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ABSTRACT 

A multi:facetedjield research program regarding seven 
atactic polypropylene (APP) modified bitumen membrane 
rooJ systems andJour ref/ective coatings began in 1991. 

This long-term project is evaluating the peiformance oj 
various APP-modified bitumen membranes (both coated and 
uncoated), the comparative peiformance oj coating ap
plication soon after membrane installation versus pre~ 
weathering, coating peiformance, and aspects oJrecoating. 

This paper is a progress report on the in situ thermal 
peiformance oj the various types oj coated membranes 
compared to the thermal peiformance oj the exposed 
membranes. The thermal peiformance oj an· adjacent 
ballasted ethylene propylene diene terpolymer (EPDM) 
roojing system is also described. 

INTRODUCTION 

Recent research has established the benefits of reflec
tive roof coatings as they relate to energy conservation and 
resultant cost savings due to reduced cooling loads (Ande
rson 1989; Griggs and Shipp 1988; Griggs et al. 1989). In 
fact, the success of recent research has initiated changes in 
roof coating terminology. Categories of products (which the 
roofing industry refers to as liquid-applied ref/ective rooJ 
coatings) have dramatically reduced cooling loads for 
buildings in warm climates. The high solar reflective 
coatings are now referred to as radiation control coatings 
(Anderson 1989). 

However, minimal work has been done to study the 
comparative thermal performance of the more commonly 
utilized roof coatings. Therefore, the National Roofing 
Contractors Association (NRCA) and a national laboratory 
have collaborated on a test roof in the Chicago, Illinois, 
area. This new full-scale test roof has been given the 
project name "APP Weathering Farm." The test roof and 
coatings were installed during the spring and summer of 
1991 to study the in situ performance of common roof 
coatings applied over various modified bitumen roof 
membranes. 

T.L. Smith 

Additional aspects oflhe APP Weathering Farm project 
are to study the thermal, mechanical, and durability perfor
mance of various membranes (coated vs. uncoated), the 
comparative performance of the coating with respect to 
application time (application soon after membrane instal
lation vs. preweathering of membrane), coating perfor
mance, and aspects of recoating. The APP Weathering 
Farm is scheduled as a long-term research project (10+ 
years) to research the comparative performance of various 
types of roof coatings applied over different types of atactic 
polypropylene (APP) modified bitumen roof membranes. 

This paper is a progress report, including background 
information and comparative data, on the in situ thermal 
performance of modified bitumen roof membranes coated 
with various types of reflective roof coatings. Future papers 
will report on the other research aspects of the project. 

Background I .. f ....... ati .. n 

Experience and research has taught roofmg contractors, 
manufacturers, and building owners the weather-shielding 
benefits of various surfacings for roof membranes (Cullen 
1963). 

As smooth surface membrane roofing has progressed 
over time, industry has learned that light-colored, liquid
applied coatings can provide an excellent reflective sur
facing for the otherwise exposed black asphalt of smooth
surfaced bituminous roofs. Shielding the black-colored 
asphalt surface from direct exposure to sun and weather is 
thought to prolong the life of smooth-surface bituminous 
roof membranes. 

This comparative study should lend physical data to the 
current assumption that coatings can be useful for two real 
energy conservation solutions: to conserve energy and 
resources by extending the longevity of smooth-surface APP 
polymer modified bitumen roof membranes and to decrease 
energy consumption by reducing annual cooling loads and 
to minimize peak cooling loads. 

To assist in understanding the implications of this 
roofmg, coating, and thermal comparison study, a brief 
explanation of APP-modified bitumen roof membranes and 
commonly used coatings is presented. 

J.D. Carlson is deputy director and T.L. Smith is director of technology and research, National Roofmg Contractors Association, 
Rosemont, IL. J.E. Christian is program manager for Building Thennal Envelope Systems and Materials, Energy Division, Oak 
Ridge National Laboratory, Oak Ridge, TN. 
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Modified Bitumen Roof Memhranes 

During the 1960s and 1970s, research began to extend 
and modify petroleum derivatives through polymer chemis
try. The modification of roofing asphalts with various 
polymers was found to alter a bitumen's physical proper
ties. This modification of roofing asphalts has helped spur 
the introduction of polymer-modified bitumen roofing 
materials. 

In the category of modified bitumen roof membrane 
systems, there are two general types of membrane materials 
that have become quite popular-bitumens that are modified 
with atactic polypropylene (APP) polymers and bitumens 
modified with styrene butadiene styrene (SBS) polymers. 
APP polymers .lter the asphalt's physical properties so that 
it takes on a plasticized nature; APP modified asphalt is, in 
effect, "plasticized" asphalt. Modifi'cation of roofmg asphalt 
with SBS causes the asphalt to take on "rubberized" 
properties. 

Both APP and SBS roll goods may be purchased as 
smooth-surface sheets or surfaced with mineral granules. 
The need for surfacing, either by coating or by factory
applied mineral granules, has long been recognized for 
SBS-modified products. However, because APP-modified 
membranes were previously thought less susceptible to 
ultraviolet degradation, they typically have been left 
unsurfaced. In recent years in the U.S., the premature 
demise of some smooth-surfaced APP membranes that have 
been left exposed to solar radiation has signaled the possible 
benefit that reflective surfacings or coatings may provide in 
extending roof service life (see Figure I). 

Basic Roof Coating Types 

There are numerous types of coatings used in roofing. 
However, only three basic types of reflective coatings are 
commonly applied to bituminous roof membranes in the 

Figure 1 Suiface craze cracking degradation evident on 
six-year-o/d uncoated APP-modified bitumen 
membrane. 
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U.S.-asphalt emulsions, latex (acrylic) coatings, and 
solvent-based aluminum asphalt. 

Asphalt Emulsions Emulsified asphalt coatings consist 
of asphalt particles dispersed in water with clay (typically 
bentonite) as the emulsifying component. As with most 
other types of roof coatings, emulsions contain various 
organic andlor inorganic fibers and fillers to help reinforce 
the dried coating film. 

Asphalt emulsions are available in their natural dark 
brownlblack asphalt color or as reflective coatings that 
contain titanium dioxide or aluminum pigment. "Reflective" 
emulsions containing titanium pigments are a grayish color, 
and "alu~umtl emulsions dry to a more silver shade. 

Latex (Acrylic) Coatings Water-based latex roof 
coatings (also commonly referred to as acrylic coatings) 
contain various types and qualities of acrylic polymers to 
extend physical properties and improve durability. Latex 
coatings are available in numerous colors; however, most 
applied to bituminous roof coverings are white. 

Solvent-Based Aluminum Asphalt ("Cutbacks") 
Solvent-based asphalt coatings are referred to as "cutback" 
coatings because the asphalt, which is a solid at ambient 
temperatures, is cut back with solvents to liquify the 
coatings for ease of application. Solvent-based asphalt 
coatings are available in their natural black color or as 
reflective coatings that contain aluminum flakes or pig
ments. Solvent-based aluminum coatings dry to an alu
minum or silver hue. 

Cured coatings may be different shades with varying 
degrees of reflectivity. Product formulation, extent of 
mixing, shelf life, type of application, and weather during 
application all may have effects on the finished brightness 
and resultant reflectivity of the installed coating once it has 
dried and cured. 

Some Premature Degradation of APP-Modified Bitu
men Membranes without Coatings-an Industry Problem 

APP-modified bitumen roofing has been used through
out most of the U.S. for more than a decade. Industry is 
beginning to realize that APP-modified bitumen membranes 
should provide longer service life if coated with a reflective 
coating relatively soon after membrane installation to reduce 
the effect of solar radiation, which results in reduced heat 
gain and heat aging. This has led numerous manufacturers 
of APP-modified materials to offer longer warranties. if the 
membranes are coated after installation (some manufac
turers now require a coating to obtain a warranty). 

DESCRIPTION OF API' WEATHERING FARM 

Materials and Configuration 

The APP Weathering Farm roof is installed on 
office portion of a two-story building complex. 



Reflective Coating 

APP Modified 
Bitumen (Torch-applied) 

No. 28 Fiberglass 

1~~I~~~li~~~~f .. Base Sheet (set in 

:;:" hot asphalt) 

::"If-- 3/4 inch (19mm) Perlite 
(set in hot asphalt) 

2.2 inch (56mm) 
Phenolic Insulation 
(mechanically 
fastened to deck) 

'Rubber 
Grommet 

AI Section View of APP Modified Bitumen 
Roof Assembly 

Showing Thennocouple Location 

Steel Deck 

Thermocouple Wire 
(copper constantan) 
Type-T 

1Y. inch (nominal) (38mm) 
Thermocouple / Aggregate Ballast 

~D~~~~O~C5~0~G6~O~fS~Cl~Q~~~Gfl< .045 ;noh (l.lmm) EPOM 2.4 inch (61mm) 
Phenolic Insulation 
(laid-loose over deck) 

Steel Deck 

L-""~~'-::::::~_..4- Thermocouple Wire 

OJ Section View of Ballasted EPDM 
Roof Assembly 

Showing Thermocouple Location 

Figure 2 Detailed sections of APP roof membralle 
assembly and ballasted EPDM roof assembly 
showing thennocouple location. 

portion of the building is an air-conditioned space. An 
interior concrete block wall separates the office from an 
adjacent sheet metal shop and warehouse space that is not 
air conditioned. The shop and warehouse portion of the 
building'S walls are masonry and their exterior is light beige 
split-face concrete block. The exterior of the office area is 
dark red brick. 

The roof's structural assembly consists of steel columns 
supporting steel trusses that are overlayed with galvanized 
steel roof decking. The framing is sloped so the roof deck 
slopes approximately 1/4 inch per foot (~2%). 

Over the steel roof deck of the office portion, the 
roof system consists of (see Figure 2A) 

• 2.2 inches (56 mm) of phenolic foam roof in
sulation installed in one layer and mechanically 
fastened to the metal deck, 

• 3/4-inch (19 nun) perlite coverboard adhered.to the 
primary insulation in solid moppings of hot as
phalt, 

o one ply of No. 28 glass-fiber-reinforced base sheet 
fully adhered in hot asphalt, 

• one ply of smooth-surface APP-modified bitumen 
roofing torch applied to the base sheet and sur
faced as shown in Figures 3 and 4. 
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Based on the insulation manufacturer's published in
service R-values, the total R-value of the roof assembly, 
including air films, is approximately 24 (h·ft2· °FlBtu). 

To gain additional thermal comparison data, the 
hallasted ethylene propylene terpolymer (EPDM) roof over 
the shop space was included in the study. 

The ballasted EPDM roof system over the shop and 
warehouse consists of the following (see cross section 
shown in Figure 2B): 

• 2.4 inches (61 mm) of phenolic foam roof in
sulation, installed in one layer, loose-laid over the 
metal deck; 

• one layer of .045 mil (1.1 mm) thick EPDM sheet 
roofing loose-laid over the insulation; 

• surfaced with 1-112 inch (38 mm), nominal-sized, 
river-washed aggregate as ballast (approximately 
1,000 pounds per 100 square feet [49 kilograms 
per square meter]). (The aggregate is a gray/tan 
color mix.) 

Based on the insulation manufacturer's published in
service R-values, the total R-value of the ballasted EPDM 
roof assembly, including air films, is approximately 21 
(h·ft2. OF/Btu. 

For the office roof, seven different manufacturers 
supplied APP-modified bitumen membranes. Four coating 
manufacturers supplied three different types of reflective 
coatings-a titanium-pigmented reflective asphalt emulsion, 
a fibrated solvent-borne aluminum asphalt, and two dif
ferent types of white latex coatings. 

The APP sheets are installed parallel with the slope of 
the roof in "strapped' fashion (as opposed to 'shingle" 
fashion-plies laid perpendicularly to the slope). 

The roof area is divided into segments so that each type 
of membrane is coated with each type of coating (see 
Figure 4). Approximately 25% of the roof surface was left 
exposed as a control to allow a thermal and weathering 
comparison with the coated areas. The remaining 75 % of 

Figure 3 Panoramic view of APP Weathering Farm 
roof 
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the roof area is apportioned for each of the three types of 
liquid-applied coatings, 

To compare the performance of coated, preweathered 
membranes with membranes tbat were coated soon after 
being installed, each of the areas designated to receive 
coating was divided in half. on one half, the coating was 
applied soon after the membrane was installed (shown as 
Phase I in Fignre 4). on the other half of each of the areas 
receiving coatings, the membranes were allowed to pre
weather approximately 30 days prior to coating application 
(shown as Phase 2 in Fignre 4). 

Surface Preparation 

Dust, dirt, and other contaminants hamper coating 
adhesion. Field experience and research have shown that 
some of the factory-applied parting agents (e.g., sand, 
mica, talc, polyethylene films, etc.) also. inhibit thorough 
coating adhesion. Membrane manufaclurers apply the 
parting agent(s) in the factory to keep the material from 
sticking together while in the roll. As could be expected, 
membrane surface preparation is beginning to be recognized 
as an important first step in good roof-coating practice. 

Prior to application of coatings, the membrane surface 
was prepared in accordance with the Asphalt Roofing 
Manufaclurers' Association (ARMA) and the Roof Coating 
Manufaclurers' Association (RCMA) guide for surface 
preparation (ARMA/RCMA 1991), 
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Coating Application 

After the membrane surfaces were prepared, the 
coatings were installed. The coatings were applied using 
accepted industry techniques in typical fashions as follows: 

1. Asphalt emulsion The reflective emulsion was applied 
in one application at approximately 3 gailons per 100 
square feet (1.2 liters per square meter). The weil
mixed emulsion was poured onto the membrane sur
face, then spread with a wide pushbroom. 

2. Latex The white latex coating was applied in two 
applications at approximately 3/4 gallon per 100 square 
feet (0,3 liters per square meter). The latex was rolled 
on with 18 inch (460 mm) wide rollers; the second 
application was rolled on at 90 degrees to the first. 

3. Solvent-Based Aluminum Asphalt The aluminum 
cutback was rolled on in one application at approxi
mately 1 112 gallons per 100 square feet (0.6 liters per 
square meter). 

Prior to applying the coating over the preweathered 
APP membrane, thermocouples were placed directly 
underneath the membrane (see Figure 2). After the ca"tinglt 
were installed, data collection was initiatced. 



Instrumentation 

Copper constantan type-T thermocouples (aU from the 
same spool of wire) were installed between the interface of 
the base sheet and the top surface of the perlite coverboard. 
Thermocouples were installed directly underneath each 
membrane surface configuration-the exposed membrane, 
the area to be coated with reflective asphalt emulsion, the 
area designated for solvent-home aluminum, and the area 
for white latex coating. (Note: To gain additional thermal 
comparison data and insight into possible energy conserva
tion differences, a thermocouple was also installed in the 
adjacent EPDM roof system over the shop area.) 

A DC-powered, six-channel data logger and a cassette 
tape player were used to collect the temperatures of the 
membranes each minute, average them each hour, and store 
them for later data analysis. The data were transferred into 
spreadsheets for analysis. 

Data Analysis 

Data collection began on August 8, 1991. Figure S 
shows the recorded membrane temperatures for a week in 
August; shown are the three coated APP membrane temper
atures along with the exposed black APP membrane, the 
ballasted EPDM membrane, and the ambient air tempera
ture. The air temperature data were recorded at a 'Hare 
Airport, which is approximately two miles from the test 
site. The uncoated black membrane's temperature on sunny 
days is frequently 70'F (21 'C) above the ambient air 
temperature. The highest recorded exposed membrane 
temperature for the first year of data collected was 169.'F 
(76'C) on June 13, 1992. Figure 6 shows comparative peak 
temperatures of exposed, coated, and ballasted roof areas 
for a typical sunny day in August 1991. 

The asphalt emulsion and solvent-based aluminum 
asphalt appear to perform about the same during day light 
hours. The temperature rise above ambient air is 50'F to 
60'F (10' to 15.S'C) during the peak cooling period of the 
day, although, when examining peak temperatures, the 
reflective-emulsion-coated membrane registers slightly 
cooler (2' to 7'F [1' to 4'C)) than the solvent-borne, 
aluminum-coated membrane. 

The white latex coating clearly shows the most sig
nificant reduction in temperature rise above ambient. The 
peak surface temperature shown in Figures 5 and 6 on 
August 11 is 104'F (40'C) compared to the black at 156'F 
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(69'C). For this day, the latex-coated membrane's peak 
temperature is only a 21 'F (12 'C) rise above ambient, 
whereas the black exposed membrane rose 73'F (41 'C) 
above ambient. 

On clear nights, all four roof surfaces drop below 
ambient temperature by IO'F to IS'F (-12' to -9'C). On 
August 15 and 16, there was considerable cloud cover and 
the roof surface temperature can be seen to be much closer 
to the outside temperature. 

Figure 7 is a similar type of plot except it shows 
temperatures for a very cold period in January 1992. On the 
morning of January 15, about two inches (51 mm) of snow 
fell, which kept the roof surface temperature very near the 
ambient air temperature. The evening of January 15 was 
cloudy, tending to keep the surface temperature similar to 
the ambient air temperature. The fact that all these ther
mocouples register nearly the same temperature illustrates 
the good precision in the data acquisition system. 

The evenings of January 17 and 18 were cloudless 
nights. Notice aU the roof membrane temperatures dropped 
below the ambient. However, the solvent-based aluminum 
distinctly does not get as cold as all the others. These data 
suggest that the infrared emittance of this coating is prob
ably lower than the others. 

(NOTE: On cloudless nights, the sky temperature is 
much colder than the ambient air temperature. Long
wavelength heat can be radiated to the cold night sky from 

REFLECTIVE BALLASTED WHITE 
EMULSION EPDM LATEX 

136 ° F lJO°F 104°F 

Figure 6 Example of temperature comparisons for a typical wann, sunny day (August 11, 1991). 
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roof surfaces. Roof surfaces, which have a low infrared 
emittance, will radiate less and thus maintain a bigber 
nigbttime temperature tban surfaces with a higber infrared 
emittance. The difference in radiant cooling of tbe roof 
coatings tbat will increase the nighttinie heat loss to a 
different degree is not included in the calculations of energy 
savings shown later in this paper. Usually roof materials are 
assumed to bave ahout Ihe same infrared emittance even 
though tbeir solar reflectance can be quite different.) 

Reviewing the nighttime temperatures of the aluminum 
and emulsion coating in the summer (Figure 8) indicates 
that this phenomenon also holds true. The aluminum coatmg 
does not get quite as cold as the emulsion by 2°F to 4°F 
(1 °C to ZOC). 

Each of the coatings' solar reflectances was measured 
at a national university using a solar reflectometer. The 
aluminum coating was found to have a solar reflectance of 
0.48 compared to 0.28 for the emulsion and 0.61 for latex 
"B." The uncoated black APP surface measured 0.074 for 
solar reflectance. This would suggest that the two nonwhite 
coatings should not have the similar temperature behavior 
that the data illustrate. However, coating thickness (mass) 
may play a role in the temperature moderation of tbe 
membrane under the thicker reflective emulsion coating. 
Another possibility that will be explored is the possible 
variation of coating thickness on the roof compared 10 the 
thickness of samples used to make the solar reflectance 
measurements in the lahoratory. Convective heat transfer 
effects, whicb are not usually contemplated, may also be a 
factor. 

(NOTE: At any instant, total beat radiation falling on 
a roof surface must equal the sum of radiation that is 
transmitted, or reflected, or absorbed. Since roofs are 
usually opaque to solar radiation, the transmission is zero. 
Thus, absorption plus reflectance equals 1.0.) 
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The emittance of these coatings has not been measured, 
but most simplified models use only solar reflectance to 
predict the reduction in building cooling loads and increases 
in heating loads. 

(NOTE: Emittance is the property of the roof surface 
that describes the ability to emit energy as compared to 
emission by a black body at the same temperature. A black 
body, in tum, is defined as a perfect absorber of radiation 
for all wavelengths. Infrared emittance refers to emittance 
on only the radiation with wavelengths in an infrared 
portion of the thermal radiation spectrum.) 

A difference in refleclance of 0.20 (between .48 and 
.28) used in simple prediction models result in significant 
building energy load estimation differences. Furtber 
modeling and reflectance and emissivity measurements will 
be made to resolve this uncertainty between theoretical 
predictions and measured performance. 

The impact is quite important. Using the "Guide for 
Estimating Differences in Building Heating and Cooling 
Energy Due to Changes in Solar Reflectance of a Low
Sloped Roof" (ORNL 1989) and estimating the installed 
cost for aluminum coating with a solar reflectance of .48, 
the theoretical simple payback for an office building in 
Chicago is 10 to 16 years; in Orlando, 8 to 13 years; and 
in Phoenix, 5 to 8 years. This is compared to the gray 
emulsion coating with a solar reflectance of .28, with 
theoretical simple paybacks of 26 to 40 years for Chicago 
and 21 to 31 years in Orlando. 

(NOTE: These figures include estimated assumptions 
for cost of material, labor to install, and energy consump
tion. The figures do not consider coating life or any costs 
associated with recoating (if necessary). The figures also do 
not account for the benefits of extended membrane service 
life and its associated cost savings. Considering the thermal 
performance of the gray emulsion, i.e.). its .ablll!y<1 



moderate or lower roof membrane temperature more than 
the aluminum coating, the actual paybacks for the emulsion 
rna y be sooner than theoretically estimated.) 

These paybacks are based on insulation R-values of 20 
for Chicago and 16 for Orlando and Phoenix. Lower 
insulation R-values would reduce these simple paybacks. 
For example, the simple estimated payback for the alum
inum coating for an office building with only R-S in 
Chicago would be five to nine years and, if located in Phoe
nix, three to five years. 

The white latex coating has an initial reflectance of .61, 
which is not considered very high. There are numerous 
radiation control coatings on the market with reflectances 
above .8. Using the formula for estimating simple paybacks 
(Griggs et al. 1989) for this coating based on energy 
savings only (not factoring in extended roof membrane life) 
for a Chicago office roof with R-20 is 12 to 18 years; for 
Orlando with an R-16 roof, 9 to 14 years; and for Phoenix 
with R-16, six to nine years. For a Phoenix office roof with 
only R-8 of conventional insulation, these simple paybacks 
are only three to five years. 

However, the major discovery thus far is that predict
ing the impact of these middle-reflectance-range coatings by 
a single-reflectivity measurement is not necessarily going to 
lead to the right coating decision in tenns of thennal 
perfonnance for a given geographical region or area. A 
second major issue that this research project will help to 
resolve is the effects of actual weathering, under real field 
conditions, on the reflectance of these common coatings. 

The real paybacks due to the reduced energy con
sumption benefits of the coatings and the actual extent of 
extended roof membrane longevity due to the protective 
coatings may be dramatic in certain geographic/climatic 
regIOns. 

Based on reflective measurements and the use of these 
measurements in a simple model to predict the differences 
in building energy use, the field data tend to support the 
computer predictions for the uncoated and white latex 
coating but not the solvent-based aluminum and gray 
emulsion. Additional reflectivity measurements and model
ing are needed to resolve why these two nonwhite coatings 
behave so similarly considering their different reflec
tiveness. At this time, it is speculated that the infrared 
emittance is smaller for the solvent-based aluminum coating 

[ I 
Exposed Reflective 

Emulsion 

Period Avg Max Min Avg Max Min Avg 

Aug·Sept 1991 77 155 18 72 138 20 75 

Oct·Dec 1991 42 125 ·10 39 1'09 -9 41 

Jan·Mar 1992 37 116 ·14 35 101 -15 37 

tban all fhe others; however, test data are required to 
confirm this hypothesis. 

Thermal Considentions 

Figure 9 shows average, maximum, and minimum roof 
surface temperatures for the five test locations for three 
periods-August and September 1991, October to December 
1991, and January to March 1992. Notice that the average 
temperature for the "black" exposed membrane and solvent
based aluminum coating is almost identical for all three 
seasons. Another observation from Figure 9 is that the 
average membrane temperature under the gray emulsion is 
almost the same as the membrane temperature under the 
ballasted EPDM for all three weather periods. 

Considering that temperatures of dark; smooth-surfaced 
membranes readily re.ach more than 160'F (71 'C) and have 
been recorded at 192'F (89'C) (Cullen 1992), reflective 
coatings can greatly reduce temperatures of bituminous 
(both built-up and modified bitumen) membranes. 

After approximately one year of weathering, the white 
latex coating (the lightest colored and most reflective) 
provides the most thermal radiation reflection for the 
membrane, thereby only allowing the membrane to heat up 
about 20'F more than the ambient temperature for typical 
sunny days. The uncoated roof frequently rises 70'F or 
more under similar conditions. 

The gray emulsion and the silver-colored, solvent-based 
aluminum coatings provide somewhat comparable modera
tion orroof membrane temperatures despite the significantly 
different reflectivity measurements of clean laboratory 
samples, although during these first few months of weather
ing, the gray emulsion has provided cooler (138'F [59'C] 
at maximum temperature) membrane temperatures than the 
silver-colored, solvent-based aluminum coating (143°F 
[62'C]). As shown in the example temperature reading in 
Figure 6, the gray emulsion only allows the membrane to 
heat up about 53°P above ambient, whereas the aluminum
coated membrane heated to about 60'F above ambient. The 
increased mass and light-gray colored surface of the washed 
river rock ballast surfacing moderated the black-colored 
EPDM membrane by about 47'F above ambient. 

In comparison with the thennal data collected during 
sun loading conditions, after about one year of weathering, 

Aluminum White Latex Ballast 

Max Min Avg Max Min Avg Max Min 

143 21 65 115 20 70 130 21 

116 ·5 37 88 ·9 39 98 ·6 

103 ·13 32 7 ·15 34 87 ·9 

Figure 9 Average, maximum, and minimum membrane temperatures for allfive test locations for three periods. 
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the white latex coating provided the most significant 
moderation of membrane heat gain. The average membrane 
temperature during August to September 1991 for the white 
latex was 65°F (IS°C) compared to the black exposed APP 
membrane of 77°F (25°C). The ballast provided the next 
best protection from the sun's radiated heat; average 
temperature during August to September was 70°F (21°C), 
with the gray emulsion, nOF (22°C) for the same period, 
only a few degrees different from that of the ballast. 

Based on the initial findings of this project after one 
year of weathering, the white latex coatings, when rela
tively new, provided greater cooling-load savings than those 
of the other surfacings examined. Although all coatings 
tested did moderate roof membrane temperature, the gray
colored ballast and the light-gray-colored emulsion moderat
ed membrane temperature better than the solvent-borne 
aluminum. This is an interesting observation, considering 
that reflectivity measurements would indicate a significant 
performance difference between the solvent-based aluminum 
coating and the gray emulsion. 

The issue that will be watched carefully as the project 
continues is whether the roof temperature reductions from 
those of the uncoated membrane in the cooling season are 
maintained over the years,. considering weathering, oxida
tion, and the aging process, i.e., dark materials generally 
lighten in color and light-colored materials darken. 

Weathering P .... tection 
and Coating Performance 

After one year. of weathering, the exposed membranes 
have undergone some mild surface changes. Several of the 
exposed membrane ·surfaces have oxidized and lightened 
slightly from black to dark gray. 

There have been changes in some of the coated areas 
as well. One of the latex coatings (coating "A") has 
severely cracked and is beginning to peel. The aluminum 
coating has stretch cracks over certai~ membranes with 
cer~in reinforcements. Some of the stretch cracks in the 
aluminum coating in area 1 are significant, with a few in 
excess of 3/S in. (10 mm) wide. 

The coatings' performance will be monitored. in 
comparison with that of the exposed membranes and will be 
reported in future papers. 
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