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Abstract
Temperature histories for various types of roof shingles, 
wood roof sheathing, roof rafters, and non-ventilated 
attics are being monitored in outdoor attic structures using 
simulated North American light-framed construction. This 
report presents 2-year data histories for annual thermal 
loads for western redcedar, wood–thermoplastic composite, 
and fiberglass shingles and for wood-based composite roof 
sheathing, wood rafters, and attics under these shingles. 



Introduction
Comprehensive temperature histories for a roof system  
under fiberglass shingles were recorded and reported  
after 8 years in Madison, Wisconsin (43°N latitude), and  
4 years in Starkville, Mississippi (33°N latitude) (Winandy 
and Beaumont 1995, Winandy and others 2000). Summer 
shingle temperatures for five types of shingle materials 
and their resulting influence on the roof system and attic 
temperatures were reported by Winandy and others (2004). 
This data paper and a related report (Winandy 2005) are 
the next in a series of papers dedicated to quantifying field 
thermal loads on shingles, sheathing, rafter lumber, and 
attic air space in traditional North American light-framed 
construction. The overall program has involved a series of 
interrelated studies conducted over a 14-year period. Roof 
temperature data such as presented in this paper can also be 
applied to predictive roof-temperature models (TenWolde 
1997) to make performance interpretations for other build-
ing designs. The project reported here is part of a long-term 
field-monitoring program to define thermal loads on North 
American light-framed construction. It is also helping us 
understand the critical performance issues related to durabil-
ity, thermal stability, and ultraviolet (UV) weathering for 
wood–thermoplastic roofing shingles.

Objective 
An objective of the roof temperature assessment project is 
to collect field data documenting the actual thermal load 
history of various wood components and shingle materials 
as used in traditional light-framed structures. This report 
provides 2-year roof temperature histories as measured for 
a location in southern Wisconsin near Madison. Thermal 
load histories are critical parameters in assessing the long-
term service life of roof coverings and materials within the 
entire roof system. Thermal load data are critical to any 
subsequent modeling of the rates of thermal degradation for 
roof shingles, wood composite sheathing, and rafter lumber 
(Lebow and Winandy 1999). They can also provide valuable 
insight into the influence of individual roof-system compo-
nents on potential energy costs required to heat or cool the 
structure. 

Methods
Exposure Structures  
In the summer of 1991, five field exposure structures  
(Fig. 1) were constructed near Madison, Wisconsin  
(43° latitude). In Madison, the average incidence angle of 
sunlight is 19.5° from the southern horizon on the winter 
solstice (December 21) and 43° on the summer solstice 
(June 21). The annual average declination angle is 31.25°. 
The Wisconsin exposure structures (WI structures) were 
constructed to face south in a shadeless area open to direct 
sunlight. The structures were spaced far enough apart to 
prevent any one structure from shading the next structure. 
Winandy and Beaumont (1995) described the construction 
of the WI structures in detail and reported 3-year annualized 
data.

In 1994, matched exposure structures were built at the  
Mississippi Forest Products Laboratory, Mississippi State 
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Figure 1—Exposure structures located at Forest Prod-
ucts Laboratory test site near Madison, Wisconsin. All 
five units were similar except for roofing materials and 
were instrumented for long-term temperature monitor-
ing of roof assemblies. Shown, from the foreground, are 
black fiberglass shingles, western redcedar shingles 
(being installed), wood–thermoplastic composite shin-
gles (two structures—closer with lath and further with-
out lath), and white fiberglass shingles.
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University, in Starkville, Mississippi (33.5° latitude), as 
part of an ongoing effort to relate temperatures histories 
in matched northern to southern U.S. roof systems. In 
Starkville, the average incidence angle of sunlight is 32.3° 
from the southern horizon on the winter solstice and 74.8° 
on the summer solstice. The annual average declination 
angle is 53.5°. The exposure structures in Mississippi  
(MS structures) were constructed to face south in a shade-
less area open to direct sunlight. As for the WI structures, 
the MS structures were spaced far enough apart to prevent 
any one structure from shading the next structure. The data 
from the MS structures provide a direct measure of a more 
severe (higher solar loading) location compared with Madi-
son, Wisconsin. 

The WI and MS structures were identical. The structures 
were 3.7 m wide by 4.9 m long and constructed to simulate 
part of a typical multifamily attic–roof system in which 
U.S. Model Building Codes sometimes allow the use of 
fire-retardant-treated plywood roof sheathing. To replicate 
this type of construction on a smaller scale, the 3.7-m-wide 

structures simulated in cross section the 1/8- to 3/8-span 
section of a 14.8-m span, 3:12 pitch roof system in both roof 
area and attic volume (Winandy and Beaumont 1995). Each 
exposure structure was completely enclosed and unventilat-
ed. The four exterior walls were sheathed with 12-mm-thick, 
200-mm-grooved Southern Pine siding attached to nominal 
2- by 4-in. (standard 38- by 89-mm) wall studs. The exterior 
surfaces were painted with a light gray (almost white) paint. 
The walls, floors, and roof system were not insulated. 

Recording of Temperature 
To assess the effect of fiberglass shingle color, from 1991 
to 2001 the WI structures were roofed with black or white 
fiberglass shingles weighing 106 kg/square. The MS struc-
tures were roofed with black fiberglass shingles. The fiber-
glass shingle manufacturer reported reflectance values of 
3.4% and 26.1% for matched black and white shingles, re-
spectively. Both black and white shingles had an emissivity 
rating of 0.91 as reported by the manufacturer. The WI and 
MS structures were instrumented with type-t thermocouples 
placed at various locations within the structures. 

In the fall of 2001, the shingles and plywood sheathing were 
removed from one white-shingled and two black-shingled 
structures at the Wisconsin site. These structures were re-
sheathed 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 shin-
gled with western redcedar (WRC) shingles directly over 
felt, and the other two structures were shingled with proto-
type wood–thermoplastic composite (WTPC) shingles  
(Figs. 1 and 2). The WTPC shingles were 0.86 m wide by 
0.45 m high, made from a 50/50 blend of wood flour and 
high-density polyethylene, and compression molded  
(Fig. 3). In one WTPC construction, the shingles were laid 
directly over felt as were the WRC shingles. This type of 
application is usually considered to represent a worst-case 
scenario for shingle durability. In the other WTPC construc-
tion, the shingles were laid over a horizontal course of 9-
mm-thick lath that, in turn, was laid over a similar vertical 
course of lath.

We began monitoring the temperature histories of the five 
WI structures in the summer of 2002. As described in  
the previous text, in four of these structures the shingles 
(WRC, WTPC, white fiberglass, and black fiberglass) were 
applied directly over felt (i.e., without lath). In the fifth 
structure, WTPC shingles were applied over lath. Tempera-
tures were monitored in five locations: shingles, sheathing 
(two measurements), rafter, attic air, and outside ambient  
air. The shingle temperature was measured using a type-t 
thermocouple embedded at the mid-point of the shingle 
cross-section and located about one-third the distance from 
the roof line, between the peak and lower eave. Type-t ther-
mocouples were also placed as follows: (a) embedded  
between OSB or plywood sheathing and roofing paper;  
(b) embedded about 0.5 mm into bottom layer of sheathing;  

Figure 2—Side view of installed shingles: (a) western 
redcedar (WRC), (b) wood–thermoplastic composite 
(WTPC), and (c) fiberglass. 
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(c) embedded at mid-point of nominal 2 by 6 (38- by 140-
mm) rafter; and (d) suspended 200 mm away (extending 
inside) from back wall, about 1.55 m from floor. To measure 
the outside air temperature, a thermocouple was located 
under a metal shield (i.e., covered) about 50 mm away (ex-
tending outside) from the back wall, about 2 m above the 
ground. A detail description of thermocouples and instal-
lation was reported previously (Winandy and Beaumont 
1995). 

At each thermocouple location, temperature data were col-
lected every 5 min; an hourly average was recorded using a 
Campbell–Scientific (Logan, Utah) model CR10 data log-
ger and a model AM416, 32-channel multiplexer. The data 
logger had a reported accuracy of 0.2% over a service tem-
perature range of 55°C to 85°C. The Wisconsin installation 
as reported for 2003 and 2004 was identical to that used by 
Winandy and others (2004).

The individual temperature histories of WRC and WTPC 
shingles exposed in Wisconsin were monitored from Janu-
ary 2003 to December 2004 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 constructions. Each annual temperature history 
was then compared to that of similarly designed roof assem-
blies under traditional black and white fiberglass shingles. 

To develop the temperature history for each roof covering 
and component, we calculated the number of hours recorded 

for each thermocouple into 5°C temperature bins. These 
5°C bins (0°C to <5°C, 5°C to <10°C, …, 70°C to 75°C) are 
hereafter defined as “exceedence temperatures.” 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. 

Results and Discussion
Tables 1 and 2 show data for exposure structures in Madi-
son, Wisconsin, for the years 2003 and 2004, respectively. 
Annual temperature histories (−40°C to 75°C ) for 2003 and 
2004 were calculated for shingles (Fig. 4), top and bottom 
surfaces of roof sheathing (Figs. 5 and 6), rafters (Fig. 7), 
and attic air (Fig. 8).

The 2-year mean annual temperatures recorded for shingles 
during this period were 11.9°C and 10.5°C for black and 
white fiberglass shingles, respectively; 10.2°C for WRC 
shingles; and 9.9°C and 10.1°C for WTPC shingles with 
and without lath, respectively. The maximum temperatures 
recorded during this period were 70.7°C and 61.0°C for 
black and white fiberglass shingles, respectively; 48.2°C for 
WRC shingles; and 45.7°C and 46.2°C for WTPC shingles 
with and without lath, respectively. On the warmest summer 
days, black fiberglass shingles were more than 10°C warmer 
than matched white fiberglass shingles and almost 22°C to 
25°C warmer than comparable WRC or WTPC shingles. 

The temperatures of the other components in the various 
roof assemblies and the attic air temperatures followed the 
same trends. The maximum temperatures recorded at the 
top layer of the roof sheathing were 74.9°C and 61.4°C 
for black and white fiberglass shingled roofs, respectively; 
47.6°C for WRC; and 43.5°C and 48.2°C for WTPC with 
and without lath, respectively. For the bottom layer of the 
roof sheathing, the maximum temperatures recorded were 
52.7°C and 46.6°C for black and white fiberglass shingles, 
44.1°C for WRC, and 43.3°C and 44.2°C for WTPC with 
and without lath, respectively. For the rafter, the maximum 
temperatures were 49.1°C and 43.8°C for black and white 
fiberglass shingles, 42.1°C for WRC, and 42.0°C and 
42.4°C for WTPC with and without lath, respectively. The 
maximum attic air temperatures were 48.9°C and 44.1°C for 
black and white fiberglass shingles, 42.6°C for WRC, and 
42.4°C and 42.6°C for WTPC with and without lath,  
respectively. 

The overall roof temperature data recorded from July to 
September 2003 and 2004 (Tables 1 and 2) for both black 
and white fiberglass shingled structures were found to be 
very similar to data previously reported for July to Septem-
ber 2002 (Winandy and others 2004) and over an 8-year 
period from 1992 to 1999 (Winandy and others 2000). 
We also compared the sheathing, rafter, and attic air tem-
perature histories for 2003 to the previously reported  
8-year annualized (i.e., averaged) thermal load histories 

Figure 3—Components for WTPC structure: (a) roof 
tiles, (b) shingles. 

 Temperature Histories for Roof Assemblies and Wood, Wood–Thermoplastic Composite, and Fiberglass Shingles
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(Winandy and others 2000). We found that temperatures 
were more extreme in 2003: noticeably warmer exposure 
temperatures occurred in the top of the sheathing in the 
summer of that year and colder temperatures in both the top 
and bottom of the sheathing in the winter (Fig. 9). The 2003 
rafter and attic air temperature histories were similar to the 
1992–1999 annualized data (Fig. 10). The 2004 temperature 
histories of all roof-system components and the attic air 
temperatures were found to be similar to the 1992–1999 an-
nualized data (Figs. 11, 12). 

Conclusion
This paper describes 2-year thermal load histories of vari-
ous wood components in traditional light-framed structures 
using western redcedar, wood–thermoplastic composite 
(WTPC), or black and white fiberglass shingles. The data 
clearly show that in the summer the temperature of black 
fiberglass shingles is much higher than that of white fi-
berglass shingles. Western redcedar (WRC) and WTPC 
shingles have similar temperatures but are cooler than either 
black or white fiberglass shingles. The data also indicate 
that during a typical summer or winter season, the sheathing 
under both black and white fiberglass shingles is sometimes 
warmer than the shingles themselves. The temperature of 
sheathing under WTPC and WRC shingles is virtually the 
same, but generally much cooler than that of sheathing 
under fiberglass shingles. Sheathing under WTPC shingles 
applied on lath is noticeably cooler than sheathing under 
WTPC shingles installed directly on felt. 

A detailed analysis of these thermal load histories is avail-
able (Winandy 2005). That report also includes a compre-
hensive comparison of the thermal load histories to previous 
findings.
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Figure 4—Cumulative temperature histories of WTPC 
(with and without lath), WRC, and fiberglass shingles 
exposed from January to December in 2003 and 2004 
near Madison, Wisconsin.
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Figure 5—Cumulative temperature histories at top sur-
face of roof sheathing under various types of shingles. 

 Temperature Histories for Roof Assemblies and Wood, Wood–Thermoplastic Composite, and Fiberglass Shingles
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Figure 6—Cumulative temperature histories at bot-
tom surface of roof sheathing under various types of 
shingles. 
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Figure 7—Cumulative temperature histories of interior 
core of roof rafters supporting sheathing under various 
types of shingles.
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Figure 8—Cumulative temperature histories of attic air 
temperature in structures made with various types of 
shingles.
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Figure 8—Cumulative temperature histories of attic air 
temperature in structures made with various types of 
shingles.
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Figure 9—Cumulative temperature histories at top and 
bottom of sheathing in structures with black and white 
fiberglass shingles exposed from January to Decem-
ber 2003 compared to 8-year (1992–1999) annualized 
data (Winandy and others 2000).
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Figure 10—Cumulative temperature histories of rafters 
and attic air in structures with black and white fiber-
glass shingles exposed from January to December 2003 
compared to 8-year annualized data. 
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Figure 11—Cumulative temperature histories at top and 
bottom of sheathing in structures with black and white 
fiberglass shingles exposed from January to December 
2004 compared to 8-year annualized data.
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Figure 12—Cumulative temperature histories in rafters 
and attic air in structures with black and white fiber-
glass shingles exposed from January to December 
2004 compared to 8-year annualized data. 




