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MICHIGAN'S BXPERIENCE IN TEE UGSE OF
WHITE-PLIGMENTED MEMBHANE CURING COMPOUNDS

Az & result of more than 4 years of research and cooperative
development, Michigan in 1949 adopted specificationsg for white-pigmented

membranes as an aliernate method of curing concrete pavements. The use

of clear, or trangparent, membrané curing compounds had been permitted
since the spring of 1942, but a subsequent appraisal clearly revealed
the need for controlling heat pickup in pavenents cured by this method.
The first full-scale use of white-pigmented compounds in Michigan was in
July of 1949, and white compounds have been required on all membrane-cured
concrete paving projects authorized since that time.

Wihile it is still too early to make a statistical evaluation of
their performance in actual service, the benefits to be derived from the
use of white-pigmented compounds appear to be well esbablighed and there
is a definite tfend,toward their preferment over the transparent type of
nembrane. New materials bring new problems, however, and it is the purpose
of this paper not so much to present the cage for white-plgmented compounds
as to transmit experience gained in handling, specifying and testing these
materials,

Why Uge White-plgmented Compounds?

That measures should be ftaken tc prevent excessively high tempera-
tures in immature concrete seems obvious, but it might be well‘gone the
less to review briefly the basic reagong behind the use of white-pigmented
curing compounds.

In the year A.D. 97 Sextus Junius Frontinus, Water Commissioner of

Rome, wrote: "The proper time for masonry work is from the 1lst of April



to the st of November; bub with this restrictions that thé work be inter-
ruﬁted during the hottest part of the summer; - - for the heat of the

sun is no less destructive to masonry than is too violent frost=“2 Since

that time, the wisdom of the Roman Commissioner's remarks has been |

demcnstrated again and again in concrefe construction experience.

It can be shown, both theorebtically and experimentally, that.memn
brane curing is entirely adequate from the standpoint of retaining
sufficient water in the concrete to satlsfy the hydration needs of the
cement. A serious drawback to the method, however, hags been the exees-
give temperature rise under both the bituminous and transparent iypes of
membrane from absgorpltion of the sun's radiant heat.

Cu:nmf—;u:'man:5 reporbted to the Highway Research Beard that the aversge
crack intervel was much ghorter for pavenents cured with bituminous
membranes than for pavements cured by other methods. It was also obgerved
that nearly all test sections of pavement poured in the mofning had a
tendency to crack more than those poured in the afternoon, irrespective
of curing method. This experience has been repeated in Michigan. 4
survey of 29 prejects built during 1946 and 1947, all of which were cured
with clear membranes, showed that there were about three times as ﬁ;ny
cracked 2labg in the morning pours as in the afternoon pours. The
inference is that half of this premature cracking could have been preventeé
by effective temperature control.

The use of white or light-colored coatings, such as whitewash or
cement, over bitumlnous membranes markedly reduced solar heat pickup.
Later on, results cobtained with white-pigmented membranes by the

4
Bureau of Reclamaiion were so encouraging that shading of fresh
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concrebe was dispensed with when these compounds were used. Our own
studies, referred to éarlier} verify the Bureau's findings.

Because of the practical advantages of the membrane curing method,
Michigan has gone to the use of white compounds for this type of curing
in an attempt to minimize temperature cracking. Problems In handling
and applicatiom arose almost immediately, but were nolt ilnsurmountable,
as will appear forthwlith.

Handling White-plgmented Compounds

Preliminary Field Tests

The first field spplication of white-pigmented compound in Michigan
was on tﬁo guccegeive 100-ft. slabs of an experimental pavement at Grand
Ledge in September, 1946, An ordinary hand-sperated orchard sprayer
was used and no parbicular difficulty was encountered in getting down
a uniform coat at the requlred coverage rate of 200 sg. £1. per gal.

The next field trial of white membranes was on about 1500 lineal
feet of 22-.ft. concrete pavement north of Port Sanilac on US-25., The
primary purpose of this test section was to provide an cpportunity %o
obgerve the general visual effect and weathering characteristics of the
white compound over an area sufficiently long to permit independent
evaluation.

Spraying equipment used on the job was ¢f the type furnished by
the vendor of the compound to contractors for regular construction work,
and is illusgtrated in Fig., 1. This machine is entirely hand operated
and was pulled forward on the forms after each transverse pass of the

spray bar,



At first a fairly uniform application was secured, but the spray
nozzles soon beecame clogged, resulting in marked ridging as shown in
Fig. 2. It was discovered that the white pigment was filling the indivi-
dual straining screens of the nozzles so these screens were removed as’
a temporary expedient and little trouble from clogging was experienced
afterward. Alsc the spray bar wag raisged gbout 6 in., which further
improved the spreading. In addition to these modificatlons, the curing
compoumd was then applled by a double pass across the pavement using a
more rapid rate of transverse travel and overlapping one-half,tﬁe width
of the path laid down by the spray bar on each pass., All of tﬁése changes
reaulted in a very uniform'application and elimination of previous defects
(Fig. 3).

The rate of coverage for the double pase wag detefnined from a
gerieg of weighed panels placed in the path of the distributor and
found to range between 163 and 209 sq. ft. per gal. with an average of
182, The white membrane weathered away rapldly and uniformly without
mottling or other unsightly effects - so much so, that it was hard to
pick out the experimental white section from the rest of the pavement
less than 2 months after completion of the job,

Tihite CqmpoundS on Regular Congtruction

The two pilot tests Just described cleared the way for full-scale
trials on entlre paving projects. OSpecifications were drawn up anﬁ
included in the proposals for several projects to be paved in the 1949
construction season, The first of these projécts to receive white
membrane was 8.3 miles of concrete widening and capping on US-13L south

of Kalamazoo., &ince nearly all of the application problems encountered
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so far arose ghortly after construction began, a brief chronology of the
curing phage of thig project will bring out the fécts of present interest.

The disiributor used on the job was of the auvtomatic type, having
a continuous forward movement of thelcarriage on the forms and a single
shielded sgpray nozzle trayeling laterally across the pavement, see Fig. 4.
The combined movements of carriage and nozzle produce a V-ghaped appiica-
tion patterm, and the machine is geared so that the nozzle makes one
transverse pass while the carrlage is moving forward a distance equal
to about one-half the width of tﬁe band laid down on each pass. In this
way, each element of surface area receives a double application of curiang
compound. The material is pumped directly frém the shipping drum which
is placed on the carriage.

At first, excellent coverage was obtained with the white-pigmented
compound ag shown in Figa 5. After a few days, however, we learned that
application troubles were developing. The chief trouble wags described
as the erosion of valve sea£5'and dylinder walls of the reclprocating
type of pump used on the distributor, meking it difficult to maintain
sufficient pressure fof uniform distribution. The nozzle orifice was
algo enlarging rapidly from wear so thal excessive amountes of material
were used at normal operating pressures.

I% shduld be explained here that white compounds require a higher
application pressure than the cleér type. Whereas pressures of 50 to
100 psi. are normally sufficient for clear membrane compounds, contractors
are now using 200 to 250 psi. for opitimum results with the Whitempiémenteé
materials. When this particular job started; a pressure of 200 psi. was

used and uniform coverage abt the rate of 204 sq. ft. per galofwas attained.
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When the pump parte began te wear, however, the pressure was reduced by
tﬂe contractor to 70-90 psi. which resulted in the banded pattern and
light coverage rate of 306 sg. ft. per gal, shown in Fig. 6. The pump
nanufacturer goon solved these problems by substituting porcelain-
lined casb—iron cylinders for the bronze ones and producing.a tungsten
carbide orifice insert for the spray nowzle to replace the gtainless
gteel ingert formerly used.

- It is important that the entire circulating system of the distributor
be thoroughly cleaned after each use. HResidues from previous operations
are ?efy dameging to pump paris when the machins is again started up.

A simple énd effective method of cléaning this type of equipment is o
circulate about & gal. of kerosene through the entire syshtem several
times by discharging the solvent from the spray nozzle.into the original
container.

Mogt of the difficultiés in gpraying whiteupigmented compounds
étem from iﬁadequata stirring of the méterial in the drum before and
during application. When the supernatant vehicle is pumped off first,
thérg Will.be'uneVen distribution, wagte of the residué {which may
aﬁount to 1/4 to 1/3 of the drum’s contents), and‘damége to spraying
equipmént from pumping the high-solids material near fhe bottom. Our
specifications require thai the compound be ghipped in drums equipped
with internal agitators. These agitators should have stirring asrms
asgembled in such a way that solids ﬁhich have gettled oub will be brought
up and thoroughly mixed with the vehiele. A V=shapéd agitator with the
apex of the V about hilf way down the side of the drum was definitely

unsatisfactory. We have found that about 20 minutes of hand stir}ing
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is necessary before use. One contractor has greatly expediteé thisg
operation by waking a chuck for a 3/4 hp. electric drill to fit the
' agitator shaft, and this device does an effective stirring job in a few
minutes; .étill another gets good results by rotating the drum on iwo
‘sets of supporting rollers turned by a washing machine motor. After
ghut-downg or overnight standing, the material in the drum should again
be thoroughly stirred before use.

W?thlthé équipment now in uge there have been no problems in the
applicétion bf'white@pigmented compounds whlch could not be solved by
taking reasonable precautions and exercising ordinary_good judgment.
Although there was a certain amount of reslstance and fault-finding
from some contractors at first, the method is now accepted and they are
making it work.

Specifications for White-pigmented Compounds

The points brought out in the previous discussion pretiy much form
the baéis of specification requirements for white-pigmenled compounds.
The basic material reﬁuirements for clear membraneg such as waber
retention, drying time, adherence to moi.et concrete, settlement, and
reactivity with cement should, of course, be rétained. So also such
requirementé as concern purchasing, samnpling, and applicalion. There
are three additional details, however, which must be adequately specifed
in order to assure effective utilization of the white membrane ides —-
color, or degree of whiteness, hiding power, and provision for adequate

stirring.



Color
éblor —— and its associated property, heat abég;ption.—— is & very
important factéf in the evaluation of white-pigmented compounds. The
data in Table 1 of & Bureau of Standdrds report by Cottony and Bill5
illustrate the point and the table is reprodgped here for convenience,
Refe?ence to thls table shows that the lowest temperature rise cccurred
under glossy white paint. Since gloss aids refleetion, it i3 a desirable
property of white membranes provided the glosgs does not persist beyond
the curing'period to caupe objectionable glare to drivers. A progressive
incféase in heat pickup under the various surfaces listed in thé table
may be noted as the color i:anges from white through ivory, yellow, ete.,
te green, red, and black. :
It should be mentioned:in'passing that surfaces which absorb heat
most readily during the day geﬁérally rédiate this héat nost rapidly at
night, sc that temperature changes under these surfaces are not only
wiéer buf also more abrupt than thbse under surféces having higherr
reflective characteristics. Anothér interesting phenomenon observed by.
Coﬁtony and Dill was the night radiation from thein panels to a clear
sky, which brought the panel temperatufes down from 7 to 153 dég0 ¥, below
the ambient air temperature, the good‘heat fadiatofs being tbe.coolesto
From the facts just brought out, it follows tﬁat the white membrane
should be as good & reflector as possible and, since whiteness is a
general indicator of this property, the color should approach a perfect
white aé ﬁeaély as 1t 1s practiecable to go. In Michigan Weuhave adopted
a minimum apparent reflectance value of 70 percent relative to magnesium

oxide. Thig figure is purely arbitrary and represents a compromise between
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TABLE 1

DAILY MEAN RISE IN TEMPERATURE IN DEGREES FAHRENHEIT OF
TEST PANELS EXPOSED TO THE SUN

Date (1932) - - - - ~ =~ «  Aug, Aug. Aug. July Aug.
2 3 1 3l 7
Panel inclination from horizontal — 90° 90° gQe 45° 300
OFQ OFD OFD OFQ OFD
Biack (lampblack) - - - - - 20.9 2L.0 B7.4 483 48 .5
Galvanized iron - - -~ -~ -~ - 18.1 i5.3 28,1 32.0 37.7
‘Roofing shingle, Aluminum - - - 19.4 20.2 34.1 40,7 41.6
Roofing shingle, green - - — - 18,5 20.7 85,8 41.3 43,4
Roofing shingle, red -~ - - ~ 21,5 25.1 37 2 44.8 46,0
Alumivum foil - - - - - - -~ 2.8 8.3 15.0 17.3 18.7
White road-marking paint - - -~ 12,3 1z2.1 18.7 22,9 24,7
Aluminum paint - - - - - -~ 14.6 14,5 24,4 23,0 22,
Giogsy white paint - - - - = 8.9 7.9 12.1 13.0 15.5
Flat white paint - - - - - - 9.1 8.5 13.2 15,6 17.8
Ivory paint - - - - - - = 10.2 9.3 14.9 16.8 19.2
Canary~yvellow paint -« - - - - 10.9 10.4 18.7 19.2 21.8
Pearl-gray paint - - - - ~ ~ 13,3 13.7 20.3 24,3 25.6
Silver-gray paint - - - - - 1B.9 4.2 20.3 24 .8 26,3
 Light lead paint - - - -~ - — 15,1 15.2 22,9 27.4 29,7
Slate paint = =~ - - - - -~ 16,8 17.1 26.7 B2.4 B5,.4
Medium~green paint (trim color) -  20.4 20.5 35.5 42,7 48,5




efficiency and cost of the compound. It has been possible ito secure a
good curing compound, guite white; and at reasonsble cost with this
specification.

Hiding Power

The significance of hiding power lg more or legs self-evident. It

wouldn’t be practical, of course, to demand the same degree of hiding'

power in a curing compound as in a high-quality paint. Our sgpecifications
require 100 sg. ft. per gal. as the minimum value for thig property when
the compound is applieéd over a black and white checkerbeard. Although
the specified rate of application to concrete for curing is 200 sq. ft.
per gal., the color of the concreté surface is masked effectively by
material meeting the specification requirement of 100 sqg. ft. per gal.
when it ig properly applied. In this case, the conditions of the test are
more rigorous than those encourtered in actual practice,
Stirring

The impoftance of adeguate stirring of the compound both before and
during application cannot be overemphasized. Drums in which tﬁe material

is shipped should contain efficient agltators. If the coﬁpound is not

pumped directly from the shipping drum, the tank on the distributor
should carry some sort of stirring appasratus to provide thorough mixing

after interruptions, shutdowns, or overnight standing.




Tegting White-nigmented Compoundg

Most of the tests for membrane curing compounds are familiar to
highwa& engiﬂeefs and concrete technicians. The tests in use by the
Michigan State Highway Department follow ASTM'procedures wherever possible
or.applicable‘and are described or referred to in the specifications
appended to this'pape? except that for color which is given below. Some
of the provisions in the spécification are general performance regulire-
ments and are self-explanatory. An example of this type is the stipulation
that the viscosity of the compound must be such that it can be applied in
a uniform coab aﬁ temperaﬁureé down to 40 deg. F.

Whenevef a new material is submitted for qualification under our
specifications several laboratéry observations not ordinarily included
in routiﬁé acceptance testis are made in order to get some indication of
field performence. Among these are spraysbility, adheéimn to moist
concrete, reaction betweeh.curing compound and concrete, and settlement.
Color

The method of color determination in current use by the Department
employs a spectrophotometer and has been described in a previous

publicationga Photographs of the apparatus set up for testing colored

refleqt&r buttons are shown in Figs. 7 and 8. When testing white mem-
branes the light securce isjlocated on the left of the targgt and at an
angle of 45° from the normal. Apparent Iuminous reflectance ag defined
in ASTM Method D 307 is obtained by measuring the comparative reflection
of radliant energy by the sample and magnesium oxide standard at

20-millimicron intervals of wavelength of the incident light thfough
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the range of 400 to 700 milimicrons. The apparatus is set up for 45°

1llumination with perpendicular viewing. The light scurce 1s a single G.E.
No. 4560 sealed beam lamp operating at 28 volts with a maximum intensity
of 800,000 candlepower at beam center.

Since reflection values at all wavelengths represent a ratio between

unknown and stendard, the only essential requirements for the illuminant
are that its spectrum be continuous and its intensity sufficlent to oro-
duce adequate galvanometer respouse at esach wavelength of the test.
Computations fellow the ASTH procedure for calculating the luminous
apparent reflectance RS in percent.

At the precent bime, we are assewbling a simplified color test umit
basged on refiection measurements gt three wavelength bands of the spec—~
trun $hrough the use of red;, green and blue filters. This apparatus
showg promise of giving very clome approximations to the values atiained
in the longer method and should be accurate encugh for roubine acceptaﬁce

tests,

Hiding Paower

The test for hiding power is described in the appended specifications,

and follows the U.S. Bureau of Reclamation procedure. With experience it
gives reproducible results and is easily performed. The checkerboard
charis should be fastened to a rigid, non-absorbent backing of some kind

—— 24 ga., metal sheet 1s satigfactory —~ to prevent curling of the card-

board vefore the sprayed film has dried. 4 good festure of this method
is that the hiding power is determined directly from the weight of the
dried film deposited on the checkerboards and is not affected by over-

gpray or loss of veolatile constituents during application.
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Concluding Remarks

There are definite indications that white~pigmented compounds are
doing the job for which they were intended, ?he problems encomtered
have not been serious and have been solved by mutual cooperation of
sgulpment manufecturer, conitractors, vendors of the compound, and the
Highway Department. The pavements cured with white membranes are being
watched closely and definite statistical dats on performance will be

secured as the list of projects grows.
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FIGURE |I. DISTRIBUTOR USED IN EARLY FIELD
TESTS. ENTIRE SPRAY UNIT IS BEING PULLED BY HAND SPRAY NOZZLES. THIS PICTURE WAS TAKEN AFTER
ACROSS THE BRIDGE. REMOVAL OF FORMS THE FOLLOWING MORNING.

AFIGURE 3. APPLICATION BY DOUBLE PASS WITH
NOZZLE SCREENS REMOVED AND SPRAY BAR SLIGHTLY
RAISED.

FIGURE 4. AUTOMATIC DISTRIBUTOR [N OPERATION.

AFIGURE 5. UNIFORM COVERAGE AT THE RATE OF FIGURE 8. CLOSEUP OF APPLICATION PATTER
204 SQ FT. PER GAL.WITH PUMP PRESSURE OF 200PS{. WITH PUMP PRESSURE REDUCED TO 70-90 PS.I. COVERAGE
IS NON=-UNIFORM AND TOO LIGHT ¢ 308 SQ.FT PER GAL.)
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MICHIGAN'S EXPERIENCE IN THE USE OF WHITE-PIGMENTED
MEMBRANE CURING COMPOUNDS

C. C. Ruoous, Chemical Research Engineer, Michigan Stale Highway Depariment

BYNOPSIS

Michigan, in 1949, adopted specifications for white-pigmented curing som-
pounds in an attempé to minimize temperature cracking in concrete pavements
puilt during the spring and sammer months. Previous laboratory studies and
field tests had demonstrated the effectiveness and practicability of this type
of curing. )

At first there was some difficulty encountered in 2pplying the compound with
the spraying equipment then in use, which led to a modification of pump design
by the manulacturer. It was found that most operational troubles were caused
by: (1) inadeguate stirring of the compound before and during application; and
{2) failure to clean the spraying equipment praperly after use.

Whiteness and hiding power are important propertics of whife-pigmented
eompounds. Michigan specified a minimum apparent reflectance of 70 percent
relative to magnesium oxide for the former and 100 8. 4. per gal. for the Iaiter.
The method of determining color by means of a speetrophotometer is deseribed
and details of other tests and application reguirements arve given in the Michigan

specifications appended to the report.

Ag a result of more than 4 vears of research
and eooperative development, Michigan in
1649 adopted specifications for white-pig-
mented membranes as an alternate method of
curing eoncrete pavements. The use of clear,
or transparent, membrane curing compounds
had been permitted since the spring of 1942,
but a subsequent appraisal (7)! clearly revealed
the need for controlling heat pickup in pave-
ments cured by this method. The first fuil-
geale use of whiteplgmented compounds in
Michigan was in July of 1949, and white
gompounds have been required on all mem-
brane-cured eoncrete paving projects author-
ized since that time.

While it is still too early to make a sta-
tistical cvaluation of their performance in
actual serviee, the benefits to be derived from
the use of white-pigmented compounds appear
to be well cgtablished and there is a definite
trend toward thelr preferment over the trans-

1 Ttalicized figures in parentheseg refer to the
list of references at the end of the paper.

parent fype of membrane. New materials
bring new problems, however, and it is the
purpose of this paper not so much to present
the case for white-pigmented compounds as
to transmit experience gained in handling,
specifying snd testing these materinls.

WHY USE WHITE-PIGMENTED COMPOUNDST

That meagures should be faken fo prevent
excessively high temperatures in immature
concrete. seems obvious, bub it might be well
o review briefly the hasic reasons behind the
use of white-pigmented curing compounds.

In the year A.D. 97 Sexbtus Junins Fron-
tinus, Water Commissioner of Home, wrote:
“The proper time for masonry work is from
the 1st of April to the st of November; but
with this restriction: that the work be infer-
rupted during the hoftest part of the summer;
—for the heat of the gun is no less destructive
to masonry than is too violent frost.” (2}
Since that time, the wisdom of the Roman
Commissioner’s remarks has been demon-

i
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RHODES—WHITE-PIGMENTED CURING COMPOUNDS

strated again and again in concrete construc-
tion experience.

It can be shown, both theoretically and ex-
perimentally, that membrane curing is en-
tirely adequate from the standpoint of re-
taining sufficlent water in the concrete to
satisly the hydration needs of the cement.
A serious drawback to the method, however,
has been the excessive temperature rise under
both the bituminous and transparent types of
membrane from absorption of the sun’s ra-
diant heat.

Gonnerman (3) reported to the Highway
Research Board that the average crack in-
terval was much shorter for pavements cured
with bituminous membranes than for pave-
ments cured by other methods. It was also
observed that nearly all test sections of pave-
ment poured in the morning had a tendency
to erack more than those poured in the after-
noon, irrespective of curing method. This ex-
perience has been repeated in Michigan. A
survey of 29 projects built during 1946 and
1947, all of which were cured with clear mem-
branes, showed that there were about three
times as many cracked slabs in the morning
pours as in the afternoon pours. The inference
is that half of this premature cracking could
have been prevented by effective temperature
control.

The use of white or light-colored coatings,
such as whitewash or cement, over hituminous
membranes markedly reduced solar heat
pickup. Later on, results obtained with white-
pigmented membranes by the Bureau of Re-
clamation (4) were so encouraging that shad-
ing of fresh concrete was dispensed with when
these compounds were used. Our own studies,
referred to earlier, (Z) verify the Bureau’s
findings.

Because of the practical advantages of the
membrane curing method, Michigan has gone
to the use of white compounds for this type
of curing in an attempt to minimize tempera-
ture cracking. Problems in handling and ap-
plication arose almost immediately, but were
not insurmountable, as will appear forthwith.

HANDLING WHITE-PIGMENTED COMPOUNDS

Preliminary Field Tests—The first field ap-
plication of white-pigmented compound in
Michigan was on two successive 100-ft. slabs
of an experimental pavement at Grand Ledge
in September, 1946. An ordinary hand-oper-
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ated orchard sprayer was used and no par-
ticular difficulty was encountered in getting
down a uniform coat at the required coverage
rate of 200 sq. ft. per gal.

The next field trial of white membranes was
on about 1500 lineal feet of 22-ft. concrete
pavement, north of Port Sanilac on US-25.
The primary purpose of this test section was
to provide an opportunity to observe the
general visual effect and weathering char-
acteristics of the white compound over an
area sufficiently long to permit independent
evaluation.

Spraying equipment used on the job was of
the type furnished by the vendor of the com-
pound to contractors for regular construction
work, and is illustrated in Figure 1.-This

Figure 1. Distributor Used in Early Field
Tests—Entire spray unit is being pulled by
hand across the bridge.

machine is entirely hand operated and was
pulled forward on the forms after each trans-
verse pass of the spray bar.

At first a fairly uniform application was
secured, but the spray nozzles soon became
clogged, resulting in marked ridging as shown
in Figure 2. It was discovered that the white
pigment was filling the individual straining
screens of the nozzles so these screens were

removed as a temporary expedient and little

trouble from clogging was experienced after-
ward. Also the spray bar was raised about 6
in., which further improved the spreading. In
addition to these modifications, the curing
compound was then applied by a double pass
across the pavement using a more rapid rate
of transverse travel and overlapping one-half
the width of the path laid down by the spray
bar on each pass. All of these changes resulted
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n a very uniform application and elimination
of previous defects (Fig. 3).

The rate of coverage for the double pass
was determined from a series of weighed panels
placed in the path of the distributor and found
to range between 163 and 209 sq. ft. per gal.
with an average of 182. The white membrane
weathered away rapidly and uniformly with-
out mottling or other unsightly effects—so

Figure 2. Ridging Effect Due to Clogging of
Spray Nozzles—This picture was taken after
removal of forms the following morning.

Figure 3. Application by Double Pass with
Nozzle Screens Removed and Spray Bar
Slightly Raised

much so, that it was hard to pick out the ex-
perimental white section from the rest of the
pavement less than 2 months after completion
of the job.

White Compounds on Regular Construction—
The two pilot tests just described cleared the
way for full-scale trials on entire paving proj-
ects. Specifications were drawn up and in-
cluded in the proposals for several projects

to be paved in the 1949 construction season.
The first of these projects to receive white
membrane was 6.3 mi. of concrete widening
and capping on US-131 south of Kalamazoo.
Since nearly all of the application problems
encountered so far arose shortly after con-
struction began, a brief chronology of the
curing phase of this project will bring out the
facts of present interest.

-The distributor used on the job was of the
automatic type, having a continuous forward
movement of the carriage on the forms and a
single shielded spray nozzle traveling laterally
across the pavement (see Fig. 4). The com-
bined movements of carriage and nozzle pro-
duce a V-shaped application pattern, and the
machine is geared so that the nozzle makes
one transverse pass while the carriage is mov-

Figure 4. Automatic Distributor in Operation

ing forward a distance equal to about one-half
the width of the band laid down on each pass.
In this way, each element of surface area re-
ceives a double application of curing com-
pound. The material is pumped directly from
the shipping drum which is placed on the car-
riage.

At first, excellent coverage was obtained
with the white-pigmented compound as shown
in Figure 5. After a few days, however, it was
learned that application troubles were de-
veloping. The chief trouble was deseribed as
the erosion of valve seats and cylinder walls
of the reciprocating type of pump used on the
distributor, making it difficult to maintain
sufficient pressure for uniform distribution.
The nozzle orifice was also enlarging rapidly
from wear so that excessive amounts of ma-
terial were used at normal operating pressures.
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White compounds require a higher applica-
tion pressure than the clear type. Whereas
pressures of 50 to 100 psi. are normally suffi-
cient for clear membrane compounds, con-
tractors are now using 200 to 250 psi. for
optimum results with the white-pigmented
materials. When this particular job started,
a pressure of 200 psi. was used and uniform

Figure 5. Uniform Coverage at the Rate of
204 sq. ft. per gal. with Pump Pressure of 200
p.s.i.

Figure 6. Closeup of Application Pattern
with Pump Pressure Reduced to 70-90 p.s.i.—
Coverage is non-uniform and too light (306
sq. ft. per gal.).

coverage at the rate of 204 sq. ft. per gal. was
attained. When the pump parts began to wear,
however, the pressure was reduced by the
contractor to 70-90 psi. which resulted in
the banded pattern and light coverage rate
of 306 sq. ft. per gal. shown in Figure 6. The
pump manufacturer soon solved these prob-
lems by substituting porcelain-lined cast-iron
cylinders for the bronze ones and producing
a tungsten carbide orifice insert for the spray
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nozzle to replace the stainless steel insert
formerly used. ‘

It is important that the entire circulating
system of the distributor be thoroughly
cleaned after each use. Residues from previous
operations are very damaging to pump parts
when the machine is again started up. A simple
and effective method of cleaning this type of
equipment is to circulate about 5 gal. of kero-
sene through the entire system several times
by discharging the solvent from the spray
nozzle into the original container.

Most of the difficulties in spraying white-
pigmented compounds stem from inadequate
stirring of the material in the drum before and
during application. When the supernatant
vehicle is pumped off first, there will be un-
even distribution, waste of the residue (which
may amount to 1 to 3 of the drum’s contents),
and damage to spraying equipment from
pumping the high-solids material near the
bottom. Our specifications require that the
compound be shipped in drums equipped with
internal agitators. These agitators should have
stirring arms assembled in such a way that
solids which have settled out will bebrought up
and thoroughly mixed with the vehicle. A V-
shaped agitator with the apex of the V about
half way down the side of the drum was defi-
nitely unsatisfactory. We have found that
about 20 minutes of hand stirring is necessary
before uge. One contractor has greatly ex-
pedited this operation by making a chuck for a
2.hp, electric drill to fit the agitator shaft, and
this device does an effective stirring job in a few
minutes. Still another gets good results by ro-
tating the drum on two sets of supporting roll-
ers turned by a washing machine motor.
After shutdowns or overnight standing, the
material in the drum should again be stirred
thoroughly before use. ’

SPECIFICATIONS FOR WHITE-PIGMENTED
COMPOUNDS

The basic material requirements for clear
membranes such as water retention, drying
time, adherence to moist concrete, settlement,
and reactivity with cement should, of course,
be retained in specifications for white-pig-
mented compounds. Also such requirements as
concern purchasing, sampling, and applica-
tion should be retained. There are three ad-
ditional details, however, which must be ade-
quately specified in order to assure effective
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atilization of the white membrane idea—
color or degree of whitenegs, hiding power,
and provision for adequate stirring,

Color—Color (and ifs associated property,
heat abgorption) is a very important factor
in the evalyation of white-pigmented com-
pounds, The data in Table ¥ of a Bureau of
Standards veport by Cottony and Dill (5) il-
lustrate the point and the table is reproduced
here for convenience. Reference to this table
ghows that the lowest temperature rise oc-
curred under glossy white paint. Since gloss
aids reflection, it is a desirable property of

TABLE 17
DAILY MEAN RISE IN TEMPERATURE IN
DEGREES FAHRENHEIT OF TEST
PANELS EXPOSED TO THE SUN

Date {1939}

Aug. | Aug. | Aug. | July | Aug.
2 3 L 3t 7

Panel inclination frvom | 90 80 60 45 30

horizontal deg.

deg. F.|deg. F.ideg. ¥, |deg. F.|deg. .

Black (lampblack) 20,0 | 250 | 37.4 ] 46,3 | 48.5
Galvanized iron 16.1 | 15,3 | 28.1 § 32.0 | 37.7
Roofing shingle, Alumi- | 19,4 | 20.2 | 34,3 } 40.7 | 418

nim
Roofing shingle, green 19.5 1 20.7 | 33.3 | 41,3 | 43.4
Roofing shingle, red 21,5 1 23,1 | 37.2 | 44,8 | 480
Aluminuimn foil 9.8: 8.3 |15.0 | 17.3 | 19.7
White road-marking paint | 12.3 | 32,1 | 19.7 | 22,0 | 24.7
Aluyminum paint 14.6 | 14.5 | 24.4 | 29.0 | 20.3
Glossy white paint 8.9 7.9 :12.31,13.0 | 15.5
Flat white paint 9.1 8.3 713.2%15.6 ) 17.2
Tvory paint 1.2 | 8.3 14,9 {16.8 | 19.2
Canary-vellow paint 16.8 | 10.4 | 16.7 1 1.2 | 21.6
Pearl-gray paint 13.3 | 18.7 | 20.3 | 24.3 | 25.6
Silver-gray puint 13,9 | 14.2 | 20,3 | 24.6 | 26.3
Light lead paint 15.1 § 15.2 | 22.9 | 27.4 | 20.7
Slate paint 16,8 ;17,1 | 26,7 [ 82.4 | 35.4
Medium-green paint 20.4 § 20.5 | 36.3 [ 42.7 | 46.3

(trim color)

? Reproduaced from Report BB 64, Naf’l. Bur. of Stand-
ards (3941}

white membranes provided the gloss does not
- persist beyond the curing period to cause ob-
jectionable glare to drivers. A progressive in-
crease in heat plekup under the various sur-
faces listod in the iable may be noted as the
color ranges from white through ivory, yellow,
ete., to green, red, and black.

Surfaces which absorb heat most readily .

during the day generally radiate this heat most
rapidly at night, so that temperature changes
under thesé surfaces are not only wider, but
also more abrupt than those under surfaces
having higher reflective characteristics, An-
other interesting phenomenon observed by
Cottony snd Dill was the night radiation from
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their panels to a clear sky, which brought the
panel temperatures down from 7 to 13 deg. .
below the ambient air temperature, the good
heat radiators being the coolest.

Fromz the facts just brought out, it foliows
that the white membrane should be as good
& reflector as possible and, sinee whiteness
is & general indicator of this property, the
color should approach a perfect white as nearly
as practicable. In Michigan a minimum ap-
parent reflectance valie of 70 pereent rela-
tive to magnestum oxide has been adopted.
Thig figure is purely arbitrary and represents
8 compromise between efficiency and cost of
the compound. It has been possible to secure
a good curing ecompound, quite white, and at
reasenable cost with this specification,

Hiding Power—The significance of hiding
power I8 more or less self-evident. I& wouldn’s
be practical, of course, to demand the same
degree of hiding power in a curing compound
as in a high-quality paint. Our specifications
require 100 sq. ft. per gal. ag the minimum
value for this property when the ecompound
is applied over a black and white checker-
board. Although the specified rate of appiica-
tion to concrete for curing is 200 sq. ff. per
gal., the color of the concrete suriace iy masked
effectively by materizl meeting the specifica-
tion requirement of 100 sq. ft. per gal. when
it is properly appled. In this case, the condi-
tiong of the fest are more rigorous than those
encountered in actual practice.

Stirring—The importance of adequate stirring
of the compound both before and during ap-
plication cannet be overemphasized. Drumg.
in which the material is shipped should eontain
efficient agitetors, If' the compound iz notb
pumped directly from the shipping drum,
the tank on the distributor should carry some
gsort of stirring apparatus to provide thorough
mixing after interruptions, shutdowns, or over-
night standing,

TTSTING WHITH-PIGMENTED COMPOUNDS

Most of the tests for membrane curing com-
pounds are familiar to highway engineers and
concrete fechnicians. The tests in use by the
Michigan State Highway Department follow
ASTM procedures wherever posgible or ap-
plicable and are degeribed or referred to in the
specifications in appendix 1 of this paper
except that for color which is given below.
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Some of the provisions in the specification are
general performance recuirements and are
self-explanatory. An example of this type is
the stipulation that the viscosity of the com-
pound must be such that it can be applied in
a uniform coat at temperatures down to 40
deg. F.

Whenever a new material is submitted for
gualification under our specifications several
laboratory observations not ordinarily in-
cluded in routine acceptance tests are made in
order to get some indication of field perform-
ance. Among these are sprayability, adhesion
to moist concrete, reaction between curing
compound and concrete, and settlement.

Color—The method of color determination in
current use by the Department employs a
spectrophotometer and has been described in
a previous publication (6). Photographs of the
apparatus set up for testing colored reflector
buttons are shown in Figures 7 and 8. When
testing white membranes the light source is
located on the left of the target and at an angle
of 45 deg. from the normal. Apparent luminous
reflectance as defined in ASTM Method D
307 is obtained by measuring the comparative
reflection of radiant energy by the sample
and magnesium oxide standard at 20-milli-
micron intervals of wavelength of the in-
cident light through the range of 400 to 700
millimicrons. The apparatus is set up for
45-deg. illumination with perpendicular view-
ing. The light source is a single G.E. No. 4560
sealed heam lamp operating at 28 volts with
a maximum intensity of 600,000 candlepower
at beam center.

Since reflection values at all wavelengths
represent a ratio between unknown and stand-
ard, the only essential requirements for the
illuminant are that its spectrum be continuous
and its intensity sufficient to produce adequate
galvanometer response at each wave length
of the test. Computations follow the ASTM
procedure for caleulating the luminous appar-
ent reflectance R, in percent.

At the present time, a simplified color test
unit is being assembled hased on reflection
measurements at three wavelength bands of
the spectrum through the use of red, green
and blue filters, This apparatus shows promise
of giving very close approximations to the
values attained in the longer method and
should be accurate enough for routine ac-
ceptance tests.

Hiding Power—The test for hiding power is
described in appendix 1, and follows the
U. 8. Bureau of Reclamation procedure. With
experience it gives reproducible results and
is easily performed. The checkerboard charts
should be fastened to a rigid, non-absorbent
backing of some kind—24 ga. metal sheet is
satisfactory—to prevent curling of the card-
board before the sprayed film has dried. A
good feature of this method is that the hiding

Figure 7. Target

Figure 8. Spectrophotometric Assembly

power is determined directly from the weight
of the dried film deposited on the checker-
boards and is not affected by overspray or
loss of volatile constituents during applica-
tion,

CONCLUDING REMARKS

There are definite indications that white-
pigmented compounds are doing the job for
which they were intended. The problems en-
countered have not been serious and have
been solved by mutual cooperation of equip-
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ment manufacturer, contractors, vendors of

the compound, and the Highway Department. -

The pavements cured with white membranes
are being watched closely and definite sta-
tistical data on performance will be secured as
the list of projecis grows.
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APPENDIX i

BrrcrricaTioNs! FOR CuriNg CONCRETE PAVEMENT BY APPLICATION OF WHiTE MEMBRANE
Coring ComMrouNd

Mickigan State Highway Department

SCOPHE!

Thig specification covers the properties and
uge of white-pigmented membrane compounds
for curing concrete pavements.

GENXRAL REQUIRBMENTS:

The white membrane curing compound ghall
congist of finely ground white pigment and
vehicle, ready-mixed for immediate use with-
out alteration. The pigment shall not settle
out badly or cake in the container and the com-
pound shall not thicken in storage to cause a
change in consistency.

The compound shall be such that it ean be
used with safety under properly conirolled
conditions and shall conform fo the following
gpecific requirements:

SPECIFIC REQUIREMENTS:

Adhesion—The compound, when applied to
a moist conerete surface at the gpecified cover-
age either prior to or subsequent to the time at
which the concrete has attained its initial
set, shall adhere firmly to the concrete surface
for at least 7 days after application.

Color and Hiding Power—The compound,
when applied to a new concrete surface at the
specified coverage, shall present & uniformly
white appearance and shall effectively obzoure
the original color of the concrete. After the
eompound has dried, it shali have an apparent

1 Extract from 1950 Standard Specifications

daylight reflectance of not less than 70 percent
relative to magnesium oxide. The compound
ghall have a hiding power of not less than 100
sq. ft. per galion when tested as follows:
A 1-8q. ft, test arca of a black and white
checkerboard hiding power chart {(type
uged in Federal Specifications TT-P-141a,
Method 411,1) shall be cut into four eqgual
rectangles, dried at 105 C. to 110 C. for 1
hour, cooled, and weighed. The sealing
compound shall be sprayed on two of the
rectangles in an amount that barely per-
mits identifying a contrast between the
black and white areas. On the other two
rectangies the compound shall be applied
in an amount slightly more than necessary
to ecmpletely eliminate the contrast be-
tween the blsck and white areas. The
eoated rectangles shall then be dried at
105 C. to 110 C. for 3 hours, cooled, and
weighed. The hiding power shall be com-
puted from the following formula:

Hiding powerin sq. ft. per gal. = W, X 8

Wi X 100
Where, W,. = Weight per gallon of com-
pound in grams,
Solids content of compound
in per. cent {Paragraphs 7
and 8, ASTM D 154 - 43),
and
Total weight of dried coat-
ings on all four rectangles,
in grams.

8 =

Wi =
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Dyying Properéies—The compound ghall be-
come dry to touch within 4 hours when ap-
plied to the conerete under ordinary conditions
and shall not be facky or track off of the con-
crete when walked upon, nor impart & slippery
surface to the pavement.

Viscosity—The compound shall be suitable
for application at 8 minimum temperature of
40 F. and shall be sufficiently low in viscosity
to resuls in an even, uniform coafing.

Neon-volatile Motier—The non-volatile matier
in the white euring compound shall be not less
than 60 percent by weight as determined by the
current Method of Testing Oleovesinous Var-
nighes, A.8.T.M, Degignation: D 154.

Reaction Between Curing Compound and Con-
erele—There shall be no evidence that new con-
erote surfaces are softened by reaction with
the curing comypound.

Wealhering—The compound, when spplied
at the specified coverage on a new concrete
surface and exposed outside to sunlight, shall
remain as a continuous, unbroken film that
provides an effective moisture seal for at least
7 days after application, without noticeable
darkening or yellowing of the film.

Moisture Reteniion--The white curing com-
pound when applied at the rate of not Jess than
one gallon per 200 sg. ft. on mortar specimens
in accordance with the tests preseribed in the
current Method of Test for Water Retention
Efficiency of Methods for Curing Conerete,
A ST M. Designation: C 1586, shall provide a
film which will cauge at least 93 pereent of the
moisture in the speeimens to be retained for a
period of 3 days based on the moisture content
of the specimens at the time of coating.

PACRING AND MARKING:

The curing compound shall be delivered to
the job only in the manufacturer’s original
container which shall be legibly marked with
the manufzcturer’s name, frade name and
formula number of the material, and lot num-
ber with which test samples may be correlated.
No designation shall be used to represent more
than one {ormula.

Containers shall be clean steel drums
equipped with mechanical agitators for thor-
oughly stirring the compound to a uniform con-
sigtency immediately before use.

SAMPLING AND TESTING:

When the curing compound iz not supplied
from stock which has been tested and approved
by the Department, it shall be sampled and
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tested after delivery to the project. A sample
shail consist of one quart of the curing com-
pound for cach bateh or lof number represented
in the shipment. Fourteen days may be required
from time of sampling before results of tests
are reported.

APPLICATION:

After finishing operations have been com-
pleted and immediately after the free water
has left the surface, the surface of the slab
shall be completely coated and sealed with a
uniform layer of white membrane curing com-
pound. The compound shall be applied in one
or two applications as directed by the Iingineer.
When the compound is spplied in two incre-
ments the second application shall follow the
first application within 300 minutes.

The compound shall be applied in a contin-
vous uniform film by means of mechanieal pres-
sure sprayer equipment at the vate directed
by the Lingineer hut not legs than one gallon
per 200 sq. ft, of surface. The equipment for
applying the compound ghall provide for ade-
quate stirring of the ¢ompound during appli-
cation and must be approved by the Iinginesr
before work is started. Bhould the method of
applying the compound not produce a uniform
film, its use shall be discontinued and the cur-
ing shall be done by one of the other approved
methods as specified in Article 4.14.03-t of the
1950 Standard Specifications.

If the eompound is too thick for satisfactory
application during cold weather the material
may be warmed in a water bath at temperatures
not over 100 F. Thinning with solvents will not
be pormitted.

If rain falls on the newly coated pavement
before the film has dried sufficiently to resist
damage, or if the film is damaged in any other
way, the Contractor will be required to apply
a new coat of material to the affected arcas
equal in curing value to that specified for the
original coat, The treated surface shall be pro-
tected by the Contractor from injury for a
period of at least 7 days. All traffie, either foot
or otherwise, will be considered as injurious
to the film of the applied compound. A mini-
mum of fool traffic will be permitted on the .
dried film as necessary to properly carry on the
work provided any damage to the film is im-
mediately repaired by the application of a
gecond coat of the compound. Immediately
after the forms are removed, the entire ares
of the sides of the slab shall be conted with the
curing compound at the rate specified for the
pavement surface, except where honeyeombed
areas are to be pointed. Such areas shall be
covered with wetted burlap until the pointing
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has been completed, at which time they shall
be cured as specified herein, Hand spray equip-
ment will be permitted for the application of
the curing compound over the sides of the slab.

The Contractor shall provide on the projech
sufficient burlap or eotton coverings for the
protection of the pavement in case of rain or
brealkdown of the spray equipment. If hair
checking develops before the curing compound
can he applied, the procedure as specified
herein shall be modified in that preliminary
curing with wetted burlap or cotton coverings,
as gpecified under Article 4.14.03-t of the 1950

MAINTENANCE

Standard Specifiocations, shall be performed be-
fore the curing ecompound is applied.

The Contrsctor shull assume all liabilities
for and protect the Department from any
damages or claims arising from the use of
materials or processes describad herein,

BASIS OF PAYMENT:

Curing by the application of white membrane
curing compounds will not be paid for sepa-
rately but ghall be considered as included in
the contract unit priee for “Conerete Pave-

ment.”’







