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Abstract: A little attention has been paid on the quality of reflective sheeting used for road signs in the past. Moreover, 
significant number of road accidents recorded during the nights, have been attributed to sign aging and accumulation of dirt 
deposit. A research study was thus undertaken to evaluate the performance of different sign’s sheeting brands, grades and 
color installed on national Highways (N-5) and Motorways (M-1 and M-2). The aim of this research study was to assess the 
aging of sign sheeting. Laboratory and field retroreflective measurements of sign sheeting were taken with portable handheld 
equipment retro-reflectometer at different orientations and observation angle.Aging Characteristics and impact of sign 
cleaning were also studied in addition to sign life cycle cost analysis. It was noticed that Coefficient of retroreflectivity 
varied greatly with Instrument rotations and observation angles. A linear trend in the rate of reduction of coefficient of 
retroreflectivity with age has been observed in the field. Also, retroreflection improved by 13-20 % on an average for various 
sheeting brands and grades maintaining the signs. 
 
Index Terms: Transportation Engineering, Traffic safety, Traffic Signs, Retroreflectivity. 
 
I. INTRODUCTION 
 
Traffic Signs provide information to help ensure safe 
and orderly traffic movement. Signs must be 
detectable, and comprehensible to users at a distance 
commensurate with their purpose. Traffic signs 
communicate drivers the information they require for 
guidance and direction for controlling their vehicle. A 
well-informed driver will be more relaxed, less 
stressed, and less likely to make poor judgments that 
could potentially leads to vehicle crashes. 
Roadway users can acquire information from a sign’s 
unique appearance such as size, color, and shape and 
the legend, which may consist of words, symbols, and 
arrows. Manual on Uniform Traffic Control Devices 
(MUTCD) and FHA [1] suggests five governing 
principles for road signs to ensure efficientand safe 
traffic flow; fulfill a need, drive attention, convey a 
clear and simple meaning, command respect from 
road users, and give ample time for proper response. 
During daytime signs are usually well illuminated by 
ambient sunlight and easy to read. At nighttime, the 
scenario is rather different. Inadequate or faded signs 
are difficult to read at night, especially for older 
drivers, and this is supposed to contribute 
significantly to vehicles crashes, injuries, and 
fatalities. Statistics from previous research show that 
approximately 50% of all traffic fatalities occur 
during nighttime, despite the fact that only 25% of all 
travelling occurs during night as reported by NHTSA 
[2]. One of the key sign evaluation factors for 
nighttime driving is retroreflectivity, measured by a 
coefficient of retro-reflection (RA) expressed in units 
of Candela per lux per square meter (cd/lx/m2). 
Retroreflectivity can be defined as the ability of 
surface to reflect back light toward its source.  
Brightnessindicates the quality of radiating or 
reflecting light while contrast is the ratio of 

luminance from the legends to its background. 
Observation angle is the angle between the line 
formed by a light beam from vehicle’s headlights 
striking a sign surface and the line formed by the 
retro-reflected beam toward the observer's eyes. 
Entrance angle is the angle between the normal to 
sign surface and illumination axis (from vehicle 
headlight). The angle at which retroreflective 
material/surface is oriented when tests are conducted 
is known as rotational angle. 
Reflective sheeting is single film of multiple layers of 
materials that are bonded by a machine. Different 
layers that are used for a typical reflective sheet 
construction are face film, glass bead layer, adhesive 
layer, release layer and liner. Reflective tapes can be 
grouped in to two main types; glass bead and micro 
prismatic. Beaded sheet uses “microscopic glass 
spheres” to reflect light while prismatic sheet reflects 
light via “array of prisms”.  Prismatic sheet is more 
efficient in light retro-reflection; however, beaded 
sheeting is more economical than prismatic sheeting. 
Based on their retroreflective performance, beaded 
and prismatic sheeting are divided further into several 
different types; Type-I through Type-XI. Type-I is 
commonly called “Engineering Grade” sheeting.  
Type-III is commonly called as High Intensity 
Sheeting, while Type IX is known as Diamond Grade 
Sheeting. These three types of retroreflective sheeting 
have been used most commonly on highways and 
motorways in Pakistan. Devices commonly used to 
measure sign retroreflectivity in the field are 
“Handheld contact instruments” and “Non-contact 
instruments”. Contact instruments are believed to 
offer comparatively low level of uncertainty, though 
using contact instruments can be time consuming as 
reported in study conducted by Majid et.al. [3]. 
Common types of handheld contact instrument are 
Delta Retrosign GR3, Road vista 922, Zehntner ZRS 
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5060 etc. Non-contact instrument includes both a 
hand-held device and a vehicle based system 
providing flexibility and speed. Some non-contact 
handheld and mobile/vehicle based devices are 
Impulse RM, Mobile, MandliDigilog road systems. 
 
II. LITERATURE REVIEW 

 
Federal Highways Administration (FHA) sponsored 
several studies to establish recommendations for 
minimum retroreflectivity levels for traffic signs. 
Painti et.al.[4] proposed minimum retroreflectivity 
levels for regulatory, warning, and guide signs. The 
researchers formulated a computer analysis program 
that incorporated various driver, vehicle, and roadway 
parameters and computed the Minimum Required 
Visibility Distance (MRVD) for different inputs, 
which eventually generated minimum retroreflectivity 
standards. Carlson et.al. [5] introduced new inputs to 
reflect recent developments in vehicle headlamps, 
variations in fonts, vehicle types and sizes, drivers’ 
nighttime needs, and different sheeting materials. 
Jonathan and Carlson [6] and Travis et.al [7] proposed 
several signs maintenance policies to comply with 
minimum retro requirements. These policies were 
classified into two main groups; assessment and 
management methods, which primarily involves 
nighttime visual inspection and measuring sign 
retroreflectivity to suggest when to replace a sign 
sheet before the expiry of its service life.  
 
The objectives of limiting the coefficient of 
retroreflectivity values was to improve safety on 
highways, and to ensure that roadway users, 
especially the elderly, are able to detect and react 
efficiently as reported by Michael J.M. [8]in NCHRP-
371. A research study was conducted by Kevin et. al. 
[9]showed the impact of different factors like ageing, 
sheeting types and instrument rotations on sign 
retroreflectivity and to develop an effective 
assessment or management methods that specific 
traffic sign warrants. Haung et.al.[10] and Immaneni 
et.al11] suggested the deterioration patterns and 
factorssuch as sign ageing, precipitation, exposure to 
sunlight & its physical orientation that were 
responsible for rapid signs degradation in field. 
Research study conducted by Said et.al. [12] has shown 
that using the higher-grade retroreflective materials 
for signs resulted in higher initial cost, but lower 
long-term costs. Different sign sheeting grades in 
ASTM have been defined based on measured 
retroreflectivity at -4o entrance angle and 0.2o 
observation angle.ASTM E1709describes the 
standard procedure for measuring signs 
retroreflectivity using portable handheld Retrosign 
RG3 equipment.The equipment works on the 
principle of light retro-reflection, has an internal light 
source. A beam of light from the light source falls 
upon the sheeting surface placed in contact with the 
surface during the testing. The instrument records the 

retroreflectivity on side screen in digital form, the 
moment the light beam is reflected backward and 
perceived by the light source. An observation angle 
of 0.2º on instrument represent normal viewing 
conditions and simulates an observation distance of 
100 meters in field.   
 
Sign sheeting are the cost driving materials in road 
traffic signs. Currently different sheeting brands and 
grades are available in the market with no stringent 
quality monitoring.  Deterioration rate for signs 
installed in the field have not been established for 
local weather conditions in Pakistan for their timely 
replacement. It has been observed from past studies 
that driver behavior and traffic flow were influenced 
by retro reflectivity of traffic signs installed on roads. 
In order to simulate the effects of different predictor 
variables such as sheeting grade, color, brand and 
material type on the predicted variable of retro 
reflectivity, this study has been conducted. 
 
RESEARCH OBJECTIVES 
 
The primary objectives of this study are:   
1. To compare the effect of various sheeting 

brands, grades and sheeting colors on 
retroreflective properties of signs with standard 
specifications. 

2. To examine the relationship between the 
physical orientation of signs with 
retroreflectivity and to investigate the effect of 
observation angle (a term that is function of 
height of vehicle headlight) on retroreflectivity 
of   traffic signs. 

3. To ascertain the effect of age on retroreflectivity 
of signs and to investigate the impact of 
cleaning on field signs retroreflectivity. 

 
EXPERIMENTAL PROGRAM 
 
A two-phase study was designed to achieve the 
research objectives.  Phase-I comprises of laboratory 
based testing of sheeting using different variables like 
brands, types and colors. Phase- II consists of field 
testing of traffic signs to investigate the effect of age, 
cleaning, color, brands as installed on various 
highways and motorways. Samples of retroreflective 
sheeting in different brands, grades, and colors were 
collected from the market to conduct laboratory 
testing using Retrosign GR3. Laboratory testing were 
conducted in accordance with ASTM standard test 
method E1709. Retrosign GR3 after calibration was 
used to measureRA of each specimen in replicatesat 
instrument rotations/orientations of 0ᵒ, 45ᵒ, 90ᵒ, 135ᵒ 
and 180ᵒ, at an entrance angle of -4ᵒ and at 
observation angles 0.2ᵒ, 0.5 and 1ᵒ. Field study was 
conducted on signs installed at national highway and 
motorways near the capital territory Islamabad; N-5, 
M-1 and M-2.  Sign sheeting details studied during 
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laboratory and field study have been reported in 
Table 1. 
 
Table 1: Samples for laboratory and  field study 

   
Brand 

3M Avery 
Dennison 

Tong 
Ming 

Kewalite ASTM 
Equivalent 

Grade  
EGP 

 EPG EG      EG Type I 

HIP HIP HIP      HIP* Type 
III 

DG DG DG*      DG* Type 
IX 

Color Blue(B), Green(G), Red(R), White(W) and 
Yellow(Y) for all of the above sheeting brands & 

grades for laboratory testing, for field those 
available were studied 

Signs 
Age# 
(years) 

An age periods of 2, 5 and 10 years were 
selected.       * only lab study was made 

 
The main purpose of selecting this section was to 
keep similar ambient conditions. However, traffic 
patterns/volume on both the national highway and 
motorways were different. The mean average rainfall 
in the study area was around 90mm with an average 
low temperature of 17 ᵒC and average high 
temperature of 41 ᵒC. All sheeting grades and colors 
used for laboratory study were not available in the 
field. Measurements for field signs were taken in 
replicates and before and after cleaning the sign 
sheeting.  A wet cotton cloth (using available 
detergent) followed by a dry cloth was used to clean 
the surface of signs.   
 
RESULTS AND DISCUSSION 
 
Retroreflectivity measurement data sets of different 
sign sheeting was collected and transferred to excel 
spread sheets for analysis. Plots showing relationship 
among different variables were developed. A ranking 
of different sign sheeting grades of various brands has 
been proposed based on the test data as reported in 
Figure 1.  

 
Figure 1: Influence of sheeting on sign retroreflection 

 
It may be noted from Figure 1 that all sheeting 
grades; EGP, HIP and DG exhibits a consistent trend 
for different sheeting brands. HIP showed the highest 
coefficient of retroreflection while EGP has the 
lowest. Higher retroreflectivity of HIP sheeting may 
be attributed to high index prism and high pressured 
sensitive adhesive. It has been observed that 3M 

brand has maximum RA value in all the grades. It was 
also observed thatbright sheeting colors (white and 
yellow) had more RA values compared to dark 
sheeting color signs (green and blue). Trends in retro 
reflectivity for same colors were consistent for all 
sheeting brands. Retroreflectivity also depends on 
placement of sheeting on sign surfaces, particularly 
for prismatic sheeting. Variations of RA value with 
observation angles have been reported in Figure 2 for 
a typical 3M EGP and green color. 

 
Figure 2: Influence of Instrument Orientation on sign 

retroreflection 
 
It may be noted form Figure 2that maximum 
retroreflective values for sheeting were observed at 
an instrument rotations of 0o and 180o,while 
minimum value was at instrument rotation of 45o and 
135o. Prismatic (EGP and HIP) sheeting were 
observed to be more sensitive toward instrument 
orientations as retroreflectivity of light from sheeting 
surface is obtained through reflection edges/corners 
of prisms/cubesIt was alsoobserved RAvalues were 
maximum at lower observation angle (0.2o) and 
minimum at higher observation angle (1.0o).  A 
concentrated beam of light travels through a 
relatively smaller angle even for longer distances thus 
yielding higher RA value.  
Retroreflectivity of signs on highways and 
motorways deteriorates due to ultraviolet radiations 
from sunlight, moisture, dust and pollutants in 
atmosphere or through physical damage like spray 
paints, accidents etc. Loss in retroreflection of signs 
with ageing for local environmental condition, 
observed from the field has been reported in Figure 3. 
A logical decrease in retroreflectivity value has been 
observed with an increase in age. The relationships 
shown are for standard instrument geometry (-4o 
entrance angle, 0o orientation and 0.2o observation 
angle) and Engineer grades for all brands. Similar 
trends have been observed for other sheeting grades 
(HIP & DG) and instrument geometries. 

 
Figure 3: Aging trends of EG sheeting brands 
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It may be noted from the Figure 3 that RA 
deterioration rate for signs are gradual. A low rate of 
decrease in RA value in 3M sheeting has been 
observed especially in the initial two to five years, 
while a relatively higher rate was observed in other 
sheeting brands. Retroreflectivity performance of sign 
sheeting is also considered to be effected by proper 
cleaning of sign surface. Sign ageing data obtained 
during the field study was compared with ASTM 
minimum retro limits to have an idea of whether 
individual sign need replacement.Figure 4 shows the 
effect of cleaning on typical 3M HIP signs surveyed 
during the field study. ASTM minimum 
retroreflectivity limits have also been reported for 
corresponding grades and sheeting color.Similar 
trends were observed for other sheeting brands/grades 
and instrument geometries. 

 
Figure 4: Influence of cleaning on sign retroreflectivity 

 
It may be noted from Figure 4 that RA value 
improved significantly after cleaning the sign 
sheeting.RA values on an average increase almost 
19% for HIP blue (B) and yellow (Y) signs, while on 
average there was 13% improvement in RA values for 
HIP green (G) and white (W) signs.An average of 
18% increase in RA values was observed in case of 
3M and Avery Dennison Sheeting. An increase in RA 
values of about 13 and 11 % were observed in case of 
TongMing and Kewalite sheeting, respectively.  
 
HIP sheeting had the highest (16-21% on average) 
change in RA values upon cleaning while increase in 
RA for EGP was the lowest (11-14%) for all sheeting 
brands. It may also be noted from Figure 4 that 
residual RA value of 3M (HIP) blue signs were almost 
below the minimum requirement set by ASTM D 
4956 after the design life. 3M (HIP) green and yellow 
signs are slightly above the ASTM minimum 
retroreflectivity limits while 3M (HIP) white signs 
were still far above the standard minimum retro 
requirements. 

SIGN SHEETING LIFE CYCLE COST 
ANALYSIS (LCCA) 
 
A comparative sign sheeting life cycle cost analysis 
was performed to compare the cost of different brand 
and grades of sign sheeting material. The labor cost 
was assumed to be constant during the sign, LCCA 
period of 20 years. Sign sheeting lives given in Table 
2 are either measured or extrapolated through 
projecting linear regression analysis trends to a point 
where the RA value for any specific sheeting 
approaches the minimum retroreflectivity levels. 
Table 2 also includes the new sheeting for typical 
white color and accumulate sign sheeting cost per ft2 
to describe a Retroreflectivity-cost. 

Table 2: Life cycle cost analysis for sign sheeting  
                          

Sheeting B
rand 

Sheeting Type 

InitialC
ost/ft 2 ($) 

Service life 
(years) 

A
ccum

ulated 
sheeting 

C
ost/ft 2($) 

M
easured 

R
etroreflectivity 

 

R
etroreflectivity-
C

ost Indices 

3M EGP 1.50 7 4.50 522 116 
HIP 2.70 10 5.40 2972 550 
DG 5.00 12 10.00 1442 144 

Avery 
Dennison 

EGP 1.20 5 4.80 432 90 
HIP 2.15 8 5.45 1613 295 
DG 4.15 10 8.30 928 111 

TongMing EG 0.70 3 4.90 164 33 
HIP 1.50 5 6.00 462 77 

Kewalite EG 0.60 3 4.20 219 52 
 
It may be noted from Table 2 that 3M sheeting brand 
has high initial cost, but proves to be more 
economical for a projected period of 20 years. 
Similarly, considering the sheeting types/grade 
comparison for all brands, HIP proves to be more 
economical.  
 
CONCLUSIONS & RECOMMENDATIONS 
 
Retroreflectivity is considered to be an important 
parameter in road signage for the safety of road users. 
The aim of this research study was to assess the effect 
of different parameters on the coefficient of 
retroreflectivity (RA) using a portable handheld 
Retrosign GR3 retro-reflectometer. An investigation 
to ascertain the ageing characteristics and effect of 
signs surfaces cleaning were also made for the life 
cycle cost analysis in the field. Following conclusions 
have been drawn from this research study; 
The retroreflectivity of sign sheeting depends on 
several parameters like brand, grade, color, cleaned 
surface, aging and instrument orientation and 
observation angle. Both field and laboratory sign 
sheeting specimen test data presented similar trends 
and fulfill minimum requirements as the ASTM 
specification. Comparing the brands, 3M products 
offered the highest RA value and TONGMING was 
on the lowest side. Comparing the grades, HIP 
offered the highest RA value and EG the lowest. 
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Comparing the colors, white color showed the highest 
RA value.  
Retroreflectivity deterioration rate for field signs  
were gradual. A low rate of decrease in RA value in 
3M sheeting has been observed compared to other 
sheeting brands. EG sign sheeting for all brands were 
below the minimum limits at the end of 10 years.  
Sign sheeting cleaned with stated procedure has 
improved the RA values by over 13%. Compared to 
different colors, white and yellow sheeting improved 
more after cleaning.  Sign sheeting cost is an aspect 
to be considered for life cycle cost analysis of 
sheeting in addition to its retroreflective performance. 
LCCA analysis for 20 years’ periods involving the 
total cost (initial plus all replacement costs) and 
measured RA values in the field revealed that 3M 
sheeting brand has high initial cost, but proves to be 
more economical in long term. Similarly, 
retroreflectivity-cost indices for various sheeting 
indicated that HIP sign sheeting proved to be more 
economical than EG and DG for the projected 
analysis period. 
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