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Section I - Description

1.0 
This specification covers the requirements for prismatic, wide angle, colored, fluorescent retroreflective markings designed to enhance both day and night visibility and detection of vehicles.


This highly reflective marking shall consist of prismatic lenses formed in a durable transparent resin and backed with an aggressive pressure sensitive adhesive and protective liner.

2.0  
No deviation from this specification shall be made without the formal approval of the Purchasing Agent requesting the material.  The supplier shall certify that all materials furnished conform to this specification and will replace or repair without cost all items that fail to meet requirements of this specification.

Section II - Performance Characteristics

1.0
Test Conditions


1.1
Test Conditions.  Unless otherwise specified herein, all applied and unapplied test samples and specimens shall be conditioned at the standard conditions of 72 ± 3°F and 50 ± 5% relative humidity for 24 hours prior to testing.


1.2
Test Panels.  Unless otherwise specified herein, when tests are to be performed using test panels, the specimens of retroreflective material shall be applied to smooth aluminum cut from ASTM B-209 Alloy 5052-H36, 5052-H38, 5154-H38 or 6061-T6 sheets in 0.020 inch (0.051 cm), 0.040 (0.102 cm) or 0.0632 (0.160 cm) thickness.  The aluminum shall be degreased and lightly acid etched before the specimens are applied.  The specimens shall be applied to the panels in accordance with the recommendations of the retroreflective markings manufacturer.

2.0
Photometrics

The coefficients of retroreflection shall not be less than the minimum values specified in Table I.  Measurements are to be made in accordance with ASTM E-810 “Standard Test Method for Coefficient of Retroreflection of Retroreflective Sheeting.”   At all entrance angles1, values shall be measured at observation angles2 of 0.2° and 0.5°.  

1Entrance Angle - the angle formed by a light beam striking a surface at a point and a line perpendicular to the surface at the same point.

2Observation Angle - the angle formed by the light beam striking the reflective surface and the light beam returning to the observer (from 800 ft., a motorist normally views a marking at approximately a 0.2° observation angle).

                                                        TABLE I

                                             Photometric Values

	Observation

Angle  (°)
	Entrance Angle (°)
	cd/lux/m2

	
	
	

	0.2
	-4
	400

	0.2
	+30
	220

	0.2
	+45
	65

	0.2
	+60
	30

	
	
	

	0.5
	-4
	100

	0.5
	+30
	45

	0.5
	+45
	30

	0.5
	+60
	20


3.0
Color

Conformance to standard chromaticity (x,y) and luminance factor (Y, %) requirements shall be determined by instrumental method in accordance with ASTM E 1164 on sheeting applied to smooth aluminum test panels cut from Alloy 6061-T6 or 5052-H38.  The values shall be determined on a HunterLab ColorFlex 45/0 spectrophotometer.  Computations shall be done for CIE Illuminant D65 and the 2o standard observer.*

· The instrumentally determined color values of ordinary and fluorescent colored retroreflective sheeting can vary significantly depending on the make and model of colorimetric spectrophotometer as well as the color and retroreflective optics of the sheeting (David M. Burns and Timothy J. Donahue, Measurement Issues in the Color Specification of Fluorescent-Retroreflective Materials for High Visibility Traffic Signing and Personal Safety Applications, Proceedings of SPIE: Fourth Oxford Conference on Spectroscopy, 4826, pp. 39-49, 2003). For the purposes of this document, the HunterLab ColorFlex 45/0 spectrophotometer shall be the referee instrument.  

TABLE II

Color Specification Limits4  (Daytime)


	1
	2
	3
	4
	Reflectance

	
	
	
	
	
	
	
	
	Limit Y (%)

	x
	y
	x
	y
	x
	y
	x
	Y
	Min.
	Max.

	0.479
	0.520
	0.446
	0.483
	0.512
	0.421
	0.557
	0.442   
	45
	none

	
	
	
	
	
	
	
	
	
	


4The four pairs of chromaticity coordinates determine the acceptable color in terms of the CIE 1931 standards colorimetric system measured with standard illuminant D65.

4.0
Impact Resistance


The retroreflective marking applied according to the marking manufacturer’s recommendations to a test panel of alloy 6061-T6, 0.040” (0.10 cm) by 3 inch (7.6 cm) by 5 inch (12.7 cm) and conditioned as in 1.0, shall show no cracking outside the impact area when the face of the panel is subjected to an impact of 10 inch-pounds (1.13 Nm), using a weight with a 5/8 inch (15.8 mm) diameter rounded tip dropped from a height necessary to generate an impact of 10 inch-pounds, at test temperatures of both 32°F (0°C) and 72°F (22°C).

5.0
Resistance to Accelerated Outdoor Weathering


The retroreflective surface of the sheeting shall be weather resistant and show no appreciable cracking, blistering, crazing or dimensional change after two years unprotected outdoor exposure, facing the equator in South Florida and inclined 45° from the vertical.  Following weathering exposure, panels shall be washed in a 5% HCL solution for 45 seconds, rinsed thoroughly with clean water, blotted with a soft clean cloth and brought to equilibrium at standard conditions.  After cleaning, the coefficient of retroreflection shall not be less than the values in Table III when measured per Section 2 and the color shall conform to the requirements of Table II paragraph 3.0.  The sample shall:


5.1
Show no appreciable evidence of cracking, scaling, pitting, blistering, edge lifting or curling or more than 1/32 inch (0.08 cm) shrinkage or expansion.


5.2
Be measured only at angles of 0.2° observation, -4° entrance.  Where more than one panel of a color is measured, the coefficient of retroreflection shall be the average of all determinations.

	TABLE III



	Minimum Coefficient of Retroreflection

	after 2 Year South Florida 450 Accelerated Outdoor Weathering

	(cd/lux/m2)

	

	
	Observation

Angle (°)
	Entrance Angle (°)
	cd/lx/m2

	
	0.2
	-4
	320


6.0
Resistance to Heat


The retroreflective markings, applied to a test panel and conditioned as in 1.0, shall be measured in accordance with paragraph 2.0 at 0.2° observation and -4° entrance angles at both 0° and 90° orientations and exposed to 170 ± 5°F (77 ± 3°C) for 24 hours in an air circulating oven.  After heat exposure the marking shall retain a minimum of 70% of the specified original coefficient of retroreflection at both orientations when measured at room temperature.

7.0
Resistance to Corrosion


The retroreflective marking applied to a test panel and conditioned as in 1.0, shall show no loss of adhesion, appreciable discoloration or corrosion and after cleaning shall retain a minimum of 80% of the specified original coefficient of retroreflection when measured as described in paragraph 2.0 after 1000 hours exposure to a 5% concentration salt spray at 95°F (35°C) when tested in accordance with ASTM B-117.







