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ABSTRACT 

In order to make a significant impact in the safety and health culture of the U.S. 
construction industry, the Construction Safety Alliance (CSA) was funded in 2001 by the 
Centers for Disease Control and Prevention (CDC), the National Institute for 
Occupational Safety and Health (NIOSH). The alliance was established as a multi­
university, interdisciplinary university-industry partnership to develop, implement and 
evaluate a National Research Program in construction safety and health. :Major 
participants include the Division of Construction Enginee1ing and Management and the 
School of Health Science at Purdue University, the University of Cincinnati Medical 
School, the College of Architecture, University of Florida, Gainesville, and the 
Construction Industry Institute at the University of Texas, Austin. 

This report reflects work done by CSA during the period 2001-2003 relating to: 

(1) Falls from Elevation 

(2) Safer Trenching Operations 

(3) The Owner's Role in Safety 

(4) Issues related to Retired Workers and Small Construction Companies 

(5) Web-Based Dissemination of Important Health and Safety Information to 

Construction Safety Professionals. 

The projects described in this report form an initial structure for future work 
designed to provide a unified and quantitative approach to health and safety research. The 
research emphasizes methodologies and information dissemination intended to firmly 
establish health and safety as a key consideration in maintaining a robust and highly 
motivated work force in this important sector of the economy. 
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LIST OF FINDINGS 

ANALYSIS OF CONSTRUCTION FALLS 
Section I- pp. I-15 to I-16 

Findings 
Hazards on sites that may cause falls should be detected through rigorous 

examinations of construction sites and eliminated through effective preventive 
approaches. The accumulation of information of past accidents can disclose which are 
the most common hazards on construction sites. Operations susceptible to falls include 
roofing, erecting structural steel and exterior carpentry. Falls are often associated with 
workers on roofs, scaffolds, ladders, and on floors with openings. Occupations such as 
construction laborers, roofers, carpenters, and structural metal workers are commonly 
involved in falls and should be specifically addressed through fall prevention efforts. It 
should also be noted that fall hazards and human errors at elevations of less than 9.15 m 
(30 feet), where over half of the falls originated, warrant particular attention in terms of 
hazard analysis and safety inspections. Fall hazards mapping, as suggested by 
Gambatese and Stewart (1999), can serve as a very useful technology to indicate where 
fall hazards exist. 

Through the analysis of fall accidents, fall-related near misses, as well as fall-related 
citations, the most hazardous locations on sites can be identified. Providing fall 
preventive equipment to workers, including full-body harnesses, along with the proper 
training, should reduce the number of falls. The lack of safety training is often a 
contributing factor for many falls. According to the analysis, misjudgment of workers 
may account for about one third of the construction worker falls. Espedally for some 
workers employed in particular occupations that involve certain tasks, fall prevention 
training should be thoroughly provided. Effective training of workers can greatly 
decrease unsafe acts. Traditional safety training, restricted to the verbal and manual 
descriptions of the OSHA regulations, may not be sufficient to enable the workers to 
detect and eliminate all fall hazards. Innovative training approaches should be 
considered and thoroughly evaluated. 

For researchers, many topics related to falls need to be investigated in greater detail. 
For example, the current personal fall arrest systems (PFAS) can effectively protect 
workers after they fall from elevation. While these may constrain the movement of 
workers, as with steel erection operations, such approaches should be examined further. 
Some workers fell because they did not tie-off their body harnesses, either because they 
felt it was troublesome to be tied off to a fixed anchorage or when they unhooked the 
lanyards to change their positions. More flexible PFAS might be able to save more Jives. 
Different kinds of new technology, which can help prevent falls and protect workers from 
injury by falls , should be developed. 
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PREVENTION OF FALLS IN THE CONSTRUCTION INDUSTRY 
Section Il- pp. Il-2 

Findings 
The specific aim of this project was to determine what elements of the safety 

programs of large construction companies were responsible for lower incidence rates of 
falls when compared to small construction companies and to explore the possibility of 
transferring those elements to small construction companies. The elements in order of 
importance were: 

• Upper management commitment to support and promote safety as a top priority, 
• Training of line supervisors in the area of supervision, 
• Regular on-site training from the construction site superintendent, 
• Promotion of safety awareness and accountability as a fundamental value, and 
• Daily crew meetings where supervisors go over a daily work plan and job specific 

safety training for those potentially exposed. 

Another key finding was the motivation behind large construction companies 
developing their safety programs. The motivating factors in order of their importance 
were: 

• Concern for the well being of the employees and maintaining profitability (these 
generated an equal number of responses), 

• Insurance company pressure and a high experience modification ratio, and 
• Concern for the reputation of the company and compliance with OSHA 

regulations (these generated an equal number of responses). 

A PILOT STUDY OF FUNCTIONAL IMPAIRMENT AND FALLS .JN RETIRED 
UNION CONSTRUCTION AND NON-CONSTRUCTION l\1EMBERS 
Section ill - pp. ill-1 to ill-2 

Findings 
Over 27% versus 11 % of construction and non-construction retirees, respectively, 

report having had a past work injury in need of medical attention. Construction versus 
non-construction retirees were two to four times more likely to report "severe to very 
severe" problems with their vision~ neck/shoulder, elbow, knee and ankle/feet and joints. 
Construction versus non-construction retirees were two to three times more likely to 
describe their health as poor and report having "severe to very severe" body pain. It was 
surprising that 42.1 % of construction retirees compared to only 14.0% (p<.01) of the non­
construction retirees reported having fair to poor health. Construction versus non­
construction retirees reported two to three times greater dissatisfaction with their level of 
physical activity and physical functioning. 

In regard to the feasibility of doing a larger more inclusive survey, we determined 
that retirees are very interested in participating in health studies. This enthusiasm was 
demonstrated by their verbal engagement and participation in the focus groups. It was 
also demonstrated by their response rate, which was comparable to other studies with 
only one survey mailing. The instrument developed for the survey was easy to read and 
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complete, and we had few blanks. The unions gave us considerable cooperation that 
included addressing and mailing the prepared packets. 

A SURVEY TO COLLECT SAFETY-RELATED DATA FROM SAMLL 
CONSTRUCTION COMPANIES 
Section IV -pp. IV-2 

Findings 
Although the AOC national office alerted the national membership to the web-based 

survey using both their website and their newsletter, the number of responses was only 89. 
One possible reason for lower than expected response was the length of the survey and 
possible confusion in using too many "continue" buttons. Future web-based surveys 
aimed at small businesses should be shorter and simpler to use. Results of those 
responding showed several notable points. Management was generally rated fairly high 
by non-management in terms of their commitment to safety. Responses across 
construction categories showed that the heavy highway construction companies were 
notably lower in safety concerns than other categories. Although construction workers 
are hired through a variety of sources, several types (temporary employment agencies, 
job banks, and unemployment offices) would be unlikely to have provided prior safety 
and health training. 

SAFETY IN TRENCIDNG OPERATIONS 
Section V -pp. V-2 to V-4 

Findings 
The significant findings are divided in two major categories. The first category 

shows the results based on the analysis of 296 trenching fatality reports from OSHA. This 
analysis was done applying two different models of accident causation. The second 
category presents the major conclusions of 16 interviews conducted with construction 
practitioners in the Midwest. 

Based on the analysis of 296 trenching fatality repo1ts from OSHA in the 1997-2001 
time frame, the major findings of this study are: 

• Based on the Type of Accident Model, the major type of accident in trenching 
operations is cave-ins, followed by caught in or compressed by equipment or objects 
and struck by object, usually backhoes or pipes during the installation process. Based 
on the Behavioral Causes Model, the major causes are: lack of safety equipment, 
practice of unsafe methods or sequencing, and lack of proper training. 

• The analysis of fatality reports showed that sixty eight percent (68%) of the fatalities 
occurred in trenches with depth less than three meters (10 ft). The average depth of 
the trench was 3.1 m (10.3 ft). All the fatalities caused by electrocution occurred in 
trenches less than 3 m (10 feet) deep. 

• When cave-ins occurred, 49% of the fatalities occurred in projects with costs under 
US$ 250,000 and 73% of the fatalities in projects with costs under US$ 1,000,000. 
Also, 31 % of the accidents occurred in projects with fewer than 10 workers and costs 
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under US$ 250,000, i.e., when the project is smaller, the likelihood of a trench cave­
in is higher. A possible reason is that the smaller projects are executed by small 
contractors who may not necessa1ily address the safety standards adequately or they 
do not have sufficient budgets to provide safety equipment. 

• In projects with costs under US$ 250,000, the major causes of fatalities were lack of 
safety equipment (47%) and unsafe methods or sequencing (28%). In 55% of the 
projects with cost under US$ 50,000, the major cause was lack of safety equipment. 

• Analyzing the number of employees on site when the fatality occurred, 63% of the 
cases the job site had fewer than 10 workers and 83% of the times the companies had 
fewer than 49 employees in total. When the project had fewer than 10 workers on site, 
in 48% of the fatalities the major cause was lack of safety equipment. When lack of 
safety equipment was identified as the major cause of the fatality, 84% of the 
companies had fewer than 50 employees in total. 

• Trenching operations accidents can happen in any month of the year. However, 
during May and October, peaks in frequency of fatalities were observed. 

• The distribution of fatalities based on the time of the day, is almost uniform from 
8:00am through 4:00 pm. The highest number of cave-ins occurred between 12-2-pm. 

• During the period 1997-2001, 46 states reported fatalities in trenching operations. The 
state with the highest number of fatalities is Texas (12%), followed by California (7%) 
and Michigan, Missouri and Ohio with (5% ). 

• Of the two hundred ninety six (296) trenching fatalities, 250 (84%) occurred on 
nonunion projects and 46 (16%) occurred on union projects. 

Based on the interviews conducted with sixteen construction practitioners located in 
the Midwest, the major findings of this study are: 

• The existing safety standards are deemed to be reliable and can help to prevent 
fatalities in trenching operations when they are correctly applied. However, in many 
instances, construction workers take unnecessary risks, and the t•tough guy" culture 
continues to prevail on job sites. 

• The interviews also indicated that the construction industry has learned how to 
identify the major causes of accidents based on the Type of Accident Model. In 
addition, it is important to note that the industry considers cave-ins accidents as the 
most important cause of fatalities, but also recognizes the existence of other type of 
accidents in trenching operations, such as struck by object, caught in or compressed 
by equipment or objects, and contact with electric current. 

• Independent of their roles, all the practitioners considered caught in or crushed in 
collapsing material (Cave-ins) as the major cause of trenching accidents. This result 
is in accordance with the findings in the analysis of fatality reports from OSHA, and 
reflects a good understanding of the causes of trenching fatalities by the construction 
industry. 

• Based on the interviews, it may be inferred that construction practitioners do not 
consider a single safety strategy as most important to prevent accidents in trenching 
operations. In addition, it appears that the companies are implementing several safety 
strategies simultaneously. 
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• Tbe results of the interviews showed that the safety strategy assess site conditions is 
very important to the construction industry. However, the analysis of the OSHA 
reports showed that other strategies, such as training, provide safety equipment, and 
plan and control of methods are more important. This does not mean that the industry 
is unwise assigning these resources, but that the focus is not necessarily on the major 
strategies based on the analysis of OSHA reports. 

THE USE OF TRENCH BOXES FOR WORKER PROTECTION 
Section VI - pp. VI-13 

Findings 
Since the OSHA regulations appear to adequately address safe work practices with 

trench boxes, contractors are encouraged to make greater attempts to ensure that field 
operations fully comply with them. Additional guidance should be sought from the 
various suppliers of trench boxes. 

As most of the serious safety problems are associated with worker behavior, 
contractors are encouraged to set up more stringent jobsite rules and to fully enforce 
them. When trenching operations are being conducted there is no opportunity to be lax 
on safety. A beginning point would be to conduct a series of training sessions to ensure 
that all workers are fully informed about the expectations of the company. 

With the unacceptable number of serious safety infractions occurring on many 
trenching projects, it is incumbent on utility contractors to stress safety with their 
employees. Just as many companies have a zero tolerance for drug abuse, utility 
contractors should have zero tolerance for worker behavior that places their lives at risk. 

THE OWNER'S ROLE IN CONSTRUCTION SAFETY 
Section VII-21 

Findings 
This study was focused on identifying the owner's role in construction safety, 

which was demonstrated through the project context, the selection of safe contractors, the 
inclusion of safety requirements in the contract, and the owner's active participation in 
safety during project execution. Through analysis of the project interview data, it can be 
concluded that owners can positively influence project safety performances. Several 
practices of owners that were associated with better safety performances were identified. 

Unlike twenty years ago, owners of large projects are more actively participating 
in construction safety management in each stage of project execution, including project 
design, contractor selection, the development of contract documents, and the construction 
phase. They are making efforts to improve the project safety performance, with a focus 
on setting their expectation on zero injuries, selecting safe contractors, and developing 
the safety culture on their projects (through safety training and safety recognition 
programs, for example). Their efforts have paid off by the decrease fa injuries on their 
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projects. This may explain, in part, why the injury rates decreased dramatically in the 
past decade. 

The study also found that petro-chemical owners are among the most proactive 
owners in construction safety. This may be due to the traditional concern for safety in the 
chemical industry. Many petro-chemical owners stated that the safety attitudes in their 
major line of business impact their philosophy on construction safety. Safety is 
necessitated by the considerable hazards existing in the petrochemical industry. These 
reasons may help explain why the safety performances of petro-chemical projects are 
better than other types of projects. 

SCALABLE DATABASE AND WEB-BASED DISSEMINATION OF 
IMPORTANT HEAL TH AND SAFETY INFORMATION TO CONSTRUCTION 
SAFETY PROFESSIONALS 
Section Vill - pp. Vill-1 to VIII-2 

Findings 
Data on occupational fatalities, injuries, and illnesses in the construction industry 

currently exist in many national, regional, and state data systems, which makes the access 
to safety data for researchers and safety professionals a frustrating chore. Hence, there is 
a need to develop a centralized database that provides single access point to all safety 
data. In addition, the Construction Safety Alliance partners also need a database that can 
store the new data collected from the research to facilitate data analysis and research 
collaboration. Therefore, a scalable database possessing the following features is 
developed. 

• The database is designed to grow with the needs of research program and 
availability of new data. 

• The database provides a comprehensive source for access to many different 
construction safety research and surveillance data sets. 

• The database enhances user ability to query the database for specific items related 
to construction safety. 

• The database creates new research opportunities by making the latest data sources 
available to researchers and policy makers. 

The database currently houses occupational fatality, and injury and illness data for the 
construction industry collected from three publicly available data sources: the Bureau of 
Labor Statistic's (BLS) Injuries, illnesses and Fatalities website, the BLS Census of Fatal 
Occupational Injuries (CFOI) website, and the National Center for Health Statistics' 
(NCHS) National Health Interview Survey (NHIS) website. 
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The Construction Safety Alliance Website was developed to serve as a portal for 
safety professionals and researchers to access up-to-date safety information. The 
information on the website can be accessed at two levels. 

• The first level includes only CSA access for sharing data and information 
resources associated with ongoing research and surveillance projects. This access 
is password-protected for CSA members and their designated collaborators. 
Because CSA consists of researchers from different geographical locations, 
communication and collaboration through the website has proven to be very 
effective. 

• The second level is for general use for accessing all information, published data, 
and resources as CSA makes it available. This level requires no password and will 
be advertised in trade journals and other construction-related publications. 
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EXECUTIVE SUMMARY 

INTRODUCTION 

The annual turnover of the U.S. construction industry exceeds 850 billion dollars, making 

this one of the biggest industries in U.S. There are close to 2 million firms operating in 

the construction sector and the number of people employed in this sector is estimated to 

be over IO million. The fatality rates in this industry has ranked second. Compared with 

other industri.es in the U.S., construction has consistently experienced higher disabling 

injury rates than an other industries except for mining and agriculture. Disabling injuries 

occur at a rate exceeding two per minute each working day. Construction workers 

experience one of the highest rates of injuries and work-related illnesses that result in lost 

work days. Although construction employs 5-6% of the U.S. workforce, it accounts for 

more than twice this percentage in tenns of workers' compensation costs (NIOSH 1999). 

Socially and economically, fatal and non-fatal accidents and unsafe practices have taken 

a toll on the personal lives of construction workers and their families. Furthermore, they 

have severely impacted the productivity and quality in construction, and hence the costs 

of the constructed products. The total direct and indirect costs associated with these 

injuries and fatalities are in excess of $17 billion per year (CII 1996). Table 1 shows that 

the costs of construction site injuries are not trivial. Traditionally, there has been little 

sharing of information due to competition, shortage of resources, poor communication, 

lack of expertise in different areas, and a focus on short-term results instead of long-term 

planning. 

The Construction Safety Alliance (CSA) was funded, in 2001, by the National Institute 

for Occupational Safety and Health, as a multi-university, interdisciplinary university­

industry partnership, to develop, implement and evaluate a National Research Program in 

construction safety and health. The main focus of CSA is to embed safety measures as 

critical components in construction, and by doing so, link safety with quality and 

productivity. 
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Table 1. Average cost of construction site injuries (Hinze and Appelgate 1991) 

Estimated Total Cost to 
Job Costs 

Liability Costs Employer 

Type of injury Direct Indirect (per injury) (per injury) 

Medical $ 520 $ 440 $ 240 $ 1,200 

Lost Work Day $6,900 $1,600 $16,500 $25,000 

Assuring safety and health in construction is complex, due to the following 

characteristics of the construction environment: 

• Construction projects involve short-term work sites, changing hazards, and 

multiple operations and crews working in close proximity. 

• Of approximately 600,000 construction companies, 90% employ fewer than 20 

workers. Few companies have formal safety and health programs. 

• Construction work is more dangerous now than in the past because more 

inexperienced people are working today (Heinz and Taylor 1998). 

• Only 17 .8% of the construction workers are unionized. Hence, challenges exist 

for directing efforts towards the non-union sectors of the construction industry. 

• There are new demographic trends in the industry, with an increasing number of 

women and minority workers entering the workforce. 

Another area of concern is the gross under-reporting of occupational illnesses in 

the construction industry. Because of the long latency period, it is difficult to identify 

illnesses as work-related. The time to manifest symptoms between initial exposures to a 

toxic substance and repeated load-dose exposures can take as long as 30 years. "In 

construction, the connection of a disease and employment is often difficult to establish 

because a construction worker may have a series of employers and varying tasks, each of 

which could involve different exposures to substances. A construction worker may also 

be exposed to toxins as a bystander to other workers' tasks (CPWR, The Construction 

Chart Book)." 
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''Until recently, most regulatory and corporate safety and health programs have 

relied on hindsight, i.e., statistics and accident investigations to determine where 

improvements can be made (CII 1996). Aggressive constructor and owner safety 

programs have made progress in reducing the number of on-site accidents on large 

construction projects. However, much more progress is needed to drive down the fatality 

and injury rates in this industry, especially for the smaller construction companies. 

ROLE OF THE CONSTRUCTION SAFETY ALLIANCE 

In order to make a significant impact in the safety and health culture of the 

construction industry, a vision that embraces meaningful and effective partnerships is 

critical. The Construction Safety Alliance (CSA) was funded, in 2001, by the National 

Institute for Occupational Safety and Health, as a multi-university, interdisciplinary 

university-industry partnership, to develop, implement and evaluate a National Research 

Program in construction safety and health. This alliance consists of national experts in 

construction engineering and management, health sciences, ergonomics, safety, industrial 

engineering, statistics, epidemiology and labor relations. It represents a cooperative 

effort that includes: universities, labor organizations, construction companies, owners of 

constructed projects, and trade associations. The goal of the Construction Alliance to link 

safety and health (including occupational ergonomics) with improved productivity and 

quality and hence, cost savings for the construction industry. Figure 1 shows a 

conceptual framework of this approach. 
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COMP ANY and LABOR BENEFITS 

Costs 

Safety, 
Health, 

Ergonomics 

Productivity 
and 

Quality 

Reduction and 
prevention of 
construction­
related injuries 
and illnesses 

Increased 
company 
competitiveness 
and profitability 

Figure 1, Interrelationships between safety and health interventions, costs and 

productivity and quality in construction. 

This paper will descnoe the major findings of the lead projects undertaken by this 

alliance. These projects include: Falls from Elevations, Safer Trenching operations, the 

Owner's Role in Safety, and Web-based Dissemination of Project Findings to the 

stakeholders. 

PROJECT 1: FALLS FROM ELEVATIONS 

Background 
' TI1e construction industry is consistently responsible for the largest number of 

fatal work injuries of any industry in the United States. Of those fatal injuries, falls from 

elevations are the leading cause (Hinze et al., 2002). In 2000, 734 deaths due to falls 

were recorded (Bureau of Labor Statistics, 2001). That number is surprising when you 

consider the regulatory intervention imposed on the industry and the advancements in fall 

protection devices made over the last several years. The key question that needs to be 

addresse<l is why do these fatalities continue to occur at such a high rate? 
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Large Construction Company Survey 

Researchers from Purdue University' s School of Health Sciences conducted a 

study to determine what elements of the safety programs of large construction companies 

were responsible for a reduced rate of falls in comparison to small construction 

companies (Construction Safety Alliance, 2003). Hinze et al. (2002) showed that the rate 

of falls decreased as the cost of construction projects increased. The objective of this 

study was to use the findings to help small construction companies, in particular small 

roofing companies (i.e., companies with less than 25 employees) reduce their rate of falls. 

Twenty-five construction companies whose typical construction contract amounts were in 

excess of $1,000,000 were contacted. Of those, sixteen companies chose to participate. 

Purdue researchers interviewed the safety directors of the sixteen companies by telephone 

and obtained statistical information about the company and its safety program as well as 

opinion-based information. In addition, a small roofing company also volunteered to 

answer the same series of questions and allowed us to observe one of their crews work on 

a residential roofing project. 

The companies that participated in the interviews were large in terms of their 

construction contract size. The median contract amount was $9,000,000. The median 

Experience Modification Ratio (EMR) of fue companies interviewed was 0. 73. The 

EMR is a tool often used by insurance companies to determine premiums for workers' 

compensation insurance. It is the ratio of actual losses due to work-related injuries and 

illnesses over the expected losses. An EMR of less than one indicates that a company is 

suffering fewer losses than other companies in the same industry (Safety Management 

Group, 2002). Additional evidence of safety performance is seen in the number of years 
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the construction companies bad been practicing their current safety program. The median 

time was 11 years. 

Large Construction Company Survey Outcomes 

All of the construction companies indicated that they were affiliated with external 

safety organizations. The opportunity to network with other companies was listed as the 

primary benefit of membership. The network forum allows the sharing of information 

gained through experience and provides an expert panel to explore new ideas. Rather 

than a beneficiary role, the construction companies that were interviewed acted mostly in 

an advisory capacity to safety organizations, although, some of the companies benefited 

from training infmmation provided through safety organizations. 

Employee turnover is a concern because of the potential inexperience of new hires. 

The median rate of employee turnover was 145 per year and the median duration of 

employment was 18 months. The turnover rate is nearly half the number of employees 

that work at elevations over 6 feet. The median number of employees that work over 6 

feet is 320 at any given time. In spite of the high employee turnover, fall injuries were 

relatively scarce. 

The median number of injuries due to falls in the past year was two and the median 

number for the past five years was five. Only one company of the sixteen interviewed 

reported a fatality in the past year and no other fatalities were reported in the past five 

years. The exception was one contractor that experienced no injuries or fatalities 

themselves but had subcontractors who had experienced two fatalities in the past year and 

seven fatalities in the past five years. The lack of compliance to safety procedures by 

subcontractors was a common complaint. 
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Safety training is likely to be one of the elements responsible for such low 

numbers of injuries and fatalities. The median number of employees trained per year was 

500. All but one company engages in refresher training on a regular basis so most 

existing employees can expect to receive refresher training every 12 months. The 

companies were split on whether they thought the employee turnover rate affected how 

their safety training programs were implemented. Companies who perceived that 

turnover had no effect may have been biased due to the existing level of intensity of the 

training program brought on by the anticipation of high turnover. 

When considering training or safety equipment, cost can be an important issue. 

The construction companies interviewed in this study were asked to estimate their yearly 

expenditures for training and safety equipment per worker. The median of the estimated 

cost per year for training was $800 and the median of the estimated cost ·per year for 

safety equipment was $250. These numbers are minimal in comparison to the cost of 

injuries and fatalities from falls. 

Large Construction Company Survey Conclusions 

The construction companies were asked to list the five key factors that 

influenced them to implement their current safety program. Even though this was an 

opinion-based question, there were not a wide variety of answers. The fourth and fifth 

most common answers tied for the nwnber of responses. They were concern for the 

reputation of the company and compliance ,¥ith OSHA regulations. The third most 

common answer was insurance company pressure and a high BMR. The first and second 

most common answers tied for the number of responses. They were concern for the well 

being of the employees and maintaining profitability. A common theme found in these 
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responses was money. The safety directors felt that a negative impact on a company's 

bottom line was critical to the development of a proactive attitude toward safety. 

The construction companies were asked to list what they considered to be the 

most important elements of their safety training programs with respect to making them 

successful at reducing falls from elevations. Since this was an opinion-based question, 

there were a wide variety of answers, however, there were a few that were mentioned 

consistently. 

Two answers tied for the fifth most common element. They were daily crew 

meetings where supervisors go over a daily work plan and job specific safety training for 

those potentially exposed to falls. The fourth most common element was the promotion 

of safety awareness and accountability as a fundamental value. In essence, the 

development of a safety culture where safety was a habit rather than a chore was 

expressed. The third most common element was regular on-site training from the 

construction site superintendent. The second most common element was the training of 

line supervisors in the area of supervision. The safety directors felt that supervisors were 

too often chosen for their adeptness at their particular trade rather than their ability to 

exercise supervisory skills over workers. The most commonly mentioned element was 

unique in that half of the companies mentioned it as the most important element of their 

safety training program. It was upper management commitment to support and promote 

safety as a top priority. The safety directors felt that financial support for the safety 

program and the presence of upper management at key meetings was how this was best 

demonstrated. By making safety the first item on the agenda at management meetings, 

upper management displayed its commitment to safety to lower level managers. 

ES-8 



Periodically visiting jobsites and taking part in some onsite training was a way of 

displaying commitment to safety to line supervisors and workers. 

Small Construction Company Outcomes (Pilot study of a small roofing company). 

As mentioned earlier, because large companies have experienced a successful 

decrease in the rate of falls compared to smaller companies the objective was to use the 

findings from the large company survey to help small companies (roofing in particular) to 

reduce their rate of falls. As with the large construction companies, the small roofing 

company had an exemplary safety record. There had been no fall related injuries in the 

preceding five years and the EMR was 0.85. During the interview, the owner who was 

also the chief safety officer revealed that the company had no formal safety program. 

Discussions about safety only took place when workers were faced with projects where 

they would encounter extreme roof slopes or other hazardous conditions. He indicated 

that the discussions were no more than reminders to be careful and look out for each 

other. The most disturbing part of the interview was that the owner felt that those 

discussions constituted a safety program and that the program must be working because 

of their safety record. 

Small Construction Company Conclusions 

The results can be summed with three terms: motivation, training, and money. 

The primary reason for the success of 1arge construction companies at reducing 

construction falls is that upper management has made a commitment to be safe. In 

making that commitment, they create momentum that motivates middle managers, 

construction supervisors, and finally, trade workers to be safe. Without the motivation 
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from the top, there is little chance that a successful safety program will develop and 

almost no chance that a safety culture will develop. Prior research has shown that 

workers will perform their tasks in a manner that allows <them to experience the least 

amount of inconvenience (Holmes et al., 1999 and Johnson et al., 1998). Unfortunately, 

safety is often seen as an inconvenience. 

Appropriate training must follow effective motivation. Training is the method by 

which motivation is focused. The most important part of that training is training line 

supervisors in the area of supervision. Line supervisors are the most critical link in the 

safety chain because of their proximity to potentially dangerous situations. To effectively 

promote safety, line supervisors need to understand how to effectively communicate and 

motivate workers so that they will comply with safety procedures. The line supervisors 

also need to have a good understanding of regulations concerning safety. Since line 

supervisors are usually regular employees, provisions need to be made to insure that they 

receive training on a regular basis. 

Worker training is next in importance. High turnover rates put the company in a 

position where new employees are constantly coming onto jobsites. In order to insure 

that workers receive the proper training, special training for new hires, regular onsite 

training, and daily crew meetings where daily work plans are discussed are crucial to 

reducing construction falls. This type of regular training allows the supervisor to 

effectively dictate the expectations of the company in the area of safety. 

The factor that induces the motivation that initiates the training is money. Large 

construction companies discovered several years ago that it was profitable to be safe. 

Relatively small expenditures up front as shown by the costs of training and safety 
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equipment can prevent large costs incurred after an accident. Lost time, loss of 

reputation, increased insurance costs, loss of competitiveness, and potential litigation are 

strong reasons to invest in safety. 

The primary difference between large construction companies and small 

construction companies is that large construction companies who have good safety 

programs adopted those programs because of safety problems that made an impact on 

their profitability to the extent that they had no choice but to become safe. Large 

construction companies can build the extra cost into their bids because their competitors 

are faced with the same circumstances. Small construction companies, on the other hand, 

face competition that has likely never faced serious safety related problems and therefore, 

may have no incentive to build the cost of safety into their bids. Small construction 

companies that might desire to build in more engineering controls, safety equipment, and 

safety training could be priced out of the market and go out of business. If small 

construction companies are to ever develop effective safety programs modeled after large 

construction companies it seems that one of two scenarios must occur. Either, as with the 

large construction companies, small construction companies must understand the losses 

and metrics that forced the large construction companies into compliance, or a more 

effective method of regulating small construction companies must be put into place. 

PROJECT 2: SAFER TRENCHING OPERATIONS 

Trenching operations are executed principally by water, sewer, utility lines and 

heavy construction companies. The value of construction work executed by these 

companies represents 2.6% of the total volume of construction in the United States. In 

total, these companies experienced 166 fatalities during the year 2000. According to an 

analysis of workers' compensation claims in the Supplementary Data System of the 
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Bureau of Labor Statistics (BLS), there are approximately 1,000 works related injuries 

each year due to excavation cave-ins. Of these, about 140 result in permanent disability 

and 75 in death (NIOSH 1995). 

The major causes of fatalities in trenching operations, their interactions, and the 

chain of events leading to accidents were identified in this project. Two different accident 

causation models to analyze the fatality reports were used as the relationships between 

these two models helped to develop the strategies to prevent trenching accidents. The :first 

model (Type of Accident Model) considers the causes related to physical processes, and 

the second model (Behavioral Causes Model) evaluates causes that can be linked to 

human behavior. 

Type of Accident Model vs. Behavioral Causes Model 

The significant findings of the project are divided in two major categories. The 

first category shows the results based on the analysis of 296 trenching fatality reports 

from OSHA. This analysis was done applying the two different models of accident 

causation. The second category presents the major conclusions of sixteen (16) interviews 

conducted with construction practitioners in the Midwest. Based on the analysis of 296 

trenching fatality reports from OSHA in the 1997-2001 time.frame, the major findings of 

this study are: 

The study revealed an alarming trend that sma1ler contractors (i.e., contractors 

having fewer than 50 workers), and those working on small projects (costs below 

US$250,000), tend to have higher rates of, fatalities (Arboleda and Abraham 2003). The 

smaller contractors tend to be less prudent in adhering to the existing safety standards and 

in many cases, the fatalities can be attributed to their failure in providing adequate 

protection systems, failure to use these systems or failure to perform the work in a safe 

manner. Other major findings of the study are summarized as follows: 

• Based on the Type of Accident Model, the major type of accident in trenching 

operations is cave-ins, followed by caught in or compressed by equipment or objects 

and struck by object, usually backhoes or pipes during the installation process. The 

distribution of accidents based on the Type of Accident Model is presented in Table 

2. Based on the Behavioral Causej Model, the major causes are: lack of safety 
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equipment, practice of unsafe methods or sequencing, and lack of proper training. 

The distribution of fatalities based on the Behavioral Causes Model is presented in 

Table 3. 

• The analysis of fa1ality reports showed that sixty eight percent (68%) of the fatali ties 

occurred in trenches with depth less than three meters (10 ft). The average depth of 

the trench was 3.lm (10.3 ft). All the fatalities caused by electrocution occurred in 

trenches less than 3m (10 feet) deep (Abraham, et al. 2003). 

• When cave-ins occurred, 49% of the fatalities occurred in projects with costs under 

US$ 250,000 and 73% of the fatalities in projects with costs under US$ 1,000,000. 

Also, 31 % of the accidents occurred in projects with fewer than 10 workers and costs 

under US$ 250,000, i.e., when the project is smaller, the likelihood of a trench cave­

in is higher. A possible reason is that the smaller projects are executed by small 

contractors who may not necessarily address the safety standards adequately or they 

do not have sufficient budgets to provide safety equipment. 

Table 2. Distribution of fatalities by the Type of Accident Model - BLS Codes 

Group Type of Accident Code Description 
02 Struck by Object 

021 Struck by falling object 
029 Struck bv object 

03 
Caught-Compressed by 
eauioment or obiects 

031 Caught in running equipment or machinery 
039 Caught in or compressed by equipment or objects 

04 
Caught-crushed in collapsing 
material 

041 Excavation or trenching cave-in 
044 Caught in or crushed in collapsing structure 

049 Caught in or crushed in collapsing materials 

11 Fall to lower level 
1124 Fall from ground level to lower level 

31 Contact with electric current 
311 Contact with electric current of machine, tool, 

appliance, or light fixture 
313 Contact with overhead power lines 
314 Contact with underground, buried oower lines 

38 Oxvaen deficiency 
381 Drowning, submersion 
389 Other oxygen deficiency 

52 Explosion 
522 Explosion or pressure vessel or piping 

99 Others 
9999 Other events or exposure 
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15.2% 
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1.0% 



Table 3. Distribution of fatalities based on the Behavioral Causes Model 

Major Cause 

Lack of proper training 
Deficient enforcement of safety 
Lack of safety equipment 
Unsafe methods or sequencing 
Unsafe site conditions 
Not using provided safety equipment 
Poor attitude toward safety 
Isolated, sudden deviation from prescribed 
behavior 

Fatalities (%) 

16.6 
6.8 
42.2 
27.0 
0.3 
2.7 
0.7 
3.7 

• In projects with costs under US$ 250,000, the major causes of fatalities were lack of 

safety equipment (47%) and unsafe methods or sequencing (28%). In 55% of the 

projects with cost under US$ 50,000, the major cause was lack of safety equipment. 

• Analyzing the number of employees on site when the fatality occurred, 63% of the 

cases the job site had fewer than 10 workers and 83% of the times the companies had 

fewer than 49 employees in total. When the project had fewer than 10 workers on 

site, in 48% of the fatalities the major cause was lack of safety equipment. When lack 

of safety equipment was identified as the major cause of the fatality, 84% of the 

companies had fewer than 50 employees in total. 

• During the period 1997-2001, 46 states reported fatalities in trenching operations. The 

state with the highest number of fatalities is Texas (12%), followed by California 

(7%) and Michigan, Missouri and Ohio with (5%). 

• Of the two hundred ninety six (296) trenching fatalities, 250 (84%) occurred on 

nonunion projects and 46 (16%) occurred on union projects. 

An Integrated Model for Safer Trenching Operations 

Accidents in construction sites often result not from a single cause but from a chain of 

circumstances or events, and in many cases involve human error or human negligence. 

Therefore, focusing also on human contributions to the accident chain can be useful to 

prevent accidents. Based on the analysis of reports, the interviews with construction 

practitioners and the visits to construction jobsites, it is possible to conclude that the 

fatalities in trenching operations are the result of a combination of unsafe practices by the 
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construction workers and management during the planning and execution process. The 

link between the strategies needed to prevent accidents and the activities involved in 

trenching operations is shown in Figure 2. In this figure, an integrated model of trenching 

operations is presented. This model considers: 

a.) The strategies to prevent the fatalities based on the Behavioral Causes Model 

b.) The activities to be executed during the planning and execution phases 

The major causes based on the Type of Accident Model. 

Construction Practices 

Interviews with construction industry practitioners indicated that the existing 

OSHA safety standards are reliable and can help to prevent fatalities in trenching 

operations when they are correctly applied. However, in many instances, construction 

workers take unnecessary risks, and the "tough guy'' culture continues to prevail on job 

sites. Independent of their roles (contractor, constructor manager, subcontractor, etc.) in 

the construction industry, all the practitioners considered caught in or crushed in 

collapsing material (cave-ins) as the major cause of trenching accidents. This result is in 

accordance with the findings in the analysis of fatality reports from OSHA, and reflects a 

good understanding of the causes of trenching fatalities by the construction industry. 
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Figure 2. Integrated model of trenching operations (Arboleda 2002) 

To prevent fatalities on job sites, the construction companies have been developing 

strategies (such as daily safety planning meetings, increasing involvement of owners in 

planning for safety, safety training, incentive programs increasing accountability by 

workers and support by top management, control of minor accidents, etc.) to improve the 

safety of workers. Table 4 summarizes some of the practices that have been reported to 

be successful in reducing accidents and preventing fatalities. 
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Table 4. Summary of the successful practices 

Practice I Construction Participants 
phase 

Safety planning meetings Planning Design team, subcontractors, project 
i engineers, foremen, a representative 

of the owner, insurance company, 
and contractor's safety officer 

Daily safety meetings Execution Foremen, subcontractors 

Safety training 
General safety training Planning Engineers, foremen, workers 
Specific safety training Execution Subcontractors 

Incentive programs Execution Engineers, foremen, subcontractors, 
administrative personnel 

Top management support Execution Top management, project engineers 

Owner's role Planning Representative oftbe owner 
Execution 

Accounting practices Execution Project engineers, financial division 

Increasing accountability Execution Project engineers, foremen, workers 
ofworkers I 

Control of minor Execution Project engineers, foremen 
accidents I 

PROJECT 3: FACILITY OWNER INFLUENCE ON CONSTRUCTION SAFETY 

Many safety studies have focused on the role played by different parties involved in the 

construction process, most notably the general contractors. Others have also been examined in 

safety studies, including the roles of subcontractors and, more recently, the designers. Up to now, 

very little focus has been on the role played by facility owners (Business Roundtable 1982, Hinze 

1997, Levitt and Samelson 1993, Samelson and Levitt 1982). The study of the role played by 

facility owners in construction safety was a research study conducted through the Construction 

Safety Alliance. This study was also sponsored by the Construction Industry Institute and was a 

follow-up study to research that suggested owners play a significant role in construction safety 

(Hinze 2002). This research identified three principal areas in which facility owners can and do 

influence safety performance on construction projects (Hinze 2003). These include the selection 

of safe contractors, carefully drafted contract documents and active involvement in safety during 

construction. 
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Contractor Selection 

Owners have their first opportunity of influencing safety performance when 

selecting contractors that will be employed on the construction site. In general, the 

selection process is based on the principal that contractors that have performed safely in 

the past will perform safely in the future. Key to the selection process is in using the 

appropriate measure or measures (Hinze 1995). 

Most owners emphasize safety to some extent when selecting contractors. These 

owners tend to regard demonstrated safety performance as a major prerequisite to be 

considered for a contract award. Most private owners will not consider awarding 

contracts to contractors with bad safety performances. Some owners maintain their own 

database of the safety performance history of all parties with whom they have contracted, 

including contractors, subcontractors, and vendors. From this, they develop and maintain 

an approved bidder list and only these firms are given the opportunity to submit bids on 

their projects. 

The OSHA recordable injury rate (RIR) is a lagging indicator that is widely used as 

a means for selecting contractors. Projects where the owners used the RIR as a selection 

criterion reported better safety performances. Owners were also asked about the 

threshold value of the RIR when making selection decisions. The results show that when 

owners set more stringent threshold limits the safety performances were better (see Tab1e 

5). Safety performance was even worse when no threshold values were set. 

Table 5. Threshold value of RIR set for contractor safety performance 

Threshold Value # of Responses Mean RIR 
Level of 

Si~nificance 
<2 12 1.06 

>=2 21 1.66 .01 
No Threshold Value Set 23 2.89 
* Level of Significance determined with Analysis of Variance (ANOVA) 

Information that might be helpful in ensuring the safety of a project is to examine 

the credentials of the personnel to be assigned to the project. For example, results show 

that better safety performances were recorded when the qualifications of the contractor's 
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safety personnel and the qualifications of the project management team were evaluated 

when selecting the contractors (see Table 6). These evaluations often included personal 

interviews and site visits to projects where they were assigned at the time. 

Table 6. Evaluation of the Contractor's Personnel and Safety Performance 

Type Personnel Number Mean Number Mean Level of 
Evaluated RIR Not RIR Significance 

Evaluated 
Safety staff 42 1.79 14 2.60 0.09 
Project team 38 1.50 18 3.04 <0.01 

Contract Requirements Related To Safety 

While the selection of qualified contractors is a key beginning step to ensure 

project safety, additional assistance in safety is provided by clear contract language that 

defines the contractor's obligations concerning safety. The owner's philosophy about 

safety can be communicated with carefully drafted safety-related provisions. 

The owner's representatives were asked about the contractual requirements related 

to safety. These requirements were examined with the objective of identifying those 

related to the safety performance realized on the projects. Of course, some provisions 

were present in virtually all of the contracts that were examined, so no discernible 

relationship could be identified. It can be inferred that since the mean injury rate of the 

projects was 1.95 (considerably below the national average for the U.S. construction 

industry) that the provisions found in all contracts were perhaps the foundation for 

project safety. The following list contains 17 contract provisions on safety that were 

examined. These contract provisions state the contractor must: 

• comply with the local, state and federal safety regulations 

• comply with safety requirements beyond the OSHA regulations 

• place at least one full-time safety representative on the project 

• submit the resumes of key safety personnel for owner's approval 

• provide specified minimum training for the workers 

• report all lost time injuries to the owner 
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• report all OSHA recordable injuries to the owner 

• report all (including first aid) injuries to the owner 

• include owner personnel in coordination meetings 

• submit subcontractor list for owner approval 

• implement a substance abuse program 

• participate in site safety inspections 

• conduct weekly safety meetings 

• submit a site-specific safety plan 

• submit a safety policy signed by its CEO 

• provide specified PPE (hard hats, safety glasses, gloves) 

• implement a permit system for hazardous activities (line breaks, lockout/tagout, 
excavations, proximity to power lines, confined space entry, hot work, etc.) 

Most of the contract provisions on safety were found in a large majority of the 

contracts. One provision (contained in 83% of the contracts) related to notable 

improvements in safety was the requirement that the contractor must assign at least one 

full-time safety representative to the construction site. Another provision ( contained in 

71 % of the contracts) required the contractor to submit the resumes of the key safety 

personnel (to be assigned to the project) for the owner's approval (see Table 7). 

Table 7. Contract Provisions Related to Safety Performance 

Contract Provision 
# 

RIR 
# not 

RIR 
Level of 

Included Included Sienificance* 
Full time safety rep. 

must be assigned to the 49 1.75 10 2.96 0.04 
project 

Contractor must submit 
the resumes of the key 

42 1.52 17 3.01 <0.01 
safety personnel for 

approval 
* Level of significance based on Analysis of Variance (ANOVA) 

The findings in general are that it is not the specific provisions that are included in 

the contract as all are important. This is shown in Table 8 that shows that safety 

performances were significantly better when all or all but one of the contract provisions 
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were included in the contract. Note that the average RIR of projects using all 17 

prov1S1ons was 1.02 while those including 16 contract provisions had a mean RIR of 

126. 

Table 8. Number of Safety Provisions in the Contract and Safety Performance 

,_ 
Meao Mean Level of Contract Inclusion 16 or J 7 7 to 15 RIU RJR Si~nificauce* 

Number of Contract 
21 1.17 38 2.38 <0.01 

Provisions 
* level of significance based on Analysis of Variance (ANOV A) 

Owner Involvement During Construction 

The active involvement of the owner's persoIU1el in project safety had the most 

powerful impact on safety performance. This involvement includes the philosophical 

approach of viewing contractor injuries as being part of the owner's injury statistics. 

Also included are several practices of owners that are associated with better safety 

perfom1ances (see Table 9). These include the owner's participation in orientation 

training, safety meetings, and the safety recognition program of the contractor. Better 

safety performances were also noted on projects where the owner monitored safety 

inspection records and where the owner established a goal of zero injuries before 

construction began. 

Table 9. Owner Practices and Polices and Safety Performance 

Owner Practice or Policy Performed Mean Not Mean Level of 
RJR Performed RIR Significance* 

Maintains injury statistics 33 1.52 26 2.50 <0.03 
by individual contractors 

Contractor injuries are 37 1.57 22 2.59 0.02 
included in owner stats 
Owner participates in 44 1.61 12 3.29 <0.01 

safety recognition program 
Owner participates in 29 1.58 11 3.11 0.05 

safety training 
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A test is given after 48 1.66 11 3.2 <0.01 
orientation training 

Owner participates in 46 1.67 10 3.33 <0.01 
safety meetings 

Owner monitors project 47 1.67 11 3.14 <0/01 
safety inspection records 

Zero injury objective is set 19 1.38 40 2.22 0.06 
at job start 

* Level of significance based on Analysis of Variance (ANOV A) 

PROJECT 4: WEB-BASED DISSEMINATION 

As part of the NIOSH funded project, a website has been developed to expedite the 

dissemination of safety procedures, methodologies and current research. The website 

contains pertinent summaries of research from partners in the Construction Safety 

Alliance and safety education and training material relating to the focus areas of CSA's 

research projects. The website serves as a clearinghouse for construction safety and 

health education and information resources. It also provides links to other relevant 

websites, such as those maintained by the National Institute for Occupational Safety and 

Health (NIOSH), OSHA, the Construction Industry Institute, the Center to Protect 

Workers' Rights, The Construction Safety Association of Ontario, and the Principal 

Contractors Safety Alliance. The website is designed to be user friendly and easily 

understandable to both safety professionals and construction workers. It also allows users 

to query the data and download extracts for additional analysis. This site is currently 

being tested by construction safety professionals and also serves as a communication 

portal for CSA members. The website can be accessed through the link 

(https://engineering.purdue.edu/CSA). 

SUMMARY 

The vision of the Construction Safety Alliance brings the best elements in the 

construction industry together with infrastructures of established research and education 

programs in engineering, public health, and construction management. This is the first 

time in the U.S., that a consortium of major research universities has committed to a 

coordinated effort in studying construction safety. 

ES-22 



The Alliance provides a resource for all workers, owners, and contractors in answering 

questions of construction .safety through the vehicles of education, training, research, 

product development, and process innovation. In addition to enhancing faculty research 

efforts in construction safety and health, six graduate students (five at Purdue University 

and one at the University of Florida), one doctoral research assistant (at Purdue 

University) and five undergraduate students (at Purdue University) were supported by the 

CSA grant. Of these, four graduate students have either completed or are pursuing their 

masters/doctoral research in construction safety. The undergraduate students who formed 

an integral core of the research team at Purdue University have been ab]e to integrate 

some of the safety practices recommended by the research projects, in their summer 

intern.ship activities on construction sites. The funding provided by NIOSH also enabled 

the research team to interact with NIOSH researchers in Cincinnati and Morgantown and 

to explore creative avenues for disseminating the results of these lead projects and other 

supplementary projects to industry and other research communities. 

The leaders from academe, contracting/industry, engineering, management and labor who 

have formed this alliance have responded with answers that could not have been derived 

by acting alone. The Alliance showed a significant impact not only on the safety and the 

health of the construction industry, but also to influence the culture, content, and 

continuity of this industry. The Alhance formula proved to be successful because it 

brought together construction industry, governmen4 labor and academic leaders to 

partner with workers to develop new information that builds on the theory and practice of 

construction safety. 

THE PATH FORWARD 

The CSA partnership offers a unique opportunity to work with a broad spectrum of 

companies and organizations in the construction industry to develop a unified and 

quantitative approach to better understand and implement procedures which will lead to a 

safe and healthy environment at the work site. Further research is needed in the following 

areas: 
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• The impact of an increasingly multi-cultural and diverse work force in which 

linguistic and cultural characteristics greatly impact training of individual workers 

and implementation of safety programs and health issues at the work sites. 

• Jnvestigation of the link between safety and construction productivity as well as 

the quality of the constructed facility. 

• Issues relating to design for construction. 

• Additional studies related to the difference in health and safety programs between 

large and mid-size to small construction companies. 

• Additional study of retired construction workers to better understand the sources 

of health and safety problems impacting the quality of life of these workers as 

well as construction methodologies and equipment which can be implemented to 

reduce the adverse effects of work site conditions (e.g. improved lifting devices 

for man lifts as well as ergonomic solutions to working in difficult positions, etc.). 

• Further study of falls to better understand factors leading to a higher degree of 

risk (e.g. age of worker, equipment, ethnic or cultural issues). 

• Studies of improved devices to facilitate trench safety. 

• Studies of steel erection to develop improved methods and procedures to enhance 

safety in this process area. 

Quantitative methods offer a structured approach to improving safety and health on the 

construction site and achievement of a zero-accident and reasonably healthy work 

environment. 

REFERENCES 

Arboleda C, A., 2002. Causes of Fatalities in Trenching Operations - Analysis Using 
Models of Accident Causation. M.S. thesis, Purdue University 

Arboleda, C. A. and Abraham, D. M., 2003. Fatalities in Trenching Operations -
Analysis Using Models of Accident Causation. Journal of Constmction Engineering and 
Management, ASCE. (accepted) 

Abraham, D. M., Lew, J. J._, Wirahadikusumah, R., Irizarry, J ., and Arboleda, C. A., 
2003. Trenching Accidents and Fatalities: Identifying Causes and Implementing 
Changes. In: S. Rowlinson, ed. Construction Safety Management Systems. Spon Press, 
2003, in press. 

ES-24 



Bureau of Labor Statistics. 2001. Census of fatal occupational injuries summary [online]. 
Available from http://www.bls.gov/news.release/cfoi.nrO.htm [Accessed September 
2003]. 

The Center to Protect Workers' Rights (CPWR). 1998. The Construction Chart Book, 
Washington, D.C. 

The Construction Industry Institute (CTI) . 1996. Design for Safety, Research Sununary 
101-1, Austin, Texas. 

Construction Safety Alliance. 2003. Analysis of safety programs of I 6 large construction 
companies. [ online]. Available from https://engineering.purdue.edu/CSA/publications/FallPotts. 
[Accessed June 2003]. 

Heinz, T. and Taylor, J. 1998. On-Site Safety Hard to Maintain in Construction Industry, 
Experts Say. Knight-Ridder Tribune Business News: Omaha World-Herald, September 
17. 

Hinze, J., 2002. Safety Plus: Making Zero Accidents A Reality. CTI Research Report 160-
11. March 2002, University of Texas at Austin, Austin, Texas. 

Hinze, J., 2003. The Owner's Role in Construction Safety. CII Research Report 190-1 1. 
September 2003, University of Texas at Austin, Austin, Texas. 

Hinze, J. and Appellate, L., 1991. Costs of Construction Injuries. Journal of Construction 
Engineering and Management, ASCE, 117(3), pp. 537-550. 

Hinze, J., Huang, X. and McGlothlin J. D., 2002. Review of fall accidents in 
construction. In: B.O. Uwakweh, I.A.Minkjarah, ed. 1 dh International Symposium 
Construction Innovation and Global Competitiveness. Cincinnati, OH. 11-13 September 
2002. Boca Raton, Fl, pp. 1117-1132. 

Hinze, J., 2002 . .Analysis of Trench Shield Injury Accidents. In: B.0. Uwakweh, 
I.A.Minkjarah, ed. Id" International Symposium Construction Innovation and Global 
Competitiveness. Cincinnati, OH 11-13 September 2002. Boca Raton, Fl, pp. 1145-1159. 

Holmes, N., Lingard, H., Yesilyurt, Z., and De Munk, F., 1999. An exploratory study of 
meanings of risk control for long term and acute effect occupational health and safety 
risks in small business construction firms. Journal of Safety Research, 30(4), pp. 251-
261. 

Huang, X., and Hinze, J ., 2003. Analysis of Construction Worker Fall Accidents. Journal 
of Constru.ction Engineering and Management, ASCE, 129(3), pp. 262-271 

ES-25 



Johnson H. M., Amarjit, S. and Young, R. H . F., 1998. Fall protection analysis for 
workers on residential roofs. Journal of Construction Engineering and Management, 
ASCE, 124(5), pp. 418-428. 

Levitt, R. E., and Samelson, N. M., 1993. Construction Safety Management, 2nd ed. New 
York: John Wiley & Sons. 

National Institute for Occupational Safety and Health (NIOSH), 1995. Preventing Deaths 
and Injuries from Excavation Cave-Ins. NIOSH Alert. Publication No. 85-110 

National Institute for Occupational Safety and Health (NIOSH), 1999. NIOSH Report of 
Activities for Fiscal Year 1997, U.S. Department of Health and Human Services. 

Safety Management Group, 2002. Pre-qualification frequently asked questions [online]. 
Available from http://www.smgindy.com/images.Item.bin149754.pdf [Accessed 
December 2002]. 

Samelson, N. M., and Levitt, R. E., 1982. Owner's guidelines for selecting safe 
constructors. Journal of The Construction Division. 108(4), pp. 617-623. 

ES-26 



SECTION I 

Analysis of Construction Falls 

Principal Investigator 

Jimmie Hinze 

University of Florida 



TABLE OF CONTENTS 

Abstract. .... ... ... .. .. ................................................ ... ......................... .I-1 

futroduction and Literature Review ............................................................ .I-1 

Research Methodology .............. . ........ .... . ............................. . ................. .I-2 

Description of Fall Accidents .... . ............................... . .............................. .I-3 

Injuries Resulting from Fall Accidents ......... . ... . .. .... ................................... .I-8 

Causes of Fall Accidents .... .. ... ....... ...... .......... .. ...................................... .I-9 

OSHA Inspections of Pall Accidents .......................................................... .I-13 

Conclusions and Recommendations ................. .. ... .... ... .. .......... ..... .............. I-15 

References ... ...... ........... . .. .. .. ....... ................. . ....... . ....... . .. ... . ... ... ... .. .. I-16 

Publications ...................... ............................... ................................. .I-17 



ANALYSIS OF CONSTRUCTION FALLS 

ABSTRACT 

The Occupational Safety and Health Administration (OSHA) investigates most 
worker related fatalities and many accidents involving serious injuries. A research study 
was conducted in which the focus was on the data OSHA accumulated on construction 
worker accidents involving falls. In the construction industry, falls are the most 
frequently occurring types of accidents resulting in fatalities. The purpose of the study 
was to identify the root causes of fall accidents and to identify any additional information 
that might be helpful in reducing the incidence of construction worker falls in the future. 
While data from January 1990 through October 2001 were examined_, particular emphasis 
was placed on fall accidents that occurred in the last five years of this time interval. a 
period when more data were accumulated and coded in the investigation. Results show 
that most fall accidents occur at elevations of less than 9 .15 m (30 feet), primarily on new 
construction projects of commercial buildings and residential projects, projects of 
relatively low construction cost, that experience does not seem to diminish accident 
occurrence, that hazards are often misjudged by workers, and that various other patterns 
can be observed. Most alarming1 the results show that fall accidents account for a 
growing proportion of the total number of construction worker fatalities. 

INTRODUCTION AND LITERATURE REVIEW 

Falls has been the highest cause of injuries and fatalities in the U.S. construction 
industry. For the inclusive years of 1985 to 1989, falls accounted for 33% of all 
construction worker fatalities (Department of Labor, 1990; Hinze, 1997). 

Several past studies focused on prevention of falls by various methods. For 
example, Singh (2000) investigated fall accidents occurring on low-rise roofs and 
evaluated some innovative fall protection measures. He concluded that there was no 
single method of fall prevention tbat would prevent all falls on low-rise roofs; however, 
prefabrication was determined to be the most promising method, followed closely by the 
personal fall arrest system (PFAS) and its variants. Duncan and Bennett (1991) reviewed 
the performance of various fall protection systems, and they concluded that both active 
measures (those that prevent workers from falling, e.g., guardrails) and passive measures 
(those that protect workers after falling, e.g., safety nets) are useful in reducing fall 
injuries. Vargas et al. (1996a, b) developed an expert system for construction falls, which 
analyzed the causes of falls by using fault-tree methods. They concluded that guardrails, 
safety nets, and PF AS can all be inadequate, under differing circumstances. 

Weisgerber et al. (1999) discussed the safety through design approach which is 
particularly appropriate for construction, and provided the outline of a comprehensive 
program to prevent falls at the design phase. Gambatese and Hinze (1996), similarly 
developed a software program that would help designers address safety in the design 
phase. Of the many suggestions incorporated in the program, 32.8% related to the 
prevention of falls. 
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OSHA (1998) also suggested several methods to control fall hazards, including: 
elimination or substitution of the operation which can lead to falls, the use of engineering 
controls to guard against falls, informing/reminding workers-at-risk to avoid fall hazards 
(through warnings and administrative controls such as training and inspections), and the 
appropriate use of personal protective equipment (PPE). 

It is also noteworthy that the regulations for PPE have been implemented to 
influence the frequency and pattern of occurrence of falls. The most notable revisions of 
the OSHA regulations involving fall prevention were as follows: 

(1) 1915.159 Personal fall arrest systems (PFAS). The 1996 revised 
regulations stipulate that it is not acceptable to use body belts as a personal 
fall arrest system. Body harnesses were mandated for PF AS to provide 
proper protection to workers who were involved in falls. 

(2) 1915.160 Specifications on positioning device systems. This revision, 
which became effective on January 1, 1998, stated that a positioning 
device system was not to be used for fall prevention. As a result of this 
change, only properly tied-off body harnesses are regarded as qualified 
personal fall arrest systems. 

These changes to the OSHA regulations were intended to drastically impact the 
incidence of fall accidents. 

RESEARCH METHODOLOGY 

This study was conducted to determine the causes of construction fall accidents 
and to identify any particular patterns related to fall accidents. It was recognized that by 
identifying the causes of accidents, this would provide some valuable insights by which 
to devise means of accident prevention. Since some significant changes were made to the 
OSHA regulations, it was also of interest to assess how or if these modifications might 
have impacted fall prevention in the construction industry. 

To conduct this study, it was first necessary to identify a database that contained 
the information about fall accidents in the construction industry. The initial intent was to 
utilize the data that is already available on the Internet on the OSHA website. While 
some of the data were contained in this database, the database had not been fully updated 
since 1996. OSHA was contacted to determine when the database would be updated. 
The researchers were informed that the updating was time-consuming and would not 
occur in the immediate future. A special request was made to obtain the files directly 
from OSHA and this was granted. The data were provided in Microsoft ACCESS format 
and were easily converted to files that could be manipulated by the Statistical Package for 
the Social Sciences (SPSS). 

The data provided by OSHA included all reported OSHA investigations in the 
United States of fatalities and serious injuries from January 1990 through October 2001. 
The analysis of the data examined all falls in the construction industry in that time period. 
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Subsequent analysis was focused on the most recent years, the period in which the new 
fall standards were being implemented. The data were examined in various ways to 
determine if there were any discernible patterns of accidents involving falls among 
construction workers. 

DESCRIPTION OF FALL ACCIDENTS 

The data for the time period from January 1990 through October 2001 included a 
total of 7,543 OSHA-investigated accidents. Falls (both from elevation and from the 
same level) accounted for 34.6% of the injuries (See Figures 1 and 2). It is obvious that 
the proportion of falls has increased with time in the past 12 years. The average 
proportion of falls was 34.1% during the years before 1996, and it increased to 38.4% in 
the following years. The total number of OSHA investigated construction accidents is 
relatively constant during the years. A simple analysis reveals that the Pearson's 
correlation between the proportion of the falls and the year is 0.841 , which provides 
strong evidence that the proportion of fall accidents increases during the past 12 years. In 
the analysis of the other main types of accidents, the .Pearson,s correlations between the 
years and the proportions of accidents are: -0.492 for struck-by, -0.232 for shock, 0.469 
for caught-in-and-between, and -0.672 for the other accidents. The data may suggest that 
the proportion of caught-in-and-between accidents has also increased during the years, 
while proportions of struck-by and shock accidents have decreased. With the 
classification of accidents more clearly defined, the proportion of "other" accidents has 
decreased drastically. 

G Falls • Struck By a Shock o Caught in or Between fl Other 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 

Fig. 1 Breakdown of OSHA investigated accidents in construction (01/90-10/01) 
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Gardio­
Vascular/Resplratory 

System Failure 
4.2% 

Inhalation 
1.6% 

0.2% 

Absorption 
0.2% 

Repeated 
Motion/Pressure 

Ingestion 0.1% 
0.1% 

Fig. 2 Causes of construction fall accidents investigated by OSHA (01/90-10/01) 

Among the 7,543 construction accidents between January 1990 to October 2001 
investigated by OSHA, 2,741 were falls, with 2,687 falls from elevation and 54 falls from 
the same level. These accounted for 2,955 OSHA recordable fall injuries, with some 
accidents involving two or more workers. Note that in the analysis of the data, some 
records do not include all the information that is recorded in others. For this reason, the 
total number of cases analyzed for different descriptors may vary. 

Time of fall occurrence 

The timing of accidents was examined in this study. The occurrence of falls was 
then compared with the distribution of all injury accidents. As shown in Figure 3, July, 
with 820 accidents, is clearly the month when the occurrence of accidents reaches a peak 
(constituting 10.9 percent of all accidents), while February, w1th 493 accidents, is the 
month with the least accidents (constituting 6.5 percent of all accidents). Analysis also 
shows that in winter (Dec. to Feb.) the average proportions of fa1ls and all accidents per 
month are 7.6% and 6.6% respectively, while in summer (Jun. to Aug.) the proportions 
are 9.1% and 10.3% respectively. This pattern is consistent with other data on 
construction worker injuries and probably reflects the heightened amount of construction 
activity occurring in the summer and the reduced level of activity in the winter. 
Regarding the distribution of fall accidents, the pattern is similar, with 266 falls in July 
and 196 falls in February, but these differences are not as striking. Even in winter, there 
are many falls. 
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o Falls El All accidents 

Jan Feb Mar Apr May Jun .A.II Aug Sep Oct Nov Dec 

Fig. 3 Distribution of construction accidents by month of the year 
fO 1/Q0-10/01) 

It is interesting that in the winter and spring months (Dec. to May) the proportion 
of falls is larger than that of all accidents, while in the summer and autumn months (Jun. 
to Nov.) the proportion of falls is smaller than those of all accidents. This might suggest 
that the cold weather in winter and spring tends to cause more falls than mild weather in 
summer and autumn, because the movements and reactions of workers are slower and the 
working sw-faces on sites tend to be more slippery in the winter. As to the distribution of 
injuries by day of the week, the occurrence of falls did not show a definitive pattern of 
occurrence, with an even distribution among the days of the week, with the expected drop 
in occurrence over the weekend. The data were also examined from the perspective of the 
hour of occurrence of the accidents. As shown in Figure 4, the distribution of falls by 
hour of the day is similar to the pattern of all the construction accidents: with the least 
accidents occurring between noon andl3:00 and most accidents occurring between 10:00 
and 11:00 in the morning and between 13:00 and 14:00 in the afternoon. This pattern is 
similar to :findings of previous research on accident occurrence times (Hinze. 1997). 
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Fig. 4 Distnbution of construction accidents by hours of the day 
{01/90-10/01) 
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Projects involving falls 

Most of the data analysis was focused on the fall accidents that occurred in the 
most recent years, representing those falls occwring between January 1997 and October 
2001. Some types of information were not systematically recorded in the earlier 
investigation reports. Thus, the more recent years of data provide a richer resource about 
the information related to falls. 

One aspect of the accidents that was examined related to information that was 
available about those projects on which the fall accidents occurred. Results show that fall 
accidents occurred more frequently on certain types of projects, includmg new 
construction, renovation, maintenance and demolition work From Table 1, it is evident 
that fall accidents are most frequent on projects involving commercial buildings and 
single family or duplex dwellings. These account for nearly half of the falls occurring in 
the years since 1997. The reasons might be that most commercial buildings are multi­
story or high-rise buildings, where more fall-related hazards exist. Concerning single 
residential buildings, they are frequently constructed by small contractors, who often 
provide relatively informal safety training and inadequate PPE (Glenn, 2000). 

T bl 1 ff "b . f "d b a e 1slri ubon o acc1 ents m pro1ects ,y type o ffi ili b . ac ty em constructe d (01/97 l 0/01) -
End use of the proieds Falls All accidents 

Count Percent Count Percent 
Commercial building 404 33.30% 715 22.80% 
Other building 212 17.40% 412 13.10% 
Single family or duplex dwelling 211 17.40% 503 16.00% 
Multi-family dwelling 113 9.30% 183 5.80% 
Manufacturing plant 79 6.50% 168 5.30% 
Tower, tank, storage elevator 71 5.80% 103 3.30% 
Bridge 28 2.30% 94 3.00% 
Other heavy construction 21 1.70% 94 3.00% 
Highway, road, street 16 1.30% 381 12.10% 
Sewer/water treatment plant 14 1.20% 76 2.40% 
Powemlant 13 1.10% 33 1.10% 
Powerline, transmission line 10 0.80% 116 3.70% 
Contractor's yard/facility 5 0.40% 42 1.30% 
Pipeline 4 0.30% 91 2 .90% 
Shoreline development, dam, reservoir 4 0.30% 24 0.80% 
Refinery 3 0.20% 21 0.70% 
Excavation, landfill 2 0.20% 63 2.00% 

Subtotal 1,210 100% 3,119 100% 
Not known 5 - 23 -

Total 1,215 - 3,142 -

When the costs of projects were examined, it became evident that those projects 
with the lower costs of construction accounted for most falls. Nearly one half of the falls 
occurred on projects with costs of construction be1ow $250,000, as shown in Table 2. 
The nature of efforts performed on construction projects was also examined. This 
analysis revealed that nearly 60% of the falls occun-ed in new projects or new additions 
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(see Table 3). Regarding the costs of the projects and the types of construction effect, the 
patterns may simply reflect the volume of projects that fall in the lower cost category or 
that consist of new construction work. 

Table 2. Distn1mtion of accidents by project costs (01/97-10/01 ) 

Cost of the projects Falls All accidents 

Count Percent Count Percent 

Under $50,000 341 28.10% 990 31.50% 

$50,000 to $250,000 229 18.80% 601 19.10% 

$250,000 to $500,000 119 9.80% 289 9.20% 

$500,000 to $1 ,000,000 134 11.00% 341 10.90% 

$ I ,000,000 to $5,000,000 188 15.50% 464 14.80% 

$5,000,000 to $20,000,000 117 9.60% 244 7.80% 

$20,000,000 and over 83 6.80% 191 6.10% 

Subtotal 1,211 100% 3,120 100% 

Not Known 4 - 22 -
Total 1,215 - 3,142 -

T bl 3 D' ib . f .d b a e . 1stn ution o acci ents >Y nature o construction e Ort -f ffi {01/97 10/01) 
Type of construction effort FaJI All accidents 

Count Percent Count Percent 
New project or new addition 721 59.30% 1,640 52.20% 
Alteration or rehabilitation 219 18.00% 565 18.00% 
Maintenance or repair 189 15.60% 531 16.90% 
Demolition 41 3.40% 101 3.20% 
Other 41 3.40% 283 9.00% 

Subtotal 1,211 100% 3,120 100% 
Not Known 4 - 22 -

Total 1,215 - 3,142 -

Fall height 

Of the 2,741 fall accidents, 1,018 of the investigation reports indicated the height 
of the projects and the number of stories. Of these projects where falls were involved, 
807 projects (81 %) are either one, two or three stories. The average faci lity height of the 
projects (whether a bujlding or other type of facility) was 11.41 m (37.4 feet). That is, 
most falls happened on projects that were not particularly high. 

Of the fall accidents that occurred since January 1997, investigation records 
provided additional information of interest that was not available for accidents occurring 
in earlier years. For example, the elevation from which the falls originated and the fall 
distances of the workers are now being consistently recorded for most accidents. Among 
the 1,215 falls that occurred since January 1997, more than 70% occurred at elevations of 
less than 2 1.35 m (70 feet). The distribution of the fall heights is shown in Figure 5. The 
average elevations of the fall height (the elevation where the fall originated) and fall 
distance are 10.8 m (35.4 feet) and 10.64 m (34.9 feet), respectively. It can be expected 
that more than 70% of the fall accidents occur within the elevation between O to 9 .15 m 
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(30 feet). The elevation of a project can be regarded as one of the most hazardous aspects 
of the construction site. According to the OSHA regulations (CFR1926 Subpart M), fall 
prevention must be implemented at all elevations above 1.83 m (6 feet). It might be 
inferred that the implementation of fall prevention techniques might be too relaxed at the 
lower elevations in some projects. 

>61.00m (>200ft) 

45.75-61.00m 
(150-200ft) 

30.50-45.75m 
(100-150ft) 

24.40-30.SOm 
(80-100ft) "' 

18.30-24.40m 
(60-BOft) 

15.25-18.30m t (50-60ft) 
(1) 

:: 12.20-15.25m 
~ (40-SOft) 

9.15-12.20m 
(30-40ft) 

6.10-9.15m 
(20-30ft) 

3.05-6.10m 
(10-20ft) 

0-3.0Sm 
(0-10ft) 

0% 5% 10% 15% 20% 25% 

Fig. S Distnbution of the height of construction fall accidents (01/97-10/01) 

INJURIES RESULTING FROM FALL ACCIDENTS 

30% 

In total, 2,741 fall accidents resulted in 2,955 injuries. The occupations of most 
injured workers are: construction laborers, roofers, carpenters, structural metal workers, 
painters, brickmasons and stonemasons, electricians, supervisors, drywall installers, 
plumbers and pipe.fitters. Since workers of these trades often work in environments with 
fall hazards, they are the most susceptible to injury by falls. Of the nature of the injuries 
resulting from falls, fracture, concussion, and bruise/contusion/abrasion are the most 
frequent types. They cover nearly two thirds of all the injuries. Half of the injured were 
hurt on their heads, and about one third of the injured suffered multiple injuries. Other 
parts of body that are often injured by falls include: chest, neck, back, abdomen, and legs. 
In comparison, for all the injuries (not restricted to fall accidents), the most frequent types 
are fracture, electric shock and concussion. Head injuries account for about one-fourth of 
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all the injuries, followed by the multiple injuries. A sobering fact is that two thirds of the 
workers involved in falls were killed, which highlights the serious nature of this type of 
accident 

As to the age distribution of the injured (see Figure 6), the ages of those worker 
most frequently involved in falls are between 31 and 40, with the overall average being 
38.3. The distribution is quite similar to the age distribution of all workers involved in 
accidents, which has an average of 37 2. Pearson's correlation of the proportions in 
different age ranges between the falls and all accidents is .987, which shows strong 
evidence of a positive relationship between them. lt can be observed in Figure 6 that the 
proportions of those injured in falls younger than 35 are smaller than those injured in all 
accidents, while for the injured older than 35, the proportions of falls are larger than of all 
the accidents ( except for the age group from 55 to 60). If the proportion of falls is 
calculated in different age groups, it is apparent that the proportions of age groups below 
35 (about 32%) are lower than those above 35 (about 36%). The data may suggest that 
experience in construction for more years may not necessarily lead to a decrease in fall 
accidents. This might be caused by the fact that younger workers tend to be more alert 
and flexible when fall hazards occur. It should also be mentioned that among all the 
injured, 17 were below the age of 16 years. Generally, these young workers are injured 
when working as helpers on construction sites. 

t3 Falls m All accidents 
18% .----------- - ------------------. 

16% -t-----------=------ ---------1 
14% 4--------
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16-20 21-25 26-30 31-35 36-40 4145 46-50 51-55 56-60 >60 
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Fig. 6 Age distnbution of workers injured on construction sites (01/90-10/01) 

CAUSES OF FALL ACCIDENTS 

Work operations and fall occurrence 

The nature of the work being performed when the fall accident occurred was 
examined in this study. Table 4 shows the most frequent types of tasks performed when 
fall accidents occurred. Among the different tasks or types of work performed, roofing, 
erecting structural steel and exterior carpentry were most often associated with fa1ls. 
Those are also operations that are necessary to be conducted at points of elevation or on 
temporary structures, where fall hazards are often present. Falls during these operations 
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were generally related to certain human errors. For example, it is found that among the 
falls involving roofing, 33.3% were related to the misjudgment of workers about 
hazardous situations, 13.5% were associated with insufficient or lack of PPB, and 11.5% 
were caused by removed or inoperative safety devices. These falls occurred in relatively 
lower elevation. About 75% of the falls during roofing occurred at elevations ofless than 
9.15 m (30 feet), and 45% within 6.10 m (20 feet) . This may suggest that workers on 
these projects may underestimate or ignore the fall hazards at lower elevations. To avoid 
falls, tasks performed above 1.83 m (6 feet) should be analyzed thoroughly and 
conducted with great care. Workers performing these tasks should be well trained and 
equipped with adequate and appropriate PPE. 

Table 4. Type of task performed when fall occurred (01/97-10/01) 
Working activities Count Percent 

Roofmg 252 21.63% 
Erectins structural steel 99 8.50% 
Exterior carpentry 89 7.64% 
Exterior masonry 57 4.89% 
lnstallinS eguiEment (HY AC and otber) 54 4.64% 
Demolition 53 4.55% 
Temporary work (buildings, facilities) 47 4.03% 
Interior c~entry 44 3.78% 
Exterior painting 43 3.69% 
Installation Of Decking-Initial Laying Deck 33 2.83% 
lnstallin~ interior walls, ceilings, doors 30 2.58% 
Steel Erection Of Solid Web-Connecting 25 2.15% 
Installing plumbin~, lightin~ fixtures 22 1.89% 
Forming 21 1.80% 
Interior .elumbing, ducting, electrical work 21 1.80% 
Installing metal siding 18 1.55% 
Fencing, installing lights, signs, etc. 17 1.46% 
Installing windows and doors, glazing 17 1.46% 
Other Activities-Installin~ Ornamental And Architectural Steel 16 1.37% 
Otber Activities-Post Deckin~ Detajl Work 16 1.37% 
Others activities 191 16.39% 

Subtotal 1,165 100% 
Not known 50 

Total 1,215 

It is also noteworthy that about 11 % of the accidents involved workers who were 
performing non-typical types of tasks. These unusual tasks are generally not included in 
the scheduled tasks that are planned and familiar to the injured. This was noted with 
accidents involving roofing, demolition, and temporary work. In one incident, a roofer 
finished his task and was in the process of descending to go to lunch on the ground, when 
he fell to the ground. These types of activities, although occurring less frequently, should 
be emphasized with workers, as they are often neglected in safety training. 
Location of falls 

More than half of the falls are related to environmental factors involving the 
working surface or facility layout conditions. Falls from roofs are undoubtedly the most 
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frequent accidents, especially in commercial buildings and single family or duplex 
dwelling projects. Over 63% of falls from roofs since 1997 occurred on these projects. 
As shown in Tab1e 5, most falls took place from roofs, from/with structure, from/with 
scaffold, from/with ladder, and through openings. These locations account for about 80% 
of all construction fall accidents. These are also the most hazardous locations where 
workers are susceptible to fall accidents. Provision of adequate preventive equipment in 
these locations is essential to avoid falls. 

Table 5. Distribution oflocation of falls ( 01/97-10/01) 
Location of falls Count Percent 

Fall from roof 333 28.36% 
Fall from/with structure ( otlm than roof) 227 19.34% 
Fall from/with scaffold 153 13.03% 
Fall from/with ladder 133 11.33% 
Fall, other 102 8.69% 
Fall through opening (other than roof) 90 7.67% 
Fall from/with bucket (aerial lifl/basket) 37 3.15% 
Fall from/with platform catwalk (attached to structure) 28 2.39% 
FalJ from vehicle (vehicle/construction equipment) 27 2.30% 
Collapse of structure 13 1.11% 
Other 31 2.64% 

Subtotal 1,174 100% 
Notknown 41 

Total 1,215 

Huma11 errors res11lti11g in falls 

Although human errors are not acceptable excuses for inefficient safety 
management practices, analysis on the human errors involving falls can assist in 
identifying the root causes of falls. As shown in Table 6, misjudgment of the hazardous 
situation is the most frequent type of human error involving falls, accounting for about 
one third of all the accidents. Further analysis shows that the distnoution of misjudgment 
for different ages is roughly similar to the age distribution of fall injuries (see Figure 7), 
except for the age group between 21 and 25. Pearson's correlation between the 
proportions of falls by misjudgment and all falls in different age ranges -is .979, which 
suggests a strong positjve relationship between them. Further analysis shows that among 
the injuries in each age group, the proportion of human errors categorized as 
'uiisjudgment of hazardous situation" don't show significant differences. Most of the 
values are around 30%. It is possible that age or experience does not significantly 
improve judgment where hazardous situations are concerned. Also, it is noteworthy that 
workers between the ages of 21 to 25 should be trained and educated with greater care. 
Of course, it must be recognized that the ')nisjudgment of hazardous situation" is a 
subjective assessment and is difficult to verify. 
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Table 6. Distnoution of human errors contributins to falls 
Human errors Falls since 1997 All fall accidents 

Count Percent Count 
Misjudgment ofHazardous Situation 374 30.78% 916 
Safety Devices Removed or Inoperative 170 13.99% 403 
Equipment in Use Not Appropriate for Operation 01 

106 8.72% 243 
Process 
Insufficient or Lack of Protective W o.rk clothing and 

104 8.56% 226 
Eguiement 
Malfunction of Procedure for Securing Operation or 68 5.60% 156 
Warning of Hazardous situation 
Operational Position Not ApproEriate for Task 59 4.86% 131 
Procedure for Handling Materials Not Appropriate fox 

40 3.29% 89 
Task 
Insufficient or Lack of Engineering Controls 38 3.13% 78 
Insufficient or Lack of Written Work Practices Program 36 2.96% 83 
Malfunction of Perception System with Respect to Task 

11 0.91% 33 
Environment 
Malfunction ofNeuro-Muscular system 6 0.49% 19 
Defective E9uiement: Knowingly Used 5 0.41% 22 
Distractin~ Actions by Others 3 0.25% 8 
Malfunction of Procedure for Lock-Out or Ta~-Out 2 0.16% 6 
Insufficient or Lack of Housekeeping Program 2 0.16% 4 
Insufficient or Lack ofRe~iratory Protection 1 0.08% 
Other 189 15.56% 322 

Subtotal 1,214 100% 2,740 
Not known 1 l 

Total 1,215 2,741 
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Fig. 7 Proportion of fa Us by misjudgment for different ages (01/90-10/0 l) 
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If the relationship between the fall height and the human errors is analyzed, it can 
be found that most falls associated with human errors occurred at lower elevations. For 
example, more than half of falls related to 'misjudgment of hazardous situation' were less 
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than 6.10 m (20 feet) in elevation, and 23.5% of them were less than 3.05 m (10 feet). As 
to falls associated with 'insufficient or lack of protective work clothing and equipment', 
40% were within the elevation of 6.10 m (20 feet). Therefore, it is plausible that workers 
tended to act unsafe more frequently in lower elevations, especially under 6.10 m (20 
feet). 

Inadequate or inappropriate use of fall protection PPB, and removed and 
inoperative safety equipment contributed to more than 30% of the falls. This situation 
does not change significantly after 1996, when the OSHA regulations on PPE were 
significantly revised. Typical examples are work being performed without tied-off full 
body harness when working at elevation. These have been major problems of falls on 
jobsites. There are also several falls that occurred when a body harness was unhooked to 
facilitate movement to a different location. Therefore, adequate provision and proper use 
of fall protective PPE are necessary to ensure worker safety. 

Immediate sources of falls 

A contributing factor in one-third of the fall accidents was the working surface 
(see Table 7). The accidents included typical situations where workers slipped on sloped 
roofs and fell to the ground~ workers fell through floor openings, and workers slipped on 
the walking surface of scaffolds and fell. Inadequate fall preventive equipment in 
buildings/structures, and/or failure of buildings/structures also caused some workers to 
fall. These falls can be effectively prevented by the use of the appropriate fall preventive 
equipment. 

Table 7. Distribution of immediate sources of falls (01/90-10/01) 
Immediate sources of/alls Count Percent 

Working Surface 911 33.24% 
Buildings/Structures 566 20.65% 
Bodily Motion 338 12.33% 
Ladder 246 8.97% 
Hoisting Apparatus 138 5.03% 
Materials Handling equipment 52 1.90% 
Dirt/Sand/Stone 34 1.24% 
Motor Vehicle (Highway) 27 0.99% 
Motor Vehicle (Industrial) 25 0.91% 
Other 404 14.74% 

Total 2,741 100% 

OSHA INSPECTIONS OF FALL ACCIDENTS 

The states where falls occurred were also examined. This effort showed that 
Texas, Florida, California, New York, and Illinois are the top ranking states in the 
frequency of all accidents and in the frequency of fall accidents (see Figure 8). Among 
the top ten Standard Industrial Classification (SIC) codes associated with the largest 
number of falls, only six are listed in the top ten with most frequency of all accidents (see 
Table 8). These are: 1761 (Roofing, Siding, and Sheet Metal Work), 1791 (Structural 
Steel Erection), 1542 (General Contractors-nonresidential Buildings, Other Than 
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Industrial), 1799 (Special Trade Contractors, Not Elsewhere Classified), 1731 (Electrical 
Work), and 1711 (Plumbing, Heating and Air-conditioning). In contrast, SIC 1623 
(Water, Sewer, Pipeline, and Communications and Power Line) and 1611 (Highway and 
Street Construction, Except Elevated Highways), that rank No. 1 and 2 in frequency of all 
accidents are only listed No. 15 and 20 in frequency of fal ls. 

li.i Falls Iii All accidents 
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Fig. 8 Top states in frequency of falls and aU accidents (01/90-10/01) 

Table 8. The toe ten construction-related SIC codes with fre9uencx of falls {01/90-10/01) 
SIC Descrietion of SIC Fre9uenc;r Percent 
1761 Roofing, sidins, and sheet metal work 498 16.85% 
1791 Structural steel erection 395 13.37% 
1542 General contractors-nonresidential buildings, other than industrial 209 7.07% 
1799 SEecial trade contractors, not elsewhere classified 206 6.97% 
1751 Carpentry work 192 6.50% 
1721 PaintinS and 2aeer hangin~ 173 5.85% 
1731 Electrical work 169 5.72% 
1741 Masonry, stone settin~, and other stone work 167 5.65% 
1711 Plumbins, heating and air-conditionin& 115 3.89% 
1541 General contractors-industrial buildings and warehouses 115 3.89% 

Total 2,955 100% 

When comparing fall accidents with all construction accidents, the average 
penalty on fall injuries is higher than on the aggregate of other accidents. For example, 
the average and median value of the imposed penalty for fall-related accidents were 
$8,917 and $2,250, respectively. This is in contrast to $7,757 and $1,800 for the overall 
accidents. Meanwhile, the number of violations in fall inspections, ranged from O to 118, 
with an average of 2.92. This is larger than that of all construction inspections that have 
an average of 2.68 violations. It was also found that there are more serious violations in 
fall inspections than in overall inspections. The Bureau of Labor Statistics (BLS) website 
(gttp://www.bls.gov/iif) provided the most frequent citations to Construction Special 
Trade Contractors (SIC 17, see Table 9), that account for most (about 80%) falls. Nearly 
half of the citations are associated with fall hazards on the jobsite or the lack of training 
on falls. It might provide a hint for the emphasis on construction fall protection: 
scaffolding, ladder, fall protection training, training for scaffolding, and so on. 
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Table 9. Standards Cited for SIC 17* (10/99- 09/00) 

Standard Total TotAI Total 
citations inspections Penalties (S) 

Description of the standards 

1926.451 5,521 2,069 5,694,146 General Requirements for all types of Scaffolding 
1926.501 2,969 2,585 3,555,916 Fall Protection Scope/AppUca.tions/Definitions 
1910.1200 1,230 628 117,956 Hazard Communication 
1926.1053 1,076 8 JO 470,408 Ladders 
1926.020 956 845 555,819 Construction, General Safety & Health Provisions 
1926.503 877 802 440,888 Fall Protection Training Requirements 
1926.100 840 832 485,562 Head Protection 
1926.404 832 ? ll 320,756 Electrical, Wiring Design & Protection 
1926.454 823 718 377~22 Training Requirements for all types of Scaffolding 
1926.405 800 595 222,703 Elec. Wiring Methods, Components & Equip, General Use 

Total 27 613 8 824 $21,330 277 
• SIC 17 includes all construction special trade contractors. 
(Data source: http://www.bls.gov/iif) 

CONCLUSIONS AND RECOMMENDATIONS 

Falls are the most frequent accjdents on construction jobsites. From the analysis 
of fall accidents in the construction industry, it is obvious that falls are the cause of many 
serious injuries and fatalities. At the same time, the analysis of the data shows that falls 
have certain propertiest which may help to devise preventive approaches. 

In the past, OSHA, the construction industry, and various researchers have 
worked intensively to find countenneasures to prevent falls. However, some measures do 
not work as well as expected. For example, since the OSHA regulations on PPE for fall 
prevention were revised in 1996, neither the quantity nor pattern of falls on construction 
sites has changed significantly. In fact., the proportion of accidents that are caused by 
falls has actualJy increased. This may stem from the strong economy that the U.S. 
construction industry has enjoyed in the years following 1995. The strong economic 
growth has resulted in the hiring of many workers, a large proportion of which may be 
inadequately trained. Clearly a continued focus on falls by OSHA is well warranted and 
more training of the workforce is needed as well. 

For the construction industry, fall hazards analysis and communication of related 
findings are necessary to ultimately impact the occurrence of fall accidents. It was noted 
that falls conunonJy occur on projects that can ·be characterized as being smaU and 
relatively low in cost, and involve new construction of commercial buildings and 
residential projects. 

Hazards on sites that may cause falls should be detected through rigorous 
examinations of construction sites and eliminated through effective preventive 
approaches. The accumulation of information of past accidents can disclose which are 
t11e most common hazards on construction sites. Operations susceptible to falls include 
roofing, erecting structural steel and exterior carpentry. Falls are often associated with 
workers on roofs, scaffolds, ladders, and on floors with openings. Occupations such as 
construction laborers, roofers, carpenters, and structural metal workers are commonly 
involved in falls and should be specifically addressed through fall prevention efforts. It 
should also be noted that fall hazards and human errors at elevations ofless than 9.15 m 

I-15 



(30 feet), where over half of the falls originated, warrant particular attention in terms of 
hazard analysis and safety inspections. Fall hazards mapping, as suggested by 
Gambatese and Stewart (1999), can serve as a very useful technology to indicate where 
fall hazards exist. 

Through the analysis of fall accidents, fall-related near misses, as well as fall­
related citations, the most hazardous locations on sites can be identified. Providing fall 
preventive equipment to workers, including full-body harnesses, along with the proper 
training, should reduce the number of falls. The lack of safety training is often a 
contributing factor for many falls. According to the analysis, misjudgment of workers 
may account for about one third of the construction worker falls. Especially for some 
workers employed in particular occupations that involve certain tasks, fall prevention 
training should be thoroughly provided. Effective training of workers can greatly 
decrease unsafe acts. Traditional safety training, restricted to the verbal and manual 
descriptions of the OSHA regulations, may not be sufficient to enable the workers to 
detect and eliminate all fall hazards. Innovative training approaches should be 
considered and thoroughly evaluated. 

Allan St John Holt (2001, page 159) mentioned: "fall prevention is far more 
effective than fall protection, which often involves personal protective equipment. 
Reliance on people to make the 'right' decision about wearing personal protective 
equipment bas been shown by events to be unsatisfactory - they forget, decide not wear it 
in view of the expected short exposure time, or do not wear or use it correctly. The first 
stage in fall prevention is during the design process, which influences the construction 
method." Although it is still difficult to recognize how many falls are directly caused by 
unreasonable designs, safer plans, developed through specific design decisions, can 
decrease the occurrence of falls. 

For the researchers, many topics related to falls need to be investigated in greater 
detail. For example, the current personal fall arrest systems (PF AS) can effectively 
protect workers after they fall from elevation. While these may constrain the movement 
of workers, as with steel erection operations, such approaches should be examined 
further. Some workers fell because they did not tie-off their body harnesses, either 
because they felt it was troublesome to be tied off to a fixed anchorage or when they 
unhooked the lanyards to change their positions. More flexible PF AS might be able to 
save more lives. Different kinds of new technology, which can help prevent falls and 
protect workers from injury by falls, should be developed. 
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PREVENTION OF FALLS IN THE CONSTRUCTION INDUSTRY 
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Torgerud, Mark Knezovich, Ryan Traylor; Faculty Research Associates: Amit 
Bhattacharya and Grace LeMasters, University of Cincinnati; Shirley Rietdyk, .Purdue 
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ABSTRACT 

The most recent data from the Bureau of Labor Statistics shows that as the cost of 
construction projects increase, the incidence rates of falls decrease. This indicates that 
large construction companies, who typically have large construction projects, have lower 
incidence rates of falls from elevations than small construction companies. One 
possibility is that the greater financial resources of large construction companies allow 
them to develop more comprehensive safety programs. The focus of this research was to 
detennine whether there were common elements of the safety programs of large 
construction companies that could account for the lower incidences of falls from 
elevations and to explore the possibility of transferring those elements to small 
construction companies, in particular roofing companies where the incidence of falls 
from elevations is high. Twenty-five construction companies with average construction 
contracts estimated at one million dollars or greater were selected from a list of 
companies that sponsor internships through the Construction Engineering Management 
(CEM) Division in the School of Civil Engineering at Purdue University. The safety 
directors of sixteen of those companies volunteered to answer a standardized 
questionnaire during a telephone interview with Purdue University researchers in the 
School of Health Sciences. The questionnaire consisted of twenty questions that focused 
on information about company safety performance, safety program structure, safety 
program implementation procedures, and the motivation and history behind the 
deveJopment of the safety program. The owner of a small roofing company volunteered 
to answer the same questionnaire and allowed Purdue researchers to observe the day-to­
day operation of the company on a job site. The results from the large construction 
companies indicated that the primary element that contributed to reducing falls from 
elevations was the commitment of upper management to support and promote safety as a 
top priority. The development of a "safety culture" was the cornerstone of effective 
safety programs. The second most important element was training line supervisors in the 
area of supervision. The safety directors reported that a shortcoming of most line 
supervisors was that they lacked the necessary supervisory skills to effectively promote 
safety. The third most important element was regular onsite training from the 
construction superintendent. Task specific training was seen as the most important part 
of the onsite training. Transferring the findings to a small construction company may be 
difficult due to perceived financial constraints to support a safety infrastructure~ and the 
possible lack of motivation of management to support and promote safety as a top 
priority. 
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SIGNIFICANT FINDINGS 

The specific aim of this project was to determine what elements of the safety 
programs of large construction companies were responsible for lower incidence rates of 
falls when compared to small construction companies and to explore the possibility of 
transferring those elements to small construction companies. The elements in order of 
importance were: 

• Upper management commitment to support and promote safety as a top priority, 
• Training ofline supervisors in the area of supervision, 
• Regular on-site training from the construction site superintendent, 
• Promotion of safety awareness and accountabjlity as a fundamental value, and 
• Daily crew meetings where supervisors go over a daily work plan and job specific 

safety training for those potentially exposed. 

Another key finding was the motivation behind large construction companies 
developing their safety programs. The motivating factors in order of their importance 
were: 

• Concern for the well being of the employees and maintaining profitability (these 
generated an equal number of responses), 

• Insurance company pressure and a high experience modification ratio, and 
• Concern for the reputation of the company and compliance with OSHA 

regulations (these generated an equal number of responses). 

USEFULNESS OF FINDINGS 

The goal of determining what elements of the safety programs of large 
construction companies contributed to their fall safety success was that those elements 
might be adopted by small construction companies to make them safer. If a small 
construction company is committed to fall prevention, adopting the elements listed in this 
study into their safety program will move them toward their goal. Three of the five 
elements: supervisor training, regular on-site training, and daily crew meetings, are 
directly related to training. Adopting new training strategies should be relatively simple 
because the concepts are clear and can be reinforced through repetition. Unfortunately, 
the most important element, upper management commitment, involves motivation. 
Motivation is harder to teach because it is a state of mind rather than a list of rules to be 
memorized and followed. This study found that regulation was low on the list of 
motivating factors for the development of a successful fall safety program. In the 
absence of any other motivating factors, a construction company might not be easily 
persuaded to implement a successful fall safety program. If any construction company is 
not committed to fall prevention then the information contained in this study will be of 
Httle use to them. 
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SCIENTIFIC REPORT 

Background for the Project 

The construction industry is consistently responsible for the largest number of fatal 
work injuries of any industry in the United States. Of those fatal injuries, falls from 
elevations are the leading cause (Hinze et al., 2002). In 2000, 734 deaths due to falls 
were recorded (Bureau of Labor Statistics, 2001). That number is surprising when you 
consider the regulatory intervention imposed on the industry and the advancements in fall 
protection devices made over the last several years. The key question that needs to be 
addressed is why do fatalities continue to occur at such a high rate. 

Several factors may need to be considered as probable causes. Those factors can be 
broken down into three major categories. The first category has to do with possible 
regulatory inadequacies and whether changes in government regulation can effectively 
reduce the numbers of falls. The second considers the responsibilities of the construction 
companies and the steps that they can take to reduce the number of falls. The third 
category involves the workers themselves and how their actions can contribute to the 
reduction of falls. 

Derr et al. (2001) examined how the implementation of the February 1995 29 CFR 
Part 1926 Subpart M OSHA fa11 protection regulations affected fatal fall rates. Looking 
at the period of 1990 through 1999, they found a significant reduction in the number of 
fatal falls. However, they were unable to show that the reduction in the number of fatal 
falls was due to the new regulation. In part, this may have been a result of the small 
number of events, which diminished the statistical power of the study. Another possibility 
is that regulations might not have the ability to effect changes standing by themselves. 
Nelson et al. (1997) looked into the combination of new regulations coupled with an 
extensive education campaign and found results inconsistent with Derr et al. (2001) in 
that there was not a significant reduction of falls. It should not be construed from these 
results that regulatfon and education have no value~ On the contrary, they are the 
foundation on which safety is built. Other factors need to be coupled with them in order 
to insure their effectiveness. 

Enforcement is a complementary component to regulation and education that has 
been shown to reduce the incidence of construction falls. Nelson et al. (1997) showed 
from their data that construction companies that received citations after an OSHA 
inspection experienced a significant decline in incidence rates of falls. One problem with 
government enforcement is that it needs to be comprehensive in order to be effective. 
The shear number of construction companies in the United States that need to be 
overseen makes it nearly impossible, from an economic standpoint, for OSHA to police 
the entire construction industry. As long as a company has a reasonable chance of being 
overlooked by OSHA, the benefit of being noncompliant may outweigh the risk of 
citation. 
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A contrast to government regulation is worker self-regulation. Workers should 
have a strong interest in safety since they are the ones most adversely affected by a 
construction fall. Abdelhamid and Everett (2000) cite three primary reasons for 
occupational accidents. They are: I) failing to identify an unsafe condition that existed 
before an activity was started or that developed after an activity was started, 2) deciding 
to proceed with a work activity after the worker identifies an existing unsafe condition, 
and 3) deciding to act unsafe regardless of initial conditions of the work environment. 
All three reasons put the primary responsibility for safety on the worker because the 
worker is the person nearest and most likely to detect an unsafe situation. In the event 
that the worker bas not been properly trained, many unsafe situations may go unnoticed. 
In that case, the line supervisor and ultimately, the employer also share in the burden of 
responsibility; however, the worker still plays the key role in the deciding what to do 
once an unsafe condition has been identified. 

The question now becomes would a worker wish to continue work knowing that an 
unsafe condition exists? The answer may lie in a workers' own assessment of risk. Ellis 
and Warner (1999) concluded that successful experience at heights distorts a workers 
perception of risk. As workers gain experience and confidence working at heights, they 
tend to develop a false sense of security. Their ability to self assess risk is diminished by 
their own self-confidence. Even if they have been unfortunate enough to know someone 
who has suffered a fatal fall, they can continue to justify their own safety through their 
own self-confidence. Holmes et al. (1999) identified another method by which workers 
weigh the costs and benefits of potentially unsafe situations. If the necessary safety 
measure is perceived to present too great a level of effort, it wi11 be ignored. The key 
problem with this perception is that the worker often misidentifies the true cost being 
weighed. The perception may be that the cost is the extra work effort required to 
implement the safety procedure. In reality, the true cost is death or permanent disability 
because of a fall. Johnson et al. (1998) came to the same conclusion but further showed 
that workers would forego personal safety if they felt that speed and comfort were more 
important. 

Lingard and Holmes (2001) concluded that more than half of construction workers 
believe that their safety is the responsibility of the company or trade union. This 
responsibility is perceived to be in the form of better education and training. Cartledge et 
al. (1997) discovered that all of the claimants in their study received fall protection 
training but hardly any of them used fall protection devices indicating that training and 
education alone cannot be expected to make an impact on reducing falls from elevations. 
The missing component is that workers may need to have some sort of outside motivating 
factor that will promote the discipline necessary to keep them safe. Government 
regulation and enforcement have been shown to be somewhat ineffective in this regard so 
construction companies are left with the task of reducing falls from elevations. 

Construction companies are really the most logical choice. They have the ability 
and opportunity to effectively train, equip, and communicate with workers. They also 
have the authority to promote and enforce compliance with safety procedures. This can 
best be demonstrated by examination of the Kuwaiti construction industry where there is 
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little government regulation and little safety training outside of the construction 
companies. Kartam and Bouz (1998) evaluated injury and fatality data from the Kuwaiti 
construction industry and found that competent construction managers and pressure from 
upper management played a key role in reducing construction accidents. In the United 
States, another interesting trend can be shown that relates the cost of construction projects 
to the number of falls. 

Hinze et al. (2002) have shown that as the cost of construction projects increase, the 
number of falls decrease. It stands to reason that larger construction companies tend to 
get large construction projects. In essence, large construction companies have lower 
incidence rates of falls from elevations than small construction companies. There are 
several factors that may be responsible for this trend. One possible reason is that there 
are greater financial resources available to large construction companies, a significant 
portion of which can be used for fall prevention. Another contributing factor might be 
increased scrutiny of large construction companies by OSHA. In contrast there are also 
reasons that large construction companies should have higher incidence rates of falls such 
as greater difficulty in managing larger groups of workers. The purpose of this study was 
to determine what factors were responsible for the lower incidence rates of falls 
experienced by large construction companies and to evaluate the feasibility of 
transferring that technology to small construction companies. 

Problem Stateme11t 

More than a million people suffer from a slip, trip or falling injury each year. Slips, 
trips and falls account for 15 to 20% of all workers' compensation cases, with older 
construction workers having a higher percentage of falls compared to younger 
construction workers. Despite several field and laboratory studies to better understand 
the problem of slips, trips, and falls, the problem has not improved. This study proposed 
to focus on prevention of falls in the construction industry because recent data from large 
construction companies had fewer fall related injuries compared to smaller construction 
companies. It was hypothesized that the reason larger companies experienced a lower 
rate of falls among its construction workers was because they had strong safety programs. 
It was further reasoned that if certain patterns could be found in their safety programs that 
they could be used as a model or blueprint for smaller construction companies to 
implement thus decreasing the number of construction related falls. 

This study focused on construction companies that had strong safety programs and 
low "falls from elevations" incidence rates. There were two study purposes: The first 
purpose was to investigate the relationship between safety program effectiveness and 
impact among construction companies with low incidence of falls from elevations. The 
second purpose was to develop an information database on work risk factors associated 
with falls from elevations among active and retired construction workers. The main 
effort of this study was to focus on active construction workers (in collaboration with 
researchers at the Construction Industry Institute (CII)/University of Texas, University of 
Florida). A secondary effort will examine the fall risk factors associated with older 
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construction workers as well as the quality of life for retired construction workers (in 
collaboration with researchers at the University of Cincinnati). Reports from the 
University of Florida and University of Cincinnati are included in the larger body of this 
report. Because the Construction Industry Institute (CII)/University of Texas has to 
follow annual report guidelines provided by its board members, their report is presented 
in Appendix A of this report. In addition CII/University of Texas provided invaluable 
consultation opportunities at their annual conferences. Analysis of OSHA data on falls 
from elevations in the construction industry is provided by Hinze et., al in the front Falls 
section of this report, and the report on the quality of life among retired construction by 
LeMasters el. al., follows this section. 

Specific Qbjectives and results. 

Objective No 1: 

Select up to 15 large construction companies and visit and conduct interviews with its 
safety directors to learn and document the specific company policies regarding protection 
against falls, and how their company trains and educates workers on fall prevention 
practices. Information will also be sought on methods employed to enforce company 
policies and approaches that have been successful to overcome obstacles to 
implementation. 

Results: 

Twenty-five large construction companies were selected for this study, of which 
16 of the company safety directors completed a standardized questionnaire administered 
by telephone to the safety directors of these companies. The questionnaires showed 
evidence of success in their safety programs by reporting: 

• The average number of years the current safety program had been in effect was 10 
• The median number of workers that work at elevations over 6 feet was 320 
• No fall related fatalities in the past 5 years 
• All but one company had fewer than 10 fall related injuries in the past 5 years, 

and half had 0 
• All but one company had an EMR less than 1.0, and half were less than 0. 7 

Top 5 activities thought to be important for a strong safety construction program and to 
prevent falls 

• Upper management commitment to support and promote safety as a top priority 
o Successful fall prevention depends on the primary motivation and primary 

enforcement coming from the top 
o None oftbe construction companies achieved fall prevention success until 

the commitment issue was resolved 
• Training supervisors in the area of supervision 

o Historically, supervisors have been promoted from the ranks based on 
their ability to ply their trade 
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o Fall prevention relies on the supervisors leadership and management 
capabilities 

• Regular on-site training from the construction supervisor 
• Promotion of safety awareness and accountability as a fundamental value 

o Safety should be promoted as an integral part of the job function rather 
than additional work piled onto the job 

o Daily crew meetings where supervisors go over a daily work plan 
• Job specific training for those potentially exposed 

Summary: 
• Key findings that provided motivation that initiated and maintained momentum 

for safety programs 
o Maintaining profitability and concern for the employees 
o Insurance company pressure and high EMR 
o Concern for the reputation of the company 
o Compliance with OSHA regulations 

Objective No 2: 

Provide information from the Construction Industry Institute's (CII) mJury data 
(including falls) highlighting their findings and compare these data to non-CII 
construction companies. 

Results: 

The CII (see Appendix A: 2002 Safety Report from CII ) reported that 
"NationaUy the Construction industry division experienced the highest number of 
fatalities that it ever has since the Census of Fatal Occupational Injuries was begun in 
1992.1 In 2001, the Construction industry division also had the highest number of fatal 
occupational injuries of any other industry as reported by the Bureau of Labor Statistics 
(BLS). With 1,225 fatal occupational injuries, the Construction industry division was 
followed by Transportation (911), Services (767), and Agriculture (740). Keeping in 
mind that fatality rates are determined by the number of persons employed in the 
industry, Mining had the highest fatality rate of any industry, 30.0, with a total 
employment of 566,000. This was followed by Agriculture with a fatality rate of 22.8 
(3,208,000 employees). The Construction industry was third. The fatality rate was 13.3 
(9,125,000 employees), an increase of slightly over 3% from the previous year. 

The leading cause of fatalities among CII member companies was falls (38.5%), 
followed closely by contact with objects and equipment (35.9%), transportation (15.4%), 
exposure to harmful substances or environments (5.1 %), fires and explosions (2.6%), and 
assault and violent acts (2.6%). The top three causes accounted for nearly 90% of all 
fatalities. In comparison, the three leading causes of fatalities in the Construction 
industry division as reported by BLS for the same year were falls (34.4%), transportation 

1 Bureau of Labor Statistics, "National Census of Fatal Occupational Injuries," Washington, D.C., 
September 2002 
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(26.0%), and contact with objects and equipment (18.1%); these accounted for nearly 
79% of all fatal injuries." 

The CII annual report goe-s on to say that "Fatalities increased slightly from the 
previous year for both CII member companies and the Construction industry in general. 
For CII member companies there was an increase of 2%, and the rate of increase for the 
Construction industry in general was 3%. Fatalities represent additional economic and 
ethical burdens to the industry. The direct and indirect costs of fatalitites far outweigh 
those of injuries alone. It was estimated that in 1992 the average direct and indirect costs 
of a work-related fatality were $565,170 compared to an average of $10,968 per work­
related injury.2 Beyond the economic considerations are the ethical ones that demand a 
safe work environment. The commitment on the part of err member companies to 
preventing fatalities is clear: the CII member company fatality rate was 53% lower than 
the Construction industry rate." 

The CII reported that despite the higher rate of fall-related fatalities compared to 
the BLS statistics, CII member companies safety performance exceeded that of the 
construction industry in general. In fact, the CIT report says that in 2001, CII member 
companies recordable incidence rate performance was 7 times better than the 
construction industry and that the err member company loss-work day case incidence 
rate performance was nearly 15 times better than the construction industry in general. 
The difference in safety performance level between CIT member companies and the 
construction industry in general may be attributed to several things including a sustained 
strong commitment to safety programs by their member companies. The findings are 
consistent with the findings from the questionnaire results from the safety directors from 
the large construction companies, many of whom are CII members. 

Objective No. 3: 

Observe and document fall hazards from a small construction company (i.e., roofing 
companies) and see if the information g~ined from the safety directors of the large 
companies can be transferred to small roofmg company. Note: this study focused on 
small roofing companies because this industry has a high rate of falls compared to the 
construction industry in general. 

Results: 

An owner of a small roofing company (25 workers) located in Indiana was 
interviewed. The primary objectives of the interview were to: 1) Learn about their 
safety program, and 2) Investigate whether the lessons learned from large 
construction companies would be useful. The safety record of this roofing company 
showed that: no fatalities occurred in the past 5 years, no fall related fall injuries in 

2 Leigh, JP et. al., "Occupational Injury and Illness in the United States: Estimates of Cost, 
Morbidity, and Mortality," Archives of Internal Medicine, 1997 
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the past 5 years, one employee fell from a roof working on his own house, and they 
had an E:MR of 0.85 in 2002. 

After interviewing the roofing company owner pennission was requested to document 
their workers replacing shingles on a residential roof. Permission was granted and 
documentation of this process including video clips can be viewed on the 
Construction Safety Alliance website (https://enginee1ing.purdue.edu/CSA1) 

There are 7 basic steps in a residential roofing operation: 

1. Property Protection ( cover bushes and house parameter with tarp) 
2. Old Roof Removal (two layers of shingles, old felt, all roofing nails, metal 

edging and flashing) 
3. Deck Inspection and Repair (use power saw to remove damaged plywood, 

replace with good plywood) 
4. Application of Waterproofing System (apply tar and new flashing material 

around all roof vents, skylights, chimney) 
5. Apply new roof shingles 
6. Application of Ventilation System (Cobra® vent) 
7. Job Completion and Inspection (remove all nails, debris from property). 

Of these, Step 2 (oJd roof removal - Figure 1), Step 3 (deck inspection and 
repair - Figure 2), and Step 5 (applying new roof singles - Figure 3) were reported by 
the roofers to be the most dangerous in terms of falling off the roof. The reason that 
these steps were considered more dangerous than the others is they all required working 
close to the edge of the roof (the drip edge) and if a fall occurred the workers did not 
have enough time to "orient themselves" where they could land feet first and sustain less 
lilJury. 

Figure 1. Old deck removal. Note bow close the workers are to the drip edge 
risking a fall. 
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In talking to the owner and to the workers at the work site, Purdue researchers 
could see no evidence of a formal safety training program. Instead the owner relied on 
the foreman to enforce safe work practices such as tying off the roof ladder, and using a 
shingle conveyor to carry shingles to the roof rather than hand carry them up the ladder. 

Figure 2. Deck inspection and repair. Worker is throwing dry rot plywood to a 
dump truck 25 feet below the roof line. Nails protruding from the 
plywood can catch on the worker's hands pulling them off the roof. 

As discussed earlier, for large construction companies successful fall safety 
programs may be driven by money. For the larger construction companies safety benefits 
outweigh the costs. However, with smaller construction companies safety benefits are 
not as obvious. For example, the roofing company reported an EMR of 0.85. The owner 
of this roofing company thought that this was a good EMR because it below 1.0. When 
the EMR goes above 1.0 insurance and workers' compensation costs tend to increase. In 
addition, if the roofing company does not experience a serious fall among its workers 
would they see a need to implement the same rules that apply to larger companies? 
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Figure 3. Worker placing felt pad and roofing shingles near drip edge of roof. 
Workers are very concerned about falls from the edge of a roof because 
they have very little time to react and get their feet aligned to the 
ground during a fall. 

In addition, such companies compete with the 1 and 2 person roofing companies 
(called ''Truck Slammers" in the roofing business) that have very little overhead. Small 
companies operate in an environment where their competitors may not build fall safety 
into their costs because fall prevention strategies take both time and money. For 
example, it takes time to construct and tear down engineering controls, and additional 
labor and material costs associated with engineering controls. Guard rails may be one of 
the best ways to prevent someone from going over the edge. However, roofing workers 
view them as impractical in residential roofing operations because they: 1) interference 
with leading edge work, 2) eaves are not structurally stable enough to provide support, 
and 3) ground based systems (such as scaffolds) would be costly and time consuming to 
erect and tear down. 

As for personal protective equipment, harnesses are perceived to be impractical in 
residential roofing operations because: 1) tie off points would need to be installed, 2) 
constructing tie off points would interfere with the roofing operation, and 3) harnesses 
would restrict movement due to the limited amount of vertical drop (i.e., the roofer might 
end up hitting the ground before the lanyard is taught). 

Roofing owners know the injury statistics for their industry. However, when 
confronted with the statistics of 421 deaths due to falls in the construction industry per 
year, this translates to about 9 deaths from fal)s per state per year. Given the number of 
construction projects occurring at any one time where someone is working at elevation is 
it reasonable to assume that the odds are in favor of someone not falling from an 
elevation during construction? Many workers and some small construction company 
owners may work on this assumption. 
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The safety culture of talcing chances because the odds are with the company is a 
poor choice. The authors of this report have concluded that the facts need to be 
communicated better to educate small construction company owners and their workers. 
One of the most sobering statistics is that on average one construction worker dies 
each day in the U.S. from a fall at elevation. This is reason enough to put safety first 
no matter what size the company. 

Methodology 

Twenty-five construction companies whose typical construction contracts were 
estimated to be in excess of $1,000,000 were selected from a list of companies that 
sponsor internships through the Construction Engineering Management School at Purdue 
University. Letters were sent to the safety directors of each company explaining the 
importance of the research and indicating that they should expect a follow-up telephone 
call at which time a telephone interview would be conducted (an example of the letter is 
shown in Appendix B). A copy of the standardized questionnaire to be used during the 
telephone interview was enclosed with the letter to allow the safety directors time to 
gather information that was not readily available (a copy of the standardized 
questjonnaire is shown in Appendix C). 

Purdue University researchers in the School of Health Sciences conducted the 
telephone interviews. The safety directors were called during normal business hours·. 1n 
the event that the safety director was not available, a message was left indicating the 
reason for the call and providing a telephone number with which to return the call. Calls 
were made on a daily basis until either all of the safety directors were interviewed or the 
predetermined time of six weeks allotted to conduct the interviews was reached. The 
safety directors of sixteen companies volunteered to answer the standardized 
questionnaire during the telephone interview. 

The questionnaire consisted of twenty questions. Five of the questions were open­
ended and designed to solicit opinions with minimal interference from the interviewer or 
prompting from the questionnaire. The remaining questions were related to statistical 
information. The information collected during the interviews was entered on an Excel® 
spreadsheet. 

Numerical answers were analyzed by calculating the mean and median. The 
qualitative answers were evaluated two ways. First, the response was assigned a number 
based on its order of importance to each company. For example, when the question 
requested the top five answers ranked from most important to least, the most important 
answer was assigned a 1, the second most important answer was assigned a 2, and so on. 
Second, the number of times a particular response was recorded by all of the companies 
was noted. The ranking of the response relative to all other responses to a particular 
question was based on the evaluation of both the number of times the response was 
recorded and the numerical rank it received from the company who recorded it. A high 
ranking would indicate that a particular response received both high rankings from the 
companies and was recorded as a response by several companies. 
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To better understand how the findings of the study might be transferred to small 
construction companies, the Purdue University researchers interviewed the owner of a 
small roofing company, using the same questionnaire used to interview the large 
construction companies. We also observed the day-to-day operation of the roofing 
company to gain a better understanding of the challenges they face and to determine how 
the primary elements of the safety programs of the large construction companies might be 
implemented-

Results 

A summary of the questionnaire results is shown in Appendix D. The companies 
that participated in the interviews were large in terms of their construction contract size. 
The median contract amount was $9,000,000. According to Hinze et al. (2002), 
companies involved in construction projects of that magnitude are expected to have lower 
incidence rates of falls than companies involved with smaller projects. The median 
Experience Modification Ratio (EMR) of the companies interviewed was 0.73, which 
lends credibility to that study. The EMR is a tool used by insurance companies to 
determine premiums for workers' compensation insurance. It is the ratio of actual losses 
due to work-related injuries and illnesses over the expected losses. An EMR of less than 
one indicates that a company is suffering fewer losses than other companies in the same 
industry (Safety Management Group, 2002). Additional evidence of safety performance 
is seen in the number of years the construction companies had been practfoing their 
current safety program. The median time was 11 years. 

All of the construction companies indicated that they were affiliated with external 
safety organizations. The opportunity to network with other companies was listed as the 
primary benefit of membership. The network forum allows the sharing of information 
gained through experience and provides an expert panel to explore new ideas. Rather 
than a beneficiary role, the construction companies that were interviewed acted mostly in 
an advisory capacity to safety organizations, although, some of the companies benefited 
from training infonnation provided through safety organizations. 

Employee turnover js a concern because of the potential inexperience of new hires. 
The median rate of employee turnover was 145 per year and the median duration of 
employment was 18 months. The turnover rate is nearly half the number of employees 
that work at elevations over 6 feet. The median number of employees that work over 6 
feet is 320 at any given time. In spite of the high employee turnover, fall injuries were 
relatively scarce. 

The median number of injuries due to falls in the past year was two and the median 
number for the past five years was five. Only one company of the sixteen interviewed 
reported a fatality in the past year and no other fatalities were reported in the past five 
years. The exception was one contractor that experienced no injuries or fatalities 
themselves but had subcontractors who had experienced two fatalities in the past year and 
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seven fatalities in the past five years. The lack of compliance to safety procedures by 
subcontractors was a common complaint. 

Safety training is likely to be one of the elements responsible for such low numbers 
of injuries and fatalities. The median number of employees trained per year was 500. A11 
but one company engages in refresher training on a regular basis so most existing 
employees can expect to receive refresher training every 12 months. The companies 
were split on whether they thought the employee turnover rate affected how their safety 
training programs were implemented. Companies who perceived that turnover had no 
effect may have been biased due to the existing level of intensity of the training program 
brought on by the anticipation of high turnover. 

When considering training or safety equipment, cost can be an important issue. The 
construction companies interviewed in this study were asked to estimate their yearly 
expenditures for training and safety equipment per worker. The median of the estimated 
cost per year for training was $800 and the median of the estimated cost per year for 
safety equipment was $250. These numbers are minimal in comparison to the cost of 
injuries and fatalities from faUs. 

The construction companies were asked to list the five key factors that influenced 
them to implement their current safety program. Even though this was an opinion-based 
question, there were not a wide variety of answers. The fourth and fifth most common 
answers tied for the number of responses. They were concern for the reputation of the 
company and compliance with OSHA regulations. The third most common answer was 
insurance company pressure and a high EMR. The first and second most common 
answers tied for the number of responses. They were concern for the well being of the 
employees and maintaining profitability. A common theme found in these responses was 
money. The safety directors felt that a negative impact on a company's bottom line was 
critical to the development of a proactive attitude toward safety. 

The construction companies were asked to list what they considered to be the most 
important elements of their safety training programs with respect to making them 
successful at reducing falls from elevations. Since this was an opinion-based question, 
there were a wide variety of answers, however, there were a few that were mentioned 
consistently. 

Two answers tied for the fifth most common element. They were daily crew 
meetings where supervisors go over a daily work plan and job specific safety training for 
those potentially exposed to falls. The fourth most common element was the promotion 
of safety awareness and accountability as a fundamental value. In essence, the 
development of a safety culture where safety was a habit rather than a chore was 
expressed. The third most common element was regular on-site training from the 
construction site superintendent. The second most common element was the training of 
line supervisors in the area of supervision. The safety directors felt that supervisors were 
too often chosen for their adeptness at their particular trade rather than their ability to 
exercise supervisory skills over workers. The most commonly mentioned element was 
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unique -in that half of the companies mentioned it as the most important element of their 
safety training program. It was upper management commitment to support and promote 
safety as a top priority. The safety directors felt that financial support for the safety 
program and the presence of upper management at key meetings was how this was best 
demonstrated. By making safety the first item on the agenda at management meetings, 
upper management displayed its commitment to safety to lower level managers. 
Periodically visiting jobsites and taking part in some onsite training was a way of 
displaying commitment to safety to line supervisors and workers. 

A_s with the Jarge construction companies, the small roofing company had an 
exemplary safety record. There had been no fall related injuries in the preceding five 
years and the EMR was 0.85. A summary of the observations oftbe roofing company is 
shown in Appendix E. During the interview, the owner who was also the chief safety 
officer revealed that the company had no formal safety program. Discussions about 
safety only took place when workers were faced with projects where they would 
encounter extreme roof slopes or other hazardous conditions. He indicated that the 
discussions were no more than reminders to be careful and look out for each other. The 
most disturbing part of the interview was that the owner felt that those discussions 
constituted a safety program and that the program must be working because of their 
safety record. 

Study Contributions and Discussio11 

The results can be summed with three terms: motivation, training, and money. The 
primary reason for the success of large construction companies at reducing construction 
falls is that upper management has made a commitment to be safe. In making that 
commitment, they create momentum that motivates middle managers, construction 
supervisors, and finally, trade workers to be safe. Without the motivation from the top, 
there is little chance that a successful safety program will develop and almost no chance 
that a safety culture will develop. As was shown by prior research (Holmes et al. (1999) 
and Johnson et al. (1998)), workers will perform their tasks in a manor that allows them 
to experience the least amount of inconvenience. Unfortunately, safety is often seen as . . 
an mconveruence. 

Appropriate training must follow effective motivation. Training is the method by 
which motivation is focused. The most important part of that training is training line 
supervisors in the area of supervision. Line supervisors are the most critical link in the 
safety chain because of their proximity to potentially dangerous situations. To effectively 
promote safety, line supervisors need to understand how to effectively communicate and 
motivate workers so that they will comply with safety procedures. The line supervisors 
also need to have a good understanding of regulations concerning safety. Since 1ine 
supervisors are usually regular employees, provisions need to be made to insure that they 
receive training on a regular basis. 

Worker training is next in importance. High turnover rates put the company in a 
position where new employees are constantly coming onto jobsites. 1n order to insure 
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that workers receive the proper training, special training for new hires, regular onsite 
training, and daily crew meetings where daily work plans are discussed are crucial to 
reducing construction falls. This type of regular training allows the supervisor to 
effectively dictate the expectations of the company in the area of safety. 

The factor that induces the motivation that initiates the training is money. Large 
construction companies discovered several years ago that it was profitable to be safe. 
Relatively small expenditures up front as shown by the costs of training and safety 
equipment can prevent large costs incurred after an accident. Lost time, loss of 
reputatio~ increased insurance costs, loss of competitiveness, and potential litigation are 
strong reasons to invest in safety. 

The primary difference between large construction comparues and small 
construction companies is that large construction companies who have good safety 
programs adopted those programs because of safety problems that made an impact on 
their profitability to the extent that they had no choice but to become safe. Large 
construction companies can build the extra cost into their bids because their competitors 
are faced with the same circumstances. Small construction companies, on the other hand, 
face competition that has likely never faced serious safety related problems and therefore, 
have no incentive to build the cost of safety into their bids. Small construction 
companies that might desire to build in more engineering controls, safety equipment, and 
safety training would be priced out of the market and go out of business. If small 
construction companies are to ever develop effective safety programs modeled after large 
construction companies it seems that one of two scenarios must occur. Either, as with the 
large construction companies, small construction companies need to experience the losses 
that forced the large construction companies into compliance or an effective method of 
regulating small construction companies must put into place. 
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A PILOT STUDY OF FUNCTIONAL IMPAIRMENT AND FALLS IN RETIRED 
UNION CONSTRUCTION AND NON-CONSTRUCTION MEMBERS 

Research Team: Grace LeMasters and Amit Bhattacharya, University of Cincinnati, 
Research Associates~ Laverne Mayfield (GCOHC) and Eric Borton 

ABSTRACT 

Once they leave the workplace, retirees are often forgotten. The adverse effects of their 
life's work, however, often remain with them during their retirement in terms of level of 
independence, pain, and overall quality of their life. Workers in the construction trades 
traditionally experience a lifetime of physically demanding job tasks that may cause 
cumulative degeneration of their physiological systems and injury. The purpose of this 
study was to conduct a piJot study to determine the physical health of retirees from the 
construction industry compared to those from less physically demanding occupations. 
Another purpose was to determine the feasibility of undertaking a larger health study in 
terms of cooperation from the unions as well as the retirees. 1n order to accomplish these 
purposes two approaches were undertaken. Three focus groups were held comprised of a 
total of 19 retirees to determine their concerns about the long-tenn effects of their jobs on 
their current health status and quality of life. In addition. 300 construction and 480 non­
construction retirees were mailed a health survey and about one-third responded after just 
one mailing. This survey inquired about current physical functioning, limitations, pain, 
and past and current problems with falls and injuries. The results were striking with 
construction retirees, compared to non-construction retirees, having significantly poorer 
health (p<.01 ), and physical limitation of their daily activities (p<.01 ). Almost one in 
iive (19.4%) construction retirees described themselves as having severe to very severe 
pain (p<.05) compared to 8.4% of the non-construction retirees. In comparison to non­
construction retirees, construction retirees reported significantly greater problems with 
their vision, neck and shoulders, hands and wrists, hips, knees and ankle/feet joints. 1f 
these findings hold in a larger study of retirees in the construction trades, then the health, 
physic~ emotional and financial costs of these construction jobs on our rapidly aging 
population are enormous. 

SIGNIF1CANT F1NDINGS 

Over 27% versus 11 % of construction and non-construction retirees, respectively, report 
having had a past work injury in need of medical attention. Construction versus non­
construction retirees were two to four times more likely to report "severe to very severe" 
problems with their vision, neck/shouJder, elbow, 1mee and ankle/feet and joints. 
Construction versus non~construction retirees were two to three times more likely to 
describe their health as poor and report having "severe to very severe" body pain. It was 
surprising that 42.l % of construction retirees compared to only 14.0% (p<.01) of the non­
construction retirees reported having fair to poor health. Construction versus non-
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construction retirees reported two to three times greater dissatisfaction with their level of 
physical activity and physical functioning. 

In regard to the feasibility of doing a larger more inclusive survey, we determined that 
retirees are very interested in participating in health studies. This enthusiasm was 
demonstrated by their verbal engagement and participation in the focus groups. It was 
also demonstrated by tbeu response rate, which was comparable to other studies with 
only one survey mailing. The instrument developed for the survey was easy to read and 
complete, and we had few blanks. The unions gave us considerable cooperation that 
included addressing and mailing the prepared packets. 

USEFULNESS OF FINDINGS 

This feasibility study demonstrated that retirees in the construction industry cJearly have 
reported significantly more health problems and a poorer quality of life as demonstrated 
with limitations to their role functioning and inability to fully enjoy their retirement years 
compared to other retirees. This study demonstrates to contractors and younger 
apprentice and journeyman that their current work practices and type of work performed 
will have significant and long lasting hea1th consequences. Therefore future studies can 
be designed to develop intervention strategies for retired and non-retired construction 
workers. To help minimize future health problems among currently active workers., 
efforts can be directed towards identifying and reducing ergonomic risk factors 
associated with current work practices of various construction trades. 

This was a pilot study to determine the interest of unions in having their retired members 
contacted. The enthusiasm of the unions demonstrated their concern about their retired 
membership and their willingness to not only write letters of support but also to address 
and mail the documents to their membership. 

SCIENTIFIC REPORT 

A. Risk Factors in Construction: 

The construction trades include carpenters, welders, grinders, roofers, ironworkers, sheet 
metal workers, ship fitters, bricklayers, electricians, painters, machinists, laborers, pipe 
fitters, boilennakerS; crane operators and laborers. Work in tbe construction trade 
involves considerable ergonomic risk. Frequently, heavy tools, equipment and materials 
must be handled and moved requiring pushing, pulling, twisting, bending and excessive 
reaching. These motions often require extreme force on joints, limbs, muscles and 
ligaments and have been shown to be associated with significant musculoskeletal 
disorders [l]. In the construction trade, the individual may spend extended time in 
awkward body positions and repetitive, forceful use of the back and upper and lower 
extremities. Besides these recurrent musculoskeletal stresses, those in the construction 
trades often perform job tasks under adverse conditions, e.g., on ladders and scaffolding, 
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at high elevations, and in inclement weather. Thus, these conditions place the workers at 
high risk for falls, injuries and subsequent impairment during their retirement. 

Hsiao and Stanevich [2] showed that the construction industry bad the highest incidence 
of fatalities, injuries and illnesses per 100 full time workers in major industries. For the 
construction industry, the injury rate was 14.2 compared with a rate of 13.2, 11.6, 9.6, 
and 8.3 for the manufacturing, agricultural, transportation and mining industry, 
respectively. fu Ohio, where this study was performed, construction workers reported a 
higher rate of work related musculoskeletal disorders than all other occupational groups 
[3]. Further, a study of older construction workers, between the ages of 40-64 years, 
showed that these workers compared to a white collar workforce had a significantly 
higher rate of hearing deficiencies, obstructive lung disease, and musculoskeletal 
abnormalities [ 4). Carpenters and bricklayers had the highest prevalence ratios related to 
reduced mobility of the spine and symptoms in the arms and legs. Another study also 
demonstrated that bricklayers with longer than 10 years employment duration had 
increased symptoms of low back disorders compared to painters, carpenters or concrete 
builders [5]. In addition, to physical risk factors, construction workers are also exposed 
to neurotoxic chemicals such as epoxy resins and pitch for cement workers, coal tar pitch 
and solvents used by roofers and welding fumes and solvents used by the painters. These 
neurotoxic chemicals have been shown to cause neuromuscular impairment [ 6, 7]. 

B. Objective, Purpose, Hypothesis, and Specific Aims 

Objective and Purpose: This pilot study was a cross-sectional investigation of retired 
unionized workers who have been employed in the construction trades. It is a 
collaboration between the University of Cincinnati and the Greater Cincinnati 
Occupational Health Center. The objective of the study was to determine the 1ong-tenn 
health consequences of having 20-30 years of very physically demanding jobs. The first 
purpose of this study was to conduct a pilot study to determine the physical health of 
retirees from the construction industry compared to those from less physically demanding 
occupations. The second purpose was to determine the feasibility of undertaking a larger 
health study in terms of cooperation from the unions as well as the retirees. 

Hypothesis: The overall study hypothesis is that retirees previously employed in the 
construction trades will experience a poorer quality of life and impaired physical 
functioning than do retirees who bad less physically demanding employment. 

This investigation was a pilot study to gather preliminary information on the status of 
retired workers in the construction industry compared to a similar group of workers who 
bad less physical demands on their neuromuscular system. There were two specific aims 
of the. study. 

Specific Aim 1: To conduct focus groups with retired union workers in the construction 
trades and non-construction work groups and learn how job activities performed during 
their work years may have affected their quality of life and experience of falls and slips 
with injuries thus far during retirement. 
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Specific Aim 2: To pilot test a survey instrument on a sample of unionized retirees from 
the construction trades and non-construction retiree unions in order to determine the 
feasibility and interest of retirees in participating and to describe the quality of their 
health during retirement. 

C. Research Design and Methods 

C.1. Focus groups (Specific Aim 1): Critical elements for an effective survey of workers 
and for efforts of enlisting worker cooperation for future studies include the following: 
needs assessment, establishing objectives, specifying training/education content and 
accounting for individual differences [8,9]. One direct method for obtaining this required 
information was to utilize focus groups involving retired individuals in six trade groups. 
The focus groups were undertaken to provide in-depth information on the attitudes, 
knowledge, perceptions and opinions of participants and their personal motivations, job 
related practices and retirement related experiences [10]. 

The specific purposes of the focus groups was: 1) to identify trade groups and job 
categories with high physical work demand; 2) to provide input for the development of 
the survey instrument, 3) to obtain the information necessary to implement the survey 
such as the best methods to gain cooperation for contacting subjects. 

The Greater Cincinnati Occupational Health Center (GCOHC) is a union-supported 
center designed to support training and the health and well being of its members. The 
GCOHC Director, Ms. Laverne Mayfield, recruited retirees to attend the focus group. 
The retirees met at the GCOHC. Three focus groups were held in early 2002 lasting one 
and a half hours. Six unions/trade groups were represented. Each retiree signed an 
informed consent prior to their participation. They were given refreshments and a $25 
incentive for tbeir time and travel. These groups were audio taped and then transcribed. 

A script was developed to moderate the group, and focused on answering three questions: 

l. What areas of activities of daily living and recreation have been affected by your 
previous work environment? 

2. What activities in your former work environments do you consider may affect your 
current health status and current quality of life related to your ability to do what you 
like or need to do? 

3. What programs would you like to have offered in order to improve your physical 
functioning or quality of life? 

C.2. Questionnaire survey (Specific Aims 2}: Home addresses were available from 
union records. A letter was included in the mailing describing the purpose of the study. 
Another letter from the union president was also enclosed encouraging participation as 
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well as a stamped self-return envelope and an informed consent to sign. A copy of the 
survey is found in appendix one. The unions addressed and mailed the packets in order 
to maintain privacy of the retirees' home. addresses 

The survey instrument was self-administered and required Jess than 1 0-15 minutes to 
complete. The purpose of the survey was to assess aspects of general health, medical 
status and quality of life on several dimensions including motor function, mobility, 
physical activity, dexterity, ability to undertake household activity, activities of daily 
living and issues related to pain. Questions were adapted from two well-validated fonns 
described below. In addition, questions were included that addressed falls and injuries 
while employed and in the last 12-months, demographics, and how tbe unions could 
better serve the retirees. 

The Sbort .. Form-36 Health Survey: This self administered instrument has ordinal data. 
Many studies have evaluated its reliability (median alpha reliability is 0.80) and validity 
(correlations with other scales ranged from 0.51-0.82). Sensitivity to physiologic change 
had a demonstrated high effect size of 0.67 patients having musculoskeletal disorders 
[ 11]. It addresses areas including physical functioning, role limitations, pain, social 
functioning, mental health, vitality, and general health perceptions. It is applicable for 
older subjects regarding health and quality of life issues. Because of the length of this 
instrument it was not appropriate for mailing particularly for an older population. 
Therefore, four questions were selected> that were found to be relevant. 

The Medical Outcomes Study Physical Functioning Measure (MOS): The MOS 
measures physical functioning and is sensitive at relati'vely high levels of physical 
function. Three items with high internal consistency for either physical functioning score 
and/or mobility were selected [11]. For the construction unions, surveys were provided 
to 50 retired members of the IBEW and 250 laborers. For the non-construction unions, 
250 retired members of the teachers union (including support staff) and 
230communication union members were mailed. 

C.3. Data Management and Analysis (Specific Aims 1-2): The focus groups were 
recorded and summaries were transcribed. These summaries were reviewed by the 
investigators and then analyzed qualitatively. 

The returned surveys were scanned and verified by Teleform®. A 10% quality check was 
done by verifying the Teleform® results with the hard copies. The data generated by the 
Teleform® system were converted into a format to be used for analysis by the SAS ® 

statistical software program. Responses to questions obtained from the SF~36 
questionnaire were scored to create a categorical scale from O to 100. A higher score 
represented a better state of health, Questions with.five category responses were coded in 
steps of 25. Scores for items in the same health dimension were averaged to create a 
scale from O to 100 with a higher score denoting better hea]th. Questions related to 
demographics, job characteristics, and falls were ordinally or categorically coded with 
each response level assigned a specific value. 
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Analyses were undertaken in order to convey the responses of the construction group and 
the non-construction group. The non-construction group was compared to the 
construction group. Additional analyses were also undertaken to compare only the males 
in the non-construction group as to the construction group comprised of all males. The 
female non-construction retirees were also evaluated separately. 

Data were analyzed using X2 for testing significance at the 0.05 and 0.01 levels. When 
the sample size was less than 5, the Fischer's Exact two-sided test was used to evaluate 
significance at the 0.05 and 0.01 levels. 

D. Results 

D.1. Results of Focus Groups 

There were three focus groups totaling 19 retired participants: 11 construction and 8 non­
construction. The participants from the construction trades included laborer (3), plasterer 
(3), pipe fitters (2), hod-carrier (1), truck driver (I), and pile driver (1). 

The non-construction members included offset printing (1 ), inspection/clerical/office (5), 
and teaching (2) Participants included 16 African Americans and 3 Caucasians. Of the 
19 participants there were 14 males and 5 females. The mean age of the participant was 
71.6 years with a range of 61-82. The average years worked in a trade/job was 33.5, with 
a range of 4-50. The average years retired was 9, with a range of 3-20. The unions 
represented by the participants included the Labor International, International 
Brotherhood of Electrical Workers (IBEW), American Federation of Labor and Congress 
of Industrial Organizations (AFL-CIO), United Brotherhood of Carpenters (UBC), 
Teamsters, and Teachers. 

Falls, Exposures and Physically Demanding Tasks 

Several participants reported serious falls at work made such comments as follows: 

"Once had to jump out of the way of a concrete f01m falling. Foreman decided there 
were enough hands to raise it without use of a crane. I landed face down on a steel deck 
(fell IO ft.) and was offwork". 

"While using ·a pry bar moving steel on a truck bed, I slipped and injured my back and 
am still affected". 

Retired construction participants reported that their most previous physically demanding 
job tasks related to current health problems included climbing scaffolding, stairs and 
ladders, balancing heavy loads with head and neck, lifting heavy pipe overhead, using 
jackhammers, pouring concrete, and pulling on chains and cables. Those working in 
plastering and maintenance also expressed concerns related to exposure to asbestos and 
the lack of a surveillance program for their prior asbestos exposure. 
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All construction retirees, however, reported having considerable job satisfaction. They 
were proud of the buildings they constructed and made statements such as, "As a 
plasterer, I could be creative and get lasting satisfaction", and "When I drive by a 
building I can tell my family I helped build that". 

Quality of Current Health and Family Life 

Generally construction retirees do not encourage their children to go into trades because 
"They can make money easier doing other things". Safety is another concern as one 
stated, "You could always tell when OSHA was coming, you would see them 
(management) cleaning up and getting everything in order". Current health problems 
related to work in construction included knee and neck pain, back injuries related to 
unloading materials and hearing loss. They also reported that there was considerable 
"racial inequalities in the trades". Also of concern was the stress related to "getting along 
with people, how people treat you, how you are able to work together". 

They felt their previous construction job bad definitely impacted the quality of their 
retirement life in a number of ways. Shoulder pain has affected bobbies including 
fishing, "I have difficulty casting and reeling". Hearing loss has affected their ability to 
communicate. Knee and shoulder pain bas impacted leisure activities such as golf ·"The 
pain affects my swing and walking the hills". Several participants reported difficulties 
with balance and falling. 

They identified several ways the union could assist retirees in general: 

• Provide more social activities 
• Implement a retirees club 
• Increase management's awareness of racial issues 
• Increase pensions, improve health benefits and do more toward establishing a 

national health care system. 
• "Seniors need help with prescription. They either go without their medicine or 

without other things they like to do." 
• Extend insurance coverage both medical (past age 65) and life 
• Seek more advice from membership 
• Make workplace safer 
• Provide more knowledge about exposure levels 

The SF-36 was pilot tested at the end of the focus group to determine ease in 
administration and to determine the most relevant questions for these retirees. The 
sample size was too small for meaningful analysis. Results from one question for the SF 
36 Health Questionnaire provides a summary of the overall findings, however. The 
question was "In general would you say your health is excellent, very good, good, fair or 
poor?'' The difference in the responses of retirees by union membership was startling as 
86.0% versus only 18.2% of non-construction and construction retirees, respectively, 
reported "very good to excellent". Thus the focus groups provided direction for 
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development of the final survey instrument and additional areas of concern that needed to 
be addressed such as disabilities in certain body regions. 

D.2. Results of Mailed Survey 

There were 780 surveys distributed and 251 completed the survey with an overall 
participation rate of 32%. As shown in table 1 the participation rate from the 
construction unions was 25% (n=77) compared to 35% (n=l 74) for the non-construction 
unions. Approximately half the participants were divided between Caucasian and 
African Americans (table 1 ). Though all of the construction trade members were male, 
only 18% of the non-construction trades were male. Therefore, to deal with a potential 
gender bias all results are reported with the non-construction group combined as well as 
divided by gender. Over 85% of both groups had over 25 years employment. The vast 
majority of the construction (68%) and non-construction (69%) participants had been 
retired for longer (table 2). The retired construction participants were slightly older with 
23% being 75 years or older compared to 7% of the non-construction retirees. 

Table 3 shows results of health and physical limitation questions from the SF-36 and the 
MOS by construction versus non-construction and by each gender in the non-construction 
group compared to construction. The results did not differ greatly by gender, and 
therefore, are described herein primarily by construction versus non-construction. 
Construction versus non-construction retirees were significantly and three times more 
likely to describe their health as poor, 42.1 % versus 14.0% and more than twice as likely 
to describe themselves as having severe to very severe bodily pain, 19.4% versus 8.4%, 
respectively. There was considerable dissatisfaction with their "physical ability to do 
what (they) want to do" with 22.4% versus 8.1% (p ~ .01) of construction versus non­
construction retirees reporting being very dissatisfied. The construction retirees (26.0%) 
versus the male non-construction retirees (9.4%) reported significant differences in 
reporting that they were very limited in physical functioning, but there were no 
significant differences among the retirees regarding the need for assistance. 

Very high role limitations were reported by 33.3% of the construction group versus 16.7 
% of the non-construction and by each gender. The construction group reported 
significantly more often that their health reduce the time that they could spend on regular 
daily activities as well as the type of daily activities they could perform. 

In regard to physical limitations by body region there was a significant difference with 
construction retirees reporting sever to very severe problems with their vision, neck or 
shoulders, elbow, hips, knees and ankle and feet (table 4). There was no significant 
difference in report of severe to very severe problems with hearing or upper and lower 
back pain. Questions were asked about injuries and falls occurring while at work prior to 
retirement. There was a significant difference in construction versus non-construction 
retirees reporting an injury requiring medical attention (27.3% versus 10.9%) and falls 
requiring medical attention (24.7% versus 5.6%) (table 5). Of interest, however the 
construction versus the non-construction group were less likely to report falling in the last 
12 months 15.6% versus 23.0%, respectively. 
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Because these retirees were all still dues paying members of their unions we asked how 
the unions could better assist them during their retirement years. They were given a list 
of six items inc1uding: implementing a retirees club, use of their knowledge to train or 
teach others, organize trips and tours, provide other social activities, improve health 
benefits, and seek more advice from me/membership. Of great importance to both groups 
was improvement of health benefits (table 6). The retirees were asked about educationa1 
programs to improve health such as exercise, balance, dental, medication, yoga, tai chi, 
mediation, or craft activities. Both groups expressed considerable interest in an exercise 
program while the construction retirees were significantly more interested in having 
additional dental and medication information. 

Discussion 

Once they leave the workplace, retired workers are often forgotten. The adverse effects 
of their life' s work, however, often remain with them until they die in terms of level of 
independence, pain and suffering. Workers in the construction trades traditionally 
experience a lifetime of physically demanding job tasks that may cause cumulative 
degeneration of all physiological systems and injury. Hence, it was hypothesized that 
they would sustain more traumas to their neuromusculature system than workers in more 
sedentary jobs. This hypothesis was confirmed. It is without question these construction 
retirees have a poorer quality of life than the non-construction group. Their former 
employment has seriously affected their ability to optimally enjoy their retirement years. 
Over forty percent of the construction, compared to 14% on the non-construction retirees 
described their health as fair to poor. A significant rate of construction versus non­
construction retirees, 19.4% and 8.4% reported severe to very severe bodily pain, and 
33.3% versus 16.3% respectively reported very high role limitations such as reduced time 
spent on daily activities and difficulty performing these activities. As described in the 
focus groups the retired construction workers are unable to optimally engage in their 
leisure activities such as fishing, golfing and walking. 

Construction versus non-construction retirees reported a significantly higher rate of falls 
occurring at work that required some type of medical attention, 24.7% and 5.6%, 
respectively. Surprisingly, falls occurring in the last 12 months of retirement were lower 
in the construction group (15.6%) versus 23.0% in the non-construction group. One 
explanation for this lower rate of falls may be related to the more limited physical 
functioning of the construction retirees. It is hypothesized that because construction 
retirees are less active they may be less likely to be exposed to activities which tend to be 
associated with fall. It should not be overlooked, however, that both groups had a high 
rate of falls that were sufficiently serious for them to seek medical attention. Other 
investigators have indicated that the number of falls in the non-institutionalized elderly, 
as was our study population, is higher than for those who live in a controlled and 
supervised environment of geriatric care (12]. Another investigation reported the 
incidences of fall for those .living in the community for 65 to 74 year olds is 25% to 30% 
and in those over 75 it is 35% to 50% [13-15]. The lower rate found in our cohort is 
likely related to differences in need for medical attention, as al] members of our cohort 
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had been in the work-force for many years, the well known healthy worker or "ex­
worker" effect. In the Hamilton County, Ohio 1999 injury surveillance report (where this 
study was conducted), it was shown that persons above the age of 65 years accounted for 
about 71 % of falls [1 6]. 

One important aim of the study was to investigate the feasibility of conducting a more 
comprehensive study such as this one in a larger population. We feel that this pilot study 
has shown that these studies are quite feasible. Those retirees that participated in the 
focus group expressed great appreciation that someone still cared about their work 
experiences and were concerned about their current quality of life. They all expressed 
gratitude for the opportunity to discuss their past and their present life experiences. Many 
of the focus group participants have remained actively engaged with additional activities 
organized by one of the investigators (LM) and continue to want to interact and be of 
service. The unions were very enthusiastic about participating in the study and 
demonstrated this enthusiasm by writing letters of support and addressing and mailing the 
packets. The response rate of the subjects with only one mailing was also typical of one­
time mailings and quite good considering the age and health problems of the elderly. 
There was very minimal missing data demonstrating that retirees were able to understand, 
complete and return the instruments. 

This research was a pilot study to determine if further work is needed in this area. As 
such, it has some limitations, and the results of the study should be interpreted with these 
in mind. The most important limitation is a potential response bias in the mailed survey 
as only 32% responded to the one time mailing. Although the response rate was 
somewhat lower in the construction group, this could be associated with their poorer 
health and somewhat older age. The lowest responding group was the communication 
union at 20%, who were one of the non-construction unions. This union was on strike, 
however, at the time of the study, which may have lowered their participation. Even if 
those responding were more likely to be the retirees with a health problem, (response 
bias) there remained major significant differences in the construction versus the non­
construction group. Another potential bias is related to the non-comparability of the 
comparison group especially related to gender. Though the non-construction unions were 
more highly represented by women, the responses of the men and women in the non­
construction group were quite comparable, and there were really relatively few 
differences between genders in the non-construction unions. 

In conclusion, it was shown that the construction retirees reported significant physical 
limitations for almost all body regions and a poorer quality of life. Though they gave 
their best years to the jobs over twenty-five years, their job has given them a legacy of 
continued health problems long after they have left the workplace. These retirees have a 
wealth of value information that could be tapped by their unions as well as the larger 
society with respect to assisting in bringing about change in the work practices of their 
trades to help minimize health problems among future construction workers. As noted in 
table 6 members of all unions expressed interest in teaching or providing advice. What 
better example to younger workers who may think their bodies are invincible than 
hearing and seeing what may eventually be their "reward" in future years. Such examples 
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will help provide fuel for developing intervention strategies to minimize ergonomic risk 
factors associated with their tasks. 
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A SURVEY TO COLLECT SAFETY-RELATED DATA FROM SMALL 
CONSTRUCTION COMPANIES 

Research Team: PI - Dr. Linda Goldenbar 

Abstract 

Much of the previous construction related safety research has focused on the 
unionized sector and on large construction companies. While this work has been 
extremely valuable in terms of identifying some of the major construction hazards, it may 
be limited due to the fact that approximately 80% of the construction workforces are not 
members of unions and 75% work for companies with fewer than 100 employees. The 
primary goal of the proposed study is to begin addressing this research gap by developing 
a survey instrument to collect safety-related data from owners of smaller (i.e. fewer than 
100 employees) construction companies. Three focus groups were used to develop the 
survey instrument. After revision of the survey questions, a web-based instrument was 
developed. Potential respondents from small construction companies were contacted by 
the AOC office to alert them to the website and the importance of responding. Eighty­
nine responses were received. Results indicated that management of small companies 
was rated fairly high in terms of support for safety programs. Employee safety was rated 
as an important company issue. Few differences in safety practices were found across 
categories of construction, but heavy highway construction exhibited somewhat less 
safety focus. 
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Significant Findings 

Although the AOC national office alerted the national membership to the web­
based survey using both their website and their newsletter, the number of responses was 
only 89. One possible reason for lower than expected response was the length of the 
survey and possible confusion in using too many "continue" buttons. Future web-based 
surveys aimed at small businesses should be shorter and simpler to use. Results of those 
responding showed several notable points. Management was generally rated fairly high 
by non-management in terms of their commitment to safety. Responses across 
construction categories showed that the heavy highway construction companies were 
notably lower in safety concerns than other categories. Although construction workers 
are hired through a variety of sources, several types (temporary employment agencies, 
job banks, and unemployment offices) would be unlikely to have provided prior safety 
and health training. 

Usefulness of Findings 

Although 89 responses does not provide a comprehensive view of safety practices 
among small construction companies nationwide, the results of this web-based survey 
may lead to better focused future research in this area. Results indicated that future web­
based surveys should be shorter, more focused, and simple to use. The apparent lower 
focus on safety programs by the heavy highway construction companies suggests that 
future safety research into small construction companies should target that industry. 

Background 

Approximately 80% of the construction workforces are not members of unions 
where much of the research to date has been focused. In addition, 75% of all 
construction workers are employed by companies with fewer than 100 employees. These 
are the very companies that often can not afford extensive safety programs or ongoing 
safety training. Record keeping is either not required for very small companies or 
deficient in many others. Consequently, little is know about safety issues in companies 
with fewer than 100 employees. Accordin'gly, we set out to develop a method for both 
reaching out to such small companies (often without a safety officer) and also assessing 
their commitment to health and safety training. 

Specific Aims 

1) Develop a survey instrument to assess the degree of commitment to health and 
safety programs among small construction companies. 

2) After survey instrument has been developed, utilize a web-based approach to 
reach a national sample of small construction companies and collect data on 
various safety issues. 

3) Summarize survey data, interpret results, and make recommendations for future 
research. 
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Methods 

A survey instrument for assessing health and safety trammg in open-shop 
construction companies was developed in earlier research (Goldenhar, et al, 2001). This 
instrument was used as the basis for refinement for use in surveying small construction 
companies. In order to better understand the safety concerns of small companies, three 
focus groups were held in the Cincinnati area. Professional facilitators were used to elicit 
areas where the original instrument should be refined. Results of the focus groups were 
used to refine the original questionnaire for use by small companies. The Dun and 
Bradstreet database was purchased to provide an estimate of the distribution of small 
companies across geographic locations and NAICS codes. In addition, the national office 
of the Associated General Contractors (AOC) was contacted and asked to assist us in 
making their membership aware of the coming survey. AOC agreed to put the survey on 
their website, as well as include an item concerning the survey in their newslener. 

The survey appeared on the AGC website in mid-January, 2003. The data was 
swept directly into an Access database maintained at the University of Cincinnati 
Institute for Health PoJicy and Health Services Research. Data was collected for 
approximately one month. Only 4 of the 89 companies responding answered all sections 
of the questionnaire. Most stopped at question 18 when more detailed information was 
requested. Fortunately, most of the important questions occurred in the first 18 items. 

Results 

The following tables summarize the data for 89 usable respondents. 

Table 1 Respondent Description 

Type of respondent N % 
General contractors 32 36 
S&H personnel 25 28 
Other 32 36 

Union shop 40 45 
Open or Merit shop 49 55 
Type of Construction 

Heavy hi2hway 25 28 
Buildin2 contractor 64 72 

OSHA Reeion 
East (1, 2. 3) 18 20 
South (4, 6) 21 24 
Midwest (5, 7) 32 36 
West (8, 9, 10) 18 20 

Number of craft workers hired per year 
< 100 54 61 
100-300 27 30 
>300 8 9 
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Table 2 Safety Ratings 

Management support of H & S programs ( scale: 1-10) 

Mean 

Overall 8.11 
Heavy Highway Contractors 5.71 
Building Contractors 8.60 

Union shop 8.38 
Open/Merit shop 7.89 

Importance given to safety (scale: 1-5; 5 is highest) 

Mean 

Overall 3.10 
Heavy Highway Contractors 2.56 
Building Contractors 3.29 

Union shop 3.07 
Open/Merit shop 3.11 
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Table 3 Qualitative Summary of Results 

A. Sources for Hiring Employees Rank Order of Use 
I) References 
2) Advertising 
3) Union Hall 
4) Apprenticeship Programs 
5) Manpower/Temps 
6) Recruit from Other Finns 
7) Unemployment Offices 
8) Job Banks 

By type of contractor: 

Building contractors - higher% from manpower 
Open/Merit shops - higher % from manpower & unemployment 
Midwest higher % from union halls 

B. Have workers had: 

1) Ski11s Training? 
2) Safety & Health Training? 

The majority of respondents said YES to both Qs. 

However, some categories of respondents had a somewhat high % of Nos. 
Including: 

• General Contractors 
• Heavy Highway Builders 
• Union Members 
• Located in the Western OSHA regions 
• Located in the Mid-West OSHA regions 

C. Is safety a line item in the company's budget? 
& 

Is safety a part of project estimates? 

Majority of Heavy Highway Contractors said NO to: 
Line Item (No= 52%) 
Project Estimate (No= 61 % ) 

More open/merit shops (44%) than union shops (32%) said NO to Line Item 
question. 
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Table 3 Qualitative Summary of Results (cont'd.) 

D. How is safety communicated to employees? 

All 16 categories were checked by at least 5 respondents. 

Those most cited were: 
Written policies 
Provision of safety equipment 
Weekly toolbox talks 
Formal programs 
Designated safety supervisor 
Know ledge that employee can be fired 

Those least cited were: 

Discussion 

Task-specific training 
Incentives 
Give safety warnings 

The survey attempted to work through the AOC to reach a national sample of 
small construction companies. The number of respondents answering the survey through 
the AGC website was a somewhat disappointing 89 companies. However, since this was 
the first ever such effort to conduct a national survey of small construction companies, 
several valuable lessons were learned. The survey probably should have been shorter and 
more focused. In addition, the skip patterns and "continue" buttons seemed to confuse 
some respondents. 

Results indicated that the heavy highway construction companies had a somewhat 
lower level of commitment to safety than building contractors. There appears to be little 
difference in commitment to safety between union and open shops. 

The survey had several limitations that may affect its generalizability. Obviously, 
the relatively low sample size impedes our ability to make comparisons across types of 
construction, geographic regions, and union/open shop designations. Low sample size 
may also reflect selection bias such that the respondents may be different, e.g. more 
committed to safety, than the general population of small companies. Also, due to time 
constraints on the project, the survey was only available for one month. This could also 
have affected response rates. 
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Conclusion 

We learned several things from this survey project that should be valuable to 
NIOSH in future studies of small construction companies. First, it is very difficult to 
collect data from small companies. Our web-based approach, while not as successful as 
hoped, reached all regions of the country. Future efforts using this approach should keep 
the survey instruments relatively short and simple to use. Second, of the various types of 
construction industry responding, heavy highway construction appeared to place less 
attention on safety programs than building contractors. Accordingly, highway 
construction by small companies could be an area that NIOSH may wish to target for 
additional safety research. Lastly, there was no evidence of a difference in commitment 
to safety between union and open shops. 
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SAFETY IN TRENCHING OPERATIONS 

Research Team: PI - Dulcy M. Abraham; Post-doctoral research assistant: Reini 
Wirahadikusumah, Graduate students: Javier Irizarry, Carlos Arboleda, 
undergraduate students: Julie Reinbold, Lori Warner, Cristina Erazo, John 
Molnar, Zeid Hajhassan. 

ABSTRACT 

Excavation work is one of the most hazardous types of work done in the 
construction industry. More than 65 construction workers are killed each year due to 
trench related accidents (Arboleda 2002). Trench cave-ins cause serious and often fatal 
injuries to workers in the United States. Even though heavy construction equipment, such 
as crane or backhoe excavator, is used to perform the task of pipe laying in the trench, 
workers are required to be in the trench to guide trench excavation, pipe laying, and final 
alignment. The primary type of accident in excavation-related work is a cave-in. 
However other causes such as, unsafe equipment operations, encounters with of 
unidentified utilities, and contact with underground buried power lines have also been 
identified 

Trenching operations are executed principally by water, sewer, utility lines and 
heavy construction companies. The value of construction work executed by these 
companies represents 2.6% of the total volume of construction in the United States. In 
total, these companies experienced 166 fatalities during the year 2000. According to an 
analysis of workers' compensation claims in the Supplementary Data System of the 
Bureau of Labor Statistics (BLS), there are approximately 1,000 works related injuries 
each year due to excavation cave-ins. Of these, about 140 result in permanent disabiljty 
and 75 in death (NIOSH 1995). 

The specific problem addressed in this study was "how" and "why" fatalities· 
occur in trenching operations and what measures can be adapted to prevent them. The 
preventive strategies are based on the results of the data analysis, an evaluation of the 
existing safety standards based on OSHA, and an analysis of successful construction 
practices implemented by construction companies in the Midwest. 

The primary objectives of this study were to: a.) Identify the major causes of 
fatalities in trenching operations, based on the statistical analysis of historical data from 
OSHA. b.) Identify the major correlations between the main causes of fatalities in 
trenching operations based on the analysis of fatality reports from OSHA. c.) Identify the 
chain(s) of events leading to fatalities in trenching operations based on the results of the 
data analysis, and the relationships between the two models selected to analyze the 
fatality reports. d.) Define strategies to prevent fatalities in trenching operations and 
compare these strategies with the existing standards. e.) Analyze successful practices 
adopted by construction companies in the Midwest in order to prevent accidents in 
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trenching operations, and the relationship between these practices and the major causes of 
fatalities. 

The major causes of fatalities in trenching operations, their interactions, and the chain 
of events leading to accidents were identified in this study. Two different models to 
analyze the fatality reports were used as the relationships between these two models 
helped to develop the strategies to prevent trenching accidents. The first model considers 
the causes related to physical processes, and the second model evaluates causes that can 
be linked to human behavior. Finally, these strategies were compared with the existing 
standards in order to determine if it is necessary to add new procedures or modify 
existing standards in order to improve effectiveness in implementation in safety 
procedures. 

The analysis based on two different accident causation models provided information 
regarding the "how" and the "why" of trenching fatalities. Under the Behavioral Causes 
Model, the major causes of trenching fata}jties are: lack of safety equipment, practice of 
unsafe methods or sequencing, and lack of proper training. The Type of Accident Model, 
points out that the major causes of fatalities in trenching operations are: caught in or 
crnshed in collapsing material (cave-ins), caught in or compressed by equipment or 
objects, and strnck by object. In cases where cave-ins occurred, safety equipment was not 
provided in a majority of the cases 

The findings of this study show an alarming trend that smaller contractors (for 
example, contractors having fewer than 50 workers), and those working on small projects 
(costs below US$250,000), tend to have higher rates of fatalities. The smaller contractors 
tend to be less prudent in adhering to the existing safety standards and in many cases, the 
fata1ities can be attributed to their failure in providing adequate protection systems, 
failure to use these systems or failure to perform the work in a safe manner. To improve 
safety in trenching operations, His necessary to provide adequate and appropriate safety 
equipment at the right time; reinforce specific training in the use of such equipment and 
safe construction procedures; and institute a more effective planning process prior to 
onset of trenching operations. In addition, it is important to identify the hazards on the job 
site and define the strategies to prevent accidents 

SIGNIFICANT FINDINGS 

The significant findings are divided in two major categories. The first category 
shows the results based on the analysis of 296 trenching fatality reports from OSHA. This 
analysis was done applying two different models of accident causation. The second 
category presents the major conclusions of 16 interviews conducted with construction 
practitioners in the Midwest. 

Based on the analysis of 296 trenching fatality reports from OSHA in the 1997-2001 
time frame, the major findings of this study are: 
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• Based on the Type of Accident Model, the major type of accident in trenching 
operations is cave-ins, followed by caught in or compressed by equipment or objects 
and struck by object, usually backhoes or pipes during the installation process. Based 
on the Behavioral Causes Model, the major causes are: lack of safety equipment, 
practice of unsafe methods or sequencing, and lack of proper training. 

• The analysis of fatality reports showed that sixty eight percent (68%) of the fatalities 
occurred in trenches with depth less than three meters (10 ft). The average depth of 
the trench was 3.1 m (10.3 ft). All the fatalities caused by electrocution occurred in 
trenches less than 3 m (10 feet) deep. 

• When cave-ins occurred, 49% of the fatalities occurred in projects with costs under 
US$ 250,000 and 73% of the fatalities in projects with costs under US$ 1,000,000. 
Also, 31 % of the accidents occurred in projects with fewer than 10 workers and costs 
under US$ 250,000,. i .e., when the project is smaller, the likelihood of a trench cave­
in is higher. A possible reason is that the smaller projects are executed by small 
contractors who may not necessarily address the safety standards adequately or they 
do not have sufficient budgets to provide safety equipment. 

• In projects with costs under US$ 250,000, the major causes of fatalities were lack of 
safety equipment (47%) and unsafe methods or sequencing (28%). ln 55% of the 
projects with cost under US$ 50,000, the major cause was lack of safety equipment. 

• Analyzing the number of employees on site when the fatality occurred, 63% of the 
cases the job site had fewer than 10 workers and 83% of the times the companies had 
fewer than 49 employees in total. When the project had fewer than 10 workers on site, 
in 48% of the fatalities the major cause was Jack of safety equipment. When lack of 
safety equipment was identified as the major cause of the fatality, 84% of the 
companies had fewer than 50 employees in total. 

• Trenching operations accidents can happen in any month of the year. However, 
during May and October, peaks in frequency of fatalities were observed. 

• The distribution of fatalities based on the time of the day, is almost uniform from 
8:00am through 4:00 pm. The highest number of cave-ins occurred between 12-2 pm. 

• During the period 1997-2001, 46 states reported fatalities in trenching operations. The 
state with the highest number of fatalities is Texas (12% ), followed by California (7%) 
and Michigan, Missouri and Ohio with (5% ). 

• Of the two hundred ninety six (296) trenching fatalities, 250 (84%) occurred on 
nonunion projects and 46 (16%) occurred on union projects. 

Based on the -interviews conducted with sixteen construction practitioners located in 
the Midwest, the major findings of this study are: 

• The existing safety standards are deemed to be reliable and can help to prevent 
fatalities in trenching operations when they are correctly applied. However, in many 
instances, construction workers take unnecessary risks, and the "tough guy" culture 
continues to prevail on job sites. 

• The interviews also indicated that the construction industry has learned how to 
identify the major causes of accidents based on the Type of Accident Model. In 
addition, it is important to note that the industry considers cave-ins accidents as the 
most important cause of fatalities, but also recognizes the existence of other type of 
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accidents in trenching operations, such as struck by object, caught in or compressed 
by equipment or objects, and contact with electric cu1Tent. 

• Independent of their roles, all the practitioners considered caught in or crushed in 
collapsing material (Cave-ins) as the major cause of trenching accidents. This result 
is in accordance with the findings in the analysis of fatality reports from OSHA, and 
reflects a good understanding of the causes of trenching fatalities by the construction 
industry. 

• Based on the interviews, it may be inferred that construction practitioners do not 
consider a single safety strategy as most important to prevent accidents in trenching 
operations. In addition, it appears that the companies are implementing several safety 
strategies simultaneously. 

• The results of the interviews showed that the safety strategy assess site conditions is 
very important to the construction industry. However, the analysis of the OSHA 
reports showed that other strategies, such as training, provide safery equipment, and 
plan and control of methods are more important. This does not mean that the industry 
is unwise assigning these resources, but that the focus is not necessarily on the major 
strategies based on the analysis of OSHA reports. 

USEFULNESS OF FINDINGS 

The study showed that the existing safety standards from the Occupational Safety 
and Health Administration - OSHA (OSHA 1989) are reliable and can help to prevent 
fatalities in trenching operations when they are correctly applied. However, according to 
the analysis of fatality reports, it is necessary to enforce the application these standards on 
the job site to prevent fatalities among construction workers. 

The inclusion of the construction practitioner's perspective regarding the major 
strategies to -prevent trenching fatalities, provided a cJearer picture of the issues in 
trenching safety, and bow the strategies developed by the construction industry differ 
from the strategies required based on the analysis of trenching fatalities from OSHA. 
Based on the analysis of results, it may be inferred that the construction practitioners do 
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not consider a single strategy as most important to prevent accidents. In addition, it 
appears that the companies are implementing several strategies simultaneously, but the 
outcome of the appUcation of these strategies is not necessarily the prevention of the 
fatalities because the focus is not necessarily on the major strategies based on the analysis 
of OSHA reports. This conclusion is based on the comparison between the results of the 
interviews and the analysis of the fatality reports from OSHA. The comparative analysis 
was done using the Bonferroni correction/adjustment procedure. This method allows 
multiple confidence intervals to be constructed while still assuring that an overall 
confidence coefficient is maintained. 

To prevent fatalities on job sites, the construction companies have been 
developing strategies (such as daily safety planning meetings, increasing involvement of 
owners in planning for safety, increasing accountability by workers and support by top 
management, control of minor accidents, etc.) to improve the safety of workers. These 
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strategies are based primarily on prior experiences of safety directors, and have the 
potential to decrease construction fatality rates. However, the impacts of these strategies 
have not been analyzed collecting data from the construction projects in order to know if 
these practices are effective in the prevention of trenching fatalities. 

SCIENTIFIC REPORT 

Background for the Project 

According to OSHA (OSHA 2002), excavation work is one of the most hazardous 
types of work done in the construction industry. A significant component of the 
excavation work in the construction industry is trenching operations. These operations are 
performed using heavy construction equipment, such as crane or backhoe excavator. 
Nevertheless, workers are required to be in the trench to guide trench excavation, pipe 
laying, and final alignment. The primary type of accident in excavation-related work is a 
cave-in. However other causes such as, unsafe equipment operations, encounters with of 
unidentified utilities, and contact with underground buried power lines have also been 
identified based on the analysis of fatality reports. 

When a trenching accident occurs, it is generally associated with the failure of the 
trench wall. In most incidents involving workers, the workers are either struck by earth, 
materi'als or they are caught in-between the trench walls that move together. 
Constructions companies have to follow the OSHA standards when working in 
excavations and trenching. The existing standards have all the information that the 
contractors need regarding the procedures, specifications, soil classification and possible 
alternatives to protect workers in trenchfog operations. Nevertheless, accidents still occur 
on the job sites. Poor safety not only hurts the workers but also the companies that hire 
them, the families of workers, and the community. The benefits of improved occupational 
safety include increased efficiency; competitiveness and profitability; reduced delays, 
disputes, and conflict; and positive publicity. 

In addition to fatalities, injuries caused in construction actlv1t1es are costly in 
terms of direct and indirect costs to the construction industry. The direct costs include 
medical costs and other worker's compensation insurance benefits. These direct costs of 
accidents are not fixed and they vary depending upon the prior safety records of the 
company and the magnitude of the accident. The indirect costs include Jost productivity 
among co-workers and management, liability cJaims from injured workers who sue 
contractors for additional payments beyond their worker-men claims, job schedule delays, 
added administrative time, training of replacement personnel, and reduced worker morale, 
especially when fatalities occurred. Indirect costs have traditionally been calculated by 
multiplying the direct cost by an indirect cost multiplier. Various estimates of this 
multiplier range from 2 to 20 times direct costs. Everett and Frank (1996) established a 
range for the Indirect Cost Multiplier (ICM= Indirect Costs/ Direct Costs) with values 
between 1.65 and 2.54. The benefits of improved occupational safety include increased 
efficiency; competitiveness, and profitability; reduced delays, disputes and conflict. 
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Problem Statement 

Previous studies of fatalities in trenching operations have focused in "how" the 
fatalities occur. In this study, the specific problem addressed was the dual analysis of 
''how" and "why" fatalities occur in trenching operations and what measures can be 
adapted to prevent them. The major causes were found analyzing fatality reports from 
OSHA and the preventive strategies are based on an evaluation of the existing safety 
standards based on OSHA, and an analysis of successful construction practices 
implemented by construction companies in the Midwest. 

The major causes of fatalities in trenching operations, their interactions, and the 
chain of events leading to accidents were identified in this study. Two different accident 
causation models to analyze the fatality reports were used as the relationships between 
these two models helped to develop the strategies to prevent trenching accidents. The first 
model considers the causes related to physical processes, and the second model evaluates 
causes that can be linked to human behavior. Finally, these strategies were compared with 
the existing standards in order to determine if it is necessary to add new procedures or 
modify existing standards in order to improve effectiveness in implementation in safety 
procedures. 

Specific objectives and results 

Objective No.I 

Identify the major causes of fatalities in trenching operations, based on the statistical 
analysis of historical data from OSHA. (296 trenching fatality reports from OSHA in the 
1997-2001 time frame were analyzed). 

Results: 

The distribution of accidents based on the Type of Accident Model is presented in 
Table 1. The major type of accident :in trenching operations is cave-ins, followed by 
caught in or compressed by equipment or objects and struck by object, usually backhoes 
or pipes during the installation process. 

The distribution of fatalities based on the Behavioral Causes Model is presented 
in Table 2. The major human causes in trenching accidents are: safe equipment not 
provided and unsafe methods or sequencing. The first cause names the lack of safety 
equipment is more relevant when cave-ins fatalities occurred. The second cause mentions 
the equipment and materials maneuvers that are necessary on site (i.e., to move the pipes 
into the trench and/or to install the protective systems, to move the trench boxes and to 
excavate and backfill the trench). 
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Table I. Distribution of fatalities by the Type of Accident Model - BLS Codes 

Group Type of Accident Code Description 

02 Sltuck by Object 
021 Sttuck by falling object 
029 Struck bv obiect 

03 
Caught·Compressed by 
e<iuloment or obieots 

031 Caught In running equipment or machinery 
039 Caught In or compressed by equipment or objects 

04 
Caught-crushed In collapsing 
material 

041 Excavation or trenching cave-in 
044 Caught ih or crushed In collapsing structure 

049 Caught in or crushed in collapsing materials 

11 Fall to lower level 
1124 Fall from ground level to lower level 

31 Contact with electric current 
311 Contact with electric current of machine, tool, 

appliance, or light fixture 
313 Contact with overhead power lines 
314 Contact with underground, buried power lines 

38 Oxvnen deficiencv 
381 Drowning, submersion 
389 Other oxvaen deficlencv 

52 Explosion 
522 Explosion of pressure vessel or piping 

99 Others 
9999 Other events or exoosure 

Table 2. Distribution of fatal ities based on the Behavioral Causes Model 

Major Cause 

Lack of proper training 

Deficient enforcement of safety 

Lack of safety equipment 

Unsafe methods or sequencing 

Unsafe site conditions 

Not using provided safety equipment 

Poor attitude toward safety 

Isolated, sudden deviation from prescribed behavior 

Fatalities(%) 

16.6 

6.8 

42.2 

27.0 

0.3 

2.7 

0.7 

3.7 

% 
15.2% 
5.4% 
9.8% 

16.6% 

1.4% 
15.2% 

54.7% 

51.4% 
1.7% 

1.7% 

0.7% 
0.7% 
7.8% 
0.7% 

5.1% 
2.0% 
1.7% 
1.0% 
0.7% 
2.4% 
2.4% 

1.0% 
1.0% 

V-7 



Obiective No.2 

Identify the major correlations between the main causes of fatalities in trenching 
operations based on the analysis of fatality reports from OSHA 

Results: 

The relationships between the Type of Accident Model and the Behavioral Causes 
Model are presented in Table 3. For each group in the Type of Accident Model, the major 
human causes are shown. 

Table 3. Relationships between the Type of Accident Model and the Behavioral 
Causes Model 

Code Type of Accident Behavioral Causes % 
02 Struck by object 

Unsafe methods or sequencing 58 

Lack of proper training 31 
Deficient enforcement of safety 4 
Others 7 

03 Caught in or compressed 
by equipment or objects 

Unsafe methods or sequencing 47 
Lack of proper training 37 
Isolated, sudden deviation from prescr 6 
Others 10 

04 Caught in or crushed in 
collapsing materials 

Safe equipment not provided 75 

Deficient enforcement of safety 9 
Unsafe methods or sequencing 7 
Others 9 

31 Contact with electric current 

Unsafe methods or sequencing 70 
Lack of proper training 30 

52 Explosions 
Unsafe methods or sequencing 43 
Deficient enforcement of safety 29 
Poor attitude toward sat ety 14 
Others 14 
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Objective No.3 

Identify the chain(s) of events leading to fatalities in trenching operations based on the 
results of the data analysis, and the relationships between the two models selected to 
analyze the fatality reports. 

Results 

Accidents in construction sites often result not from a single cause but from a 
chain of circumstances or events, and in many cases involve human error or human 
negligence. Therefore, focusing also on human contributions to the accident chain can be 
useful to prevent accidents. The results obtained from the Behavioral Causes Model and 
the Type of Accident Model provided meaningful guidance to illustrate how the 
trenching fatalities occur. 

Based on the analysis of reports, the interviews with construction practitioners 
and the visits to construction job sites, it is possible to conclude that the fatalities in 
trenching operations are the result of a combination of unsafe practices by the 
construction workers and management during the planning and execution process. The 
link between the strategies needed to prevent accidents and the activities involved in 
trenching operations is shown in Figure 1. In th.is figure, an integrated model of trenching 
operations is presented. This model considers: 

a.) The strategies to prevent the fatalities based on the Behavioral Causes Model 
b.) The activities to be executed during the planning and execution phases 
c.) The major causes based on the Type of Accident Model. 
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Obiective No.4 

Define strategies to prevent fatalities in trenching operations and compare these strategies 
with the existing OSHA standards. 
Results 

All the major causes of fatalities in trenching operations based on the Type of 
Accident Model can be addressed by the existing OSHA standards. However, when the 
Behavioral Causes Model is taken into account, some issues such as pre-planning and 
specific training in trenching operations are not addressed by the existing OSHA 
standards. For instance, the actual excavation standard does not mention the planning 
process as a requirement prior to commencement of trenching operations 

Table 4. Comparison between causes based on the Type of Accident Model and the 
existing OSHA standards (OSHA 1989) 

Group Causes based on Type of Standard ID Description 

Accident Model 

02 Struck by object. 1926.651 .e No employees shall be permitted 
Ex: Struck by object, struck by underneath loads handled by lifting or 
falling objects, struck by digging equipment. Employees shall be 
swinging or slipping object required to stand away from any vehicle 

being loaded or unloaded to avoid being 
struck by any spillage or falli ng materials 

03 Caught-Compressed by 1926.651.f When mobile equipment is operated 
equipment or objects adjacent to an excavation, or when sacb 
Ex: Caught in or compressed by equipment is required to approach the edge 
equipment or objects. caught in of an excavation. and the operator does not 
running equipment or machinery have a clear and direct view of the edge of 

the excavation. a warning system shall be 
utilized such as barricades, and or 
mechanical signals, or stop logs. 

04 Caught-crushed in collapsing 1926.651.i Stability of adjacent structures 
material 1926.621.j Protection of employees from loose rock 
Ex: Excavation cave-ins. caught 1926.652.a Protection of employees in excavations 
in or crushed in collapsing 1926.652.b Design of sloping and benching systems 
structure, caught in or crushed in 1926.652.f Sloping and benching systems 
collapsing materials 1926.652.g Shield systems 

31 Contact with electric current 1926.651.b Underground installations. The estimated 
Ex: Contact with electric current location of utility installations, such as 
of machine, tool, appliance, or sewer, telephone, fuel, electric, water lines, 
light fixture; Contact with or any other underground installations that 
overhead power lines; Contact reasonably may be expected to be 
with underground, buried power encountered during excavation work, shall 
lines be determined prior to opening an 

excavation 
52 Explosio11s 1926.651.b Underground installations. 

Ex: Explosion of pressure vessel 
or piping I 



Table 5. Comparison between causes based on the Behavioral Causes Model and the 
existing OSHA standards (OSHA 1989) 

Causes based on Behavioral Causes Standard ID Description 

Model 

Lack of safety equipment 1926.652.a.(l) Each employee in an excavation shall be 
protected from cave-ins by an adequate 
protective system (Shoring, sloping, 
shielding or benching) 

Unsafe methods or seque11cinR No reference in the excavation standard 
Lack of proper training No reference in the excavation standard 

1910.146.g Confined spaces. The employer shall 
provide training. 

1910.132.f General requirements. The employer shall 
provide training to each employee who is 
required to use personal protective 
equipment. 

Deficient enforcement of safety 1926.650.b Competent person 
1926.651.k Daily inspections of excavations 

Exposed employees shall be removed from 
the hazardous areas once they are found by 
the competent person 

Isolated, sudden deviation from No reference in the excavation standard 
prescribed behavior 

Tables 4 and 5 show the comparison between the existing safety standards and the 

causes of trenching fatalities based on the Behavioral Causes Model and the Type of 

Accident Model respectively. 

Objective No.5 

Analyze successful practices adopted by construction companies in the Midwest in order 
to prevent accidents in trenching operations. 

Results 

Eight (8) interviews were conducted with safety directors from companies located 
in the Midwest in order to have a better understanding of the safety issues in trenching 
operations and the strategies developed by the construction companies to prevent these 
accidents. Table 6 shows the questions asked and the issues explored. 

The discussions with safety directors revealed that management has come a long 
way in recognizing safety issues. More and more top management are pledging their 
commitment and taking concrete actions in providing a safe working environment. In 
addition, many companies have comprehensive safety and health programs that include 
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incentive programs (e.g., financial), as well as workers' accountability schemes. The 
safety directors realize that the importance of an integrated program and the need to 
inform workers that management is seriously reinforcing the programs. A summary of the 
practices described henceforth are shown in Table 7. 

Table 6. Interviews with safety directors 

Question asked 
Trenching procedures developed in their 
com anies 
Major concerns that they have when 
trenchin o erations are under execution 
Strategies to prevent accidents implemented 
in their companies 
Results obtained once the procedures were 
im lemented 
Existing standards 

Description of accidents 

I Issues to be explored 
I Trenching construction process 

Identification of potential hazards in 
trenchin 

l Successful procedures to prevent 
fatalities 

j Strategy suc~ess (r~du_ction of accidents 
1 rates, reduction of mdirect costs) 
Issues encountered when applying the 
existin standards 
Chain of events leading to accidents 

Table 7. Summary of the successful practices 

Practice Construction I Participants 
phase 

Safety planning meetings Planning Design team, subcontractors, project 
engineers, foremen , a representative 
of the owner, insurance company, 
and contractor's safety officer 

Daily safety meetings Execution Foremen, subcontractors 
Safety training 

General safety training Planning Engineers, foremen, workers 
Specific safety training Execution Subcontractors 

Incentive programs Execution Engineers, foremen, subcontractors, 
administrative personnel 

Top management support Execution Top management, project engineers 
Owner' s ro1e Planning Representative of the owner 

Execution 
Accounting practices Execution Project engineers, financial division 
Increasing accountability Execution Project engineers, foremen, workers 
of workers 
Control of minor Execution Project engineers, foremen 
accidents 
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Methodology 

The general research approach to the study was based on statistical analysis of the 
historical data of fatalities in trenching operations. The data was obtained from OSHA, 
BLS and NIOSH records. Two hundred ninety six (296) fatality reports were analyzed in 
order to identify the causes of the fatalities based on two different accidents causation 
models. This analysis assisted in identifying the major causes regarding accidents in 
trenching operations and the major correlations between these causes. Once the 
relationships between the major causes were identified, it was possible to find the chain 
of events leading to accidents. 

The chain(s) of events helped in defining strategies to prevent accidents in 
trenching operations. The findings of the study were discussed with construction 
practitioners from the industry to acquire feedback (Figure. 2). The input from 
construction companies was obtained by sixteen (16) in-depth interviews. A comparison 
of the results obtained from the analysis of fatality reports and the results obtained from 
the interviews with construction practitioners, helped to define the successful strategies 
for preventing fatalities in trenching operations. These strategies are considered 
successful because they helped to reduce the number of injuries in trenching operations in 
the interviewed companies. 

Literature 
Review 

Analysis of Historical 
Data 

Identification of the 
major causes 

Type of 
Accident 

Model 
Causes 
Model 

Relationships between 
causes 

Figure 2. Research methodology 
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Results and Conclusions 

The Behavioral Causes Model and the Type of Accident Model were selected to 
analyze OSHA reports of accidents in trenching operations in the 1997-2001 time frame. 
The analysis based on these two models provided information regarding the "how" and 
the "why" of trenching fatalities. Under the Behavioral Causes Model, the major causes 
of trenching fatalities are: lack of safety equipment, practice of unsafe methods or 
sequencing, and lack of proper training. The Type of Accident Model, pojnts out that the 
major causes of fatalities in trenching operations are: caught in or crushed in collapsing 
material (cave-ins), caught in or compressed by equipment or objects, and struck by 
object. ln cases where cave-ins occurred, safety equipment was not provided in a majority 
of the cases; when the victim in the trenching fatality was struck by materials or 
equipment, a lack of training and unsafe methods or sequencing were identified as the 
cause of the fatality based on the Behavioral Causes Model. 

Based on the analysis of fatality reports, this study found that smaJler contractors 
(for example, contractors having fewer than 50 workers), and those working on small 
projects (costs below US$250,000), tend to have higher rates of fatalities. The smaller 
contractors tend to be less prudent in adhering to the existing safety standards and in 
many cases, the fatalities can be attributed to their failure in providing adequate 
protection systems, failure to use these systems or failure to perform the work in a safe 
manner. To improve safety in trenching operations, it is necessary to provide adequate 
and appropriate safety equipment at the right time; reinforce specific training in the use of 
such equipment and safe construction procedures; and institute a more effective planning 
process prior to onset of trenching operations. In addition, it is important to identify the 
hazards on the job site and define the strategies to prevent accidents. The anaJysis of 
fatality reports showed that sixty eight percent (68%) of the fataJities occurred in trenches 
with depth less than three meters (10 ft) and according to the existing OSHA standards, it 
is necessary to provide adequate protective systems in trenches deeper than 1.5 m (5ft). 

The interviews conducted with sixteen construction practitioners located in the 
Midwest ascertain that the existing safety standards are deemed to be reliable and can 
help to prevent fatalities in trenching operations when they are correctly applied. 
However, in many instances, construction workers take unnecessary risks, and the "tough 
guy" culture continues to prevail on job sites. For instance, in many cases, when the 
trench is to be open for Jess than three hours, the crews involved in trenching operations 
tend to ignore the safety requirements, i.e., use of safety equipment, detai led analysis of 
soil condition, presence of competent person, etc., because they believe that the 
pipelaying operation will be completed and the trench closed, without posing any safety 
risk. 

The interviews also indicated that the construction industry has learned how to 
identify the major causes of accidents based on the Type of Accident Model. In addition, 
it is important to note that the industry considers cave-ins accidents as the most important 
cause -of fatalities, but also recognizes the existence of other type of accidents in 
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trenching operations, such as struck by object, caught in or compressed by equipment or 
objects, and contact with electric cu"ent. This indicates that the construction industry has 
learned the planning process in order to include other causes of fatalities. 

Regarding the strategies to prevent fatalities in trenching operations based on the 
Behavioral Causes Model, the results showed an important variability compared with the 
results obtained from the analysis of OSHA fatality reports. The distnbution of resources 
assigned by each individual in each strategy depends upon. the type of company, size of 
the company, the role in the company, and the previous construction experience. 
However, it is possible to conclude that the construction industry does not allocate 
sufficient resources in the major strategies to prevent accidents. 

To prevent fatalities on job sites, the construction companies have been 
developing strategies (such as daily safety planning meetings, increasing involvement of 
owners in planning for safety, safety training, incentive programs increasing 
accountability by workers and support by top management, control of minor accidents, 
etc.) to improve the safety of workers. These strategies are based primarily on prior 
experiences of safety directors, and have the potential to decrease construction fatality 
rates. 

Study Contributions 

a.) Major causes of fatalities in trenching operations. 

Thus far, research in trenching safety has focused on the Type of Accident Model, 
implying that the ''how's" of the accidents are known. 1n addition, the results of the 
interviews conducted with construction practitioners showed that the construction 
industry has a clear understanding of the different types of accidents involved in 
trenching operations. However, when the "why's'' of the accidents are studied, it was 
found that the opinion of the construction practitioners regarding these human causes of 
accidents has a high variability. This indicates that the industry is not necessarily focused 
on the major strategies to prevent accidents. 

This study showed the major causes of fatalities not only based on the Type of 
accident Model, but also based on the Behavioral Causes Model. When the major causes 
were identified, the major relationships between the models were explained. The 
understanding of these relationships will help to develop better strategies to prevent 
trenching fatalities. 

b.) Integrated model of trenching operations. 

1n this study, an integrated model of trenching operations was presented. This 
model considered the strategies to prevent the fataJjties based on the Behavioral Causes 
Model , the activities to be executed during the planning and execution phases and the 
major causes based on the Type of Accident Model. To prevent trenching accidents is 
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necessary to enforce the application of the existing safety standards and it is also 
necessary to implement a systematic planning process prior to start the construction 
process, and appropriate supervision during the execution phase. 

c.) Construction industry input regarding the major strategies to prevent trenching 
accidents. 

The inclusion of the construction practitioner' s perspective regarding the major 
strategies to prevent trenching fatalities, provided a clearer picture of the issues in 
trenching safety, and how the strategies developed by the construction industry differ 
from the strategies required based on the analysis of trenching fatalities from OSHA. 
Based on the analysis of results, it may be inferred that the construction practitioners do 
not consider a single strategy as most important to prevent accidents. In addition, it 
appears that the companies are implementing several strategies simultaneously. 

d.) Safety practices implemented by the construction industry to prevent trenching 
operations fatalities 

The major safety practices applied by the construction companies to prevent 
trenching fatalities were identified. These practices have been successful in these 
companies because their fatality rate has decreased since the practices were developed. 
Nevertheless, it is not possible to assure that these practices will be successful in others 
construction companies because they have not been studied a systematic basis. 
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THE USE OF TRENCH BOXES FOR WORKER PROTECTION 

Research Team: PI - Jimmie Hinze; Gradute Students: L. Huang 

ABSTRACT 

Work in trenches can be very dangerous if workers are not provided with 
adequate protection against trench cave-ins. One method of providing for worker 
protection in trenches is with the use of trench boxes. Trench boxes are engineered 
structures that permit workers to work safely in trenches. This protection is best assured 
when workers use good work practices and follow the applicable safety regulations. In a 
study consisting of a survey of utility contractors about their experience with the use of 
trench boxes several notable findings were discovered. These findings can assist 
contractors in implementing safe work practices when working in trenches. Trench 
boxes are widely used in the utility construction community and appear to generally 
provide well for the protection of workers in trenches. The typical contractor owned 
about ten trench boxes, indicating a high use of trench boxes relative to other protection 
methods that could be used in trenches. The study also revealed that most safety 
problems with the use of trench boxes are attributed to human error or judgment. For 
example, several respondents commented that workers were observed exiting from the 
trench boxes by wall<lng up the backfill, a practice that exposes workers to the dangers of 
trench cave-ins. The importance of training was also evident in the results. Firms with 
better safety performance records conducted specialized training courses for their 
employees. In addition, better safety performances were observed among those firms that 
provided more frequent training courses for their employees. 

INTRODUCTION 

Each year, many construction workers die as a result of trench cave-ins, possibly 
as many as 100 workers. These deaths are needless losses as trenching work can be 
performed safely. Whenever workers are working in trenches, appropriate safety 
precautions are to be taken to ensure worker safety. There are three typical ways that 
workers can be protected in trenches. These include sloping the trench walls, placing 
shoring the trenches, and utilizing trench boxes. Various considerations will be involved 
when making the decision about the method to use. Sloping the trench walls to the angle 
of repose is perhaps the most preferred way of ensuring the safety of workers in trenches, 
but this is not always feasible. For example, sloping when trenches are deep will result in 
a very wide top of the trench that may encroach on other surface encumbrances (streets, 
buildings, fences, etc.). Shoring is a means by which the trench wall is supported by 
wood shores, screw jacks, or hydraulic shores. Trench boxes, the newest type of trench 
protection, are made of two heavily reinforced steel plates that are separated by strong 
strut members. Trench boxes are moved in the trench as work progresses. When 
properly used, trench boxes offer a very viable means of providing for worker protection 
in trenches. 
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Most information on trench boxes is prepared and publicized by the 
manufacturers of trench boxes. These brochures and pamphlets describe the physical 
features of trench boxes (material components, over size, width variation, etc.) and also 
basic instruction on the proper use of trench boxes in trenches. Trench boxes are widely 
used in the United States and they provide well for the protection of workers in trenches. 
Most workers who die in trench cave-in accidents work in trenches that were not shored 
or which were not sloped at the proper angle. Historic injury data confirms that relatively 
few workers die as a result of cave-ins that involve trench boxes. While trench boxes do 
not offer the perfect solution for every trenching situation, they are a viable safety 
consideration on many trenching operations. Unfortunately, little information is 
publicized about any of the problems that contractors should watch for when working 
with trench boxes. This paper presents information on a research study that obtained 
information that was focused primarily on the extent of trench box use in the construction 
industry and on some of the problems that contractors face when working with trench 
boxes. 

REVIEW OF LITERATURE ON TRENCH BOXES 

Although trench boxes are the most recent development to provide for worker 
protection in trenches, their introduction to the construction community is not recent. 
The earliest known reference to trench boxes was in 1938 when a "sliding trench shield" 
was mentioned that was originally developed by a Seattle, Washington utility contractor. 
This early form of worker protection in trenches consisted of a steel box made of steel 
plates used on edge and connected by welded steel cross braces (see Figure 1). There are 
now many different manufacturers of trench boxes. As trench box design has evolved, 
the trench boxes have become more versatile, with interchangeable cross braces and 
stackable side plates for various trench widths and depths (Otter, 1962). 

Figure 1. General configuration of a trench box 

Reinforced 
steel plate 
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Trench boxes offer several clear advantages to the contractor. When compared 
with conventional shoring systems, trench boxes offer large open spaces within the trench. 
This makes it easier for workers to maneuver in the trench and it also makes it much 
easier to lower pipe lengths into the trench. Another advantage is that trench boxes tend 
to be conservatively designed so that they provide for worker protection in all types of 
soil types. Note that the term trench shield is often used interchangeably with the teim 
trench box. There are also other names that have been used for trench boxes, but these 
tend to vary by region. 

Contractors have recognized the advantages and value of trench boxes for many 
years. For example, in 1958, the Associated General Contractors (AGC) of America 
Manual of Accident Prevention in Construction stated when "bracing or shoring trenches 
is not practical or economical due to unstable ground, movable steel trench shields may 
be used effectively." Earth pressures generally increase with an increase in the depth of 
trench. Because of the significant potential earth pressures that might be encountered, the 
manual stressed that these shields "should be substantially constructed of steel plate sides, 
welded to heavy steel framework of structural shapes and/or pipe. Such shields should be 
so constructed as to be at least equivalent in strength to other forms of trench protection. 
Cross bracing should be adequate to support the earth pressure to which the shield may 
be subjected." 

Another early reference to trench boxes was made in the First Edition of the 
Construction Safety Standards that was published by the United States Department of the 
Interior, Bureau of Reclamation in 1968. These standards stated, "Sheeting, sheet piling, 
bracing, shoring, trench boxes, and other methods of trench protection shall be designed 
and installed on the basis of the ca1culated pressures exerted by, and the condition and 
nature of, the materials to be retained. These calculations shall include the surcharge 
imparted to the sides of the trench by equipment and stored materials." 

Although trench boxes were being used extensively before the passage of the 
Occupational Safety and Health Act of 1970s, the Occupational Safety and Health 
Administration (OSHA) standards made only a brief acknowledgement of the use of 
trench boxes. These standards (1926.652 (k)) stated, ' 'Trench boxes or shields providing 
protection equal to or exceeding that of the wood shoring system are acceptable for 
employee protection." In the more recent version of the OSHA regulations trench boxes 
are discussed to a greater extent. The primary regulations pertaining to the use of trench 
boxes include the following: 
• Trench boxes must be capable of resisting the lateral earth pressures 
• Trench boxes must be installed so lateral movement of the shield is restricted 
• Employees must be protected from cave-in when entering and exiting trench boxes 
• Employees are not allowed in trench boxes while they are being installed, removed, 

or moved vertically 
• The trench bottom is to be no more than 0.6 meters (2 feet) deeper than the bottom of 

the trench box 
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• The trench box shaU extend no less than 0.45 meters (18 inches) above the top of the 
vertical trench walls 

In a survey of AGC members involved in trenching operations, several interesting 
comments were received regarding the use of trench boxes (Salomone and Yokel 1979). 
For example, one respondent stated "The use of trench boxes is the best advance in trench 
safety in 20 years." Most comments about trench boxes by contractors were favorable. 

In another study of trenching practices involving 100 utility contractors, specific 
information was sought regarding trench boxes. Several contractors commented that they 
were supportive of OSHA standards that would encourage the increased use of trench 
boxes. One contractor said, "OSHA should evaluate and strongly recommend the use of 
engineered steel trench boxes, with automatic fine credits given to those contractors who 
use them.'' The results of that study showed that utility contractors who made greater use 
of trench boxes also reported better safety performances (Hinze and Carino 1980). 

The need to comply with good work :practices when working with trench boxes is 
clearly stated in the OSHA. Others have also stressed this need, along with the various 
manufacturers of trench boxes. For example, in his text, Nunnally (1987) stated "Trench 
shields or trench boxes. are used in place of shoring to protect workers during trenching 
operations ... The top of the shield should extend above the sides of the trench to provide 
protection for workers against objects falling from the sides of the trench. The trench 
shield is pulled ahead by the excavator as work progresses." 

Another author on the subject of trench boxes, Roberts (1987), noted the 
advantages of trench boxes. He stated, "For deep trenches and unstable ground, the 
trench box is the best shoring system. It's a large mobile box with enough strength to 
wHhstand the side pressure of deep excavations." In their text, Suprenant and Basham 
(1993) stated, "Trench shields are steel or aluminum boxes placed in the trench to 
provjde a safe environment for workers. As the work progresses, the shield is pulled 
forward. The workers inside the shield are protected continuously from any caving in of 
the trench walls.n It should be noted that trench boxes act differently than do tradition 
shores. Shores are designed to support the trench walls to prevent cave-ins. Trench 
boxes do not prevent cave-ins but they protect workers in the event of a cave-in. To be 
protected by the trench box, the workers must be inside the trench box, and it must be 
installed to prevent side-shift or lateral movement during a cave-in. 

Ringwald (1993) described trench boxes steel or aluminum prefabricated support 
systems complete with cross braces. He noted that single trench box sections typically 
come, in 8' or 10' heights and lengths up to 20' . Trench boxes can be stacked if trench 
depths require it, with some conditions warranting three trench boxes being stacked in 
deep trenches. Most manufacturers build pre-engineered trench boxes that readily meet 
the OSHA standards. 

In a recent study of 114 injuries and fatalities investigated by OSHA from 1984 to 
2001, it was concluded that trench boxes "appear to give relatively good protection to 
workers jn trenches." It was also concluded, "it is apparent that the OSHA regulations 
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regarding trench shields appear to be adequate." Most accidents involving trench boxes 
were found to be the "result of the failure to comply with the OSHA regulations." 
Finally, it was concluded that minimizing injuries in trench boxes depends on "following 
good work practices and in complying with the OSHA regulations" (Hinze 2002). 

RESEARCH METHODOLOGY 

The objective of this study was to examfoe the current status of the extent of the 
use of trench boxes and to identify any worker practices that might compromise safety on 
a trenching project. A two-page survey on trench boxes was prepared. This survey was 
sent to 1000 contractor members of the National Utility Contractors Association (NUCA). 
This survey was sent out in October 2002. A total of 151 responses were received. 
These replies were analyzed and provide an overview of the current status of the use of 
trench boxes. 

RESULTS 

Relevant descriptive information about the utility contractor respondents was 
obtained in the surveys. In general, firms can be considered to be small, as half of the 
firms conducted annual volumes of business of less than $10 million. The typical utility 
contractor entered into less than 26 project contracts each year, employed less than 50 
employees, and laid less than 7500 meters of sewer pipe each year. Since the lengths of 
sewer pipe laid each year is less than the total length of trenches dug each year, it is 
evident that other forms of utilities are also installed, e.g. water, gas, telephone, electric, 
etc. From the summary information shown in Table l, it is c lear that there is 
considerable variation in the size parameters of the responding firms. 

Table 1 - Characteristics of Utility Contractor Respondents 
Description of Firm Mean MEDIAN Low Value Hieh Value 

Annual Revenues (millions) $20 $10 $.25 $250 
Number of projects undertaken 67 26 3 1500 
per year 
Number of Employees 98 50 4 1,000 
Sewer pipe laid per year 21,000 m 7,500 m 0 260,000 m 
Length of trench dug each year 39,000 m 18,000m 0 400,000 m 

Most responding firms were involved in the installation of sewer pipe and water 
pipe (see Figure 2). While company revenues presumably are derived from various types 
of work, most appear to be related to trenching work. For example, a few firms are 
involved in paving work, but this type of work is often associated with the installation of 
utilities where paving must be restored after utilities have been installed. The type of 
work being referenced by "other" includes diverse types of projects including bridges, 
excavations, grading, site development, concrete, etc. 
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Paving 
2% 

Telephone 
2% 

Storm sewer 
6% 

Roadwork/earthwork 
7% 

Telecommunications 

Water 
31% 

2% 

Sanitary sewer 
35% 

Figure 2. Work distribution of utility contractor respondents 

The OSHA regulations require trenching work to be performed under the 
guidance of a competent person. Since the competent person on a trenching operation 
carries a major responsibility for the safety of the workers in and around the trench, the 
designation of the competent person is not a trivial decision. A question was asked about 
the identity of the individual who is generally designated as the competent person. The 
large majority of the replies show that the foreman is the individual who is most 
commonly designated as the competent person on trenching operations (see Figure 3). 
Seven percent gave this responsibility to assigned workers, but there was no information 
provided about the level of experience that these workers had. Some companies 
apparently have larger projects than others do as some indicated that the superintendent 
was designated as the competent person. Others gave this responsibility to the general 

· superintendent or operator. On some utility construction operations, the entire crew 
could consist of the equipment (excavator) operator, two or three workers in the trench, 
and a loader operator. On such a project, the operator might very well be designated as 
the foreman of the crew. The survey did not ascertain if the foremen was also an 
equipment operator, but some did specifically state that the operator was the competent 
person on most of their projects. 
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Safety 
Representative 

20/o 

Assigned Worker 
7% 

Superintendent 
15% 

other (Gen. Supt., 
Owner, Operator) 

2% 

74% 

Figure 3. Individual generally designated as the competent person on 
trenching projects 

Trench-related accidents can be complex in nature, making it difficult to ascertain 
the root causes of the incidents. The survey asked respondents about their perceptions of 
the most common causes of trench-related accidents. Respondents were to indicate with 
a ranking (ranging from O as the least common to IO as the most frequent) of how often 
each of several factors were involved in acddent causation. These factors were randomly 
placed in the survey, but as shown in Table 2, these causes can be grouped by related 
categories. The respondents stated that the most common causes of accidents were 
perceived to be worker related factors, including poor work practices, worker 
inexperience, and Jack of trainfog. Supervisory factors also received relatively high ranks, 
followed by physical conditions. GeneralJy, there is low perception of inadequate OSHA 
regulations and poor construction documents being involved in trenching accidents. 

Trenches that are deeper than 1.5 meters in depth must include the provision of 
some form of worker protection. Trench boxes are only one of these means, along with 
sloping the trench walls and the installation of trench shores. The survey asked about the 
type of worker protection generally provided in such trenches. Responding contractors 
indicated that trench boxes were the most common means (54%) of providing for the 
protection of workers in trenches deeper than 1.5 meters (see Figure 4). The next most 
common method is to us sloping, followed by benching which is a specialized form of 
sloping warranted by some soils. Although some utility contractors utilize shoring, it is 
not extensively used. Past studies have shown that shoring often become the only option 
for worker protection in trenches when the trenches begin to exceed the depth of 4.5 to 6 
meters. 
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T bl 2 P f b a e - erception o t e causes o f 
Cause of Trench Accidents 

Worker Factors 
Poor work practices 
Worker inexperience 
Lack of worker training 

Supervisory Factors 
Lack of supervision 
Lack of planning 

Physical Conrutions 
Previously rusturbed soil 
Excess water 
Spoil pile or equipment near the trench 
Unforeseen soil conditions 
Adverse weather 
Nearby traffic 

Other Factors 

Benching 
8% 

Inadequate equipment 
Poor contract documents 
Inadequate regulations 

trenc h I d -re ate acc1 ents 
Mean Rank 

Trenchless 
technology 

1% 

(0 to 10) 

7.8 
6.5 
6.1 

5.9 
5.9 

4.8 
4.2 
4.0 
3.8 
2.9 
2.9 

4.5 
0.9 
0.9 

Trench boxes 
53% 

Figure 4. Frequency of use of methods to protect workers in trenches 

Adrutional questions were asked about the trench boxes used by utility contractors. 
For example it was revealed that contractors generalJy reported that 60% of the trenches 
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are deeper than 1.5 meters (see TabJe 3). When trench boxes are used, they are generalJy 
owned by the contractors with the average contractor owning an average of 11 trench 
boxes with another trench box being rented. This does not mean that the average 
contractor has 11 ongoing projects, as more than one trench box can be used on a single 
project. Even when there is onJy one trenching crew, more than one trench box may be 
required as about 20% of the projects involve trench depths that require the trench boxes 
to be stacked, at least at some locations. 

T bl 3 E ·th T a e - xper1ences w1 renc bB oxes 
Descri1>tio11 of Firm Mean M1mJA N Low Value Hi~h Value 

Trenches deeper than 1.5 meters 60% 70% 1% 100% 
Number of trench boxes owned 11 6 0 107 
Number of trench boxes rented 0.9 0 0 25 
Percent of projects with stacked 20 10 0 100 
trench boxes 

With the average contractor using trench boxes in 60% of their trenches, there is 
obviously a considerable use of trench boxes. There are also many ways that trench 
boxes can be misused. Contractors were asked about the frequency of observing certain 
unsafe trenching activities. SpecificaUy, they were asked to indicate how often specific 
unsafe trenching practices involving trench boxes were observed in the past year. The 
most frequently observed unsafe practice was using trench boxes without bulk.heads (see 
TabJe 4). Workers can be placed in danger if they are asked to work near the open end of 
a trench box, without a bulk.head allowing debris to fall into the trench box. This next 
most common unsafe practice was workers venturing out of the safety of the trench box, 
possibly to exit the trench or to perform work in the unprotected portion of the trench. 
Some workers were exposed to cave-jns below the bottom of the trench boxes, by trench 
boxes being set too high or trenches being dug more than 0.6 meters below the bottom of 
the trench box. Another unsafe practice that was observed included workers exiting from 
the trench box without using ladders, probably walking up the backfill bank behind the 
trench box. Some workers were observed not staying clear of materials (pipe, ballast 
materials, or backfill) as they were lowered into the trench box. Some trenches were set 
too low in the trenches, allowing materials to fall into the trench box from the top. 
Finally, some respondents observed equipment (excavators, trucks, loaders, etc.) getting 
dangerously close to overhead powerlines. 

It is pa.rticuJarly when workers exit trench boxes that safety must be observed. 
The survey asked about the means used by workers to exit trench boxes. The OSHA 
regulations state that trench boxes are to be exited by means of ladders within the trench 
boxes. Most respondents (70%) stated that ladders were used to exit trench boxes, but 
nearly 30% reported that workers exit trenches by going up the slope or backfill, a 
practice that pJaces workers in harm's way (see Figure 5). One respondent reported that 
workers walked inside the large diameter pipe to the manhole to exit. One respondent 
stated that workers exited by way of a )adder placed "outside the trench box," a practice 
that is in clear violation of the OSHA standards and that would generally place workers 
in a hazardous situation. 
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T bJ 4 F a e - requency th fi t at unsa e renc hb b d . b ox practices were o serve m t e past year 
Unsafe Practice Observed 

Using a trench box without a bulkhead 
Workers ventured out of the trench box 
Setting trench boxes too high above trench bottom 
Using trench boxes without ladders 
Workers not staying clear of materials being lowered 
Setting trench boxes too deep 
Equipment getting dangerously close to power Jines 

Go up the slope or 
backfill 

29% 

Enter the pipe and 
exit at the manhole 

1% 

Average Number of 
Observations in Past Year 

4.6 
3.9 
3.6 
2.0 
1.6 
1.5 
1.1 

70% 

Figure 5. Methods of exiling from trench boxes 

Survey participants were asked to offer additional comments about major 
concerns they had regarding the safe use of trench boxes. These comments are 
summarized in Table 5. The most frequent comment made was that workers were 
sometimes forced out of the trench box by the work being performed by the excavator in 
the trench box. They recognized the importance of keeping workers safely inside the 
trench box, but this was seen as compromising work productivity. A frequent comment 
made by several respondents was that trench boxes must be used when they are available 
and they should not be allowed to sit idly next to the trench when workers could be 
protected by them. One contractor recognized the life-saving features of trench boxes 
and said it is vital for trench box never to be regarded as "lawn ornaments." Several 
contractors mentioned the need to follow proper safety procedures when offloading 
trench boxes on the job site and also when setting them down in the trenches. Many 
other comments were provided and, when taken as a group, they provide valuable 
evidence of the complexity of maintaining safe trench box operations. It is also apparent 
that different contractors seem to have varying concerns related to the use of trench boxes. 
Note that no distinction was made in the analysis of the depth of trenches or the types of 
soil conditions that are commonly encountered. Clearly, the soil conditions vary 
considerably across the United States. The types of projects (whether water line, sewer 
line, gas line or other utility) would also influence the experiences of contractors. Further 
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study would be warranted to discover more specific concerns re1ated to trenching 
operations. 

T bl 5 C a e - ommen ts b t 'th a ou concerns w1 t usmg renc hb oxes 
Type of Concern N 

Keep workers in the trench box and don't push them out wHh the excavator. 19 
Trench boxes must be used when needed, instead of leaving them on the bank 15 
Proper lifting and setting of boxes (offloading from lowboy) 12 
Adequately sized/designed. Right size box for soi] conditions 10 
Workers being proper]y trained, Workers following safe procedures 8 
Working around existing utilities 7 
Set box too high, more than 2 feet (0.6 meters) above the trench bottom 6 
Make sure all pins are in p]ace (connectors & struts are in good repair) Kept 5 
in good condition 
Trench boxes are used properly and not abused but get damaged from use 5 
Assembly of boxes with wide spreaders (over 10' wide) 5 
Workers getting accustomed to dangers, not staying alert 5 
Proper exit/entry (into and from the trench box) 5 
Trench boxes too short for 20 ft pipe and stiJl have room for the hoe bucket 4 
Need Jong enough box to protect workers (need 26' box for 20' pipe and 20' 
box for 13'pipe) 
Inadequate superv:ision 4 
Lowering pipe and material into the trench box 4 
Proper lifting cables/ improper rigging 3 
Handling trench boxes above ground without cables 3 
Spoil pile clearance 2 
Too much overburden above box 1 
Proper s]ope above box 1 
Sizing the equipment to handle the box 1 
Access from edge of trench to trench box l 
Inspection of boxes for cracked welds, wear 1 
Proper placement in jacking pits 1 
Operators pulling on cross braces with machines under pressure 1 
Trench boxes should be in the trench before workers 1 
Moving the box with workers in box l 
Using ladders 1 
Qualified operator 1 
Safe movement in the trenches 1 
Foremen feel trench boxes slow them down 1 
Always having a good top man to assist the pipe layer with the ladder and j 

tools. Watching for danger 
P]anning so workers don 't take shortcuts I 
Language prob]erns (not knowing English) 1 
Potential danger to pipe when pu!Jjng box 1 
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One question was asked about safety practices that were not specific to the use of 
trench boxes. Respondents were asked to indicate the types of safety program elements 
they had implemented on their projects. Note that only a small sampling of common 
safety program elements was listed. Of those listed, the most common practice employed 
by the utiJity contractors was the requirement for workers to wear hard hats followed by 
specific training provided on trenching safety (see Table 6). Most contractors hold pre­
construction meetings. Less than half of the contractors use worker incentives or daily 
safety meetings. 

contractors 
ortion of Res 1ondents 

94.7% 
80.8% 
66.2% 

DaiJy safety meetin s* 32.5% 
*most respondents stated that safety meetings were held week.Jy 

Detailed information about the safety programs of utility contractors was not 
obtained in this study, as this was not the primary objective of this study. Nonetheless, 
the safety program practices of utility contractors appear to be reasonably effective in 
reducing worker injuries. The utility contractors responding to the survey reported an 
average injury frequency rate of 3.02 OSHA recordable fojuries per 200,000 hours of 
worker exposure. This level of safety performance is considerably better than the 
construction industry in general which is greater than 7.0. Of these practices, training 
was the practice with the most apparent impact on safety performance. For example, the 
firms stating they conducted no specialized trenching safety training sessions reported an 
average OSHA recordable injury rate of 5.78 while those offering specialized training 
sessions reported an average OSHA recordable injury rate of 2.56. In fact, the injury rate 
appeared to decline with an increase in the number of training sessions offered per year 
(see Table 7). It was also noted that the injury frequency rates were lowest among the 
smaller firms. That is, the injury rates appeared to increase with an increase in company 
size. The data djd not provide any cJear indication to explain this phenomenon, but this 
has been observed with other studies involving utility contractors (Hinze 1978). 

T bl 7 N b f tr .. a e - um ero ammg sessions an d tt f sa e lY per ormance 
Number of Sessions 1>er Year OSHA injury f'reouency rate 

none 5.78 
1 or2 3.04 
3 or4 2.90 

6 or more 1.78 

Since this study was not conducted to make solid conclusions about how safety 
performance is influenced by various practices, little more can be concluded about how 
utility contractors achieve their good safety performance records. There are obviously 
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some practices that differ between the different respondents. These may very well also 
have an impact on the safety records. 

CONCLUSIONS 

While the use of trench boxes generally appears to be a simple sequence of 
operations, the results of this study indicate that safety concerns are presented at various 
times in their use. The most serious infraction that was noted is when trench boxes are 
available but not used. A common problem occurs with workers venturing out of the 
safety of trench boxes. Trench box safety begins when they are offloaded at the jobsite 
and they safety concerns continue as they are lowered into the trenches. Other safety 
infractions were also noted. 

Although this study was not conducted to identify the types of safety practices 
that are most effective in ensuring good safety performance, some insights about safety 
perlormance were obtained. For example, the utility contractors generally enjoy a level 
of safety performance that is better than the construction industry as a whole. It was not 
determined how these safety performances were actually achieved, but the findings did 
fadicate that training is probably one of the primary factors that improve safety 
performance. 

There seems to be reasonable consistency in the utility construction community 
about the use of trench boxes and the types of problems that continue to exist on 
trenching operations involving trench boxes. The problems do not appear to be 
shortcomings in the OSHA regulations but rather the failure of workers to fully comply 
with the existing safety regulations. Additional guidance on safety practices is provided 
by trench box manufacturers. 

RECOMMENDATIONS 

Since the OSHA regulations appear to adequately address safe work practices 
with trench boxes, contractors are encouraged to make greater attempts to ensure that 
field operations fully comply with them. Additional guidance should be sought from the 
various suppliers of trench boxes. 

As most of the serious safety problems are associated with worker behavior, 
contractors are encouraged to set up more stringentjobsite rules and to fully enforce them. 
When trenching operations are being conducted there is no opportunity to be lax on 
safety. A beginning point would be to conduct a series of training sessions to ensure that 
all workers are fully informed about the expectations of the company. 

WHh the unacceptable number of serious safety infractions occurring on many 
trenching projects, it is incumbent on utility contractors to stress safety with their 
employees. Just as many companies have a zero tolerance for drug abuse, utility 
contractors should have zero tolerance for worker behavior that places their lives at risk. 
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THE OWNER'S ROLE IN CONSTRUCTION SAFETY 

Research Team: PI - Jimmie Hinze, Research Assistant - X. Huang 

ABSTRACT 

The construction industry is a dangerous industry by many standards and has 
consistently been one of the industries with the poorest safety records. This is despite the 
fact that dramatic improvements have been made in the safety performance of the 
construction industry in the past decade. The improvements are due, in part, to the 
concerted efforts of owners, contractors, subcontractors, and designers. While past 
studies have investigated the safety roles of contractors, subcontractors, and designers, 
the owner's impact on construction safety has not been thoroughly studied. This paper 
will report the results of a study on the owner's role in construction safety. Interviews 
were conducted on projects with large worker hours of exposure to collect data for the 
study. The relationship between project safety performance and the owner's influence 
was examined, with particular focus on the project context, the selection of safe 
contractors, contractual safety requirements, and the owner's participation in safety 
management during project execution. By identifying effective practices of owners that 
are associated with good project safety performances, guidance is provided on how 
owners can implement safety programs that directly impact safety performance. 

INTRODUCTION 

Accident data prepared by the Bureau of Labor Statistics (www.bls.gov) show 
that the construction industry has performed much worse than the average of all 
industries (see Figure 1 ). Although the safety perfonnance of the construction industry 
have improved dramatically in the 1990's, injury rates in the construction industry are 
still 50% higher than that of all industries, lagging all industries by about 10 years. With 
an average employment of approximately 7% of the industrial workforce, the 
construction industry has regularly accounted for nearly 20% of all industrial worker 
fatalities (www.bls.gov). These accidents 'have also resulted in great economic losses. 
The research conducted by Everett and Frank (1996) concluded that the total costs of 
construction accidents accounted for 7.9-15.0% of the total costs of new, non-residential 
projects. A more recent but unpublished research by Coble and Hinze (2000) showed 
that the average workers' compensation insurance costs could be conservatively estimated 
as constituting 3.5% of the total project cost. An alarming fact is that each year around 
1100 workers are killed on site, and this number has been increasing in recent years 
(www.bls.goviiif). 
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Figure 1 Injury rate of construction and all private industry (data source: www.bls.gov) 

In order to reduce and eventually eliminate construction accidents, researchers 
have explored techniques implemented by different construction parties to realize the 
"zero injury objective". Owners, A/E firms (designers), contractors, and subcontractors 
have different roles in preventing accidents to achieve an injury-free worksite (Hinze, 
1997; Gambatese, 1996; Toole, 2002). The contractor is undoubtedly the pivotal party to 
control jobsite safety. Practices and approaches taken by contractors to improve project 
safety have been thoroughly investigated in past research studies (Levitt and Samelson, 
1993; Hinze, 1997; Hinze, 2002). Subcontractor safety as influenced by the general 
contractor in various sizes of projects was investigated by Hinze and Figone (1988, for 
small and medium projects), and Hinze and Talley (1988, for large projects). Designers 
can reduce safety hazards in the working environment by considering worker safety 
issues in their design decisions. Hinze and Gambatese (1996) gathered various "best 
practices" for designers to address safety issues in their designs and developed a safety 
design tool to help designers eliminate hazards when making decisions. The involvement 
of owners has been regarded as an essential requirement for the zero injuries objective 
(Hinze and Gambatese, 1996). However, no previous study has thoroughly investigated 
the owner's influence on construction safety. 

The owners of projects (also called facility clients or project buyers) are the 
primary consumers of construction services, the sources of project financing, and, in 
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many cases, the end users of the facilities (Hinze, 2001). Their impact on project 
construction safety is significant. For example, in the research conducted by Liska et al. 
(1993), it was found that an important prerequisite attributed to excellent safety 
performance was the involvement of the owner: in not only pre-project planning 
including financially supporting the contractor,s safety program, but also in the day-to­
day project safety activities. In the construction accident causation model developed by 
Suraji et al. (2001), construction accidents are caused by inappropriate responses to 
certain constraints and the environment. In the model, owner (client) responses are the 
actions (or inactions) of the owner in response to constraints during the development of a 
project brief. These include, for e:x:ample, reducing the project budget, adding new 
project criteria, changing project objectives, and accelerating the design or construction 
efforts of the project. All these elements can play contributing roles in accident 
causation. 

In the past, there was a reluctance of owners to become involved in matters 
related to construction safety for fear of incurring added liability exposure (Sikes et al., 
2000). However, since the l980's more owners, especially owners with large 
construction budgets, have voluntarily expanded their role to proactively promote worker 
safety. A series of studies conducted at the University of Washington in the early 1990's 
demonstrated that owner's concern for construction safety was increasing (Hinze, 1997). 
The major reasons include: 

o The rising costs of health care and workers' compensation are not being ignored by 
owners (Hinze and Appelgate, 1991). Owners realize that the costs of injuries are 
ultimately reflected in the costs of their construction projects (Gambatese, 2000). 

o Litigation involving owners has escalated in the past three decades. For example, in 
the case of Phillips v. United Engineers & Constructors, Inc., and Plasteel Products 
Corp., 500 N.E. 2d 1265 (1986), the owner was sued, but was not held responsible, 
for a worker's fall from a catwalk during steel erection. In another case Rigatti v. 
Reddy, 723 A.2d 1283 (1999), the owner was similarly cleared of being responsible 
for a roofer's fall. A different court sentiment appeared in the case of Stark v. 
Rotterdam Square, 603 N.Y.S2d 347 (1993), where the oWner of a mall was held 
liable for injuries suffered by a roofer when he fell through a hole cut into the roof. 
Because of these types of lawsuits, many owners have come to realize that reducing 
the frequency and severity of construction injuries is the only sure way of reducing 
their potential liability for worker injuries (Levitt and Samelson, 1993). 

As a result of these changing attitudes about liability, many owners are taking 
more active roles in construction safety. The study described here investigated the 
relationship between project safety performances and the owner's involvement in 
construction safety. 

LITERATURE REVIEW 

Owners can favoiably impact construction safety by selecting safe contractors, 
encouraging designers to address safety issues in the designs, and participating in safety 
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management during construction (Hinze, 1997). To the extent possible, the owners, 
through their project representatives, should participate with the contractors in all project 
safety activities, including but not limited to new employee orientation, safety meetings, 
audits and accident investigations, training, incentive programs and other safety related 
programs (Gambatese, 2000). 

One of the earlier studies on the owner's role in construction safety by Levitt et al. 
(1981) reached the conclusion that construction owners who selected or prequalified 
contractors based on safety performance, and/or who got involved in construction safety 
management, had fewer accidents on their projects. In the study conducted for the 
Business Roundtable (1982), questionnaires were sent to owners and contractors to 
identify safety requirements owners placed on construction contractors and specific 
practices of owners that emphasized safety with contractors. The responses that were 
associated with better safety performances included: requiring the use of a system of 
permits for potentially hazardous activities, requiring the contractor to designate a 
responsible supervisor for safety coordination on the job site, providing the contractor 
with safety guidelines that must be followed, and so on. 

In Levitt and Samelson (1993), it was stated that the owners with the safest 
construction projects tended to use many of the following strategies with their 
contractors: 

~ Stress safety as part of the contract during the pre-job walk-around. 
~ Require short-term permits, rather than ongoing permits, for hazardous activities. 
~ Conduct safety audits of the contractor during construction. 
);:- Require safety training of all project employees. 
);:,, Maintain statistics on the contractor's safety performance. 
);:,, Set goals for construction safety. 
);:- Include general safety guidelines in the body of the contract. 
);:- Set up a construction safety department to monitor contractor safety. 
);:- Require immediate reporting of all worker accidents. 
);:,, Investigate the contractors' accidents. 
);:,, Always include safety on the agenda at owner-contractor meetings. 
);:- Provide contractors with special safety guidelines they must follow. 
);:,, Require the contractor to assign safety coordination responsibilities to someone 

on site. 
}> Reimburse the contractor's safety costs in full. 

The American Society of Civil Engineers (ASCE) moved to the forefront in the 
trend to involve owners in safety when it issued ASCE's Policy Statement 350 on 
construction site safety in 1998. The statement outlines ASCE's view that "improving 
construction site safety requires attention and commitment from all parties involved." 
The policy states that safety should be addressed "for each project on a project specific 
basis," and that owners should "take an active role in project safety." Various ways 
owners can actively address safety were given in the policy: 

o Assigning overall project safety responsibility and authority to a specific 
organization or individual ( or specifically retaining that responsibility) that is 
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qualified in construction safety principles, rules, and practices appropriate for the 
particular project. 

a Inc1uding prior safety performance as a criterion for contractor selection. 
a Designating an individual or organization to monitor safety performance during 

construction. 
o Designating in the contract documents those parties responsible for the final 

approval of shop drawings and details. 

An owner, to be actively involved in construction safety, might consider several 
contractual issues. Many of the issues relate to the safety obligations placed on the 
contractor. Hinze (1997) suggested that contract provisions may include the following 
requirements: 

o Submittal of a project-specific safety plan 
o Job hazard analysis 
o Regular safety meetings with supervisory personnel 
o A designated project safety coordinator 
o Mandatory reports on accident investigations, safety inspections, and safety 

meetings 
o Inclusion of subcontractors in the safety program 
o Compliance with the owner's safety guidelines 
o Establishment of an effective worker orientation program 

Gambatese (2000) summarized various ways in which owners can actively address 
safety, including: 

o Establish a clear position on safety. 
o Ensure that safety is addressed in project planning and design. 
o Consider safety performance when selecting a constructor. 
o Address safety in the construction contract. 
o Assign safety responsibility during construction. 
o Participate in project safety during construction. 

In summarizing the literature, the owner's invoJvement in construction can be 
demonstrated through their selection of safe contractors, arrangement of contractual 
safety requirements, and proactive participation in safety management during project 
execution. 

METHODOLOGY 

The purpose of this research study was to identify how and to what extent owners 
influence construction safety performances. It was decided that this type of study could 
be ideally conducted with input from construction practitioners. This would ensure the 
relevance of the findings to actual construction settings. Such findings could then be 
readily interpreted for direct field implementation by others. 

This research began with a pilot study consisting of mailed surveys sent to large 
owner firms that were known to have large construction budgets, as listed in the ENR top 
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425 owners (ENR, 2001). The purpose of the pilot study was to establish and refine 
hypotheses to be tested in the research, based on information related to construction 
safety at the owner company level. The pilot study was followed by interview study in 
which representatives of owners were interviewed at selected construction sites. The 
interview data consisted of more detailed information than was obtained in the mailed 
pilot study, and therefore constituted the major data collection phase. All of the .findings 
of the research reported here are based on the data collected through the project 
interviews. 

In the project interview stage, the researchers used a questionnaire that was 
developed on the basis of the literature review, pilot study results, and re.fined through 
input from en (Construction Industry Institute) Project Team #190. (Note that this 
research was funded by the National Institute for Occupational Safety and Heal~ but 
was also ag.opted as a project by f4e CIT.) The questionnaire was finalized after the first 
three interviews were conducted. The questionnaire was focused on collecting 
information on the project safety performance, with information related to four 
categories: 

o The project context; 
o The owner's selection of safe contractors; 
o The owner's safety requirements in the contract documents; 
o The owner's participation in safety management during project execution. 

Two major criteria were established in order for projects to be included in the 
study, including: projects must be under construction or be newly completed (within the 
past two years) and atleast 100,000 hours must have been worked on the project. 

Most of the projects were identified by members of the err Project Team #190. 
Often either the owner or the contractor on the project, or both, were CII members; 
however, err membership was not a criterion for inclusion in the study. Many owners of 
projects were not affi liated with the CII. 

Persons interviewed were generally site representatives of the owners, including 
construction managers, safety managers, and safety coordinators. The face-to-face 
project interviews generally took one and a half hours to two and a half hours to conduct. 
Whenever face-to-face interviews were economically infeasible, the interviewee was 
asked to fill out the questionnaire and return it to the researcher by Fax or email. For 
questionnaires returned this way, a follow-up telephone interview, lasting about half an 
hour, was conducted to clarify any questions and to complete any incomplete responses. 

In the data analysis of this study, the total OSHA recordable injury rate (the 
number of OSHA recordable injuries occurring for every 200,000 worker hours, 
hereinafter referred to as TR.IR) was the response or dependent variable. The rationale of 
measuring project safety performance with TR.IR was demonstrated in Hinze (1997). 
The practices of owners or characteristics of the project were the independent variables. 
In this research, two steps were conducted to analyze the data collected through project 
interviews: 
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o Frequencies of different safety management techniques were summarized to 
provide a holistic picture of the extent of use of safety techniques on the projects. 
The most common practices of owners to emphasize construction safety were 
summarized. 

o Non-parametric statistical tests (mainly including Mann-Whitney U tests and 
Kruskal-Wallis tests) were conducted to compare the median safety performances 
of projects with and without a safety management technique. The techniques with 
significantly different values of TRIR were identified. 

Since the study was an exploratory one, the significance level of hypothesis 
testing was set as 0.10, instead of 0.05. It means that there was only a 10% probability 
that the relationship is due to chance occurrence. 

THE PROJECTS INTERVIEWED 

Of all the projects on which interviews were conducted, 59 projects provided the 
TRIR data and satisfied all the criteria to be included in the data analysis. These 59 
projects included 49 U.S. projects, seven projects in Canada, and three international 
projects with U.S. owners and U.S. contractors. The study included primarily petro­
chemical and manufacturing facil ities with only a few civil, residential, and commercial 
projects. Project size descriptors (as measured in terms of worker hours and in total 
contracted project cost) and the TRIRs of the 59 projects included in the final analysis are 
shown in Table 1. Six projects reported having no OSHA .recordable injuries (TRIR = 0)­
Although the safety performances and sizes of the projects ranged widely, it is apparent 
that the safety performances of most projects (median of 1.48) were much better than the 
construction industry average of about 7.8 for the year 2001 (see Figure 1). Thus, the 
projects included in this research general]y enjoyed much better success in safety than the 
construction industry as a whole. This research primarily investigated those owner 
practices that had a direct impact on influencing the safety performances realized on the 
projects. 

T bl 1 Safi t rfi a e e y pe ormances an d . sizes o fth . t· ldd . th e proJec s me u e m h e researc 
Total worker hours Total estimated cost of Total Recordable Injury 

expended the project* Rate 
Mean 2,426,210 $379,440,000 1.95 
Mode 200,000 $15,000,000 0 

Std. Deviation 5,155,050 $861.740,000 1.94 

Minimum 100,000 $3,500,000 0 

Maximum 26,300,000 $5,000,000,000 9.25 

Sum 143,146,400 $21,248,700,000 115.11 
25 275,000 $15,250,000 0.58 

Percentiles 50 627,000 $78,350,000 1.48 
75 2,284,000 $306,250,000 2.73 

-"': These data are based on 59 projects, however, only 56 proJects provided the project cost infonnation. 

Among the 59 projects, 46 reported information on all types of injuries, including lost­
time injuries, OSHA recordables, and first-aid injuries. Injuries occurring on these 
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projects were categorized by severity, and the ratio between the different types of injuries 
was detennined, as shown in the injury pyramid in Figure 2. Heinrich (1959) suggested 
that the ratio between major injuries, minor injuries and no-injury accidents was 
1 :29:300. The pyramid in Figure 2 could be simplified by reporting the ratio between 
lost-time, OSHA recordable, and first-aid injuries as being roughly 1: I 0:300. Note that 
the information is based on 102,000,000 worker hours of exposure. 

Lost-time Injuries 

OSHA Recordable Injuries 

First-aid Injuries 

Figure 2 Injury pyramid for the projects 

F:REQUENCIES OF OWNER'S PRACTICES 
Before testing whether different practices of owners could make a difference in 

the safety performances achieved on their projects, the most popular and frequently used 
safety practices were listed. These practices included: 
o Prime contractor reported injury statistics to the owner (100%), and the types of 

injuries reported were: lost-time injuries (100%); OSHA recordable injuries (100%); 
envirorunental issues (91.5%); near misses (88.1 %). 

a The owner's site safety representative was generally an employee of the owner 
(88.1 %) instead of a consultant (11.9%). This person was generally a member of the 
project management team (91.5%), and had authority to stop unsafe work (94.9%). 
The job responsibilities of the safety representative generally included: 
• Monitoring safety management and performance of the contractor on a daily basis 

(89.8%) 
• Enforcing safety rules (89.8%) 
• Conducting site safety inspections and audits (89.8%) 
• Reviewing safety performance on site and submitting reports to the home office 

(88.1 %) 
• Reviewing contractors ' safety reports (88.1 %) 
• Coordinating safety efforts on site (81.4%) 

a Owner's site safety representative reviewed the safety performance of the contractor 
on a regular basis (98.3%). They would check the project lost-workday injury rate 
(94.9%), the project recordable injury rate (94.9%), and the project first-aid injury 
rate (88.1 %). 

o When selecting contractors, safety was generally a consideration of most owners 
(94.9%). Among the criteria used by owners to evaluate the safety performances of 
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contractors, the overall quality of the safety program was the most frequently 
mentioned measure (88.1 % ). The owner's evaluation of contractor safety 
performance would make a difference between getting the contract or not (88.1 %). 
When contractors had some safety statistics of concern, the contractors could show 
that they had made major changes in the program and still be considered for contract 
award (94.9%). 

a Owners included a variety of safety requirements in their contracts, the most 
frequently used provisions are the following: 
• Contractor must comply with the local, state and federal safety regulations. 

(100%) 
• Contractor must report all lost time injuries to the owner. (98.3%) 
• Contractor must report all OSHA recordable injuries to the owner. (96.6%) 
• Contractor must report all injuries to the owner. (96.6%) 
• Contractor is required to provide specified PPE (hard hats, safety glasses, gloves). 

(96.6%) 
• Contractor must implement a substance abuse program. (96.2% of U.S. projects 

only, since drug testing is not common on Canadian projects) 
• Contractor must conduct weekly safety meetings for the workers. (93.2%) 
• Contractor must comply with safety requirements beyond the OSHA regulations. 

(88.1%) 
• Contractor must participate in site safety audits. (88.1 %) 
• Contractor must implement a permit system when performing hazardous activities 

(line breaks, lockout/tagout, excavations, proximity to power lines, confined 
space entry, bet work, etc.). (88.1 % ) 

• Contractor must submit a site-specific safety plan. (84. 7%) 
o Owners impose the same safety requirements on subcontractors and lower tier 

subcontractors. (91.5%) 
o Most owners require specific items to be included in the contractor's safety program 

(98.3%), and included the subcontractors in the safety program as well (94.9%). The 
safety program items that were required by most owners included: 
• Substance abuse program (95.83% for U.S. projects only) 
• Regular safety meetings (94.9%) 
• Incident reporting and accident investigations (93.2%) 
• Regular safety inspections (91.5%) 
• Training on the hazards related to the tasks being performed (89.8%) 
• OSHA specific regulations (88.1 %) 
• Specific safety training sessions (86.4%) 
• Pre-project safety planning (86.4%) 

a Other safety practices of owners included: 
• Construction safety issues were specifically addressed in the design. (98.3%) 
• Owner required every worker on site to receive orientation training. (96.6%) 

RESULTS 

Based on the data collected in the project interviews, non-parametric statistical 
analyses were conducted to establish the strength of the relationships between the TRJR 
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(response or dependent variable) and project characteristics and owner's practices 
(explanatory or independent variables) in four categories: 
o The project context 
o The selection of safe contractors 
o The contractual safety requirements 
o The owner's involvement in safety management 

The project context 

The size of the project, labor arrangements for the project, type of project, and 
other characteristics of the project may all be related to the project safety performance. 
These factors were analyzed, and the results are shown in Table 2. 

T bl 2 Th l ti hi b tw TRIR d th t t t a e ere a ons lp e een an e proJ ec con ex 
Project context Categories Coun1s M edian Significance level* 

AU Others 51 1.30 
(a) Type of projects Shutdown 8 2.20 0.07 

Total 59 1.48 

(b) 
Private 45 1.20 

Type of projects (excluding 
Public 6 2.67 0.02 

shutdown projects) 
Total 51 130 

(c) (excluding 
Petrochemical 25 0.84 

Type of projects 
Manufacturing 16 2.47 <0.01 

shutdown projeets) 
Total 41 1.20 
Other 44 1.68 

(d) Type of contract Design-build 15 0.69 0.03 
TotaJ 59 1.48 

(e) Worker thousand 
100-1000 36 1.96 

hours (in 1000 up 23 0.92 0.04 
hours) 

Total 59 1.48 
l shift 37 1.17 

(f) Work shifts 2 or 3 shifts 22 2.20 <0.0 1 
TotaJ 59 1.48 
4 ors 34 1.18 

(g) Workdays per week 6 or 7 25 2.00 0.03 
Total 59 1.48 

*: One-tail level of significance by the Mann-Whitney U test 

Shutdown projects (defined as upgrade and modification work of industrial 
plants) were found to have poorer safety performances than other types of projects (see 
Table 2(a)). The median TRIR of the eight shutdown projects included in this research 
was higher than the median TRIR of the other projects. Shutdowns are characterized as 
having tight schedules (typically from a few days to eight weeks), significant amounts of 
overtime work~ frequently working multiple shifts, and generally having a rapid buildup 
of the workforce (with many workers new to the project). When workers and managerial 
personnel work extended hours for one or two months, the possibility of human en-ors 
increases, and so will the probability of injury causation. 
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It was suspected that private projects may have an advantage in achieving better 
safety performances than public projects (see Table 2(b)). Since many public projects 
must be awarded through the competitive bidding process, public project contracts are 
frequently awarded to contractors without regard to their ability to deliver a safe project. 
Private owners may take into account factors other than simply awarding the contract to 
the lowest bidder. Nevertheless, some public agencies, especially federal agencies, may 
require the contractor to comply with their own safety requirements, in addition to the 
OSHA regulations. However, the involvement of the owners in the safety management 
of public projects was generally viewed as being inadequate, when compared to the 
extent of owner involvement on private projects. 

Safety performances on manufacturing projects were consistently not as good as 
on petrochemical projects (see Table 2(c)). Note that residential and commercial projects 
were not included in this comparison, primarily because only a few such projects were in 
the entire sample. From the limited data, it appeared as if the residential and commercial 
projects were not as good as the manufacturing projects in the area of safety. ]t should be 
mentioned that owners of many manufacturing projects were aggressive in their efforts to 
improve project safety performance. Several respondents stated that their emphasis on 
safety in the manufacturing sector was a relatively recent initiative. Since it takes time to 
be successful in making significant changes in the safety culture of a company, it may be 
only a matter of time before additional improvements in safety performance are realized 
on manufacturing projects. Although their safety performances were not as good as the 
petrochemical projects, the manufacturing projects in this study were already much better 
than the construction industry TRIR average of 7.8 (www.bls.gov). 

One method of enhancing safety is to conduct a constructability review as part of 
the design process (Hinze and Wiegand, 1992; Hinze and Gambatese, 1996; Jergeas and 
Van der Put, 2001). This review helps to coordinate the safety efforts of designers and 
the work performed on site (Fischer and Tatum, 1997). Comparisons were made of the 
safety performances of design-build projects with projects constructed under other 
contracting arrangements. Design-build firms, including engineering, procurement, and 
construction (EPC) firms, have a direct incentive to focus on construction safety during 
the design phase as it is their own employees who are impacted by their design efforts. In 
other arrangements, the design team is often considered to be separate from the 
construction effort and does not address construction safety in the design. Results (see 
Table 2(d)) show that design-build (EPC) projects had significantly better safety 
performances than did projects with other forms of contracting arrangements. Although 
owners addressing safety during the design phase was not investigated in this study, 
nearly all owners reported they addressed construction safety in the design phase. 

Despite the complexity involved, safety performances on the large projects were 
quite good (see Table 2(e)). This held true for all large projects, including shutdown 
projects, petrochemical projects, and manufacturing projects. Strong safety performances 
on large projects have been reported in other construction safety research. In general, the 
very large and quite small contractors have better safety performances, while medium 
sized companies have poorer safety performances (Hinze, 1997). 
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The number of shifts worked and the number of workdays worked per week are 
often dictated by the owner's schedule requirements. Tight deadlines often mean that 
shift work or overtime work will be necessitated. On the projects involved in this 
research, it was found that projects with one shift had significantly better safety 
performances than those with more than one shift (see Table 2(f)). Projects with four-day 
(primarily those working four-tens) or five-day workweeks had significantly better safety 
performances than those working more than five days per week (see Table 2(g)). Note 
that if the eight shutdown projects are excluded in the analysis, the difference of TR.IR 
between projects with different shifts was still significant, while the difference of TR.IR 
between projects with different workweeks was no longer statistically significant. From 
these results, it is reasonable to suspect that fatigue can contribute to increasing the 
number of human errors, and that days off for rest and recovery may contribute to injury­
free work. 

The selection of safe contractors 

Selecting a safe contractor for project execution is an important function for the 
owner to achieve better safety performance. In this research, it was found that most 
private owners would not consider awarding contracts to contractors with poor safety 
performances. Some owners maintain their own database of the safety performance 
history of all parties with whom they have contracted, namely contractors, 
subcontractors, and vendors. From this, they develop and maintain an approved bidder 
list and only these firms are given the opportunity to submit bids on their projects. This 
study examined the selection criteria used by the owners to evaluate each contractor's 
safety performance (see Table 3). 

Table 3 The relationship between TRlR and the selection of safe contractors 
The selection of safe contractors Categories Counts Median Significance level* 

of 
<=S 24 2.13 

(a) Importance of safety in review 
>=6 35 1.2 0.05 

contractor's overall performance 
Total 59 1.48 

(b) 
No 11 1.54 

Was EMR used to evaluate contractor 
Yes 45 1.48 0.23 

safety performance? 
Total 56 1.51 

(c) Was TRIR used to evaluate contractor No 6 2.50 
safety performance? (excluding public Yes 44 1.32 0.03 
works) Total so 1.89 

What is the threshold value of TRIR of 
>=2 or none 39 1.67 

(d) 
<2 11 0.84 0.04 

contractors? (excluding public works) 
Total so 1.89 

(e) staff 
No 14 2.48 

Aie qualifications of safety 
Yes 42 1.32 0.06 

reviewed when evaluating contractors? 
Total 56 1.51 

No 18 2.48 
(f) Aie qualifications of the project team 

Yes 38 1.2 <0.01 
reviewed when evaluating contractors? 

Total 56 1.51 

(•: One-tail level of significance by the MaJU1-Wbitney U test 
.. 
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The results of data analysis show that owners placing higher priorities on safety 
when reviewing the overall performances of contractors reported better safety 
performances (see Table 3(a)). The most proactive owners mentioned that during their 
review procedure, the weight of safety performance should be at least as high (6 or 7 on a 
scale of 1 to 7, with 7 as the hlghest level of emphasis on sa{ety) as the weight of cost 

Questions were asked about how owners evaluated the past safety performances 
of contractors. Various measures of safety performance have been identified in the past 
research results of Diaz and Cambrera (1997), Garza et al. (1998), and Sawacha et al. 
(1999). The results of this study show that owners used varying criteria to measure safety 
performances of the contractors. Consistent with the findings by Hinze, et al, (1995), 
some owners felt that the workers' compensation experience modification ratio (EMR.) is 
a lagging and inaccurate indicator, and no longer relied on it as a safety indicator. 
Owners using the EMR as a safety indicator did not report notably better safety 
performances (see Table 3(b)). 

In contrast, the TRIR is also a lagging indicator, but safety performances of 
projects were significantly better when the owners used the TRIR as one of the 
measurements for evaluating contractors (see Table 3(c)). Note public works projects 
were excluded because public owners are often unable to take safety criteria into 
consideration when they award contracts. Those owners using the TR.IR were asked if a 
threshold value of TRIR was established, namely a value above which safety 
performance was deemed to be unacceptable. The safety performances of projects with 
more stringent TRIR requirements (threshold values less than 2) were significantly better 
than on projects using more lenient threshold values (threshold values greater than 2) or 
projects where no TR.IR limits were established (see Table3 (d)). 

Qualifications of the contractor's safety personnel and qualifications of the project 
management team were used by some owners for the selection of contractors. The more 
proactive owners would review these qualifications by conducting pre-construction 
personal interviews with them and also by making site visits to projects where they were 
assigned .at the time. The resultant TR.IR was found to be lower on projects where the 
owner~s had a practice of considering the qualifications of the contractor's safety 
personnel and also the qualifications of the project management team (see Table 3 (e) and 
(f)). 

In summary, the most proactive owners no longer rely on the lagging indicators 
such as EMR to measure safety perfonnance of contractors. Instead, they turn to 
dynamic measurements of safety performance, which can better portray the safety 
performance potential and safety management capabilities of contractors. Viable 
measures, or leading indicators, include an assessment of the contractor's safety program, 
reviewing the qualifications of the safety personnel~ and reviewing the qualification of 
the project management team. 
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The contractual safety requirements 
The construction contract is the legal document that prescribes the responsibilities 

of different parties involved in the project (Hinze, 2001). In the interviews, questions 
were asked about how the owners addressed construction safety in their contract 
documents. Among the seventeen listed safety requirements included in the 
questionnaire, two were found to be significantly related with project safety 
performances: "the contractor was required to place at least one full-time safety 
representative on site", and "the contractor was required to submit the resumes of key 
safety personnel for the owner's approval"(see Table 4). Three additional requirements 
(minimum training, site specific safety plan, safety policy of the firm) were found that 
were not significantly associated with the project safety performance, but considerable 
differences existed between the TRIR.s (see Figure 3). 

Tabl 4 Th 1 f hi b e ere a tons 1p etween TRIR d an trtul fit t con ac a sa e y requiremen s 
Contractual safety requirements Counts Median Significance level* 

The contractor was required to place at least one full-
No 10 1.87 

Yes 49 1.3 0.08 
time safety representative on site 

Total 59 1.48 
No 17 2.81 

The contractor was required to submit the resumes of 
Yes 42 1.2 <0.01 

key safety persormel for the owner's approval 
Total 59 1.48 

•: One-tail level of significance by the Mann-Whitney U test 

0:: 
~ 
I-

D Contractor must provide specified minimum safety training to workers 
Cl Contractor must submit a site-specific safety plan 
D Contractor must submit a safety policy signed by CEO 

2.50 ,---- ----------------------, 
2.30 

1.96 
2.00 

1.50 
1.22 

1.00 

0.50 

0.00 

No Yes 

Figure 3 Other contractual safety requirements associated with TR.IR 
(not statistically significant) 
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The owner's involvement in safety management 

In addition to promoting project safety perfom1ance through the careful selection 
of contractors and the inclusion of carefully selected safety provisions in the contract, 
owners can, be active participants in safety management during project execution. 
Several questions were asked about specific practices of owners that were expected to 
favorably influence safety performances of projects. These practices included owner 
participation in safety recognition programs, monitoring of safety performance, funding 
safety initiatives, accident reporting, accident investigations, safety training and 
orientation programs, and so on. Table 5 presents those owner practices that showed a 
positive influence on safety performances. 

Table 5 The relationship between TRIR. and the owner's requirements in contractor's 
. afi proJect s etyprogram 

Owner's requirements in safety program Categories Counts Median Significance level* 

(a) Does the owner require an emergency plan No 8 2.59 
to be included in the contractor's safety Yes 49 1.22 0.04 
program? Total 57 1.43 

(b) Does tl1e owner require daily JSAs to be 
No 9 2.18 
Yes 48 1.21 0.06 

included in the contractor's safety program? 
Total 57 1.43 

(c) Does tlle owner require a substance abuse No 4 3.25 
program to be included in the contr11ctor's Yes 53 1.30 0.02 
safety program? TotaJ 57 1.43 

*: One-tail level of significance by the Mann-Whitney U test 

Generally, owners impose requirements on the contents that contractor must 
include in their project safety programs. The inclusion of the following safety program 
elements was associated with better project safety performances (see Tables 5 (a) to (c)): 

)> Emergency plans (medical and hazardous materials) 
)> Daily JSA Gob safety analysis) conducted on the project site 
) A substance abuse program must be implemented 

Generally, near misses are defined as unplanned events that might potentially 
cause human injury or property damage. Although different owners may have different 
definitions for near misses, many proactive owners require contractors to report near 
misses to them, and the owners then participate in investigating the near misses. They 
regard near misses as valuable, but inexpensive warnings of unsafe trends on site. Table 
6(a) shows that better safety performances were achieved on projects where owners' 
safety representatives monitored near misses. Also, if the number of near misses 
recoJded on the project exceeds the number of OSHA recordable injuries on the project, 
better safety performances were realized (see Table 6(b)). 
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Table 6 The relationship between TR1R and the owner's participation in project safety 
management 

Owner's participation in safety management Categories Counts 

(a) Does the owner's representative 
No 

monitor 
Yes 

near misses on the project? 
Total 

(b) Comparison of OSHA recordable injuries 
More recordables 
More near misses 

and near misses recorded on the project 
Total 

(c) Does the owner maintain injury statistics by 
No 
Yes 

contractor? 
Total 

(d) Aie the contractor's safety performance No 
statistics included in the owner's safety Yes 
performance statistics? Total 

(e) Aie some funds provided to the contractor, No 
above and beyond the contract amount, to Yes 
promote project safety? Total 

(f) 
No 

The owner participates in the safety 
Yes 

recognition program 
Total 

Contractor only 

(g) Safety training methods used on the project 
Owner only 

Both 
Total 

None 

(h) Hours of monthly refresher safety training 1 to 3 hours 
received by the workers >=4 hours 

Total 

No 
(i) Is there any means of verifying the 

Yes 
comprehension of safety orientation? 

Total 

(j) The owner participates in safety meetings 
No 
Yes 

and toolbox meetings 
Total 

(k) The owner's representative monitors project 
No 
Yes 

safety inspection records on a regular basis 
Total 

(I) The owner's representative monitors the 
No 
Yes 

project near miss rate on a regular basis 
Total 

No 
(m) Is zero TRIR set as a safety objective by the 

Yes 
owner before project commencement? 

Total 

*: One-tail level of significance by the Mann-Whitney U test 
**: Two-tail level of significance by the Kruskal-Wallis test 

11 
47 

58 
26 

33 

59 
26 

33 

59 
22 

37 

59 
24 
35 

59 
12 

44 

56 
11 

17 
29 

57 
l I 
34 
14 

59 
l I 
48 

59 
10 
46 

56 
1 l 
47 

58 
11 
47 

58 
40 
19 

59 

Median Significance level 
2.18 
1.22 0.06* 

1.46 
2.43 
0.84 <0.01* 

1.48 
2.13 

1.19 0.03* 

1.48 
1.88 
1.19 0.03* 

1.48 
2.28 
1.20 0.01* 

1.48 
2.92 
1.15 <0.01* 

1.46 

1.69 
2.18 

0.06** 
0.84 

1.48 

2.73 

1.64 
0.07** 

1.18 
1.48 

2.53 
1.20 <0.01* 

1.48 
2.26 

1.19 0.01* 

1.46 
1.69 

1.20 O.Ql * 

1.46 
2.18 

1.22 0.06* 

1.46 

1.64 
1.43 0.10* 

1.48 
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Projects where owners tracked the individual safety performances of each 
contractor on site had significantly better safety performances than projects where this 
was not done (see Table 6(c)). Evaluating the safety performance of each contractor can 
help in selecting safe contractors on future projects and this can also help the owner to 
identify any weaknesses in the current safety programs being implemented by each 
contractor. Additionally, it was found that if the owners incorporated the safety statistics 
of the contractors into their own safety performance statistics, the projects achieved better 
safety performances (see Table 6(d)). By including the safety records of the contractors 
in their own safety statistics, the owners essentially adopt the philosophy that any injuries 
on the project are a negative reflection on their own safety performances. Ideologically, 
the owner actually regards the contractor's employees as its own employees, and 
recognizes the value of protecting and caring for them. 

Positive reinforcement is one mechanism by which individuals are encouraged to 
repeat certain types of behavior. One such approach in the area of safety is to implement 
a safety recognition program that reco.gnizes and rewards workers wbo have exhibited 
good safety behavior. Analysis of the data shows that when the owner provided some 
funds above and beyond the contract amount to promote safety, projects were more likely 
to achieve better safety petformances (see Table 6(e)). When the owner participated in 
the safety recognition programs, the safety performances were also better (see Table 
6(f)). These results demonstrate the positive influence owners have on project safety 
petfonnances. 

Orientation of workers is essential to provide workers with necessary knowledge 
for them to work safely. Table 6(g) shows that when both the owner and the contractor 
were involved in the safety training, projects reported better safety performances. Also, 
more hours (four or more) of monthly refresher safety training for workers can improve 
project safety performances (see Table 6(h)). When the owner had a means to verify the 
comprehension of the safety orientation training received by workers, the safety 
performances were significant1y better (see Table 6(i)). Generally, the owner will require 
a test or exam after the safety orientation session to verify the comprehension of the 
training. 

The owner's site safety representative may have various responsibiJities to fulfill. 
The study found that if the owner's safety representative participated in the safety 
meetings and tool-box meetings, the projects achieved better safety performances (see 
Table 6G)). Another consideration relates to bow the owner's safety representative 
monitors project safety performance. Nearly all the owner's representatives monitored 
project safety performance by monitoring the incident rates on the projects, including the 
lost workday case injury rate, TRIR, and first aid injury rate. It was noted tbat 
monitoring safety inspection records was associated with significantly better safety 
performances (see Table 6(k)). Also, when the owner's safety representative monitored 
the project near miss rate on a regular basis, the projects achieved better safety 
petformances (see Table 6(1)). 
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Regarding the owner' s expectations about safety performance, the results show 
that owners that established specific safety expectations reported better safety 
performances on their projects, especially those owners who set zero OSHA recordable 
injuries as their safety objective before project commencement (see Table 6(m)). One 
owner commented "One can achieve the level of safety as he demonstrates to expect." 

ANSWERS TO OPEN-ENDED QUESTIONS 

In the study, some open-ended questions were asked. One question asked about 
the most important way for the owner to improve project safety performance. This 
question was not formally included in the questionnaire, but was asked as a concluding 
question. Although the answers varied considerably, the following points were 
frequently made. 

o Owner's management commitment: Both site management and home office personnel 
of the owner should have a clear understanding of the value of safety. Safety is no 
longer regarded as a priority only, instead, it should be integrated into the owner's 
values, always being placed first. Management should have a common view that 
zero-injuries can and should be the safety objective. 

o Safety observation program: The philosophy is to address the front end of the 
accident chain and remind everyone on the project about safety. Techniques can 
include training and encouraging everyone to report unsafe acts, hazards on site, and 
near misses. This is followed by tracking the records and intervening when necessary 
to avoid unsafe acts. 

o Personal accountability: Safety responsibilities of each site person, whether employed 
by the owner or the contractor, should be clearly defined and closely related to the 
overall personal performance evaluations. 

o Safety communication: Owners should set their expectations on safety from the very 
beginning and reinforce their emphasis on safety through continual efforts. Safety 
communication conveys safety experience and knowledge to the contractor. This can 
be done by discussing safety issues at the beginning of each meeting and by providing 
firm and physical support of the safety efforts on sites. 

o Implementation of the safety program: The safety program should be carefully 
developed, evaluated and modified in response to the changes on the project. Once 
defined, the safety program should be implemented firmly and consistently, and there 
should be no differences in the implementation for the employees of the owner, 
contractor or subcontractors. 

o Physical walk-out and inspection: Owner personnel should not focus solely on the 
safety statistics reported by the contractors. They should ''walk the talk", and be 
visible on the site to monitor the contractor's safety performance and show their 
support of the contractor's safety efforts. 

o Safety/constructability review of the design: Proactive owners start their safety efforts 
as early as the design phase, and it is an essential part of the total loss control program 
of many owners. 

o Safety culture: Caring for human life and health, caring for colleagues, and 
recognizing safe acts should be the philosophy commonly held <,n the project. The 
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safety culture can be cultivated only through close cooperation of the owner and 
contractor, based on the values they share on safety. 

SAFETY PERFORMANCE MODEL: Bow To ACHIEVE BETTER SAFETY PERFORMANCE 

Based on the data analysis, a project scorecard was developed to evaluate the 
safety performance of a project. Any owner can use the scorecard to evaluate the 
possibility of its project achieving good safety performance by referring to the scores 
obtained in the card. Also, the sub-score obtained in the different sections of the 
scorecard can help the owner identify which areas can be improved to achieve better 
safety performance. The scorecard is shown in Figure 4. Note that the scorecard is valid 
only after the following practices are already implemented on the projects: the owner 
requires the primary contractor to report OSHA recordable injuries; the owner assigns at 
least one safety representative to the project with high authority and responsibj}ities 
clearly defined; the owner's site safety representative monitors the contractor's safety 
perfonnance regularly; the owner places a priority on safety when selecting contractors, 
and maintains an approved contractor list for awarding the contract; the owner specifies 
basic safety requirements in the contract document; the owner requires basic components 
to be included in contractor's safety program; and the owner addresses safety in the 
design phase. 

The highest possible score of the scorecard is 100 percent. The scores of the 
projects in the study ranged from 40% to 92%. If the seven projects implementing at 
least 88% of the practices listed in the scorecard are compared with the eight projects tl)at 
implemented less than 52% of the practices, the TRIRs are significantly different (refer to 
Table 7). The Spearman's correlation of the TR.IR and the score generated on the 
scorecard for the 59 projects is 0.60, significant at the 0.001 level. This shows that the 
results of the scorecard are negatively correlated with TRIR, and the scorecard is a 
reliable instrument that can be used to evaluate the owner's impact on safety 
performance. 

T bl 7 Th tit a e esa etype f ormances o proJects w1 1 est an d l t owes scores 

Score N Mean Std. Deviation Median ANOVASign. Mano-Whitney 
(1-tail} Sign. (1-tail) 

<=13 (52%) 8 4.64 2.90 2.92 

>=22 (88%) 7 0.53 0.34 0.50 <0.01 <0.01 

Total 15 2.72 2.96 I.62 
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0 woer's I nfluence on C onstruction Safety Scorecard 
Project Context, Contractor Selection, Contractual Safety Requirements and Owner 

Involvement in Project Safety 
P roject context: 
(1) Does the proiect work one shift? 
(2) Does the project work five days a week or less? 
Selection of contrnctor 
(3) Is the TR1R requirement for the contractor selection less than 2.0? 
( 4) Aie the qualifications of the project team reviewed? 
(5) Aie the qualifications of the safety staff reviewed? 
(6) Does the evaluation of each contractor's safety perfonnance make a difference in 

awarding the contract? 
Contractual safetv reouireme11ts 
(7) Does the project use a desi2t1-build contract? 
(8) Does the contract require the contractor to place at least one full-time safety 

representative on the project site? 
(9) Does the contract require the contractor to submit all safety personnel resumes for the 

owner's approval? 
(10) Does the contract require the contractor to prepare a site-specific safety plan? 
(11) Does the contract require the contractor to submit a safety policy signed by its CEO? 
(12) Does the contract require the contractor to provide a minimum specified amount of 

training to the construction workers? 
Cont ractor Sllfetv Proe.ram Reauirements 
Which of the following are required to be included in the contractor's safety program? 

(13) Contractor must prepare a plan for site emergencies 
(14) Contractor must conduct pre-task safety planning on the project site 
(15) Contractor must implement a substance abuse testing program 

Owner ' s involvement in 1>roject safety manaf cment 
( 16) Does the owner's safety representative investigate near misses? 
(17) Aie injury statistics on the projects maintained separately on each contractor? 
(18) Axe all project injuries included in the owner's overall measure of safety performance? 
(19) The owner actively participates (gives presentations) during worker safety orientation? 
(20) Cornorebension of safety training is evaluated through testing? 
Which of the following activities are performed bv the owner's site safety renresentative? 

(21) Enforcing safety rules and resrolations 
(22) Monitoring of the imolementation of pre-task planning 
(23) Participating in safety recomition proirrams 
(24) Participating in safety and/or tool box meetings 

(25) Does the owner set zero injuries as its safety expectation before the commencement of 
site work? 

Total Count of Yes Responses 

Multiply the Yes Count by 4 (X4) 

What the score means: 
88% or better is strong owner involvement 
52% or Jess indicates weak owner involvement 

Figure 4 Owner's influence on construction safety scorecard 
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% 
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CONCLUSIONS 

This study was focused on identifying the owner's role in construction safety, 
which was demonstrated through the project context, the selection of safe contractors, the 
inclusion of safety requirements in the contract, and the owner's active participation in 
safety during project execution. Through analysis of the project interview data, it can be 
concluded that owners can positively influence project safety performances. Several 
practices of owners that were associated with better safety performances were identified. 

Unlike twenty years ago, owners of large projects are more actively participating 
in construction safety management in each stage of project execution, including project 
design, contractor selection, the development of contract documents, and the construction 
phase. They are making efforts to improve the project safety performance, with a focus 
on setting their expectation on zero injuries, selecting safe contractors, and developing 
the safety culture on their projects (through safety training and safety recognition 
programs, for example). Their efforts have paid off by the decrease in injuries on their 
projects. This may explain, in part, why the injury rates decreased dramatically in the 
past.decade (see Figure 1). 

The study also found that petro-chemical owners are among the most proactive 
owners in construction safety. This may be due to the traditional concern for safety in the 
chemical industry. Many petro-chemical owners stated that the safety attitudes in their 
major line of business impact their philosophy on construction safety. Safety is 
necessitated by the considerable hazards existing in the petrochemical industry. These 
reasons may help explain why the safety performances of petro-chemical projects are 
better than other types of projects. 

REFERENCES 

Business Roundtable. (1982). "hnproving Construction Safety Performance: The User's 
Role". A Companion Publication to Construction Industry Cost Effectiveness 
Project Report A-3, New York, 1\TY, 1982. 

Coble, R. J., and Hinze, J. (2000). Analysis' Of The Magnitude Of Underpayment Of 1997 
Construction industry Workers' Compensation Premiums In The State Of Florida. 
Dec. 2000. (unpublished internal research report). 

Diaz, R. I. and Cambrera, D. D. (1997). "Safety Climate and Attitude as Evaluation 
Measures of Organizational Safety". Accident Analysis And Preview. 29(5), 643-
650. 

Engineering News Report, (2001). "The Top Owners". ENR, Nov. 12, 2001. 34-48. 
Everett J. G., and Frank, P. B . (1996). "Costs of Accidents and Injuries to the 

Construction Industry." Journal of Construction Engineering and Management, 
122(2), June 1996, 158-164. 

Fischer, M., and Tatum, C. B. (1997). "Characteristics of Design-relevant 
Constructability Knowledge". Journal of Construction Engineering. and 
Management? 123(3), May/June 1997, 253- 260. 

VII-21 



Gambatese, J. (1996). Addressing Construction Worker Safety In The Project Design. 
Ph.D. Dissertation, 1996, University of Washington, Seattle, WA. 

Gambatese, J. (2000). "Owner Involvement in Construction Site Safety." Proceedings of 
Construction Congress VI. February 20-22, 2000. Orlando, Florida. 661-669. 

Garza J. M., Hancher, D. E., and Decker, L. (1998). "Analysis of Safety _Indicators in 
Construction''. Journal of Construction Engineering and Management. 124(4), 
July/August, 1998, 312-314. 

Heinrich, H.W. (1959). Industrial Accident Prevention. McGraw-Hill Book Company, 
Inc. New York. 

Hinze, J. and Figone, L. (1988). Subcontractor Safety As Influenced By General 
Contractors On Small And Medium Sized Projects. CII report No. 2 1988. 
Department of Civil Engineering, University of Washington, Seattle, Washington. 

Hinze, J., and Talley, D. (1988). Subcontractor Safety As Influenced By General 
Contractors On Large Projects. CIT Research Report No. 1. August, 1988, 
University of Texas at Austin. 

Hjnze, J., and Appelgate, L. (1991). "Costs of Construction Injuries". Journal of 
Construction Engineering and Management, 117(3), Sep. 1991 , 537-550. 

Hinze, J., and Wiegand, F. (1992). "Role ofDesigners in Construction Worker Safety". 
Journal of Construction Engineering and Management, 118(4), Dec. 1992, 677-
684. 

Hinze, J., Bren, D., and Piepho, N. (1995). "Experience Modification Rating as Measure 
of Safety Performance". Journal of Construction Engineering and Management. 
121(4), Nov./Dec. 1995, 455-458 

Hinze, J. and Gambatese, J. (1996). Addressing Construction Worker Safety in the 
Project Design. CTI Research Report 101-11, June 1996. University of Texas at 
Austin. 

Hinze, J. (1997). Construction Safety. Prentice Ha11, New Jersey. 
Hinze, J. (2001). Construction Contracts (2nd edition). McGraw Hill, Boston, MA. 
Hinze, J. (2002). Safety Plus: Making Zero Accidents A Reality. CII Research Report 

160-11. March 2002, University ofTexas at Austin. 
Jergeas, G., and Van der Put, J. (2001). "Benefits of Constructability on Construction 

Projects". Journal of Construction Engineering and Management, 127(4), Jul/Aug. 
2001, 280-290. 

Levitt, R. E., and Samelson, N. M. (1993). Construction Safety Management, 2nd edition. 
John Wiley & Sons, Inc., New York. 

Levitt, R. E., Samelson, N. M., and Mummy, G. (1981). "Improving Construction Safety 
Performance: The User's Role." Department of Civil Engineering Technical Report 
No. 260, Stanford University, Stanford, CA, 1981 (rev. 1985) 

Liska,. R. W., Goodloe, D., and Sen, R. (1993). Zero Accident Techniques. Construction 
Industry Institute. Source Document 86, Jan. 1993.The University of Texas at 
Austin. 

Sawacha, E., Naoum, S. and Fong, D. (1999). ''Factors Affecting Safety Performance on 
Construction Sites". International Journal of Project Management. 17(5), 309-315. 

Sikes, R. W., Qu, T., and Coble, R. J. (2000). An Owner Looks at Safety. In Coble R., 
Hinze J., and Haupt T. (eds.), Construction Safety and Health Management, 2000. 
Prentice Rall, Upper Saddle River, New Jersey. 193-205. 

VII-22 



Suraji, A., Duff R.A., Peck.itt, SJ. (2001). ''Development of Causal Model of 
Construction Accident Causation". Journal of Construction Engineering and 
Management, 127(4), Jul/Aug. 2001, 337-344. 

Toole, T. M. (2002). "Construction Site Safety Roles''. Journal of Construction 
Engineering and Management, Vol. 128, No. 3, May/June 2002, 203-210. 

PUBLJCATIONS 

Huang, X., and J. Hinze. ''The Owner's Role in Construction Safety," ASCE Journal of 
Construction Engineering and Management, (submitted for publication). 

Huang, X., and J. Hinze. ''The Owner's Role in Construction Safety: A Guidance 
Model," ASCE Journal of Construction Engineering and Management, (submitted 
for publication). 

VII-23 



SECTIONVIIl 

Scalable Database and Web-Based Dissemination of Important 
Health and Safety Information to Construction Safety 

Professionals 

Principal Investigator 

Daniel W. Halpin, Rick Hornung, Mark Carrozza 

Graduate Students 

Shih-Yi Wang, Chung-I Yen 



TABLE OF CONTENTS 

Abstract ..... . ....................................................... . .... ... ....................... VID-1 

Significant Findings ............. ........................... ... .. . ... .. ...... ................. . . Vill-1 

Usefulness of Findings ..... .... . .. .. ... ................. ....... ..................... ... . .. ..... VIII-2 

Scientific Reports ...... .... .................................................................... . VIII-3 

Background for the Project.. ...... ............................ . ... .......... . ............. VIII-3 

Specific Objectives and Results ............. . .......................... . ............... VID-4 

Methodology ...... . .............. ...................................... . .. ......... . ... . ... . VIIl-8 

Results and Conclusions ....... . .. . ... ...... . ... ... . ............................ .. ........ .. VIII-9 



SCALABLE DATABASE AND WEB-BASED DISSEMINATION OF 
IMPORTANT HEALTH AND SAFETY INFORMATION TO CONSTRUCTION 

SAFETY PROFESSIONALS 

Research Team: PI -Dr. Daniel W. Halpin; Dr. Rick Hornung, Dr. Mark 
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ABSTRACT 

Occupational fatality, injury and illness data for the construction industry 
currently exists in many national, regional, and state data systems. The Bureau of Labor 
Statistics annually reports on the number of workplace injuries, illnesses, and fatalities. 
The National Center for Health Statistics' (NCHS) National Health Interview Survey 
(NHIS) produces accident and injury data based on an annual nationwide survey. More 
detailed safety and health data at the individual worker level are collected and maintained 
by labor unions, individual construction companies, and trade associations. 

A single, scalable database was designed and developed that is capable of housing 
occupational fatality, injury and illness data that are specific to the construction industry 
and are collected from disparate sources. The database was developed using Microsoft 
SQL Server, Version 7.0 and can grow efficiently and economically as new data are 
collected. It can maintain both swnmary level data (e.g. BLS data) as well as individual 
worker-level data collected by labor unions, individual construction companies, and trade 
associations. 

A limited web-based application was also developed that allows access to the data 
over the Internet. This custom application, developed using the Internet "middleware" 
software Cold.Fusion, takes the user's selection criteria and builds a query using standard 
SQL (Structured Query Language) statements. The SQL is then used to query the 
underlying SQL database and returns the results to the users' web browser. 

The Construction Safety Alliance (CSA) Website was developed in conjunction 
with the safety database to provide a portal to access data through the Internet. In 
addition, the website contains pertinent summaries of research .from partners in the 
Construction Safety Alliance and other practical, up-to-date safety and health 
information. 

SIGNIFICANT FINDINGS 

Data on occupational fatalities, injuries, and illnesses in the construction industry 
currently exist in many national, regional, and state data systems, which makes the access 
to safety data for researchers and safety professionals a frustrating chore. Hence, there is 
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a need to develop a centralized database that provides single access point to all safety 
data. In addition, the Construction Safety Alliance partners also need a database that can 
store the new data collected from the research to faci litate data analysis and research 
collaboration. Therefore, a scalable database possessing the following features is 
developed. 

• The database is designed to grow with the needs of research program and 
availability of new data. 

• The database provides a comprehensive source for access to many different 
construction safety research and surveillance data sets. 

• The database enhances user ability to query the database for specific items related 
to construction safety. 

• The database creates new research opportunities by making the latest data sources 
available to researchers and policy makers. 

The database currently houses occupational fatality, and injury and illness data for the 
construction industry collected from three publicly available data sources: the Bureau of 
Labor Statistic's (BLS) Injuries, Illnesses and Fatalities website, the BLS Census of Fatal 
Occupational Injuries (CFOI) website, and the National Center for Health Statistics' 
(NCHS) National Health lnterview Survey (NHIS) website. 

The Construction Safety Alliance Website was developed to serve as a portal for 
safety professionals and researchers to access up-to-date safety infonnation. The 
information on the website can be accessed at two levels. 

• The first level includes only CSA access for sharing data and information 
resources associated with ongoing research and surveillance projects. This access 
is password-protected for CSA members and their designated collaborators. 
Because CSA consists of researchers from different geographical locations, 
communication and collaboration through the website has proven to be very 
effective. 

• The second level is for general use for accessing all information, published data, 
and resources as CSA makes it available. This level requires no password and will 
be advertised in trade journals and other construction-related publications. 

USEFULNESS OF FINDINGS 

The data collected by government agencies such as the Bureau of Labor Statistics 
do not specifically pertain to the construction industry. The CSA database removes safety 
data in other industries and provides data that are more of interest to construction safety 
professionals and researchers. 
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The interviews with 16 safety directors of small to medium size mid-western 
construction companies showed the safety data available at government agencies such as 
the Bureau of Labor Statistics~ while useful in providing a general assessment of 
industry-wide safety-related statistics, are not helpful from the perspective of 
benchmarking and self-improvement. A database that contains results from more specific 
surveys such as fall prevention or safer trenching practices is more pertinent to their 
interests. 

The CSA website contains information of Construction Safety Alliances projects 
and other information related to construction safety. In addition to providing Internet 
access to the database, the website was also designed to make up-to-date safety research 
and products available to safety professionals and researchers. Most CSA partners' 
publications are available at the website. There are also fact sheets regarding new safety 
products and ongoing safety research. According to the past experience of developing 
Emerging Construction Technology website (http://www.new-technologies.org/ECT/), 
the construction practitioners are especially interested in information on new products 
and technologies and the fact sheets of new safety products will be useful to them. 

To increase the usefulness of the website, regular updates on the fact sheets of 
safety research and products are required. To become a single access point to all 
construction safety data, the website will need to provide a complete list of links to other 
relevant websites and searchable web-based safety regulations. An online forum can be 
designed to allow safety professionals to exchange their ideas and experiences in 
construction safety practices. 

SCIENTIFIC REPORT 

Backgrou1td for the Project 

Results and recommendations from construction safety research and surveillance 
projects are of little use to the construction industry unless they reach audiences who 
most desire and need this information. Those audiences include other researchers 
working in the area of construction safety and ultimately of course, construction 
managers as well as the individual workers. 

Construction safety and health researchers may not always be familiar with the 
vast sources of data that already exist to help them advance their research or what new 
areas of research are needed by the industry. Members of this target audience would 
benefit greatly by having access to one website that could supply them with this needed 
information. 

For construction workers employed by large companies, research findings may be 
put into action through information dissemination and intervention strategies designed 
and implemented by safety and health professionals employed by the company. However, 
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many small or medium sized construction companies are not able to hire safety and 
health professionals. Programs and sources of information on ways to reduce injuries and 
fatalities may not be as easily accessible to them. 

The CSA members believe there is a need for a user-friendly web site that 
provides practical, useful information in laymen's terms that can be put into practice by 
safety professionals as well as construction management and individual construction 
workers. In addition to providing a means of communication on the latest research 
findings and other information useful to the construction community, the web site serves 
as a gateway to a master scalable relational database system. 

Specific objectives and results 

Objective No.1 

Due to the lack of a centralized data repository, safety data collected regularly by 
government agencies at various levels are scattered at different locations. To allow safety 
professionals and researchers to access these data more easily and to promote research 
opportunities, a scalable database that can accommodate existing data and data collected 
from future research is necessary. This database will be advertised through CII and other 
members of the Construction Safety Alliance. 

Results: 

A relational database housing the occupational fatality, injury and illness has been 
implemented. The data are collected from three publicly available data sources: the 
Bureau of Labor Statistic's (BLS) Injuries, Illnesses and Fatalities website, the BLS 
Census of Fatal Occupational Injuries (CFOI) website, and the National Center for Health 
Statistics' (NCHS) National Health Interview Survey (NFUS) website. 

The Bureau of Labor Statistics annually reports on the number of workplace 
injuries, illnesses, and fatalities. Since 1972, the survey has reported annually on the 
number of workplace injuries and illnesses in private industry and the frequency of those 
incidents. With the 1992 survey, BLS began collecting additional information on the 
more seriously injured or ill workers in the form of worker and case characteristics. 
Industry and illness data in the construction industry for the years 1989 - 2000 were 
downloaded from BLS. Table 1 lists the specific construction industry codes represented 
in the BLS data. 

The BLS CFOI produces comprehensive, accurate, and timely · counts of fatal 
work injuries .. CFOI is a Federal-State cooperative program that has been implemented in 
all 50 States and the District of Columbia since 1992. To compile counts that are as 
complete as possible, the census uses multiple sources to identify, verify, and profile fatal 
worker injuries. Information about each workplace fatality--occupation and other worker 
characteristics, equipment involved, and circumstances of the event--is obtained by cross 
referencing the source records, such as death certificates, workers' compensation reports, 
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and Federal and State agency administrative reports. To ensure that fatalities are work­
related, cases are substantiated with two or more independent source documents, or a 
source document and a follow-up questionnaire. 

Table 1. lodustry Codes Represented in the BLS Injury, Illness and Fatalities Data 

Industry Code DescrlJ)tion 

1500 General Building Contractors 

1520. JRe~id~tial Building Cons~ction 

1530 Operative Builders 

1540 N_onreside1!tial Building Construction 

1600 Heavy Construction, Except Building 

1610 Highway and Street Construction 

1620 Heavy Construction, Except Highway I 
1700 Special Trade Contractors 

1710 Plumbing, Heating, and Air-Conditioning 

I 1720 Painting and Paper Hanging 

1730 Electrical Work 

1740 Masomy, Stonework, Tile Setting, and Plastering 

1750 ... Carpentry and Floor Work 

1760 Roofing, Siding, and Sheet Metal Work 

1770 Concrete Work 

1780 Water Well Drilling 

1790 Miscellaneous Special Trade Contractors 

Fatality data in the construction industry for the years 1992 - 2000 were 
downloaded from BLS. Table 1 lists the specific construction industry codes represented 
in the BLS data. For each industry code, the data is sununarized for the following events 
or exposures: (1) Falls, (2) Contact with Objects, (3) Fires/Explosions, (4) Transportation 
Incidents; and (5) Exposure to Hannful Substances. In addition to total and percent of 
fatalities provided by BLS, the number per 100,000 constructions workers is also 
estimated. 

The National Health Interview Survey is a multi-purpose health survey conducted 
by the National Center for Health Statistics (NCHS), Centers for Disease Control and 
Prevention (CDC), and is the principal source of information on the health of the civilian, 
non-institutionalized, household population of the United States. The NHIS has been 
conducted continuously since its beginning in 1957. Data are released on an annual basis. 
The Family Core portion of the 1997-2000 surveys included questions about medically 
attended injuries and poisoning episodes that occurred to any member of the family 
within a three-month reference period. This information combined with other 
demographic infonnation from the survey was used to generate annual injury and 
poisoning estimates in the construction industry. 
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The Family Core portion of the 1997-2000 NHIS surveys included questions 
about medically attended injuries and poisoning episodes that occurred to any member of 
the family within a three-month reference period. 111is infonnation combined with other 
demographic infonnation from the survey was used to generate annual injury and 
poisoning estimates in the construction industry (SIC 15, 16, 17 combined). Total 
injuries, percent, and number per 100,000 workers were estimated from these survey 
data. Table 2 lists the occupational categories and Table 3 lists the possible causes of 
injury used in the NHIS survey. 

Table 2. NRIS Occupational Categories 

- ---pccl1pntloo Uescriptlon - - -
Mechanics and Repairers 

Construction and Extractive Trades 

Machine Operators and Tenderers, Except Precision 

Motor Vehicle Operators 
-

Material Moving Equipment 

Construction Laborers 

Table 3. NHIS Injury Categories 

Cause Description ---

Transportation 

Fire/bum/scald related 

Fall - -
Poisoning 

Overexertion/strenuous movements 

Struck by object or person 

Cut/pierce 

Machine,ry 

Objective No.2 

To develop a web-based user-friendly query interface to allow users to retrieve data in the 
scalable database easily. 

Results: 

A limited web-based application was also developed that allows access to the data 
over the Internet. The custom application~ developed using the Internet ''middleware" 
software Cold.Fusion, talces the user's selection criteria and builds a query using standard 
SQL statements. The SQL is then used to query the underlying SQL database and returns 
the results the users' web browser. 
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Figure 1 shows the web-based interface to query the BLS Injury and Illness data 
contained in the database. The BLS Injuries and Illnesses data can be queried in a 
number of different ways. Users can specify one or more case types (e.g., total 
recordable cases) and incidence rates. Statistics can be generated for specific years or 
over all years of available data Users can also select to have results generated for one or 
more specific industry codes. · 

Similar interfaces were developed for the BLS Census of Fatal Occupational 
Injuries data and NCHS National Health Interview Survey data. 
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Figure 1. Web-based Interface to CSA Database 

To develop a website that contains latest information on safety products and safety 
research to construction industry. The website also provides web-based query interface to 
allow easy access to the scalable database. 

Results 

The Construction Safety Alliance Website (http://www.consn·uction-safety.org) 
was developed to provide practical, up-to-date safety and health infonnation to 
construction companies, health departments, safety professionals, and construction 
workers. The Website currently contains the following information: 

• Pertinent summaries of research from partners in the Construction Safety 
Alliance. 

• Latest technologies and research related to construction safety and health. 
• Web access interface to the scalable database. 
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• Links to other relevant resources, such as those maintained by NIOSH, OSHA, 
and Construction Industry Institute. 

Methodology 

A relational database system is designed to store the safety and health related 
information. With Relational Database Management System (RDMS), users can 
access/query the database through Structured Query Language (SQL). Therefore, the 
database can be stored or transferred to any database system that supports SQL. The 
current CSA database is developed using Microsoft SQL Server, Version 7.0. SQL 
Server provides a powerful and comprehensive data management platform that produces 
highly reliable, secure and scalable databases capable of maintaining large amounts of 
data, even when the data come from disparate sources. 

The database contains a series of normalized data tables. Separate primary data 
tables were developed for each source of injury, illness, and fatality data. The database 
also contains a number of individuaJ lookup tables that define individual codes used in 
the primary data tables. Figure 2 shows the table definition for the data of BLS fatal 
events. 

C\Documents and Settings\freyberw\Oesktop\csa.mdb 
Table: BlS_Fatal_ByEvent 

Properties 
Date CreatEd: 
Last Updated: 
OrdeTS~n: 
RecnrdCount 

Columns 

Name 

industry_code 
year 
category 
percent 
n_cat:egory 

7/19/2002 11:28:20 AM 

7/31/2003 2:53:13 PM 

False 
541 

number _100000 

GUID: 
NameMap: 
Orientation: 
Updatable: 

Type 

Text 
Text 
Text 
Double 
Double 
Double 

Thursday, July 31, 2003 

Page: 2 

Long binary data 
Long binary data 
0 

True 

S!ze 

4 
4 
4 

8 
s 
8 

Figure 2. Table definition of BLS fatal events 

To establish a web access interface between end users and the relational database 
system, the ColdFusion Web application development system from Macromedia was 
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utilized. ColdFusion is a complete Web application server for developing and delivering 
scaleable database applications. It provides a visual development tool as well as an 
innovative tag-based programming environment for rapid web applications developing. 
It also provides an open integration with RDMS and support most open standards such as 
directories, J2EE, .NET, XML, SOAP. With this system, the web interface can easily 
extend its functionality in the future to sever the need of the end users. 

The CSA website is built on top of the Zope Web Application Server. Zope is an 
open source web application server primarily written in the Python programming 
lanuage. Zope features a transactional object database, which can store not only custom 
data, but also dynamic HTML templates, scripts, a build-in search engine, and relational 
database connections. Zope also features a strong content management ability through 
web browsers, allowing users to update and maintain the web site from anywhere in the 
world. To allow for this, Zope also features a tightly integrated security model, which can 
authorize different access privileges based on user login name for each individual object. 

In the future, CSA website will provide different access levels with public access 
area and member restricted area. Hosting the CSA website on a Zope server can easily 
achieve this goal. The anywhere accessible web-based management interface also 
provides the flexibility to CSA members for managing the website, 

Results and Conclusions 

The scalable database, web-based query interface, and the CSA website are at 
testing stage. The database currently houses datasets from the Bureau of Labor Statistics 
and the National Center for Health Statistics. The web-query interface has been 
developed out not made available to the public yet. Despite the different structures of 
these datasets, the initial test result shows the database is flexible enough to 
accommodate these data and the users can retrieve information from different datasets 
through the very same interface. As the database is expanded to an improved level of 
functionality, the web-based query interface will be provided at the CSA website. 

The feedback from the safety directors of 16 small to medium construction 
companies shows the need for developing surveys that collect surveillance data and 
practices from specific construction processes or construction methods. Existing data 
collected by government agencies can only provide a rough picture of the current safety 
situation in construction industry and how it is compared to other industries. Only 
surveillance data at process level can be used for benchmarking and developing strategies 
to improve jobsite safety. 

The future plans for developing the scalable database are as follows: 

1. Integrating more existing safety data in the public domain. Many safety data 
collected by government agencies have Internet access. In addition, there are 
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also data that have been collected but not yet made available to the public. The 
scalable database can include these data for data mining potential. 

2. Developing surveys that collect surveillance data and safety practices at 
construction processes level. The interview with safety directors shows there 
is a need to develop safety surveys for benchmarking and developing 
strategies to improve safety in construction. The existing falls prevention and 
trenching safety surveys conducted by CSA partners provide a very good 
starting point. After data have been collected and analyzed, a short report 
summarizing the statistics and findings of the survey can be posted on the 
CSA website as a feedback to the safety professionals. 

The CSA website can be accessed from the Internet and it contains CSA research 
findings and information on the latest safety products and safety research. The website 
currently serves as document repository and communication portal for CSA partners. The 
future plans for developing the website are the following: 

1. Regularly updating fact sheets of safety products and research. One of the 
objectives of the CSA website is to provide the latest safety information to the 
construction industry. Experience from developing the Emerging Construction 
Teclmology (ECT) website shows new product information is the most used 
feature of the website. 

2. Providing comprehensive links to various safety websites and safety-related 
regulations. Many safety professionals and researchers are not aware of the 
abundance of safety information available on the Internet. 

3. Conducting web-based surveys. Experiences show safety professionals, while 
willing to participate .in the surveys, are often wary of releasing background 
information for their projects or companies. Web-based survey can encourage 
participation and increase significance of survey findings due to a larger 
sample size. A web-based survey based on the trenching operation 
questionnaire has been developed for testing. 
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Introduction 

Safety is of prime importance to the owners and contractors responsible for the 

execution of capital facilities projects. Previous research has shown that the 

implementation of zero injury techniques can result in substantial increases in a 

company's profit margin by avoiding the expenditure of funds on the direct and indirect 

costs of injuries. In addition to the immediate cost of accidents through lost work time, 

training of replacement workers, and the administrative costs of incident investigation 

and documentation, future costs are sustained through increased worker's 

compensation premiums, also. The implementation of zero accident techniques is only 

the beginning of the effort to reduce the consequences, both financial and ethical, of 

work-related accidents, however. Monitoring company safety performance is essential 

to ensure that safety programs are effective. 

This report summarizes the results of the 2002 Safety Survey conducted by the 

Construction Industry Institute™ (CII™). Safety data were provided by 54 member 

companies, of which 22 were owners and 32 were contractors1 and represent the 

experience of 269 projects and over 1 billion total work hours. Both owners and 

contractors were asked to provide data for direct hire and contract (or subcontract) 

employees. Since contractor data were not uniquely identified in the owner-submitted 

responses, it is likely that there was some double reporting of contractor data, once by 

the owner for contract employees and once by the contractor for direct hires. The data 

were collected electronically with respondents entering their data via a Web-based 

interface. 

As in the past, CII safety data for owners and contractors were compared to the 

latest illness, injury, and fatality data available from the Occupational Safety and Health 

Administration (OSHA), U.S. Department of Labor. Since OSHA data are published for 

all covered business establishments without regard to whether the employers are 

owners or contractors, comparisons are made for owners, contractors, and OSHA. 
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This year's survey also collected data on "near misses," a term often used to 

describe accidents that could have resulted in injuries, but did not. Interest in tracking 

near misses arose due to the declining accident-related incidence rates experienced by 

Cit member companies and in the Construction industry in general. If the 

implementation of zero accident techniques were responsible for the declining rates, 

and there is no reason to assume that rates will not continue to decline, perhaps 

another indicator of safety performance is appropriate. While the concept of a near 

miss is accepted within the industry, and is even frequently referenced in OSHA 

documents, no standard definition for a near miss exists. Along with requesting the 

number of near misses on a project if near misses were tracked, owners and 

contractors were asked to provide their definitions so that the work to achieve 

consensus on a definition could begin. From the definitions provided, a consensus 

definition for data collection activities in the near future was arrived upon. 
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Summary of Aggregated Data 

Table 1 presents aggregated data on recordable incidents, lost workday cases, 

lost workdays, fatalities, and total work hours for all projects and for both owners and 

contractors. Overall, the number of reported recordable incidents, lost workday cases, 

lost workdays, fatalities, and total work hours increased between 2000 and 2001. This 

was most likely due to the 17% increase in the number of companies that responded for 

the current year. Among owner-submitted private projects in particular, safety 

performance improved from the previous year with recordable incidents, lost workday 

cases, and lost workdays having decreased despite the fact that the total number of 

work hours increased. Among subcontracted projects, safety performance decreased 

somewhat with increases in recordable incidents and lost workday cases. 

Table 1. Aggregated Safety Data, 2001 

Owner Contractor 
All 

Public Private Direct Subcontractor 

Recordable 
5,721 283 736 2,901 1,801 

lncidents1 

Lost 
Workday 1,301 151 107 686 357 
Cases1 

Lost 22,358 1,781 321 16,182 4,074 
Workdays 

Fatalities 39 4 6 11 18 
Total Work 

1.117, 100,559 56,426,987 258,709,562 450,424,209 351,539,801 
Hours 

1See Attachment A for definitions. 

Figure 1 compares the average duration of lost workday cases for public and 

private owners. The average duration was nearly 4 times greater for public owners than 

for private owners. While there are no other data collected in the safety survey that 

might help to shed light on the reasons for the difference, two plausible explanations are 

the severity of the accidents and record keeping practices. If accidents tended to be 
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more serious in public sector projects, it would be expected that the average duration 

would be greater. The effects of record keeping practices are less predicable, since 

they might have resulted in either longer or shorter average durations depending on 

whether too many or too few accidents were recorded. 

Private 

0 5 10 15 

Average Duration (days) 

Figure 1. Average Duration of Lost Workday Cases, Public and Private Sector 

Projects 

Table 2 provides incidence rates and percentage changes from 2000 to 2001 . 

Overall, both the Recordable Incidence Rate (RIR) and the Lost Workday Case 

Incidence Rate (LWCIR) decreased from the previous year. The RIR decreased by 1 % 

and the LWCIR decreased by 11% %. As indicated by Table 2, owners continued to 

improve in safety performance, showing a 29.3% decrease in the RIR and a 38.5% 

decrease in the LWCIR, while contractors showed a 9.3% increase in the RIR and no 

change in the LWCIR from the previous period. The fatality rate increased by 2% 

overall, and by 4 %% for owners and 1 % % for contractors. Note that the owner RI R, 

LWCIR and fatality rates shown here were calculated based on adjusted work-hours. 

This was done because the number of recordable and lost workday cases was not 

reported for one company, and the number of fatalities was not reported for four 

companies. The work hours reported by these companies were subtracted from the 

total number of work hours reported to more accurately reflect the rates of those 

companies reporting data. 
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Table 2. Incidence Rates and Percentage Changes, 2000 to 2001 

All Owner Contractor 

Rate 
Percentage Percentage Percentage 2000 2001 

Change 2000 2001 Change 2000 2001 
Change 

Recordable 
1.03 1.02 -1.0 0.92 0.65 -29.3 1.07 1.17 9.3 Incidence 

Lost 
Workday 

0.26 0.23 -11 .5 0.26 0.16 -38.5 0.26 0.26 0.0 Case 
Incidence 

Fatality 6.90 7.04 2.0 6.25 6.53 4.5 7.12 7.23 1.5 

Figures 2 and 3 depict thirteen years of RIR and LWCIR data taken from both the 

CII safety database and OSHA data. OSHA estimates of industry performance for 2001 

were projected by the least squares regression technique since the data are not yet 

available for that year. Industry data are based on OSHA reported rates for the 

Construction industry division as classified in the Standard Industrial Classification (SIC) 

coding manual. The Construction industry division includes the following Major Groups: 

General Building (SIC 15), Heavy Construction except Building (SIC 16), and Special 

Trade Contractors (SIC 17). It should be noted that the OSHA data at this level of 

aggregation are not strictly comparable to the Cit data because some of the industry 

groups included in the Construction industry division are excluded from the CII 

database, Residential Building Construction, for example. The reader may find the data 

included in Figures 4 and 5, which follow, more relevant for analysis. 
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Industry Breakdowns 

Figures 4 and 5 present comparisons of CII and OSHA RIR and LWCIR data at 

the industry group level. Although the data presented here may be more useful than the 

data presented in Figures 2 and 3, some qualifications are in order due to the different 

ways in which Cit and OSHA categorize their data. Cl I reports data for four broad 

industry groups, Buildings, Heavy Industrial, Infrastructure, and Light Industrial. OSHA 

reports data by SIC only at the three-digit industry group level. Data at this level include 

not only projects classified in a manner similar to Cit projects, but projects excluded 

from Cit definitions, as well. For example, SIC 1600 includes heavy construction such 

as highways, bridges, and marine projects, but it also includes athletic field and golf 

course construction. More direct comparisons would be possible if OSHA data were 

published at the four-digit industry level. See Attachment B for a review of the SIC 

definitions for these industry groups. Note also that due to the small number of 

companies represented for many of the breakouts, conclusions regarding differences 

among industry groups should be drawn with caution. 
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Figure 4. Recordable Incidence Rate by Industry Group 
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Figure 5. Lost Workday Case Incidence Rate by Industry Group 

With regard to safety performance by industry group, two trends are evident over 

the three years in which data by industry group have been collected. Among CII 

member companies, Heavy Industrial projects outperform projects in the three other 

industry groups. This may be related to project size, since larger projects tend to make 

greater use of zero accident techniques. Moreover, Gil member company safety 

performance outstrips Construction industry safety performance by companies in 

similarly defined SIC groups. 

Table 3 presents more detailed safety data by industry group for owners and 

contractors, broken out by direct hire and contract (or subcontract in the case of 

contractors) employees. The data included in this table represent combined field and 

home office data. Among owners, direct hire employees had better safety performance 

than contract employees in the Building, Infrastructure, and Light Industrial industry 

groups. Contract employees in the Heavy Industrial group had better performance than 

direct hires with regard to the RIR, 0.53 vs. 0.80, and had worse LWCIR performance, 

0.58 vs. 0.09. Among contractors, subcontract employee safety performance was 

better than direct hire safety performance in the Building and Heavy Industrial groups. 

In the Infrastructure group, subcontract employees had somewhat better RIR 

performance than direct hires and somewhat worse LWCIR performance. In the Light 
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Industrial group, direct hire employees had better RIR performance, 1.11 vs. 2.50, and 

somewhat worse LWCIR performance, 0.38 vs. 0.34. It should be noted, however, that 

the rates for owner companies in the Buildings, Infrastructure, and Light Industrial 

groups, and for contractor companies in the Light Industrial group may not be 

representative of rates in the entire industry due to the small number of companies that 

reported. 

Table 3. Safety Data for Direct Hires and Contractors/Subcontractors 

Owner Contractor 

RIR LWCIR RIR LWCIR 

Direct 
Contract 

Direct 
Contract 

Direct 
Subcontract 

Direct 
Subcontract 

Hire Hire Hire Hire 

Building 0.00 0.59 0.00 0.56 3.13 2.85 1.27 0.46 

Companies (#} 2 4 2 4 12 7 12 7 
Work-hours (MM ) 0.09 38.04 0.09 38.04 23.55 11 .72 23.55 11.72 
Heavy Industrial 0.80 0.53 0.09 0.58 1.14 0.81 0.23 0.16 

Companies (#) 10 13 10 13 29 18 29 18 
Work-hours (MM) 18.15 193 18.15 193 325 267 325 267 
Infrastructure 0.94 2.11 0.00 1.34 1.39 1 .24 0.29 0.33 

Companies (#) 2 3 2 3 12 7 12 7 
Work-hours (MM) 2.97 5.49 2.97 5.49 76.53 56.91 76.53 56.91 
Light lndustrlal 0.00 0.86 0.00 0.18 1.11 2.50 0.38 0.34 

Companies (#) 1 4 1 4 6 3 6 3 
Work-hours (MM) 0.019 57.76 0.019 57.76 25.43 16.30 25.43 16.30 

Figures 6 and 7 show rates for field data only. Home office data were removed 

in an effort to provide rates that were more comparable to the CII Benchmarking and 

Metrics program data, which also reflect field data only. Despite this, the data reported 

in this survey are still at variance with the project-level data contained in the 

Benchmarking and Metrics database. A possible reason for this may be that many, if 

not most, companies were unable to separate home office data. As shown here, the 

removal of home office data did not, in general, result in substantial changes in the two 
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incidence rates. RIR and LWCIR rates for owners remained unchanged when home 

office data were removed in all industry groups except for Infrastructure. Both the RIR 

and the LWCIR increased for owner-submitted projects in the Infrastructure group. 

Among contractors, the RIR increased as expected when home office data were 

removed in all industry groups except Infrastructure. In that industry group, the RIR 

remained relatively unchanged even when home office data were removed. 

Conclusions regarding these data should be drawn with caution due to the small 

number of companies represented. 
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Figure 6. RIR by Industry Group, Field Data Only 
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Figure 7. LWCIR by Industry Group, Field Data Only 
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Rates for Domestic and International Data 

Rates for domestic and international data are provided in Figures 8 and 9. 

Similar to what has been seen in the past, international projects' safety performance 

exceeded that of domestic projects in both safety metrics. While there are not sufficient 

data collected in this survey to tease out the reasons for such a difference, it may be 

due in part to the size differential in domestic and international projects. Based on 

project size data in the Benchmarking and Metrics database, international projects are 

larger than domestic projects. For owners, the ratio of domestic project size to 

international project size is 1 :2.8. There is a similar size differential for contractors with 

a domestic to international project size ratio of 1 :2. 7. Previous research has shown that 

larger projects tend to implement zero accident techniques more often, which results in 

better safety performance. 

C) 2 - 1.69 
;_ 1.8 • Domestic 
C) 1.6 El International Domestic Int. 
C,) 

C: 1.4 
C) 1.07 
:2 1.2 
C,) 

1 .5 
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Figure 8. RIR by Respondent Type, Domestic and International Projects 
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Figure 9. LWCIR by Respondent Type, Domestic and International Projects 

Figure 1 O compares the average duration of lost workday cases between 

domestic and international projects. Domestic projects had longer average durations 

than international projects. This was true for both owners and contractors. Several 

possible explanations may be offered for this. First, record keeping practices may have 

resulted in the under or over-reporting of accidents. With the data available it is difficu lt 

to state in which direction this might have occurred, and whether or not this affected 

domestic and international projects differently. Second, the accidents experienced in 

international projects may have been less severe, resulting in shorter average 

durations. Third, a limitation on the availability of worker's compensation or other 

insurance, or the limited provision of other benefits such as paid sick leave, may have 

resulted in shorter durations for international projects. 
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Figure 10. Average Duration of Lost Workday Cases, Domestic and International 
Projects 

Near Misses 

This year's survey collected information on whether companies tracked "near 

missu accident data, how many near misses were recorded, and how they defined it. 

Table 4 shows some of the results for this item. Nearly 2,300 near misses were 

reported to have occurred during 2001 . Companies that did and did not track near 

misses were split nearly in half. Four companies reported that tracking was done at the 

project level only.1 It is surprising that contractors reported tracking near misses one­

fourth as often as owners, yet they reported nearly two and one-half times as many near 

misses. This may be due to differences in the way a near miss was defined by 

individual companies. 

Table 4. Near Miss Accidents and Near Miss Tracking 

Total Number Near Miss Tracking 
Near Misses 

of Near Misses 
(# of Companies) 

Yes No 

All 2,285 24 25 

Owner 673 20 19 

Contractor 1,612 4 6 

1 Three of these companies reported that they did track near misses, and one company reported that it 
did not. 
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Thirty-seven companies provided a definition of a near miss. The majority of 

these definitions, 24, defined a near miss as any work-related incident that had the 

potential to cause harm to an employee, damage equipment or machinery, or impact 

the environment in a negative way, but did not merely by chance. Another 5 companies 

defined a near miss as an incident that caused property damage but no injuries, or 

incidents that caused property damage in which injuries did not meet the injury 

classification. While the two are close, the second of these two was slightly more 

specific in that cases of property damage with minor injuries only or without injuries at 

all were always treated as near misses. 

Fatalities 

Fatality data for CII member companies and the Construction industry are shown 

in Table 5. Note that the fatality rate was defined as tt,e number of fatalities per 

100,000 full-time workers while the RIR and the LWCIR were based on 100 full-time 

workers. The RIR and LWCIR were computed using 1,117,060,559 work hours, and 

the fatality rate was computed using 1,108, 136,317 work hours. These were somewhat 

less than the total number of work hours reported because the work hours for four 

owner companies were excluded due to missing data. The overall fatality rate for CII 

members was 7.04, and the fatality rate was lower for owners than for contractors. As 

shown previously in Table 2, fatality rates for both owners and contractors increased 

slightly from the previous year. The overall rate increased by 2%. The fatality rate 

increased by 4%% for owners and by 1%% for contractors. 

Table 5. Fatality Rates, 2001 

Fatality Rate 1 

CII Members 

Construction 
lndustry2 

1 See Attachment A for definition. 
2 See Attachment B. 

All 

7.04 

13.3 

Owner 

6.53 

NIA 

N/A Not Available 

Contractor 

7.23 

NIA 

A-14 



Nationally the Construction industry division experienced the highest number of 

fatalities that it ever has since the Census of Fatal Occupational Injuries was begun in 

1992.2 In 2001, the Construction industry division also had the highest number of fatal 

occupational injuries of any other industry as reported by the Bureau of Labor Statistics 

(BLS). With 1,225 fatal occupational injuries, the Construction industry division was 

followed by Transportation (911 ), Services (767), and Agriculture (740). Keeping in 

mind that fatality rates are determined by the number of persons employed in the 

industry, Mining had the highest fatality rate of any industry, 30.0, with a total 

employment of 566,000. This was followed by Agriculture with a fatality rate of 22.8 

(3,208,000 employees). The Construction industry was third. The fatality rate was 13.3 

(9,125,000 employees), an increase of slightly over 3% from the previous year. 

The causes of fatal injuries for both CII and the Construction industry division are 

shown in Figure 11 . These categories are consistent with the BLS Occupational Injury 

and Illness Manual. 

Transportation 26.0% (319) 
DCII 
l:I Industry 

Assault and violent acts 

Contact with objects and 35.~% (14) 
equipment 

Falls 38.5% (15} 
• % (421) 

Exposure to harmful substances or 
15.6% (191) environments 

Fires and explosion 2.6%~~ 
2.1% ( ) 

0% 10% 20% 30% 40% 50% 

Percent of Fatal Occupational Injuries 

Figure 11. Fatal Occupational Injuries by Cause 

2 Bureau of Labor Statistics, UNational Census of Fatal Occupational Injuries," Washington, D.C., 
September 2002 
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The leading cause of fatalities among CII member companies was falls (38.5%), 

followed closely by contact with objects and equipment (35.9%), transportation (15.4%), 

exposure to harmful substances or environments (5.1%), fires and explosions (2.6%), 

and assault and violent acts (2.6%). The top three causes accounted for nearly 90% of 

all fatalities. In comparison, the three leading causes of fatalities in the Construction 

industry division as reported by BLS for the same year were falls (34.4%), transportation 

(26.0% ), and contact with objects and equipment ( 18.1 % ); these accounted for nearly 

79% of all fatal injuries.3 

Figure 12 compares the causes of fatal occupational injuries for CII member 

companies in 2000 and 2001. In 2000, the leading causes of death were contact with 

objects and equipment, falls, and transportation. These three accounted for nearly 94% 

of all fata l occupational injuries. In 2001 , the same three causes led, but the order was 

reversed for the first two of these. Falls, contact with objects and equipment, and 

transportation accounted for nearly 90% of all fatal occupational injuries. Exposure to 

harmful substances or environments accounted for an additional 5% of fatalities in 

2001. 

Transportation 

Assault and violent acts 

Contact with objects and 
equipment 

Falls 

Exposure to harmful substances or 
environments 

51.6% (16} 

Fires and explosiort.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 

Percent of Fatal Occupational Injuries 

Figure 12. Fatal Occupational Injuries by Cause, Cll 2000 and 2001 

3 These data do not include the 58 fatalities in the Construction industry division that resulted from the 
events on September 11, 2001 . 
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Summary of Findings 

The safety performance of CII member companies continued to exceed that of 

the Construction industry in general. In 2001 , CII member company RIR performance 

was 7 times better than the Construction industry, and member company LWCIR 

performance was nearly 15 times better. Owners reported improvements in the RIR 

and the LWCIR with decreases of 29.4% and 38.5%, respectively. Contractor 

performance slipped somewhat with a 9.4% increase in the RIR. LWCIR performance 

was unchanged from the previous year. 

Continuing the trend from previous years, international projects outperformed 

domestic projects in safety. The reasons behind this are unclear, but the findings in this 

survey are consistent with project data collected in the ongoing Cit benchmarking effort. 

Near miss data were tracked by nearly 50% of the companies that responded to 

the question on whether the company tracked such data. Based on the responses, it 

seems that near miss tracking is doable. More widespread tracking of near misses 

should be encouraged as an additional measure of safety performance. This is 

especially true in the case of small projects since these typically report zero safety­

related incidents. Whether the company reported that it tracked data or not, slightly 

over 67% provided a definition of a near miss accident. From the responses given, a 

consensus definition of a near miss accident is proposed: any work-related incident that 

had the potential to cause harm to an employee, damage equipment or machinery, or 

impact the environment in a negative way, but did not merely by chance. 

The factors that contribute to improved safety performance are at work industry­

wide. Over the thirteen-year period from 1989 to 2001, the RIR and the LWCIR for the 

Construction industry (SIC 15-17) decreased by 49%. The results for CII member 

companies are even more impressive. Over the same time period, the RIR for member 

companies decreased by nearly 86%, and the LWCIR decreased by nearly 88%. CII 
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members reported 5,721 recordable incidents and 1,301 lost workday cases for the 

1,117 million work hours worked in 2001. Had they experienced rates of decrease 

similar to the Construction industry, 20,444 accidents and 5,368 lost workday cases 

would have been reported. Therefore, member company safety performance resulted 

in 14,723 fewer accidents and 4,067 lost workday cases in 2001. Based on CII 

research, the savings from avoiding lost workday cases alone would be over $239 

million, adjusted for inflation.4 

Fatalities increased slightly from the previous year for both CII member 

companies and the Construction industry in general. For CII member companies there 

was an increase of 2%, and the rate of increase for the Construction industry in general 

was 3%. Fatalities represent additional economic and ethical burdens to the industry. 

The direct and indirect costs of fatalitites far outweigh those of injuries alone. It was 

estimated that in 1992 the average direct and indirect costs of a work-related fatality 

were $565,170 compared to an average of $10,968 per work-related injury.5 Beyond 

the economic considerations are the ethical ones that demand a safe work environment. 

The commitment on the part of CII member companies to preventing fatalities is clear: 

the CII member company fatality rate was 53% lower than the Construction industry 

rate. 

4 Construction Industry Institute, "Zero Injury Economics," 1993, Austin, Texas 
5 Leigh, JP et. al., "Occupational Injury and Illness in the United States: Estimates of Cost, Morbidity, and 
Mortality," Archives of Internal Medicine, 1997 
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Attachment A. Definitions 

Terms Descriptions 

A recordable incident is a work-related death or illness and 
Recordable any injury, which results in: loss of consciousness, restriction 

Incident of work or motion, transfer to another job, or requires medical 
treatment beyond first aid. 

Lost Workday An incident, which results in days away from work or 
Case restricted activity or both. 

The recordable incidence rate (RIR) is the number of 
RIR recordable injuries occurring annually among 100 full-time 

workers (2,000 hours per worker per year). 

The lost workday case incidence rate (LWCIR) is the number 
LWCIR of lost workday cases occurring annually among 100 full-time 

workers (2,000 hours per worker per year). 
The fatality rate is the number of fatalities occurring annually 

Fatality Rate among 100,000 full-time workers (2,000 hours per worker per 
year). 
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Attachment B. Standard Industrial Classification (SIC) Code 

Terms Descriptions 

SIC 15-17 Construction industry division 

Nonresidential building construction. This group includes all 

SIC 1540 
building projects and light industrial projects. 

SIC 1541 : Industrial Buildings and Warehouses (Light Industrial) 
SIC 1542 : Nonresidential Buildings (Buildings) 

Heavy construction other than building construction. This group 
includes all infrastructure projects. 

SIC 1600 SIC 1611 : Highway and Street Construction 
SIC 1622 : Bridge, Tunnel, and Elevated Highway Construction 
SIC 1623 : Water, Sewer, Pipeline, and Power Line 

Heavy construction except highway and street. This group is one 
of the subgroups of the SIC 1600. Although it includes some 

SIC 1620 infrastructure projects such as 1622 & 1623, it also includes the 1629 
group primarily engaged in all types of heavy industrial projects. 
(OSHA does not publish 1629 level data.) 
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Attachment C. Company Safety Statistics 

The following table provides RIR and LWCIR statistics summarizing individual 

company rates for analyzing company performance. Since values in the table are 

statistical summaries of company rates, they will not be identical to the aggregated Cit 

performance provided in Table 2. 

All Owner Contractor 

Percentile RIR LWCIR Fatality RIR LWCIR Fatality RIR LWCIR Fatality 

100% 9.39 9.39 163.34 9.39 9.39 163.07 6.94 4 .77 113.28 

75% 2 .15 0.33 1.88 1.58 0.19 1.88 2.36 0.47 1.30 

50% 1.16 0.16 0.00 0.74 0.14 0.00 1.40 0.20 0.00 

25% 0.58 0.07 0.00 0.74 0.03 0.00 0.83 0.10 0.00 

0% 0.00 0.00 0.00 0.44 0.00 0.00 0.19 0.00 0.00 

mean 1.79 0.61 9.85 1.49 0.57 11 .31 1.99 0.64 8.79 

sd 1.91 1.53 29.91 2.13 1.98 35.53 1.75 1.17 25.87 

n 54 54 54 22 22 22 32 32 32 
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APPENDIXB 

SECTION II: Letters to Construction Companies 



Name 

Safety Director 

Company 

Address 

City, State Zip 

We need your help. 

AppendixB 

Letter to Construction Companies 

July 15, 2002 

The Construction Safety Alliance (CSA), was funded in November of last year by the 

Centers for Disease Control and Prevention (CDC), with the aim of reducing injuries 

and preventing fatalities in the construction industry. Purdue University is the lead 

institution in this effort, and Dr. Dan Halpin, Head of the Division of Construction 

Engineering Management, School of Civil Engineering, is the overall project officer. 

One aspect of this study is to reduce the number of falls from elevations in the 

construction industry. We have been able to determine from existing data that large 

construction companies have lower incidence rates of falls from elevations than small 

construction comparries. The purpose of this study is to look at the safety programs 

of large companies such as yours and determine what key elements in those safety 

programs make them most effective, especially in the area of fall prevention. 

In the next few weeks, we would like to interview you over the telephone and ask 

questions similar to the questions on the enclosed questionnaire. We anticipate 

approximately 20 minutes of your time when we call. 

The benefit to your company is that we will report back to you the collective results of 

our study. From these results, we hope to gain a better understanding of what 

elements in a fal ls from elevations program make it effective in terms of injury 

reduction and fatality prevention. Also, we are interested in costs and cost 
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justification for your fall prevention program. An additional benefit will be the 

technology transfer of key information on fall prevention that can benefit smaller 

construction companies. 

We will be conducting similar jnterviews with smaller companies, but as you know 

many of these companies do not have the resources you do. Our challenge is to find 

the common elements that no company can ignore when it comes to protecting its 

workers as well as company assets. 

All information gathered from individual companies will be kept confidential. If you 

wish your company to be recognized as a contributor, we would be happy to do so. 

We look forward to talking with you. Thank you in advance for your help on this 

project. 

Sincerely, 

James D. McGlothlin, M.P.H., Ph.D., C.P.E. 

Associate Professor of Health Sciences 
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APPENDIXC 

SECTION II: Questionnaire 



Company Name: 

Contact Person: 

Appendix C 

Questionnaire 

1. What are the primary types of construction projects your company does? 

a. 

b. 

C. 

d. 

What are the typical contract amounts? Dollars 

2. In the order of most important to least, what five key elements of your safety training program 

do you feel contribute the most to its success and why? 

a. 

b. 

C. 

d. 
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e. 

3. How many workers do you train per year? 

4. What is your employee turnover rate? Average per year 

5. What is your average employee length of employment? In months ----

6. Does your employee turnover rate effect how your safety training is implemented? 

Yes/No 

How? 

7. Do you have refresher training for existing employees? Yes/No 

If so, what are the primary elements of refresher training? 

a. 

b. 

c. 

How often is it done? In months 

8. Is your company affiliated with any safety organizations? Yes/No 

If so, how are they utilized by your company? 

a. 

b. 
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c. 

9. What is your Experience Modification Ratio (El'v1R.) rating? 

10. How long has your company been practicing its current safety program? In months 

11 What were the five key factors that influenced your company to implement the current safety 

training program? 

a. 

b. 

C. 

d. 

e. 

12. Does upper management play a key role in the implementation of your safety training program? 

Yes/No 

13. Approximately how many workers work at elevations greater than six feet? 
----

14. How many fall related injuries has your company experienced in the past year? 

How many fatalities? 

How many injuries and fatalities in the past five years? 
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Injuries 

Fatalities 

15. What was the primary cause of each fall related injury/fatality? 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

16. What is your estimate of the yearly cost per worker of your safety training program? 

17. What is your estimate of the yearly cost per worker of your fall protection equipment? ----
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18. If cost ever became an issue, what three elements of your safety training program would you 

consider keeping, and what three elements would you consider cutting? 

Keep 

a. 

b. 

C. 

Cut 

a. 

b. 

C. 

19. In your opinion and with reference to fall prevention, what 3 things make the safety difference in 

your company in reducing injuries and preventing fatalities? 

a. 

b. 

C. 
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20. In your opinion and with reference to fall prevention, what 3 things do you wish you had that 

could make more of a difference in your company in reducing injuries and prevention fatalities? 

a. 

b. 

C. 
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APPENDIXD 

SECTION II: Summary of Results 



AppendixD 

Summary of Results 

1. Mean amount or typical contract 

Median amount of typical contract 

$24,900,000 

$9,000,000 

2. Top five elements of the safety training program that contribute the most to its success 

1. Upper management commitment to support and promote safety as a top priority 

2. Training supervisdrs in the area of supervision 

3. Regular on-site training from the construction superintendent 

4. Promotion of safety awareness and accountability as a fundamental value 

5. Job specific safety training for those potentially exposed 

5. Daily crew meetings where supervisors go over a daily work plan 

3. Mean number of workers trained 

Median number of workers trained 

4. Mean employee turnover per year 

Median employee turnover per year 

5. Mean employee length of employment 

Median employee length of employment 

6. Companies that feel that the employee turnover rate affects how 

their safety training is implemented 

Companies that feel that the employee turnover rate does not affect 

how their safety training is implemented 

7. Companies that have refresher training for existing employees 

Companies that do not have refresher training for existing employees 

1,003 

500 

343 

145 

35months 

18months 

7 

8 

15 

1 
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Seven out of sixteen companies listed the OSHA 10 hour course as the primary element of refresher 

training 

8. 

9. 

Mean length of time between refresher safety training sessions 

Median length of time between refresher safety training sessions 

Companies affiliated with safety organizations 

Companies not affiliated with safety organizations 

How companies utilize safety organizations 

1. Opportunity to network with other companies 

2. Resource for training information 

3. Act in an advisory role to safety organizations 

Mean Experience Modification Ratio (EMA) rating 

Median Experience Modification Ratio (EMA) rating 

10. Mean length of time the current safety program has been practiced 

Median length of time the current safety program has been practiced 

18months 

12months 

16 

0 

0.75 

0.73 

123months 

132months 

11. The five key factors that influenced the company to implement the current safety training program 

1. Concern for employees 

1. Maintaining profitability 

3. Insurance company pressure and high EMR 

4. Concern for reputation, good business to be safe 

4. Compliance with OSHA 

12. Companies where upper management plays a key role in the 

implementatioh of the safety training program 

Companies where upper management does not play a key role in 

16 
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the implementation of the safety training program 

13. Mean number of workers that work at elevations over 6 feet 

Median number of workers that work at elevations over 6 feet 

14. Mean number of fall related injuries in the past year 

Median number of fall related injuries in the past year 

Mean number of fall related fatalities in the past year 

Median number of fall related fatalities in the past year 

Mean number of fall related injuries in the past 5 years 

Median number of fall related injuries in the past 5 years 

Mean number of fall related fatalities in the past 5 years 

Median number of fall related fatalities in the past 5 years 

15. Primary reasons for fall related injuries and deaths 

0 

872 

320 

4 

2 

0.13 

0.00 

13 

5 

0.58 

0.00 

1. Twelve out of Eighteen incidents were due to a failure to follow safety procedures 

2. Seven of the incidents involved ladders 

3. Two of the incidents involved scaffolds 

16. Mean yearly cost per worker for the safety training program 

Median yearly cost per worker for the safety training program 

17. Mean yearly cost per worker for fall protection equipment 

Median yearly cost per worker for fall protection equipment 

$805 

$800 

$999 

$250 

18. The top three safety training program elements that would be kept if budget cuts 

became necessary 
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1. Worker safety training 

2. Supervisor training 

3. New hire orientation 

The top three safety training program elements that would be cut if budget cuts 

became necessary 

1. Eight of Sixteen companies reported nothing would be cut 

2. Incentive programs 

3. Conferences 

19. The top three things that that make the safety difference in reducing injuries and fatalities from falls 

1. Strong management commitment to safety 

2. Training 

3. Availability of equipment and willingness to spend money 

20. The top three things that companies wish they had that could made a difference in reducing fall injuries 

and fatalities 

1. More money in the budget and larger safety staff 

2. Nothing 

3. More recent and relavent training at the crew level 

4. More research and development into better fall protection systems 
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AppendixE 
Summary of Roofing Observations 

Residential roofing is a dangerous operation. Over 70% of the fatalities in the 
roofing industry are due to falls (Bureau of Labor Statistics, 2001). Seven primary steps 
were observed in the task of replacing residential roofs. They were: 1) Ground 
preparation, 2) Shingle removal, 3) Roof deck replacement, 4) Installation of components 
beneath the shingle layer, 5) Shingle installation, 6) Vent cap installation, and 7) Clean up. 
Fans are generally not a risk during the ground preparation or the clean up. Ground 
preparation involves the laying of canvas around the perimeter of the dwelling to catch and 
contain falling debris and deflect it away from delicate shrubbery. The clean up step 
involves the removal of debris from the canvas, removal of the canvas, and inspection of 
the area surrounding the dwelling to remove any debris that was not contained by the 
canvas. 

Shingle removal is the first step where falls become a risk factor. To gain access to 
the roof, the roofing crew first secured a ladder to the eave. The ladder is usually 
positioned at a section of roof where the elevation of the roof is low and there is plenty of 
space to make the climbing transition from the ladder to the roof surf ace. Once a position 
for the ]adder was chosen, a 2X4 was placed in the gutter to support its outer edge against 
the horizontal force of the ladder. To prevent the ladder from tipping, a rope was used to 
secure top of the ladder to the eave and a small plywood sheet was used to prevent the legs 
of the ladder from sinking into the surrounding soil. The p1imary weakness in securing 
the ladder was the rope used to secure the ladder to the eave. The rope did not immobilize 
the top of the ladder and could allow the ladder to move enough to cause a worker to slip 
and fall. Movement of the ladder is also a concern when making the transition from the 
ladder to the roof surface. The top rung of the ladder serves as the only handhold. A 
slight slip in the position of the ladder at the right moment while making the transition from 
the ladder to the roof surface could lead to a fall. 

The shingle removal step consists of removing the old shingles, drip edge, tarpaper and 
any vent seals or flashing. The primary instrument used for roof material removal is the 
potato fork. The potato fork is an instrument, adapted from the agricultural industry that 
allows relatively easy penetration of the space between the shingles and the roof sheeting 
and provides enough leverage to loosen large sections of shingles and facilitate their 
removal. The worker uses his body weight and forward momentum to gain the leverage 
necessary to push the potato fork under the layer of shingles. An unexpected loss of 
resistance of the potato fork or a sudden onset of additional resistance could lead to a 
sudden shift in the body's center of mass from which the worker would not be able to 
recover his ba1ance and fall. 

Loose shingle material was constantly being removed from the roof but it was also 
constantly being accumulated creating a situation where loose material was always present. 
Workers continuously reposition themselves as they remove shingles. As they reposition, 
loose shingles and other loose roofing materials are inevitably stepped on. Encountering a 
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surface with a lower coefficient of friction than expected could lead to a loss of footing 
which in tum could lead to a fall . 

Loose roofing material was loaded onto wheelbarrows that were used to transport it 
to the edge of the roof where it could be dumped into a trash receptacle on the ground. 
Maneuvering the wheelbarrows on the sloped roof littered with loose material presented 
ample opportunity for slips and subsequent falls to occur but the situation that lead to the 
highest risk for falling occurred while the wheelbarrows were being damped. Workers 
dumped the materials from the wheelbarrow by pushing it to the edge of the roof and lifting 
the handles until it reached the vertical position. Roofing materials would slide out at 
this point. Two potentially hazardous events can occur whlle the wheelbarrow is in the 
vertical position at the edge of the roof. First, the whee] could roll over the edge of the 
roof causing the wheelbarrow to fall. Second, the roofing material could snag in the 
wheelbarrow preventing its release and allowing its rotational momentum to carry it over 
the edge of the roof. In either situation, an unfortunate worker whose clotrung or gloves 
became snagged by wheelbarrow handles would be carried over the edge of the roof by the 
momentum of the wheelbarrow leading to a fall. 

Once the shingles and any other loose materials had been removed, the roof sheeting 
was -inspected for damage. Damaged sheets were pried from the roof trusses and tossed 
into the trash receptacle on the ground. As with the wheelbarrow, an unfortunate worker 
whose gloves or clothing became snagged on the damaged sheeting could be carried over 
the edge of the roof by its momentum. A worker on the ground, using the ladder as 
support lifted new roof sheeting to the edge of the roof. Each piece of sheeting was a 4x8 
sheet of plywood. In retrieving the sheets, the worker assumed a posture facing down the 
slope of the roof and leaning over the edge of the roof to grip the sheet. The position of 
the worker combined with the weight and awkwardness of the plywood sheet put the 
worker at risk for losing balance and falling over the edge of the roof. 

Installation of components under the shingle layer involves installing new vent seals, 
flashing, drip edge, and tarpaper removed when the old roofing materials were removed. 
Installing the drip edge and tarpaper present the greatest opportunity for a fall during this 
step in the roofing process. The location of the drip edge is at the bottom edge of the roof. 
Workers squat facing and leaning down the slope of the roof within inches of the edge to 
fasten the drip edge to the roof sheeting. This squatting posture is particularly hazardous 
because of the inability of a worker to use his legs to change his stance in the event of a Joss 
of balance. Losing balance in this position will almost surely lead to a fall from the roof. 

After securing the drip edge, tarpaper is installed on the roof. While tarpaper roles 
are not as awkward to handle as plywood sheeting, they are heavy and can affect the 
balance of the workers while they lean over the edge of the roof to retrieve them. 
Installing the tarpaper has its highest risk while the first row is being installed. As in the 
case of the drip edge, the workers squat facjng and leaning down the slope of the roof 
within inches of the edge. 
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Similar risks of falling occur during the installation of shingles as were discovered 
during the installation of roof sheeting, drip edge, and tarpaper. The activity of lifting 
shingle bundles from the lift conveyer is particularly hazardous because the shingle bundles 
weigh from 50 to 85 lbs. The shingle bundles were retrieved from the conveyer while the 
worker was standing near the edge of the roof. A Joss of balance while retrieving the 
bundles would likely result in the worker falling over the edge. Walking with the shingle 
bundle on the sloped roof also puts the worker in a situation where his balance could be 
compromised leading to a fall. The third situation during this step where a fall would 
likely occur is when the first three rows of shingles are secured to the roof. Again, the 
worker is required to squat while facing and leaning down the slope of the roof near the 
edge to perform this activity. A high degree of concentration, agility, and strength are 
required to place the shingle in the proper position and put the tip of the nail gun in the 
proper position and secure the shingle. A momentary loss of concentration or unexpected 
change in the body's center of mass would surely Jead to a fall over the edge of the roof. 

E-3 



APPENDIXF 

Acknowledgements 



AppendixF 

Acknowledgements 

The CSA Research Team would like to thank the large number of construction 

professionals from companies and organizations throughout the U.S. who actively 

participated in this study. In particular, member companies within the Construction 

Industry Institute (CII) and sponsor companies supporting the internship program in 

the Divjsion of Construction Engineering and Management at Purdue deserve special 

recognition. 

F-1 



APPENDIXG 

References 



AppendixG 

References 

References are cited at the end of the Executive Summary and Sections I-VIII in 

the main body of the report. 

G-1 



APPENDIXH 

Publications: presented and anticipated 



Appendix H 

Publications: presented and anticipated 

Publications prepared as part of this study and anticipated publications are listed 

at the end of Sections I, Il, V, VI, and vn. See pages I-17, Il-16 to 17, VI-14, and 

Vll-23. 
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