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Test and Evaluation of the Attic Temperature
Reduction Potential of Plastic Roof Shakes
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ABSTRACT day with strong solar radiation, the attic air temperature of Lab

While monitoring the comparative performance of two H(')use B was nearly 20°F (11°C) cooler than Ifab H'ouse A
test houses in Pittsburgh, Pennsylvania, it was noticed that the (Figure 2). Both houses have the same solar orientation and
attic air temperature of one house withaplastic shakeroofwas ~ Neatly the same dark brown shingle surface. They were both
consistently 20°F (11°C) cooler than its twin with asphalt shin- Lab House A
gles during peak summer cooling periods. More detailed moni-
toring of the temperatures on the plastic shake, the roof deck,
and the attic showed this effect to be largely due to the plastic
shake and not to better roof venting or other heat loss mech-
anisms.

INTRODUCTION

In order to comparatively evaluate new home construc-
tion technology, two visually identical test houses have been CU G
constructed in Pittsburgh, Pennsylvania (Figure 1). Lab House .
A is a standard 2400 ft* (220 m?) two-story house taken from
a current builder line. Lab House B is identical in design and
appearance, but all major components of the house have been
revised for improved performance. Every component of the
shell, HVAC, plumbing, electrical, finishes, and cabinetry has
beenmodified. The topic of this paperis the modification done
to the roof of Lab House B and the thermal performance that
resulted from these changes.

LAB HOUSE B

The differences in roof construction between Lab House
A and Lab House B are slight, but significant. They are
detailed in Table 1. As part of the overall monitoring and eval-
uation of the two houses, attic temperatures have been
recorded. Reviewing the data for summer conditions, an inter-
esting performance difference was noted. On a hot summer Figure 1 Test houses.
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TABL= 1

Lajp House A/B Roof Construction .

Component Lab House A Lab House B
Trusses Standard heel - Raised heel ) I
Insulation R-30, fibcrglass R-43, ccllulosc
Ceiling 5/8 in.(16 mm) gypsum 5/8 in. (16 mm) gypsum: ,
Air barrier Ceiling plane "

Continuous ceiling plané

Lave vent baffles

Single styrofoam

Full width cardboard

Vent path openings

Approx.-1 in:x 12 in. (25 mm x 305 mm)
111in, 2 (72 cm?), net free area

Approx. 1 in. x 22 in. (25 mm x 560 mm)
22itt.% (142 cni?), het free area

Compositiori'(approx. 1.97-1b/ft%)(9.6 kg/im?) +

Eave vent Contmuous perforated, 1:.334, 18 i in.2 Cohtmuous perforated 1:334,18 in 2 o
(1 Iﬁ cm ) netfree area (116.cm?) net free area . i s

Ridge vent Conlmuous, 1:.187, 36 in.? i Continuous, 1:.187,36in.2 . i
(232'cm2), net free area (232 cm2), net free area )

Roof deck /16 1n. (11 mm) OSB 7/16 in, (11 mm) OSB -

Shingles Plastlc shakes (approx. 0.73: lb/ftz)(3 5 kg/mz)

experiencing the same solar radiation and wind conditions. In
order to better understand the mechanism behind this perfor-
imancé, it was decided to conduct a tilore detailed investigation
of the tcmperuturc condmons irf the roof of Lub House B

Conmderable research h‘lS been .done on atuc/roof inter-
actions, looking at the effects of surf@ce color venting, and
house/attic morsturg relauonshlps Our mterest was_ princi-
pally in mvestrga,ung what thermal performance drfferences

might be attributable to the unusual characteristics of the plas-
tic shake roofing 'material. It is a molded panel, lightweight
and mounted with numerous gaps and ‘openings between
pancls. R 7 A B

Studies conducted on concrete tlle roofmg (Beal and
Chandra 1995) concluded that the tile foofs studied reduced
the heat flux to the house interior by 40% to 50%. This reduc-

tion was attrlbuted to the mass of the tile, which kept the
4 L4
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TABLE 2
Lab House B Roof Monitoring Chrc.iology

*  Plastic roof installed (eriginal roof) 1993
. AAttic temp. sensor (-attic T) placed Jan. 1994
¢ Roof sensors (shingle T, sheathing T) installed 10/6/95 '
¢ Datalogger reconfigured for STEM test, then temporarily removed from service. Sen- 1/20/96
sor on underside of shake stopped recording correctly during this time. It may have
dropped loose from the shake surface.
+  Datalogger back up and running - 3/19/96
*  Datalogger instrumentation decommissioned 712196
*  House B re-roofed with asphalt shingles 8/1/96
*  New shingle, sheathing, attic; and outdoor sensors installed 8/23/96
*  Pocketlogger instrumentation up and running . 9/6/96
»  Pocketlogger instrumentation removed 11/11/97

temperature of the back surface of the tile quite low, and to the
air space under the tile due to the tile’s barrel shape. Some vari-
ation of this air space was studied, and improved,thermal flux
reduction was found with greater air space behmd the tile.

. The plastic-shake roofing that is the subject of this study
bears some relationship to this research in that the roofing is
composed of shaped, pverlapped elements. There are srgmfr-
cant differences in that the elements, shakes, are much lrghter
in weight and are a flatter shape. " ‘

. The, chrono]ogy of this investigation is listed in Table 2.
Thermocouples (type T, standard limit of error +1°C) were
placed tight against the undersurface of the plastic shake
(Figure 3) and tight against the undersurface of the oriented
strand board (OSB) roof deck, and the attic temperature sensor
was suspended at the geometric mrdpomt of the attrc (Frgure
4). K

The data logging was done with a data logger mounted in
an insulated box, inside each house. The equipment m house
A and House B was the same. The reference temperature was
established for each :system at the multiplexer panel using

-~

|

Figure 3  Plastic shake roofing (w/skylights).
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thermistors.,The thermistors measured the reference temper-

ature for all thermocouple measurements.

Temperature data were logged from October 1995 until
July. 1996, at which time the plastic, shaj(e roof was removed
(due..to attacpment problems) and a conventional asphalt
composmon shingle roof wag installed. Temperature sensors
were agam installed in the same locations on the asphalt shin-
gletbof: against the underside of the shingle and the underside
of the OSB deck and iri the center of the attic. During the first
monitoring period, October 1995 to July 1996, a weather
station rédorded data at the"hduse including solar radiation:

_ Solar radiation data were not available after the change to

asphalt shingles; 'However, outdoor air temperatures were
rekordéd.
DISCUSSION.- . .. .. . .

With an attic as well insulated-as Liab House B, there are
three primary means of losing heat. One is the heat exchange

-through the shingles above the roof deck, a second is by the

ventilation airflow from the eave vents across the underside of
the roof deck and out the ridge vent, and the-third is heat loss
through the attic gable ends. The gable end heat loss from the

.. two houses could be expected to be nearly the same for both

houses and is a minor portion of total heat loss.

By tracking temperature performance of the roof deck,
first when covered with plastic shakes and, second, when re-
roofed with asphalt shingles, it is possible to isolate the effect
of the roofing material alone. A particular objective was to
discem, if possible, any thermal performance characteristics

- of the plastic shakes that might be due to their unusual light-

weight molded form. There was the opportunity for air move-
ment in and around the shake surfaces that was not possible
with.the shingles. Note that the asphalt shingles used to re-roof
Lab House B are virtually the same as those installed on Lab
House A.

As sooften happens, there was a glitch in the experiment.
Sometime between J anuary 20, 1996, and March 19, 1996, the
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sensor attached to the undgrsurface of the plastic shake ceased
to provide reliable data, indicating temperatures virtually the
same. as the attic interior. This remairied the case until the
house was re-roofed in August 1996. It is postulated that the
sensor may, have worked loose from its attachmé_nt to the
shake, cloth:tape, perhaps due torepeated heating and cooling,
and dropped dewn intothe air space between the shake and the
roof deck. Nevertheless, the critical attic and outdoor temper-
atures were continuously monitored. -

The thermal performance of:the roofs was examined four
times (Figures 5 through 8) and then comparatively-(Figure 9)
in order to develop an understanding of the behavior of the two
forms of roofing: asphalt shingles and plastic shakes:.. -.

= = i : l

Figure 2 presents:data for botti Lab Hopse A;and Lab!
House B!on June 15, 1994, examination period; 1. The-ther-
mally significant differences in the :attic/roof, construction of:
the two houses ase the roof surface and the eave venting cross-
sectional area; Both will be discussed subsequently. This was
a hot day for Pittsburgh in. which- we' saw' the distinct attic
temperature. difference between the two :roof’systems. The
summary in Table 3 indicates that an this 94°F (37°C) day the
attic air of Lab House A; with asphalt shingles, ‘was 38°F
(21°C) hetter than the outdogr temperature, while the dttic air
of Lab House: B, with plastic.shakes; was,18°F (10°C) hotter
than the outdoor temperature. The attic of:-Lab House B was
20°F (11°C) cooler;than Lab:House:A..
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TABLE 3
Lab House A/B, Comparative Performance of Roofing Systems

6/15/94 10/12/95 6/16/96 6/24/97
. 96/97 diff.
A | B B B B
Examination period 1 2 3 4
Max. outdoor temp. 94°F 94°F 81°F 92°F 91°F 0°
(37°C) (37°C) (27°C) (33°C) (33°C)
Max. shingle temp. - - 130°F 110°F" 168°F =
(55°C) (43°C) (75°C)
Max. deck temp. - - 106°F 122°F 142°F 20°F
(41°C) (50°C) (61°C) (11°C)
Max. attic temp. 132°F 112°F 90°F 108°F 126°F 18°F
(55°C) (44°C) (32°Cy (42°C) (52°C) (10°C)
Shingle/deck difference 24°F -- 26°F
(13°C) (14°C)
Deck/attic difference 16°F 14°F 16°F
(9°C) (8°C) (9°C)
Shingle/attic difference A40°F - 42°F
(22°C) (23°C)
Attic/outdoor difference 38°F 18°F - 9°F 16°F 35°F 19°F
(21°C) (10°C) (5°C) (9°C) (19°C) (10°C)
Roof type asph. plas. plas. plas. asph. plas./asph.

. . :
Sensor believed to have come loose from shake undersurface.

After installing the temperature sensors to the plastic
shakes and roof deck on October 6, 1995; the warmest day in
the fall of 1995 was October 12, examination period 2 (Flgures
5 and 6). Here, with a peak outdoor temperature of 81°F
(27°C), an attic air temperature of 90°F (32°C) was teached.
The attic is peaking 9°F (5°C) above outdoor ambient temper-
atures. The plastic shake temperature is 130°F (55°C), which
is 40°F (22°C) above the attic temperature. This 40°F (22°C)
temperature difference is composed of 24°F (13°C) between
the shake and the deck and 16°F (9°C) between the deck and
the attic.

On June 16, 1996, a high outdoor temperature of 92°F
(33°C) was recorded in examination period 3 (Figure 7). On
such days in Pittsburgh, solar radiation is always at relatively
high levels. Due to the problem'with the sensor on the plastic
shake, the reading of 110°F (43°CYis unrealistically low, only
deck and attic temperatares can be evaluated. On _this hot
summer: day, the attic- air:temperature of 108°F (42°C): was
16°F (99C). above - outdoor ambient air temperature. The
portion between the deck and the attic was 14°F (8°C), almest
the same as the prevnous (October 12, 1995) examination
period. Lo e i

Shortly after the Jurie 16, 1996 examination period 3, the
plastic shakes were removed and-Lab House B ‘was re-roofed
with asphalt composition’ shingles. High' temperatures were
not recorded on this roof until the summerof 1997. The firal
examination period 4 is June 24, 1997 (Figure'8). On this hot
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summer day thit reached 91°F (33°C), the attic rose to 126°F
(52°C), 35°F (195€) above outdoor ambient. The 42°F (23°C)
temperature difference between shingle and attic is composed
of 26°F (14°C) between shingle and deck and 16°F (9°C)
between the deck and the attic. These relative temperature
differences are virtually the same as for the plastic shakes. It
appears that the shingle surface becomes considerably hotter
than the plastic’ éhake and the attic temperature is similarly
elevated.

By comparing examination period 4 to house A in exam-
ination period 2, itis also possible to make some determination
of the influence of eave-ridge venting. These two roofs are
identical except for the difference in eave 'vent cross-sectional
area. The maximum outdoor temperatures are 3°F (1.6°C)
different and the attic/outdoor temperatute difference is also
3°F (1.6°C). This suggests thit-any attic ventilation difference
plays a very small roldin the heat loss characteristics of the
roof assembly.iAttic ventilation certainly provides for part of
the heat temoval from the attics of both houses, but the differ-
ence in vent area between the two houses seems to have little
or no efféct onlcomparisons between the two h@uses under
sumimer conditions.

It should be noted that everythmg about the roof of Lab
House B was held constaiif during the test'and evaluation
period.except:for the'changeout of the roofing surface. Even
this sutface retained the same dark brewn color-frorh plastic
shake to asphaltshingle when re- -roofed.
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LAB B Outdoor, Roof & Attic Temperatures
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Figure 9 Lab B roof temperature comparisans.

In the’ sequence of' ownegship’ of thc two houses, Lab
House A wds sold before thed ctalletl qcnsor ingtatlation could
be done on Lab Houst B, and the unfortunate shake tempera-
ture sensor failure made comparative assessment a¢hallenge.
Nevertheless, the data’as summarized in Table 3 and Figure 9
and assessed in examination periods 1 through:# do'suggest
some performance difference between the'plastici shakes and
the composition shingles. . i

The examination peridds may be summarlzed as follows

L 'Perzod 1—Thrs penod demonstrates that the House B
atiic is 20°F (11°C) ‘cooler than the House ‘A attic under
peak summer conditions. The operatlve differences
could be in the roof surface or in ‘the eave vent area.

o' Period 2—This period“provides' the breakdown of the
altic to plastic shake temperaturé range in relation to
outdoor {empcra[urc wilh temperalures for the shake
the reof ceck, aid the attic. 1t shows thal 60% of the
tcmperature gradient is between shake 'and deck and
40% between deck and attic. This was determmed with
an outdoor temperature of 81°F (27°C). - 4 '

*  Period 3—The plastic shake:roof .is subject, to peak
summer conditions with outdoor temperature.*of 92°F
(33°C). The outdooi and auic temperatures are very
gimilar to. what ig" geen’ for Houre B in examination
period 1. Comparing period 3 ta pemod 2, the gradient
from' attic to roof ‘deck is nearly identical, suggdstmg
that the big gradient is again from deck to shake. .

e Period 4—On the same house .(Hause B), under the
same summer conditions (91°F-92°F [32°C-33°C)), the

Hour / Day : vy ot

s ! il S04 907

o L2 i : S t)
composition shingles:now result.in an attic. temperature
18°F (10°C) higher. than the plastic shakes in period 3,
indicating that the plastic shakes are likely responsible
for the observed beneficial lower attic ternperatures of

. period 3,

’ o
i

" Further comparmg perlod 4t House A perlod 1 shows
quite similar attic/outdoor and maximuni outdoor temperature
differences, suggesting that cave ventilatioi differences have
little impact on the comparison of Hotse A to House B: So it
setms plausible that the plastic shake alone is primarily
responsible for the lower attic temperatures when compéted to
coamposition shingles. .., -+ . e g &

iThe attractive thermal. performance of the plastio shakes
compared to the shingle:roof could. be dueito one or more
mechanisms: .
. Hl gh solar reﬂectlvny
. Grcatu convective loss
. Thermal storage and noclumal re-radiation

) ’I'hermal storage of any magn'rtude 1s hrghlyHunhkely, as
the plastlc shakes are a molded sheet that is quite thin and
lightweight. To assess comparatlve solar reflectrvrty, samples
of 'Bach of the roofmg ‘materidls were laboratory tésted. The
solar properties in* “Fible 4''were deterniified from actual
samples of 'the plastic shake and composition shingles that
were applied to House B. The testing was done using industry
standard procedures: for-roofing ‘materials: (DSET:1998).
Results. of thase: tests (Table 4). indicate the hemispherical
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TABLE 4
Roofing Materials Test Results

Emittance
Specimen Code Relt\‘l;:;::lc: d([:)) Near-No(r;:lacluﬁr:i:;tance €) Hemisphzl:lc:l:lfinﬂiittance €
Composite Shingle 05 95 .90
Plastic Roof Shake—Top * .05 95 ] .90
Plastic Roof Shake—Bottom .06 .94 .89
Reflectance

Specimen Code

% Reflectance

Composite Shingle 9.6
Plastic Roof Shake—Top 8.8
Plastic Roof Shake—Bottom 15.8

spectral reflectance of the two roofing materials is quite simi-
lar, with the plastic shake approximately, 8% lower than the
shingle. This suggests that the plastic shake would-thus reject
less solar radiation by reflectance than does the composition
shingle. Ruling out thermal storage and reflectance leaves
convective loss as the probable reason the heat loss from the
plastic shakes is greater than that of the conventional shingles.
Convective loss may, of course, occur across both the exterior
and interior surface of the plastic shake, while convection can
occur only across the exterior Surface of the shingle. “*

CONCLUSIONS

Examination of the performance characteristics' of the
two types of roofing through the test per1od suggests the
followmg conclus1ons

L
1. Under peak summer condmons (90°F~94°F [32°C 34°C])
,,  attic air temperatures under the roof with plastic shakes is

18°F-20°F (10°C-11°C) lower .than under the .roof with
, + .shingles.

2. Thistemperature drfference appears to be a- d1fference n the
shingle/shake temperatureiitself as measured.at the under-
1 surface of the shingle or plastic shake. - TS

3. When both roofs were surfaced with asphalt shinglés oh
June15,1994 (HouseA),andJune 24,1997 (House B), and
were exposed to peak summer conditions (94°F and 91°F
[34°C and 33°C]), there was little difference in attic air to
outdoor ternperature rise. House A has a 38°F (21°C) differ-
ence, while House B has a 35°F (19°C) drfference This
"'would suggest that atlic ventllatlon effects were vrrtually
the saime for both roofs. ' - o

4. Hermspherlcal spectral reﬂectance from the plastic shake
(8.8) is 8% lower than,fqr the shingle (9.6). Thus, greater
solar reflectance cannot be a reason the plastic, shakes are
cooler. 2

5. The plastic sllake weighs approx1mately 0.73 Ib/ft?, wh1le
i the shingles:weigh approximately 1.97 1b/ft2: The lightet
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weight shake would not appear to offer any thermal perfor-
mance advantage due to storage/ré-radiation effects.

6. By eliminating the probability of reflectivity, mass, or roof
ventilation as reasons that the plastic roof shakes are cooler
than the shingles under identical conditions, the most likely
explanation is increased convective heat loss. This could
entail convection across both interior and exterior surfaces.

7., The gaps between plastic shake panels and the void space

o

conyeetrye arrﬂow and heat,transfer ’ "
8. Comparison of plastic shakes-to metal:roofing would be
useful. Ribbed. metal roofing is lightweight like the plastic
shake but does not have the air space behind. Metal shingles

... would be thé.closest in configuration and weight. -

9. Further investigation of plastic toof shakes for beneficial
" "¢ooling ‘season performance seems desirable. Aspects to
study might include surface color and sheen, gap configu-

i ratrons and other molded forms such as slate and t1le styles

I . g Y
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