'y OFFICE MEMORANDUM

TO: K. A. Allemeier ,
Engineer of Testing and Research

FROM: M. H. Janson

SUBJECT:.  Astro Optics Delineators
‘Research Project 78 NM-559, Research Report No. R-1110

This is in response to D. E. Orne's October 12, 1978 request to test the subject de~
lineators. According fothe memo, the delineators had been received through the New
Materials Committee. One type of delineatorwas submitted to the Committee in Sep~
tember by Jerry Bracy, District Manager for the R. E. Dletz Company, and a. re-
presentative of Astro Optics Corporation.

On October 26, 1978, John Sweeney, Vice President of Roadway Specialties, Incor-
porated, submitted three addﬂ:lonal delineator types, and also indicated that he re-
presented Astro Optics. '

Optical tests and waterseal tests were requested in Mr. Orne's memo. Photometric
tests showed that the delineators did meet the manufacturer's elaims but the water
seal tests showed that the manufacturer had difficulty inobtaining a satisfactory seal.

The Laboratory had received the following crystal and yellow‘delinea.’cors for evalu-
ation:

1) Astro Optics Model 001, for center mounting on delineator posts,

2) Astro Optics Model B~1, for mounting on concrete barriers,

3) Astro Optics Model GR~1, similar to B-1 but fitted for mounting in guardrails,
4) Astro Optics Model CM-1, for mounting on raised curbs.

After learning of the water seal test failures, A. P. Schueler, President of Astro
Optics Corporation contacted the Laboratory. 1t was claimed that the samples were
prototypes and had been submitted in error by Mr. Sweeney. On December 19, 1978,
claimed production samples were submitted by J. Kennedy of Astro Optics and their
representative J. Bracy.

The delineators as noted above were evaluated in the Laboratory by conducting photo-
metrie, color, seal, and heat or warping tests. WMaterials used in delineator fabri-
cation werealso identified. Results of the tests show that the manufacturer can pro-
duce satisfactory delineators if quality control is improved.
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Astro Optics Model 001 Center Mount Delineator

These delineators are intended for edge of roadway or ramp delineation as a replace-
ment for center mount delineators presently used. Two units, one crystal and one
yellow, were evaluated (Fig. 1). Color of the yellow delineator is near the green
limit but does conform with specified requirements as shown in Figure 2. The figure
shows an outline of the specified SAE color space and the chromaticity coordinates-
obtained from measurements on a 0.25-in. thick disc molded from pieces of the de-
lineator.

The seal between the front face and the back face was satisfactory. The delineators
showed no evidence of water intake after being submerged in water in a pressurized
containerat 2.5 psi for 15 minutes. Results from a heat test whichsubjected the de-
lineators toa 125 F temperature for four hours showed little or no effect onthe photo-
metric performance of the delineators.

The delineator face material wasidentified as anacrylic plastic and the support back-
ing was identified as ABS plastic. '

Considering intended use, the Model 001 delineators conform with MDOT specific
luminance requirements for center moumt delineators. Comparison of photometxic
test values for the yellow and crystal delineators showed that the delineators had ap-
proximately equal reflective intensities. Crystal delineators were expected to have
approximately a 1.6 greater reflective intengity than the yellow. Improved quality
control is indicated. From an approximate 400-ft driver sight condition and beyond,
Model 001 and center mount delineators provide an approximately equivalent reflec-~
tive intensity performance in an entrance angle range of -45 degrees to +25 degrees.
However, under these sight conditions, the Model 001 delineators exceed the perfor-
mance of center mount. delineafors at +30 degree (traffic side) entrance angles and
maintain a useful retroreflective range to +50 degrees. TFor sight distance viewing
conditions less than 300 ft, and at ~30 to +50 degree entrarce angles, the Model 001
delineators have either a slightly greater reflective intensity than Type 3 (3M Iligh
Intensity) reflective sheeting (10 sq in.) delineators or an equivalent reflective inten-
sity. At -5 to -30 degree entrance angles, the Type 3 delineators provide a greater
reflective intensity than the Model 001 delineators.

The above comparisons are based on a photometric 0 degree entrance angle that is
normal with respect to the face of the delineator and a mounting orientation angle of
90 degrees or normal toa driver's lineof 51ght, Entrance angle and orientation angle
geometries are showh in Figure 3.

Required performance at entrance angles greater than +20 degrees is usually limited
tosight distances less than 400 ft and tohorizontal curves, ramps, and reduced speed
areas. Delineation in such areas might be improved by installing the Model 001 de-
lineators. For sight distances beyond 500 ft the Model 001 delineators would provide
a reflective intensity performance equivalent to currenily used 3-in. center mount
delineators. Tables 1and 2 show specific luminance values for 90, 60, and 45 degree
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mounting geometries. Values are also shown for center mount delineators and re-
flective sheeting. The values can beused for delineator reflective intensity compari-
sons for sight _dista.nc_:es of at least 400 ft. :

NOTE: It must be understood that the specific Juminance values are similar to effi-
ciency values and can only be used for comparing various types of delineators. The
values at the various orientation or entrance angles of a given delineator cannot be
compared to show field performance. The values are not equivalent to brightness as
seen by a driver. For example, the crystal delineator specific luminance value at
the 10-degree entrance angleis 80 percent of the 0 degree value but inthe field, head-
light illumination available at 10 degrees is only about 10 percent of the 0-degree il-
lumination, and, therefore, a comparison for field performance could show that at
10 degrees the brightness is about 8 percent of the brightness at 0 degrees. Com-
parisons of dataunder similar viewing and lighting conditions can show, for example,
that at 40 degrees the Model 001 delineators would appear brighter than a center
mount delineator, but human eye response would render the comparison somewhat
less than the approximately six times difference shown by the specific luminance
values.

Astro Optics Model B-1 and GR-1 Delineators

These delineators are intended for barrier wall or guardrail installation. Two units
of each model as shown in Figure 4, one crystal and one yellow were evaluated. Color
of the yellow delineators is near the green limit as noted above. One of the units,
Laboratory No. 78 RD-282, showed evidence of water intake after being submerged
in water at 2.5 psi for 15 minutes.

Results from the heat test showed little or no effect on the photometric performance
of the delineators.

Comparisonof photometrictest values forthe yellow B-1and GR~1 delineators show~
ed that the GR-1 delineatorhad approximately twice the reflective intensity of the B-1
delineator. Approximately equal values as found for the crystal delineators were ex—
pected. Tmproved quality conirol is indicated.

The delineator face material was an acrylic plastic and the support backing was iden-
tified as ABS plastic. '

The Model B-1 delineator was designed specifically for barrier wall installation and
the support backing as modified forthe Model GR-1 delineator was designed for guard-
rail installation. Fastening is accomplished with adhesives. Comparing the photo-
metric performance of one of these delineators mounted or oriented parallel to the
traffic flow and a guardrail washer delineator oriented perpendicular to the traffic
flow shows that: '

1) Foran approximate viewing distance of 400 ft and beyond the B-1and GR-1 deline~
ators have a slightly better reflective intensity performance at entrance angles of ~10
to 130 degrees. The B-1 and GR-1 delineators have a useful retroreflective range to
+75 degrees (traffic side).
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2) For sight distances of less than 300 ft, the B-1 and GR-1 have reflective intensity
characteristics approximately equivalent to reflective sheeting delineators at entrance
angles of -10 to 45 degrees but againthe B-1and GR-1 exceed the reflective intensity
characteristics of reflective sheeting and have a useful retroreflective range to +75
degrees.

Tables 3 and 4 show specific luminance values for barrierwall or guardrail mounting
geometries at 0 degree and 30 degree orientations. The values can be used for de-
lineator reflective intensity comparisons for sight distances of at least 400 ft. It
should be noted that the 0 degree mounting geometry would result in the larger face
of the delineator fastened to the wall or parallel with the driver's sight in a straight
roadway section.

Astro Optics Model CM-~1 Delineators

These units are designed forraised curb or obstacle delineation. Two units as shown
in Figure 5, one crystal and one yellow were cvaluated. Test results on color, seal,
and resistanceto warpingwere satisfactory. Photometry test results for short range .
viewing conditions are shown in Table 5.

Recommendations

Model 001 Center Mount Delineators - It is recommended that the delineators be
evaluated in the field as a replacement for 3-in. center mount delineators currently
used. Installation in ramp, horizontal curve, and low speed areas should be consi~
dered. :

Model GR-1 Guardrail and B-1 Barrier Wall Delineators - Guardrail installations
should be considered for evaluation but a barrier wall installation is especially re-
commended because of the delineators low profile. The delineator would protrude
about 1 in. from the wall. Astro Optics has recently reinforced the protruding wing
of the delineator as shown in Figure 4.

If protrusion from the wall is not an important consideration, then the use of either
two center mount delineators or two pieces of Type 3 sheeting, mounted as shown in
Figure 6, can be recommended for barrier wall delineation. The alternative is sug-
gested on the basis of center mount delineator or sheeting delineator performance as
summarized in Tables 3 and 4 and on the assumption that delineators installed as
shown in the figure would cost about the same as one Astro Opties delineator.

Model CM-1 Delineator ~ A field evaluationof these markers is recommended for in-
stallations such as raised curbs in safety islands, exit gores and tops of barrier walls
or guardrail posts.

Optical performance characteristics for limited viewing distance delineators such as
the Model B-1 and GR-1 delineators are recommended ag shown in Table 6.
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TABLE 6
OPTICAL PERFORMANCE OF LIMITED
VIEWING DISTANCE DELINEATORS*

Specific Luminance, Candiepower
Per Footcandle Per Unit At 0.2
Degree Divergence Angle

Color Entrance Angle, degrees
0 +20 | 160
Crystal 25 25 25
Yellow _ 15 15 15

* Oriented per manufacturer's recommendations.

- TESTING AND RESEARCH DIVISION

_ %ﬂ/dv /& /% 1S
Supervisor - Spetfrochemistry and
Photometry Unit
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_ Figure 3. Delineator entrance angle and
orientation angle geometries.




Gua.rdrail Delineator
Model GR-1

Figure 4. Astro Optics Corp. delineators,

Barrier Wall Delineator
Model B~1
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