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PREFACE

The Department spends approximately a half million dollars
annually on reflective sheeting for highway signs. For years
this sheeting has been purchased primarily from one manufacturer,
because of the inability of other firms to produce a competitive
product. However, during the past two years, a number of other
manufacturers have been submitting reflective materials for con-
sideration. As the number of firms capable of producing reflective
materials has increased substantially, it has become evident that
the Department needs a standard procedure for determining if the
reflective materials submitted possess the characteristics desired.

As a result of recommendations made during a Traffic Research
Advisory Committee meeting and Mr. Hunsberger's subsequent request
for tests to ensure the quality and durability of reflective sheeting
material, a project was initiated to establish specifications, along
with an evaluation procedure, for engineering grade reflective sheeting
for use in highway signs that would be useful to the Materials Testing
Division.

The specifications presented here are a compilation of those
presently being used by the Department, those recommended in federal
specification L-S-300B (July 12, 1974), and those presently being
used by other states. Emphasis has been placed on those specifications
which will ensure that the Department is getting a reliable product.

A light tunnel, instrumentation, and a testing procedure was
designed and set up for the testing of the reflective intensity of
sheeting material. As the Department has no light tunnel instrumenta-
tion and facilities, much of the apparatus was designed and fabricated
by the Council for use in the tunnel beneath Interstate 64 at the
Sandston Weigh Station, which is currently being used as a light
tunnel. It should be noted that the tunnel at the weigh station re-
quires that the test apparatus be portable as the tunnel is being
used by weigh station personnel when tests are not being conducted.
Because all apparatus must be assembled prior to testing, errors may
be expected due to the difficulty of duplicating relative positioning,
etc. An attempt has been made to describe the test setup precisely so
as to minimize such errors; however, only through the use of permanent
facilities can possible errors be eliminated and a permanent, simpli-
fied testing procedure be devised. Doubtless the Department will soon
require specifications and testing procedures for other types of re-
flective sheeting (high intensity reflective sheeting, delineators,
special materials, etc.) that will require permanent light tunnel
facilities. It is therefore strongly recommended that the Department
consider building a permanent light tunnel.
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A weatherometer secured from the Department of Agriculture
has been installed within the Materials Division for the testing
of sheeting durability through the use of accelerated weathering.
Originally, the durability was to be included in a separate report;
however, it has been deemed best to include all quality assurance
provisions under one cover.

Special appreciation is extended the reflective sheeting study
committee chaired by W. C. Nelson, Jr. of the Traffic and Safety
Division and composed of members A. C. Baird of the Purchasing
Division, J. E. Galloway, Jr. of the Materials Division, F. L. Isbell
of the Richmond District, J. W. Nicholson of the Culpeper District,
and R. P. Wingfield of the Maintenance Division. This committee,
which met numerous times, monitored the activities of the project from
the onset and gave valuable assistance throughout the project. Also,
special acknowledgement is due Mr. Hasher of the Sandston Weigh Station
for his full cooperation and assistance in making his facilities
available for the project.

iv
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RECOMMENDED SPECIFICATIONS AND A TENTATIVE
TESTING PROCEDURE FOR REFLECTIVE SHEETING

by

Frank D. Shepard
Research Engineer

1. Description

1.1

Reflective Sheeting: - This specification covers flexible,
reflective sheeting consisting of a uniform monolayer of
spherical glass lens elements embedded within trans-
parent plastic binders having a smooth, flat, weather
resistant outer surface. A light-reflecting material is
applied behind the spherical elements to provide a non-
exposed lens optical reflecting system. This reflective
material shall have a pressure sensitive or tack free,
heat activated adhesive backing protected by a treated
removable paper liner, and shall have sufficient strength
and flexibility so that it can be handled, processed,

and applied according to the recommendations of the manu-
facturer without appreciable stretching, tearing, or
other damage. It shall permit application over and con-
formance to the mcderate, shallow embossing characteristics
of certain sign borders and symbols.

2. Reguirements

2.1

General Characteristics and Packaging: The reflective
sheeting, as supplied, shall be of good appearance, free
from ragged edges, cracks, scale, discoloration, blisters,
and extraneous materials, and shall be furnished in becth
rolls and sheets. When the reflective sheeting 1is fur-
nished in continuous rolls, the average number of splices
shall not be more than three per 50 yards of material,

~ wWith not more than four splices in any 50 yard length.

Splices shall be butted or overlapped and chall be
suitable for continuous application as supplied.

Rolls shall be packed snugly in fiberboard boxes in
such manner than no damage or defacement will occur to the
reflective sheeting during shipment or storage due to
packaging.
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N
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Rolls 3 to 12 inches in width shall be packed in
corrugated fiberboard cartons of minimum 200 1b. test.
Rolls 13 to 24 inches in width shall be packed in
corrugated fiberboard cartons of 275 1lb. test. Rolls
25 inches in width and above shall be packed in corru-
gated cartons of minimum 350 1b. test. Rolls wider than
6 inches and 10 yards in length or longer shall be
supported and suspended by the roll core within the
cartons by means of plugs within built-up and reinforced
corrugated pads.

Cut sheets shall be packaged flat between pressed
composition board or corrugated pads of the same dimen-
sions in accordance with commercially accepted standards.

The reflective sheeting, as supplied and stored
under normal conditions, shall be suitable for use for at
.least one year after purchase.

Instructions: Instructions defining a step-by-step procedure for
application of the reflective sheeting and tape shall be fur-
nished by the supplier and shall be included with each shipment
of reflective material. Any restrictions on the application
procedure or any precautions to be exercised regarding surface
preparation and application temperature shall be included in the
instructions. '

Responsibility for Inspection: Unless otherwise specified in the
contract or purchase order, the supplier is responsible for the
performance of all inspecticn requirements as specified herein.
The Virginia Department of Highways and Transportation reserves
the right to perform any of the inspecticns set forth cn an
annual or random basis where such inspections are deemed neces-
sary to assure that materials and processing conform tc
prescribed requirements.

Sampling: The following sampling procedures shall be confcrmed
to for both initial testing prior to bid and after bid approval.

2.4.1 Initial Sampling: For the purpose of approval cf materials
for inclusion 1in the bid listing, 10 square yards (24
inches wide) samples of each coler shall be submitted for

testing. Samples of each color of material can be re-
quested at any time prior to bid or requested to be
supplied at the time of submission of bids. At the option

of the Engineer, selected portions of these specifications
may be waived on the basis of previcus experience with the
material supplied by a particular manufacturer.
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2.4.2 After Bid Acceptance: The reflective sheeting shall be

tested in accordance with the following testing proce-
dures using process evaluation test samples. Samples
shall be processed from each color and each shipment of
any production run. Samplings shall be made from at
least three randomly selected or widely separated and
indiscriminately chosen packages of like materials
included in the shipment. The lot shall be unacceptable
if one or more samples f%;l to meet any requirement
specified. The sample siZe and number of determinations
per sample unit shall be as required by the referenced test
method or otherwise indicated in the followilng testing
procedures.

Quality Assurance Provisions and Testing Procedures

3.1

Test Panels: Unless otherwise specified herein, when

- tests are to be performed using test panels, the speci=-

mens of reflective material shall be applied to smooth
0.020 to 0.125-inch thick aluminum sheets conforming to
QQ-A-250, QQ-A-250/5 temper T3 or QQ-A-250/11 temper 6,
or any equal type cf aluminum sheeting. The aluminum
shall be degreased and lightly acid etched. The speci-
mens shall be applied to the panels in accordance w1th
the furnished instructions.

Spherical Elements: The reflective sheeting shall have a
uniform monolayer of spherical glass lens elements when
tested with acid as specified:

a) Extract approximately 0.2 cc of the spherical
glass lens elements from the reflective material
by dissolving the film in lacquer thinner which
has been heated to 130°F.

b) Examine the extracted elements under a 100 power
microscope to insure cleanness. If film is st1ll
observed, re-extract and reexamine until absence
of film is confirmed.

c) Immerse approximately 0.1 cc of the lens elements
in 1.0 cc of a 5N aqueous solution cof sulfuric
acid for 30 minutes.

d) At the end of the immersion periocd, rinse and dry
the lens elements and then examine under the 100
power microscope for pitting or etching of the
spheres compared to the non-immersed spheres.
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3.3

Adhesive Backing: The adhesive backing shall be:

(a) a pressure sensitive adhesive, capable of being
processed by either roller application or vacuum,

with or without heat application as specified by the
manufacturer of the reflective sheeting, or (b) a
positionable heat activated adhesive capable of being
processed by heat-vacuum application. Either adhesive
shall be applied without the necessity of additional
adhesive coats on the reflective sheeting or applica-
tion surface.

3.3.1 Pressure Sensitive: Pressure sensitive adhesive
as applied by roller application or vacuum appli-
cation shall require no solvent or other pre-
applicaticn preparation for adhesion to clean
aluminum or plywocd surfaces. The reflective
sheeting after application shall be smocoth, and
shall show no disccloraticn, cracking, crazing,
blistering, or dimensional change.

"3.3.2 Heat Activated: Heat activated adhesive.shall be

positionable under normal working conditions and
temperatures up to 100°F without damage tc¢ the
‘material or application surface. The adhesive
shall be activated by applying heat with a vacuum
applicator, without additional pre-application
preparation to the reflective sheeting, application
surface, or clean aluminum or plywood surfaces.

The reflective sheeting after application shall be
smooth, and shall show no discoloration, cracking,
crazing, blistering, or dimensional change.

3.3.3 Adhesive Bond: The adhesive shall be capable of
forming a durable adhesive bond to clean, corrosicn
resistant, new and/or reconditioned aluminum sur-
faces and clean weather resistant plywood surfaces.
Subject two 2 by 6 inch pieces of the reflective
material to a temperature cf 160°F and a pressure
of 2.5 pounds per square inch for 4 hours. Bring
the materials to equilibrium at standard conditions
and cut one 1 by 6 inch adhesion specimen from each
piliece and remove the liner by hand without the use
of water or other solvents. During remcval cf the
liner, it shall be noted whether any liner breaks
cr tears or removes any adhesive from the backing.
Apply Y4 inches of one end of each specimen to a
test panel. Suspend the panels in a horizontal
position with the specimen facing downward. Attach
a 1-3/4 pound weight to the free end of each speci-
men and allow 1t to hang free at an angle of 90° tc
the panel surface for 5 minutes withcut the strip
peeling for a distance of more than 2.0 inches.
Failure of any one specimen shall constitute failure
of the test.

4
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3.4 Protective Liner: The adhesive backing of the reflective
sheeting and tape shall be completely covered by a pro-
tective liner. The protective liner shall be removable
from the adhesive backing by peeling without soaking in
water cr other solvents and shall be easily removed after
accelerated storage for four (4) hcocurs at 150° under a
weight of 2.5 pounds per square inch. During removal,
the liner shall not break or tear or remove the adhesive
from the backing.

3.5 Film: The exterior film shall be a transparent, flexible,
smooth-surfaced, moisture-resisting material and shall
have sufficient strength and flexibility to be easily
handled, cut to shape, processed and applied without
appreciable stretching, tearing or other damage.

3.6 Shrinkage: Following liner removal, the reflective
sheeting shall not shrink more than 1/32 inch in 10 min-
utes nor more than 1/8 inch in 24 hours. The specimen
shall be @ 9 by ¢ inch piece of reflective material
conditioned with liner attached for a minimum cf 1 hour
at 72°F and 50% RH.

3.7 Flexibility: The reflective sheeting, with liner removed
and conditioned for 24 hours-at 72°F and 50% RH, shall be
sufficiently flexible to show no cracking when slowly
bent around a 1/8 inch mandrel with adhesive contacting
the mandrel. For ease of testing, talcum powder will be
spread on adhesive to prevent sticking to mandrel.

3.8 Tensile Strergth: The reflective sheeting, with the liner
removed, shall have a tensile strength of not less than
9.0 pounds per inch of width when tested in acccrdance
with ASTM-D-828-601 and an elongation not less than 10
percent when tested in accordance with ASTM-D-987-u8T.

3.9 Specular Gloss: The reflective éheeting shall have an 85¢
specular gloss of nct less than 40 when tested in accord-
ance with ASTM D-523.

w

.10 Processing and Cutting: The reflective sheeting shall
permit preapplication handling, cutting and color proc-
essing at temperatures of 60°F to 100¢F and relative
humidities of 20% to 80%. The processed suriace shall be
sclvent resistant tc permit cleaning with: gasoline, VM §
P Naphtha, mineral spirits, turpentine, methancl and xylol.

lSee Appendix for ASTM Standards.
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3.12

3.10.1 Color Processing: The reflective sheeting
shall be capable of accepting color processing
and shall be compatible with the transparent and
opaque process colors furnished by the manufacturer,
and shall show no loss of the color coat with normal
handling, shop processing, cutting and application.

Color: The diffuse day color of the reflective sheeting
shall conform to the requirements of the following color
tolerance (Table I) and shall be determined in accordance
with ASTM E-97-55. Geometric characteristics must be
confined to illumination incident within 10 deg. of, and
centered about, a direction of 45 deg. from the perpendic-
ular to the test surface: viewing is within 15 deg. of,
and centered about, the perpendicular to the test surface.
Conditions of illumination and observation must not be
interchanged. The standards for calibrating the test
apparatus shall be the Munsell Papers designated in Table I.
They must be properly calibrated on a spectrophotometer.
The test instrument shall bé one of the following:

1. Gardner Multipurpose Reflectometer.

N

. Gardner Model AC-2A Color Difference Meter.

3 Meeco Model V Colormaster.

4. Hunterlab D25 Color Difference Meter.

5 Gammea Scientific Telephotometer.

Photometric Requirements: The reflective intensity values

of the reflective sheeting shall not be less than the values
specified in Table II1 for each classification and colcr.

3.12.1 Apparatus: Arrangement for the reflective inten-
sity test shall be as shown in Figure 1. A light
projector having a maximum lens diameter of 1 inch
and capable of projecting a uniform light shall be
used to illuminate the sample. The light falling
on the sample shall have a color temperature of
285u4°K (equivalent to CIE Std. Source A). The
light reflected from the test surface shall be
measured with a photoelectric receiver whose
response has been corrected for the color sensi-
tivity of the average photopic human eye. The
dimensions of the active area of the receiver
shall be such that no point on the perimeter is
more than 1/2 inch from the center. Samples shall
be mounted on a flat black test surface not less
than 3 feet square which, when tested without any
sample, shall give no appreciable reading. The
sample shall be 50 feet plus or minus 2 inches from
the projector lens and the receiver. The maximum
effective area of the test sample shall be 1 square
foot. The maximum dimension of the test sample
shall be not greater than 1.5 times the minimum

dimension. (See Me*thod of Test for additional
information.)

6
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-~ Test Sample Surface

e

Normal to Sample Surface

Normal to Sample Surface

: . . .
. Positive Incidence Negative Incidence Angle

Angle

Divergence Angle

Receiver \\
Projector

Figure 1. Incidence and divergence angles.
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3.12.2 Test Procedure: Measure the distance from the
receiver to the specimen, the area of the test
surface, and the illumination incident on the
test surface, Measure the illumination incident
on the receiver due to reflection from the test
surface at each angle of incidence for each
angle c¢f divergence. The angles of incidence and
divergence shall be as specified. The illumina-
tion incident on the test surface and the receiver
shall be measured in the same units. Compute the
reflective intensity, R, from the following
equaticn:

Er (a%)

Es (&)
Where: R = Reflective intensity.
Er = Iilumination incident upon the
eceiver.

Illumination incident upon a plane
erpendlcuLar to the incidence ray
T the specimen position, measured
in the same units as Er.

d = Distance in feet from the specimen
to the telephotometer.

A = Acvea in square feet of the test
sur T

U

(See Method of Test for additionel information.)

Rainfall Periormance: The reflective intensity during
rainfall shall be detvermired as follows using the water
rnczzle and test sevup shown in Figure 2.

Place the cpecimens in an upright position £
inches below and 4 inches in front of the nezzle. Apply
sufficient water preszure so that the sample is unlrurmly
covered with water., With water falling on the specimen,
measure the reflecrtive intensity at the angles of diver-

gence and incidence given in Table TT. (See Method of Test

for additional inforsarion concerning the apparatus and
procedure.)

The brighctness ot the refiective sheeting shall
not be less than 80% of the values shown in Table II1.

10
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Accelerated Weathering: The reflective sheeting,
processed and applied in accordance with the manu-
facturer's recommendations, shall not test less than

the percentages of the specified wet and dry minimum
brightness values listed below when subjected to
accelerated weathering for 1,000 hours in accordance
with ASTM D822-60 and ASTM G 23-69, Type E Weatherometer.

(a) Retain not less than 50 percent of the
reflectivity values specified in Table
IT.

(b) Show gcod color fastness.

(c¢) Show nco evidence of cracking, scaling,
pitting, bLisfeang, or dimensional change.

(d) Not be remocvable frem the aluminum panels
without damage.

The material shail be applied to two (possibly .three;
test panels 3 inches wide by 9 inches long, be trimmed
flush to the edges of the panel, and be placed in the
weatherometer with the reflective material facing the
light source. After exposure, the panels shall be
washed with a mild detergent, rinsed thoroughly with
water, blotted with a soft cloth and Tested as specified
below.

3.14,1 Reflective Intensity Afrter Accelerated Weathering:

Each specim=n when tested for reflective i1ntenslty
shall test at not less than 50% of the specified

minimun brightness values listed in Table II. Cne
determinaticn shall be made con each specimen and
the reflective intensity shall be the average of
the determinaticns.

3.14.2 Color Facrtuness: One specimen, prepared and

exposed as specified in 3.14, shall be wet with

a mild detergent and water Colwtlon and compared
with a similarly treated unexposed specimen under
natural (north sky) daylight or artificial daylight
having a c¢clar temperature of 7500%K. The color
fastness zhail be evaluated as follows:

Excellent -~ DNo perceptible change in color.

Gocd -~ [erceptible, but no appreciable
change 1in colcor.

Fair -~ Appreciable change in color.
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e change in color means a change that
tely noticeable in comparing the exposed
ith the original comparison specimen.
inspection or a change of angle of light
d to make apparent a slight change in
change is not appreciable.

lors: After accelerated weathering no

process co
by scratch
lines spac
1 inch squ
cellophane
moving the

3.14.4 Shrinkage

lor(s) shall be removable when tested
ing a 90° cross hatch pattern of parallel
ed at 1/8 inch over an area of at least

are through the color surface, applying
tape over the scratched area, and re-
tape with one quick motion.

or Expansion: One specimen shall be

measured ©
exhibits s
inch shall
shrinkage

n all four edges and any edge which
hrirkage or overlap of more than 1/3
constitute failure with respect to
cr expansion.

eathering One specimen shall be

3.14.5 Adhesion Af
tested fcor
as fcllows
film with
than 3/16
jab shall
testing sp
inch wide
angle. Hc
test panel
the blade

15 Satlsfactory Perfcrmanc

W
Les cn after accelerated weathering
ith a test spatula, evenly strike the
short, sharp jabs. The removal of more
inch sheeting and adhesive by 'a single
constitute failure. The blade of the
atula shall be 1-1/2 inch lcng and 9./16
at the square end and sharpened at a 30°
1d the test spatula at a u4b5° angle tc the
with the beveled edge dcwn, supperting
with the index finger.

e Life: Reflective sheeting processed,

applied and cleaned in

recommended procedures

minimum acceptable sati
specification if the <h
causes to the extent th
intended purpose when v
nighttime reflective 1in
fied in Table III, expr
candle per square foot

the number of years spe

The bidder's liabi

reflective sheeting fai
reflective intensity fo

acccrdance with. the manufacturer's

shall be considered as providing the
sfactcry performance life required by the
eeting has not deteriorated die to natural
arv: f{a) the sign is ineffective for its
izwed from a vehicle, or (b) the average
tenzity value is less than thcse speci-
ezzed as average candle power per foct

at .2 Div. Ang. and -4° Inc. Ang. fcr
cified.

1ity shall be the replacement of ali

ling to meet the specified nighttime
r the number of years required.

13
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Table III

Reflective Intensity Required for Performance Life

Color Reflective Intensity Years
Silver-White #1 30.0 7
Yellow 20.0 7
Green 3.0 7
Blue 2.0 7
Red 5.0 6
Orange 10.0 5
Brown 6.5 5
Gold 20.0 5
3.16 Technical Azsistance: The vendor furnishing reflective

d Ttransparent and opaque process colors shall
be respon51b1e for the performance and production speci-
fied. Upcn notificaticn of material fallure, the vendor
shall furnish c¢cn-site technical assistance within the
next five working days to the Virginia Department of
ngkwayc and Transpecrtation's district sign shop
expressing failure. This technical assistance shall be
maintained on-site until the ccrrective action is com-
Dleted tc the satisfaction of the Virginia Department

of Hig ghways and Transportation.

3.17 Cause for Material Rejection and Replacement: The
Virginia Departmont of Highways and Transportation
reserves the right to approve, reject, or cause to be re-
placed any or all material failing to satisfactorily

meet all sections of the specification, including the
central sign shep preduction and/or performance require-

ments.
3.18 Material Replacement: Any or all rejected material,
e which has been documented by written notification from

the Virginia Depariment of Highways and Transportation,
shall be removed trcm the central sign shop and replaced
in fuli quantity at no expense to the Virginia Department
of Highways and Transportation within ten (10) calendar
days.

14
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Failure of the vendor to comply with the
conditions regarding material replacement shall
constitute grounds for the revocation of the bid
award and the reaward to the next low bidder. The
Virginia Department of Highways and Transpcrtation
also reserves the right to remove the offending
vendor from the "approved bidders" list for any ocne
or all of the reflective sheeting colors.

[
o
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METHOD OF TEST FCR REFLECTIVE MATERIALS
1. General

1.1 The following information details the photcmetric
test procedure and apparatus used to determine
the reflectivity of engineering grade reflective
sheeting.

1.2 This method of test encompasses the prccedure
and apparatus designed for the temporary light
tunnel locaticn, which 1s the foot tunnel beneath
the Interstate 64 vehicle weilgh station near
Sandston, Virginia  As the tunnel 1g ¢7ili|

1. being
used by the weigh staricn persconnel, the aDCaraTud
cannot be left in the tunnel; therefor all
apparatus is portable and has to be sez up pricr
to each test. .Until =zuch time as a permarnent iight
tunnel is provided for the testing of reflective
materials, this method of test will appiy. (It iz
strongly reccmmencded thzt a permarent light Tunnel
at least 100 feet 1zng, 7 feet nhigh, and 8 reet wide
be built as soon as pcssible).
2. Light Tunnel

2.1 The light tunnel is located 10 miles east ot Richmond,
Vlrglnla, cn Interstate 84 a1t the Sandstcn Tructk weigh
station, within the secticn of the fcot-Tunne: beneath
the I-64 westbound traffic larnes.

2.2 The portion of the tunnel being used is approux.-mately
100 feet 1lcong and has a cress secticn az shown in
Figure A~1. VLights are provided alcng the tzp for
illumination when the testing apparatus 13 being set up.

N
w

For the purpcse cf testing, the tunnel has been painTted
with a flat black (Nextol) material to decreace The amount
of reflected light frem the walls, fliccr, etc.  In addi-
tion to the regular dc;Y@ at each end cI the tunneil,
bulkheads have bee: provided to block exterrel 1ight,

2.4 When setting up the &apparatus, the tunnel :hould De
entered from the south end, which ls the w:ide f“p;szt
the welgh station, for easy access.

-
o
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Bituminous walkway

Figure 3. Cross section of light tunnel.

Apparatus
The setup within the light tunnel consists cf three

principal units: a prcjector, a sample carrier, and a
receiver. The general arrangement of these units is shown
in Figure Uu,. Tables are provided for the support and
placement of these compcnents.
3.1 Projector. The light source shown in Figure §5 is

a Kodak Carousel Model 600 slide projector with an

F-3.

5/7 inch lens and DAH long-life 120-V 500-watt

lamp. In reconditioning the projector for this test,
the following changes were made:

(a)

(b)

The infrared filter between the lamp and the
lens was remcved. ’

The lamp and the fan were wired separately.
The lamp plugs into a variable autotransformer
and the fan 1s hooked to a constant voltage
transformer.

17
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Receiver

Sample Carrier

Light beam

Projector

Figure 4. Arrangenent of major components.

N <

Figure &, Light projector.
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(¢) The lens face was masked to a one-inch
diameter circle.

(d) A 2 inch by 2 inch aluminum plate with
a 3/16-in. hole was Placed between the
lamp and the lens to reduce the projected
beam to a circle slightly larger than the
1l sqg. ft. sample to be tested in section

3.12.
d.1.1 Projector sSupport. The projector sits on a 1/4~inch
steel plate having three holes fcj vioper positioning

of the projector. The blate, as shown in Figure 6
hag four zdjuctable screw-type legs in addition to
@ slot in which the prism is secured and adjusted.
The projectcr and 1/b-inch steel plate support

are aligned by positioning on a 1/8" metal plate
attached’ to the receiver table which has four holes
for the adjustable screw-type legs. Sec Fisure

7 for a schematic of the table top on which the
projector and support sits.

Tigure 6. Light projector support and prism.
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?

1/8-inch metal plate \
o o
Receiver track —
° o
Table Top
Sample

t

Constant voltage transformer

(

variable voltmeter

transformen /

,/ Receiver readout

Table Shelf

Fipure 7. Schematic of projector-receiver table showing
relative position of instrumentation on table
top and shelf beneath table top.
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3.1.2 Prism. An amici roof prism, as shown in Figure
'8, is positioned in front of the lens to direct
the projected light at a 90° angle so as to provide
space beside the projector for other instrumenta-
tion. The prism is secured to a metal angle, which
in turn is attached to the projector support by
means of the slot shown in Figure 6. = The slot
provides for adjustment of the prism and light
source in a horizontal plane.

Figure 8. At right of prcjector, prism apparatus
for redirecting light beam.

3.1.3 Variable Autotransformer. It is impoertant that
the light source remain constant and a color
temperature of 2856°K is recommended. The vari-
able autotransformer is necessary to adjucst the
voltage to maintain the 2856¢K temperature. Each
DAH long-liie lamp has to be calibrated in order
to determine the exact voltage needed to obtain
2856°K A 120 V. A.C. Voltmeter is interconnected
with the autotransformer to give the voltage _
adjustment for the required 2856°K lamp temperature.
Figure § shows the variable autotransformer and
voltmeter. The variable autotransformer and volt-
meter-<are placed on a shelf provided under the
projector-receiver table as shown in Figure 7.

21



13136

Variable autotransformer and voltmeter.

3.1.4 Constant Voltage Transfcrmer. A cornstant
voltage transformer, as shown in Figure 10,
is provided tc ensure that the vcltage does
not fluctuate during testing. See Figure 7
for positicn on projector-receiver cshelf.

Constant voltage transformer.

22

Figure 10.
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3.2 Light Receiver. The receiver, shown in Figure 11, is

a Gamma Scientific
ceiver 1is provided
as shown in Figure
on calibration and
manual is provided

autoranging telephotometer. The re-
with a direct reading range computer
12, Refer to Section 4.2 for details
operating procedure. An instruction
for a detailed description, special

instructions, etc., for the telephotometer.

w

Figure 11. Autoranging telephotometer receiver.

‘MODEL 2009
; AUTO-TELEMOTO“ETEH

» o o
At
i 509

Figurelz, Readout for telephotometer receiver.

23
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A baffle tube is used to prevent stray light from
reaching the receiver. The receiver is mounted on a
carrier at the same level above the tunnel floor as the
light projector. The carrier, as shown in Figure 7,
is attached to the table and allows the receiver to be
moved along the carrier track and to rotate around a
vertical axis. This arrangement provides alignment for
each observation angle.

Sample Carrier. The sample carrier, shown in Figure

13, sits on a table and has adjustable screws at each
corner for height adjustment. The carrier can be
rotated about a vertical axis to provide incidence angle
orientation. This axis of rotation is at the center of
the sample.

Attached to the top of the sample carrier 1s & spray
apparatus for rainfall simulation on the sample. See
Section 4.3 for additional information on apparatus and
testing procedure.

Figure 13. Sample carrier,

24
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Testing Procedure

A general outline of the testing procedure is given below
and is followed by a step-by-step sequencing for the deter-
mination of reflective intensity.

4.1

General Procedure

Arrange the reflective intensity test as shown in
Figure 1y, Use a light projector capable of pro-
jecting a uniform light to illuminate the sample.
Keep the light falling on the sample at a color
temperature of 2856°K by use of a variable autotrans-
former and voltmeter (lamps are calibrated to

give exact voltage to obtain “2856°K). Keep the

size of the projected spot of ldght just slightly
larger than the sample. Position the sample 50 feet

- plus or minus 2 inches from the projector lens and

the receiver. Position the center of the projector
and receiver lens and the center of the sample
equidistant from the tunnel floor.

Measure the distance from the receiver to the
sample, d, the area of the sample surface, A, and
the illumination incident on the sample surface, Er.
Obtain the illumination incident on the sample by
positioning the receiver at the sample location and
measuring the light from the projector. Measure the
illumination incident on the receiver due to reflection
from the sample surface, Eg, at each angle of incidence
for each angle of divergence. The angles of incidence
and divergence, shown in Figure 14, are specified in
Table II. Measure the illumination incident on the
sample surface and the receiver in the same units. Com-
pute the reflective intensity, R, from the equation

R = Er (d2)
Es (A
where
R = reflective intensity,
Er = illumination incident upon the receiver,
Es = illumination incident upon a plane perpendicular

to the incidence ray at the sample position,
measured in the same units as Er,

d = distance infeet from the sample to the receiver,
and

A = area in square feet of the sample test surface.

25
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Detailed Procedure for Testing, Apparatus Assembly

and Calibration

The following is the step-by-step procedure for
assembling, adjusting, and calibrating the light
tunnel -instrumentation and a detailed procedure
for obtaining the reflective intensity.

1.

Position the projector-receiver table by
placing table legs on steel plates attached
to the tunnel floor. The steel floor plates
have holes into which the adjustable screws
on the table legs are tc be placed.

Place prcjector support on the 1/8 inch metal
plate attached tc the table top. The 1/8 inch
plate has four 3/4 inch diameter holes in which
the projector support adjustable legs are placed
for orientation.

The projectcr is then placed on the proiector
support plate in holes provided for the projector
,

legs.

Assemble prism and prism angie support. Attach
prism and angle cn projectcr support by utilizing
the slot.

Hh

Fine adjustment and orientaticn 1s provided
at the following places:

or

a. Adjustable screws at bottem of each leg cf
the prcjector-receiver table (table height).

b. Four adjustable screw legs ¢n projector
support (projector light scurce height and
vertical alignment at light on sample center).

c. Slot provided on prcjector csuppert for prism
adjustment in a horizontal pliane (light align-

3141

ment on center of sample in & horizontal plane).

It is important to note that after the proper adjust-
ments are made for horizontal and vertical orientation

of the projector light cn the sample center, the
reference point on top of the prism, a¢ shown in
Figure 15, should be centered under the plumb bob
attached to the tunnel ceilirg. This reference

point ensures proper orientation cf the light source

(and projector-receiver table) during testing and
for subsequent testing.

27
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Figure 15. Reference point for positioning light source.

7. Plug in projector to receptacle located on
projector-receiver table. Figure 16 shows the
table and receptacle.

8. Move the receiver and readout meter to the
sample positicn and mount sco that the lens
of the receiver is in the center of the sample
position. Obtain the sample center by drcpping
a plumb bob from the eyelet attached to the
tunnel ceiling over the sample table giving
alignment in a vertical plan. Obtain horizcntal
alignment by securing a string to the eyelet
attached to the tunnel vertical walls beside the
sample table. The center of the projector and
receiver lens should be at the same height above
the tunnel floor to give illumination incident
at the plane of the sample, Er, to be tested.

9. Turn the light scurce and receiver on using the
following procedure and allowing at leasta 30-
minute warm-up period. (See Figure 16 for

receptacle and switches located on the projector-
receiver table.)

(9.1) Establish main power source by running
a 50~footr extension ceord from the Sandston

28
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(9.2)

(9.3)

(9.4)

3149

Receptacle and switch lccations
on receiver-prcjector table.

Weigh Station building to the projector-
receiver table main power plug under the
table top. (The main power box under the
projector-receiver table top turns on and
off all power to the projector-receiver table.)

Plug flucrescen®t light lccated under the table
top into the main power box. (The light has
its own push switch that controls only the
light.)

Plug the telephoctometer (optical head on top
of table and control unit cn table shelf) into
the plug for the fluorescent light.

Place the light source (projector) on the
projector-receiver table. (Prcjector has a
brown cord which cperates the fan on the pro-
jector and runs from the top plug on the

projector to the main power box. The black

cord contrscls the lamp and runs ifrom the
projector's bottcm plug to the variable trans-
former.) Turn the prcjector on by puching its
slide switch all the way up.

29
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(10)

(9.5)

(9.6)

(9.7)

Plug the constant voltage transformer located
on the shelf of the light receiver table, into
the main power box.

Plug the variable transformer on the shelf of

"the projector-receiver table, into the constant

voltage transformer. Turn the variable trans-
former on by flipping its toggle switch to the left,
and adjust the voltage for the lamp to approxi-
mately 120 volts on the voltmeter.

Keep voltmeter plugged into the variable trans-
former as a unit and positiored on the shelf of
the projector-receiver table.

After warm-up,calibrate the receiver using the following
procedure. See Figures 17 and 18 for pictures of the
control unit, operating controls, and optical head,
respectively.

(10.1)

(10.2)
(10.3)

(10.4)

(10.5)

(10.6)

Remove the 1id of the control unit by slipping it
off the hinge pins that hold it to the case. If
desired, attach it to the bottom of the case by
means of the extra set of hinge pins. (A brushed
aluminum spacer is supplied to hold the control
unit at a sloping angle. This spacer fits intc one
of the sets of latches on the control unit case and
lid.)

Remove the optical head from the accessory case.

Attach the flare shield over the objective lens
by means of its three captive screws.

Place the optical head on its slide track on top cf
the light receiver table and the control unit on
the light receiver table shelf.

Connect the optical head to the control unit by
means of the cable with the BNC connector, UHF
connector, and the 7-pin Cannon plug. WARNING:

The Power Should Be Turned On Only After The

Optical Head Is Connected To The Control Unit, And
The Optical Head Is In A "Dark" (No Light) Condition,
"Calibrator" "in", "Shutter" Closed, and "Cal. Lamp"
"Offll .

Put the "Remote Program/Internal" switch on
"Internal".

30
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Auxiliary Filter Compartm“
(Photopic filter is inserted here)

Attenuation Control
(Note: IC2001K systems '
utilize this control for
tristimulus channel ;
- selection along with neutral
. dengity filter selection)

Shutter (visual only) (Note:
Must be full CW for calibration
and measurement)

Calibrator "In/Out"
(Note: When turned to o
"In' and “"Cal. Lamp"
{(Control Unit) off,

wves as light trans-
ion block device for
"and "Dark Current” ~
aciustment on Control Unit)

» Focus: 4 ft. to infinity
5 to 15 power "Zoom"
, adjustment (visual only)

Aperture Selection Control

IC2000-23 Tripod

BACK

IC2001K Only

Tristimulus
chamnel
adjustments

Flareshield

[C2000-23 Tripod

FRONT

Yigure 18, IC2001 optical head.

32



(10.7)

(10.8)

(10.9)

(10.10)

(10.11)
(10.12)

(10.13)
(10.14)

(10.15)

(10.16)

(10.17)

3147

Plug the control unit into the fluorescent
light outlet under the light receiver table
top and push the "Power" switch "On."

Set the "Aperture" control on the optical

head to the 6-second position in which the
calibrator lamp will function properly. Turn
"Shutter" to closed and the "Calibrator'" to "In".

Turn the "Filter" control to "0O".

Push the "Power'" switch "Off" and check to see
that the photopic correction filter is properly
inserted in the "Aux. Filter'" compartment. (This
filter is mounted in the black 2.inch by 2 inch
filter holder marked with the serial number of
the instrument. It should be inserted so that
the filter material is towards the objective

lens (front) of the instrument. This filter must
be so inserted for all foctlambert measurementes.
I 1t 1s nct, seritus errors will resuilt.) Push
the "Power" switch "On" again.

Turn the range switch to "Auto".

Set the integral computer cn the range to the
proper settings matching the optical head, i.e.,
the "6-sec.'" on the brushed aluminum ring «in

line with the indicater mark under "Aper." on the
left side of the dial cover plate, "0" showing in
the notch on the same brushed aluminum ring, and
"-3" illuminated in the left side c¢f the "Foot-
lamberts x 10" windcw (Englich units).

Turn the "Function" switch to "Cal. Lamp" positicn.
Turn "Cal. Lamp" switch tc "On".

Adjust the '"Cal. Adjust'" pctentiometer so that
the digital panel meter reads 100.0.

Turn the "Function" switch to "COperate'.
Unlock the'Coarse Var. Sens. (H. V. Adjust)" knob

by turning the knurled ring around the knob,
counterclockwise.

33
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(10.18)

(10.19)

(10.20)
(10.21)

(10.22)

(10.23)

(10.24)

Adjust the "Coarse" high voltage control for

a reading of approximately 100.0 x 10° footlamberts
("0" illuminated in the exponent window-English
units). (If desired, the lock may now be set by
gently turning the knurled outside ring in a
clockwise direction until snug. Do Not Force.)

Adjust the "Fine" control for a reading of exactly
100.0 x 10° footlamberts.

Turn the "Cal. Lamp" switch "Off".
Depress the '"Zerc Set" button and hold.

Adjust the "Zero" control for a Digital Panel
Meter (DPM) reading of "00.0" (the far right
exponent, "0" illuminated during calibration,
should be illuminated). Note: This is a ten-turn
potentiometer producing a fine and smooth zero ad-
justment.

Release the "Zero Set" button.

Depress the "Dark Current Set" button and adjust
the "Dark Current" control for a DPM reading of
"00.0" (the far left exponent "-3" illuminated
during calibration should be illuminated). Note:
This is a ten-turn type potentiometer giving a
fine and smooth dark current adjustment.

NOTE: When In The "Autc" Position, the "Zerco"

is adjusted only when the optical head is in a
"dark" cendition ("Calibrator™ "In", "Cal. Lamp"
"Off", and "Shutter" closed), the far right exponent
is illuminated and the "Zero Set" pushbutton is de-
pressed. The "Dark Current" is adjusted only when
the left side exponent is illuminated and the
optical head is in a "dark" condition. When In

The Manual Override (out of "Auto." position), the
"Zero™ 1s adjusted only when the range switch is

in the first position to the left of "Auto." (least
sensitive) and the optical head is in a 'dark"
condition. The "Dark Current" is adjusted only

when the range switch is full counterclockwise

(most sensitive) and the optical head is in a "dark"
condition. "Zero" and "Dark Current" (+ *c -) DPM
readings may fluctuate.
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(10.25) Repeat steps 8 through 24 to ensure proper
adjustments and calibration. (The Auto-
telephotometer is now calibrated and stand-
ardized. The instrument can now measure Y
full-scale from 107 footlamberts down to 10~

" footlamberts [English units] by using various
optical head and computer settings [see Operaticn
Procedure]. The exponent dial shows the exponent
for the power of 10 multiplied by the DPM reading;
i.e., a reading of 100.0 x 100 footlamberts.)

(10.26) The following steps allow the telephotometer tc
become less sensitive and, therefore, increase
its ability to measure in footlamberts brighter
light.

(10.26a) Turn "Cal. Lamp" switch to "On'".

(10.26b) Wait for DPM reading to settle (100.0 x 10° foot-
lamberts with no filter). :

(10.26c) Push the "Power!" switch "Qff",

(10.26d) Open the "Aux. Filter" compartment on the cptical
head and insert a 7 inch x 2 inch Wrattern neutral
density filter (1.00) on top of the photopic
correction filter. (This filter will allow an
approximate 90% reduction of the refleczed light
received by the telephctometer.) Note: The
neutral density filter can be left in fcr checking
the "Zero" and "Dark Current" DPM readings, which
are taken when the "Shutter'" 1s closed, "Cal. Lamp"
"Off", and "Calibrator" "In" ("dark" condition for
optical head).

(10.26e) Close the "Aux Filter" compartments.

(10.26f) Push the "Power" switch "On" and let the DPM reading
settle. Take DPM reading with filter. Note: The
reduction in the DPM reading should be a factor of
10, i.e., 1006.0 x 100 changes to 97.0 x 10-1.

(This reduction in the DPM reading is the attenu-
ation factor for the neutral density filter. This
factor shouid be muitiplied by each reading.

(10.26g) Turn "Cal. Lamp" switch to "Off".

(10.26h) Recheck "Zero" and "Dark Current" should tollow
steps 21 through 2u.
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11.

13.

1h.

(10.261) Turn "Shutter" to "Open" on optical head.
(10.263) Turn "Calibrator" to "Out" on optical head.

(10.26k) Set "Aperature'" on optical head and control
unit on 3°,

(10.261) Use filters 0 through 3 on both the optical
head and control unit as necessary to obtain
measurements.

Turn on projector light and point in direction of sample
stand where receiver is positioned. Center the light

spot on the receiver lens by covering alternate horizontal
halves and measuring the footcandle intensity until a
match is obtained. This prccedure is repeated for the
vertical halves.

Select an aperture (selection and attenuation value) for
the receiver that gives the maximum on-scale reading.
Also, select an aperture setting that permits the entire
light source to be imaged. within the aperture area. Use
the same aperture for cobtaining Er and Es.

In this manner, obtain a reading of the source brightness
or illumination at the sample, Er. Also, record the
following:

a) Aperture selection
b) Log attenuation value
¢) Number of neutral density filters

Return the receiver to the projectcocr-receiver table and
position it on the receiver track where it can be vertically
rotated or displaced in a horizontal plane perpendicular to
the light source ray.

With the same aperture setting as used in step 12, align

the white vertical mark on the bottom of the receiver with
the white mark on the receiver track, as shown in Figure

19, which gives the required divergence angles. (The

cross hairs within the receiver eyepiece should be centere-
on the sample when the receiver is properly positioned
according to each divergence angle.) Position the projector
light source (prism) and sample (beneath plumb bobs) so that
the distance, d, between the sample and receiver will be as .
follows for each divergence angle:

36
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Divergence angle Distance "d" (Ft.)
g.2° 50.00
0.5° 50.08
2.0° 50.15

Align the sample carrier by setting it on the sample carrier
table and centering under the plumb bcb attached tc the tunnel
ceiling. (A reference point is provided cn the top cf the
sample carrier for this alignment, as sheown in Figure 20.)

To ensure that the szample ¢ perpendicular tc the light zcurce,
place a flat 2?2 inch x ? inch mirrcr on the sample carrier with
the center of the mirrcr at the center ¢f the sample and place
double-~faced tape on back 2f mirrcr, making sure there are no
wrinkles. Adjust sample cerrisr until mirror returns +The light
source image to the plane of the light Use screw type feex

on the bottom of sample carrier to adjust return ¢i tne light
source beam. Check piumb an¢ cample reference point..

Remove mirror and place sheeting =ample (12 inch x 12 inch) on
sample carrier by attach:ing with a rubber band arcund sample
carrier and sample. With receiver pcsitioned tc cover sample
with aperture, read the reflected light, Es, from the sample.
Repeat for each angle of divergence and incidence {(see Table I1)

and record:

a) Aperture selecticn
b) Log attenuaticn value
c¢) Neutral density fiiters.

on

(The sample carrier, which rotates abcut a vertical axig, ha
each incidence angle marked, as shown irn Figure 21.)

Determine the brightness c¢f the

n

mple by the equaticn

R = =
EFs (A)
where:
R = reflective intensity cor brightness :in units cof
’ candlepcwer p=r faootcandle per square foct,
Er = 1lluminaricn or candlepower 1ncident on receiver

(reflected light frcm sample),
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Es

A

= illumination or candlepower incident on
sample (receiver at sample position),

= distance in feet from the sample to the
receiver (this distance is fixed and noted
above which sample and projector are referenced
using plumb), and

1"

area of sample in square feet.

Rainfall Test

The following details the apparatus and procedure used in
determining the reflective intensity during simulated rainfall
conditions.

4.3.1

Apparatus. The spray apparatus, as shown in Figure 22,
conslsts of a plastic spray bar with fifty-one 0.0400
(60 wire gauge) diameter holes within a length of 12%
inches. Water. ic provided by interccnnection with a
regular garden type hose from the weigh staticn's water
supply. A plexiglass trcugh or ca*ch basin is placed
under the sample holder for the purpose of ccllecting
the water. A hose outlet is attached to the rear of the
trough for drainage outside the tunnel.

Procedure.

Connect the water hose to the spray apparatus and to
the water supply. (A hole has been drilled +through
the north wall of the light tunnel for hockup to the
water spigot located adjacent to the spiral stairs
leading to the weigh station.)

[

2. A 12 inch x 12 inch sample is placed in an upright
position 6 inches below and 4 inches in front of the
nozzle. Sufficient water pressure is applied to
obtain a uniform wetting of the entire sample.

3. After the sample is thoroughly and uniformly wetted,
reflective intensity readings are again taken following
the procedures stated in Section 4.2 csteps 14 through
19.

22
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Figure 19. Receiver carrier divergence angle settings.

Figure 20. Reference point for sample alignment.

o
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Figure 21. Pre-marked inciZence angles on sample carrier.

Spray bar

Drainage

Figure 22. Water spray apparatus.

4o



APPENDIX

ASTM STANDARDS

an’ Designation: D 828 - 60 (Reapproved 1971)

Standard Method of Test for

Technical Association of Pulp and
Paper Industry
Standard Method T 404 0s-61

TENSILE BREAKING STRENGTH OF PAPER AND

PAPERBOARD'!

This Standard is issued under the fixed designation D 828: the number immediately following the designation indicates the
vear of original adoption or, in the case of revision, lhe}year of last revision. A number in parentheses indicates the year of

last reapproval.

1. Scope

1.1 This method covers the determination of
the tensile breaking strength of papers and
paperboards. Related methods include ASTM
Methods D 829, Test for Wet Tensile Breaking
Strength of Paper and Paper Products? and
D 987, Test for Stretch of Paper and Paper
Products Under Tension.®

2. Significance

2.1 Tensile strength is a fundamental prop-
erty and belongs to that group of properties
associated with paper manufacture since it is
influenced by the kind, quality, and treatment
of the fiber constituents and by the way the
sheet has been formed on the paper machine.
The test is indicative of the serviceability of
many grades such as wrapping, bag, gummed
tape, and cable wrapping, which are subjected
to direct tensile stresses. Tensile strength meas-
urements indicate the potential resistance to
breaking when the paper web is subjected to
strains during travel from the roll through the
web press mechanism in the process of print-
ing.

3. Apparatus

3.1 Tensile Testing Machine, having the
following characteristics:

3.1.1 Two clamps from '2t02.0in. (12.7to
S1 mm) wide (see Section 5 for preferred
widths) with clamping surfaces in the same
plane parallel to the direction of motion of the
applied stress and so aligned that they hold the
test specimen in that plane throughout the test
without slippage. At the start of the test the
edges of the jaws of the clumps are sel apart at

&

.

7

A9 in. (1801# mm) (See Explanatory

Notes at end of this method.)

NOTE 1—Although many machines are arranged
for an 8-in. (203-mm) jaw separation distance
especially for paperboard and coarse papers, the
preferred jaw separation at the start of the test is 180
mm in all cases. If necessary. it is usually not
difficult to have the machine changed accordingly.

3.1.2 Means for applying a smoothly in-
creasing load to the test specimen until it
breaks, the increase being such that additional
load applied each second is not different by
more than 10 % from the additional load ap-
plied in the previous second.

NoTte 2—This condition is fulfilled by most mo-
tor-driven tensile breaking strength testers. including
the incline plane testers, temperature-compensated
spring testers, the usual pendulum type of apparatus,
and the constant-rate-of-elongation testers, provided
that the slope of the stress-strain curve does not
change abruptly.

3.1.3 Means of indicating the applied load
at the instant of rupture, to within +1 %.

4. Calibration

4.1 Check the apparatus for cleaniiness.
Then level it accurately in each of the principal
directions. Check all the moving parts to
ensurc that they move freely. Apply various
dead weights to the clamp actuating the in-
dicating mechanism and note the scale read-

' This method is under the jurisdiction of ASTM «om-
mittee D-6 on Paper and Paper Products,

Current edition accepted Sept. 19, 1960, Onginally issued
1945, Replices D K28 48,

? Annual Book of ASTM Standards Yart 20.

> Discontinued, see 1968 Aanual ot ASTM Stund-
ards, Part 15,

A-1
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ings when the weights and mechanism come
gently into an equilibrium position from the
direction and at the approximate speed used in
an actual test. In generul. each range of the
machine should be verified at three or four
widely spaced points, and if errors greater than
I % are found, a correction curve should be
constructed. Verify the apparatus within 1
month prior to any test. .

NoTe 3—When calibrating the pendutum type of
tester, first determine the effect of the friction of the
pawls, as follows:

Procedure A—With the pawls engaged as in
normal use, allow the calibration weight to exert its
force by lowering it gradually by hand at about the
speed used in an actual test. Do pot drop it norivwer
it 100 slowly.

Procedure B—With the pawls wedged up with a
small piece of paper bent double. gently apply the
same calibration weight at the speed to be used and
allow the pendulum to come to equilibrium from the
same direction as in an actual test.

If the reading by Procedure A is measurably less
than by Procedure B, then the friction of the pawls is
the more important: therefore calibrate the scale by
Procedure A. but first remove any noticeable friction
in the pawls. If the reading by Procedure A is greater
than by Procedure B, the friction is less significant
than the inertia: therefore calibrate by Procedure B.

With other types of testers, follow the manufac-
turer's instructions and the general instructions given
above.

5. Test Specimen

5.1 Obtain the samples and condition them
in accordance with ASTM Methods D 585,
Sampling and Accepting a Single Lot of
Paper, Paperboard, Fiberboard, or Related
Product? and D 685, Conditioning Paper and
Paper Products for Testing.? respectively. For
each principal direction to be iested, cut at
least ten specimens with clean and parallel
edges to a width within 0.1 mm of the nominal
width, and over 200 mm, preferably 9.9 in.
(250 mm) long. Avoid abnormalities, water-
marks, creases, and wrinkles.

5.2 For paper, cut the specimens preferably
0.59 in. (15.0 mm) wide. For coarse papers,
such as building papers and paperbouards over
0.12 in. (3 mm) thick, cut them preferably 1.00
in. (25.4 mm) wide. In either case, do not cut
the test specimens less than 0.5 in. (13 mm) nor
more than 2.0 in. (51 mm) wide.

NOTE 4—Varying the width of the test specimen
between 0.5 and 2 in. (13 and 51 mm) does not, in
general, make much difference in the proportionate
test results, except for unbeaten long-fiber papers
when the difference may be appreciable.

D 828

6. Procedure

6.1 Muke the test in an atmosphere condi-
tioned in accordance with Method D 685.

6.2 Avoid touching the portions of the speci-
mens that will be between the jaws. Tightly
clamp one end of a test specimen in the upper
jaw after placing the specimen loosely in the
lower jaw and checking its alignment. Then
tightly clamp the lower end of the specimen
and apply the foad.

NOTE 5—Except for a referce test, time may be
saved by aligning and clamping the ends of the ten
specimens together in the upper jaw and breaking
them one at a time, after clamping the lower end of
each in the lower jaw.

6.3 Operate the tester so that the average
time for the completion of the test will be
within 10 = 5s. The appropriate setting of the
tester may be determined from a trial test
specimen, or a table may be prepared giving
the approximate settings for a particular type
of tester for each width of specimen and its
expected breaking strength and elongation.

NoTe 6—1In cuses of dispute, the average time to
fracture should be 10 + 2 s. Normally the rate of
loading is not a very important factor; doubling it
usually results in an increase of only about 2 %.

6.4 Reject readings from individual speci-
mens if the specimen slips of breaks in or at the
edge of the clamps.

6.5 Record the result of each individual
breaking load to the nearest two or three
significant figures. _

6.6 Test at least ten specimens cut in both
principal directions of the paper, unless the
strength in one direction only is required.

6.7 Compute the average breaking load and,
preferably, also the standard deviation for each
direction tested. ’

7. Report

7.1 Report the results obtained on specimens
cut in the machine direction as the tensile
strength, machine direction, and on specimens
cut in the cross direction as the tensile strength,
cross direction.

7.2 Report the average value of the break-
ing load calculated either to kilograms-force
per 15 mm or to pounds-force per inch to three
significant figures (kgf/15 mm x 3.73 = 1bf/
in.).

7.3 A complete report requires in addition,
statements of the following:
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7.3.1 Width of the test specimen,

7.3.2 Distance between the jaws at the start
of the test,

7.3.3 Average valuc of the “time to break™
for cach principal direction tested,

7.3.4 Number of specimens tested in each
direction,

7.3.5 Standard deviation for each direction
tested, and

7.3.6 Type of testing machine and speed of
operation of the driven head.

D 828

NoTe 7—In a pendulum tester, the specd depends
on the scale used and the leverage of the pendulum as
well as the rate of movement of the stressing jaw.
The speed of operation may be expressed as the
average time to break, or as the average increase of
load per second, but preferably, if available, as the
average extension per second.

8. Reproducibility
8.1 Duplicate determinations of the tensile
breaking strength from sets of specimens from

the same shipment but on different machines,
should agree within 5 %.
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EXPLANATORY NOTES

NoTE 1—If a lesser distance between the clamps
is employed, a higher test result is usual. For papers
that have a poor formation, the difference between
100 mm and the standard distance of 180 mm, may
amount to over 10 “%. Where a length of specimen of
180 mm is not possible, the machine may be adapted
to 6in. (150 mm). 4 in. (100 mm), or 2 in. (50 mm).
If the specimens are too short for the tester, they
may be extended by means of strips of strong,
gummed kraft. In any of these deviations from
standard, however, the fact should be recorded in a
prominent position in the report.

NOTE 2—~The juw separation distance of 100 mm
is standard for pulp test sheets. The results are
calculated to breuaking length in meters, based on the
moisture-free weight of the test sheets. See Standard
T20 2 m-33 of the Technical Association of Puip and
Paper Industry, entitled “*Physical Testing of Pulp
Handsheets.™ .

Not11 3—The main change in this revision is to
replace the requirement for the rate of toadimg from
a rather complicated procedure to the same tme of
10 £ S~ for all papers and paperboards.

By publication of this stundard no position is taken with respect 1o the validitn of any patent rights in connection
therewith, and the American Society for Testing and Muaterials does not undertahe to msure anyone utilizing the swundard
against liability for infringement of any Letiers Patent nor assume any such liability.
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'TECHNICAL ASSOCIATION OF PULP AND PAPER INDUSTRY

STANDARD METHOD T 457 m-i6

Tentarive dothod of Tesr Sfor

STRETCH OF PAPER AND PAPER PRODUCTS UNDER
TENSION!

Il

A.S.T.M. Designation: D987 - 48T

Tssvin, 1948.2

This Tentative Method has been approved by the sponsoring committee
and accepted by the Suciety in aecordance with estabiished nrocedures,
for use pending adoption as stendard. Suggestions for revisions should
be addressed to the Society at 1916 Ruce $t., Philadciphia 3, Pa,

Scope

1. This method covers the procedure
for measuring the stretch of paper and
paper products under tension.* The
method is intended to be used, when
desirable, in conjunction with the Stand-
ard Method of Test for Tensile Break-
ing Strength of Paper and Paper Prod-
ucts (A.S.T.M. Designation: D 828).4
The numerical result obtained usually
includes the elastic and inclastic clonga-
tion and also thc elongation occurring
from initial to complete rupture of the
test specimen. This last clongation is
in many cases (bonds, ledgers, and

2 Under the standardization procedure of the Society,
this method is under the juricliction of the AL T
Committee D-6 on Paper and Paper Products.

? Accepted by thie Society at annual meeting, June, 19:8.

The following refercnces mayv be o1 interest in connece
tion with this method:

P. L. Houston, “Lffect of Lenzth and Width of Test
Specimen on the Breaking Strenzth 2nd Eionzation of
Paper,” Paper Trade Journal, Vol 16, No, 12, March 22,
1923, p. S4.

f. d'A. Clark, “*Some Observations on Burst, Tensile,
and Stretch Tests,” Paper Trade Jouwnal, Vol 162, No. 2,
January 9, 1930, pp. 40-32; Tecinical Association Papers,
No. 19, Juue, 1936, pp. 264-206. .

. “The Mecasurement of Stretch of Paper.” Instrumenta-
tion Studies—Report No. 36, New Yozk, Amenican | aper
and Pulp Association, February 10, 1942,

Standard Specifications for Textile Testing Machines
(A S.T.M. Designation: D 76), 1917 Supplement to Book of
A.S.T.M. Staudards, Part 111-A.

41946 Book of A.S. T M. Standards, Part 111.8.

printing papers not specially treated)
rather small (usually of the order of
0.05 to 035 per cent in 180 mm.).
Thierefore, the results of this test repre-
sent the percentage elongation up to and
partly including rupture under tension.

Apparatus

2. The testing machine shall conform
to Section 2 of A.S.T.M. Method D 828
and shall also have the following features:

{a) Means of applying a predeter-
mined initial tension to the test specimen
while it is being clamped, and

(b) Means of indicating or recording
the elongation of the tesi specimen, up
to the instant of complete rupture, to
an accuracy of plus or minus 0.3 mm.
(0.02 in.).

Calibration of Apparatus Having Indicat-
ing Device Only

3. (@) To cnsure that the stretch-
indicating mechanism is stable, plice the
pendulum about haliway up on the scale,
sct the stretch indicator at some inter-
mediate position, and then jar the instru-
ment slightly  and note whether the
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stretch indicator moves. If it does so,
either the stretch mechanism should be
_counterbalanced or the spring friction
holding it in position should be increased.
Othcerwise a serious error may be caused
by the jar that occurs, especially when
a strong specimen breaks under test.  If
necessary, adjust the overhang on the
trigger-release mechanism so that, im-
mediately after the specimen breaks, the
indicator no longer is actuated.

(6) Where the stretch Indicator iz
part of the pendulum type of tester,
clamp the pc'w?ulum at zero, set the
lower clamp near t‘m upper clamp, J.zm
set the stretch indicator at zero with
trizger mechanisn operating t
indicator adjusted to and enguged with
the lower clamp of the machine.  Using
inside vernier calipers or a cathetomicter.
measure the distance between the clumps
to the ncarest 0.2 mm. (0.01 in.}. Move
the lower clamp down a short distance
{about 2.5 mm. (0.10 in.)) and azain
measure the dauncc bct.scen ‘.Lru)a
with the same accuracy as hefore. The
indicated stretch should correspond with
the difference between the two vernier
readings. Repeat the procedure for at
least five points distr ributed along the
elongation scale.

(¢) An alternative method is as fol-
lows: Grip a strong rubber strip between
the clamps of the tester in exactly the
same manner as when testing a speci-
men. Measure the distance between
the clamps to the nearest 0.2 mn.
(001 in.). Operate the machine so
that the strength indicator functions.
Compare the indicator rcadings, at not
less than five distributed points on the
scale, with the respective changes in the
distance hetween the clamps as measured
with the fusidy vernicr selipers or cathe-
tometer.

(d) If necessary, prepare a calibration
table or chirt showing corrections found
for the stretch indications. Unless the

apparatus is altered in any vital way,
there is no need to repeat the calibration,
once it has been done, but, if the stretch
indicating mechanism is not counter-
balanced, it should be tested for stability
from time to time by jarring as described
in Paragraph (a).

Calibration of Apparatus Having Record-
ing Devices '

4. (4) Set the al'mps of the machine
in their normal positions for starting .
test. I’I"cc a chart in i3 "101"" an
either adjust the position of the chartor

1
i

addjust the pen so that zero load an l Zero
stretel are indic;ued. L'sing an i

veraier calipers or o cathetometer

Softas

ure the distance between th cuzg
clumps to the nearest U 2 mm. . fﬂ R
s . s

cl;ﬁn;g-u:ri in the jaws; this wil
1

i ,
the chort is properly located in the
holdcr, the line drawa by the pen witl be
superimpnsed on the axis of tHe ch
showi n:g zero load and variable elongu-
tion. If this does not occur, adjust the
chart until it does so. With the churt
prrmc* v adjusted and no specimen iz
the clamps, operate the machine unu
the pen indicates an elongation of about
254 mm. (1.0 in.); then measure thac
distance between the edzes of the clamps
to the nearest 0.2 mm. (0.01 in.). The
difference between the second and the
first measurement of distance between
the jaws should correspond to the
indication of the pen. Repeat tie
comparison  of measured  distance
between jaws with the indication of the
pen at not less than five distributed
points on the chart.

by It apprcci'xb[e discrepancies  be-
tveen pen indications and measure !
separations of the jaws are found, consuit
the “Causes of Irror in Recording
Elonzation” listed in the Appendix.
If any of these causes of error are found

A=5
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to apply to the apparatus being cali-
brated, correct them if possible, and
repeat the calibration.

. Test Speciraens

5. The test specimens shall be of the
dimensions (Notes 1 and 2) and shall
be prepared and conditioned as
prescribed in Scction 4 of AS.T.AL
Method D 828. At least 10, and pre-
ferably 20, specimens cut from each of
the principal directions of the paper
shall be tested.

Nore 1.—Shortening the disiance hetween
clamp jaws ternds to increase the icst result,
because the stretch afier iniiial fracture of the
specimen may ke appreciable and is indenendent
of the distance between jaws. The accurate
indication of stretch for specimens much less
than 180 mm. (7.1 ia.) is questionable unless
unusually good apparatus is used.

Note 2.—\Varving the width of the test
specimen between 12.7 mm. (0.5 in)) and 23.4
mm. (1.0 in.), with a proporiionate rate of
loading, does not, in general, cause much differ-
ence in test results, except for unbeaten, long-
fitered papers, where the ditference may be as
much as 10 per cent of the recorded amount.

Procedure

6. (@) Make the testin an atmosphere
conditioned in accordance with the
Standard Method of Conditioning Paper
and Paper Products for Testing
(A.S.T.M. Designation: D €835).4

(b) Insert the test specimen in the
clamps of the testing machine and check
for proper alignment. Tighten the
upper jaws securely, apply a small
initial load (Note 1) to the opposite end
of the test specimen, and then tighten
the lower jaws sccurely. For specimens
having a breaking strength of less than
2.3 kg. (5.0 Ib.), the initial load shall be
10 = 2.5 per cent of the average breaking

"load of the test specimen; and for speci-

mens having a breaking load greater
than 2.3 kg. (5.0 Ib.), the initial load
shall be 0.23 kg. (0.5 1b.).  With testing
machines in which test specimens are
held vertically, the initial load can be
applied conveniently by temporarily

Uxper Tension (D987 -48T)

attaching the required weight to the end
of the test specimen protruding from
the lower clamp and then tightening the
lower jaws securely.

Note 1.—The purpose of the initial loud is
to remove any cockles or waviness in the test
specimen.  With most papers this small initial
load will not sensibly affect test results.

{¢) Apply the tension load as described
in Section 5 of A.S.T.M. Method D 823,
The appropriate rate of loading (Note
2) shall be determined from a trial test
specimen. Note the indicated stretch
to the nearest 0.5 smali division on the
sczle or chart.

NoTE 2.—The stretch tes: for some papers is
not appreciably affected by the rate of loadi
For o:her papers, doubling the rate of loacin
may increase the test resuit Ly as much as 3 per
cent of the recorded amount.

Report

7. Results obtained on specimens cut
in the machine directioa shall be reported
as stretch, machine direction; and results
obtained on specimens cut in the cross
direction shzll be reported as stretch,
cross direction. All values shali be
reported as a percentage of the inital
length between the clamps, to one
decimal place. The report shall include
the following:

(/) Make and type of machine used
{or testing,

(2) Rate of loading used,

(3) Width of test specimen,

(4) Distance between edges of jaws
of clamps at start of test,

(5) Average, maximum, and minimum
results, and

(6) Number of specimens tested.

Reproducibility

8. Duplicate determinations on_ dif-
ferent sets of specunens-from the same
lot should agree within 10 per cent for
values that are not over 2.0 and within
5 per cent for values above 2.0.

A-b
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APPENDIX

CAuses or ERROR IN REcorDING STRETCH

(6) Foulty Ruding of Charts.—The ruled
lines on the charts should be at right angles, or
at the proper :m;n': for the particuiar apparatus

(b) Faulty Cutting of Charls. —The onposite
edges of the chart should be parailel.  The four
corners of the chart shouxu be right angies.
The edges should be cut through a line print
outside the ruled area as a guide for this purp
The presence of a cut-iine can be detected at the
edge of a properly cut chart,

{¢c) Fatlure of Chart, Pen, and C"‘mp i Slart
Moving. Simuitenseusly,—Poor coordinaiion of
movement of the chart, pen, and camp is
indicated by a changing (variable} error in
recorded elongation, when computed on a
percentage basis.

(&) Improper Trazerse Movement f t"a Pen
can be caused by a compacied or stretc ﬁed
cable on testing machines using this t p
equipment. It also can be caused by an error
in the ratio of the circumierence of two puileys
mounted on the same shait.

5 champed in o the jaws and

(e} Improper Maznifcaiion of Chart or Fen

Morement.—~Where the chart or pen niovement

is obrained by means of 2 moval )IL puliey, error

in :t::x"nix':cnion oi this movement
ed if the diameter of the calle varices.

o Feilurs of tiw Pen o Drow ¢ Line Parclled
Azis o the Chert (Notel,

ch snecizen va thin sirip of meta

2

-
=
o]

=]
-y

ates a variabie error, due either to improger
weury of the testing machine or 1o the use of
P .

an inCorrect angle in printing the charts.

ot .

increasing load is not nocessarily :
lire On perd“lt.:n t)"“ testin g m..':.'nes,

loads. On r:tany csti ng machines, it forats an
angic with the other base line indicaiing zero
load and variabie stretch. The angle depeznds
upon the geometry of the machire.
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qslb Designation: D 523 - 67

{Reapproved 1972)

Standard Method of Test for

SPECULAR GLOSS'

American National Standard Z131.1-1969 (R1974)
Approved Aug. 12, 1974
By American National Standards Institute

This Standard is issued under the fixed designation D 523; 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.

1. Scope

t.t This method covers the comparison of
the specular gloss of nonmetallic specimens
for glossmeter geometry of 60, 20, and 85 deg
(1), (2), (3), (5), (6), (7).!

2. Definitions

2.1 specular gloss—the luminous fractional
reflectance (6) of a specimen at the specular
direction.

2.2 luminous fractional reflectance—the
ratio of the luminous flux reflected from, to
that incident on, a specimen for specified solid
angles.

3. Summary of Method

3.1 Comparisons are made with 60, 20, or
85-deg geometry. The geometry of angles and
apertures is chosen so that these procedures
may be used as follows:

3.1.1 The 60-deg geometry for intercom-
paring most specimens, and for determining
when either the 20-deg or the 85-deg geome-
try is applicable.

3.1.2 The 20-deg geometry for comparing
specimens having 60-deg gloss higher than 70.

3.1.3 The 85-deg geometry for comparing
specimens having 60-deg gloss lower than 30.

4. Apparatus’

4.1 Instrumental Components—The appa-
ratus shall consist of an incandescent light
source furnishing an incident beam, means for
locating the surface of the specimen, and a
receptor located to receive the required pyra-
mid of rays reflected by the specimen. The
receptor shall be a photosensitive device re-
sponding to visible radiation,

4.2 Geometric Conditions---The axis of the
incident beam shall be at one o. the specified

angles from the perpendicular to the specimen
surface. The axis of the receptor shall be at
the mirror reflection of the axis of the incident
beam. With a flat piece of polished black glass
or other front-surface mirror in specimen po-
sition, an image of the source shall be formed
at the center of the receptor field stop
(receptor window). The length of the iliumi-
nated area of the specimen shall be equal to
not more than one third of the distance from
the center of this area to the receptor field
stop. The axis of the incident beam and the
axis of the receptor shall be within 0.1 deg of
the nominal value indicated by the geometry.
The dimensions and tolerances of the <ource
and receptor shall be as indicated in Table I.
The angular dimensions of the receptor field
stop are measured from the receptor iens in a
collimated-beam type instrument, and from
the test surface in a converging-beam type
instrument. See Fig. | for a generalized illus-
tration of the dimensions. The tolerances are
chosen so that errors of no more than 1 gloss
unit at any point on the scale will result from
errors in the source and receptor apertures (6).

4.3 Vignetting—There shall be no vignet-
ting of rays that lic within the field angles
specified in 4.2.

4.4 Spectral Conditions—Results should
not differ. significantly from those obtained
with a source-filter photocell combination that

" This method is under the jurisdiction of ASTM Comn-
mittee D-1 on Paint, Varnish, Lacquer, and Related Prod-
ucts., .

Current edition effective Sept. 8, 1967, Originally issued
1939, Replaces D 523 66 |

he boldface numbers 13 parentheses refer to the b of
references at the end of this mcthod.

“Last of manufacturers of glossmeters can be obtained
from ASTM Headguariers, 1916 Race St Philadelphia,
Pa. 19103,
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is spectrally corrected to vield CIE luminous,
efficiency with CIE Source C. Since specular
reflection is, in general, spectrally nonselec-
tive, spectral corrections need be applied only
to highly chromatic. low-gloss specimens upon
agreement of users of this method.

4.5 Measurement Mechanism—The recep-
tor-measurement mechanism shall give a
numerical indication that is proportional 1o
the light flux passing the receptor field stop
within 1 percent of full-scale reading.

5. Reference Standards

5.1 Primary Working Standards may be
highly polished. plane, black-glass surfaces.
Polished black glass with a refractive index of
1.567 shall be assigned a specular gloss value
of 100 for each geometry. The gloss value for
glass of another refractive index can be com-
puted from the Fresnel equation (6). For small
differences in refractive index, however, the
gloss value will be a linear function of index,
but the rate of change of gloss with index is
different for each geometry. Each 0.001 incre-
ment in refractive index will produce a change
of 0.27, 0.16, and 0.016 in the gloss value as-
signed to a polished standard for the 20, 60,
and 85-deg geometries, respectively. For
example, glass of index 1.527 would be as-
signed values of 89.2, 93.6, and 99.4 in order
of increasing geometry.

5.2 Secondary Working Standards' of ce-
ramic tile, depolished ground opaque glass,
emery paper, and other semigloss materials
having hard and uniform surfaces, are suitable
when calibrated against a primary working
standard on a glossmeter known to meet the
requirements of this method. Such standards
should be checked periodically for constancy,
by comparing with primary standards.

6. Preparation and Selection of Test Speci-
mens ‘

6.1 This method does not cover preparation
techniques. Whenever a test for gloss requires
the preparation of a test specimen, specify the
technique of specimen-preparation.

6.2 Use surfaces of good planarity, since
surface warpage, waviness, or curvature may
seriously affect test results. The directions of
brush marks, or similar texture effects, should
be parallel to the plane of the axes of the two
beams.

D 523

Nottr 1.- To determine the maximum gloss ob-
tainable for a test specimen, such as a paint or a
varnish film, use Methods C or D of ASTM Meth-
ods D 823, Producing Films of Uniform Thickness
of Paint, Varnish, Lacquer, and Related Products
on Test Panels.”

7. Procedure

7.1 Operate the glossmeter in accordance
with the manufacturer’s instruction.

7.2 Calibrate the instrument at the start
and completion of every period of glossmeter
operation, and during the operation at suffi-
ciently frequent intervals to assure that the
instrument response is practically constant.
To calibrate, adjust the instrument to read
correctly the gloss of a highly polished stand-
ard, and then read the gloss of a standard hav-
ing poorer image-forming characteristics. If
the instrument reading for the second stand-
ard does not agree within 1 percent of its as-
signed value, do-not use the instrument with-
out readjustment, ‘preferably by the manufac-
turer. - "

7.3 Measure at least three portions of spec-
imen surface to obtain. an indication of uni-
formity.

8. Diffuse Correction

8.1 Apply diffuse corrections only upon
agreement of buyer and seller. To apply the
correction, subtract it from the glossmeter
reading. To measure the correction, illumi-
nate the specimen perpendicularly, and view
at the incidence angle with the receiver aper-
ture specified in 4.2 for the corresponding
geometry. To compute the correction, multi-
ply the 45-deg, O-deg directional reflectance of
the specimen by the effective fraction (Note 2)
of the luminous flux reflected by magnesium
oxide and accepted by the receiver aperture.
Determine the 45-deg, 0-deg directional re-
flectance. in accordance with ASTM Method
E 97, Test for 45-deg, 0-deg Directional Re-
flectance of Opaque Specimens by Filter Pho-
tometry.® The effective fraction of the lumi-
nous flux from magnesium oxide entering the
receiver aperture is listed as follows for each
of the geometries:

* Gloss standards are available from the Gardner I abo-
ratory, P. O. Box 5728, Bethesda, Md. 20014, and the
Hunter Associates Laboratory, 9529 Lee Highway, Fairfax,
Va. 22030.

* Annual Book of ASTM Standards, Part 27.

¢ Annual Book of ASTM Standards, Parts 17 and 20.
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Geometry, Luminous Flux,
deg parts per mil
60 21
20 1.3
85 0.002

NOTE 2- The effective fraction differs from the
simple fraction because of the combined effects of
surface reflectances, departure of practical diffusers
from perfect, and polarization of the source (6).

9. Report

9.1 Report the average specular gloss read-
ing and the geometry used.

9.2 Report the presence of any specimen,
portions of the test surface of which differ in
gloss from the average by more than § percent
of the average.

9.3 Where preparation of the test specimen
has been necessary, describe or otherwise
identify the method of preparation.

9.4 Identify the glossmeter by the manufac-
turer’s name and model designation.

9.5 Identify the working standard or stand-

D 523

ards of gloss used.

10. Precision

10.1 Readings obtained on the same instru-
ment should be repeatable to within | percent
of the magnitude of the readings. Readings
obtained on different instruments should be
reproducible to within 5 percent of the magni-
tude of the readings. Results obtained may be
uncertain due to the cumulative effect of sev-
eral sources of error, that is, difference be-
tween the geometric distribution of flux re-
flected from standards and specimens may
bring about uncertaintics in the measured
gloss, even though the source and receiver
apertures are within the tolerances specified
in 4.2: inaccuracy of reading may result even
though the precision of the measurement
mechanism is held within the tolerance speci-
fied in 4.5; and lens arrangement and stray
reflections from the interior walls of the in-
strument may cause errors in gloss readings.

REFERENCES

t1) Hunter, R. S., **Methods of Determining
Gloss,”™ Proceedings, Am. Soc. Testing Mats.,
Vol 36, 1936 Part I1, p. 7837 also Journal of
Research, JRNBA Nat. Bureau Standards. Vol
18. January, 1937, No. 1, p. 19 (Research Paper
RP958).

Six >omewhat different appearance attributes
are shown to be variously associated with gloss;
therefore as many as six different photometric
scales may be required to handle all gloss-
measurement problems. (This paper out of
print.)

Hunter, R. S, and Judd, D. B, **Development
of a Method of Classifying Paint According to
le)?s." ASTM Bulletin, No. 97, March 1939,
p. Il

A comparison is made of several geometrically
different photometric scales for separating paint
finishes for gloss; the geometric conditions of
test later incorporated in ASTM Method D 523
are recommended.

Wetlaufer, L. A, and Scott, W. E., “The Meas-
urement of Gloss,” Industrial and Engineering
Chemistry. Analytical Edition, IENA A, Vol 12,
November 1940, p. 647.

A goniophotometric study of a number of paint
finishes illuminated at 45 deg: a study of gloss
readings atTected by variation of aperture for 45
and 00-deg incidence.

Horning, S. C., and Morse, M. P., “Mecasure-
ment of the Gloss of Paint Panels,” Official
Digest, ODFPA Federatign of Paint and Var-
nish Production Clubs, March 1947, p. i3

A study of the cifect of geometric conditions on
results of gloss tests, with special attention to
high-gloss pancls.

{2

3

~

(4

(5) Hunter. R. S.. “The Gloss Measurement of
Paint Finishes,” ASTAf Bulletin, No. 150. Jan-
uary 1948, p. 72.

History of ASTM Method D 523,

Hammond. H. K., 1Il, and Nimeroff, 1.,
“Measurement  of Sixty-Degree Specular
Gloss,” Journal of Research, JRNBA Nat.
Bureau of Standards. Vol 44, No. 6, June 1930,
p. 385 (Research Paper RP2105). condensed
account in ASTM Bulletin, No. 169 October
1950, p. 34,

A study of the effect of aperture variation on
glossmeter readings; includes definitions of
terms used in connection with specular gloss
measurement, the Fresnel equation in a form
readily usable for computation, and the deriva-
tion of ditfuse correction formulas.

Hunter. R. S., “*Gloss Evaluation of Materials,”
ASTAM Bidletin, No. 186. December 1952, p.
4.

A study of the history of gloss methods in the
American Society for Testing and Materials
and other societies: describes the bachyground in
the choice of geometry of these methods; con-
tains photographs depicting gloss characteristics
of a variety of materials,

Huey, S, Hunter. R, S Schreckendgust, J. G.,
and ‘Hammond. H. k.. I, Symposium on
Gloss Measurcment, Official Digest, Vol 36,
No. 471, April, 1964, p. 343,

Contains discussion of industrial experience in
meisurement of 60-dep specutar gloss (Huey),
-gloss measurement (Hunter), evatuation of

(6

(7

&

[
low-gloss finishes with 83-deg. sheen mcasure-
ments (Schireckendgust), and gloss stan-lards
and glossmeter standardization (Hammond).




i b s23
TABLF 1 Angles and Relative Dimensions of Source Image and Receptors
In Plune of Measurement Perpendicular to Plane of Measurement
- . Relative . Relative
8. de: ) 2tan8/2 Dimension #. deg 2tans/2 Dimeansion
Source image 0.75 0.0131 0.171 3.0° 0.0524 0.682
tolerance + 0.25 0.0044 0.057
60-deg receptor 44 0.0768 1.000 1.7 0.2049 2.668
tolerance + 0.1 0.0018 0.023 0.2 0.0035 0.046
20-deg receptor 1.8 0.0314 0.409 3.6 0.0629 0.819
tolerance + 0.05 0.0009 .. 0.012 0.} 0.0018 0.023
(= .
85-deg receptor 40 0.0698 ,~’b.909 6.0 0.1048 1.365
tolerance + 0.3 0.0052 0:068 0.3 0.0032 0.068
“Maximum: no minimum specification.
Source Source Test Receptor Receptor
Lens Specimen Lens Field Stop
Axis T = Axis
Source
Aperture
Receptor Source
Aperture Imoge
FIG. 1 Generalized Glossmeter Showing Apertures and Source Image Formation for a2 Collimated-Beam Type
Instrument.

By publication of this siandard no position is taken with respect to the validity of any patent rights in connection there-
with, and the American Society for Testing and Materials does not undertake 1o insure anyone utilizing the standard
against liability for infringement of any Leiters Patent nor assume any such liability.
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qsn') Designation: E 97 — 55 (Reapproved 1971)

Standard Method of Test for

45-DEG, O-DEG DIRECTIONAL REFLECTANCE
OF OPAQUE SPECIMENS BY FILTER

PHOTOMETRY!

This Standard is issued under the fixed designation E 97: the number immediately following the designation indicates the
vear of original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year of

last reapproval,

1. Scope

1.1 This method covers the determination
of the 45-deg, 0-deg directional reflectance of
nonfluorescent opaque specimens by means of
filter photometers. To obtain similar results
from spectrophotometers, see ASTM Recom-
mended Practice E 308, for Spectrophoto-
metry and Description of Color in CIE 193]
System.* :

NOTE I—The values stated in U.S. customary
units are to be regarded as the standard. The metric
equivalents of U.S. customary units may be approx-
imate.

NoTe 2—This method has been developed for
determining (/) the daylight luminous reflectance of
paint opaque white porcelain enamels and ceramic
whitewares, and (2) the blue-light reflectance
(sometimes called “brightness™) of uncolored pa-
pers and pulps in sheet form. The method also may
be used for determining the reflectance of other
opague specimens.

NoTe 3—The blue-light reflectance of paper
provides a mecusure of freedom from yellowness
such as results in pulp and paper from the presence
of lignin and other so-cailed impuritics left by in-
complete bleaching.

Note 4—Blue-light reflectance by this method
ditfers slightly, both spectrally and geometrically
from the TAPPI Standards T 217, Brightness of
Pulp, and T 452 Brightness of Puaper and Paper
Rouard. The TAPPI methods' are considered to be
standard for the pulp and paper industry when
brightness measurements are to be made.

2. Definitions

2.1 davlight 45-deg, 0-deg luminous direc-
tional reflectance (for brevity called reflect-
ancc)—the ratio of the luminous flux from a
specimen illuminated at an angle of 45 deg by
CIE standard source C (average daylight) and

viewed perpendicularly by the CIE standard
observer, to the luminous flux from the stand-
ard magnesium oxide layer, similarly iliumi-
nated and viewed.

NOTE 5—The combination of illumination at 45
deg and viewing at 0 deg (perpendicularly) has been
selected as being representative of average condi-
tons of illuminating and viewing. The property of
reflectance determines which of two specimens will
appear lighter when viewed in average davlight at
an angle at which the observation of highlights is

-aveided.

2.2 blue-light reflectance—the ratio of the
light flux from the specimen illuminated at an
angle of 45 deg by CIE standard source A.
ard viewed perpendicularly by a receptor

whose response is equivalent to the Z-function

of the CIE standard observer, to the light flux
from the "standard magnesium oxide layer,
similarly iliuminated and viewed.

NoTE 6—CIE standard sources and functions are
defined in Method E 308.

3. Apparatus

3.1 The apparatus shall consist of a reflec-
tometer, either visual or photoelectric type,
having source. filier, and receptor characteris-
tics such that it will measure reflectance ac-
curately to within 1.0 percent of fujl-scale

' This method is under the jurisdiction of ASTM Com-
miltee E-12 on Appeariance of Materials.

Current edition effective Sept. 12, 1955, Orignally is-
sued 1953, Replaces E97 - 53 T

“Annual Book of ASTM Standards, Part 30.

* Avatlable trom Technical Association of the Pulp and
Puaper Indusiry, One Dunwoody Park, Atlanta, Ga. 30341.
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reading. The apparatus shall have the follow-
ing characteristics:

3.1.1 Spectral Chardcteristics:

3.1.1.1 For Measurement of Darlight Lu-
minous Reflectance-—The spectral encrgy dis-
tribution .of the illuminator and the spectral
sensitivity of the receptor. in combination,
shall provide the equivalent of illumination by
CIE standard source C and observation by the
CIE standard observer.

3.1.1.2 For Measurement of Blue-Light
Reflectance—The product of spectral energy
of source, spectral transmission of filters, and
spectral response of receptor shall be equiva-
lent to the product of the z-function of the
CIE standard observer multiplied by the en-
ergy distribution of CIE standard source A
(representative of incandescent-lamp light).
Such a combination will have a maximum
spectrai response to energy of about 460 nm.

3.1.1.3 For Measurement of Reflectance
for Other Kinds of Light—The spectral char-
acteristics of source. filter. and photosensitive
detector used to measure retlectance for-other
kinds of light shall be identified by the manu-
facturer’s name and the type: or a suitable
description shall be given.

3.1.2 Geomerric  Characteristics—Hlumi-
nation shall be within 4 deg of, and centered
about, a direction of 45 deg from the perpen-
dicular to the test surface: viewing shall be
within 15 deg of. and centered about, the per-
pendicular. These conditions of illumination
and observation may be interchanged without
affecting the results.

NoTE 7—Any instrument that meets these appa-
ratus specifications may be used. I[nstruments
should also meet the precision requirements pre-
scribed in Section 9. In general. commercial instru-
ments do not conform exactly to the apparatus re-
quirements. The suitability of a given instrument
depends in large measure on the spectral selectivity
of the specimens being measured. and on the availa-
bility of standards of similar reflectance and spec-
tral character. -

4. Standards

4.1 Primary Standard—The primary stand-
ard for reflectance is a surface of freshly
smoked MgO prepared according to ASTM
Recommended Practice E 259, for Prepara-
tion of Reference White Reflectance Stand-
ards.” It is assigned a valuc of 100 for the
conditions of 45-deg illumination and perpen-
dicular view,

E 97

4.2 Secondary  Standards’*—Porcclain-

. enameled metal plaques or other materials

known to be reasonably permanent in reflect-
ance and uniform over the surface may be cal-
ibrated and used as secondary reflectance
standards.

5. Preparation of Test Specimens

5.1 Paint—Unless otherwise specified, pre-
pare panels for the determination of reflect-
ance by applying the paint to a suitable flat
background with a doctor blade according to
ASTM Methods D 823, Producing Films of
Uniform Thickness of Paint, Varnish, Lac-
quer, and Related Products on Test Punels.”
Use sufficient thickness so that additional
coats produce no measurable change in re-
flectance. Allow 72 h for the paint to-dry,

5.2 Porcelain  Enamel— Laboratoryipre-
pared specimens. articles of commerce, or
sections cut from articles of commerce may be
tested. The area to be tested shall be flat and
reasonably free of surface defects. including
the wavy condition known as orange peel.
Laboratory specimens shall be at least 6 by 9
cm (2'/; by 3'/: in.) inesize: however, speci-
mens 10 by 10 cm (4 by 4 in.) are preferred.

NoT1Ee 8--The method of preparation of the speci-
men, such as weight of application or firing treat-
ment. may affect the reflectance. but is not a part of
this test method: however. each munufacturer

should investigate the effect of such variables on the
reflectance of his products. See ASTM Method

. C 347, Test for Reflectivity and Coefficient of

Scatter of White Porcelain Enamels.

5.3 Paper—Sample in accordance with
ASTM Method D 585, Sampling and Ac-
cepting a Single Lot oi Puper, Paperboard.
Fibérboard, or Related Prod-ict.® Handle the
test specimen carefully to .void soiling, and
take care not to touch the .rcus to be lested.
The test specimen shall consist of a pad of
sheets sufficiently thick that doubling the

* Instruments that have been found satisfactory are: the
Hunter multipurpose reflectometers the Gardner (Hunter)
photometric unit with 4S-dep. O-dey reflectance head: the
Photo-volt reflection meter with I5-dep, 0-deg reflectance
search umit; the General Blectrie reflectunce meter: and the
Hunter D 40 Retlectometer.

*Secondary standards ol porcelain enamel may be ob-
tained from the Hunter Associates Laboratory, Ine., 9529
Lee Highway, Fairfax, Va., or the Henry AL Gardner fab-
otatorv., P.O. Box 3728, Bethesda, Md. Standards of
opaque ghiss are avanluble from the Instrument Develop-
ment faboratories, 67 Mechanie St Attlehoro, Mass,

" Annual Book of ANTA Swndards, Part 21,

" Annual Book of ASTAM Standurds, Part 1}

* Annual Book of ASTM Stundardy, Part 15,
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number of shects causes no measurable change
in reflectance.

5.4 Other Maierials—Prepare test speci-
mens of materials other than those listed in
5.2 and 5.3 according to accepted practice,
and record the mcthod of preparation in the
report.

6. Procedure

6.1 Operate the reflectometer according to
the instructions supplied by the manufacturer,
including line voltage, warm-up time, and
adjustment of the scale.

6.2 Use a standard having a reflectance
close to that of the test specimen or, if several
specimens having a small range of reflectance
values are being tested, use at least two stand-
ards. preferably at the extremes of the range
being measured. Use a green filter for lumi-
nous reflectance; a blue filter for blue-light
reflectance of paper or other materials; and,
when specified, other filters for reflectance for
other kinds of light. such as an amber fiiter
for amber-light reflectance, etc.

NOTE 9—In general. instrumental errors are re-
lated to the differences in reflectance and spectra!
characteristics between specimen and standard. For
greatest accuracy, standards close in reflectance and
stimilar in spectral chuaracteristics to the specimens,

shouid be used. The same area of standard should
be measured as that used for its calibration.

6.3 Obtain the instrument readings for the
standards and then for the specimens, in turn;
read the specimens in reverse order, and fi-
nally read the standards again.

6.3.1 Paper Specimens—Make readings
with the blue filter on at least five separate
sheets, and equal numbers of readings parallel
to and at right angles to the machine direction
of the paper on both sides of the sheets.

6.3.2 Porcelain-Enameled Specimens—
Make reflectance readings with the green fil-
ter on an area not less than that of a circle 7
cm (27, in)) in diameter. A determination
shall comprise a sufficient number of readings
so that the average of successive determina-
tions can be reproduced with a difference
between the highest and lowest determina-
tions not cxceeding 0.5 percent on the scale
for which MgO is assigned a value of 100 (sce
4.1). Instruments covering areas smaller than
that prescribed may be used provided a suffi-

E 97

cient number of well-distributed readings is
taken, so that the average reflectance is deter-
mined within the spread prescribed for re-
peated determinations on a given specimen,

7. Calculation

7.1 Calculate the mean value for the read-
ings on cach standard and specimen.

7.2 Calculate the reflectance of each speci-
men according to the directions of the instru-
ment manufacturer. Apply corrections for
scale nenlincarity, if avatlable. In the absence
of more explicit instructions, specimen re-
flectance may be calculated as follows:

R =c¢ X R.J/b
where:
R = reflectance of the specimen for the filter
used,
¢ = mean instrument reading for the speci-
men,

b = mean instrument reading for the stand-
ard used, and

R, = assigned reflectance of the standard for
the filter used.

NoTe 10—The scale linearity of an instrument

may be checked bv reading the reflectances of a se-

ries-of ten or more nonselective standards ranging
from 85 to0 0.5 percent.

8. Report

8.1 Report values of reflectance in percent
relative to MgO as 100. The result is de-
scribed as “'45-deg, 0-deg directional reflect-
ance.” When the green filter is used, the
words *davlight fuminous™ shall be inserted
before “‘directional.” When the blue or amber
filters are used, the phrase ‘“‘for blu¢ light” or
“for amber light,” respectively, shall be added
after “reflectance.” Report reflectance values
to the necarest 0.1 percent. For paper speci-
mens, report values for the wire and felt sides
separately.

8.2 Describe or otherwise identify the
method of preparing laboratory specimens.

8.3 Identify the reflectometer used by the
manufacturer’s name, the model, and the se-
rial number.

9. Precision

9.1 Results obtained on the same speci-
mens on the same instrument should be re-

A-14
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peatable to within +02 percent. Results ob-  standards of nearly the same reflectance
tained on the same speckmens measured on  should be reproducible to within +0.5 per-
diffcrent instruments employing: calibrated  cent.

By publication of this standard no position is taken with respect 10 the validity of any patent rights in connection there-
with, and the American Societv for Testing and Materiols does not undertake 1o insure anyvone utilizing the standard
against liability for infringement of any Letters Patent nor assume any such liability.
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qglb Designation: D 822 - 60 (Reapproved 1973)

Standard Recommended Practice for

OPERATING LIGHT- AND WATER-EXPOSURE
APPARATUS (CARBON-ARC TYPE) FOR
TESTING PAINT, VARNISH, LACQUER AND

RELATED PRODUCTS!

This Standard is issued under the fixed designation D §22: the number immediatels following the designation indicates the
sear of original adoption or. in the case of revision. the sear of last revision. A number in parentheses indicates the year of

Tast reapproval. '

1. Scope

1.1 This recommended practice covers the
specific variations in test conditions that shall
be applicable when ASTM Recommended
Practice G 23, for Operating Light- and Wa-
ter-Exposure Apparatus (Carbon-Arc Type)
for Exposure of Nonmetallic Materials? is em-
ployed for the exposure of paint, varnish.
lacquer, and related products. It also covers
the preparation of test specimens and the
evaluation of test results.

2. Test Specimens

2.1 Apply the coatings to flat panels with
the base panel material, method of application.
coating system, film thickness, and method of
drying consistent with the anticipated end use.
unless otherwise mutually agreed upon.

2.2 Unless otherwise agreed upon, choose
panels that meet the applicable base panel
material requirements, as prescribed in ASTM
Mecthods D 609, Preparation of Steel Panels
for Testing Paint, Varnish, Lacquer, and Re-
lated Products® or in ASTM Specification D
358, for Wood to be Used as Panels in
Weathering Tests of Paints and Varnishes.?
Choose panels of sizes suitable for use with the
different types of exposure apparatus, as
shown in Table 1.

2.3 Unless otherwise mutually agreed upon.
use methods of application, coating sy stem and
number of coats, film thicknesses, and meth-
ods of drying in accordance with the following
ASTM methods:

D 823. Methods for Producing Films of
Uniform Thickness of Paint, Varnish,
Lucquer. and Related Products on Test
Panels.?

D 1005, Method for Mcasurement of Dry’
Film Thickness of Organic Coatings.?

D 1186, Method for Measurement of Dry
Film Thickness of Nonmagnetic Organic
Coatings Applied on a Magnetic Base.?

D 1212, Methods for Measurement of Wet
Film Thickness of Organic Coatings.?

2.4 Unless otherwise specified. before expo-

sure in the apparatus, condition the coated
panels under standard rcom conditions for
periods depending on the type of coating, as
follows:

Normal air-drying coatings 7 davs
Baking coutings 24h

Quick-drying lucyuer-ty pe materials 7davs
Quick-drying syathetic coatings 7duys

3. Periods of Exposure

3.1 Use one of the following methods to
determine the duration of the exposure under
this recommended practice:

3L A mutually agreed upon specified
number of hours,

3.1.2 The number of hours of exposure

PThis recomeiended practice s under the jurisdicrion of
ASTAM Commitice D-F on Paint, Varish, Lacquer, ar
Refated Products.

Current edns nspproved Sept. 190 1900 Onivinally

ssued 938 Remlon D822 ST L
* Annual BiA of ASTAL Standards, Part 35,
* Annual Book of ASTM Standards, Part 27.
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required to produce mutually agreed upon
minimum acceptable changes in either the test
specimen or an agreed upon standard sample,
or

31.3 The number of hours of exposure
required to produce a mutually agreed upon
minimum amount of change in the test speci-
men.

4. Evaluation of Results

4.1 Evaluate or rate changes in exposed test

specimens by means of the following ASTM
methods:
D 523, Test for Specular Gloss.?
D 610, Evaluating Degree of Rusting on
Painted Steel Surfaces.?

D 659, Evaluating Degree of Chalking of

Exterior Paints.?

D 660, Evaluating Degree of Checking of

D 822

Exterior Paints.*

D 661, Evaluating Degree of Cracking of
Exterior Paints.®

D 662, Evaluating Degree of Erosion of
Exterior Paints.?

D 714, Method of Evaluating Degree of
Blistering of Paints.*

D 772, Method of Evaluating Degree of
Flaking (Scaling) of Exterior Paints.?

D 2244, Instrumental Evaluation of Color
Differences of Opaque Materials.®

E 97, Test for 45-Deg, 0-Deg Directional
Reflectance of Opaque Specimens by
Filter Photometry.*

E 308. Recommended Practice for Spectro-
photometry and Description of Color in
CIE 1931 System.?

¢ Annual Book of ASTM Standards, Part 20.

TABLE 1 Exposure Apparatus and Suitable Panel Sizes

Type of Exposure Appuratus
(See ASTM Method E 42,

Panel Thickness, in. (mm)

Panei Size. in. (mm)

Section 3.1)
A.B.C.and D upto 's (3.2) 244 by 57+ (69.8 by 149.2)
A.B.C.and D fato'2(3.2t012.7) 24 by 611 (69.8 by 171.4)
E.F.and G upto 14 (3.2) 3 by 9(76.2 by 228.6)
E 'ato '2(3.21012.7) 254 by 9(66.7 by 228.6)
Fand G tato 12(3.21012.7) 3by 9(76.2 by 228.6)

By publication of this standard no position is taken with respect to the validity of any patent rights in connection
therewith, and the American Society for Testing and Materials dves not undertake to insure anyone utilizing the standard
against liability for infringement of any Letters Patent nor assume any such liability.
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q b Designation: G‘ 23 - 69

Standard Recommended Practice for

OPERATING LIGHT- AND WATER-EXPOSURE
APPARATUS (CARBON-ARC TYPE) FOR
EXPOSURE OF NONMETALLIC MATERIALS'

This Standard is issued under the fixed designation G 23. the number immediately following the designation in-
dicates the year of original adoption or, in the case of revision. the year of last revision. A numbcr in parcmhmcs indi-

cates the year of last reapproval.

1. Scope

1.1 This recommended practice covers the
basic principles and standard operating proce-
dure for light- and water-exposure apparatus
employing a carbon-arc type light source.

- 1.2 This recommended practice does not
specify the exposure conditions best suited for
the material to be tested, but it is limited to
the method of obtaining. measuring, and con-
trolling the conditions and procedures of the
exposure. Sample preparation; test conditions,
and evaluation of results are covered in
ASTM methods or specifications for specific
materials.

NOTE 1—The values stated in U.S. customary
units are to be regarded as the standard.

Note 2—See the following for recommendauons
on specific materials:

ASTM Recommended Practice D 822, for Oper-
ating Light- and Water-Exposure Apparatus
{(Carbon-Arc Type) for Tcstmg Paint, Varnish,
Lacquer, and Related Products.”

ASTM Recommended Practice D 529, for Ax.ccl-
erated Weathering Test of Bituminous Materials.

ASTM Recommended Practice D 1499, for Op-

erating Light- and Water-Exposure Apparatus
_(Carbon-Arc Type) for Exposure of Plastics.’ ’

ASTM Recommended Practice D 750, for Oper-
ating Light- and Weather-Exposure Apparatus
(Carbon Arc Type). for Artficial Weather Testing
of Rubber Compounds.’

2. Significance

2.1 Scveral types of apparatus with differ-
ent exposure conditions are available for use.

No single operating procedure for light- and

water-exposure apparatus can be specifted as
a direct simulation of natural exposure. This
recommended practice docs not imply ex-

pressly or otherwise an accelerated weather-
ing test.

2.2 Since the natural environment varies
with respect to time, geography, and topogra-
phy, 1t may be expected that the effects of
_natural exposure will vary accordingly. All
materials are not affected equally by the same
environment. Results obtained by the use of
this recommendad practice shall not be repre-
ented as equivalent to those of any natural
weathering test until the degree of quantita-
tive correlation has been estabiished for the
material in question.

2.3 Variations in results may be expected
—among instruments of diiferent types or when
operating conditions among similar type in-
struments vary within the accepted limits of
this recommended practice. Therefore, no ref-
erence shall be made to results from use of
this recommended practice unless accompa-
nied by Section 5 or unless otherwise specified
in a referenced procedure. :

3. Apparatus

3.1 The apparatus emploved shall utilize
one or two carbon-arc lamps as the source of
radiation, and shall be one of the following
twelve general tyvpes, or their equivalent. In
the following commercial descripticns of thé

' This recommended practice is under the jurisdiction of
ASTM Commitice G-3 on Deterioration of Nonmetallic
Materials.

Current edition effective March 21, 1969, Originally is-
sucd 1942 as L 42, Replaces £ 42 65, Redesignated G 23
in 1970,

'; Annual Book of ASTM Stundards, Part 21.

Annual Book of ASTAM Standurds, Part 11,

_'Annuul Book of ASTM Standurds, Part 27,

' Annual Book of ASTM Siandards, Part 28.

A-18
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wwelve types, the term *‘cycle™ is dcfined as
the time intervals of light and water spray
that are spccified differently according to the
different testing materials (see 4.6 and 4.7).

KA R T_r’i:q ‘A—Single enclosed carbon-arc
lamp apparatds,® 30-in. (762-mm) diamecter
specimen drum, automatic*control of temper-
ature and cycle with 1 rpm of the specimen
"grum, and no automatic control of humidity.

3.1.2 Type AH—Same as Type A, except
with automatic control of humidity.

3.1.3 Type B—Single enclosed carbon-arc

lamp apparatus,® 30-in. diameter specimen
drum, automatic control of temperature and
cycle with 3'rph of the specimen drum, and no
automatic control of humidity.

3.1.4 Type C—Single enclosed carbon-arc
lamp apparatus.’ 30-in. diameter specimen
drum, no automatic control of temperature or
humidity, and cycle controlled by 3 rph of the
specimen drum.

3.1.5 Type D—Twin enclosed carbon-arc
lamp apparatus.® 30-in. diameter specimen
drum, automatic control of temperature and
cycle with | rpm of the specimen drum, and
no automatic control of humidity.

3.1.6 Type DH—Same as Type D. except
with automatic control of humidity.

3.1.7 Type E—Single open-flame sunshine
carbon-arc lamp apparatus,® 37%,-in. (959-
mm) diameter specimen rack, automatic con-
trol of temperature and cycle with | rpm of
the specimen rack, and no automatic control
of humidity.

3.1.8 Type EH—Same as Type E, except
with automatic contro! of humidity.

3.1.9 Type F—Single open-flame sunshine
carbon-arc lamp apparatus,® 37",-in. diame-
ter specimen rack with vertical specimen
mounting, automatic control of cycle with 0.5
rph of the specimen rack, and no automatic
control of temperature or humidity.

3.1.10 Type G—Singlc open-flame sun-
shine carbon-arc lamp apparatus,” 37%,-in.
effective diameter specimen rack with anpular
specimen mounting, automatic control of cy-
cle with 0.5 rph of the specimen rack, and no

~ automatic control of temperature or humidity.
3.LHl Type H--Single enclosed carbon-are
lamp apparatus,® 20-in. (508-mm) diameter
specimen rack, automatic control of tempera-
ture and cycle with I rpm of the specimen
rack, and manual regulation of humidity. .
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3.1.12 Type HH—Same as Type H, except
with automatic control of humidity.

3.2 The apparatus shall consist of a suitable
frame within which is located a test chamber,
and necessary compartments for housing con-
trol and regulating equipment.

3.3 Provision shall be made for mounting
or supporting the test specimens in a circular
rack or drum which is rotated around the arc
or arcs, providing uniform distribution of the
radiation on all specimens.

34 Adequate ventilation shall be provided .
in the test chamber to prevent contamination -

of the specimens from products ol combustion
of the arc.

3.5 The apparatus shall include equipment
necessary for measuring and controlling the
following:

3.5.1 Arccurrent,

3.5.2 Arcvoltage,

3.5.3 Black-panel temperature (Note 3),

3.5.4 Water-spray temperature.

3.5.5 Operating schedule or cyvele.

3.5.6 Exposure time, and

3.5.7 Relative humidity (Types AH. DH,
EH, and HH only). )

3.6 Types AH. DH, EH. ard HH are addi-
tionally equipped with a thermostatically ac-
tuated, electrically operated vaporizing unit
for adding moisture to the air as it passes
through the conditioning chamber in the base
section of the apparatus prior to its entry into
the test chamber. Relative humidity of the air
in the test chamber for the purpose of this
recommended practice is calculated from the
readings of wet- and dry-bulb thermometers,
either indicating or recording, whose sensing
portion is located in the air stream at its point
of exit from the test chamber.

3.7 The black-panel thermometer unit shall
consist of a 20-gage stainless-steel panel, 27,
by 5% in. (70 by 149 mm), to which is me-
chanically fastened a stainless-steel bimetallic
dial-type thermometer. This thermometer
shall have a stem 4 in. (3.9 mm) in diameter
with a 1"7.¢in. (44.4-mm) dial. The sensitive
portion extending 1", in. (38 mm) from the
end of the stem shall be located in the center
of the panel 277, in. (64 mm) from the top and
1774 in. (48 mm) from the bottom of the panel.

® Available from the Atlas Electric Devices Co., 4114 N,
Ravenswood Ave., Chicago. 1. 60613,
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The face of the panel with the thermometer
stem attached shall be finished with two coats
of a baked-on black enamel selected for its
tesistance to light and water.. Control of the
black-pancl temperature shall be accom-
plished preferably by a continuous flow of air
over the specimen at a controlled tempera-
ture, but an on-off flow of room-temperature
air is permissible (Note 3).

NoTE 3 -Types B, C, F. and G apparatus may
require supplementary ventilation to meet this re-
quirement.

3.8 Detail requirements and operating con-
ditions of the twelve types of apparatus are
given in Table I and Figs. | to 5.

4. Proccdure

4.1 Prepare specimens of a suitable size
and shape for mounting in the drum or rack of
the apparatus in accordance with the detailed
requirements specified for the material 10 be
tested. L

4.2 Mount the test specimens, except those
whose shape or other physical characteristics

make it impractical, vertically both above and-

below the horizontal center line of the source
of radiation. except Type G, where the angle
of mounting conforms to the equipment. In
order to provide uniform exposure conditions
over their surface, change the position of the
test specimens daily. Rotate the specimen
position in the drum or rack in four steps.
employed in the same sequence, from upper
to lower specimen row and inverted in beth
specimen rows. If the time of exposure is less
than 4 days (the time required for the four
position steps in the exposure cvcle). alt speci-
mens in a given series should be positioned at
the same level. either upper or lower
(provided that sufficient space is.available).

4.3 Where physical characteristics do not
permit suspension of specimens in a vertical
position, expose then horizontally on a rack
6"/, in. (165 mm) below the horizontal center
of the source or sources of radiation. Mount
the specimens on a circular horizontal rack
equipped with turntables, so that each speci-
men' is rotated on its own axis as all of the
specimens are rotated around the source or
sources of radiation.

4.4 Temperature measurement and control
shall be based on the black-panel thermome-
ter unit. Support the panel with the thermom-
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cter attached in the specimen drum or rack in
the same manner as the test specimens so that
it will be subjected to the same influences, If
possible, recad black-panel temperatures
through the window in the test chamber with-
out opening the door on Types A, AH, B, D,
DH, E. EH,.H. and HH apparatus, allowing
sufficient time after starting up or-after wet-
ting, due to water spray, to reach equilibrium,
On Types C, F, and G apparatus, read the
temperature, through the curtains or by re-
moving the top, at the point just prior to the
entry of the black panel into the specimen
spray. Unless other temperatures and toler-
ances are specified in the applicable ASTM
method or detailed material specifications, the
black-panel temperature shall be 63 =+ 5 C
(145 = 9 F) during the light-on-without-wa-
ter-spray period of the test cycle.

4.5 The water from the specimen spray
shall strike the test specimens in the form of a
fine spray equally distributed over the test
specimens. Unless otherwise specified in the
appiicable ASTM method or detailed mate-
rial specification, the water pressure, number,
and type of nozzles shall be in accordance
with the detailed requircments for the various
types of apparatus as indicated in Figs. 1 to 3.
The pH of the water shall be 6.0 to 8.0 and
the water shall not leave an objectionable
deposit or stain on the specimens after contin-
ued exposure in the apparatus. The tempera-
ture of the water shall be 16 = 5 C (60.0 = 9
F)., and recirculation shall not be permitted
unless the recirculated water meets the above
requirements. For certain test materials or for
water systems fabricated of certain materials
(for example, aluminum), the use of deionized
or distilled water may be advisable.

4.6 Unless otherwise mutually agreed upon
or specified by the applicable ASTM or de-
tailed material specification, operate Types A,
D. and E, and Types AH, DH, EH. H, and
HH with the humidifier off, with a cycle cam
that provides 102 min light followed by 18
min light and spray. In these types of appara-
tus the specimen spray is operated intermit-
tently; and the specimens, when the spray is
on, pass through the spray once in cach min-
ute” or revolution of the drum or rack. In
Types B, C, F, and G apparatus allow the
water spray to be on continuously, and the
interval and duration of the period during
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which the specimen ts in the spray is a func-
tion of the rotation of the spccimen drum or
rack.

NotE 4--This operating schedule is intended to
combine light- and water-spray exposure in a way
that permits operation of the various types of car-
bon-arc-type apparatus that are in common use on
approximately the same schedule, in order to prom-
ote better correlation between laboratories. For
maximurmn uniformity, a schedule of approximately
20 h, S days per week, is recomrmended, a 2-day rest
period being included as a desirable part of the.
schedule. This schedule is not necessarily to be con-
sidcred as preferabic to any other schedule that
combines the effects of light alone, light and water,
water alone, and rest periods in a sequence that
produces more desirable results for specitic types of
materials.

4.7 When mutually agreed upon or called
for by thc applicable ASTM method or de-
tailed material specification, operate Types
AH, DH, EH, H, and HH apparatus with
automatic control of humidity, unless other-
wise specified or agreed upon, oa a cvcle of”
102 min of light only followed by 18 min light
.with spray repeating for a total of 18 h. Fol-
low the 18-h period by 6 h without light or
spray. During the 18-h period of light and
spray, the black-panel temperature, except
when the specimen spray is on, shall be 63 =
5 C (145 & 9 F), and the relative humidity of
the air shall be 50 = 5 percent. During the 6-
-h period of darkness without spray, the black-
panel temperature shall be 24 = 2 C(75 = S
F), and the relative humidity of the air in the
test chamber shall be 95 = 4 percent. In the
description of this cycle (see 5.1.1), include
the number of 18-h light periods and 6-h dark
periods.

4.8 Replace filters (globes and flat panes)
after 2000 h of use, or when pronounced disco-
loration or milkiness develops, whichever oc-

curs first, Clean filters each day by washing
with detergent and water. It is recommended
that filters be replaced on a rotating replace-
ment schedule in order to provide more uni-
formity over long periods of exposure. Sug-
gested schedules for Types D, DH, E. EH, F,
and G apparatus are replacement of onc half
of the globes or filter panes each 1000 h of
operation.

4.9 Unless otherwise specified in the appli-
cable ASTM methgd or detailed material
specifications, operate Types E, F, and G
apparatus with the filters in place and with the
carbon electrodes specified in Table | and
Footnote ¢.If operated without filters or with
other types of carbon electrodes. state this in
the report of test resuits.

5. Report

.1 The report shall include the following:
.I.1 Type and model of exposure device,
.1.2 Type of light source,
1.3 Age of filters,

.1.4 Flux density at sample location (watts
square meter), (Note 3),

5.1.5 Spectral irradiance at sample location
{(watts per square meter, micrometer),

5.1.6 Elapsed exposure time.

5.1.7 Light/dark-water-humidity  cycle
employed,

5.1.8 Operating black-panel temperature,

5.1.9 Operating relative humidity,

5.1.10 Type of spray water,

5.1.11 Type of spray nozzle. and

5.1.12 Specimen relocation procedure.

5
5
5
5
5
er

p

NoOTE 5-~When direct measurement of flux den-
sity and spectral irradiance can not be made. data

" supplied by the manufacturer shull be substituted.

cA=21
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“TABLE 1 Detail Requirements and Opeu'ﬁn;: Conditions of Light- and Water-Exposure Ap'plnm.s

Type®
. A, AH B - C D.DH E,EH F G H, HH

Linc voltage, V: .

208 to 250 : X X - X X X X, X
Acc voltage, V: o

120 to 145 : X X X X

48 10 52 . . X X X
Arc current, A:

1510 17, ac X X X X

58 10 62, ac X X X

12to 14, dc X X X X .

58 to 62, de ' X

Carbon electrodes, upper, in. (mm): .

% by 12 (12.7 by 304.8) ncutral cored or X X X X X
solid® .

% (22.2) by 12 copper-coated sunshine® X X X

Carbor clectrodes, lower, in. (mm):
¥2 by 12 copper-coated sunshine® X X X X X
Filter, globe, or flat pane for removing un-
desired wavelengths of radiation and X X X
preventing byproducts of combustion of
the arc from contaminating the speci-
mens: - - :

Glcbe of optical, heat-resistant glass with X X X X - X
cut-off at 2750 A, with an increase in : :
transmission 1o 91 percent at 3700 A®

Flat panes of optical. heat-resistant glass with X X X
cut-off at 2550 A, with an increase in °
transmission to 91 percent at 3600 A¢

Diameter of specimen rack or drum, in (mm):

20 (508) : . X

30 (762) X X X X

37% (959) X X

333 (857) at top and bottom, 39 (951 in . X
center B . -

Speed of rotation of specimen drum or rack: -

1 rpm X X X X

3rph X X

0.5rph - ’ X X

Automatic arc feed: o -
Solenoid-operated X _.X._ X X X
Motor-operated X X X )
Fig. 5

Spray (see figure indicated for arrangement, Fig.1 Fig.1 Fig.1 Fig.1 Fig.2 Fig.3 Fig. 4
location, and capacity) . =

®*X™ in column indicates application to that type of apparatus.
® No. 70 Solid Carbon Electrodes and No. 20 Cored Carbon Electrodes.® or equivalent.

“No. 22 Copper-Coated Sunshine Carbon ‘Electrodes and Na. 13 Copper-Coated Sunshine Carbon Electrodes,® or

equivalent.
¢ No. 9200-PX Globe.* or equivalent.
¢ No. EX-552-22 Corex D Filter Panes,® or equivalent.
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30" DIAMETER FACE OF
SPECINEN TO FACE CF
SPECIMEN

KOZZLE TP

OIRECTION OF
ROTATION

SPRAY AREA APPROX 4"
OF CIRCUMFERENCE OF

@ SPECIMEN RACK.,
Ferose xiprLe =
NOZZLE sOOY L -
- PINTS OF WATER PER MINKUTE FROM
S$PRAY NOZZLE SPECIMEN SPRAY UNIT EGQUIPPED
L ! WITH & NOZIZLES OPERATED AT A
3 - NOIZLE PRESSURE OF 12 TO 38#si-
s° NO.50 NOZZLE - 4.4 YOS 2 PINTS/Min
‘i'——'
&3z~
.%‘—I—.
B3
s%'— St
€3
Metric Equivaicaws
. \ 2 s ) 1 si 441t05.2pt
in. /s Vie, 3%, 4 11756 30 1210 18 psi . . .
mm 33 349: 921 101.6 293.2 762 0.84 to 1.3 kgf/em’ . 2.5t102.9dm

FIG. 1 Specimen Spray Arrangement for Types, A, AH, B, C, D, and DH Apparatus.
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.
372 0IAMETER FACE OF
SPECIMEN TO FACE OF

SPECIMEN

.0

\-srrav
‘r~/ ANGLE

SPRAY AREA APPROX.
d

10 37 o circumrERENCE

OF SPECMEN RACK.

DIRECTION OF
ROTATION
1 RPN

@p NOZZLE ACAPTER
q é .:-.r-lo SPRAY NOZILE
— «*
Q NOZZLES EMPLOYED
1 TYPE EMPLOYED-F-80
« +ee—rt
PINTS OF WATER PER MINUTE FOR
SPECIMEN SPRAY UNIT EQUIPPED wiTH
4 NOZZLES OPERATED AT A NOZZLE 3*
_PRESSURE OF 18 70 25 PSI: A6 TOS4 %
PINTS PER MINUTE.
+so—it
b— 4°
Metri¢ Equivalents
in. 4 4%, SY 107, 37, 18 to 25 psi 0.46 t0 0.64 pt
mm 1016 1175 1365 2667 959 131018 kgf/cm? 0.26 t0 0.36 dm’

FIG. 2 Specimen Spray Arrangement for T)bes E and EH Single Open-Flame Sunshine Carbon-Arc Lamp Apparatus.



NOZZLE TIP TO
ACE OF SPECIMEN

]

3/#~ DIAMETER FACE OF
ECIMEN TO FACE OF I
SPECIMEN -

a7
SP
3

. ]
I
)
U
NOZZLE 'r

ICTION OF ROTATION
172 RPH

SPRAY_AREA APPROX
10 172" CF CiRCUMFERENCE
OF SPECIMEN RACK.

1727x 174" BUSHING —\,
L4°IPS CLOSE NIPPLE
F-80 SPRAY NOZZLE %

//

1" — 2 Xostles exployoed
1 TYpe employed - P-20

Pints of veter per minute for
spacixen asray unit squizped
with 2 nezzles cperatsd at
nostle pressurss of 12 to 18 pst

«23 to ,32 pints per minute

Metric Equivalents

“in, Yo o'y 3 3% 107 1 37 121018 psi - = 0.
min, 6.4 12,7 82.6 92.3 266.7 2794 959 0.84 10 1.3 kgf/cm’ 0.

-

FI1G. 3 Specimen Spray Arrangement for Type F Single Open-Flame Sunshine
Carbon-Arc Lamp Apparatus with Vertical Specimen Mounting.
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) NOZZLE TIP TO
LAT OF CENTER RING
39° DIAMETER FLAT
OF CENTER RING SPRAY ANGLE
. : '/\

DIRECTION OF ROTATION
2 RPH

YE FE[D PIPE

SPRAY AREA APPROX.
10 1/2° CF ClPCv‘éFERENCE

OF SPECIMEN RA
F-80 SPRAY — -
NO.ZZLE J
l/4’|PS CIZOSE NIPPLE
/72 X Y4 BUSHING
+—7 58"
2 Yo, P-230 Xoxzles employed,
Pints of water per minuts for Specimen
Spray operated at 12 to 18 psl nozzle
pressure, .23 to ,32 pints/min. i1 a
Metric Equivalents
in. Ys A 5', 6 77, 107, 39 12 to 18 psi 0.23 w0
mm. 6.4 12.7 139.7 152.4 193.7 266.7 991 - 0.8410 1.3 kaf/em’ 0.13 10

FI1G. 4 Specimen Spray Arrangement for Type G Single Open-Flame Sunshine
Carbon-Arc Lamp Apparatus with Angular Specimen Mounting.
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20"D1AMETER
FACE OF SPECI-

SPECIMEN

SPRAY AREA APPAOX :}'
OF CIRCUMFERENCE OF
SPECIMEN RACK.

PINTS OF WATER PER MINUTE FOR
SPECIMEMN SPRAY UKIT 8QUIPPED
WiTH 2 NOZZLES OPERATED AT A
PRESSURE OF 3 TO 8 PSI: KA SO
NOZZLE-10TO 13 PINTS/MIN

1 close wiprLE

NO.50 NOZZLE

|3

g

Metric Equivalents

Yy in. 32mm
1Y,in. 38.1 mm
3 in. 76.2 mm
3, in. 88.9 mm
20 in. S08 mm
5 to 8 psi 3410 55 kPa
10to1.3pt 0.56 t0 0.73 dm"

FIG. 5 Specimen Spray Arrangement for Types H and
HH Single Enclosed Carbon-Arc Lamp Apparatus.

By publication of this standard no position is taken with respect to the validity of any patent richis in connection there-
with, and the American Society for Testing and Maierials dues not undertake (o insure w:ivone utilizing the standard
against liability for infringement of any Letters Patent nor assume any such liabiity.
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INTERIM REPORT

EVALUATION OF RECYCLED ASPHALTIC CONCRETE

by

C. S. Hughes
Assistant Head

and

R. V. Fielding
State Materials Engineer

INTRODUCTION

The energy crisis and the increasing cost of construction materials have
heightened the need for efforts in conservation and intensified the search for new
methods and processes within the highway construction industry. One of the re-
sults has been the development of several methods for recycling asphaltic concrete
pavements through asphalt plants. The successful use of these methods may permit —

the use of less asphalt binder;

the use of less aggregate;

a reduction in fuel consumption;

a retention of original curb elevations; and

corrective measures to be taken on exposed base or subbase courses.

(31 VLR

Robert L. Mendenhall, president of the Las Vegas Paving Corporation, Las
Vegas, Nevada, has developed a prototype mixing plant (RMI Thermomatic) through
which old asphaltic concrete may be recycled. A unique feature of this plant is
that the dryer is designed so as to prevent the cold feed material (crushed plant
mix) from coming in direct contact with the flame. The Nevada Highway Department
and the Federal Highway Administration conducted an experimental recycling project
using the RMI Thermomatic plant. 1) The general results of the project were promising
and the performance of the pavements made from the recycled material has been
excellent. (2)

However, for the hot mix recycling to become practical a method is needed that
permits the use of conventional asphalt plants. The Richmond District of Warren
Brothers Company, Richmond, Virginia, experimented with recycled plant hot mix
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in their conventional 4, 000-pound batch asphalt plant near Chester, Virginia,during
August 1975. ) Their experiment consisted of introducing crushed hot mix material
and virgin aggregate into the plant by the dryer cold feed system. The recycled mix
thus produced was satisfactory with regard to composition and workability, but
presented problems with low penetration of the asphalt and overheating of the old
crushed plant mix that caused excessive smoke emissions. In an attempt to
eliminate these problems, the dryer was modified by inserting "mixing plates' to
produce a better distribution of heat and, hopefully, less smoke emissions. In October
1975, another recycling project was conducted at the Thompson-Arthur plant (a
subsidiary of Warren Brothers Company) in Greensboro, North Carolina, using the
"mixing plates' and also an atmospheric air intake arrangement at the burner end of
the dryer.

In both the Virginia and North Carolina recycling projects, the old hot mix was
crushed to required sizes, plant screens were removed, and aggregate gradation was
controlled by the dryer feed controls. Standard paving equipment was used during
both projects. The main problem encountered was smoke emissions from the dryer
stack, with the emissions being lighter in North Carolina.

It is not anticipated that recycled asphaltic concrete will replace conventional
asphaltic concrete production. However,it may prove to be a cost effective measure
in some cases.

PURPOSE

The purpose of this study is to determine and evaluate the economics and the
technical feasibility of recycling asphaltic concrete through a conventional asphalt
batch plant. The evaluation includes plant modifications to reduce the adverse effect
of the dryer burner flame on the crushed plant hot mix and to provide for adequate
compliance with air pollution control regulations for stack emissions.

SCOPE OF STUDY

The asphaltic concrete pavement to be recycled is roughly a 5, 000-foot section
of U.S. Route 1 in Chesterfield County (from the intersection with Route 10 to the
intersection with Route 616) with a portland cement concrete base overlaid with several
layers of asphaltic hot mix.  This road is a four-lane highway with an ADT count of
about 17,200, of which 15% are trucks and buses. In its entirety, the project will
involve approximately 6,200 tons of recyclable asphaltic concrete. This report covers
only the first 2,400 tons of the project.
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The contract construction cost of the first 2,400 tons was $17.50 per ton.
Plant modifications necessary to complete the project will increase the contract cost
for the remaining tonnage to $22. 08 per ton. The project is being financed under a
50-50 agreement between the Virginia Department of Highways and Transportation and
the Federal Highway Administration.

An economic analysis will be presented in the final report on the project.

EXISTING PAVEMENT

Cores were taken from each lane of the existing roadway to gain an indication
of the types of asphaltic concrete used in the overlays. A typical core is shown in
Figure 1. Since some of the overlays were placed in the 1930's and others have been
added in various stages since that time, a conglomeration of layers was found. Some
sections had four layers of asphalt, others had as many as six making up a total over-
lay thickness of 5.5".

The gradation, asphalt content, and properties of the recovered asphalt were
determined from the cores. The results are shown in Tables 1 and 2. The average
core density was 95. 3% of the maximum theoretical.

As Table 1 shows, the gradation of the overlays was fine, with approximately
80% passing the #4 sieve. The fineness of this material may indicate a potential
limitation to recycling through a dryer as will be discussed later. And, as expected,
Table 2 shows the recovered asphalt from the road to be very hard, with an average
penetration of 19. It is worth mentioning that nothing in the extracted asphalt gave an
indication of potential problems, with the possible exception that the hardness of the
asphalt in the recycled material might result in the final asphaltic concrete being too
brittle to provide very good performance. Although stripping was apparent in some
layers, it did not appear extensive.

Reflection cracks from the concrete had come through the asphalt layers and

had created a rough riding condition (Figure 2), which was the primary reason for
pavement rehabilitation.

Table 1

Average Gradation and Asphalt Content

Sieve % Passing Average
Size NBPL NBTL SBPL SBTL

3/4" 100 100 100 100 100
1/2" 100 94 98 96 97

#4 84 70 81 81 79
#30 37 31 37 37 36
#200 5 4 6 5 5
%AC 7.2 5.7 6.7 6.5 6.5

-3-
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Table 2

Average Abson Recovery

Property NBPL NBTL SBPL SBTL Average
Pentration 19 17 18 23 19.3
Softening Pt.,

Deg. C. 70 69 71 68 69.5
Ductility, cm 7 9 7 11 8.5
Visc. 140°F 71,565 54,275 89, 455 39, 939 63, 809

Figure 1. Core showing typical number
of overlays on concrete base.

Figure 2. Pavement condition that made
recycling feasible.

RECYCLING OPERATION

The project is described here chronologically because the order in which

many of the problems were encountered and solutions sought is important.

Plant Changes

Before starting recycling some changes were made in the dryer to reduce

the excessive heating of the asphalt in the recycled material and thereby reduce the
resultant blue smoke.
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A fan was added near the front of the dryer to introduce cooling air from the
atmosphere; the burner was pulled away from the dryer 12'" and some flights near the
end of the dryer were removed to help combustion efficiency and lower the combustion

gas temperature.

Also the screens were removed from the hot bin gradation unit.

First Recycling Trial

The project began May 24, 1976. Warren Brothers had decided to try both a
Pettibone Pulverizer (Figure 3) and a Galion Planer (Figure 4) to remove the asphaltic
concrete layers. This operation was experimental in that the Department was interested
in seeing what type of product could be obtained by these machines. Warren Brothers
also felt that the equipment might produce a gradation that would not have to be crushed
and would therefore reduce hauling and crushing costs.

Figure 3. Pettibone pulverizer in use.

Figure 4. View of Galion scarifier.
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The equipment did, in fact, produce a material that did not require additional
crushing. Table 3 shows the gradation produced by the Pettibone and Galion machines.
The Pettibone removed the entire 5.5'" of plant mix and the Galion removed the top 2'.

Table 3

Gradation of Material Produced by
Pettibone and Galion Machines

Sieve % Passing
Pettibone Galion
1/2" 95 100
#4 78 89
#30 32 44
#200 4 7
AC Y% ’ 5.3 5.8

The gradation produced was finer than that encountered in the original Warren
Brothers recycling efforts and may have contributed to a buildup in the dryer and clogging
of the dust collector, which will be discussed in detail later.

Initially, about 25% virgin aggregate and 75% old pavement were used. The
25% virgin material was made up of #78 and S-5 blend as shown in Table 4.

Table 4

Gradation of Virgin Material

Sieve % Passing
#78(15%) S-5 Blend (10%)
1/2n 98 100
#4 16 63
#30 — 28
#200 —_ -4

Because the amounts of material produced by the machines varied, the
percentage of material from each machine also varied but was maintained at a
total of 75%; in many cases matcrial from one machine only was used at one time.
The combinations of materials from the two machines did not seem to affect the
final product appreciably as evidenced by the analysis of the mix properties after
recycling.



Mix Properties After Recycling

The average properties of the recycled materials are shown in Table 5.

Table 5

Average Properties of Recycled Mix — First Trial

Gradation
3/4n
1/2n
#4
#30
#200

Marshall Stability, 1b. 2960
Voids Mineral Aggregate, % 18
Voids Filled W/Asphalt, % 80
Voids Total Mix, % 3
Asphalt Content, % 6.3
% Passing
100
98
66
29
7

Middle Design Range
100
100
60
22
6

Table 6 shows the average asphalt properties prior to and after the addition

of from 1.4% to 2.4% AC-10.

the properties of the mix.

Table 6

The amount of asphalt added did not appear to influence

Average Properties of Recovered Asphalt

Property Before Récycling_ After Recycling
(Residual Asphalt in Old Pavement) (Old Plus New Asphalt)

Penetration 17 29

Softening Point, Deg. C 73 64

Ductility, cm 7 83

Vise. 140°F 125, 000 19,500

As can be seen from Table 6, the addition of an average of only 1.9% AC-10
improved the characteristics of the recovered asphalt appreciably.
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Emission Tests

The Commonwealth Laboratory, Inc. was contracted to run emission tests on
the plant to determine what, if any, problems would be encountered with meeting
emission standards. The results for the dry and total (front and back halves of the
sampling train) batch are shown in Table 7. The equipment used was that specified
in EPA method #5.

Table 7

Average Emissions

Measure Particulates
Dry Total
gr/dscf 0.7 0.9
1b/hr. 10.6 13.6
802 Gas
ppm 398
b/hr. 6.5

The state allows 33 lb/hr.ata production rate of 50 tons/hr. As can be seen
from Table 7 this standard was easily met.

In addition to the normal emission tests, the FHWA was interested in the more
sophisticated polycyclic organic matter (POM) test. The total results of this test
indicated a concentration of 496 x 10~ gr/dscf and a comparable emission rate of
78.8 x 10~4 1b/hr. The detailed results of this test are available from the FHWA
and the Virginia Highway and Transportation Research Council.

Plant Problems

Soon after starting the process it became obvious that the residual asphalt
and minus 200 mesh material in the crushed pavement were sticking to the dryer and
being drawn into the primary dust collector. This impregnated dust, which built up
on metal surfaces heated to 180°F and higher, was extracted and found to contain as
much as 20% asphalt. Although reducing the dryer burner temperature alleviated this
problem it did not eliminate it during trial 1.

The originally anticipated blue smoke appeared to be a function of plant production
and dryer buildup. When the plant production was low (40 to 45 tons per hour) because
of the buildup of material on the dryer walls and flights, the smoke was not visible
(Figure 5). When the plant production was increased (60 tons per hour) and the material
was still buildingup on the dryer, the blue smoke did appear (Figure 6). Plant production

was low,ranging from 77 tons/day to 353 tons/day. This relatively low rate resulted from
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many factors. The removal of the material from the road was slow, the clogging
of the dust collector and dryer required stopping the plant frequently for cleaning,
and attempts to eliminate the blue smoke and the buildup all contributed to the low

production.

e

Figure 5. No stack emissions visible.

Figure 6. Blue smoke coming from stack.

A prototype smoke collector designed by MIT for Warren Brothers was used
and did appear effective in eliminating the smoke. This apparatus is an electro-
fluidized sand bed collector. The smoke-laden air is passed through the fluidized
sand bed. Both the sand particles in the bed and the particulates in the smoke are

-9-
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electrically charged at high voltage to cause the smoke to be collected by the sand
particles. The hydrocarbon smoke particles form an oily residue on the sand
particles which can be returned to the plant process during normal operation to
become part of the hot mix.

During 35 hours of production spread over seven days 1,396 tons of material
were recycled. At that time, the project was temporarily terminated and the source
of the material buildup was sought. At that time it was thought that the source. of the
problem was in the material being recycled rather than in the operation of the asphalt
plant. It was thought that the problem might lie in either the fineness of the material
being recycled or an unusually soft asphalt in one or more of the layers of the material.
The bottom layer was apparently a road mix material using both naptha and pulverized
Trinidad asphalt. The contractor thought that this material was causing the trouble.
However, this layer was not found in the northbound traffic lane which produced the same
type of problems encountered with material from the northbound passing lane.

Road Roughness

Since both the removal of the overlays and the repaving were accomplished
under traffic, a smooth paving job was hard to obtain. Although the Pettibone and
Galion units produced a material that did not require additional crushing, both were
slow and the Pettibone used several sets of hammers in pulverizing the pavement.

Primarily because of the slow speeds, but also due to the uncertainty of the
effect of the gradation produced, the use of both the Pettibone and Galion machines
was terminated at the end of trial 1.

An additional problem resulted from removing and replacing one lane at a time.
This required paving next to a lane that would be removed and replaced, and resulted
in a very irregular joint. It would appear reasonable to expect a better job if at least
two adjacent lanes could be removed before starting repaving. Ultimately, the removal
of all four lanes would appear to be the best approach if traffic and geometry allowed.
It is likely that a more efficient method of removing the pavement would have been
attempted if this had not been an experimental project.

Although the repaving was accomplished in three lifts to provide good ridability,
some of the pavement was still quite rough. The roughness was due, at least partly,
to experimentation with mix temperatures 240°F and below,to reflection in the surface
of irregularities left by the Galion planer, and probably to the thinness of the third
and fina] lift.

After the asphalt concrete was removed to expose the underlying PCC, several
deteriorated joints were found. This project thus demonstrated the practicality of
recycling materials to correct underlying maintenance problems. In this casc the
deteriorated PCC was removed and replaced with asphaltic concrete.

-10-
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Second Recycling Trial

On August 9, a single tooth ripper attached to a motor grader and a front
end loader were used to remove the asphaltic concrete. The material was hauled
to the company's quarry and crushed. The crushed material was hauled to the
asphalt plant and blended with virgin aggregate when it was fed to the dryer.

The gradation of the crushed material is shown in Table 8, where it can be
seen that it was coarser than the gradation produced by the Pettibone and Galion
equipment and shown in Table 8.

Table 8

Gradation of Crushed Recyéied Material

Sieve Size % Passing
3/4" 100
1/2" 9
#4 70
#30 34
#200 4
AC% . 5.8

The crushed material (60%) was blended with 20% #78 aggregate and 20% concrete
sand to produce the required gradation. The concrete sand was used because it did not
contain any minus #200 mesh material and therefore would be helpful in reducing the
tendency of old crushed material to buildupduring heating. The use of the concrete
sand greatly reduced the tendency of the material to buildup and in general eliminated
this problem, except for a continuing buildup in the plant dryer. Even there, however,
the buildup was noticeably less. The additional asphalt was increased to 3% to
accommodate the increase in virgin aggregates. Table 9 shows the average gradation
and asphalt content of the mix using the above blend of materials.

Table 9

Average Gradation and Asphalt Content of Crushed
Recycled Old Hot Mix, #78 Stone, and Concrete Sand

Sieve % Passing
3/4" 100
1/2" 91
#4 58
#30 27
#200 4
AC% 6.2

=11~
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To verify that the material from Route 1 was the source of the buildup
problem, material from another road (Route 360) was also used in the recycle
process in a separate operation. The gradation of this material is shown in
Table 10. It is obvious that this material was not as fine as any from Route 1
and that the asphalt content was not as high. It was also found that the penetration
of the Route 360 material was not as low as that of the Route 1 material. When
80% of this material was blended with 15% #78 aggregate and 5% concrete sand,
the average gradation shown in Table 11 was produced. :

Table 10

Average Gradation and Asphalt Content
Route 360 Recycle Material

Sieve % Passing
3/4" 91
1/2" 87
#4 53
#30 24
#200 3
AC % 5.5
Table 11

Average Gradation and Asphalt Content
of Route 360 Recycle Material Blend

Sieve % Passing
3/4" 98
1/2n 92

#4 53

#30 23
#200 1

AC % 6.7

This blend caused no sticking or clogging in the dryer or dust collector and
was also more coarse than any produced with the Route 1 material, a finding in
keeping with the experiences in North Carolina. Since this material was recycled
successfully it was tentatively concluded that the problem lay with the Route 1
material. At this time it is still unknown whether the problem is one of gradation,
asphalt type, or both.’ A comparison is being made between one particular suspect
asphalt in the Route 1 material and another asphalt to see if any difference exists.

19~
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After running an additional 986 tons of the Route 1 material, for a total of
2,382 tons, it was obvious that some alternate procedure had to be found to recycle
the Route 1 material, and the project was shut down for a second time.

FUTURE TRIALS

The most practical alternative for use with the Route 1 material appears to be the
Minnesota method. This process introduces the crushed pavement material directly
into the asphalt plant hot bins or weigh box and thus avoids the problems encountered
in the dryer and dust collector. The crushed material is heated through a heat exchange
with the virgin aggregate in the plant weigh box or mixer. This virgin aggregate can be
heated higher than normal when it is passed through the plant dryer.

Although this process is promising, problems may be encountered and it is
anticipated that lower percentages of the old crushed pavement will be used, especially

when producing surface mix.

The process changes will be noted as the material is placed in the field to allow
any differences in performance to be correlated with the process and materials.

13
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