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1.0
Scope. This specification covers flexible, white, and fluorescent orange wide angle prismatic retroreflective sheeting, tape and related processing materials designed to enhance the visibility of work zone traffic control devices in the work zone under all driving conditions, day and night.

2.0
Classification. The fluorescent orange sheeting shall be a visible activated fluorescent retroreflector providing higher daytime brightness than ordinary colored sheetings of similar chromaticity.  The white sheeting shall be a high brightness retroreflector providing higher brightness than non-prismatic sheetings of similar chromaticity.


2.1
This sheeting is a wide angle retroreflective sheeting with optimized performance at traditional observation angles and with extended entrance angle performance. 

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
E-1164
Standard Practice for Obtaining Spectrophotometric Data for Object‑Color Evaluation.



3.1.8
E -991
Standard Practice for Color Measurement of Fluorescent Specimens.

4.0
Description. The retroreflective sheeting shall have a smooth surface with a distinctive interlocking diamond seal pattern visible from the face. The sheeting shall be precoated with a pressure sensitive adhesive backing protected by a removable liner.

5.0
Test Methods.


5.1
Test Conditions. Unless otherwise specified herein, all applied and unapplied test samples and specimens shall be conditioned at the standard conditions of 23 + 3°C (73° + 3°F) and 50 + 5% relative humidity for 24 hours prior to testing.


5.2
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.

6.0
Physical Requirements.


6.1
Color Requirements.



6.1.1
Color Test. Conformance to color requirements of Table I shall be determined instrumentally on sheeting applied to aluminum test panels, using a 2-monochromator spectrophotometer employing annular 45/0 (or equivalent 0/45) illuminating and viewing geometry.1,2  The total chromaticity coordinates and total luminance factor shall be calculated from the total spectral radiance factors computed for CIE illuminant D65 in accordance with ASTM E-308 "Practice for Computing the Colors of Objects by Using the CIE System" for the CIE 1931 (2() standard colorimetric observer.  The measurements shall be made on a Labsphere BFC-450 Bispectral Fluorescence Colorimeter or equivalent. 

Table 1

Color Specification Limits For New Sheeting* (Daytime)

	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.

	White

Fluorescent Orange
	.305

.506
	.305

.404
	.355

.562
	.355

.350
	.335

.645
	.375

.355
	.285

.570
	.325

.429
	40

30
	-

-


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

6.2  
Fluorescence Requirements

6.2.1  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 (or equivalent 0/45) illuminating and viewing geometry.
 
 The fluorescence luminance factor shall be calculated from the fluorescence spectral radiance factors computed for CIE illuminant D65 in accordance with ASTM E-308 “Practice for Computing the Colors of Objects by Using the CIE System” for the CIE 1931 (2() standard colorimetric observer.  The measurements shall be made on a Labsphere BFC-450 Bispectral Fluorescence Colorimeter or equivalent.

Table II

Minimum Fluorescence Luminance Factor - New Sheeting

	Sheeting Type
	Fluorescence Luminance

Factor Limit, YF

Min.

	Fluorescent Orange
	15


6.3  Coefficient of Retroreflection, RA.  The coefficients of retroreflection shall not be less than the minimum values specified in Table III according to the sheeting type.  Testing shall be in accordance with ASTM E-810.

6.3.1  
Units.  Coefficients of retroreflection RA shall be specified in units 
of 
candelas per lux per square meter.

	TABLE IIIA

White

Minimum Coefficient of Retroreflection RA
(Candelas per lux per square meter)



	Observation Angle
	Entrance Angle

	
	-4(
	30(
	45(

	0.1(
	1000
	600
	180

	0.2(
	550
	300
	130

	0.5(
	200
	100
	50

	1.0(
	12
	15
	15


	TABLE IIIB

Fluorescent Orange

Minimum Coefficient of Retroreflection RA
(Candelas per lux per square meter)



	Observation Angle
	Entrance Angle

	
	-4(
	30(
	45(

	0.1(
	375
	200
	50

	0.2(
	200
	120
	40

	0.5(
	80
	50
	30

	1.0(
	10
	10
	10



6.4
Gloss.  The retroreflective sheeting shall have an 85° specular gloss of not less than 50 when tested in accordance with ASTM D‑523.


6.5
Flexibility. The retroreflective sheeting with the liner removed and conditioned as in 5.1 shall be sufficiently flexible to show no cracking when slowly bent, in one seconds' time, around a 3.2 mm (1/8 in.) mandrel, with the adhesive contacting the mandrel, at test conditions.  Talcum powder shall be spread on the adhesive to prevent sticking to the mandrel.


6.6
Adhesive. Any protective liner attached to the adhesive shall be removable by peeling without soaking in water or other solutions, without breaking, tearing, or removing any adhesive from the backing.  Any protective liner shall be easily removed following accelerated storage for 4 hours at 70°C (158°F) under a weight of .175 Kg/cm2 (2.5 pounds per square inch).  The adhesive backing of the retroreflective sheeting shall produce a bond to support a .80 Kg (1.75 pound) weight for 5 minutes without the bond peeling for a distance of more than 5.0 cm (2.0 inches) when applied to a test panel prepared as in 5.2. Apply 10 cm (4 inches) of a 2.5 cm x 15 cm (1"x 6") specimen to a test panel.  Condition and then position the panel face down horizontally, suspend the weight from the free end of the sample and allow it to hang free at an angle of 90° to the panel surface for 5 minutes.


6.7
Impact Resistance. The retroreflective sheeting applied according to the sheeting manufacturer's recommendations to a test panel of alloy 6061 ‑T6, 0.10 cm (0.040 in) by 7.5 cm (3 in) by 12.5 cm (5 in) and conditioned as in 5.1, shall show no cracking outside the impact area when the face of the panel is subjected to an impact of 11.3 Nm (100 inch‑pounds) using a weight with a 1.6 cm (5/8 in.) diameter rounded tip dropped from a height necessary to generate an impact of 11.3 Nm, at test temperatures of both 0°C (32°F) and 22°C (72°F).


6.8
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 1 year unprotected outdoor exposure, facing the equator and inclined 45° from the vertical.  Following weather 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 50% of the values in Tables IIIA or IIIB when measured according to ASTM E 810.  The color shall conform to the chromaticity coordinates of Table I, and the minimum fluorescence luminance factor YF shall not be less than 10.  The sample shall:



6.8.1
Show no appreciable evidence of cracking, scaling, pitting, blistering, edge lifting or curling or more than 0.8 mm (1/32 inch) shrinkage or expansion.



6.8.2
When more than one panel of a color is measured, the coefficient of retroreflection shall be the average of all determinations.


6.9
Optical Stability.  Three pieces of new retroreflective sheeting applied to test panels and conditioned as in Section 5.1 shall each first have their photometric properties characterized by measuring the coefficients of retroreflection according to the provisions in Section 6.3 at all test geometries shown in Table III.  These panels shall then be exposed in an air circulating oven at 160 ( 5(F (71 ( 3(C) for a period of 24 hours.  After exposure the panels shall be allowed to condition according to the provisions of Section 5.1.  These panels will again be characterized for photometric properties by measuring the coefficients of retroreflection according to the provisions of Section 6.3 at all test geometries measured before exposure.  The coefficients of retroreflection measured after exposure shall be between 80% - 120% of the values given in Table III A & B. 


6.10
Resistance to Corrosion.  The retroreflective sheeting applied to a test panel and conditioned as in 5.1, shall show no loss of adhesion, appreciable discoloration or corrosion and after cleaning shall retain a minimum of 80% of the specification minimum when measured at 0.2° observation, -4° entrance angle after 1000 hours exposure to a 5% concentration salt spray at 35° C (95°F) when tested in accordance with ASTM B 117.


6.11
General Characteristics.  The retroreflective sheeting applied to traffic control devices, shall be of good appearance and free from ragged edges, cracks and extraneous materials.

7.0
Technical Assistance Requirements.


7.1
Instruction and Training.



7.1.1
The manufacturer supplying the sheeting shall provide the services of a qualified technician for instruction and training at any primary original equipment manufacturer (OEM) facility supplying traffic control devices for use, either directly or under contract by the agency.  This instruction shall be available on a quarterly basis at no additional cost, and shall include, but not be limited to, training films, material application, packaging, storage and other proven shop practices as they apply to the reflective sheeting supplied by the manufacturer, and to assure that the resulting reboundable plastic traffic control devices can comply with the applicable specifications.


7.2
Compliance. Failure to comply with the requirements of this specification shall be cause for cancellation of contract.
� 	“Design and testing of a two-monochromator reference spectrofluorimeter for high-accuracy total radiance factor measurements” by Joanne C. Zwinkels, D.S. Gignac, M. Nevins, I. Powell, and A. Bewsher, Applied Optics, Vol. 36 no. 4, pp. 892-902 (1997)





� 	“Principles of Bispectral Fluorescence Colorimetry” by Jim Leland, N. Johnson, and A. Arecchi, Proceedings of SOIE- The International Society of Optical Engineering: Vol. 3140, pp. 76-87 (1997)
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