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estimated from the 1980 and 1990 U.S. censuses. There were 525 identified deaths. All except two 
decedents were male, and the majority were Caucasian (79.2%). The mean age of decedents was 39 
years. Death rates were higher among older workers. The crude fatality rate for the overall study 
period was 15.4 per 100,000 worker-years, with higher rates found among African-Americans (22.9) 
than among Caucasians (14.5). Occupations within the industry with the highest rates were laborers 
(49.5), truck drivers (43.2), operating engineers (37.2), roofers (32.8), and electricians (29.0). Falls 
(26.7%), electrocutions (20.4%), and motor vehicle accidents (18.9%) were found to be the leading 
causes of death. These findings suggest a need for continued attention to the hazards of heights and 
electric currents and a need for occupational safety standards for motor vehicles. This study also 
suggests that the hazards facing construction laborers require further investigation. 
 
Kazan, E. and M. A. Usmen (2018). "Worker safety and injury severity analysis of earthmoving 
equipment accidents." J Safety Res 65: 73-81. 
 INTRODUCTION: Research on construction worker safety associated with construction 
equipment has mostly focused on accident type rather than injury severity and the embedded factor 
relationships. Significant variables and their effects on the degree of injury are examined for 
earthmoving equipment using data from OSHA. Four types of equipment, backhoe, bulldozer, 
excavator, and scraper are included in the study. Accidents involving on-foot workers and equipment 
operators are investigated collectively, as well as separately. METHODS: Cross tabulation analysis 
was conducted to establish the associations between selected categorical variables, using degree of 
injury as a dichotomous dependent variable (fatal vs. nonfatal) and a number of independent 
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 Perspectives on nail gun safety were sought from residential contractors as part of an injury 
surveillance and prevention effort (2005-2008). Anonymous surveys inquired about tool use, 
training, injury risk, and awareness of the 2003 American National Standards Institute (ANSI) 
standard calling for shipment of pneumatic nail guns used in wood framing with sequential actuation. 
Despite some awareness of inexperience, lack of training, speed and tool design in injury causation, 
55 percent consistently reported injuries resulted from worker carelessness. Contractors reported 
safety experiences of their employees were considerably better than those of other residential 
contractors. After five years, only 16 percent reported any awareness of the voluntary standard. 
These findings raise questions as to what gains can realistically be expected from passage of 
voluntary standards such as the one described here. Given that the epidemiology of acute injuries 
from pneumatic nail guns is now well-described, the safer sequential trigger should be required to 
protect workers. 
 
Lipscomb, H. J., et al. (2015). "Musculoskeletal concerns do not justify failure to use safer sequential 
trigger to prevent acute nail gun injuries." Am J Ind Med 58(4): 422-427. 
 Background: Acute nail gun injuries can be controlled significantly by using tools with 
sequential triggers and training. Concern has been raised that sequential triggers, which require that 
the nose piece of the gun be depressed prior to pulling the trigger, could increase risk of 
musculoskeletal problems. Methods: We conducted active injury surveillance among union carpenter 
apprentices to monitor acute injuries and musculoskeletal disorders between 2010 and 2013. Results: 
Acute injury risk was 70% higher with contact trip rather than sequential triggers. Musculoskeletal 
risk was comparable (contact trip 0.09/10,000hr (95% CI, 0.02-0.26); sequential 0.08/ 10,000hr 
(95% CI 0.02-0.23)). Conclusions: Concern about excess risk of musculoskeletal problems from nail 
guns with sequential triggers is unwarranted. Both actuation systems carry comparable 
musculoskeletal risk which is far less than the risk of acute injury; there is clearly no justification for 
failure to prevent acute injuries through use of the safer sequential trigger. Am. J. Ind. Med. 58:422-
427, 2015. © 2015 Wiley Periodicals, Inc. 
 
Lipscomb, H. J., et al. (2008). "Prevention of traumatic nail gun injuries in apprentice carpenters: use 
of population-based measures to monitor intervention effectiveness." Am J Ind Med 51(10): 719-727. 
 INTRODUCTION: Nail guns are responsible for a significant injury burden in residential 
construction. Risk, based on hours of work, is particularly high among apprentice carpenters due in 
part to more frequent exposure to tool use. METHODS: Nail gun injuries were evaluated over 3 
years among carpenters enrolled in two apprenticeship programs in the Midwest (2.3 million 
residential work hours observed) following initiation of training and a voluntary ANSI standard 
change calling for safer sequential triggers on framing nailers. Injury rates, based on hours of tool 
use, were calculated yearly. Rates and adjusted rate ratios were calculated with Poisson regression. 
Attributable risk percent (AR%) and population attributable risk (PAR%) were calculated yearly for 
modifiable independent risk factors for injury including lack of training in tool use and type of 
trigger mechanism on tools being used. RESULTS: As apprentices received training and safer trigger 
mechanisms became more widespread, injury rates decreased significantly (31%). While school 
training and hands-on mentoring were both important, injury rates were lowest among apprentices 
who received both. Although injury rates changed over the observation period, the relative risk 
comparing trigger mechanisms did not; contact trip triggers consistently carried a twofold risk. 
CONCLUSIONS: Although training and safer trigger use both increased, because of the relative 
prevalence of training and trigger exposures in this population, the engineering solution consistently 
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conditions. Mean differences in time required, nails used, and proper placement were evaluated 
considering the trigger used and whether the building was the carpenter's first or second project. 
RESULTS: The sequential trigger tool required a mean of 10 additional minutes of active nailing 
time, which represented 10% of mean nailing time (97 minutes) but only 0.77% of the total mean 
work time (1,298 minutes) to construct each shed. No significant differences were observed in nail 
count or placement. The majority of the time variability was related to who was using the tool, rather 
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prevent traumatic injuries resulting from a worker coming into contact with objects or equipment. 
METHOD: This descriptive study of work-related contact injuries in the construction industry that 
were treated in emergency departments (EDs) between 1998 and 2005 utilized records of work 
injuries captured through a national probability-based sample of U.S. hospitals with 24-hour ED 
services. RESULTS: Contact injuries accounted for 54% of all construction ED-treated injuries. 
Hospitalizations were most common for injuries from contact with discharged nails from pneumatic 
nail guns, with hand held power saws, and fixed saws. Some injuries were proportionally more 
serious and sometimes involved multiple workers including trenching injuries and those resulting 
from collapse of buildings under construction, walls, roofs, and scaffolding. DISCUSSION AND 
IMPACT: Given that nail gun use is limited primarily to wood frame construction, efforts are needed 
to control frequent serious injuries associated with these tools. Enforcement of existing trenching 
regulations is also needed. 
 
Lipscomb, H. J., et al. (2010). "Nonfatal tool- or equipment-related injuries treated in US emergency 
departments among workers in the construction industry, 1998-2005." Am J Ind Med 53(6): 581-587. 
 BACKGROUND: Individuals in the construction industry are exposed to a variety of tools 
and pieces of equipment as they work. METHODS: Data from the National Institute for 
Occupational Safety and Health (NIOSH) occupational supplement to the National Electronic Injury 
Surveillance System (NEISS-Work) were used to characterize tool- and equipment-related injuries 
among workers in the construction industry that were treated in US emergency departments between 
1998 and 2005. Based on a national stratified probability sample of US hospitals with 24 hr 
emergency services, NEISS-Work allows calculation of national injury estimates. RESULTS: Over 
the 8-year period between 1998 and 2005, we estimated 786,900 (95% CI 546,600-1,027,200) ED-
treated tool- or equipment-related injuries identified by the primary or secondary source of injury 
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welders. Subjects were mainly male (97.1%) and from manufacturing (70.4%), service (11.8%), or 
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to worker health, especially among men in jobs requiring intensive manual labour. Evidence showed 
that increased legislative regulation led to a decline in eye injuries, which was consistent with other 
recent findings in the area. Additionally, targeting groups most at risk, increasing worker training, 
providing effective eye protection equipment, and developing workplace safety cultures may 
together reduce occupational eye injuries. 
 
McCann, M. (2006). "Heavy equipment and truck-related deaths on excavation work sites." J Safety 
Res 37(5): 511-517. 
 PROBLEM: Contact with objects and equipment is the third leading cause of death in 
construction. This study examines heavy equipment- and truck-related deaths in the excavation work 
industry in construction. METHODS: The Bureau of Labor Statistics Census of Fatal Occupational 
Injuries identified 253 heavy equipment related deaths on construction sites in the Excavation Work 
industry for the years 1992-2002. RESULTS: Heavy equipment operators and construction laborers 
made up 63% of the heavy equipment- and truck-related deaths. Backhoes and trucks were involved 
in half the deaths. Rollover"(t)- (t)-24 (nt)]TJ
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analysis reveals 10 important features and shows that four of these features are significantly 
associated with higher probabilities of roadside work zone collisions. 
 
Odeh, I., et al. (2009). "Field experiments to evaluate and control light tower glare in nighttime work 
zones." Journal of Construction Engineering and Management 135(9): 911-919. 
 An increasing volume of highway repair and construction work is being performed during the 
off-peak nighttime hours to mitigate the impact of construction-related daytime traffic congestions 
and shorten the duration of construction operations. The utilization and placement of light towers to 
illuminate the work zone in this type of construction can cause harmful levels of glare for both 
drivers and construction workers. This paper presents the results of field experiments which were 
conducted to (1) study the levels of glare and lighting performance generated by light towers in and 
around nighttime work zones; (2) analyze the combined impact of the light tower set up parameters 
including its height as well as its aiming and rotation angles on glare and lighting performance; and 
(3) provide practical recommendations to reduce and control lighting glare in and around nighttime 
work zones. The results of these experiments confirm that the set up of light towers has a significant 
impact on glare and therefore it should be carefully designed and executed on nighttime highway 





24 Topics in Construction Safety and Health: Struck-By and Caught-In Hazards 

Plog, B., et al. (2006). "Strategies to Prevent Trenching-Related Injuries and Deaths (CPWR 
Report)." 
  
Prahlow, J. A., et al. (2020). "Elevator-Related Deaths." J Forensic Sci 65(3): 823-832. 
 Elevators are mechanical transportation devices used to move vertically between different 
levels of a building. When first developed, elevators lacked the safety features. When safety 
mechanisms were developed, elevators became a common feature of multistory buildings. Despite 
their well-
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three different pieces of construction equipment and multiple operators are presented. The developed 
method has the potential in automatically determining the spaces around vehicles that are currently 
not in the field-of-view of the vehicle operator thus providing eventually additional means and 
technology for improving safety in construction. © 2011 Elsevier Ltd. All rights reserved. 
 
Ray, S. J. and J. Teizer (2013). "Computing 3D blind spots of construction equipment: 
Implementation and evaluation of an automated measurement and visualization method utilizing 
range point cloud data." Automation in Construction 36: 95-107. 
 Limited visibility due to blind spots of construction equipment was responsible for 55% of 
the visibility-related fatalities in the construction industry. Knowledge of blind spot aids in 
improving safety on construction sites and the design of equipment cabin itself. Existing approaches 
for blind spot measurement that follow international standards typically require a time-consuming 
set-up and are limited by the number of different visibility analyses that can be performed. A new 
approach to compute blind spot in a fast and efficient way using point cloud data of equipment is 
presented. The developed approach allows performing different analyses such as: volumetric blind 
spots, blind spot map, 12 m circumference visibility, rectangular 1 m boundary visibility, and worker 
visibility. In addition, the above set of analyses can be performed from different viewpoints located 
virtually anywhere inside the equipment cabin. Validating against synthetic "noisy" point clouds, 
robustness and accuracy of the approach is established. 
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Shen, X., et al. (2016). "Hazardous Proximity Zone Design for Heavy Construction Excavation 
Equipment." Journal of Construction Engineering and Management 142(6): 05016001. 
 The construction industry continues to be among the leading industries for workplace 
fatalities in the United States. After experiencing 824 fatal injuries in 2013, the construction industry 
ranks as one of the most dangerous work environments when compared with other private industrial 
sectors in the United States. Conditions of construction sites often produce hazardous proximity 
situations by requiring pedestrian workers and heavy equipment to operate at close proximity. Injury 
and fatality statistics indicate that current safety practices of construction workers have proven 
inadequate. The research aims to design hazard zone around pieces of heavy construction equipment 
in which site personnel should not enter during construction operations. The scope is limited to 
construction sites and equipment at a horizontal grade and hazards between heavy construction 
excavation equipment and workers-on-foot. A framework for creating the hazard zone around a piece 
of construction equipment is presented including detailed methodology discussions for each step. A 
user interface is also presented that automatically creates a hazard zone around select pieces of 
construction equipment based on user-defined parameters. The hazard zone for a dump truck, 
excavator, and backhoe are shown using the created framework. Results indicate that hazard zones 
for pedestrian workers can be created around construction equipment to increase hazard awareness 
for workers. Contributions for this research include a user-friendly hazard zone creation tool and 
database for safety managers and scientific evaluation data of the created hazard zone framework. 
Safety standards can be formulated based on the design and implement hazard zones on equipment.  
 
Shrestha, P. P., et al. (2018). "Types and factors affecting injury rates of mechanical contractors." 
Work 61(1): 135-148. 
 BACKGROUND: In the United States, about 38,000 cases of nonfatal workplace injuries 
were reported in 2015, in the category of 'mechanical work' (plumbing, heating, and air 
conditioning); this is nearly identical to the number of cases reported under 'building construction'. 
OBJECTIVE: This paper analyzes the types and rates of injuries and illnesses of mechanical 
contractors of southern Nevada, including the nature of the injuries and illnesses, body parts affected 



28 Topics in Construction Safety and Health: Struck-By and Caught-In Hazards 

most serious occupational hazards. Unlike most previous surveys of the field, this interdisciplinary 
literature search captured research published in the construction management and engineering 
literature as well as that in public health and medicine journals. The researchers found 741 articles by 
US-based lead authors, with falls the most-studied safety hazard (89 articles) and airborne silica 
exposure the most-studied health hazard (51), both among the deadliest current hazards in 
construction occupational safety and health, but much asbestos research was sponsored by 
companies involved in litigation, generating few findings useful for protecting today’s workers. The 
review described important trends in the literature, including increased attention to noise and hearing 
loss, a growing number of intervention studies, and greater concern for populations at 
disproportionate risk (e.g., small/residential, Latino/immigrant, younger/older workers, & women 
working in construction). The National Institute for Occupational Safety and Health (NIOSH) 
directly or indirectly funded a majority of the published research. Policymakers should understand 
that most occupational safety and health research depends on NIOSH funding. 
 
Sun, C., et al. (2012). "Safety evaluation of sequential warning lights in tapers at nighttime work 
zones." Transportation Research Record: 1-8. 
 Safety improvement at nighttime work zones is important because of visibility concerns after 
dark. The deployment of sequential lights is an innovative method to improve driver recognition of 
lane closures and work zone tapers. Sequential lights are wireless warning lights that flash in a 
sequence to delineate clearly the taper at work zones. The effectiveness of sequential lights was 
investigated with the use of controlled field studies. Traffic parameters were collected at the same 
field site with and without the deployment of sequential lights. Three surrogate performance 
measures (the speeds of approaching vehicles, the number of late taper merges, and the locations 
where vehicles merged into an open lane from a closed lane) were used to determine the impact of 
sequential lights on safety. The results of this study showed that sequential warning lights had a net 
positive effect: the warning lights reduced the speeds of approaching vehicles and enhanced driver 
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 BACKGROUND: Although traumatic brain injury (TBI) is one of the leading causes of death 












