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ABSTRACT

Nighttime construction has become an accepted procedure for roadway maintenance and
construction operations although it presents visibility problems for motorists and
workers. High-visibility garments are used to improve the visibility of roadway workers.
This paper presents a methodology to compare the visibility of different high-visibility
safety garments. The high-visibility garments were displayed in a simulated maintenance
work zone on an interstate in Midwest USA. Videos were recorded using a camera which
was mounted on a passenger car which passed through the work zone at the posted speed
limit. These videos were then shown to drivers who compared the visibility of the
garments of the construction workers. Statistical analysis was conducted to examine the
impact of random effects by considering characteristics of the garments, drivers and site,
etc. The study found that variables such as the mean of the retroreflectivity measurements
of the garment and the frequency of the drivers encountering nighttime work zones were
significant when choosing the most visible garment. The study provides insight regarding
practices related to high-visibility garment, and can play a significant role in improving
worker visibility on nighttime operations.

Keywords: Nighttime, Safety, Binary Probit, Personal Protective Equipment, High-
visibility, Work Zone, Construction, Maintenance.
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1. INTRODUCTION

Nighttime construction has become an accepted procedure for roadway maintenance and
construction operations although it presents visibility problems for motorists and
workers. Visibility is critical to workers and motorists on roadways. The sooner a driver
detects a worker, the more likely a struck-by incident can be prevented (ANSI/ISEA 207-
2006). High-visibility Personal Protective Equipment (PPE), which is composed of
fluorescent background color and retroreflective material, is regularly used to improve
the visibility of roadway workers.

In response to the importance of high-visibility garments, the International Safety
Equipment Association (ISEA) and the American National Standard Institute (ANSI)
published the American National Standard for High Visibility Safety Apparel and
Headwear, known as ANSI/ISEA 107-2004. This publication provides recommendations
for the use, design and testing of high-visibility apparel. ANSI/ISEA 107-2004 defines
three performance classes (Class I, II and III) for high-visibility apparel, depending upon
the minimum area of the different materials on the safety garment.

2. PRIOR STUDIES IN EVALUATING EFFECTIVENESS OF HIGH-
VISIBILITY PPE

Typically, the effectiveness of high-visibility garments in the nighttime hours has been
evaluated by determining the distance between the pedestrian and the point at which the
driver recognizes the presence of a pedestrian. Previous research studies have evaluated
the characteristics of safety vest luminescence using computer software and by obtaining
the perspectives of human evaluators on their visibility. Table 1 summarizes prior studies
that evaluated the effectiveness of high-visibility PPE. None of these studies were
conducted in Indiana, nor have they incorporated in the assessment the combination of
different high-visibility PPE, the perspective of drivers regarding visibility of different
PPE and the features in a maintenance work zone. This study considers different types of
safety garments (safety pants, safety vest and retroreflective bands) in a simulated
maintenance work zone. Drivers compared the visibility of these garments. A statistical
model was developed to predict which characteristics make garments more visible to
drivers.

3. DATA COLLECTION

This study incorporates the perspective of drivers and the assessment of the visibility of
different combinations of high-visibility PPE displayed in a maintenance work zone
environment. A Binary Probit Model was developed to predict those characteristics
which cause drivers to rate a garment as more visible. The following subsections provide
further details.
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Selection of Experimental Set-up

A simulated maintenance work zone located on interstate I-74 in southeast Indianapolis
between Exits 96 and 99 was used. The cones at the work zone were placed at every other
skip of the pavement markings. Figure 1 shows how the work zone was set up. A worker
wore high-visibility garments and was videotaped in the active work zone area while
performing two different tasks in two positions: position 1 and position 2. These two
positions were found to be very common in nighttime work zones. Figure 2 shows
workers in these positions on a maintenance project in downtown Indianapolis, Indiana.

Selection of PPE used in the Analysis

Fourteen different types of high-visibility PPE were considered in this study, including
the high-visibility garment (Class II PPE) currently used by the Indiana Department of
Transportation (INDOT),. All of the garments were yellow-green in color with white
retroreflective material. The PPE evaluated in this study included weather-related
garments (coats, raincoats and sweatshirts); however these garments were not included in
the statistical analysis. Table 2 provides a listing of the key features of the garments
considered in the Binary Probit model. Multiple coefficients of retroreflection (RA)
measurements were taken for each high-visibility PPE using a retroreflectometer.
Clothing assemblies were created by combining two or more high visibility items. The
high-visibility PPE assemblies all meet the minimum requirements for Performance
Classes 2 or 3 of the ANSI/ISEA 107-2004. Table 3 shows the assemblies that were
evaluated in this study.
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