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Abstract

Temperature histories for various types of roof shingles, wood roof sheathing, rafters, and nonventilated attics were moni-
tored in outdoor attic structures using simulated North American light-framed construction. In this paper, 3-year thermal load
histories for wood-based composite roof sheathing, wood rafters, and attics under western redcedar (WRC) shingles, wood-
thermoplastic composite (WTPC) shingles, and black and white fiberglass shingles are reported and analyzed. The maximum
hourly-average temperatures experienced were 70.7 °C and 61.8 °C for black and white fiberglass shingles, respectively;
48.2 °C for WRC shingles; and 45.7 °C and 46.3 °C for WTPC shingles applied over lath or directly over felt, respectively. On
hot summer days, black fiberglass shingles were commonly found to be almost 10 °C hotter than white fiberglass shingles and
more than 20 °C hotter than WRC or WTPC shingles. Other components in the roof assemblies and the attic air temperatures
followed similar trends. The implications of these thermal loads under different types of roof shingles on comparative service-

life for the shingles and the various wood components in the roof systems are discussed.

U ntil recently, our understanding of thermal loads expe-
rienced by roof systems in North American light-framed con-
struction was limited. Knowing these thermal loads is critical
to modeling the long-term serviceability of these roof sys-
tems. Few reliable data were available on actual thermal loads
for individual wood and wood composite components as we
build homes today in North America (i.e., materials and con-
struction practices). Thus, we were unable to specifically cor-
relate experiments using steady-state laboratory exposure
with field exposures to diurnal and seasonal temperature
cycles.

Roof system temperature histories for wood and wood-
composite components of roof systems using fiberglass
shingles are now available for 8 years of exposure in Madison,
Wisconsin (43°N latitude) and 4 years of exposure in Stark-
ville, Mississippi (33°N latitude) (Winandy and Beaumont
1995, Winandy et al. 2000). Summer temperatures of five dif-
ferent shingle materials and associated attic temperatures
were reported by Winandy et al. (2004). More recently, sum-
mary roof temperature data, but without systematic analysis,
were presented for calendar years 2003, 2004 (Winandy et al.
2005), and 2005 (Winandy 2006). The overall program has
involved multiple studies conducted over a 15-year period.
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Roof temperature data such as presented in this paper can be
applied to predictive roof temperature models to make perfor-
mance interpretations for other building designs. This particu-
lar project is part of a long-term field-monitoring program to
define thermal loads on North American light-framed con-
struction. It is also helping us understand the critical perfor-
mance issues related to durability, thermal stability, and UV
weathering for wood-thermoplastic roofing shingles.

Objective
The objective of the roof temperature assessment project
was to document and analyze actual thermal load histories of
various wood components and shingle materials as used in
traditional North American light-framed construction. This
paper summarizes findings from five papers (Winandy and
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Beaumont 1995; Winandy et al. 2000, 2004, 2005; Winandy
2006) detailing this 15-year roof temperature assessment
project and compares 3-year roof temperature histories for
new thermoplastic composite shingles to wood and fiberglass
shingles exposed in southern Wisconsin. Thermal load histo-
ries are critical variables in assessing long-term service life of
roof coverings and materials within the entire roof system.
Thus, knowing thermal loads is critical to any subsequent
modeling of the rate or rates of thermal degradation for roof
shingles, wood composite sheathing, and rafter lumber
(TenWolde 1997). Thermal load information can also provide
valuable insight to the influence of individual roof-system
components on potential energy costs for heating and cooling
the structure.

Background

Heyer (1963) reported temperature histories for wall and
roof systems for six houses and one office building for periods
from 1 week to two consecutive summers (June to August).
The houses were located in Arizona, Georgia, Oregon, Texas,
and Wisconsin. In any 1 year, maximum roof temperatures
were found to reach 75 °C, but the cumulative duration of
temperatures over 70 °C did not exceed 21 hours; the cumu-
lative duration of temperatures over 65 °C did not exceed 64
hours. Ozkan (1993) and Wilkes (1989) found temperatures
of the surface and various components of flat roof systems
under single-ply black rubber roofing to be as high as 93 °C.

Winandy et al. (2000) reported annual temperature histories
from 1991 to 1999 in Wisconsin (WI) and from 1996 to 1999
in Mississippi (MS) for various wood components used in
conventional North American roof assemblies under fiber-
glass shingles. Over the 4-year exposure in Mississippi, maxi-
mum “1-hour average” temperatures recorded for black-
shingled roofs in dry structures were 78 °C and 63 °C for the
top and bottom plies of the plywood roof sheathing, respec-
tively, and 58 °C for the rafters. Maximum temperatures re-
corded for the matched WI structures were 75 °C, 59 °C, and
54 °C, respectively. They summarized these data by develop-
ing 8- or 4-year annualized temperature histories for each in-
dividual wood and wood composite component in the expo-
sure structures. They found that the distributional forms of
annualized data from the MS structures were slightly skewed
by the longer summer in Mississippi, generally resulting in
many more hours of high temperatures per year than for the
matched W1 structures. They also showed that MS and WI
black-shingled structures experienced only small differences
(3to 4 °C) in maximum record temperatures. The researchers
ascertained that daytime high temperatures at the top of the
plywood roof sheathing were often controlled more by solar
gain than by outside air or attic air temperatures. Similarly,
temperatures at the bottom of the roof sheathing were usually
controlled by solar gain, except on a few of the hottest days,
when sheathing temperatures were strongly influenced by
outside air or attic air temperatures. Rafter temperatures were
partially influenced by thermal radiation from sheathing but
usually controlled by attic air temperatures, except on a few of
the hottest days, when they were more strongly influenced by
solar radiation. Another major difference in the thermal his-
tories of various wood and wood composite components used
in attics in a northern exposure (Wisconsin) compared with
those used in a southern exposure (Mississippi) was in mini-
mum temperatures, which were as much as 20 °C lower in the
W] structures.
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Computer models have been developed that predict tem-
perature and moisture content (MC) of wood composite roof
sheathing and other lumber roof members based on various
construction details, materials, ventilation factors, and solar
gain (radiation load) for the roof (APA 1989, TenWolde 1997,
Wilkes 1989). TenWolde (1997) developed and verified a
predictive roof temperature model for sloped wood-based
roof systems using data from a University of Illinois facility
(Rose 1995). This model showed that the temperature of the
exterior surfaces of plywood roof sheathing was dominated
by solar gain and heat exchange between the surface and am-
bient air. Diurnal temperature variation and hourly sheathing
temperature histories were also influenced by the radiant en-
ergy absorptivity of the roofing surface, by roof pitch, and to
a lesser extent, by insulation and attic ventilation. An inte-
grated approach to predicting exposure temperatures of vari-
ous components in wood roof assemblies across North
America was made possible by the TenWolde roof tempera-
ture model. It was used to predict roof temperature histories
for plywood roof sheathing at a dozen locations across the
United States to estimate engineering design adjustments
for fire-retardant-treated plywood roof sheathing in ASTM
Standard D 6305-02 (ASTM 2005a) and for fire-retardant-
treated roof truss lumber in ASTM Standard D 6841-03
(ASTM 2005b).

Holton and Beggs (1997) studied two roof constructions,
one with traditional dark-brown asphalt composition shingles
and the other with a brown plastic roofing material. They
found that attic air temperatures were approximately 11 °C
cooler under plastic roofing on hot summer days (~33 °C).
They did not monitor the temperatures of members of the
wood roof assemblies.

Winandy et al. (2004, 2005, and Winandy 2006) monitored
temperatures of various types of shingles and roof-system
components. Temperatures of four types of shingles were
monitored at the midpoint of their cross-sectional thickness.
Summer temperatures were found to be much higher for black
fiberglass shingles than for similar white fiberglass shingles.
Western redcedar (WRC) and wood-thermoplastic composite
(WTPC) shingles experienced similar internal temperatures
but were cooler than either black or white fiberglass shingles.
During a typical summer day, sheathing under fiberglass
shingles was often hotter than the shingles themselves, prob-
ably as a result of a time lag between exposure and response.
Sheathing temperatures under WTPC and WRC shingles
were virtually the same but generally much cooler than tem-
peratures under fiberglass shingles. Sheathing under WTPC
shingles applied directly on lath was noticeably cooler than
sheathing under WTPC shingles installed on felt over the
sheathing.

Methods

Five field exposure structures were constructed in 1991
near Madison, Wisconsin (Fig. 1). They face south in a shade-
less area open to direct sunlight and were spaced far enough
apart to prevent any structure from shading an adjacent struc-
ture. Each was 3.7 m wide by 4.9 m long and constructed to
simulate part of a typical attic-roof systems in a multifamily
residential structure. Winandy and Beaumont (1995) de-
scribed the construction of these structures in detail.

In the fall of 2001, the shingles and plywood sheathing were
removed from one white-shingled and two black-shingled
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Figure 1. — Exposure structures located at FPL test site near
Madison, Wisconsin. All five units were similarly constructed
except for roofing materials and were instrumented for long-
term temperature monitoring of roof assemblies. Shown from
the foreground are black fiberglass shingles, western redce-
dar shingles (being installed), wood-thermoplastic composite
shingles (two structures—closer with lath, further without
lath), and white fiberglass shingles.

structures at the Wisconsin site. These structures were
resheathed with 12-mm-thick oriented strandboard (OSB)
roof sheathing. The commercial OSB was made from aspen
flakes and an isocyanate resin. One structure was then
shingled with western redcedar (WRC) shingles directly over
felt, and the other two structures were shingled with prototype
wood-thermoplastic composite (WTPC) shingles (Fig. 2).
The WTPC shingles were 0.86 m wide by 0.45 m high, made
from a 50/45/5 blend of wood flour (40-mesh postindustrial
scrap maple), high-density polyethylene (~80% recycled milk
jug PE and ~20% virgin HDPE copolymer), and nearly 5 per-
cent additives (~2% maleic anhydride-grafted coupling agent
and =1% each pigment, fire-retardant, and UV- and heat-
stabilizers). Each shingle was compression molded to have a
wood-grained texture on the top (exposed) surface (Fig. 3)
and a waffled surface on the bottom to reduce weight
(Fig. 2b). In one WTPC construction, shingles were laid di-
rectly over felt, as were the WRC shingles. This type of ap-
plication is usually considered to represent a worst-case sce-
nario for shingle durability. In the other WTPC construction,
shingles were laid over a horizontal course of 9-mm-thick lath
that, in turn, was laid over a similar vertical course of lath.

In summer 2002, we began to monitor temperature histories
of the five structures. Temperatures were monitored in five
locations: shingles, sheathing (two measurements), rafter, at-
tic air, and outside ambient air. Shingle temperature was mea-
sured using a type-T thermocouple embedded at the midpoint
of the shingle cross section and located about one-third the
distance from the roof line, between the peak and lower eave.
The other thermocouples (also type-T) were placed as fol-
lows: (a) embedded between the OSB or plywood sheathing
and the roofing paper; (b) embedded about 0.5 mm into the
bottom layer of the sheathing; (c) embedded at the midpoint of
the nominal 2 by 6 (38 by 140 mm) rafter; and (d) suspended
200 mm away (extending inside) from the back wall, about
1.55 m from the floor. A single thermocouple, located under a
metal shield (i.e., covered) about 50 mm away (extending out-
side) from the back wall and about 2 m above the ground, was
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{c) Fiberglass

Figure 2. — Side view of installed shingles: (a) western red-
cedar (WRC), (b) wood-thermoplastic composite (WTPC),
and (c) fiberglass.

used to measure outside air temperature. At each type-T ther-
mocouple location, temperature data were collected every 5
minutes; an hourly average was recorded using a Campbell-
Scientific (Logan, Utah) model CR10 data logger and a model
AM416, 32-channel multiplexer. The data logger had a re-
ported accuracy of 0.2 percent over a service temperature
range of —55 to 85 °C.

Individual temperature histories of WRC and WTPC
shingles exposed in Wisconsin were monitored from January
2003 to December 2005 to assess the influence of the shingles
on solar-induced thermal loads imparted to the wood roof
truss lumber, OSB roof sheathing, and attic air temperatures
experienced in traditional North American light-framed con-
structions. Each annual temperature history was compared
with that of similarly designed roof assemblies under tradi-
tional black and white fiberglass shingles. To analyze and un-
derstand the temperature histories and relationships between
various shingle systems and wood roof-system components,
we accumulated the number of hours recorded for each ther-
mocouple into 5 °C temperature bins. These 5 °C bins (0 to
<5°C,5t0<10°C,...,70to 75 °C) are hereafter defined as
“exceedence temperatures.” For any roof configuration, the
value reported as the exceedence temperature for 70 °C is thus
the number of hours that the temperature at that thermocouple
location equaled or exceeded 70 °C but was lower than 75 °C.
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Figure 3. — Components for WTPC structure: (a) roof tiles,
(b) shingles.

Results and discussion

Any analysis of thermal load data on roof-system perfor-
mance depends on weather. A comparative review of several
important weather-related parameters as recorded at the Na-
tional Oceanic and Atmospheric Administration weather sta-
tion at the Dane County Regional Airport in Madison, Wis-
consin, is presented in Table 1 (NOAA 2004, 2005, 2006).
Our review of 2003, 2004, and 2005 weather data indicated
that the weather in 2003 was virtually the same as the 64-year
running average for temperature and precipitation. The 2003
June, July, and August temperatures averaged about 0.4 °C
warmer than the 64-year average. In contrast, the summer
weather in Madison in 2004 and 2005 was 1.4 °C cooler and
1.6 °C warmer than the NOAA running average for this area.
The total annual precipitation in 2003 was near average,
whereas 2004 and 2005 precipitation levels were 24 percent
above and 22 percent below average, respectively (Table 1).
Although summer 2005 generally experienced above-average
temperatures, the winter months of early 2005 were much
warmer than normal. In fact, the winter of 2004—2005 was one
of the warmest in NOAA-recorded history. This warm winter
heavily influenced 2005 average temperatures, which when
casually compared seem higher than the 2003 and 2004 aver-
ages (Table 1). Previous work on the effects of thermal loads
on wood properties has shown that a few hours at high tem-
peratures (e.g., >50 °C) are significantly more influential than
many times more exposure to cold weather (e.g., <25 °C)
(Lebow and Winandy 1999). Thus, this warm winter of early
2005 must always be considered in any analysis of the impli-
cations of this thermal load data, and the reader is cautioned to
consider such when drawing conclusions. The Forest Prod-
ucts Laboratory (FPL) field exposure facility is approxi-
mately 15 km west-southwest of the NOAA weather station.

The scope and magnitude of the 2003 to 2005 temperature
data preclude their full inclusion in this report. A detailed
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Table 1. — Comparison of NOAA-reported annual weather
data for Madison, Wisconsin (NOAA 2004, 2005, 2006).

Year
2003 2004 2005

Average annual temperature (°C) 7.8 8.3 9.1
Difference from +60-year average

annual temperature (°C) -0.1 0.5 1.2
Total precipitation (mm) 805 1,001 627
Total snowfall (mm) 752 752 1,600
Average daily summertime

maximum temperature (°C)

May 19.0 19.7 19.1

June 25.1 24.2 285

July 26.9 26.1 28.6

August 28.9 23.8 27.5

September 22.3 25.1 26.0
Five-month average daily summertime

maximum temperature (°C) 24.4 23.8 25.9
Total number of days >31 °C 9 0 13

May 0 0 0

June 2 0 4

July 0 0 5

August 7 0 2

September 0 0 2
Heating (°C days) 4,092 3,852 3,801
Cooling (°C days) 308 250 470

review of the data and an extensive series of graphical com-
parisons are available (Winandy et al. 2005, Winandy 2006).
Tables 2 to 4 summarize measured thermal load data for ex-
posure structures in Madison, Wisconsin, for the years 2003
to 2005, respectively. Annual temperature histories (=35 to
>70 °C) were calculated for shingles, top and bottom surfaces
of roof sheathing, roof rafter, and attic air. Figure 4 shows a
sample temperature history for 2005 for various types of
shingles and the sheathing beneath them.

Annual average, minimum, and maximum temperatures for
each roof-system component are given in Table 5. On the
warmest summer days, black fiberglass shingles were more
than 10 °C warmer than matched white fiberglass shingles
and about 20 to 25 °C warmer than comparable WRC or
WTPC shingles. The composite sheathing and lumber rafters
in the various roof assemblies and the attic air followed the
same general temperature trends (Table 5).

Average hourly summer temperatures of plywood sheath-
ing under black and white fiberglass shingles were generally 2
to 5 °C warmer than the shingle temperatures themselves.
This is probably a function of the potential loss in radiant and/
or convective energy possible for the cladding materials but
limited for the sheathing. Summer temperatures of sheathing
under WTPC and WRC shingles were virtually the same and
generally 12 to 15 °C cooler than temperatures under fiber-
glass shingles. This could be a material issue, or more than
likely it is related to the irregular bottom surface of the natural
WRC shingles or the waffle-like construction of the WTPC
shingles. The sheathing under WTPC shingles applied on lath
was 4 to 5 °C cooler than sheathing under WTPC shingles
installed directly on felt over the sheathing. This finding
supports the opinion that the irregular bottom surface of the
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Figure 4. — Sample temperature history for 2005 for expo-
sure of various types of (a) shingles and (b) top surface of
composite roof sheathing.

natural WRC shingles or the waffle-like construction of the
WTPC shingles creates airspace that enhances either radiant
or convective cooling of sheathing.

These 3-year temperature history data and analysis indi-
cates that during a typical winter season, temperatures of ply-
wood roof sheathing under black and white fiberglass
shingles are often 1 to 5 °C warmer than the shingles them-
selves. Temperatures of sheathing under WTPC and WRC
shingles were generally the same (1 °C) as shingle tempera-
tures and virtually the same (£2 °C) as each other. Sheathing
under WTPC shingles applied on lath was often 1 to 2 °C
warmer in winter than sheathing under WTPC shingles in-
stalled on felt over the sheathing. Again, this general trend is
similar to summertime observations and seems to support the
hypothesis that radiant and possibly convective cooling are as
critical as material differences.

No practical differences were noted in winter attic air tem-
peratures in any system. In the summer, however, attic air
temperatures were generally 3 to 7 °C warmer for struc-
tures with black fiberglass shingles than for the other shingle
systems.

Overall roof temperature data recorded from July to Sep-
tember 2003 and 2005 for black and white fiberglass-shingled
structures were correlated well and were very similar to those
previously reported for this summer period in 2002 and in the
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8-year period from 1992 to 1999 (Winandy et al. 2004,
2000, respectively). This allowed us to compare the 2003 to
2005 data with the previous 8-year annualized data from 1992
to 1999.

In comparing 2003 sheathing, rafter, and attic air tempera-
ture histories for black or white fiberglass shingles to the
8-year annualized (i.e., averaged) thermal load histories re-
ported by Winandy et al. (2000), we found that in 2003, the
summer tended to produce noticeably warmer top-of-
sheathing temperatures and the winter tended to produce
colder sheathing temperatures. The 2003 rafter and attic air
temperature histories were similar to the 1992 to 1999 annu-
alized data. The 2004 temperature histories of all roof-system
components and of the attic air were similar to the 1992 to
1999 annualized data. We also found that whereas the 2005
summer weather tended to produce noticeably warmer top-of-
sheathing temperatures, the warmer winter still tended to pro-
duce only average sheathing temperatures; this was probably
related to the abundance of snowfall in 2005, which tends to
insulate the roof system and hold it at or near the temperature
of snow. This snow-effect condition was noted by Winandy
and Beaumont (1995).

This agreement in data allowed us to compare the wealth of
data on thermal load histories recorded for structures with
black and white fiberglass shingles from 1992 to 1999 in both
Wisconsin and Mississippi with these 3-year Wisconsin data
for WRC and WTPC shingles. This agreement also makes it
reasonable to apply cumulative thermal damage models to
project long-term performance of wood sheathing and rafter
materials under WTPC and WRC shingles because of the
similarity of the 2003 to 2005 data to past performance data
(1991 to 1999, 2002) for black and white fiberglass shingles.

The data on shingle, sheathing, and rafter performance have
five important implications. First, the more than 50 years of
field experience with fiberglass shingles over plywood and
more than 25 years of field experience with OSB sheathing
leave little doubt that some thermal degradation of untreated
wood composite sheathing and wood truss lumber, however
small and practically insignificant, may actually be occurring
under black and white fiberglass shingles (Winandy 2001).
Even a small level of degradation may eventually become of
some practical importance for thinner sheathing used at maxi-
mum width span. The lower temperatures under WTPC and
WRC shingles suggest that less thermal degradation of wood
composite sheathing and wood rafters potentially occurs in
such roof systems compared with systems that use black or
white fiberglass shingles.

The second implication relates to whether it is air temperature,
solar gain, or other variables controlling thermal loads experi-
enced by various roof systems. Previous work (Winandy
et al. 2000) on fiberglass shingles offered three hypotheses:

1. Daytime high temperatures at the top of the plywood
roof sheathing were often controlled more by solar gain
than by outside air or attic air temperatures.

2. Similarly, temperatures at the bottom of the roof sheath-
ing were usually controlled by solar gain, except on a
few of the hottest days, when sheathing tempera-
tures were strongly influenced by outside air or attic air
temperatures.

3. Finally, rafter temperatures were influenced by thermal
radiation from sheathing but usually controlled by attic
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Table 5. — Average, minimum, and maximum recorded temperatures experienced by the various components in the roof
systems in Madison, Wisconsin, from January 1, 2003, to December 31, 2005.

2003 temperature 2004 temperature 2005 temperature

Temperature I TTTTTTTTTTTIRTTRTIATTITTIITTIITTTTTTITTTITTTTT (S0 ettt
site Shingle type Avg Min Max Avg Min Max Avg Min Max
Shingle Black fiberglass 12.0 -30.6 70.7 11.8 -30.8 69.0 13.0 -28.7 68.3
White fiberglass 10.5 -31.6 61.0 10.5 -30.7 60.7 115 -29.0 61.8
WRC 10.3 -26.9 48.2 10.1 -27.3 46.9 10.9 -25.6 48.2
WTPC with lath 9.9 -28.8 457 9.8 =271.7 44.1 10.6 -26.3 45.2
WTPC w/o lath 10.1 -27.5 46.2 10.0 -27.1 44.6 10.7 -25.4 46.3
Sheathing Black fiberglass 12.8 -30.2 74.9 12.4 -30.6 72.2 13.4 -28.2 69.7
top White fiberglass 10.9 -30.2 61.4 10.8 -30.4 61.1 11.8 -28.3 62.5
WRC 10.3 -27.2 49.1 10.1 -27.5 47.6 10.9 -25.8 49.6
WTPC with lath 10.0 -26.6 435 9.9 -26.9 41.6 10.6 -25.6 43.2
WTPC w/o lath 10.1 =275 48.2 9.9 -27.4 46.4 10.7 -25.8 48.7
Sheathing Black fiberglass 11.2 -25.8 52.4 10.9 -26.5 51.1 12.1 -24.8 52.2
bottom White fiberglass 10.3 -26.1 47.6 10.2 -27.0 47.2 11.1 -24.9 49.4
WRC 10.2 -25.1 44.2 10.0 -26.1 42.7 10.8 -24.4 45.1
WTPC with lath 9.8 -25.2 41.9 9.7 -26.4 40.6 10.6 -24.3 42.9
WTPC w/o lath 10.0 -25.0 43.1 9.9 -26.0 41.8 10.7 -24.2 43.8
Rafter Black fiberglass 10.8 -25.2 48.3 10.6 -26.2 46.7 11.8 -24.6 49.4
White fiberglass 9.8 —-26.4 44.7 9.8 -27.3 43.5 10.9 -24.7 46.3
WRC 9.9 -24.8 42.1 9.7 -26.1 40.3 10.6 -24.2 42.9
WTPC with lath 9.8 -24.4 40.6 9.7 -26.0 39.3 10.5 -24.1 413
WTPC w/o lath 9.9 -24.5 41.3 9.7 -26.1 39.9 10.5 -24.0 41.9
Attic air Black fiberglass 10.8 -25.1 48.5 10.6 -26.3 46.9 11.9 -24.2 49.5
White fiberglass 10.2 -25.5 454 10.1 —26.6 441 11.0 -24.4 46.8
WRC 10.1 -24.5 42.7 9.9 -25.9 40.6 10.8 -23.9 42.9
WTPC with lath 10.0 —24.4 41.3 9.9 -26.1 39.4 10.7 -23.9 41.9
WTPC w/o lath 10.2 -24.3 42.1 10.0 -25.7 40.3 10.8 -23.7 42.3

air temperatures, except on a few of the hottest days, when ~ Table 6. — Differences between attic air temperature and

they were more strongly influenced by solar radiation.

The analysis of WTPC and WRC shingles showed virtually
the same trends as these previously reported for fiberglass
shingles. This analysis employing different roof cladding ma-
terials seems to fully support and those previous hypotheses.

The third implication comes from the comparison of thermal
loads under WTPC shingles installed directly on felt over
sheathing with thermal loads under WTPC shingles installed
over lath. The 3-year sheathing data suggest that lower sheath-
ing temperatures can be obtained by using lath between the
shingles and sheathing, but the use of lath apparently does not
reduce rafter or attic air temperatures (Tables 1 to 3).

The fourth implication pertains to the potential increase in
service life resulting from lower shingle, sheathing, and rafter
temperatures. We found that attic air temperatures were prac-
tically the same under all roof-covering materials during the
winter, but the same attic air temperatures were measurably
warmer during the summer in structures with black or white
fiberglass shingles compared with WRC or WTPC shingles.
This finding appears to agree with the findings of Holton and
Beggs (1997). This reduced attic air temperature could un-
doubtedly have implications on overall energy costs when us-
ing summer air-conditioning. To estimate the relative magni-
tude of the energy-saving potential, we calculated the differ-
ence in attic air temperatures under each roof-covering
material whenever the outside air temperature exceeded

FOREST PRODUCTS JOURNAL VoL. 57, No. 9

various roof-cladding systems measured at outside air tem-
perature =25 °C over 3-year period from 2003 to 2005.

Temperature difference

Shingle type A Shingle type B Mean SD Max
___________ (°C)------=----
Black fiberglass White fiberglass 1.82 0.92 5.61
WRC 4.00 2.13 9.00
WTPC with lath 4.72 2.59 10.83
WTPC w/o lath 4.37 2.37 9.83
WRC White fiberglass 2.36 1.42 8.22
WTPC with lath 0.83 0.55 2.56
WTPC w/o lath 0.57 0.40 2.50
WTPC with lath White fiberglass 3.08 1.78 8.17
WTPC w/o lath 0.39 0.29 1.50
WTPC w/o lath White fiberglass 2.73 1.55 7.00

25 °C. The critical outside air temperature of 25 °C or above
was arbitrarily selected but thought to represent a limit at
which most homeowners would choose to use an air condi-
tioner. This summertime comparison of our 3-year attic air
temperature histories proves that the type of shingle can make
adifference of as littleas 0.5 °Ctoas greatas 4.4 °Cinattic air
temperature (Table 6). The implications of such differences
in attic air temperature might result in measurable and possi-
bly significant energy-saving potential in regions warmer
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than Wisconsin that heavily rely on summer air-conditioning.
The lower temperatures measured under WTPC shingles
could be related to the WTPC materials themselves or to the
waffled construction of the lower surface of the WTPC
shingle.

Finally, the 3-year field data clearly show that internal tem-
peratures within WTPC shingles are well below the labora-
tory-derived thermal degradation temperatures of the high-
density polyethylene mastic used in WTPC shingles of the
type tested and currently being commercially used. Although
we anticipate long-term stability of WTPC shingles in relation
to thermal degradation, this study has not monitored the long-
term UV-stability of these WTPC shingles. That work is cur-
rently underway.

Conclusions

Roof temperature histories are reported and analyzed for
measured thermal loads of sheathing and rafters under west-
ern redcedar (WRC), wood-thermoplastic composite
(WTPC), and black and white fiberglass shingles. The analy-
ses clearly show that black fiberglass shingles experience
much higher temperatures than do white fiberglass shingles.
The WRC and WTPC shingles had similar internal tempera-
tures and were cooler than either black or white fiberglass
shingles. The analyses also indicate that during a typical sum-
mer or winter, sheathing under black and white fiberglass
shingles is often warmer than the shingles themselves.
Sheathing under WTPC and WRC shingles is much cooler
than sheathing under fiberglass shingles. Sheathing under
WTPC shingles applied over lath is noticeably cooler than
sheathing under WTPC shingles installed on felt over the
sheathing. The implications of these results are that lower in-
service shingle, sheathing, and rafter temperatures should
increase the expected service life of many roof-system mate-
rials. The type of shingle type may also have implications
for overall energy costs because summer attic air tempera-
tures were as much as 4.4 °C and 4.0 °C warmer under black
fiberglass shingles than under WTPC or WRC shingles,
respectively.
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