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SUMMARY

The subjective rating of the night visibility of pavement
marking materials is difficult as it can be influenced by many
variables. In an attempt to provide an improved method of de-
termining the night visibility of these materials, a portable
retroreflectometer was fabricated, and its precision and accuracy
in determining night visibility were evaluated. It was concluded
that the apparatus can be used to accurately measure the relative
amcunt of reflected light for the entrance and observation angles
built into it.
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Traffic markings are used extensively to provide the
motorist roadway delineation and thus enhance traffic safety,
especially during adverse weather conditions at night. De-
lineation techniques have also been used to provide guidance
and regulatory information in the form of stop bars, crosswalks,
pavement messages, etc.

Over the past several years the Department has conducted
evaluations of pavement marking materials — namely, paints,
thermoplastics, and preformed cold plastic tapes — and has
developed a performance specification for the procurement of
traffic paints. In all cases the evaluation of the marking
materials has included determinations of the general appearance,
durability, and night v151b111ty. These qualities have been de-
termined by subjectlvely rating them on a predetermined scale and
combining the ratings in a formula to arrive at an overall rating.
The general appearance and durability are relatively easy to rate;
however, a subjectlve rating of the night visibility is more diffi-
cult, since it requires determining a value for the relative amount
of light reflected. The subjective rating of night visibility has
been questloned because it can be influenced by many variables such
as the intensity and angle of the light source, external light
sources, and the physical condition of the observer. Instrumenta-
tion is available that will give readings of light reflected from
pavement marking materials; however, the apparatus is expensive,
costing around $10,000, and is still being evaluated.

PURPOSE

Realizing the importance of improving upon the subjective
method cf evaluating the night visibility of pavement marking
materials, the Research Council built a retroreflectometer, at a
cost of approximately $250, for measuring the amount of llght
reflected from pavement marklng materials. The purpose of this
study was to evaluate the precision and accuracy of the Council-
fabricated retroreflectometer in determining the night visibility
of pavement marking materials.



DESCRIPTION OF APPARATUS

The retroreflectometer is a compact, portable device with
a light source, battery, and photocell. The device can be used
during the daytime by placing it directly on the material to be
evaluated as pictured in Figure 1. Readings are taken using an.
entrance angle of 75° and a divergence angle of approximately
3C., The device is calibrated on a material with a known re-
flectance as a standard against which materials being tested
can be compared. Although readings between materials are rela-
tive, they provide a basis for judging the night visibility of
marking materials.

Figure 1. Retroreflectometer in use.



RESULTS

SamEles

Forty-four samples of pavement marking material were obtained
for test purposes. The samples, approximately 4 in. x 12 in., were
applied to aluminum plates for observations of reflected light.

The samples included the following variables:

. Beads on paint — regular beads (1.50 index)
white and yellow paint

. Beads on paint — high index beads (1.90 index)
white and yellow paint

. Preformed plastic tape — regular beads (1.50 index)
white and yellow tape

. Preformed tape — high index beads (1.90 index)
white and yellow tape

. Traffic paint — white and yellow

Approximately half of the samples were prepared in the labo-
ratory and the remainder were taken from "on the road" machine
painting done in conjunction with an evaluation of the performance
of paint.

Precision

The precision of the retroreflectometer was evaluated by per-
forming repeat tests on seven samples. Thirty readings were taken
for each sample with intervals of 5, 10, 15, and 20 seconds be-
tween each reading. Table 1 gives the average reading and standard
deviation for each category. Results show the precision to be good
with minimal differences in the averages and standard deviations,
regardless of the interval between sample readings.

A series of readings were taken on the sample being used as a
calibration standard in an attempt to investigate the influence of
the time interval between sets of readings, in addition to observing
the influence of the readings during the initial or warm-up pericd.
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It is noted that the instrument does not need a warm-up; however,
once the read button is pushed the light source causes a certain
amount of temperature change. The influence of the time interval
between sets of readings (30 readings per set) is given in Table 2.
With the exception of the initial readings, for which no instru-
ment warm-up was allowed, there were little differences in the
averages and standard deviations. There was a slight decrease in
the averages with time, which possibly resulted from the tempera-
ture rise created by the internal light being constantly turned

on as the instrument was read.

It is noted that all readings were taken in the laboratory
with a constant 7u4CF room temperature. It has been observed that,
in some cases, readings taken in the field would rapidly decrease
and stabilize at a number significantly below that initially ob-
served. This was noted for both high and low temperature conditions.
In an attempt to duplicate this decrease in the laboratory, readings
were taken on a sample at different time intervals for three tempera-
ture conditions. Table 3, which gives the percentage decrease in
readings for each condition, shows little difference in readingsfor
each temperature. Since the steady decrease in readings was not
duplicated in the laboratory, it can only be assumed that the
decrease was not attributable to temperature variations.

Table 2
Influence of Time Intervals Batween Readings

Elapsed Time Between Sets

Time Between *Starct 1 Minute 2 Minutes 4 Minutes 10 Minutes 20 Minutes

Readings Sed. Sed. Std. Std. Std. Sed.
in Zach Set Mean Dev, Mean Dev, Mean Dev, Yean Dev. Yeanr Dev, Mean Dev.
5 seconds 188.1 1.39 187.9 0.38 187.4 0.47 187.0 0.56 186.7 0.43 186.0 0.56
10 seconds 187.9 ~0.L7 1B7.8 0.26 187.4% 0.29 187.0 0.36 136.8 0.32 186.8 0.26
15 secscnds 186.8 0.1%6 186.9 0.15 186.8 0.18 186.7 6.18 186.5 0.1% 186.4 0.17

*Readings were started with instrument at room tempervature.

Table 3

Fercentage Decreaase in Readings for Different Temperature Conditions

Elapsad Time — Saconds
Témperature (Read button depressed)
Condition 30 Sec. €0 Sec.
Ingtrument and sample at 1.0% L.AX
rcom temperature — 74°F
Instrument at coom temperature
sample ac 130°F 1.1% 1.3%
‘nstrument and sample at 130°F 1.0% 1.3%
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Accuracy -

The ability of the retroreflectometer to measure the re-
flected light from pavement marking materials was determined by
comparing readings obtained with those observed in the Depart-
ment's light tunnel. It is noted that the Department's light
tunnel and instrumentation are capable of accurately measuring
retroreflection according to national standards. Light tunnel
readings were taken at the angles shown in Table 4.

An entrance angle of 86° and observation angles of 0.2° and
0.5° correspond to those recommended by Federal Test Method Stand-
ard 370. The entrance angle of 75° and observation angle of 2.0°
approximate, within the limits of the light tunnel's capabilities,
those fixed angles built into the retroreflectometer.

Figures A-1 through A-16 of the Appendix are plots of the
values of reflected light obtained from the samples as measured in
the light tunnel versus those values found using the retroreflectom-
eter for various sample categories and the divergence and entrance
angles shown in Table 4. Curves representing the equations which
best fit the observed points are also shown in the figures. Table
5 gives the correlation coefficients and curve equations for the
plots.

The figures show a gocd correlation of the light tunnel vs.
retroreflectometer readings for an observation angle of 2.0° and
an entrance angle of 75° for all samples. These relationships
are supported by the high correlation coefficients shown in Table
5. The curves and correlation coefficients for 0.2°9/86° and
0.5°/86° show more scattering of points and correspondingly lower
coefficients. One exception is the sample category with 1.90 high
index beads and white paint, where correlation coefficients are
high for all angles. It is noted, however, that only three samples
were available for consideration; therefore, it was relatively easy
to fit a curve and have high ccefficients.

Table 4

Light Tunnel Angles Observed

Entrance Divergence
Angle Angle
86° o

o O

o 0.2
86o 0.5
75 2.0

(2]



Table 5

Curve Equation and Correlation
Coefficient for Each Sample Category

Coefficient
Sample Angle of Points
Category Div./Ent. Curve Equation Correlation Available

1.50 index beads 0.2°/86° Y = a(x®) 0.764 14
on white paint 0.5°/86° Y = a(xB) 0.744 14

2.00/75° Y = AeBX 0.982 14
1.90 index beads 0.29/860 Y = peBX 0.999 3
on white paint 0.59/86° Y = X/ (A + BX) 0.999 3

2.00/75° Y = X/(A + BX) 0.984 4
1.50 index beads 0.29/86° Y = AxD) 0.901 6
on white tape 0.5°/86° Y = A(xB) 0.902 6

2.00/75° Y = AEBX 0.997 6
1.50 index beads 0.2°9/86° Y = A + (B/X) 0.869 9
on yellow paint 0.5°/86° Y = a(xB) 0.864 9

2.09/75° Y = a(xB) 0.991 9
1.50 index beads 0.2°/86° Y = AXB) 0.833 20
on white paint and  0.5°9/86° Y = A(xB) 0.849 20
tape 2.0°/759 Y = AeBX 0.986 20
1.90 index beads 0.2°/86° Y = A(XB) 0.867 7
on yellow paint 0.59/86° Y = A(xB) 0.880 7
and tape 2.09/75° Y = A(xB) 0.991 7

CONCLUSIONS

Based on the results on the evaluations, the following con-
clusions were drawn.

The precision was found to be good with small differences in
the averages and standard deviations of the materials observed.
The observed tendency for readings to decrease slightly with time,
however, can be compensated for by adjusting the values based on
frequent readings on the calibration standard. Also, it is
suggested that when starting the readings, the read button be
depressed several times to help stabilize the change in tempera-
ture caused by the interval light source. It is important that
a calibration standard be read as often as necessary to monitor
any differences in time, temperature, light, etc. Also, for the
best results, the calibration standard should be kept in the same
environment as the pavement markings being tested.

by
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The reflectometer readings were found to correlate with the
light tunnel readings at an observation angle of 2.0° and entrance
angle of 75°., Therefore, it is believed that the instrument will
accurately measure the relative amount of reflected light for
those angles. The specific intensity per unit area of material
may be found by using either the curve equations or graphs plotting
the values of light tunnel readings versus retroreflectometer read-
ings. The ability of the retroreflectometer to predict the amount
of light reflected at observation angles of 0.2° and 0.5° and an
entrance angle of 86° was poor, and it is recommended that the in-
strument not be used for these angles.

Based on limited field experience, the retroreflectometer
seems to be sensitive to color differences that may result from
variations in the pigments in the marking material or from traffic-
related discoloration and dirt.

RECOMMENDATIONS

It is recommended that the retroreflectometer be used in
determining the night visibility of pavement marking materials
when the desired viewing angles are in the same range as those in-
corporated in the instrument. It is noted that the angles built
into the retroreflectometer approximate those angles present when
observing transverse pavement markings (right traffic lane) from
the pavement shoulder,

Consideration should be given to the fabrication of an in-
strument simulating those angles as recommended by the Federal
Test Method Standard 370. However, it is believed that the fabrica-
tion of another retroreflectometer should be postponed until a re-
view can be made of the results of recently initiated investigations
by ASTM and others relating the retroreflective characteristics of
pavement marking materials and the associated geometrics of ve-
hicle lights.

(e8]
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