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1.0
Scope. This specification covers flexible, colored, fluorescent wide angle prismatic retroreflective sheeting (hereinafter called sheeting), tape and related processing materials designed to enhance the visibility of traffic control signs and objects under all driving conditions, day and night.

2.0
Classification.  The sheeting shall be a visible-activated fluorescent retroreflector providing higher daytime brightness than ordinary colored sheetings of similar chromaticity.  The sheeting shall be of the following retroreflective types as specified in the plans or in the invitation to bid.


2.1
Description



The fluorescent orange prismatic retroreflective sheeting is specifically designed for use on rigid substrate work zone signs to provide high visual impact under nighttime and daytime driving conditions, including low visibility periods such as dawn, dusk, and overcast days. The sheeting shall consist of prismatic lenses formed in a transparent fluorescent orange synthetic resin, sealed, and backed with an aggressive pressure sensitive adhesive protected by a removable liner.

3.0
Applicable Documents. The following documents, of the issue in effect on the date of invitation for bids or request for proposal, form a part of this specification to the extent specified herein:


3.1
ASTM Standards.



3.1.1
B-117
Method of salt spray (fog) testing.



3.1.2
B-209
Specification for Aluminum and Aluminum Alloy Sheet and Plate.



3.1.3
D-
523
Standard Method for Test for Specular Gloss.



3.1.4
E-284
Standard Definition of Terms Relating to Appearance of Materials.



3.1.5
E-308 
Computing the Colors of Objects by Using the CIE System.



3.1.6
E-810
Standard Test Method for Coefficient of Retroreflection of Retroreflective Sheeting.

    3.1.7
E2153
Practice for Obtaining Bispectral Photometric Data for Evaluation of Fluorescent Color.



3.1.8
E2152
Practice for Computing the Colors of Fluorescent Objects from Bispectral Data.

4.0
Test Methods.


4.1
Test Conditions. Unless otherwise specified herein, all applied and unapplied test samples and specimens shall be conditioned at the standard conditions of 23 + 1°C (73° + 3°F) and 50 + 5% relative humidity for 24 hours prior to testing.


4.2
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 0.05 cm (0.020 in.), 0.10 cm (0.040 in.) or 0.16 cm (0.063 in.) 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 sheeting manufacturer.

5.0
Physical Requirements.


5.1
Daytime Color Requirements.

5.1.1
Daytime Color Test. Conformance to daytime color requirements of Table I shall be determined instrumentally on sheeting applied to aluminum test panels, using a 2-monochromator spectrophoto-meter employing annular 45/0 illuminating and viewing geometry. The bispectral radiance factor matrix (Donaldson matrix) shall be obtained in accordance with ASTM E2153 "Practice for Obtaining Bispectral Photometric Data for Evaluation of Fluorescent Color.
The total chromaticity coordinates and total luminance factor shall be computed from the Donaldson matrix in accordance with ASTM E2152 "Practice for Computing the Colors of Fluorescent Objects from Bispectral Data" for CIE illuminant D65 and the CIE 1931 (2º) standard colorimetric observer.  The measurements shall be made on a Labsphere BFC-450 Bispectral Fluorescence Colorimeter or equivalent.
Table I

CIE 1931 Daytime Chromaticity Coordinates Limits and Total Luminance Factor Minimum
	Color
	Chromaticity Coordinate

1
	Chromaticity Coordinate

2
	Chromaticity Coordinate

3
	Chromaticity Coordinate

4
	Total Luminance Factor Limit, YT

	
	x
	y
	x
	y
	x
	y
	x
	y
	min.
	max.

	Fluorescent 
	.583
	.416
	.535
	.400
	.595
	.351
	.645
	.355
	25
	----

	Orange
	
	
	
	
	
	
	
	
	
	



5.2
Fluorescence Requirements



5.2.1
Fluorescence Test.  Conformance to fluorescence luminance factor

requirements in Table II, shall be determined instrumentally, on sheeting applied to aluminum test panels, using a 2-monochromator spectrophotometer employing annular 45/0 illuminating and viewing geometry. The fluorescence luminance factor shall be calculated from bispectral fluorescence radiance factor matrix (the fluorescent component of the Donaldson matrix) in accordance with ASTM E2152 "Practice for Computing the Colors of Fluorescent Objects from Bispectral Data" for CIE illuminant D65 and the CIE 1931 (2º) standard colorimetric observer.  The measurements shall be made on a Labsphere BFC-450 Bispectral Fluorescence Colorimeter or equivalent.
	Table II

Fluorescence Luminance Factor Minimum YF  (%)

 

	Fluorescent Orange
	New Sheeting

20
	In-service

15

	



5.3
Coefficient of Retroreflection, RA.  The coefficients of retroreflection shall not be less than the minimum values specified in Tables III.  Testing shall be in accordance with ASTM E-810 and the values of 0( rotation and 90( rotation will be averaged to determine the RA.  

5.3.1 Units.  Coefficients of retroreflection RA shall be specified in units of candelas per lux per square meter.

5.3.2
The sheeting is positioned at the 90( rotation angle when the flat sides of the diamond seal pattern are running vertically.  The sheeting is positioned at the 0( rotation angle when the flat sides of the diamond seal pattern are running horizontally (parallel to the entrance plane). 

	Table III

Minimum Coefficient of Retroreflection RA For New Sheeting 

(Candelas per lux per square meter)



	Observation Angle 
	Entrance Angle

	
	-4(
	30(
	

	
	
	
	

	0.2( 
	230
	130
	

	0.5( 
	72
	41
	



5.4
Resistance to Accelerated Weathering



The retroreflective surface of the sheeting shall be weather resistant and show no appreciable cracking, blistering, crazing, or dimensional change after 1 year’s unprotected outdoor exposure facing the equator, and inclined 45( from the vertical.  Following 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 sample shall:



5.4.1
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.



5.4.2
Retain not less than 50% of the coefficient of retroreflection values listed in Table III at 0.2 degrees observation, -4 degrees entrance (measured in accordance with ASTM E810).  



5.4.3
Be within the values listed in Table I and in-service values in Table II.

5.5
Optical Stability



The retroreflective sheeting, applied to a test panel as in 4.2, and conditioned for 24 hours, at 73( F ±3( F and 50% ±5% relative humidity shall be measured at 0.2( observation and -4( entrance angles, and exposed to 160 + 5( F (71 + 3( C) for 24 hours in an air circulating oven. After heat exposure the sheeting shall retain between 80% and 120% of the original tested value at 0.2 degrees observation and -4 degrees entrance angles.


5.6
Gloss.  The retroreflective sheeting shall have an 85° specular gloss of not less than 50 when tested in accordance with ASTM D‑523.


5.7
Color Processing. The retroreflective sheeting shall permit color processing with compatible process colors in accordance with the sheeting manufacturer's recommendations at temperatures of 15° to 38°C (59 to 100°F) and relative humidity of 20% to 80%.  The sheeting shall be heat resistant and permit force curing without staining of applied or unapplied sheeting at temperatures recommended by the sheeting manufacturer.

5.8
Shrinkage.  A 9 inch by 9 inch specimen shall be conditioned a minimum of one hour at 72( F and 50% relative humidity. Remove liner and place specimen on a flat surface with adhesive side up. Ten minutes later and again after 24 hours, the specimen shall be measured to determine the amount of dimensional change. The reflective sheeting shall not shrink in dimension more than 1/32 inch in 10 minutes or more than 1/8 inch in 24 hours.

6.0
Sheeting Manufacturer’s Warranty


6.1
Certification.  The sheeting manufacturer shall, upon request, submit with each lot or shipment, a certification which states that the material supplied will meet all of the requirements listed herein.


6.2
Field Performance



Retroreflective sheeting processed and applied in accordance with the sheeting manufacturer’s recommendations, is expected to perform effectively for a minimum of 3 years.  The retroreflective sheeting will be considered unsatisfactory if it has deteriorated due to natural causes to the extent that:  (1) the sign is ineffective for its intended purpose or (2) does not meet the requirements as stated in Section 5.5. 



6.2.1
All measurements shall be made after sign cleaning according to the sheeting manufacturer’s recommendations.



6.2.2
Natural causes include effects of exposure to weather.  Natural causes exclude (without limitation) damage from exposure to chemicals, abrasion and other mechanical damage (such as from fasteners used to mount the sign, collisions or mishandling), vandalism, or malicious mischief.

6.3
Sheeting Manufacturer’s Replacement Obligation



6.3.1
Where it can be shown that the retroreflective sheeting fails to conform to the performance requirements of Section 6.2, the sheeting manufacturer’s sole responsibility and purchaser’s and user’s exclusive remedy shall be:




6.3.1.1
Replacement sheeting shall carry the unexpired warranty of the sheeting it replaces.

7.0
Government Using Agency Obligation.  The using agency shall be responsible for requiring the dating of all signs at the time of fabrication with the fabrication date so that the start of the warranty period can be determined.  In the event of claims made under the warranty the agency shall notify the sheeting manufacturer of the failure within a reasonable time of the failure, provide reasonable information requested by the sheeting manufacturer and permit the manufacturer to verify the cause of the failure.
6

