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ABSTRACT 

While monitoring the comparative peiformance of two 
test houses in Pittsburgh, Pennsylvania, it was noticed that the 
attic air temperature of one house with a plastic shake roof was 
consistently 20°F ( 11°C) cooler than its twin with asphalt shin
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 

constructed in Pittsburgh, Pennsylvania (Figure 1). Lab House 

A is a standard 2400 ft2 (220 m2) 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 

been modified. The topic of this paper is 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 

day with strong solar radiation, the attic air temperature of Lab 

House B was nearly 20°F (11°C) cooler than Lab House A 

(Figure 2). Both houses have the same solar orientation and 

nearly the same dark brown shingle surface. They were both 

Lab House A 

LabHouseB 

Figure 1 Test houses. 
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TABL� 1 
Lap House A/B Rqof Construction • 

- -
Component Lab House A Lab'liouse B 

-
Trusses Standard heel Raised heel J , . . 

I 

Insulation R-30. fibcri;lass R-43, cellulose ' 
-

Ceiling 5/8 in.(16 mm) gypsum 5/8 in. (16 mm) gypsum' 
Air barrier Ceiling plane .'.,-1\ ' .  Continuous ceiling plan� 

r 

' "\ 
Eave vent baffles Single styrofoam Full width cardboard 

Vent path openings - Approx.·! in.·x 12 in. (25 mm x 305 mm) , Approx. I iii. x 22 in. (25 mm x 560 mm) 
11 i!1.2• (72 cm2) , net free area_ 22 itl.2.£142 crri), iiet free area. 

Eave vent •, Continuous,.perforated, 1:.334, 18 in.2 ccihtln'uous, perlorated, 1:.3:3'4'.'18 in.2 .. 

(116 cm2), net free �re� •' ( 1.1 t'i. cm2) m:t,free �rea 1' • 

- C�ntinuous, 1:.187, 36 in.2 
. 

Continuou�. 1:.187, 36.in.2 . 
Ridge vent , : I 

(232 cm2), net free area (232 cm2) , net free area . --· 

.,. 
Roof deck 7116 in. (11 mm) OSB 7/16 in. (11 mm) OSB - - ·-

Shingles . ' Compositiori!('approx. 1.971b/ft2)(9.6 kg/m2) : Plastic shakes (approx. 0.731 lb/ft2)(3.5 kg/m2) 
.. --!.-.. - --

experiencing the same solar radiation 'arid tvind conditions. In 
brder to better'underStand the mechanism behind this perfor
ihance, it was ic'l'edided to conduct a tllore detaiied investigation 
of the tcmpernturc conditions in the roof of Lab House B. 

"';,. ! .1' 1 ,''' '; '1 ' • I t_ '_) • ' ;_,: � ' 
Considerable n;_search h�s bee,11 .. d_oneyl). ,atti�/roof inter

actions, looking at the effects,of surfl\ce color, venting, and 
house/attic moisturf; relatio�§J;i.ips. _Our 1i�t�rest w�s princi
i;ially in investig'.'�illg wh,at t�l(rmai' p�rfomi��ce differenc�� 

·' . . .·1 i,'., 'I , J . fj(. . , 

., . 
might be attrib'utable to the unusual characteristi'Cs of the plas� 
tic shake·roofing material. It is a molded panel, lightweight 
@d mmlhted with numerous gaps 11nd:·openings between 
panels. •• 

Studies conducted ori · cdh�re:t� iiie ro�fing (Beal and 
Chandra 1995) concluded that the tile t�ofs studied reduced 
the heat flux to the house interior by 4b% to 50%. This �educ
tion was attributed to the mass of the tile, whicl1 kept the 

.1: q 
., : �l·· • L?b lfomes A,& B ,Outdoor & Attic Temperatures ' ., . 
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TABLE 2 
Lab House B Roof Monitoring Chrc:.1ology 

-

. _!:'lastic roof installe� (�_iigi!1a�Eoof) 1993 - -

. • j Attic temp:.. sensor (�ttic 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 unde�side of sha_ke S\?l?Ped recording correctly during this time. It may have 

• 

. 

. 

dropped loose·from the -shake··surface. 
Datalogger back up and' running -

Datalogger in�trument�tiol} dec9rii�issioned 
House B re�roofed with asp,)).alt siiipiiis 

J ' . •  I "' 

- -

-

� 
. 

-

. 

:: : 
-

.. ; 
. -

. .  

. . 

3/19/96 

712196 

8/1/96 
. New �ngle;�hea_t_hing, attio; and outdoor sensors installed-' . � 8/23/96 -

. Pocketlogger instrumentatiqn up and running 

. P-0eketlogger -instrumentation removed"' - -

temperatpre of the back surface of the tile qpite low, and to the 
air space under the tile due to the tile's barrel shape. Some vari
�tion of this,.air space was studied, and improveq, thermal flux 
reduction was found with greater air space behind. the tile. 

The plastic:shake roofing that is the subject of this study 
bears some relationship to this research iri that the roofing is 
composed of shaped, pyerlapped elements. There are _signifi
cant diff�rences in that the �ie�e�ts, shakes; are mu�h)ighter 
in weight and"are a flatter shflpe. ' .. 

' � ' '· • \\ • I I' I 

: J'he; c�onology, of.:this investigation is lis�ed in Table 2. 
Thermocouples (type T, standard limit of error ±1°C) were 
placed tight against the undersurface pf the p�astic ,shake 
(Figure 3) and tight against the undersurface of �h�. priented 
strand board (OSB) roof deck, and the attic tempe�attire sensor 
was suspend�d at.the -g�ometric ffiidpolnt of the a·ttic (Figure 
4). 

' .. - · - -

i ; � 

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

Figure 3 Plastic shake roofing (wlskylights). 
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I 916196 

11/11/97 

thermistors.,Jhe �hermistors measured the reference temper
afore for alrtbenriocoupfo measurements:· 

, Temperature \fata w11re logged from Oc,t,ober 1995 until 
July 1996, at' which, tim� .the plastfo �hajce roof was re�oveq . .[, "h . ) ' . .. 

(due.Jo attacpwent, prob��ms) and a conventional asl?h�!lt 
composit;on �l,iingle roof wa� inst_alled. 1_:emperature sensor� 
were a,gain installed in the same locations on the asphalt shin
gfo·tbdf: against 'the underside otthe shingle an'd the underside 
of the OSB' deck �nd id the center of the attic. During the first 
monitoring period, Octo�er l995 to July 1996, a weather 
station r8�orded data at th't;''house" including solar radiation� 
Solar radiation data were not available after the change to r, . \ l � . ,- � .. 

, asphalt shingles�' however, outdoor air temperatures were 
tebordb'd. 

DISCUSSJON 

With an attic as w�ll insulated-as IJab House B, there are 
three primary means oflosing 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 �oof d�ck and out the. ridge vent,' and the third is heat loss 
through the attic_gab\e end�. The gable end heat loss from the 

, ,, __ two·houses could be �xpected 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 
discern, 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 
Hou3eA. 

As so often happens, there was a glityh in the experiment. 
Sometime between January 20, 1996, and March 19, 1996, the 
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·•Figure 4 Lab House B, temperature sensor locations> 

s.ensor attached to the undy.rsurface of the plastic shake ceased 
to provide rel�able data, indicating ,temperatures virtually the 
same. as the. .attic interior. This remained :the case untiLthe 
house. walife-roofed in August 1996. It is postulated .that the 
sensor may;'have worked loose from its attachment ·to the 
shake, cloth•tape, perhaps due to repeated heating and cooii�g, 
aqddropp�d down into the air space between the shake andthe 
roof deck. Nevertheless, the critical attic and outdoor temper
atures wen; sontinuoµsly monitored. 

The thermal perfoimanGe of;the·roofs was examined fQur 
times (Figures 5 through 8) and then ,c.Omparatively{Figµre 9) 
in ordeno dev.elop an understanding of the behavior -0Jthe two 
forms of roofing: asphalt shi1J.gles and plastic, $hii.}(esj., 
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Figure 2 presents data for botli Lab House. Ai·and La.Ii 
H,ous.e B• on June ·15; 1994, exarninat�on peri<:>d· L The·ther
mally significant differences in the 1aitic/roof, construction of, 
the two houses are, the rnofsurface and the eave venting cross-· 
sectional ii.re.a; Both will be discussed subsequent1¥.irulis was 
a hot day for Pittsburgh in. which· we• .saw' the distinct attic 
te¢pera\ure. difference between the two :rpof systems. The 
summary in Tahle '.l indicates that. on this 94°F ('.l7°C) day the 
attic air of Lall House A1 with asphalt shingles, 'was 38°F 
(21°C) hotter than the outdo�r temperature, while the attic air 
of Lab Hot1se;B,. with plastic sliakes;· was,�8�F 00°C) hotter 
than the outdoor· temperature. The attic of Lab House B was 
_20°F (1 l°C) coole1,(than Lab,House;A., 

CH-99-11,5 
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TABLE 3 
Lab House A/B, Comparative Pt:uiormance of Roofin£l Systems 

6/15/94 

A B 
Examination period 1 

Max. outdoor temp. 94°F 94°F 

(37°C) (37°C) 

Max. shingle temp. - --

Max. deck temp. -- -

Max. attic temp. 132°F 112�F 
css·q (44°C) 

Shingle/deck difference 

' 'I 
Deck/attic difference .. 

' 

' 
Shingle/attic difference ' 

' 

Attic/outdoor difference 38°F l8°F · 

(21°C) c10·q 

Roof type asph. plas. 

Sensor believed to have come loose from shake undersurlace. 

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 per_iod 2 (Figures 
5 and 6). Here, with a peak outdoor temper�ture of 8t•'p 
(27°C), an attic air temperature of 90°F (32°C) was reafhed; 
The attic is peaking 9°F (5°C) above outdoor ambient temper
atures. The plastic shake temperature is 130°F (05°C), which 
is 40°F (22°C) above the attic temperature. This'40°F(i2°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·Qf U0°F ( 43°C)is urnea1istically low, only 
deck and attic,1 temperatores1 can be evaluated. On. this hot 
summentlay, the attic ·air1temperaturci of 108°-F (42�C): was 
16°F (9?C)_. above outdo0r ambient air temperature. ,;The 
portion between the deck and the attic was li4°F (89C), alm0st 
the same as the previous ·:(October 12, 199Ji,). examin�ion 
period. L '" 

Shortly after the Jurle 16, ·1996; examination period 3, the 
plastic shakes were removed and· Lab House.Jil was re-roofed 
with asphalt comJbositioil' shingles. High; temperatures were 
not recorded on thfa ,roof until the summer of 199:?. The final 
examination period 4 is June 241, 1997 (Figure·8): On this hot 

CH-99�11-5 
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10/12/95 6/16/96 61241'.17 
96/97 cliff. 

B B B 
2 3 4 

s1°F 92°F 91°F o· 

(27°C) (33°C) (33°C) 

130°F 110°F· 168°F -

(55°C) (43°C) (75°C) 

106°F 122°F 142°F 20°F 
(41°C) cso·q (61°C) (11 oq 

90°F 10s°F 126°F 1s°F 
(32°C)' (42°C) (52°C) c10·q 

24°F -- 26°F 

(!3°C) (14°C) 

16°F 14°F "' l6°F 

(9"C) (8°C) (90C) 

.40°F -- 42°F 
c22·q (23°C) 

9•p 16°F 35°F 19°F 

(5"C) (90C) (19°C) c10·q 

plas. plas. asph. plas./asph. 

summer day that r"<ached 91°F (33°C), the attic rose to 126°F 
(52°C), 35°F (19�C) above outdoor ambient. The 42°F (23°C) 
temperature difference between shingle and attic is composed 
6f 26°F (l4°C) between shingle and deck and l6°F (9°C) 
between the deck and the attic. These relative temperature 
differences are virtually the same as for the plastic shakes. It 
;ippears that the shingle surface becomes considerably hotter 
than the plastic)li.ake, and the attic temperature is similarly 
elevated. , · · ·, 

By comparing examination period 4 to house A in exam
ination period.2, lt is also possible to make some determination 
of the influence of eave-ridge venting. These two roofs are 
identical except for fu.e. diffi;:rence in e�ve ·vent cross-sectionjil 
area. The maximum outdoor temperatures are 3°F (l.6°C) 
different and the attic/outdoor terhpetatu�e difference is also 
3°.P (L6°(C). This suggests th'.tt•any attic ventilation difference 
plays 'a very small rohdn the heat loss characteristics of the 
roofassembly.iAttlc ventilatioh cei;tajnly provides for part of 
the hclat temoval from th,e attics of both houses; but the differ
ep.ce in vent area between the two houses seems to have little 
or no effecil onlcomparisons �tween the two hemses urider 
summer ccmditidns. 

· It should be noted that everything about the roof of Lab 
House :B was held constatif duripg the test< artd evaluation 
perioctexcept'for th�'changemH of the roofing surface. Even 
this sutfa.ce· retained the same dark brow11 color·-frofu plastic 
shake to asphalt •shingle when wroof�d. 
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LAB B, Roof and Attic Temperatures 
October 8-14, 1995. 
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LAB B Outdoor, Roof & Attic Temperatures 
June 15-21, 1996 
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Hour I Day I -. 1r1 
Figure 9 Lab B roof temperature comparispns. I • 

In the 'sequence of! ownership o(' e two houses; Lab 
House A was sold before the detailed er\sor installatfon could 

. ..
. . ' ' J 

be done on Lab Hous� B, and the unforlllnate shake'tempera-
turn 'sensor failure made comparative assessment a:chal\enge. 
Nevertheless, the data: as summarized in Table3 anHFigure 9 
arid assessed .in examination ·pe�iods· 1 through: 4' do! suggest 
some performance differem.ce between the ·plastic: shakes and 
the composition ,shingles. . , 

· '· · · 

" 
The exa�IJ.l.lli()11 peribds_ n;iay be, .su!1llliarized 1\18 follows: 

8 

. ", , '· ·;: ,f , ,. ,_ . . . 
, ,feriod 1-This perioci de.qionstrates tha�'theHouse B 

;, " 1h ., r' I I , . . ,,) I , , •  
attic is 20°F (11 °C) cooler than the. House A attic under 
peak summer conditions. The operative 4ifferem;es 
could be in the roof surface or in"the 'eave'vent �ea. •' 

Period 12_:_ Tliis' period"pr�\iides ·the breakdown of the 
;attic to plastic hake t)!rnperature range in Telation tO 
outdoor ernperatii1re wiih le�peratui:es for ihe ·s.ti. kb 
the roof deck, ahd Lile attic. It shows that 60% of' ttlh 
temperature gradient is 'belw�en shake 'an.ct deck ·and 
40% between deck and attic. This was �et

.
e�ined wi�h 

an outdoor temperature of 81°F (27°C). 
Peri@d 3-The plastic shake :roof is subjer;t. to ,peak 
sumtnei conditions with outdoor tem�rnture. ;of 9.2°F 
(33°C). Tlie outd'oot 'and attic fo�1peratures are · very 
�imilar to. wnat is' seen'.'fdr House' B J-n exnn1ination 
period 1. Comparing period 3: to peridd 2, the. gradient 
from attic to roof deck is ilearly identical, .suggesting 
that the big gradient is again from deck to 'stia.ke. . . . 
Period 4-:0n the same hou'se .(Hnt;£e. B), under the 
same summer conditi?ns (91 �Fr92°Fi[i32°C-33°C]), the 

, ·r· 
,, composition shingles: now result .in an attic. temperaturn 

l8°F (l0°C) higher.than the plastic shakes. in period 3, 
indicating that the plastic shakes are likely responsible 
for the observed beneficial lower attic temperatures. of 
periocU ,_ :t.. . . .1• 

'• ''·:;1''•( J·i• 1'·· Ii ;j ·' , '· L • ' l 
Further comparing perfod 4 to House A iri period 1 shows 

quite similar attic/outdoor and maximuni outdoor'tempe�ature 
differences': s�gg�ting thareave'ventHatfon differences have 
little iinpact on-the comparison of House A to mm�e B'. So it 
se�ms plausible that the· plastic hake a!O�e ls primarily 
responsible for the lower attic temperatures when compfiled to 
cdm.position shingles. ., ·. 1 ''I • r· 

c\I'he 'attractive thermal: performance oti the plas.�o ;shakes 
compared to the shingle.-roof could.be duelilo one Ci>r more 
rpechan.isll)s:. ,,. . 

• • . ; � t 1! 'l . . . I 1 I High solar reflectivity .. . , . 
I. G�eater convective )oss· 

, ' : ,- . . ·p�e_rma\ storage .a:tl� nQ1cLµ,ma,I re-rad.iatiori 
•l . 

' I, ·.J'. l .�,. r 1, I ·, , . . :• . , . ' . . .' 1. ; )' ._. , ,;p1erm�� stora�\.'. ?f any fll.a,g4ffpd�_,i,� Nghl�,unlike�y, as 
the plastic shakes are a molded s�fi�t1 qw� ,is 1quite thi11, and 
lightweight. To assess comparative solar reflectivity, samples 
of'each of the roofing 'materid.fo were labcitatory re�tetl. ihe 
solar properties in" Table 4 � 'were· &terniir\.ed from actual 
samples 'onhe plastic shirke and composition shingles that 
were applied to House B. The testing was done using' industry 
standard prociedures• for roofing ·materials· '(DSETd998): 
Results pf these, tests (T.able 4) indicate the· heritlspherical 
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TABLE4 
Roofing Materials Test Results 

Emittance 

Specimen Code 
Reflectance (p) Near-Normal Emittance (E) Hemispherical Emittance (E) 

Measured Calculated Calculated 

Composite Shingle ,05 .95 .90 

Plastic Roof Shake-Top · .05 .95 .90 

Plastic Roof Shake-Bottom .06 .94 .89 

Reflectance 

Specimen Code 

Composite Shingle 
' 

Plastic Roof Shake-Top 

Plastic Roof Shake-Bottom 

spectral reflectance of the two roofing materials is quite simi
lar, with the plastic shake appr.oximately1 8% lmy((r than the 
shingle. This suggests that·the plastic shake would-thus reject 
less solar radiation by reflectance th'an does the composition 
shingle. Ruling out thermal storage arid 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. • '· 

' (• I 

CONC LUSIONS 

Examination of the performance characteristics' of the 
two types of roofing through the test period suggests the 
following conclUsions: ' ' : ' ,, I 

· · ' I·� I • , 1; , ! I 1 r 1 ! ! ,"I ' • ( i I • , I j 
1. Under_ pe1* surmr1er cond,i.tions (90°F;?4 °F [32°C"34 °C]), 

attic air temperatµres under thK roof with ,plastic shakes is 
18°F-2Q°F (10°C-U0C) lo,wer .than under the rnof with 

· .�hingles. , , 

2. This temperature difference appears to be adifference in the 
shingle/shake temperatureiitself as measured.at the tinder-

.··· surface of the shingle or plastic;:· shake. • '·: 

3. When both roofs were surfaced with asphalt shingles oh 
June 15, 1994 (House A), and June 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 attie air to 
outdoor temperature rise� Ho1fse A has a 38°F (21°C) differ
ence, while House B has a 35°F (l9°C) difference. This 

' I would suggest ihal at'tic ventilatioh effects Were virtually 
1he sahle for bbth rodfs. · .: · ' 

' 

4. Hel)Ji�phe�iccil,spectfal re:flectance frrn;n the plastic shake 
(8.8) is 8% lower than,f9t1the shingle (9.6). 'fhus, gf\:\lter 
solar r�t)ectance cannot be a reason the plastic, .�hakes are 
cooler. 

5. The plastic sliake weighs approximately 0�73 lb/ft2, while 
the,shinglesiweigh approximately 1.97 lb/ft2. The lightet 
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% Reflectance 

9.6 

8.8 

15.8 

weight shake would not appear to offer any thermal perfor
mance advantage due to storage/re-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 g!).pS betwefin plastic shake panels and the void space 
·' ,,J '' .. '1 ( ' • 

urn;lem�\ltQ.. y.rpµk\ ,aP,p�ar}o provide good pathways_ for 
conye�tive airflow ::ind h�at1�ansfer .. 

8. Comparison of plastic shakes•to metal.roofing would be 
useful. Ribbed tnetal ro:Ofing is lightweight like the plastic 
shake but does not have the \Ur space behind. Metal shingles 

, .... would be the. �losest in .corifiguration and ·weight. 
9. Further investigation of plastic toof. shakes for beneficial 

. '!fooling · seas6ri performance seems desirable. Aspects to 
study might include surface color and sheen, gap configu

" rations, and other molded fo�s such as slate and tile styles. L1 ·1� · , .1 ,! i !: · · 
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