory acceptance; pre–start up safety reviews; 
development of standard operating procedures (SOPs); risk/exposure assessment; 
and management of residual risks 

Start up and 
occupancy 

Educate; manage changes; modify SOPs 

NOTES
The integration of OSH goals within the design processes is an essential concept because 
it elevates the importance of safety and health as a value proposition in the overall design, 
construction, and operation of projects.

Identify hazards during conceptual design. Follow the Hierarchy of Controls to eliminate or 
reduce risks. 

For example, how much space is needed to access, maintain, and replace HVAC units? 

Use project specifications to require the inclusion of fall protection systems such as permanent 
anchor points for lifelines. Reduce fall hazards by specifying a ladder-free construction site.

Obtain a site plan that shows the location of existing underground and overhead utilities and 
develop traffic control plans to avoid those hazards. 

Compare the list of desirable safety features against the detailed design. 
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Obtain feedback from H&S professionals, contractors, and trade representatives. Modify the 
design to improve safety. 

Call out required hazard controls on the drawing and in the contract specifications when 
possible. During procurement, compare materials and equipment received against the contract 
specifications. Develop a checklist for commissioning. 

During construction, how do contractors communicate with the project manager and each other? 
Who has the authority to correct a hazardous condition on the worksite? 

What procedures are followed before and after permanent equipment reaches the site? Follow the 
commissioning checklist! 

 ● Does the building have unusual features? Educate the owners and tenants. 
 ● Are special operating procedures required? 
 ● At each stage of the design process, think of ways to reduce the workplace risks.
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Safety Payoff During Design 

Conceptual design 

Detailed design 

Procurement 

Construction 

Start-up 

High 

Low 

Ability to 
influence 

safety 

Project schedule 
 
  

[Adapted from Szymberski 1997] 

NOTES
Most owners and design professionals know intuitively that the earlier in the design process that 
cost is considered, the easier it is to achieve cost-effective goals. The same is true for construction 
duration and quality. A worker’s ability to influence project criteria decreases as the design and 
construction progress. The same principle is true for construction safety. The earlier in the project 
life cycle that safety is considered, the easier it is to reduce hazards. This concept is in contrast to 
the prevailing methods of planning for construction site safety, which do not begin until a short 
time before the construction phase, when the ability to influence safety is limited.

SOURCE
Szymberski R [1997]. Construction project planning. TAPPI J 80(11):69–74.
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Reinforced Concrete 

PtD Process Tasks 

• Perform a hazard analysis 

• Incorporate safety into 
the design documents 

• Make a CAD model for 
member labeling and 
erection sequencing 

Photo courtesy of Thinkstock 

[Adapted from Toole 2005; Hinze and Wiegand 1992] 

NOTES
This slide provides more details about the PtD process. Before, during, or after the conceptual 
design of a building, a hazard analysis can be performed. The designer meets with field professionals 
to review constructability, looking through the entire design for any hazards and addressing those 
hazards. The field professional can teach an inexperienced designer how to minimize risks in the 
field.

The safety input received during conceptual design can be reflected in detailed design drawings 
and specifications. Another constructability review should occur as the detailed design nears 
completion. 

Sometimes the drawings that result from a PtD process look the same as typical construction 
drawings, but they are inherently safer for construction. Other times, drawings include special 
details and labels to make it easier for workers to erect the design safely. 

Construction documents can be supplemented with graphic models and tables that contribute 
to safe erection. For example, a CAD file can be used to label steel members for safe erection 
sequencing. New software such as building information modeling (BIM) is able to show the 
final layouts of buildings and can detect any spatial problems before construction starts. Clearly 
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 labeled shop drawings eliminate confusion during installation. The BIM program can recommend 
efficient, safer erection sequencing. 

SOURCES
Hinze J, Wiegand F [1992]. Role of designers in construction worker safety. Journal of 
Construction Engineering and Management 118(4):677–684.

Toole TM [2005]. Increasing engineers’ role in construction safety: opportunities and barriers. 
Journal of Professional Issues in Engineering Education and Practice 131(3):199–207.

Photo courtesy of Thinkstock
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Reinforced Concrete 

Designer Tools 

• Checklists for construction safety [Main and Ward 1992] 

• Design for construction safety toolbox [Gambatese et al. 1997] 

• Construction safety tools from the UK or Australia 
– Construction Hazard Assessment Implication Review 

(CHAIR) [NOHSC 2001] 

NOTES
Most designers are not trained in PtD or construction site safety. It is therefore critical that 
they be given tools to facilitate the process. A PtD checklist alerts designers to common design 
elements that can lead to unnecessary hazards and identifies design options that are inherently 
safer. An example checklist is provided on the next slide.

The Design for Construction Safety Toolbox was developed by a Construction Industry Institute–
sponsored research team that included leading PtD academics. This Toolbox was recently updated 
by Professor Jimmie Hinze at the University of Florida. The United Kingdom and Australia 
make available on the Web valuable PtD tools that reflect their experiences with PtD legislation 
and voluntary initiatives. For example, CHAIR (Construction Hazard Assessment Implication 
Review) is an Australian tool and methodology that systematically combines brainstorming and 
decisions to gradually rid the design of unnecessary hazards.

SOURCES
NOHSC [2001]. CHAIR safety in design tool. New South Wales, Australia: National Occupational 
Health & Safety Commission.
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Gambatese JA, Hinze J, Haas CT [1997]. Tool to design for construction worker safety. J Arch Eng 
3(1):2–41.

Main BW, Ward AC [1992]. What do engineers really know and do about safety? Implications for 
education, training, and practice. Mechanical Engineering 114(8):44–51.
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Reinforced Concrete 

Example Checklist 

[Checklist courtesy of John Gambatese] 

NOTES
Like many PtD checklists, this example includes hazards associated with both construction and 
maintenance. 

SOURCE
Checklist courtesy of John Gambatese
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Reinforced Concrete 

OSHA silica eTool 

OSHA www.osha.gov/dsg/etools/silica/index.html 

NOTES
To help concrete construction employers determine what their employee safety responsibilities 
are, OSHA maintains Web pages that contain interpretations and clarifications of the federal 
standards and provide access to eTools that may be adopted on a voluntary basis. This slide shows 
the silica eTool, which helps communicate the requirements for preventing silicosis, a common 
deadly disease caused by breathing dust containing silica particles. Silica dust is often generated, 
sometimes at quite high concentrations, during concrete construction, maintenance, and 
demolition operations.

SOURCE
OSHA [www.osha.gov/dsg/etools/silica/index.html]
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Reinforced Concrete 

Why Prevention through Design? 

• Ethical reasons 

• Construction dangers 

• Design-related  
safety issues 

• Financial and non-financial 
benefits 

• Practical benefits 

Photo courtesy of Thinkstock 

NOTES
Engineers have strong ethical reasons to apply the PtD concept to their designs. There are 
practical benefits, too. Lost-time accidents delay the job, destroy crew morale, and cost money. 
The next few slides will show there are many reasons why owners and design professionals should 
be motivated to incorporate PtD in a project. 

SOURCE
Photo courtesy of Thinkstock

Sl
id

e 
24



PtD | Reinforced Concrete Design Instructor’s Manual 67

Sl
id

e 
24



PtD | Reinforced Concrete Design Instructor’s Manual68

Reinforced Concrete 

Ethical Reasons for PtD 

• National Society of Professional Engineers’ Code of 
Ethics: 

“Engineers shall hold paramount the safety, health, and 
welfare of the public…”  

• American Society of Civil Engineers’ Code of Ethics: 
“Engineers shall recognize that the lives, safety, health 

and welfare of the general public are dependent 
upon engineering decisions…” 

NSPE www.nspe.org/ethics 

ASCE www.asce.org/content.aspx?id=7231 

NOTES
Many safety professionals and design professionals believe that PtD is clearly an ethical duty. 
Nearly all national engineering societies include in their code of ethics a statement similar to 
the one shown here for the National Society of Professional Engineers: “Engineers shall hold 
paramount the safety, health, and welfare of the public.”

The American Society of Civil Engineers goes one step further and explicitly states that engineering 
decisions directly affect safety. These organizations pledge to protect the public. Why? The public 
lacks the knowledge of forces, stresses, and other risk-related issues that contribute to hazardous 
work-related conditions. Many construction and maintenance workers, especially apprentices, fail to 
perceive an unsafe condition. Even if construction workers recognize a hazard that could have been 
eliminated or reduced through an alternative design, there are significant barriers to redesign after 
construction is under way. Their safety and health deserve consideration.

SOURCES
American Society of Civil Engineers [ASCE] [www.asce.org/Content.aspx?id=7231]

National Society of Professional Engineers [NSPE][www.nspe.org/ethics]
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Reinforced Concrete 

PtD Applies to Constructability 

• How reasonable is 
the design? 

– Cost 

– Duration 

– Quality 

– Safety 

Photo courtesy of the Cincinnati Museum Center www.cincymuseum.org 

NOTES
Most designers know that what may look great on paper might not be constructible. An 
important part of the design process is to evaluate the design’s constructability, that is, to what 
extent the design can be constructed at a reasonable price, quickly, and with high quality. Safety is 
an important part of constructability. Accidents cost money, delay construction, and may result in 
bad publicity rather than acclaim for the owner. 

Exciting buildings designed by creative architects require strong consideration of worker safety 
and health early in the design process. Owners realize these one-of-a-kind structures cost more 
to build and generally present unique challenges for the construction crew. Fewer construction 
firms have the expertise needed to build the structure, so fewer firms submit a bid, which reduces 
competition and therefore drives up price, resulting in higher bond and insurance costs. The 
timeline for procurement and construction is harder to estimate. The uniqueness of the design 
creates construction and maintenance challenges. Unusual materials, custom fabrications, non-
standard specifications, and striking aesthetic features inherent in these designs require greater 
collaboration. The PtD process shown on the next slide helps the design team identify potential 
hazards in time to devise appropriate prevention strategies for construction crews and future 
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maintenance workers. The project manager should include occupational safety and health 
professionals throughout the design process to design-in protections for workers.

SOURCE
Photo courtesy of the Cincinnati Museum Center
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Reinforced Concrete 

Business Value of PtD 

• Anticipate worker exposures—be proactive 

• Align health and safety goals with business goals 

• Modify designs to reduce/eliminate workplace hazards in 

Facilities Equipment 
Tools Processes 
Products Work flows 

Improve business profitability! 

AIHA www.ihvalue.org 

NOTES
Companies that have implemented PtD programs experience lower than average injury and 
illness rates and lower workers’ compensation expenses. However, the business value of PtD does 
not end there. In a study entitled Demonstrating the Business Value of Industrial Hygiene (known 
as The Value Study), findings showed that significant business cost savings accrue when hazards 
are eliminated or reduced.

SOURCE
American Institute of Industrial Hygienists [AIHA] [2008]. Strategy to demonstrate the value of 
industrial hygiene [www.aiha.org/votp_NEW/pdf/votp_exec_summary.pdf].
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Reinforced Concrete 

Benefits of PtD 

• Reduced site hazards and thus fewer injuries 

• Reduced workers’ compensation insurance costs 

• Increased productivity 

• Fewer delays due to accidents 

• Increased designer-constructor collaboration 

• Reduced absenteeism  

• Improved morale 

• Reduced employee turnover  

NOTES
PtD yields better value for owners and better health for the workers. When a project is designed 
with construction worker safety in mind, there are fewer hazards on site, with fewer injuries and 
fatalities. A reduction in injuries results in reduced workers’ compensation insurance and less 
down-time, a direct savings for the employer. Experience shows PtD increases productivity and 
reduces labor costs. Safer designs lead to fewer project delays.
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Reinforced Concrete 

 
 Industries Use PtD Successfully 

• Construction companies 

• Computer and communications corporations 

• Design-build contractors 

• Electrical power providers 

• Engineering consulting firms 

• Oil and gas industries 

• Water utilities 

    And many others 

NOTES
Major corporations in diverse industries and public utilities in several states have applied PtD 
through initiatives or established programs. At these companies, worker safety and health are 
an integral part of the corporate culture. International construction firms first encountered PtD 
on their European projects. They brought the concepts and related cost savings home to their 
American operations. Many firms provide PtD training for their design engineers in the areas of 
construction site safety, PtD checklists, and safety constructability reviews. These firms want to 
hire engineers who have a basic understanding of PtD.
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Reinforced Concrete 

Elements, Activities, and Hazards 
REINFORCED CONCRETE DESIGN 

NOTES
Let’s continue with a look at reinforced concrete design.
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Reinforced Concrete 

Introduction to Reinforced Concrete 

Topic Slides 
Elements 32–40 
Design Process 41 
Construction Activities 42 
Construction Hazards 43–44 

Structure Magazine www.structuremag.org/article.aspx?articleID=1177  

Structural Collapses During Construction 

NOTES
In this next section of slides, we will provide basic information about reinforced concrete design 
and construction, along with the hazards associated with reinforced concrete construction 
activities. One hazard shared by all reinforced concrete elements is the reliance on forms to 
support the structure until the concrete attains sufficient strength. Structural collapse occurs 
when construction loads exceed the design loads. Furthermore, buildings may be built to codes 
for final use that involve design loads which are much lower than the loads that can be created 
during the construction process from the presence of heavy construction equipment, materials, 
workers, etc. Shoring is needed to support poured concrete until it is hardened. In the article 
from STRUCTURE magazine, 20% of structural collapses studied were attributed to design errors 
(relating to permanent and temporary structures) and 80% were due to construction errors.

SOURCE
Ayub M [2010]. Structural collapses during construction: lessons learned, 1990–2008. Structure 
(December) [www.structuremag.org/article.aspx?articleID=1177]. 

Sl
id

e 
31

www.structuremag.org/article.aspx?articleID=1177


PtD | Reinforced Concrete Design Instructor’s Manual 81

Sl
id

e 
31



PtD | Reinforced Concrete Design Instructor’s Manual82

Sl
id

e 
31

75 
 

 

 

 

 

 

The following report is from STRUCTURE© magazine.



PtD | Reinforced Concrete Design Instructor’s Manual 83

Sl
id

e 
31

76 
 

 

   

 

 

 

The following report is from STRUCTURE© magazine.



PtD | Reinforced Concrete Design Instructor’s Manual84

Sl
id

e 
31

77 
 

 

 

 

 

 

The following report is from STRUCTURE© magazine.



PtD | Reinforced Concrete Design Instructor’s Manual 85

Sl
id

e 
31

78 
 

 

 

 

 

 

The following report is from STRUCTURE© magazine.



PtD | Reinforced Concrete Design Instructor’s Manual86

Sl
id

e 
31

79 
 

 

 

 

 

 

The following report is from STRUCTURE© magazine.



PtD | Reinforced Concrete Design Instructor’s Manual 87

Sl
id

e 
31

80 
 

 

 

 

 

 

The following report is from STRUCTURE© magazine.



PtD | Reinforced Concrete Design Instructor’s Manual88

Sl
id

e 
31

81 
 

 

 

  

The following report is from STRUCTURE© magazine.



PtD | Reinforced Concrete Design Instructor’s Manual 89

Sl
id

e 
31

82 
 

 

 

 

  

The following report is from STRUCTURE© magazine.



PtD | Reinforced Concrete Design Instructor’s Manual90

Reinforced Concrete 

Foundations 

• Shallow 

– Mat  

– Floating 

– Strip Footings 

– Column Footings 

• Deep 

– Piles  

– Piers 
Photo courtesy of John Gambatese 

NOTES
Foundations are typically classified as shallow or deep. Shallow foundations use column footings, 
strip footings, mat foundations, or floating foundations. The design of footings, including the 
amount of reinforcement and the type of footing used, depends largely on the type of structure 
being erected as well as the soil conditions. 

Deep foundations use piles or piers, which are slender elements (columns) buried deep in the 
soil. Deep foundations are used where a typical shallow foundation will not hold up in the soil 
conditions, such as sand or some other unstable soil.

Piers are most related to reinforced concrete construction because they are usually site-cast in 
predrilled holes. Once the hole is drilled to specification, a prefabricated rebar cage is placed in 
the hole and then the pier concrete can be poured.

SOURCE
Photo courtesy of John Gambatese

Sl
id

e 
32



PtD | Reinforced Concrete Design Instructor’s Manual 91

Sl
id

e 
32



PtD | Reinforced Concrete Design Instructor’s Manual92

Reinforced Concrete 

Reinforcement 

• Concrete is about 90%  
weaker in tension than it  
is in compression 

• Steel has high tensile strength, 
has the same thermal 
expansion as concrete, and 
bonds well with concrete Photo courtesy of John Gambatese 

NIOSH [2010]. Reducing work-related musculoskeletal disorders among rodbusters 
www.cdc.gov/niosh/docs/wp-solutions/2010-103. 

NOTES
Reinforcement is needed in structural concrete applications because concrete is about 90% 
weaker in tension than it is in compression. Reinforcing steel is added to resist tension, while the 
concrete is counted on to resist compression. Because steel has high tensile strength, has the same 
thermal expansion as concrete, and bonds well with concrete, it is a great complementary material 
to make concrete more versatile. Rebar can be made with billet steel, rail steel, or axle steel, and 
it almost always is a deformed bar in order to create a mechanical bond with the concrete once 
the concrete cures. Some rebar is epoxy coated for corrosive environments such as places where 
deicers are commonly used (roadways and bridge decks). 

Another form of reinforcement commonly seen in buildings is welded wire reinforcement 
(WWR). This reinforcement is used for slabs when the need for reinforcement is marginal. 
WWR is also sometimes called mat reinforcement. In some cases the reinforcement may be 
placed within sheaths and stressed after the concrete is cured. This is called pre-stressed or post-
tensioned concrete. In this case, the reinforcement is high-strength cables draped along the 
member to best resist the internal member forces. 
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NIOSH evaluated reinforcing ironworkers’ (rodbusters) exposures to risk factors for developing 
low-back and hand disorders when tying together reinforcing steel bars (rebar) on a freeway 
bridge. Rodbusters used three techniques to tie rebar together—a pliers and a tie wire wheel, a 
battery operated power tier (PT), and a PT with an extension handle (PTE). NIOSH found that 
using the PT and PTE reduced the rodbusters’ exposures to risk factors for work-related low-back 
and hand-wrist disorders. In addition, power tying was twice as fast as pliers tying.

SOURCES
Photo courtesy of John Gambatese

NIOSH [2010]. Reducing work-related musculoskeletal disorders among rodbusters. Cincinnati, 
OH: U.S. Department of Health and Human Services, Centers for Disease Control and 
Prevention, National Institute for Occupational Safety and Health, DHHS (NIOSH) Publication 
No. 2010–103 [www.cdc.gov/niosh/docs/wp-solutions/2010-103/].

www.cdc.gov/niosh/docs/wp-solutions/2010-103/
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
Centers for Disease Control and Prevention 
National Institute for Occupational Safety and Health

Summary
NIOSH evaluated reinforcing 
ironworkers’ (rodbusters) ex-
posures to risk factors for de-
veloping low-back and hand 
disorders when tying togeth-
er reinforcing steel bars (re-
bar) on a freeway bridge. Rod-
busters used three techniques 
to tie rebar together—a pliers 
and a tie wire wheel, a battery 
operated power tier (PT), and 
a PT with an extension handle 
(PTE). NIOSH found that us-
ing the PT and PTE reduced 
the rodbusters’ exposures to risk 
factors for work-related low-back 
and hand-wrist disorders. In ad-
dition, power tying was twice 
as fast as than pliers tying.

Reducing Work-Related Musculoskeletal 
Disorders among Rodbusters 

Description of 
Exposure
Reinforcing ironworkers have report-
ed high prevalence rates for work-
related musculoskeletal disorders  
(WMSD) symptoms affecting the 
low–back (80.2%) and wrists/hands 
(48.4%) [Cook et al 1996]. Bos-
ton-area rodbusters reported high 

prevalence rates for self-reported 
symptoms of the low-back (52.2%) 
and hands/wrists/fingers (47.8%) and 
high prevalence rates of doctor-diag-
nosed WMSDs, including ruptured 
spinal discs (14%) and carpal tunnel 
syndrome (16%) [Forde et al. 2005]. 

Traditionally, pliers and a tie wire 
wheel have been used to pull, wrap, 
twist, and cut the ‘tie’ wire around 
two or more concrete reinforcing 
bars. This requires using both hands 
and making rapid and repetitive 
hand, wrist, and forearm movements 
while gripping the pliers. In recent 
years, power tiers have become avail-
able. The PT is a battery-powered 
and trigger-operated wire tier that 
automatically wraps, cuts, and ties 
the wire around the rebar. Tying re-
bar at ground level using either the 
pliers or the PT requires working in a 
stooped posture. A height-adjustable 
extension handle (PTE) is commer-
cially available for one type of hand-
held PT enabling the worker to tie 
the rebar while standing. 

Evaluation
A concrete reinforcing contractor re-
quested that NIOSH evaluate work-
ers’ exposures to WMSD risk factors 

during rebar tying on a freeway bridge 
deck construction project that re-
quired making more than 2 mil-
lion “ties.” The contractor’s workers 
used both pliers and PTs to tie re-
bar. NIOSH introduced the PTE as a 
third technique to be investigated in 
the study. Although rodbusters per-
form other job activities that require 
“maximum muscle force to lift, 
push, pull, or carry objects” [ONET 
2008], NIOSH analyzed only rebar 
tying during this study because of 
the nature of the request and time 
constraints.

The three rebar tying methods were 
studied with relation to (1) hand, wrist, 
and forearm position and movements 
and (2) trunk (or back) position. 

Results
Hand/Wrist
•	 Pliers tying involved the most 

hand, wrist, and forearm motions 
and the highest risk for developing 
a WMSD of the hand-wrist (see 
Figure 1). 

•	 PT and PTE tying involved few-
er hand, wrist, and forearm mo-
tions and less risk for developing a 
WMSD of the hand-wrist. 
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•	 Workers rated hand-wrist effort highest for pliers and 
the PTE, and least for PT tying. 

Low-back
•	 Pliers tying at ground level involved the most risk for 

low-back problems.

•	 PT tying at ground-level allowed workers to support 
the weight of their trunk with one hand.

•	 PTE tying could be done standing-up with the least 
strain on the low-back. 

•	 Workers said they had the most low-back discomfort 
using pliers and the least using the PTE and the PT. 

NIOSH found that the frequency and duration of the 
hand and wrist motions are associated with increased 
risk of a hand-wrist WMSDs [NIOSH 2005]. The sim-
ilar effort ratings for tying with pliers and the PTE con-
flict with the results of other studies in which workers 
having experience using the extension handle reported 
much less effort [Vi 2003]. Workers did not have time to 
use the extension handle before this study began. Con-
sequently, workers were observed holding the PTE far 
from the body, which would increase the stress on the 
shoulder, elbow, and wrist.

Workers reported less low-back effort using the PT than 
the pliers, although both required frequent and prolonged 
stooping (see Figure 2). During the study, NIOSH ob-
served all workers using the free hand/arm—the one not 
holding the PT—to support their body when stooping. 
This posture likely reduced the stress to the low back 
and the report of less low-back effort, which is consis-
tent with other reports [Gallagher et al 1988; Ferguson 
2002; Kingma 2004].

Tying rebar using the PT and PTE was faster than us-
ing the pliers. Workers were able to complete twice as 
many ties during the study period with the PT as com-
pared with the pliers. Vi [2005] reported that PTE tying 
by experienced workers was twice as fast as pliers tying. 
Contractors and workers have reported difficulties with 
power tier use that can affect actual productivity levels, 
including tool malfunction, wire jams, and short battery 
life [ ORISE 2007]. Power tiers can make one type of tie 
and are not appropriate for all applications.

Recommendations
Contractors and workers should take the following steps 
to reduce the risk of developing MSDs when tying re-
bar on freeway bridge decks and other construction 

Figure 1. Rebar tying using pliers. Note the bent pos-
ture and awkward hand position.

Figure 2. Rebar tying using a MAX–USA RB–392 power 
tool. Note the bent posture.
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projects requiring frequent and prolonged rebar tying. 
[Albers and Hudock 2007; NIOSH 2005]: 

•	 Use PTs instead of pliers to reduce harmful hand-wrist 
movements.

•	 Use a PTE when tying ground level rebar.

•	 When using a PTE, hold it close to the body to avoid 
unnecessary stress and strain on the wrist, arm, and 
shoulder (see Figure 3).

•	 When using a PTE extension, adjust the height of the 
hand-grip so that it can be firmly held with your arm 
hanging relaxed to minimize stress on the upper ex-
tremities and low back.

•	 Report low-back or upper-limb aches, stiffness, or pain that 
may be due to your work to your health care provider.
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For More Information

More information about ergonomics in construction is avail-
able from the NIOSH publication 

NIOSH [2007]. Simple solutions: ergonomics for construc-
tion workers. By Albers J and Estill C. Cincinnati, OH: U.S. 
Department of Health and Human Services, Centers for Dis-
ease Control and Prevention, National Institute for Occupa-
tional Safety and Health, DHHS (NIOSH) Publication No. 
2007–122 [http://www.cdc.gov/niosh/docs/2007-122/]. 

For general information about construction safety and health 
topics, visit the NIOSH Construction Topic Page at http://
www.cdc.gov/niosh/topics/construction.

For general information about musculoskeletal disorders and 
carpal tunnel syndrome, visit this NIOSH Topic Page: http://
www.cdc.gov/niosh/topics/ergonomics/

To receive information about other occupational safety and 
health topics, contact NIOSH at 

Telephone: 1–800–CDC–INFO (1–800–232–4636) 
TTY: 1–888–232–6348  E-mail: cdcinfo@cdc.gov  
or visit the NIOSH Web site at http://www.cdc.gov/niosh

For a monthly update on news at NIOSH, subscribe to NIOSH 
eNews by visiting http://www.cdc.gov/niosh/eNews.

Mention of any company or product does not constitute en-
dorsement by NIOSH. In addition, citations to Web sites 
external to NIOSH do not constitute NIOSH endorsement 
of the sponsoring organizations or their programs or prod-
ucts. Furthermore, NIOSH is not responsible for the con-
tent of these Web sites.

This document is in the public domain and may be 
freely copied or reprinted. NIOSH encourages all 
readers of the Workplace Solutions to make them 
available to all interested employers and workers.

As part of the Centers for Disease Control and Prevention, 
NIOSH is the Federal agency responsible for conducting re-
search and making recommendations to prevent work-relat-
ed illness and injuries. All Workplace Solutions are based on 
research studies that show how worker exposures to haz-
ardous agents or activities can be significantly reduced.

Reducing Work-Related Musculoskeletal 
Disorders among Rodbusters 

DHHS (NIOSH) Publication No. 2010–103

safer • healthier • peopletm November 2009
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Reinforced Concrete 

Slabs 

• On-Grade 

– Isolated  

– Stiffened 

• Elevated Slabs 

– Beam-supported 

– Beamless 

– Extensive formwork 
Photo courtesy of John Gambatese 

NOTES
There are two types of concrete slabs: ground supported (slab-on-grade) and elevated slabs. For 
slabs-on-grade, there are also two types: isolated concrete slabs and stiffened concrete slabs. 
Isolated concrete slabs are separated from the foundation by isolation joints, whereas stiffened 
concrete slabs are used as a foundation. Typically, a vapor retarder is placed underneath the slab-
on-grade, which prevents water from seeping up through the slab into the building’s interior. 
Slabs-on-grade typically do not require an immense amount of reinforcement because they are 
supported continuously by the soil. However, reinforcement is still used to reduce cracking and 
allow for further control of joint spacing. Elevated slabs consist of beam-supported floors and 
beamless slabs. Beam-supported concrete slabs have beams and girders for support. Elevated 
slabs require much more reinforcement than slabs-on-grade because of the amount of tension the 
slabs experience. In order to pour the slab, a significant amount of formwork is needed, as well 
as shoring to hold the elevated slab in the air. Once the slab has cured to the proper strength, the 
shores can be removed and can be replaced with reshores if necessary.

SOURCE
Photo courtesy of John Gambatese
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Reinforced Concrete 

Beams and Girders 

• For simple spans: 

– Tension in bottom 
of beam 

– Compression in top 
of beam  

• Precast elements tied into 
buildings with hooks, lap 
splices, or couplers 

 

Photo courtesy of Thinkstock 

NOTES
Cast-in-place concrete beams and girders are formed and poured the same way as elevated 
slabs. Significant shoring is required, as well as reinforcement. Because the bottom of the beam 
experiences the most tension for simply supported members, this is where most of the rebar is 
located. It is not unusual for a concrete beam to have larger reinforcement at the bottom and 
smaller reinforcement at the top in order to save on steel costs. Rebar is held together by stirrups, 
which are wrapped around the rebar and hanger bars. Precast beams and girders are tied into the 
building by means of hooks, lap splices, or couplers.

SOURCE
Photo courtesy of Thinkstock
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Reinforced Concrete 

Columns 

• Typically designed for 
compression, but must be 
able to resist bending 

• Longitudinal rebar runs 
vertically and is held in place 
by ties 

– Longitudinal bars are 
typically about 4% of the 
gross column area; ties 
are usually #3 or #4 bars 

Photo courtesy of John Gambatese 

NOTES
Columns experience both compressive forces and bending. Longitudinal reinforcing bars run 
vertically and are held in place by ties. The ties prevent buckling of the longitudinal reinforcing 
bars and resist shear forces during bending. Longitudinal bars are typically around 4% of the 
gross column area. Ties are #3 or #4 bars. Forms for columns are similar to those of walls; 
however, they often have a hinge so that they can be unhooked and removed from the wall and 
reused easier. Round columns sometimes have spiral reinforcement and are formed with steel 
plate or waterproof fiber board.

SOURCE
Photo courtesy of John Gambatese
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Reinforced Concrete 

Walls 

• Concrete walls resist 
compression forces. 

• Walls are reinforced with a 
mesh of vertical and 
horizontal rebar in a layer on 
each wall face.  

• Formwork and form ties are 
used to ensure proper wall 
thickness.  

 
Photo courtesy of John Gambatese 

NOTES
Concrete walls in buildings are often used as retaining walls, load-bearing walls, basement 
walls, and shear walls. Typically walls use a mesh of reinforcement on each face, which consists 
of vertical and horizontal rebar in a layer. Thicker walls usually require multiple layers of rebar. 
The wall is formed with standard plywood formwork around the reinforcing layers. Commonly, 
form ties are used to hold each side of the form together to keep them from blowing out, as 
well as to ensure proper wall thickness. Additionally, walers and stiffbacks are used to brace the 
plywood forms. While the concrete is poured, it has to be vibrated between lifts to ensure proper 
settlement and to evacuate air bubbles.

Tilt-up walls consist of site-cast concrete panels that are then lifted into place. This method 
of construction has typically been used for industrial buildings but has become more popular 
because of the speed and cost-effectiveness. The walls are formed on the ground, similar to slabs, 
with lift points tied to the reinforcement. Cranes can then lift the slab to its final placement, where 
it is tied to the rest of the building.

SOURCE
Photo courtesy of John Gambatese
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Reinforced Concrete 

Pre-stressed Concrete 

• Pre-tensioning 

– Cast over tensioned 
strands 

• Post-tensioning 

– Cast over sleeves 
and tendons 

– Tendons are 
tensioned after slab 
cures 

Photo courtesy of John Gambatese 

NOTES
Prestressing concrete can be accomplished in two ways: pretensioning and post-tensioning. This 
is an alternative method to traditional reinforcing because it introduces compression into the 
members where tension is expected to be created by the loads. Pretensioned members are created 
by casting the concrete member over strands that are tensioned with hydraulic jacks, and as the 
concrete cures, a bond is formed between the strands and the concrete. This creates an upward 
curvature in the concrete member, which counteracts the applied downward load. 

Post-tensioning is similar to pretensioning, but the strands are tensioned after the concrete has 
been placed. Strands are placed in sleeves, and when the concrete reaches sufficient strength, the 
tendons can be tensioned and anchored in that position by mechanical wedges. In post-tensioned 
members, the strands are free to move within the sleeve rather than being bonded to the concrete, 
which allows them to be tensioned without applying tension to the concrete.

SOURCE
Photo courtesy of John Gambatese
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Reinforced Concrete 

Precast Concrete 

• Cast off-site and 
transported 

• Reduces formwork and 
allows for curing in a 
controlled environment 

• Increased transportation 
and hoisting costs  

Photo courtesy of Thinkstock 

NOTES
Precast concrete elements are those that are cast off-site and then transported to their final place. 
Precast concrete has the advantage of being cast in a controlled environment, which allows for 
more intricate shapes and often quicker production because of the reduction of formwork and 
shoring, as well as steam-curing. The disadvantage is additional transportation costs and hoisting 
requirements.

SOURCE
Photo courtesy of Thinkstock
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Reinforced Concrete 

Retaining Walls 

• Walls made to 
withstand lateral earth 
pressure exerted by 
sloped soils 

• Types 

– Gravity 

– Semi-gravity 

– Cantilever 

– Counterfort 

Photo courtesy of Thinkstock 

NOTES
Reinforced concrete is often used for retaining walls because of its ability to withstand the lateral 
earth pressure that sloped soils exert. Concrete retaining walls come in a number of types, 
including gravity retaining walls, semigravity retaining walls, cantilever retaining walls, and 
counterfort retaining walls.

SOURCE
Photo courtesy of Thinkstock
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Reinforced Concrete 

Reinforced Concrete Design Process 

• Initial Design 

• Shop Drawings 

• Shop Drawing Submittal 

• Shop Drawing Review 

• Fabrication 

Photo courtesy of John Gambatese 

NOTES
Initial design is typically carried out by the architect and engineering design consultants. They 
determine the overall plan for the building, including the structure type. Their designs are very 
thorough, but these are not final. When the construction documents are issued, the concrete 
subcontractor bids the documents. Once the project is awarded, changes to the design may be 
made. 

During the submittal process, contractors are required to send the architect product data about 
everything they are going to install on the building. For some specialties, these data are more 
involved than for others. Shop-drawing submittal is required of many contractors, including 
concrete contractors, with regard to their reinforcement. Fabricators are required to generate 
shop drawings that show exactly how they plan to build each concrete element, including rebar 
placement. Sometimes the fabricator employs its own engineer to design the reinforcement.

Once the shop drawings are completed, the fabricator sends the shop drawings and submittals to 
the general contractor for review of compliance with the specifications. If the contractor thinks 
they are within specification, then they are sent to the architect for review. The architect and the 
structural engineering consultant review the proposed design and either accept it or reject it and 
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ask for a resubmittal. When the accepted submittal makes it back, the fabricator may begin to 
procure the materials and start fabrication and construction.

SOURCE
Photo courtesy of John Gambatese
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Reinforced Concrete 

Concrete Construction Activities 

• Layout 
• Rebar Installation  
• Formwork 
• Concrete placement 

– Batching 
– Mixing 
– Transporting 
– Placing 

• Vibration  
• Curing  
• Form stripping 

Photo courtesy of Walter Heckel 

NOTES
The first step of setting up for a concrete pour is the layout. Formwork and rebar are built or 
placed in the desired location. Sometimes this process has to be done simultaneously because 
hook lengths of rebar extending into a wall (or another interaction between the reinforcements in 
two members) would block placement. Once rebar is in place, it is tied with wire to keep it from 
moving while the concrete is poured.

Concrete placement involves four steps: batching, mixing, transporting, and placing. Batching 
involves combining the correct volumes of the ingredients for a batch of concrete. In order to 
produce quality concrete, the batching must be consistent. Batching may be done by weight to 
ensure accuracy, but typically it is done volumetrically on site. Mixing concrete is an important 
process to ensure uniformity. This process, in addition to batching, ensures the proper slump is 
achieved, which gives the concrete its desired workability and strength. Transporting concrete 
is typically done by trucks. Each standard concrete truck carries 8 to 12 cubic yards of concrete. 
The method used for placing concrete depends on the amount of concrete being placed. Pump 
trucks are used for large pours, whereas crane buckets are used on sites with restricted access. 
Some pours, such as ground slabs, can be made directly from the concrete truck. Smaller jobs are 
carried out with a wheelbarrow and a shovel.
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When concrete is being placed, it is typically vibrated to increase consolidation. This makes the 
concrete within a form system uniform and better suited for structural application. Additionally, 
the vibrating keeps the aggregate from getting stuck in the reinforcement.

Concrete strengthens with age. As concrete cures, it gains over half its strength in about a week 
and over 90% of its strength in 27 days. Improper curing can result in increased cracking and 
reduced strength. 

Once concrete has reached sufficient strength, the forms can be stripped. Special care needs to 
be taken so that the forms are not removed early, because this can cause sagging and cracking. If 
the formwork involves shores for an elevated member, reshoring may be necessary to keep the 
structure from collapsing. Proper design of the size and spacing of reshores is necessary to ensure 
the reshore method is structurally adequate and cost-effective.

SOURCE
Photo courtesy of Walter Heckel
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Reinforced Concrete 

Concrete Construction Hazards 

• Tripping 

• Muscle strain caused by 
repeated lifting  

• Structural collapse 

• Falling materials 

• Manipulation and 
erection of reinforcing 
steel and formwork  

• Silicosis 

Photo courtesy of John Gambatese 

Silicosis is caused from inhaling silica dust during concrete mixing, grinding, polishing or cutting  
www.cdc.gov/niosh/docs/wp-solutions/2009-115/; www.cdc.gov/niosh/docs/wp-solutions/2008-127 

 

NOTES
Tripping is a significant risk associated with reinforced concrete and is largely due to the rebar 
placement. A battery-operated power tier with an extension handle can reduce hand/wrist and 
low-back injuries. 

Rebar is often put in a lay-down area on site and then transferred to the final location. Rebar 
spacing in slab construction is a common tripping hazard because workers have to balance as 
they navigate across the reinforcement. The added danger with tripping around rebar is the 
potential for a puncture wound from any vertical steel around the site. 

Collapse hazards are common in concrete construction because of the sheer weight of the material. 
Typically, collapse involves formwork. If formwork is improperly designed, it can blow out because 
of the lateral pressure from the weight of the wet concrete. Additionally, when collapse results from 
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stripping the shoring too early on elevated slabs, there is substantially more danger because often 
people are working above or below the curing slab. Live loads experienced during construction as 
heavy equipment moves over the structure can also cause the structure to collapse. 

Muscle strain caused by repeated lifting is a common injury because of the repetitive nature of the 
work. Workers have to constantly maneuver the rebar and repeatedly bend over to tie the rebar in 
place, which causes back strain. The steel can also be extremely heavy when the reinforcement is 
prefabricated, such as a spiral cage, and has to be lifted into place. When a crane is used to place 
large sections of formwork or reinforcement, a crushing hazard is created. 

Falling materials, such as masonry units from an elevated installation, create a significant hazard 
on the job site. This danger is usually mitigated by scaffolding systems, but mortar and other 
materials can still slip through. Workers have to be aware of the activities taking place above and 
below them to avoid being hit by falling objects. 

SOURCES
NIOSH [2009]. Control of hazardous dust when grinding concrete. Cincinnati, OH: U.S. 
Department of Health and Human Services, Centers for Disease Control and Prevention, 
National Institute for Occupational Safety and Health, DHHS (NIOSH) Publication No. 2009–115  
[www.cdc.gov/niosh/docs/wp-solutions/2009-115/].

NIOSH [2008]. Water spray control of hazardous dust when breaking concrete with a 
jackhammer. Cincinnati, OH: U.S. Department of Health and Human Services, Centers for 
Disease Control and Prevention, National Institute for Occupational Safety and Health, DHHS 
(NIOSH) Publication No. 2008–127 [www.cdc.gov/niosh/docs/wp-solutions/2008-127/].

Photo courtesy of John Gambatese

www.cdc.gov/niosh/docs/wp-solutions/2009-115/
www.cdc.gov/niosh/docs/wp-solutions/2008-127/
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WORKPLACE SOLUTIONS
From the National Institute for Occupational Safety and Health

Summary

Construction workers are ex-
posed to hazardous dust when 
using handheld electric grind-
ers to smooth poured con-
crete surfaces after forms are 
stripped. The National Insti-
tute for Occupational Safety 
and Health (NIOSH) found 
that exposures could be re-
duced if a local exhaust ven-
tilation (LEV) shroud was at-
tached to the grinder.

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
Centers for Disease Control and Prevention 
National Institute for Occupational Safety and Health

Control of Hazardous Dust When 
Grinding Concrete 

disease, reduced lung function, and 
other disorders [NIOSH 2002a]. 

Workers in the construction industry 
may breathe dust that contains silica 
during various tasks including cutting 
brick and block, tuckpointing ma-
sonry, using a jackhammer to break 
concrete or rock, or grinding con-
crete. A NIOSH [2001] study found 
that workers grinding concrete to 
smooth poured concrete surfaces af-
ter forms are stripped were exposed 
from 35 to 55 times the NIOSH rec-
ommended exposure limit (REL) for 
airborne dust containing crystalline 
silica. NIOSH evaluated the use of 
LEV shrouds on handheld concrete 
grinders to see whether they reduce 
worker exposure to dust [Echt and 
Seiber 2002; NIOSH 2002b].

NIOSH Study
The concrete finishers in the NIOSH 
studies were responsible for smooth-
ing poured concrete walls and col-
umns. The LEV system consist-
ed of a grinder that was equipped 
with a ventilation shroud, a length 
of flexible corrugated hose, and a 
portable electric vacuum cleaner that  

acted as the fan and dust collector 
for the ventilation system (Figures 1 
and 2). The concrete surfaces were 
flat and allowed the shroud to make 
a good seal with the concrete. Four 
commercially available shrouds were 
used in the NIOSH study. All grinder/
shroud combinations reduced dust ex-
posure by at least 90%. 

Description of 
Exposure
Breathing dust that contains crystal-
line silica can lead to the develop-
ment of silicosis, a deadly lung dis-
ease. No effective treatment exists 
for silicosis, but it can be prevented 
by controlling workers’ exposure to 
dust containing crystalline silica. Ex-
posure to crystalline silica has also 
been linked to lung cancer, kidney 

Figure 1. Grinder in use with the con-
trol in place.



PtD | Reinforced Concrete Design Instructor’s Manual 119

Sl
id

e 
43

Grinders
The grinders used were rated at either 10,000 or 11,000 
rpm: Metabo model W7-115 Quick 10,000-rpm grind-
er and Metabo model 11025 grinder (Metabowerke 
GmbH; Nürtingen, Germany); Bosch model 1347A 
grinder (Robert Bosch GmbH; Stuttgart, Germany); and 
Milwaukee model 6153–20 grinder (Milwaukee Elec-
tric Tool Corp.; Brookfield, WI). The grinders were fit-
ted with 4-inch diameter diamond cup wheels (PW se-
ries, Pearl Abrasive Co.; Commerce, CA). 

LEV shrouds
Four LEV shrouds were used in the study. The shrouds 
were selected based on their rugged appearance, how 
easily they could be mounted on the grinders, and their 
availability for purchase. The shrouds used were Vacu-
guard (Pearl Abrasive Co.; Commerce, CA), Dustcon-
trol (Transmatic Inc; Wilmington, NC); and “full-dust 
shroud” and “cut (edging) shroud” (Sawtec; Oklahoma 
City, OK).

Vacuum cleaners and hoses
The grinder/shroud pairs were connected via 1.5-inch 
(inside diameter) corrugated flexible hose to two types 
of industrial vacuum cleaners (DC 2700 and DC 3700; 
Dustcontrol AB, Norsborg, Sweden). The manufactur-
er reports that the DC 2700 vacuum has a maximum 
flow capacity of 112 cubic feet per minute (190 cubic 
meters per hour), and a maximum negative pressure of 
84 inches w.g. (21 kPa). The DC 3700 has a maximum 
flow capacity of 188 cubic feet per minute (320 cubic 
meters per hour) and a negative pressure of  96.5 inch-
es w.g. (24 kPa). 

Controls
NIOSH and its partners have developed recommenda-
tions to protect workers from exposure to crystalline sil-
ica dust during construction activities [NIOSH 1996; 
Echt and Seiber 2002; NIOSH 2002a; Heitbrink and 
Collingwood 2005]. Some of the benefits of using the 
dust control noted in this report include reducing work-
er exposure to hazardous dust and potentially allowing 
for use of less protective respiratory protection, reduced 
cleanup time, and reduced cleanup exposures. 

Vacuum cleaners
The choice of a vacuum cleaner depends on the task. It 
must be carefully selected to include features such as the 
following:

Sufficient flow rate to capture the dust and transport  �
it to the vacuum source

Uses a high-efficiency particulate air (HEPA) filter to  �
reduce the chance of releasing dust containing crys-
talline silica from the vacuum into the worksite

Uses pre-filter or cyclone to increase the length of  �
service of the HEPA filter

Uses filter replacement indicator �

Filters can be cleaned and replaced or full collection  �
bowls or bags can be replaced without exposing the 
operators to dust

The vacuum cleaner should draw at least 10 amps if it is 
used as part of a ventilated grinder system, so it can over-
come filter loading. Some vacuum cleaners are equipped 
with a pressure gauge that indicates when the air flow 
rate is too low to be effective. If the vacuum cleaner does 
not have a pressure gauge, workers can monitor the air 
flow by looking at the dust plume. If dust is escaping un-
der the shroud, the dust collected on the pre-filter needs 
to be dislodged or the vacuum cleaner bags or filters need 
to be changed. 

Hose
A 1.5- or 2-inch diameter hose with a relatively smooth 
interior and a length of no more than 15 feet should pro-
vide adequate air flow. The hose should have as few el-
bows or turns as possible. A study on tuckpoint grinders 
[Heitbrink and Collingwood 2005] reported that 2-inch 
diameter hoses provided better air flow than smaller 
(e.g., 1.5 inch) diameter hoses. Dust has a greater ten-
dency to settle in larger diameter hoses and should be 
cleared before and after each use.Figure 2. Diagram of grinder showing main parts.
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Shroud
The shroud can be purchased with the grinder, sepa-
rately, or as a unit with the vacuum cleaner and hose. 
The shroud should totally enclose the spaces around the 
exhaust entry point for the hose. The exhaust shroud 
should have an entry point for the hose matching the di-
ameter of the hose.

Work practices
Keep the shroud flat against the surface of the con- �
crete while grinding.
Shake the hose as needed to loosen the settled dust  �
and prevent the hose from clogging.
When using the grinder, look to make sure no dust is  �
escaping from the shroud.
If dust is escaping, turn off the unit and clean or  �
change the filter as recommended by the manufac-
turer. Sometimes the build-up on the filter can be 
dislodged by simply moving or shaking the cleaner, or 
turning the motor off and on a few times. Build-up on 
the filters slows down the air flow through the system 
and reduces dust capture.
Change vacuum cleaner bags before they leak.  �
When changing filters, bags, or self-contained collec- �
tion bowls, use proper disposal practices and use res-
pirators if appropriate.

Since NIOSH last investigated concrete grinders in 2002, 
several grinder manufacturers have introduced tools with 
dust controls. Studies since the NIOSH investigation show 
the effectiveness of LEV controls in reducing respirable 
dust when using concrete grinders [Croteau et al. 2004; 
Akbar-Khanzadeh et al. 2007].

Respirators
Workers and employers should be aware of the high risk 
of dust exposure in poorly ventilated areas (such as in 
corners or inside buildings). This may result in increased 
exposure to hazardous dust. 

The dust control cited in this report may greatly reduce 
worker exposure to hazardous dust; however, respirators 
are still necessary to reduce exposure to crystalline sili-
ca below the NIOSH REL of 50µg/m3. Follow the Oc-
cupational Safety and Health Administration (OSHA) 
Respiratory Protection Standard (29 CFR* 1910.134) 
(www.osha.gov/SLTC/etools/respiratory/index.html). 
The provisions of the program include procedures for se-
lection, medical evaluation, fit testing, training, use, and 
care of respirators.

* Code of Federal Regulations. See CFR in references.
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National Institute for Occupational Safety and Health 
4676 Columbia Parkway 
Cincinnati, OH 45226–1998

safer • healthier • peopletm April 2009

For More Information

The information in this document is based on NIOSH field 
studies. More information about silica hazards and controls 
is available on the NIOSH Web site at www.cdc.gov/niosh/
topics/silica/default.html. 

To receive copies of the NIOSH field study reports that 
formed the basis of this document or to obtain information 
about other occupational safety and health topics, contact 
NIOSH at 

Telephone: 1–800–CDC–INFO (1–800–232–4636) 
TTY: 1–888–232–6348  E-mail: cdcinfo@cdc.gov  

or visit the NIOSH Web site at www.cdc.gov/niosh

For a monthly update on news at NIOSH, subscribe to 
NIOSH eNews by visiting www.cdc.gov/niosh/eNews.

Mention of any company or product does not constitute en-
dorsement by NIOSH. In addition, citations to Web sites ex-
ternal to NIOSH do not constitute NIOSH endorsement of 
the sponsoring organizations or their programs or products. 

Furthermore, NIOSH is not responsible for the content of 
these Web sites. All Web sites addressess referenced in this 
document were accessible as the publication date.

This document is in the public domain and may be 
freely copied or reprinted. NIOSH encourages all 
readers of the Workplace Solutions to make them 
available to all interested employers and workers.

As part of the Centers for Disease Control and Prevention, 
NIOSH is the Federal agency responsible for conducting re-
search and making recommendations to prevent work-related 
illness and injuries. All Workplace Solutions are based on re-
search studies that show how worker exposures to hazardous 
agents or activities can be significantly reduced.

Control of Hazardous Dust When Grinding Concrete

DHHS (NIOSH) Publication No. 2009–115
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Summary 
Construction workers are 
exposed to hazardous dust 
when using jackhammers 
to break concrete pave-
ment. NIOSH found that 
exposures could be re-
duced by using a water-
spray attachment.  

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
Centers for Disease Control and Prevention 
National Institute for Occupational Safety and Health

Figure 1. The water spray attachment, showing the method used to attach 
the nozzle to the tool.

NIOSH Study 
NIOSH studied a water-spray at-
tachment (Figure 1) to suppress dust 
created during concrete pavement 
breaking with jackhammers [Echt et 
al. 2003]. This low-flow, water-spray 
control reduced dust exposures by 
70%–90%.

Description of 
Exposure 
Breathing dust that contains crystal-
line silica can lead to silicosis, a dead-
ly lung disease. Exposure to crystal-
line silica has also been linked to 
lung cancer, kidney disease, reduced 
lung function, and other disorders 
[NIOSH 2002]. No effective treat-
ment exists for silicosis, but it can be 
prevented by controlling worker ex-
posure to dust containing crystalline 
silica. 

Workers in the construction industry 
may breathe dust that contains crys-
talline silica during many tasks includ-
ing grinding concrete, cutting brick 
and block, tuckpointing masonry, or 
using a jackhammer to break con-
crete. A study to measure exposures 
found that jackhammer operators who 

break concrete were exposed to about 
6 times the NIOSH recommended 
exposure limit (REL) [Valiante et al. 
2004]. NIOSH evaluated the use of 
jackhammers for breaking concrete 
pavement and examined engineering 
controls to see whether they reduce 
worker exposures to dust [Echt et al. 
2003].  

Water Spray Control of Hazardous 
Dust When Breaking Concrete with a 
Jackhammer
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Water-Spray Control 
The water-spray attachment was made by a contractor 
who participated in the NIOSH study (Mt. Hope Rock 
Products, Inc., Wharton, NJ, a division of Tilcon New 
York, Inc., West Nyack, NY). There is continuing devel-
opment of water-spray controls similar to the one used in 
the NIOSH study. For example, The New Jersey Labor-
ers Health and Safety Fund (NJLHSF) has also developed 
a simple durable, low-cost water-spray attachment for use 
on a jackhammer (www.njlaborers.org/index.php3). The 
NJLHSF version of a water-spray attachment used the 
control described in this document as a starting point.  A 
detailed description of the NJLHSF water-spray attach-
ment and estimated cost can be found at their Web site 
(www.njlaborers.com/health/jackhammer.php3).

NIOSH is not aware at this time of off-the-shelf, com-
mercially available retrofit kits or jackhammers that 
come with built-in water spray units. However, it is rel-
atively simple to build a water spray control for a jack-
hammer using the diagram in Figure 2 and the parts and 
instructions below: 

Water-spray nozzle: �  Use a solid-cone, furnace-spray 
water nozzle with an 80-degree spray angle (Type B, 
11.00 GPH, 80°, Delavan Inc. Fuel Metering Prod-
ucts, Bamberg, SC www.delavaninc.com). Mount the 
nozzle in a bracket welded on the end of the jackham-
mer. The spray angle (the angle included between the 
sides of the cone formed by the water discharged by 
the nozzle) and the spray pattern are two critical de-
sign parameters required to match the performance of 
the tested device.  Spray nozzles make several spray 
patterns such as hollow cone, full cone, and flat spray. 
This control used a solid cone nozzle.

Water flow rate: �  The nozzle used in the NIOSH study 
delivered about 350 milliliters (11.8 ounces) of wa-
ter per minute. This flow rate is the third critical de-
sign parameter for performance of this control. It is 
effective in reducing dust and it did not add a lot of 
water to the work surface or significantly wet work-
ers’ clothing or shoes. Higher flow rates may not great-
ly increase dust control, and lower flow rates may re-
duce performance.

Bracket: �  Use a bracket for mounting the water-spray 
nozzle on the jackhammer. Mounting the nozzle above 
the end of the jackhammer will prevent the nozzle 
from striking the pavement. 

Water-supply lines: �  Connect the nozzle by flexible 
16 pounds-per-square-inch (psi), 3/8-inch-diame-
ter hydraulic line to a quarter-turn valve mounted 
near the operator’s hand position for turning the wa-
ter on or off. A 3/8-inch-diameter air hose connects 
the valve to a 60-gallon water tank (pressurized to 
22 psi) mounted on the air-compressor trailer (Figure 
3). Control the pressure in the tank with a regulator.  

Water source: �  Use a water tank or a direct connec-
tion to a local water supply such as a water main. If 
a tank is used, water can be supplied to the attach-
ment by pressurizing the tank or pumping water from 
the tank. If a pressurized tank is used, a compressor 
is needed to pressurize the tank, a regulator to con-
trol the pressure, and a pressure relief valve to guard 
against the tank bursting. Rust from a steel tank may 
clog the spray nozzle. However, a plastic water tank 
can be used with a battery-powered water pump in-
stead of a steel pressurized tank. The larger the tank, 
the less it will have to be refilled. A 50-gallon tank 
will easily supply one jackhammer water-spray con-
trol used constantly for a full 8-hour shift. A trailer 
or hand truck may be necessary for moving the tank 
around the worksite.   

Controlling Dust Exposures 
The results of the NIOSH study showed that the con-
trol devices may reduce exposure to dust for jackham-
mer operators and other workers near the work area. 

Employers and jackhammer operators should take the fol-
lowing steps to reduce worker exposure to hazardous dust: 

Site Set-Up 
Develop a site-specific safety and health plan for all  �
job sites where jackhammers are used that considers 
engineering controls, personal protective equipment, 
and work practices.  

Figure 2. Diagram of water-spray control used in 
NIOSH study
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Minimize the number of workers in the construction  �
area where jackhammers are used. 

Post signs to warn workers about the hazard and  �
to inform them of required protective equipment. 
Workers should also be cautioned about icing, slips, 
and falls (particularly if they make a mud hole), and 
about ground faults for any electrical system in use.

During jackhammer use, perform air monitoring of  �
respirable crystalline silica exposures to make sure 
the engineering controls are working and to deter-
mine whether workers need respiratory protection.

Make medical examinations available to all workers  �
exposed to crystalline silica. 

Engineering Controls 
Equip jackhammers with dust-reduction control de- �
vices such as the water-spray attachment described 
in this report. When a water-spray attachment can-
not be used (for example, on the upper floor inside 
an occupied building), use other control measures 
such as a vacuum or other local exhaust ventilation 
(LEV) device [Echt et al. 2003]. Spraying the work 
area with a garden hose is not an appropriate replace-
ment for the water-spray control. 

Train workers in the proper use and maintenance of  �
the dust-reduction device. Make sure that the con-
trol is working properly and test the water flow rate 
before and after each shift; a watch with a second 
hand and a kitchen measuring cup could be used for 
this task. An 8-ounce cup should fill in about 40 sec-
onds.

Personal Hygiene and Protective 
Clothing 

Wash hands and face before eating, drinking, or smok- �
ing. Do not eat, drink, or use tobacco products in the 
work area. 

Change into disposable or washable work clothes  �
at the worksite. If possible, shower and change into 
clean clothes before leaving the worksite. If it is not 
possible to shower or change into clean clothes, use a 
vacuum to remove dust from clothes.

Park cars where they will not be contaminated with  �
silica dust.

Do not remove dust from the work area by blowing  �
with compressed air or dry sweeping. Also, do not 
blow dust from clothing or skin with compressed air. 

Protective Equipment 
Use hearing and eye protection devices. When water- �
spray attachments are used with jackhammers, wa-
terproof personal protective equipment may be nec-
essary.  

Use respiratory protection when needed. The con- �
trols cited in this report may greatly reduce work-
er exposure to dust; however, respirators may still be 
necessary to reduce exposure to crystalline silica be-
low the NIOSH REL of 50µg/m3. It may be possible 
to use less restrictive respirators such as a disposable 
N–95 filtering facepiece since the amount of hazard-
ous dust is decreased by the controls. The respira-
tors are less cumbersome and cost less than the res-
pirators typically required for jackhammer operators. 
Employers should follow the Occupational Safety 
and Health Administration (OSHA) Respiratory Pro-
tection Program (29 CFR 1910.134). 
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For More Information

Furthermore, NIOSH is not responsible for the content of 
these Web sites.

This document is in the public domain and may be freely 
copied or reprinted. NIOSH encourages all readers of the 
Workplace Solutions to make them available to all inter-
ested employers and workers.

As part of the Centers for Disease Control and Prevention, 
NIOSH is the Federal agency responsible for conducting re-
search and making recommendations for preventing work-re-
lated illnesses and injuries. All Workplace Solutions are based 
on research studies that show how worker exposures to haz-
ardous agents or activities can be significantly reduced.

Water Spray Control of Hazardous Dust When 
Breaking Concrete with a Jackhammer

DHHS (NIOSH) Publication No. 2008–127

The information in this document is based on NIOSH field 
studies. More information about silica hazards and controls is 
available on the NIOSH Web site at www.cdc.gov/niosh/top-
ics/silica/default.html. 

To receive copies of the NIOSH field study reports that 
formed the basis of this document or to obtain information 
about other occupational safety and health topics, contact 
NIOSH at 

Telephone: 1–800–CDC–INFO (1–800–232–4636) 
TTY: 1–888–232–6348  E-mail: cdcinfo@cdc.gov

or visit the NIOSH Web site at www.cdc.gov/niosh

For a monthly update on news at NIOSH, subscribe to 
NIOSH eNews by visiting www.cdc.gov/niosh/eNews.

Mention of any company or product does not constitute en-
dorsement by NIOSH. In addition, citations to Web sites ex-
ternal to NIOSH do not constitute NIOSH endorsement of 
the sponsoring organizations or their programs or products. 

Safer • Healthier • PeopleTM May 2008

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
Centers for Disease Control and Prevention 
National Institute for Occupational Safety and Health 
4676 Columbia Parkway 
Cincinnati, OH 45226–1998
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Reinforced Concrete 

More Construction Hazards 

• Falls 

• Obstructions 

• Cave-in during 
foundation construction  

• Lung or skin irritation 
from exposure to 
cement or admixtures 
[NIOSH 2008, 2009] 

• Jack, cable, or fitting 
failure during 
tensioning 

 

Photo courtesy of John Gambatese 

NOTES
Falls and obstructions are common hazards on construction projects. Foundation construction 
creates holes for potential falls into trenches. Additionally, cave-in from foundation construction, 
although a well-known hazard, needs to be considered in design. Although there are specific 
guidelines related to trenching and shoring, they are not always followed. 

Lung irritation is a common side-effect of mixing or cutting concrete. Inhaled particles can lead to 
lung diseases, including silicosis. Skin irritation from exposure to cement or admixtures is possible 
with prolonged contact to wet concrete. Cements are often strongly basic, which can irritate skin 
and cause dermatitis. Additionally, as concrete dries on skin, it will draw moisture from the skin. 

Concrete post-tensioning operations can be hazardous to construction workers if a jack, cable, or 
fitting fails during tensioning. The large amount of tension put on each tendon could result in a 
whiplash effect if the cable snaps.

SOURCES
Photo courtesy of John Gambatese

The NIOSH 2008 and 2009 publications are included in the References.
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Reinforced Concrete 

Construction Industry Statistics [BLS 2011] 

Industry  

2008 Annual 
average 

employment 
(thousands) 

Total 
recordable 

cases* 

Cases* with days away from work, 
job transfer, or restriction 

Other 
recordable 

cases* Total 

Cases with 
days away 
from work 

Cases with 
job transfer 

or restriction 

Construction 7597.2 4.7 2.5 1.7 0.7 2.2 
Poured concrete foundation 
  and structure contractors  235.6  6 3.3 2.3 1 2.8 
Structural steel and precast 
  and concrete contractors 105.1 6.4 3.9 2.5 1.4 2.5 
Framing contractors  114.5 6.9 4.3 3.1 1.2 2.6 
Masonry contractors 231.3 4.6 3.1 2.3 0.8 1.5 
Glass and glazing contractors  64.8 7.6 3.4 2.1 1.3 4.1 

Roofing contractors 196.2 6.3 3.8 2.7 1.1 2.5 
Siding contractors  45.6 5.1 2.5 2.1 0.5 2.6 

*Cases per 100 FTE workers 

NOTES
According to the Bureau of Labor Statistics, with regard to nonfatal occupational injuries and 
illness by industry in 2008, the construction industry as a whole had an incident rate of 4.7 
recordable cases per 100 full-time equivalent (FTE) workers. More specifically, for poured 
concrete foundation and structure contractors, that rate increases to 6.0 recordable cases per 
100 FTE workers. This table compares these incident rates with other specialty areas of the 
construction industry.

SOURCE
BLS [2011]. Injuries, illnesses, and fatalities. Washington, DC: U.S. Department of Labor, Bureau 
of Labor Statistics [www.bls.gov/iif].

Sl
id

e 
45

www.bls.gov/iif


PtD | Reinforced Concrete Design Instructor’s Manual 129

Sl
id

e 
45



PtD | Reinforced Concrete Design Instructor’s Manual130

Reinforced Concrete 

Mitigating Concrete Construction Hazards 
REINFORCED CONCRETE DESIGN 

NOTES
This section provides a number of examples of how PtD can be applied to reinforced concrete 
design. Concrete structures can vary significantly in size, shape, and configuration. The examples 
present only a few possible PtD solutions and may not apply to all projects. Thorough review of 
the design and brainstorming sessions can lead to other PtD elements for a project. This process 
is facilitated by including persons with construction expertise and knowledge of potential 
construction site hazards in the review.
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Mitigating Concrete Construction Hazards
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Reinforced Concrete 

PtD Examples 

Topic Slides 
Site Activities 48–50 
Cranes and Derricks 51 
Foundations 52–57 
Concrete Floor Surfaces and Elevated Slabs 58–66 
Rebar and Post-tensioning Cables 67–69 
Formwork 70–71 
Concrete Walls, Beams and Girders, and Columns 72–75 
Precast Concrete 76–77 
Safe Work Procedures 78 

NOTES
PtD examples are provided for different concrete structure elements, as shown in the table. In 
addition to those that apply to the design of the permanent structure, some examples pertain to 
the design of temporary structures such as formwork. On some projects the engineer may specify 
construction details and procedures for temporary structures as they impact the performance 
of the permanent structure. Lastly, examples of how PtD can change construction site work 
procedures are provided. These examples illustrate how PtD can be extended to design the 
permanent facility in order to facilitate safer construction procedures.
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Reinforced Concrete 

Site Activities 

• Use alternative methods for pouring concrete below or 
next to overhead power lines 

– Pumping truck 

• Consider using onsite batch plant, with inspections 
performed if required 

– Minimizes transportation hazards 

NOTES
These PtD examples relate to getting the concrete to the worksite and placing it on the worksite. 
Specifications that direct the contractor to minimize transportation requirements and avoid 
jobsite hazards will lead to safer projects.
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Reinforced Concrete 

Site Activities 

Photo courtesy of John Gambatese 

NOTES
This picture shows a pumping truck pouring a foundation. This site has no overhead hazards, but 
if there were power lines on the site, it would be necessary to avoid them. If at all possible, the 
power lines should be de-energized during the concrete pumping operation.

SOURCE
Photo courtesy of John Gambatese
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Reinforced Concrete 

Site Activities 

• Allow flexibility in concrete mixes. Designate slump and air 
content ranges and do not preclude adding water at the 
site. 

– Give the contractor a window of tolerance for less 
than ideal site conditions such as in poor weather 

• Require the constructor to locate and mark existing 
reinforcing steel prior to cutting into the concrete 

– Preserve the structural integrity of existing reinforced 
concrete members 

NOTES
Unexpected and hidden site conditions can create hazards for the contractor. Flexibility in the 
design can help the contractor safely conduct construction activities when unexpected conditions 
arise, while still meeting the design specifications. Respirators should be worn when cutting or 
mixing concrete.
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Reinforced Concrete 

Cranes and Derricks 

• Erection and disassembly 
must be carefully 
planned. 

• Site layout affects crane 
maneuverability. 

• Show site utilities on 
plans. 

• Comply with  
OSHA standards. 

Photo courtesy of Walter Heckel 

The OSHA comprehensive crane standard: www.osha.gov/FedReg_osha_pdf/FED20100809.pdf.  
Regulation text: www.osha.gov/cranes-derricks/index.html.  

 

NOTES
Cranes and derricks are used to lift steel members and equipment into place. Derricks are 
stationary, for example, when they are built dockside at a port. The six tower cranes shown in 
this picture were used to transport hoppers filled with concrete to various locations throughout 
the site. On-site batch plants are often used in urban environments and on large or fast-tracked 
projects. Cranes are the most complex machines on a construction site. Crane erection and 
disassembly must be carefully planned. 

Where do you place the crane? Ideally, the crane can lift all members from one location without 
interfering with any other operations. The biggest danger in site layout is overhead power lines. 
Although it is the contractor’s responsibility to deal with power lines, the designer can help by 
including the power line locations on the plans. 

Another problem, overturning, is often the result of moments created by the load. Cherry pickers 
are particularly susceptible. Cranes operate within a range defined by the mass of the crane, the 
length of the boom, and the mass of the load. Operators may be tempted to extend the boom a 
few more feet to pick up a load, when it would be safer to move the crane closer. As the load is 
lifted, the crane tips.
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Another hazard is boom collapse. In this instance, the lift exceeds the design limits of the boom. 
There is always the possibility that the operator will lose control of the load, especially when 
it is windy. A swinging load may impact adjacent structures or touch a power line. In several 
instances, the crane operator has died when the load swung back into the cab.

SOURCES
OSHA [2010]. Comprehensive crane standard  
[www.osha.gov/FedReg_osha_pdf/FED20100809.pdf].

OSHA Regulations for cranes and derricks [www.osha.gov/cranes-derricks/index.html].

Photo courtesy of Walter Heckel

www.osha.gov/FedReg_osha_pdf/FED20100809.pdf
www.osha.gov/cranes-derricks/index.html
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Reinforced Concrete 

Foundations 

• Do not use driven piles in deep excavations in areas of 
loose or backfilled soil 

– Prevent cave-ins 

• Avoid designing piles at angles flatter than 4:12 
(horizontal: vertical) 

• When developing a plot plan, group footings in a way that 
permits proper drainage of mass excavations 

– Avoid water build-up on site 

NOTES
Many construction site accidents associated with foundation construction occur because of cave-
in. Foundation designs can mitigate cave-in hazards if minimal soil vibration occurs and water is 
able to drain freely. Battered piles can also cause safety hazards because of the horizontal nature of 
the implied forces.
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Reinforced Concrete 

Foundations 

• Use 4" × 4" mat mesh or welded wire fabric (WWF) on top 
of more widely spaced top rebar 

– Provides walking surface 

• Review clearances between forms, anchor bolts, sleeves, 
and rebar at congested pier locations 

– Ensure sufficient room for equipment 

• Standardize anchor bolts to several different diameters, 
types, and lengths 

– Prevent confusion about placement 

NOTES
Providing a worksite that is free of tripping and walking hazards can be difficult. During the 
construction of concrete foundations, the workers must walk across the exposed rebar prior to 
pouring of the concrete. To eliminate tripping hazards, rebar can be designed to provide an easier 
walking surface. Allowing room for workers to maneuver is another important design practice. 
Consider how the workers are going to install the rebar, anchors, etc. Allow room for equipment 
used to place and consolidate the concrete. Making a work area easily accessible goes a long way 
in providing a safe worksite. Standardizing all elements of the design is good practice. Using 
standard features eliminates confusion and the need for rework.
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Reinforced Concrete 

Foundations 

Photo courtesy of John Gambatese 

NOTES
This worker has to balance on the rebar while vibrating the concrete for the foundation. Design 
the rebar with a maximum 4" spacing to allow him to walk without worrying about falling 
through the spaces.

SOURCE
Photo courtesy of John Gambatese
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Reinforced Concrete 

Foundations 

• Design placement directly against earth, instead of 
forming, where conditions permit 

– Prevent formwork blowouts  

• Design small foundations and slabs-on-grade without 
haunches 

– Irregular, small excavated areas can be tripping 
hazards 

• Eliminate offsets, tapered sections, and other complicated 
shapes 

– Cave-in hazards 

NOTES
Simplifying the formwork and foundation design is another means of facilitating safe 
construction. Irregular shapes can lead to complicated formwork and unexpected site conditions 
while the foundation is being constructed. As much as possible, the engineer should use simple 
shapes that do not have offsets, tapered sections, or other varied dimensions.
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Reinforced Concrete 

Foundations 

• Design-in adequate 
embedment in concrete 
foundations, piers, and 
walls 

– Allows easy 
attachment of 
platforms, stairs, light 
fixtures, etc.  

• Provide railing or grating 
on top of sumps 

– Prevents falls into the 
sump pit 

Photo courtesy of Thinkstock 

NOTES
Consideration should be given to the design features that will be added to the concrete after it is 
cast. These may include steel stairs, cable trays, light fixtures, and other mechanical and electrical 
pieces of equipment. Facilitating the installation of the added features will go a long way in 
helping the contractor during their installation.

Fall hazards are especially important in construction, because falls are the leading cause of 
injuries and fatalities. Protecting exposed sump pits as part of the permanent design can eliminate 
potential exposure to this hazard during construction.

SOURCE
Photo courtesy of Thinkstock
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Reinforced Concrete 

Foundations 

• Standardize foundation sizes for pumps, pipe racks, 
structures, and miscellaneous supports 

– Standard, regular work environment helps workers 

• Dimension concrete foundations and structures to 
maximize use of commercial form sizes 

– Custom forms may be under-designed or difficult to 
install 

NOTES
Create a design that facilitates familiarity with the site. Standardize the worksite to reduce 
hazards. This ensures that workers will not be surprised by unexpected conditions as they work. 
Avoid custom work; specify standard sizes and shapes.
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Reinforced Concrete 

Concrete Floor Surfaces  

• Keep steps, curbs, blockouts, slab depressions, and other 
similar floor features away from window openings, 
exterior edges, and floor openings 

• Design the covers over sumps, outlet boxes, drains, etc., to 
be flush with the finished floor 

• Provide a non-slip walking surface on walkways and 
platforms that are adjacent to open water or exposed to 
the weather 

NOTES
Slipping and tripping hazards are especially troublesome during construction of floor surfaces. 
Keep the floor surface free of protruding elements, holes, and standing water.
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Reinforced Concrete 

Concrete Floor Surfaces  

Photo courtesy of John Gambatese 

NOTES
This picture shows a tripping hazard (exposed rebar) directly adjacent to a fall hazard (change in 
walking surface elevation).

SOURCE
Photo courtesy of John Gambatese
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Reinforced Concrete 

Concrete Floor Surfaces  

• For access doors through floors, use doors which 
immediately provide guarded entry around the whole 
perimeter when the door is opened 

• Locate floor openings away from passageways, work areas, 
and the structure perimeter 

• Eliminate tripping hazards (changes in elevation, curbs, 
etc.) around floor openings 

 

NOTES
Floor openings are significant hazards during construction. Consider the location of the 
openings, their size, and their shape. Where possible, locate the openings away from places where 
construction workers are likely to walk. Make them as small as possible to prevent falling through 
the openings, and cluster them together so that they can be easily guarded.
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Reinforced Concrete 

Concrete Floor Surfaces 

• Specify broom finish (non-slip walking surfaces) on floors 
adjacent to open water or exposed to the weather. 

• For slabs-on-grade, specify the compaction requirements 
of the backfill around foundations. Schedule backfilling 
completion as soon as possible. 

NOTES
A broom finish on concrete floors provides a nonslip walking surface. Broom finishes on ramps 
in parking garages are also a good idea. Backfill provides additional support for slabs-on-grade 
during the curing process and may prevent or lessen cracking. 
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Reinforced Concrete 

Elevated Slabs  

• Provide drainage for all floor areas, especially around 
elevated equipment pads. 

• Prohibit the manual placement of metal decking or 
forms, especially on elevated structures, if wind speeds 
exceed 25 mph. 

• Provide permanent guardrails around floor openings. 

 

NOTES
Concrete construction work is exposed to the environment. Environmental conditions can create 
safety hazards during concrete construction operations. Consider the weather.

A contractor commonly provides temporary guardrails around openings during construction. 
However, temporary guardrails may not be installed adequately to meet standards. Specify the 
installation of permanent guardrails around floor openings to eliminate this problem.
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Reinforced Concrete 

Elevated Slabs 

• Note on the contract 
drawings the existing and new 
floor design loads 

– Help the constructor in 
determining material 
stockpile locations and 
heavy equipment 
maneuverability 

• For elevated floors, use 
permanent metal-formed 
decking with concrete fill to 
eliminate temporary 
formwork 

Photo courtesy of Thinkstock 

NOTES
Work on elevated floors requires stockpiling materials on the floors prior to their installation. 
The contractor must know the floor design loads to determine the amount of materials that can 
be safely stockpiled. Metal formed decking with concrete fill is a fast and efficient construction 
application. The metal decking can be easily installed and stays in place. Hazards related to 
temporary formwork and removing formwork are eliminated with the use of metal decking. 
Samples of concrete from the pour must still be tested to verify strength!

SOURCE
Photo courtesy of Thinkstock

Sl
id

e 
63



PtD | Reinforced Concrete Design Instructor’s Manual 165

Sl
id

e 
63



PtD | Reinforced Concrete Design Instructor’s Manual166

Reinforced Concrete 

Elevated Slabs 

• When showing pipe sleeves on drawings, consider whether 
the sleeves will be installed before or after the concrete is 
placed 

– Prevent unnecessary rework at elevated locations 
after the concrete is in place 

• When specifying a top-of-concrete elevation, consider the 
combined steel and concrete tolerance (including 
deflection) 

– This may influence the beam size, composite design of 
floor, and Ff and Fl numbers for floor flatness and 
levelness.  

NOTES
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Reinforced Concrete 

Elevated Slabs 

Photo courtesy of John Gambatese 

NOTES
This picture shows typical slab formwork and shoring. The flat slab, without depressions, offsets, 
etc., provides a smooth and consistent walking surface across the formwork during construction.

SOURCE
Photo courtesy of John Gambatese
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Reinforced Concrete 

Elevated Slabs 

• Design concrete members to be of similar size and 
regularly spaced to facilitate the use, and re-use, of 
pre-fabricated forms.  

• Minimize the number of details to reduce costs and 
construction errors. 

• Consider using bent steel-form plate around the edges of 
concrete slabs at large openings and around the perimeter. 

– Keep rebar installers away from exposed edges. 

• Specify composite steel-form deck. 

– Eliminate formwork and minimize rebar in 
elevated slabs. 

 

NOTES
If possible, designs should eliminate the need for workers to be close to exposed edges or in 
elevated locations.
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Reinforced Concrete 

Post-tensioning Cables 

• Align or locate post-tensioning cables such that if failure of 
a jack, cable, or fitting occurs during tensioning, the cable 
is not directed towards an active work area.  

NOTES
When post-tensioning cables and fittings that are highly tensioned fail, they have been known to 
shoot out of the structure and cause great damage. If possible, design the structure to eliminate 
potential damage if a failure occurs. 

Much work has been done to identify how to design concrete structures for efficient form design. 
This not only eliminates unnecessary field work but also saves on construction costs and improves 
the quality of the work. Utilizing prefabricated forms eliminates the need to install custom forms 
on-site and therefore reduces construction hazards.
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Reinforced Concrete 

Rebar 

• Show splice location and splice lengths on the drawings 

•  Standardize use of a few sizes of rebar such as #5, #7, 
 and #10 

– Between bars that are of similar size 

– Two smaller sizes can substitute for one larger size if 
field conditions warrant 

• Where practical, show vertical wall and pier dowels 
extending to 6' height instead of using vertical bars spliced 
to the dowels 

NOTES
Consideration of rebar size selection and detailing can ensure easy, safe installation.
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Reinforced Concrete 

Rebar 

• Use one grade of rebar 
throughout the whole job 

• Prefabricate column and wall 
cages when feasible 

• Utilize welded wire fabric (WWF) 
(flat sheets) for area paving 
reinforcement 

• Specify carbon microfibers where 
design allows 

Photo courtesy of Thinkstock 

NOTES
The slide contains additional rebar detailing suggestions to enhance worker safety. When more 
than one grade of rebar is used, mistakes are likely to happen. For large projects, it may be 
economically feasible to order prefabricated rebar cages for columns or wall segments. Welded 
wire fabric (WWF) may be used for large areas of pavement. Additional inspections of structural 
connections are required to confirm that the WWF is sufficiently anchored with column steel. 
Carbon fibers have the potential to replace reinforcing steel in some concrete applications. 

SOURCE
Photo courtesy of Thinkstock
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Reinforced Concrete 

Formwork 

• It is customary to prohibit 
forming work by hand if wind 
speed exceeds 25 mph 

• Limit the lift height of 
concrete pours to minimize the 
load on formwork and the risk 
of collapse of fresh concrete 
during pouring operations 

Photo courtesy of John Gambatese 

NOTES
The placement of large formwork sections can be hazardous, especially when it is windy. 
Specifications can guide the contractor toward safe construction methods. In this picture, a tower 
crane is moving a wall formwork section. Design walls to encourage the reuse of forms, which 
saves time and reduces cost.

SOURCE
Photo courtesy of John Gambatese
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Reinforced Concrete 

Formwork 

• For complicated and large formwork designs, specify that 
formwork calculations and drawings must be reviewed and 
stamped by a licensed engineer  

• Specify the minimum compressive strength for removal of 
elevated forms if different than the design compressive 
strength of the concrete 

– Prevents collapse of the structure due to early 
removal of the forms 

NOTES
Requiring professional engineering review and approval of formwork designs adds an additional 
level of confidence that the formwork is designed adequately. Clearly communicating to the 
contractor the minimum concrete compressive strength that must be attained prior to removing 
the formwork can help prevent collapse of the concrete.
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Reinforced Concrete 

Concrete Walls 

• Use one or more curtains of 
WWF for reinforced concrete 
walls and columns 

– Allows placement of large 
sections rather than many 
small pieces 

Photo courtesy of John Gambatese 

NOTES
Building wall rebar up above the floor surface requires constructors to work at elevation. Use of 
prefabricated rebar sections and panels of WWF eliminates some of the work at elevation.

SOURCE
Photo courtesy of John Gambatese
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Reinforced Concrete 

Concrete Beams and Girders 

• Design members of consistent size and shape 

– Standardize the work environment  

• Specify a minimum beam width of 6 inches 

– Provides a wide walking surface 

• Minimize the use of cantilevers, which can be hard to form 
and finish.  

• Design pre-fabricated members to be of one size and 
shape, or make them easily distinguishable to avoid 
incorrect placement. 

NOTES
Standardization aids in simplifying construction of concrete elements and in creating a safe 
worksite. Simple structural elements are easier to construct and require less work to form and 
finish.
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Reinforced Concrete 

Concrete Beams and Girders 

• Design concrete members to be of similar size and 
regularly spaced 

– Facilitates the use, and reuse, of prefabricated forms 

• Consider using shotcrete instead of poured concrete 

– Does not require a form on one side of the member 

• Design member depths to allow adequate head room 
clearance around stairs, platforms, valves, and all areas 
of egress. 

American Concrete Institute 
www.shotcrete.org 

NOTES
Shotcrete is an all-inclusive term for sprayed concrete or mortar in a dry-mix or wet-mix process. 
The use of the term shotcrete first occurred in Railroad Age magazine more than 50 years ago, in 
place of the then-proprietary word Gunite, and has been used by the American Concrete Institute 
since at least 1967 to describe all sprayed concrete or mortar.

SOURCE
American Concrete Institute [www.shotcrete.org].
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Reinforced Concrete 

Concrete Columns 

• Design columns with holes 
(sleeves) or embedded 
attachment points for guardrails 
and lifelines  

• Specify long rebar lengths to 
minimize rebar splices 

 

Photo courtesy of Thinkstock 

NOTES
Design columns with holes in vertical members at approximately 21” and 42” above the floor to 
install guardrails or lifelines. In those portions of the project where steel decking is to be installed, 
another hole at 7 ft above the deck allows the use of horizontal lifelines for fall arrest during 
leading-edge decking. In communities subject to seismic activity, detailing requirements must 
conform to local codes to ensure adequate seismic performance.

SOURCE
Photo courtesy of Thinkstock
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Reinforced Concrete 

Precast Concrete  

• Maximize the use of pre-cast manholes, pull boxes, and 
other miscellaneous concrete items. 

• For precast concrete members, provide inserts or other 
devices to attach lines or lanyards for fall protection. 

 

NOTES
Utilizing precast concrete members reduces onsite work at elevation. Precast elements are more 
consistent, which enables easier installation. Embedded items can be installed easier and located 
in exactly the right locations, eliminating rework in the field.
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Reinforced Concrete 

Precast Concrete  

Photo courtesy of John Gambatese 

NOTES
Use of precast vaults (pictured above) and manholes, for example, is cost-effective and reduces 
the need for creative forms and extra core drilling. Eliminating the need for formwork and core 
drilling enhances worker safety on the jobsite.

SOURCE
Photo courtesy of John Gambatese
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Reinforced Concrete 

Safe Work Procedures 

• Specify that the device must be embedded in concrete 
members when testing strength before form removal. 

• Design scaffolding tie-off points into exterior walls of 
buildings for construction purposes. 

• Design special attachments or holes in structural members 
at elevated work areas to provide permanent, stable 
connections for supports, lifelines, guardrails, scaffolding, 
or lanyards. 

NOTES
The concrete design can affect the safe installation and use of construction systems such as 
scaffolding and guardrails. Designing the embedment for anchorage points enables the contractor 
to tie-off lanyards, support scaffolding, and install other features immediately after the concrete is 
cured. This ability prevents the need to have workers install the anchorage points after the fact.
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Reinforced Concrete 

Construction Case Study 
REINFORCED CONCRETE DESIGN 

NOTES
This case study example is provided to illustrate how the design of a concrete structure impacted 
the work of the contractor and ultimately contributed to injuries and fatalities. The case study 
comes from a 2003 OSHA accident investigation. 

Sl
id

e 
79

Case Study



PtD | Reinforced Concrete Design Instructor’s Manual 197

Sl
id

e 
79



PtD | Reinforced Concrete Design Instructor’s Manual198

Reinforced Concrete 

Construction Case Study 

Drawing courtesy of OSHA 

NOTES
This case study is based on an OSHA accident report for an incident that happened on October 
30, 2003. A company was in the process of expanding its facilities. The project included a 31-story 
hotel and a 10-story garage, 8 stories of which were for parking. The framing plan above shows 
the beam, column, and slab intersection at a typical elevated floor level along one exterior edge 
of the garage as it was originally designed by the structural engineer. Individual bars were used in 
the slab and detailed as shown to extend into the column. The beam rebar also extended through 
the column. The beam shape is such that its depth is greater than its width.

SOURCE
Drawing courtesy of OSHA
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Reinforced Concrete 

Comparison of Design and As-Built 

Sketch courtesy of Pamela Heckel 

NOTES
Construction of the lower floors followed the original design. As illustrated, the column was deeper 
than the beam was wide. This difference created inefficiencies for the contractor in designing and 
installing the formwork to build the structure. For the upper floors, the contractor submitted a 
revised design. As shown, the column is much thinner. The separate beam and slab were replaced 
with a composite beam and floor system, cantilevered from the column. The metal decking in the 
composite floor system was used to support the weight of the wet concrete during construction and 
carry tensile stresses in the bottom of the slab. Unfortunately, the stress distribution in a cantilevered 
beam is reversed, with compression on the bottom and tensile stress on the top. The beam rebar was 
modified to be a mat of WWF rather than individual bars. 

With the original design, the workers threaded the individual bars from the floor slab into the 
columns, engaging the slab steel with the column steel as required by the American Concrete 
Institute (ACI) code. With the new design, however, it was difficult to anchor the WWF mats into 
the column steel. The rebar mats were harder to handle and the columns were thinner. There were 
indications that the composite beam and floor systems failed to attain strength before additional 
upper floors were poured. In the weeks before the incident, workers noticed an ominous 
deflection in shore posts and attempted to alert management, according to newspaper reports.
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Sketch courtesy of Pamela Heckel 
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Reinforced Concrete 

Case Study—Construction Failure 

Photo courtesy of OSHA 

NOTES
Due to difficulties associated with constructing the alternate design, on some of the upper floors, 
the rebar mats were short of the column steel. As a result, there was no continuity from the slab 
steel to the column steel, and tension forces in the top steel were not able to be resisted by the 
column. The upper floor levels collapsed during construction, killing four workers and injuring 
20 others. 

What aspects of PtD were not utilized in the original drawings? 
There was no trade contractor input during the design phase. A constructability review of the 
original drawings might have identified the costs associated with the beam design. Requiring the 
column and beam to be the same width would have made the formwork less expensive to build 
and easier to construct and would have facilitated the construction process.

What aspects of PtD were not utilized in the revised drawings?
The structural engineer of record, a health and safety professional, the designer, and an 
experienced trade representative could have conducted a constructability review of the final 
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design, which showed a composite beam with WWF. A contractor experienced with WWF might 
have recommended a different beam-to-column connection.

How could the implementation of PtD have helped to avoid the collapse?
The PtD process shown on slide 15 involves health and safety professionals and trade 
representatives in the design phase. A health and safety review of the modified design drawings 
may have identified the potential for “hand traps” and other constructability issues, given the 
tight fit between WWF and column steel. 

What would alternate details look like if following the principles of PtD?
In this instance, the WWF used as horizontal reinforcing steel for the composite beam made an 
insufficient connection with the column steel. An alternate design as a result of a constructability 
audit may have resolved that problem.

What is another advantage of PtD?
Lives are saved and accidents are averted when there is a culture of safety awareness. In this 
instance, warnings from workers about the deflection of slabs and shores were ignored. 

SOURCES
Lipton E [2004]. Design changes preceded collapse of casino garage. New York Times, April 25 
[www.nytimes.com/2004/04/25/nyregion/25xcollapse.html]. 

Photo courtesy of OSHA
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Reinforced Concrete 

Recap 

• Prevention through Design (PtD) is an emerging design 
process for saving lives, time, and money.  

• PtD is the smart thing to do and the right thing to do. 

• Although site safety is the contractor’s responsibility, the 
designer has an ethical duty to create drawings with good 
constructability. 

• There are tools and examples available to facilitate PtD in 
reinforced concrete design. 

NOTES
Prevention through Design saves lives, time, and money. PtD is the ethical thing to do. Good 
constructability is the designer’s responsibility.
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Reinforced Concrete 

Help make the workplace safer… 

For more information, please contact the National Institute for 
Occupational Safety and Health (NIOSH) at 

Telephone: (513) 533–8302  
E-mail: preventionthroughdesign@cdc.gov 

Visit these NIOSH Prevention through Design Web sites: 
www.cdc.gov/niosh/topics/PtD  
www.cdc.gov/niosh/programs/PtDesign 

Include Prevention through Design concepts in 
your projects. 
 

NOTES
This presentation was intended to provide examples of construction hazards and risks that could be 
positively or negatively affected by design decisions. It is certainly not comprehensive in any way. All 
members of the construction project team (owner, designers, contractors, and safety professionals) 
must attempt to learn more about construction site safety early in the built environment’s life cycle. 
The earlier more is learned, the more effective and safer the process can be. Each party has a role to 
play. The United Kingdom and Australia have promulgated designers’ roles and responsibilities for 
safe construction design. Those designers are still learning how to identify and manage risks and how 
they can provide safer and healthier designs. We encourage the infusion of construction and safety 
knowledge into the design team and design reviews. Organizations and individuals seeking to posi-
tively impact construction workers’ safety and health through design will need first an open mind and 
second a holistic view of what factors influence workers’ actions and inactions. Are there questions?

SOURCE
NIOSH Prevention through Design Program Web sites:

www.cdc.gov/niosh/topics/PtD/ 
www.cdc.gov/niosh/programs/PtDesign/
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Test Questions
1. What is the goal of Prevention through Design?

2. Give two examples of industries that have incorporated PtD into the corporate culture.

3. Name one practical benefit of PtD.

4. Give one ethical reason for PtD.

5. Give an example of a hazard associated with an urban construction site.

6. What conditions might cause the sides of an excavation to cave in?

7. List three kinds of personal protective equipment (PPE).

8. Give three reasons why PPE is considered the solution of last resort.

9. How is PtD different from engineering controls?

10. Define constructability.

11. Name the players who must communicate during the design phase. 

12. When in the design process is the time to consider safety?

13. Why should you visit the OSHA Web site?

14. Name three construction hazards.

15. Where can you find tools to help you create safer designs?
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Answers
1. The goal of PtD is to anticipate and eliminate hazards and risks at the design phase of a 

project/process and to make workplaces safer for workers.

2. Construction companies, computer and communications corporations, design-build 
contractors, electrical power providers, engineering consulting firms, oil and gas 
industries, water utilities

3. Accidents on the job hurt employee morale, delay project completion, and cost money.

4. Preventable accidents should be prevented! Accidents ruin lives.

5. Examples include overhead power lines, existing infrastructure (gas, electric, and sewer), 
pedestrians, and traffic flow.

6. A trenching accident may be caused by spring thaw, lack of shoring, cracked forms, recent 
precipitation, type of soil, or placement of heavy equipment.

7. Personal Protective Equipment, or PPE, includes items worn as a last line of defense against 
injury. OSHA-required PPE can include hardhats, steel-toed boots, safety glasses or safety 
goggles, gloves, earmuffs, full body suits, respiratory aids, face shields, and fall harnesses. 

8. PPE is a solution of last resort because it
a. requires the worker to wear it,
b. may not fit because of limited size availability, and
c. does not eliminate the hazard.

9. Engineering controls isolate the process or contain the hazard. PtD removes or reduces 
the hazard.

10. The term constructability implies an evaluation of a particular design in terms of cost, 
safety, duration, and quality. Can the design be built at a reasonable cost, within a 
reasonable amount of time, and result in an acceptable level of quality?

11. The entire design team must communicate, including the architect, structural engineer, 
civil engineer, HVAC engineer, trade representatives, and site planner.

12. Throughout!

13. OSHA regulations are updated annually. The Web site contains a summary of the latest 
hazard investigations. It also contains information about occupational diseases.

14. Hazards include falls, tripping hazards, falling objects, loud noises, and musculoskeletal 
injuries. 

15. Agencies such as OSHA, NIOSH, and CHAIR can provide tools to help you create safer designs.
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