QHny) Designation: D 4061 — 94 (Reapproved 2000)

Standard Test Method for

Retroreflectance of Horizontal Coatings *

This standard is issued under the fixed designation D 4061; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method describes the instrumental measure-
ment of the retroreflective properties of horizontal surfacing
materials, such as traffic stripe paint systems, traffic tapes, and \7 B,
traffic surface symbols. W*’O

1.2 Specimen preparation, size, and shape must be deter-
mined and specified by the user of this test method. Likewise Ko
the user must specify the observation and entrance angles to Q A
used (see Fig. 1).

1.3 The geometric requirements of this test method are
based on materials for which the relative retroreflectance
changes less than approxmatel_y .50.% over the O_bservatlonNOTE 1—Includes observation angle entrance anglB, viewing angle
angle range from 0.2 to 0.5°. This is illustrated in Fig. 2. « CO-viewing angler, and co-entrance ange,. The retroreflector axis,

1.4 This test method is a laboratory test and requires ﬂlumlnatlon axis, and observation axis all lie in the same plane.
facility that can be darkened sufficiently so that stray light does  FIG. 1 Diagram lllustrating Geometry for Measurement of
not affect the test results. This facility must be capable of Horizontal Coatings Specimens
housing the required 15-m test distance.

1.5 This standard does not purport to address all of the 3.2 Definitions:
safety concerns, if any, associated with its use. It is the 3.2.1 coefficient of retroreflected luminance, Ri—ratio of
responsibility of the user of this standard to establish approthe luminancel., of a projected surface to the normal illumi-
priate safety and health practices and determine the applicanance,E, at the surface on a plane normal to the incident
bility of regulatory limitations prior to use. light, expressed in candelas per square metre per lux

(cd-m=Ix).
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2. Referenced Documents

2.1 ASTM Standards:

E 284 Terminology of Appearante

E 308 Praactice for Computing the Colors of Objects by
Using the CIE Systefn

E 808 Practice for Describing Retroreflectfon

E 809 Practice for Measuring Photometric Character|st|c§‘x'S
of Retroreflectord

2.2 CIE Publication?

No. 54 Retroreflection Definition and Measurement

R = (LE)) @

3.2.2 datum markn—in retroreflection an indication on the
retroreflector that is used to define the orientation of the
retroreflector with respect to rotation about the retroreflector

100

3. Terminology

3.1 The terms and definitions in Terminology E 284 apply to
this test method.

1 This test method is under the jurisdiction of ASTM Committee E12 on Color
and Appearance and is the direct responsibility of Subcommittee E12.10 on
Retroreflection.

Current edition approved Feb. 15, 1994. Published April 1994. Originally 0 . L L
published as D 4061 — 89. Last previous edition D 4061 — 93b. ? o5 7.0 5

2 Annual Book of ASTM Standardéol 06.01. Observation Angle,*

3 Available from U.S. National Committee, CIE (International Commission on FIG. 2 lllustration of Typical Rate of Change of Retroreflectance
lllumination) Publications Office, TLA Lighting Consultants, 72 Loring Ave., Versus Observation Angle for Horizontal Retroreflective Material
Salem, MA 01970. Measured at 86° Entrance Angle
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3.2.2.1 Discussior—The datum mark must not lie on the collector such as an integrating sphere, if used, often the

retroreflector axis. monochromator or spectral filters, the detector, and associated
3.2.3 entrance angle3, n—in retroreflection angle be- optics and electronics.

tween the illumination axis and the retroreflector axis. 3.2.9 retroreflection n—reflection in which the reflected
3.2.3.1 Discussior—For plane retroreflective surfaces, the rays are preferentially returned in directions close to the

entrance angle is no larger than 90°. opposite of the direction of the incident rays, this property

3.2.3.2 Discussior—The entrance angle may be divided being maintained over wide variations of the direction of the
into components3 ; and B,. This is described in Practice incident rays. [CIE}

E 808. In this test method only the componght is used. 3.2.10 retroreflector axis n—a designated line segment
Therefore, where only the entrance an@lés specified the from the retroreflector center that is used to describe the
convention used i§, =0 andf, = B. angular position of the retroreflector.

3.2.4 illumination axis n— in retroreflection a line from 3.2.10.1 Discussior—The direction of the retroreflector axis
the effective center of the source aperture to the retroreflectdas usually chosen centrally among the intended directions of
center. illumination; for example, the direction of the road on which or

3.2.5 normal illuminance, E— the illuminance on a ret- with respect to which the retroreflector is intended to be
roreflective surface measured in the plane that passes througbsitioned. In testing horizontal road markings the retroreflec-
the retroreflector center and is perpendicular to the illuminatiortor axis is usually the normal to the test surface.
axis; measured in lux (lumens-A. 3.2.11 rotation angle,e, —angle indicating the orientation

3.2.6 observation anglen—angle between the axes of the of the specimen when it is rotated about a selected axis fixed in
incident beam and the observed (reflected) beamfétrore- it (for plane specimens, usually the specimen norma);
flection «, between the illumination axis and the observationretroreflection the dihedral angle from the half-plane originat-
axis). ing on the retroreflector axis and containing the positive part of

3.2.6.1 Discussior—The observation angle is always posi- the second axis to the half-plane originating on the retroreflec-
tive and in the context of retroreflection is restricted to smalltor axis and containing the datum mark.
acute angles. 3.2.11.1 Discussior—The rotation angle shown in Fig. 3,

3.2.7 observation axisn— in retroreflection a line from the  with the datum mark oriented away from the source, is 0°.
effective center of the receiver aperture to the retroreflector 3.2.12 source n—an object that produces light or other
center. radiant flux.

3.2.8 receiver n—the portion of a photometric instrument  3.2.13 specific luminance-seecoefficient of retroreflected
that receives the viewing beam from the specimen, including &uminance.
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FIG. 3 Arrangement of Test Apparatus
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3.2.14 viewing anglep—the angle between the observation 6.1.2 Exit Aperture—The source exit aperture shall be 43
axis and the retroreflector axis. mm maximum diameter. This corresponds to 10 min of arc

3.2.14.1 Discussior—In testing road markings specimens, angular aperture at 15 m test distance. In practice, it is
the retroreflector axis is usually the normal to the test surfaceonvenient to provide the projection with a non-silvered right

(see definition ofetroreflector axi$. angle prism so that the external physical size of the exit
3.3 Definitions of Terms Specific to This Standard: aperture is small, allowing its close proximity to the entrance
3.3.1 co-entrance anglefB. n—the complement of the aperture of the photoreceptor.

entrance angle (90° B). 6.1.3 llluminated Area—The illumination at the specimen

3.3.1.1 Discussior—On a typical test specimen, this is the produced by the projector shall be such that only the test
angle from the plane surface of the material to the observatioaurface and a minimum of the background is illuminated. This

axis. is commonly accomplished by placing a restrictive aperture in
3.3.2 co-viewing angley,, n—the complement of the view- the projector slide po#.
ing angle (90° ). 6.1.4 Source Stability-The source shall be regulated such

that the illumination at the test surface does not change by
4. Summary of Test Method more thar: 1 % for the duration of the test.

4.1 This test method involves the use of a light-projector 615 |llumination Uniformity—The illumination produced
source, a photoreceptor, a specimen holder, and a receptn the specimen surface shall be uniform withis % of the
source support, all arranged with approximately 15-m separagyerage illuminance normal to the source at the test distance.
tion between the specimen holder and receptor-source supportg 2 Photoreceptof, meeting the following requirements:
in a suitable darkened area. The observation angle is generallyg 2.1 Sensitivity—The photoreceptor shall have sufficient
small (0.2 to 2.0°) and the entrance angle approaches 90° (th@nsitivity and range so that readings of both the incident
light is near the grazing angle). illuminance and the retroreflected light at the observation

4.2 The general procedure is to determine the ratio of thgyosition can be measured with a resolution of at least 1 part in
retroreflected light from the test surface to the incident light onsg on the readout scale.
the test surface. From these measurements, the photometricg 2 2 Spectral ResponseThe spectral response of the pho-
quantity, specific luminance is calculated. toreceptor shall match that of the 1931 CIE Standard Photopic
5. Significance and Use Observef Se_g Annex Al of Practice E 809.

6.2.3 Stability—The receptor response shall not vary more
an =1 % for the duration of the test.

6.2.4 Linearity—The linearity of the photometric scale over

e range of readings to be taken shall be withid %.
orrection factors may be used to ensure linear response. A
ethod for determining linearity is contained in Practice
809, Annex A2.

6.2.5 Field of View—The field of view shall be limited by

5.1 The quantity coefficient of retroreflected luminance is ah
measure of the reflected luminance in the direction of the
observer. This is the light returned by the retroreflective surfaC@n
to the observer from the source, which in practice is the vehicle.
headlamp. m

5.2 This test method may be used as a measure of tk@
nighttime performance of horizontally applied surfacing mate-

,['alfﬁ usedt oln highway surfaces for lane markings and OtheLﬁse of light baffles or a field aperture on the instrument so that
rafiic control purposes. the entire test specimen is fully within the field of view yet as

5'3_ Since thi?btest meth?jd istha tl?rl;)oratorybprocedtirz, $huch stray light is rejected as is practical. A background light
Specimens must be prepared so that they can be mounted on HQ%I less than 5 % of smallest; reading (see section 7.6 ) is

specimen holder. Specimens measured by this Iaboratorg sirable. When background levels are greater than 5 %,

method may be used as transfer standards for the calibration QL reful attention must be given to noise levels

portable instrumentation. : — 6.2.5.1 In this test, the receptor’s field of view must always

_ 5.4 Specimen selectlor_1 and preparation may significantly,, larger than the projected area of the test specimen.

influence the results of this test method. 6.2.6 Entrance Aperture-The photoreceptor shall be pro-

6. Apparatus vided with an entrance aperture of 43 mm maximum diameter.
6.1 Light Source projector type, meeting the following This is equivalent to 10 min angular aperture at 15 m. The

requirements: physical size of the entrance aperture must be small so that the

6.1.1 Color Temperature-The projection lamp together photoreceptor may be positioned physically close to the source

with the projection optics shall be operated so that theyFXl aperture. .

illuminate the test specimen with the spectral energy distribu- 6.3 Speqmen_ HoIder—T_he specimen h_oIder, commonly
tion of the 1931 CIE Standard Sourc® fa correlated color custom built to _flt the dgswed specimen size and s_hape, must
temperature of 2856 K). A method for determining correlatedMeet the following requirements (see Fig. 4 and Fig. 5).

color temperature is contained in Annex A3 of Practice E 809.

8 A slide with a 3-mm by 15-mm opening has been found satisfactory.
4 A commercial slide projector with 7-in. F-3.5 lens and with the heat absorbing “ Commercially available instruments commonly referred to as telephotometers
filter removed has been found satisfactory as a light source. Such a projector mukave been found satisfactory for this purpose.
be run at reduced voltage to achieve the required color temperature and to provide & The 1931 CIE Standard Photopic Observer is identical to the y-bar function of
adequate lamp stability. the 1931 CIE Standard Colorimetric Observer, which is tabulated in Practice E 308,
5 See Practice E 308, Table 3. Table 1.
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curtains, black tape, and other means shall be used to eliminate
unwanted light and stray reflections.

7. Test Specimens

7.1 The preparation of test specimens is not described in this
test method. For example, the user of the test methodmust
describe a method of application of glass beads to a painted
surface.

7.2 To obtain a flat surface, the test material is usually
adhered to an aluminum backing or other suitable substrate so
that the material lies flat for testing.

7.3 Typically, the area of the test specimen may be 100 by
450 mm or about 0.05 f(0.54 ff).

8. Procedure

8.1 Set up the specimen holder so that the center of the test
specimen is separated by approximately 15 m (test distances
between 14 and 16 m are satisfactory) from the exit aperture of
the light source. Measure the test distance accurately to within
+10 mm. Align the specimen holder by optical means (auto-
collimation) to the zero position so that the test surface is at a
grazing angle to the source (that is, 90° entrance angle) (see
Figs. 6-9). The normal to the test surface must be in the plane
determined by the source exit aperture, receptor entrance

6.3.1 Angular Accuracy—The test surface must be position- aperture and the specimen center, and must also be on the same
able so that the entrance angle is accurate to within 0.5 % of itside of the source as the receptor (this corresponds to a 0°
complement (that is, for 86° entrance angle, the angle must beresentation angle, defined in Practice E 808).
accurate to 0.00X% 4° =0.02°). This accuracy may be ob- 8.2 Substitute the photoreceptor for the test specimen and
tained by providing an optical means to align the test surface tmmeasure the illumination at five equally spaced locations at
90° entrance angle and then adjusting to the desired entranpesitions to be occupied by the test specimen. For these
angle. (See Figs. 6-9 for examples of angular setting devicesmeasurements, the receptor entrance aperture must be in a

6.3.2 Entrance Angle Axis-A means must be provided to plane normal to the source and this plane must pass through the
change the entrance angle such that the axis of rotation jgosition to be occupied by the center of the test specimen. The
contained in the plane of the test surface if several entrancgource exit aperture is to be centered in the field of view of the
angles are to be used. receptor. Record the mean of the five readings as the incident

6.3.3 Leading Edge ReflectionsThe specimen holder must illuminance measurementy,. Individual readings must not
be provided with a means of eliminating reflections from thevary by more thant5 % from this mean. Background light
leading edge of the specimen, and the holder itself must bfom directions other than the projector exit aperture must be
non-reflective. less than 0.1 % of the readinmg,.

6.3.4 Incident Light Measurement Provisiedlt is desirable 8.3 Return the photoreceptor to the observation position.
that the specimen holder be such that the photoreceptor c&eparate the receptor entrance aperture the appropriate distance
easily be substituted for the specimen, which is required whefrom the source exit aperture to obtain the desired observation
incident light measurements are taken. angle.

6.4 Receptor-Source SupperA device that adequately 8.4 Set the specimen holder so that the test surface is at the
supports and separates the photoreceptor from the source at tesired entrance angle. (See 6.3.1.)
observation position. The required accuracy of separation of 8.5 Measure the background light leve}, by positioning
the source exit aperture from the photoreceptor entrancthe photoreceptor so that the test specimen, when it is placed
aperture is dependent on the properties of the test specimeon the holder, will be centered and entirely inside the field of
For most horizontal surfacing materials, the divergence patview of the instrument but with a non-retroreflective black
terns are gradual and a positioning accuracy+df mm (or  surface substituted for the test specimen.
+0.5 % of the resolution) at 15 m test distance is adequate. A 8.6 Place the test specimen on the specimen holder and
common method of fixing this distance is to provide a bar withrecord the retroreflected light reading,;.
holes machined in it at separations corresponding to the desired8.7 When it is desired to make measurements at other than
observation angles. In this method, the minimum practicatandom orientations of the test specimen, a datum mark
observation angle is about 0.2°. (arrow) must be placed on the test specimen. If the arrow is

6.5 Photometric Site-Sufficient space is required so that pointed away from the source, the rotation angle is considered
the projector source and test surface can be separated by abtmbe 0°. If the arrow is pointing toward the source, the rotation
15 m. This facility must be such that stray light does notangle is 180°. Counter clockwise rotation is considered to be
appreciably affect the test results. Flat black paint, blackpositive in direction, when the specimen is viewed along the

FIG. 4 Example of Specimen Holder Using Machinist's Rotary
Table
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FIG. 5 Example of Specimen Holder With Fixed Entrance Angles Positions

TABLE 1 Precision Data

Angles Within Laboratory Between Laboratories
; Number of
Observation/  Mean Value R, Specimens Degrees of Standard Coefficient of Degrees of Standard Coefficient of
Entrance Freedom Deviation Variation, % Freedom Deviation Variation, %
0.2/75 1978 8 24 36 1.9 16 91 4.6
0.2/86 2197 8 24 37 1.7 16 106 4.8
0.2/88 2050 8 24 87 4.2 16 141 6.9
0.5/75 1475 8 24 22 1.5 16 70 4.7
0.5/86 1578 8 24 42 2.7 16 77 4.9
0.5/88 1518 8 24 164 10.8 16 212 14.0
1.33/75 817 8 24 22 2.7 16 54 6.6
1.33/86 784 8 24 31 4.0 16 58 7.4
1.33/88 691 8 24 24 35 16 65 9.4
retroreflector axis toward the retroreflector center (see Fig. 3). (m; — my) d?
8.8 Measure the actual effective retroreflective argaof R= m,Acos(p — o) » 1000 2)
the test surface in square meters, to withif.5 %. h
where

9. Calculation mg background reading,

. . . m; = reading of retroreflective test surface measured at the
9.1 This equation may only be used when the presentation observation position,

angle is 0° as specified in 8.1 and shown in Fig. 3. (In this casem2 mean reading of source measured normal to the
the viewing angle B — «.) It gives the resulting coefficient of source at the test surface position

retroreflected luminance in millicandelas per square meter peg test distance, (about 15 m) '

lux (mcd-m? X Ix ). For each combination of entrance, A area of test surface,’m

observation and rotation angles, calculate the coefficient ofg entrance angle, and

retroreflected luminance R ) of the retroreflective surface « observation angle.

using the following equation:
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TABLE 2 Precision Data

Angles Observation/

Mean Value R,

Coefficient of Retroreflected Luminance

Repeatability”

Reproducibility®

Entrance
(med-m™2) x Ix7* % (med-m=2) X Ix7t %
0.2/75 1978 105 5.3 252 12.7
0.2/86 2197 102 4.7 293 13.3
0.2/88 2050 241 11.6 291 19.1
0.5/75 1475 61 4.2 194 13.0
0.5/86 1578 116 7.5 213 13.6
0.5/88 1518 454 29.9 587 38.8
1.33/75 817 61 7.5 150 18.3
1.33/86 784 86 111 161 20.5
1.33/88 691 66 9.7 180 26.0

AThe limits for repeatability are stated such that one would expect the difference between a pair of individual determinations to exceed this value one time in twenty.
BThe limits for reproducibility are stated such that one would expect the difference between a single determination in one laboratory and a single determination in a
second laboratory to exceed this value one time in twenty.
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FIG. 6 Example of Alignment Procedure for Specimen Holder with Fixed Entrance Angle Setting

10. Report

10.1 Report the following information:

10.1.1 Coefficient of retroreflected luminandg Y for each
combination of entrance, observation, and rotation angle,
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FIG. 9 Example of an Alignment Tool to Set Entrance Angle

10.1.2 Test specimen identification,
10.1.3 Test specimen size and shape, and
10.1.4 Method of test specimen preparation.

11. Precision and Bias

preparation. Large differences between results from various
laboratories have been found depending on the techniques used
to prepare the test specimens. Even in preassembled coatings,
differences will exist between test specimens. The precision
statement given here does not include the effect of these
differences, since specimen selection and preparation are not
covered by this test method.

11.2 Once a specimen is prepared, the precision of the test
is dependent on the actual characteristics of the material being
tested.

11.2.1 The most precise results are obtained on “bright”
white or neutral colored specimens. Precision decreases gen-
erally as the “brightness” of the specimen decreases. Smaller
specimen sizes will result in lower signal levels at the
photoreceptor and reduce precision of the test results.

11.2.2 In addition to the material characteristics, the angles
selected will affect precision. Measurements made close to 90°
entrance angle generally are less precise than those made
where the test surface has a larger exposed projected area.
Likewise, measurements made at large observation angles (for
example 8.0°) or very small observation angles may be less
precise.

11.3 The standard deviations of measurements of coefficient
of retroreflected luminanceR() for test specimens about 0.05
m? in area at various angle combinations are given in Table 1.
These results are based on repeat measurements of the same
specimens and do not include variations introduced by sam-
pling or test specimen preparation.

11.4 Repeatability—The repeatability statement in Table 2
is based on repeat measurements over a period of a few days in
a single laboratory.

11.5 Reproducibility—The reproducibility statement in

11.1 The greatest variable in testing the retroreflectiveTable 2 is based on an interchange of specimens between three
properties of horizontal coating is in specimen selection andaboratories over a period of a few months.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.
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This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
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