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QH“y) Designation: E 1696 — 95b (Reapproved 2001)

Standard Test Method for
Field Measurement of Raised Retroreflective Pavement
Markers Using a Portable Retroreflectometer *

This standard is issued under the fixed designation E 1696; 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 epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope 3.2.1 coefficient of luminous intensity,,Rr—of a retrore-

1.1 This test method covers the measurement of the retrord€ctor, ratio of the luminous intensity of the retroreflector in
flective properties of raised retroreflective pavement markers 4f€ direction of observation to the illuminancg|rft) at the
a prescribed geometry, by means of a portable retroreflectgetroreflector on a plane perpendicular to the direction of
meter that can be used in the field. The measurements can Biident light, expressed in candelas per lux (cdix
compared to minimum requirements to determine the need for 3-2.1.1 Discussior—When values are low, the coefficient of
replacement. (retroreflected) luminous intensity may be given in millican-

1.2 The observation angle specified for retroreflectometerdelas per lux (mcd-IX). R, = (VE|nt). o
in this test method is that currently specified for raised 3:-2-2 entrance anglen—angle between the illumination
pavement markers in the United States and may differ from th&is and the retroreflector axis. _
angles used elsewhere. For other jurisdictions, replace the 3.2.3 illumination axis n—line from the effective center of
observations angle specified herein with the observation angi€ Source aperture to the retroreflector center. .
specified by the pertinent agency. 3.2.4 observation angleq, n—the anglebetween the illu-

1.3 This test method is intended to be used for fieldmMination axis and the observation axis. _
measurement of raised retroreflective pavement markers but3-2-5 portable retroreflectometera hand-held instrument
may also be used to measure the performance of new markdiat can be used in the field or in the laboratory for measure-
before they are placed in the field. ment of retroreflectance.

1.4 The values stated in Sl units are to be regarded as the 3-2-5.1 Discussior-In this test method, “portable retrore-
standard. The values given in parentheses are for informatiofectometer” refers to a hand-held instrument that can be placed
only. over a raised retroreflective pavement marker to measure the

1.5 The standard does not purport to address all of theCoefficient of luminous intensity with a prescribed geometry.
safety concerns, if any, associated with its use. It is the 3.2.6 instrument standardn—a working standard used to
responsibility of the user of this standard to establish appro-Standardize the portable retroreflectometer.

bility of regulatory limitations prior to use rays are preferentially returned in directions close to the
opposite of the direction of the incident rays, this property
2. Referenced Documents being maintained over wide variations of the direction of the
2.1 ASTM Standards: incident rays. _ _ o
E 284 Terminology of Appearante 3.2.8 retroreflective element—one optical unit which by
E 809 Practice for Measuring Photometric Characteristicéefraction or reflection or both produces the phenomenon of
of Retroreflectors retroreflection.
3. Terminology 4. Summary of Test Method
3.1 The terms and definitions in Terminology E 284 are 4.1 This test method involves the use of commercial por-
applicable to this test method. table retroreflectometers for determining the coefficient of

3.2 Definitions—The delimiting phrase “in retroreflection” luminous intensity of pavement markers.
applies to each of the following definitions when used outside 4.2 Entrance angl@, shall be between 0 and 2°, entrance
the context of this or other retroreflection standards: anglep, shall be 0+ 2°.
4.3 Unless otherwise specified by the user, the observation
angle shall be 0.2% 0.01°.

1 This test method is under the jurisdiction of ASTM Committee E12 on Color 4.4 The observation half plane shall be vertical. Rotation

and Appearance and is the direct responsibility of Subcommittee E12.10 on

Retroreflection. angle shall be 0° (see Fig. 1 and Fig. 2).
Current edition approved Oct. 10, 1995. Published December 1995. Originally 4.5 The sum of the aperture angles of source plus receiver
published as E 1696 — 95. Last previous edition E 1696 — 95a. shall be 0.2°+ 0.04° (see Table 1 of Practice E 809).

2 Annual Book of ASTM Standardgol 06.01.
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Datum Axis coefficient of (retroreflected) luminous intensity. These condi-
tions need to be observed and noted by the user.

6. Apparatus

6.1 Portable Retroreflectometer

6.1.1 The retroreflectometer shall be portable with the
capability of being positioned over markers installed on the
roadway surface.

Retroreflector 6.1.2 The retroreflectometer shall be constructed so that
Retroreflector Center placement on the road will preclude any stray light from
Axis entering the area being tested under daylight conditions.

6.1.3 The retroreflectometer shall be constructed so that it
can be placed over the marker with the illumination axis
parallel to the road surface.

Location of retroreflector axis, datum axls and 6.1.4 The combined spectral distribution of the light source
refroreflector center for use In testing ralsed and the spectral responsivity of the receiver shall match the
pavement markers. combined spectral distribution &IE IlluminantA and theV

(\) spectral luminosity function according to the following
criterion: for any choice of plano parallel colored absorptive
filter mounted in front of a white retroreflective sample, the
ratio of the R, measured with the filter to th® measured
without the filter shall be within 10 % of the llluminamk
luminous transmittance of an air-spaced pair of two such filters.

Refroreflector Center-iocated on the surface
of the effective retroreflective areq, centered
both vertically and horizontally.

Retroreflector Axis-extends parallel o the
road surface. from retroreflector center.

Note 1—In the retroreflectometer the filter should be mounted with a
downward tilt (for example, 1.0°) for avoiding specular reflection into the

Datum Axis-extends vertically from receiver.

the road surface plane starting at
ratroreflector- center.. 6.1.5 When using a standard similar in color, material, and

FIG. 1 Position of Marker for Photometry type to the sample, measureddRall not deviate by more than
10 % from measurements made on a laboratory photometer
Maximum system sensitivity is obtained when aperture anglegonforming to Practice E 809 with observation angle,as
of source and receiver are equal. specified angd, = B, =€ = 0°.

4.6 The aperture angle of an individual retroreflective ele- g 1 g If, for convenience, the user chooses to use a white
ment shall be 0.02° max (see Practice E 809). For a portablganqard for all markers, a correction factor shall be applied to
photo_metgr this ap_erture'anglle can be achieved by Interposinge readings obtained with the white standard. To determine the
a collimating lens in the illumination and observation axes. cqrrection factor, 1) standardize the instrument using a white

4.7 A portable standard shall be used for standardization. stangard: ) without changing the instrument settings, note the

4.8 After standardization place the retroreflectometer diyeading for a selected prephotometered standard similar in
rectly over the. marker to be tested makm.g sure that th%olor, material, and type to the markers to be tested: &pd (
road-axis marking on the retroreflectometer is parallel to thgjiyige the known retroreflectance of the selected prephotom-
lane line of the road. etered standard by the reading noted ). (Multiply all

4.9 The reading displayed by the retroreflectometer is reraaqings obtained for markers of a particular color, material,
corded. The retroreflectometer is removed from the markeryq type by the correction factor obtained for that color,

_then replacgd and the reading recorded again._ If the diﬂerencrﬁaterial, and type.

n rgadmgs is greater than 10 %, the process is to be repeated6.1.7 For the convenience of the user, a road-axis marking
a third time. shall be placed on the instrument to permit it to be aligned with
5. Significance and Use the direction of traffic.

5.1 Measurements of,Rnade by this test method are related -2 Light Source Requirements o
to visual observation of raised retroreflective pavement mark- 6-2.1 The projection optics shall be such that the illumi-
ers at distances of approximately 152 m (500 ft) for cars ofl@nce over the entire test area shall be within 10 % of the
approximately 304 m (1000 ft) for trucks when illuminated by @verage illuminance.
tungsten filament light sources such as car headlights. 6.2.2 The source shall be regulated such that the illumina-

5.2 The coefficient of luminous intensity of raised retrore- tion of the test area does not change by more thar for the
flective pavement markers degrades with trafic wear andluration of the test.
requires periodic measurement to ensure that sufficient visibil- 6.3 Receiver Requirements
ity is provided to the driver. 6.3.1 The receiver shall have sufficient sensitivity and range

5.3 The quality of the pavement markers as to material$o accommodate coefficient of luminous intensity values ex-
used, age and wear pattern, will have an effect on thgected in use, typically 1 to 1999 mcdix
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