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A STUDY OF CLIMATIC EFFECTS ON ROOF SYSTFMO
AT CAPE HATTERAS, NORTH CAROLINA

1 INTRODUCTION

Problem Statement

Roofing systems currently used at military installations are generally
short-lived for a variety of reasons. One major factor contributing to roof
deterioration is the stress caused by the effects of climate (e.g., freeze-
thaw cycles, exposure to temperature extremes, ultraviolet radiation, high
winds, and hail).

Short-lived roofing has created unacceptably high life-cycle costs. For
example, in FY78 the Government spent $54 million on reroofing at military
installations, and $28 million during the first quarter of FY79. To help

-reduce these costs, the U.S. Army Construction Engineering Research Laboratory
(CERL) is studying the effects of climate on several types of roofing systems
in order to find which ones perform best under the various climatic stresses.

Background

The basic components of a composite roof system are the structural deck,
vapor barrier, insulation, and built-up membrane. The structural deck and

*built-up membrane are common to all roof systems and are necessary for
*strength and weatherproofing. An insulating layer between the deck and mem-

brane is being used more widely in modern roof construction to decrease heat-
ing and cooling costs. The vapor barrier is an impermeable membrane normally
placed on the structural deck to prevent the flow of water vapor into the
insulation or built-up membrane.

BrothersonI has discussed many causes of built-up roofing (BUR) failures.
Griffin 2 has indicated that 10 to 15 percent of the built-up roois in the
United States fail prematurely. He has indicated that in severely cold
regions, the incidence of roof problems exceeds the national average.

Climate greatly influences the performance of composite roof systems.
Wrinkling, splitting, blistering, delamination, and alligatoring are a few of
the climate-related distresses which can occur in the built-up membrane.
Epstein and Putnam 3 have indicated that cyclic freezing and thawing can

1 D. E. Brotherson, "An Investigation into the Causes of Built-Up Roofing

Failures," Research Report 61-2 (University of Illinois, October 1961), pp
1-10.

2 C. W. Griffin, Manual of Built-Up Roof Systems (McGraw-Hill, 1970).
3 K. A. Epstein and L. E. Putnam, "Performance Criteria for the Protected Mem-

brane Roof Systems," Proceedings of the Symposium on Roofing Technology (Na-
tional Bureau of Standards and National Roofing Contractors Association,
September 1977), pp 49-60.
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increase water absorption in insulating material and reduce thermal resis-
tance. Lee, Dupuis, and Johnson4 and Cash5 have noted that thermally gen-
erated stresses can develop in built-up roof systems as a result of tempera-
ture changes. Cracking and deterioration of concrete as a result of freeze-
thaw action is well documented. The accumulation of water often contributes
to problems of durability in composite roof systems. Water vapor tends to
diffuse through composite roof systems from a warm, humid interior to a cold,
dry exterior. Laaly 6 has indicated that freeze-thaw cycles decreased the
strength of immersed, asphalt-based, built-up membranes from 14 to 19 percent
of dry strength for one cycle to 11 percent for 10 cycles.

Griffin7 has indicated that there are appropriate American Society for
-; Testing and Materials (ASTM) and Federal standards for testing important pro-

perties of component materials such as the surfacing aggregates, felts, bitu-
mens, insulation, vapor barriers, and structural decks used in roofing sys-
tems. However, he states that there are no generally accepted tests for per-
formance of composite roof systems assembled from these components. For per-
formnance evaluation of composite roof systems, researchers recommend either
modif-.ing existing tests or developing new tests.

It is apparent that the temperature regime must be quantitatively charac-
terized if the service life and performance of composite roof systems are to
be predicted for a given climate. This report describes development of quan-
titative temperature parameters obtained through a theoretical heat-transfer
model and the application of these parameters to evaluating the durability of
composite roof systems.

These parameters are used to theoretically analyze the effects of the
climate at Cape Hatteras on heat loss through building roofs. Three of the
roofs included in this study are being built at each of three Army installa-
tions in CONUS. Behavior of these roofs will be monitored for 2 years and the
results compared to the theoretical predictions.

Objective

The objective of this study is to analyze the influence of climate on the
durability and performance of nine different roof systems at Cape Hatteras,
NC.

4 j. W. Lee, R. M. Dupuis, and J. E. Johnson, "Experimental Determination of
Temperature Induced Loads in BUR Systems," Proceedings of the Symposium on
Roof ing Technology (National Bureau of Standards and National Roof~ing Gon-
tratorAsiton, September 1977), pp 38-48.

5 C. G. Cash, "Thermal Warp-A Hypothesis for Built-Up Roofing Splitting
Failures," Roofing Systems, Special Technical Publication 603 (American So-
ciety for Tetn ateias LASTM] 1976), pp 114-131.

6 H. 0. Laaly, "Effects of Moisture and Freeze-Thaw Cycles on the Strength of
Bituminous Built-Up Roofing Membranes,"M Proceedings of the Symposium on
Roof ing Technology (National Bureau of tadards and National Roofing Con-
tracors Association, September 1977), pp 244-251.

7 C. W. Griffin, Manual of Built-Up Roof Systems (McGraw-Hill, 1970).
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Approach

The specific tasks performed in this study were:

1. Determining the temperature variation in the roof sections as a func-
tion of time and position

2. Quantitatively determining the pertinent temperature parameters in
the various layers of the roof sections

3. Evaluating the thermal strain in the roofing layers

4. Determining the transient heat flux through the roof sections

rof 5. Comparing the relative durabilities and performance levels of the
Sroof systems

6. Providing recommendations for laboratory and field testing to verify

a -roof performance in different climatic zones.

Mode of Technology Transfer

Technology transfer will be accomplished by preparation of new or revised
military construction guide specifications for the types of roofs selected.

13



2 TESTING PROGRAM

Based on previous work by Dempsey8 a finite-difference, heat-transfer
model was used to compute the temperature regime and transient heat flux as a
function of time for nine roof systems. In the transient heat-transfer model,
the energy balance for an increment of time is expressed as:

Heat added to a + Heat given up by + Heat stored in a
nodal volume a nodal volume nodal volume

The roof systems at Cape Hatteras were analyzed for Buildings 5, 18, 2,
3, 4, and 34, and identified according to building number and section thick-
ness as 5, 12, 2, 3A, 3B, 4A, 4B, 34A, and 34B. Figures 1 through 9 show the
representative composite roof systems studied, including the physical and
thermal properties of the various roofing layers. The surface boundary tem-
peratures of the roof systems were determined from climatic data and included
meteorological parameters such as short-wave radiation, long-wave radiation,
convection, and air temperature. Ten years of climatic data (July 1, 1967
through June 30, 1977) from Cape Hatteras, NC, were used as input. The boun-
dary temperatures at the bottom of the roof systems were related to the
expected interior room temperatures shown in Figures 1 through 9.

The literature provides a more comprehensive discussion of the heat

transfer model's capabilities and validation.9

In previous work on roof systems, Dempsey 10 has indicated that the tem-
perature parameters pertinent to durability and performance are:

8 B. J. Dempsey, A Heat-Transfer Model for Evaluating Frost Action and Tern-

Iperature Related Effects in Multilayered Pavement Systems, Ph.D. Thesis
(University of Illinois, 1969); B. J. Dempsey, "Quantitative Freezing and
Thawing Parameters for Composite Roof Decks," ASTM Proceedings, First Inter-
national Conference on Durability of Building Materals and Components
(ASTM, 1978).

9 B. J. Dempsey, Ph.D. Thesis; B. J. Dempsey, "Quantitative Freezing and Thaw-
ing Parameters for Composite Roof Decks"; M. R. Thompson and B. J. Dempsey,
"Quantitative Characterization of Cyclic Freezing and Thawing in Stabilized
Pavement Materials," Highway Research Record 304 (Highway Research Board,
1970) pp 38-44; B. J. Dempsey and M. R. Thompson, "A Heat-Transfer Model for
Evaluating Frost Action and Temperature Related Effects in Multilayered
Pavement Systems," Highway Research Record 342 (Highway Research Board,
1970), pp 39-56; C. R. Marpk and B. J. Dempsey, "A Model Utilizing Climatic
Factors for Determining Stresses and Deflections in Flexible Pavement Sys-
tems, " Proc'edings (The Third International Conference on the Structural
Design of Asphalt Pavements, London, England, September 1972), pp 101-114;
B. J. Dempsey and M. R. Thompson, "Effects of Freeze-Thaw Parameters on the
Durability of Stabilized Materials," Highway Research Record 379 (Highway
Research Board, 1972), pp 10-18.

10B. J. Dempsey, "Quantitative Freezing and Thawing Parameters to Composite
Roof Decks."
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1. Cooling rate

2. Temperature below freezing

3. Length of freezing period

4. Warming rate

5. Temperature above freezing

6. Length of thawing period

7. Number of freezing and thawing periods

8. Temperature variability

Figure 10 shows an idealized freeze-thaw cycle for a roof system. The quanti-
tative parameters for the idealized freeze-thaw cycle are dependent on the
geographical location, month in the freezing period, year, and location in the
composite roof system. The freeze-thaw history at a selected point in the
roof system can be simulated by developing an idealized freeze-thaw cycle for
each winter month for a chosen number of years Of CliDdti( data and determin-
ing the number of freeze-thaw cycles that occurred during each month.
Dempsey 1' has shown that statistical analyses of such data provide satisfac-
tory information for quantitative characterization of the freeze-thaw environ-
ment. Furthermore, the data are valuable input for laboratory testing pro-
cedures when it is desirable to simulate field conditions.12

44

11B. J. Dempsey, "Quantitative Freezing and Thawing Parameters for Composite
Roof Decks."

12B. J. Dempsey, "A Programmed Freeze-Thaw Durability Testing Unit for
Evaluating Paving Materials," Journal of Materials, Vol 7, No. 2 (ASIM, June
1972), pp 143-147.
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3 DATA

Tables 1 through 7 show temperature parameter data for various layers and
depths of Building 5's roof system for 10 years of climatic input. The data
include average temperature dbove freezing, average temperature below freez-
ing, average cooling rate, average warming rate, average length of freezing
period, average length of thawing period, and average number of freeze-thaw
cycles. The data are statistically summarized over the 10-year study period
for each month and for the year.

In a similar manner, Tables 8 through 56 provide the data for roof sys-
tems 18, 2, 3A, 3B, 4A, 4B, 34A, and 34B.

Table 57 presents the transient heat flux for the nine roof systems.
These data are also statistically summarized over the 10-year study period for
each month and for the year.

16



4 ANALYSIS AND DISCUSSION

Temperature-Effects

Tables 1, 8, 15, 22, 29, 3b, 43, and 50 present temperature data in the
roofing systems for conditions above freezing. Tables 2, 9, 16, 23, 30, 37,
44, and 51 provide temperature data for conditions below freezing.

Analysis of the data indicates that the freezing gradient generally does
not penetrate below the surface layer of the roof systems in Cape Hatteras.
The freezing gradient was found to penetrate the existing built-up layer on
Building 18 as well as the gravel layers in roof systems 3A, 38, 4A, and 48.
There was also ,,me penetration of the freezing gradient into the built-up
layer in roof systems 3A and 3B; however, the underlying insulation layers in
all of the roof systems were highly effective in preventing deeper penetration
of the freezing gradients.

The temperature above freezing generally varied with time of year and
* depth in the roof system. The data indicated that the temperature variability
* for a specified month for the 10 years of climatic input was not large. The

temperatures in the deeper layers of the roof systems were fairly uniform,
since they were controlled by the building's interior room temperature.

Temperature variations can influence the thermal strain experienced by
roofing layers. Table 58 shows thermal strains in the nine roof systems for
temperature variations of plus and minus three standard deviations from the
mean temperature for 10 years of climatic data. The thermal strains in Table
58 are computed for a condition of no bonding or restraint between roof system
layers.

Analysis of the datd indicates that the thermal strains in the GAF
mineral shield on Building 4 (roof systems 4A and 4B) and the Ethylene Pro-
pylene Diene Monomer (EPDM) membrane on Building 34 (roof systems 34A and 348)
are reasonably larger. The 25-mil diathon coating on Building 5 and the 40-
mil Gacoflex membrane on Building 18 also experience relatively large thermal
strains. The probability of thermal cracking in these materials will depend
on their stress-strain properties at various temperatures. Thermal strains
may become more evident in these materials as they age and become less duc-
tile.

The built-up layer in roof systems 1h, 3A, and 38 may also be susceptible
to thermal cracking. The layer of surface gravel in roof systems 3A and 3B
has little influence on the temperature variability in the built-up layer.

Table 58 indicates that insulation layers are highly beneficial in
decreasing temperature variability and, therefore, the thermal strain in com-
posite roof systems. The data validate the benefits of the protected membrane

17



roof (PMR) concept discussed by Larsson, Ondrus, and Petersson. 13 In the PMR
concept, the roofing membrane layer is sandwiched between the deck below and
the insulation above. For the membrane, the PMR concept offers drastic reduc-
tion in temperature ranges (thermal strain) and protection from chemicals,
radiation, and physical hazards.

Cooling and Warming Rates

Tables 3, 10, 17, 24, 31, 38, 45, and 52 provide data for cooling rates
in the composite roof systems. Tables 4, 11, 18, 25, 32, 39, 46, and 53
present the warming rate data.

Generally, the time of year did not greatly influence the cooling rate at
specified depths in a given roof system. Ex~ept for Building 18, thS surface
cooliog rate generally varied from about 2.0 F/hr (1.11 C/hr) to 2.5 F/hr
(1. g C/hr). ;he surface cgoling rate 0 for Building 18 varied from about
1.5 F/hr (0.83 C/hr) to 2.0 F/hr (1.11 C/hr).

The cooling rates were found to decrease with depth in the roof system
and the type of layer material. Figures 11, 12, and 13 show the average
annual cooling rates for the nine roof systems as a function of section depth.

Roof systems 5, 18, 2, 3A, 4A, 34A, and 34B experienced rather rapid
decreases in the cooling rate as the section depth increased. It is interest-
ing to note that the thicker roof systems (38 and 4B) showed a slower decrease
in cooling rate with depth. Figure 12 indicates that increasing the thickness
of the insulation layers in roof systems 3B and 4B did not substantially
reduce the surface cooling rate from that shown for roof systems 3A and 4A.

The lower cooling rates noted for Building 18 (Figure 2) may be caused
partly by the bright white surtace of the Gacoflex and the higher interior
room temperature of 85 F (29.4 C).

Except for the magnitude of the values, the warming rates shown in Tables
4, 11, 18, 25, 32, 39, 46, and 53 displayed the same trends as the cooling
rates. Figures 14, 15, and 16 indicate that the annual warming rate was
greatest at the surface of the roofing systems and decreased with de8th in the
sections. Theosurface warming rate varied from about 4.0 F/hr (2.22 C/hr) to
5.0 F/hr 2.78 C/hr) for all roof systems except on Building 18, which was
about 3.5 F/hr (1.940C/hr).

The significance of the effect of cooling and warming rates on roof sys-
tems may be how they influence the thermal strain rate. It is evident that
with larger cooling and warming rates at the roof surface, materials at the
surface would experience faster strain rates than materials deeper in the sec-
tion, where cooling and warming rates are smaller.

13L. E. Larsson, J. Ondrus, B. Petersson, "The Protected Membrane Roof (PMR) -

A Study Combining Field and Laboratory Tests," Proceedings of the Symposium
on Roofing Technology (National Bureau of Standards and National Roofing
Contractors Association, September 1977), pp 86-92.
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Insulating layers helped decrease the rate of temperature change for both
cooling and warming conditions. It would seem that the membrane protection of
insulating layers can be effective in decreasing roof system durability
failures. An additional benefit derived from insulation layers is moderation
of the differential thermal strains occurring in the roofing layers as a
result of differences in temperature, cooling rate, and warming rate.

Length of Freezing and Thawing Periods

Tables 5, 12, 19, 26, 33, 40, 47, and 54 present the average length of
the thawing period in the roof systems during freeze-thaw cycles. Similarly,
Tables 6, 13, 20, 27, 34, 41, 48, and 55 show the average length of the freez-
ing period. Freezing is assumed to occur at 31 0 F(-0.5 C) in this study. The
data indicate that freezing and thawing are generally confined to the surface
layers of the roof systems. The average durations of the freezing periods are
very short and indicate the influence of diurnal winter temperatures on roof
system durability. Most of the freezing and thawing occurs during the winter
months of December, January, February, and March. The duration of the freez-
ing period increases, and the duration of the thawing period decreases during
the colder months of January and February, indicating the larger number of
freeze-thaw cycles which occur at that time. Freezing periods of short dura-
tion are probably less detrimental to the roofing layers than those of long
duration because less moisture transfer results from freezing gradients and
therefore less ice accumulates in the layers.

Number of Freeze-Thaw Cycles

Tables 7, 14, 21, 28, 35, 42, 49, and 56 show the number of freeze-thaw
cycles in the roof systems. Figure 17 summarizes the average annual number of
freeze-thaw cycles at various depths in the roof systems on the different
buildings. As noted in the tables and in Figure 17, most freeze-thaw cycles
occurred at the surface (0.0 in. [0.0 cm]) of the roof systems. The built-up
roofing layers on Buildings 18 and 3 (roof systems 3A and 38) also experienced
cyclic freeze-thaw action at depths of 0.5 in. (1.27 cm) and 1.0 in. (2.54
cm). Some freeze-thaw cycles are noted in the insulating layers of roof sys-
tems 4A and 4B. It is apparent that the gravel surface layers on roof systems
3A and 3B have little insulating value to freeze-thaw temperatures. In all of
the roofing systems, 1 to 2 in. (2.54 to 5.08 cm) of insulation were adequate
for preventing cyclic freeze-thaw action.

Epstein and Putnam14 have indicated that insulation must be resistant to
water and to freeze-thaw action. They found that water absorption by various
insulations after freeze-thaw exposure could range from less than 10 percent
to more than 80 percent during a 10-year period. They also indicated that 500
to 700 freeze-thaw cycles would be a conservative estimate for most locations
during a typical 10-year period. Figure 17 shows that the upper roofing

14K. A. Epstein and L. E. Putnam, "Performance Criteria for the Protected Mem-
brane Roof Systems," Proceedings of the Symposium on Roofing Technology
(National Bureau of Standards and National Roofing contractors Association,
September , 1977), pp 49-60.
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layers at Cape Hatteras would experience an average of 200 to 600 freeze-thaw
cycles during a 10-year period. As shown in Tables 7, 14, 21, 28, 35, 42, 49,
and 56, the number of freeze-thaw cycles over a 10-year period at Y + 3o would
range from about 200 to 900.

Cyclic freezing and thawing could have detrimental effects on the dura-
bility of built-up roofing layers on Buildings 18 and 3, as well as on the
three-ply GAF mineral shield layer on Building 4. It is important to use dur-
able materials at the surface of roof systems so that splitting, blistering,
delaminaticn, alligatoring, and other durability failures can be minimized.
The smaller number of freeze-thaw cycles noted at the roof surfacS on Building
18 is caused partly by the higher interior room temperature of 85 F (29.4 C)
(see Figure 17).

Transient Heat Flux

Table 57 presef.'s the transient heat flux for the roof systems studied.
Figures 18 and 19 ;,,,ew th-. average heat flux for each month analyzed. As
expected, heat was t'ansferred into the roof system during the summer and out
of the roof system , the winter.

Roof systems 5, 4B, 34A, and 34B displayed the lowest flux values in both
winter and summer weather. Roof systems 18, 2, and 3A showed high values of
heat flux. Roof systems 3B and 4A displayed intermediate flux values. The
large glux losa noted for Building 18 (Figure 2) was probably influenced by
ths 85 F (g9.4 C) interior temperature used in the analysis. However, the
80 F (26.7 C) interior temperature used in the analysis of Building 5 (Figure
1) did not cause a large flux loss. The greater insulation thickness and the
I in. (2.54 cm) of gypsum concrete improved the thermal efficiency of Building
5 over that of Building 18. Although the roof system on BuildIng 2 is very
deep, Figure 18 shows that the heat flux is large in both summer and winter.
This would indicate that the thermal efficiency of a roofing system is not
always a function of total thickness, but that it is a function of layer com-
binations, type of insulation, layer thickness, and temperature differentials.
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ture change and the magnitude of temperature can be expected to influence the
rate and magnitude of strain.

Table 59 ranks the roof systems in relation to the computed parameters.
In terms of freeze-thaw cycles, the roof systems with surface layers of aggre-
gate displayed fewer numbers of freeze-thaw cycles and therefore should pro-
vide better durability properties.

The lower the cooling rate is, the higher is the potential of moisture
transfer; thus, more damage can occur.

When evaluated alone, the length of the freezing period is not a major
influence on roof performance; however, it does contribute to the freeze-thaw

L durability.

The thermal strain in the upper layers of the roof systems is an impor-

tant temperature parameter influencing roof performance. Roof systems having
an insulation layer beneath an aggregate layer displayed the lowest thermal
strains (Table 58).

The thermal efficiency of the roof structures is based on the heat flux
during the year. The magnitude of the heat flux appears to be controlled by
factors other than insulation layer thickness and roof system thickness. In
transient heat-transfer analysis, it is evident that the heat storage capabil-
ities of the layers are also important in determining the magnitude of the
heat flux gained or lost through the roof system.

In summary, the performance of the roof systems analyzed in this study
appear to depend on how well they resist the climate parameters which cause
distress.

Concl usions

The following conclusions have been drawn from this study:

15B. J. Dempsey, "Quantitative Freezing and Thawing Parameters for Composite
Roof Decks," ASTM Proceedings, First International Conference on Durability
of Building Materials and-1omponents (ASTM, 1978).
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F 1. Materials of high quality and durability are required at the roof
surface because of the temperature variability and freeze-thaw action which
occur there.

2. Insulating materials help moderate the rate and magnitude of tempera-
ture changes in roof systems; however, insulation may increase the severity of
climatic effects on surface membranes.

3. The data obtained in this study showed that membrane roofs in which
the roofing membrane layer is sandwiched between the deck below and the insu-
lation above are subjected to fewer freeze-thaw cycles and less thermal
strain.

4. Transient heat flux in composite roof systems is related to layer
thickness, layer thermal properties, and layer physical properties. Total
roof thickness alone is not indicative of thermal efficiency.
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Table 1

Average Temperature Above Freezing for Roof System 5, 0F
Build~ng Identification 5
Roofing Layer 25 mi] Polyuretnane Gypsum Gypsum

Diathon Foam Concrete Plank
Depth in Section (in.) 0.0 1.0 3.0 4.0

T 97.00 88.93 81.16 80.53
July a 2.63 1.43 0.24 0.13

V,% 2.71 1.61 0.30 0.16

94.11 87.36 3I.03 80.47
August 3.32 1.83 0.34 0.18

V,% 3.53 2.09 0.42 0.23

7 84.17 82.07 80.14 80.04
September 0 3.11 1.78 0.35 0.21

V,% 3.69 2.17 0.44 0.26

T 74.53 76.84 79.12 79.53
October 0 1.34 0.78 0.18 0.13

V, 1.80 1.02 0.22 0.16

X 61.11 68.15 77.33 78.63
November 1.90 1.54 0.33 0.17

V,%, 3.00 2.27 0.43 0.21

. 57.14 63.84 76.46 78.20
December j 2.18 1.66 0.33 0.20

V,- 3.82 2.60 0.44 0.25

T 55.04 60.16 75.70 77.82January o 1.83 1.16 0.25 0.15

V,% 3.33 1.93 0.33 0.20

59.05 62.62 76.18 78.05
February o 4.10 1.94 0.39 0.20

V,% 6.95 3.10 0.51 0.26

X 63.57 67.18 77.08 78.50
March o 3.71 1.81 0.36 0.20

V,% 5.83 2.70 0.46 0.26

T 70.61 73.70 78.26 79.09
April y 1.62 1.16 0.26 0.18

V,% 2.30 1.57 0.33 0.22

81.04 79.63 79.26 79.58
MAy a 1.72 0.98 0.22 0.13

V,% 2.12 1.23 0.28 0.16

89.92 84.78 80.26 80.08
June a 1.49 0.79 0.11 0.06

V,% 1.66 0.93 0.14 0.08

- 75.35 74.68 78.51 79.22
Year a 0.87 0.39 0.09 0.10

V,% 1.15 0.53 0.11 0.12

C : ('F - 32)/1.8
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Table 2 1

Average Temperature Below Freezing for Roof System 5, OF
Building Identification 5-1
Roofing Layer 25 mil Polyurethane Gypsum Gypsum

Diathon Foam Concrete Plank
Dth in Section (in.) 0.0.6 3.0 4.0

July a--

V ,%

September Ga- -

October a- - -

X 26.53
Novembe r a3.49 ------

V,% 13.16

y 28.00
December a 1.16 --

V% 4.15

X 25.14
January or 2.74----

V,% 10.89

7 25.55
February a 2.22 ------

V% 8.69

7 26.20
March a 1.21 ----

V% 4.62

7 27.99
April a 0.00 ----

V% 0.00

May a - - - .

June a -- -

V.%

7 25.98
Year a 1.06 -------

V.% 4.09

OC (OF -32)/1.8

26



Table 3

Average Cooling Rate for Roof System 5, °F/hr

Bui ding Identification 5
Roofing Layer 25 mil Polyuretnane Gypsum Gypsum

Diathor, Foam Concrete Plank
Depth in Section (in.) 0.0 1.0 3.0 4.0

1.98 1.06 0.29 0.13
July a 0.16 0.09 0.03 0.02

V,% 8.27 8.48 9.64 13.11

X 2.11 1.13 0.27 0.08
August a 0.24 0.13 0.04 0.01

V,% 11.23 11.42 13.59 13.99

X 2.35 1.23 0.15 0.08
September a 0.18 0.10 0.01 0.01

V,% 7.76 7.78 9.24 7.33

X 2.27 1.16 0.13 0.07
October a 1 0.17 0.09 0.01 0.01

V,% 7.48 7.49 6.43 7.90

7 2.22 1.13 0.12 0.06
-4 November 3 0.17 0.09 0.01 0.01

V,% 7.72 7.68 8.35 8.05

7 2.08 1.05 0.12 0.06
December a 0.16 0.08 0.01 0.00

V,% 7.61 7.71 8.31 7.97

7 2.08 1.05 0.12 0.06
January a 0.15 0.08 0.01 0.00

V,% 7.24 7.27 5.07 7.33

X 2.34 1.19 0.14 0.07
February a 0.29 0.15 0.02 0.01

V,% 12.40 12.39 11.70 12.60

7 2.58 1.33 0.17 0.08
March a 0.20 0.11 0.01 0.01

V,% -.94 7.93 8.77 7.68

2.45 1.30 0.23 0.08

April a 0.16 0.09 0.01 0.01
V,% 6.51 6.58 4.94 7.69

7 2.24 1.20 0.31 0.11
May a 0.10 0.05 0.02 0.01

V,% 4.28 4.39 5.06 8.23

2.03 1.09 0.30 0.15
June a 0.14 0.07 0.02 0.01

V,% 6.81 6.86 7.18 7.22

7 2.23 1.16 0.18 0.08
Year a 0.06 0.03 0.01 0.00

V,% 2.65 2.65 3.10 2.95

*Clhr (°F/hr)/1.8
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Table 4

Average Warming Rate for Roof System 5, 5F

Building Identification 5
Roofing Layer 25 mil Polyurethane Gypsum Gypsum

Diathon Foam Concrete Plank
epth in Section (in.) .04.0

1 4.86 2.82 0.27 0.13
July C 0.44 0.26 0.03 0.01

V,% 9.01 9.25 9.25 8.09

5.24 2.92 0.25 0.16
August a 0.65 0.37 0.03 0.02

V,% 12.51 12.64 11.84 9.82

"  5.12 2.34 0.33 0.17
September a 0.44 0.19 0.02 0.01

V,% 8.67 7.97 6.37 7.99

2.66 1.52 0.29 0.15
October a 0.20 0.11 0.03 0.01

V,% 7.52 7.48 8.85 7.32

7 2.62 1.49 0.27 0.14
November a 0.21 0.12 0.02 0.01

V,% 8.10 8.11 7.85 8.20

X 2.42 1.38 0.23 0.13
December a 0.16 0.09 0.02 0.01

V,% 6.69 6.62 7.52 8.38

T 2.38 1.36 0.23 0.13
January a 0.18 0.10 0.02 0.01

V,% 7.57 7.57 9.64 8.69

2.81 1.60 0.29 0.16
February a 0.41 0.23 0.04 0.02

V,% 14.66 14.54 14.88 14.07

T 4.26 2.04 0.34 0.18
March a 0.41 0.18 0.03 0.02

V,% 9.69 8.80 9.09 8.60

7 6.03 3.17 0.29 0.20
April a 0.35 0.19 0.02 0.01

V,% 5.84 5.94 7.71 6.24

5.54 3.18 0.29 0.16
May a 0.27 0.16 0.01 0.00

V,% 4.91 5.03 4.89 3.21

Y 5.01 2.91 0.29 0.13
June a 0.38 0.22 0.02 0.01

V,% 7.49 7.61 7.66 7.54

7 4.08 2.23 0.28 0.15
Year a 0.11 0.06 0.01 O.w

V,% 2.79 2.67 2.50 2.55

C/hr (IF/hr)/1.8
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Table 5

Average Length of Freezing Period for Roof System 5, Days

Building Identification 5
Roofing Layer 25 mil Polyurethane Gypsum Gypsum

Diathon Foam Concrete Plank
Depth in Section (in.)_ 0.0 1.0 3.0 4.0

July a ---.. ..
V,%

, August a ......

September a ---........
V,%

October a ............
! V,%

November a 0.09 ---....
V,% 90.97

0.12
December a 0. 04--

V,% 32.18

. 0.21
January a 0.08 .........

V,% 38.49
0.16

February a 0.05 ---....
V.% 29.21

1 0.12
M a r c h a 0 .0 3 ---. .. .

V,% 22.64

7 0.02
April a 0.04

V,% 200.00

May a ---.--.....
• V,%

June C" ............
V,%

7 0.16
Year a 0.03

V,% 16.66
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Table 6

Average Length of Thawing Period for Roof System 5, Days

uil1ding Ident fication 5
Roofing Layer 25 mi Polyurethane Gypsum Gypsum

Diathon Foam Concrete Plank
Depth in Section (in.) 0.0 .0 3.0 4.0

July a ............
V,%

August a ---........
V,%

September a
V,%

October a ...... ......~V,%

X 12.30
November a 11.82 ---....

V,% 96.11

X 2.75
December a 1.08

V,% 39.18

1.36
January a 0.26 ---. ...

V,% 18.89

X 1.77
February a 0.55 .........

V,% 31.00

T" 3.57
March a 1.80 ---

V,% 50.41

X 26.24
April a 7.52 ---

V,% 28.65

S T[
May a ---....

V,%

June a ---
V,%

X 6.18
Year a 0.48

V ,% 7.74
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Table 7

Average Number of Freeze-Thaw Cycles for Roof System 5
Building Identification 5

Roofing Layer 25 m1l Polyurethane Gypsum Gypsum
Diathon Foam Concrete Plank

Depth in Section in "0.0 1.0 3.0 4.0

July .
V,

August - ---

V,%
September Z - - - -

October - ---........

2.75 0.00 0.00 0.00
November 1.89

V, 68.84

X 10.75 0.00 0.00 0.00
December 3.30

V ,% 30.74

19.25 0.00 0.00 0.00
January a 2.87

V,% 14.92

14.75 0.00 0.00 0.00
February a 5.56

V,% 37.70

9.00 0.00 0.00 0.00
March a 4.55

V,% 50.51

7 0.25 0.00 0.00 0.00
April a 0.50

V,% 200.00

May .--...
V,%

June a ... .. ..
V,%

7 56.75 0.00 0.00 0.00
Year G 4.57

V ,% 8.06
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Table 8

Average Temperature Above Freezing for Roof System 18, OF
Building Identification IR 1
Roofing Layer Gacoflex Built-Up Insu- Gypsum

Roofing lation Plank
Depth in Section (in.) 0.0 0.5 1.0 2.5

7 87.59 86.90 86.01 85.01 4
July C 1.30 1.15 0.74 0.20

V,% 1.48 1.32 0.86 0.23

Y 86.20 85.68 85.30 84.93
August a 1.76 1.60 1.04 0.25

V,% 2.04 1.87 1.22 0.29

X 79.34 79.67 81.49 84.13
September a 2.33 2.17 1.42 0.34

V,% 2.94 2.73 1.74 0.41

7 71.49 72.51 76.84 83.06
October a 1.97 1.83 1.19 0.31

V,% 2.76 2.52 1.55 0.37

59.67 60.86 69.07 81.24
November a 1.94 1.82 1.40 0.34

V,% 3.26 2.99 2.02 0.42

55.57 56.62 66.02 80.53
December a 3.07 3.50 2.38 0.56

V.% 5.52 6.18 3.60 0.69

7 52.55 52.76 62.46 79.71
January a 2.79 3.48 2.78 0.65

V,% 5.30 6.59 4.44 0.82

7 54.12 54.77 63.24 79.88
February a 2.32 2.36 1.67 0.39

V,% 4.29 4.31 2.63 0.49

7 58.95 59.89 67.84 80.95
March a 2.01 1.75 1.79 0.43

V,% 3.41 2.93 2.65 0.53

7 66.07 67.02 72.98 82.09
April a 1.75 1.63 1.31 0.33

V,% 2.65 2.43 1.80 0.40

X 74.62 74.79 78.13 83.19
May a 1.51 1.38 0.88 0.21

V,% 2.03 1.84 1.13 0.25

" 83.17 82.72 83.25 84.33
June a 1.73 1.60 1.04 0.24

V,% 2.08 1.94 1.25 0.29

7 69.71 69.96 74.45 82.44
Year a 0.54 0.63 0.63 0.18

V,% 0.77 0.90 0.84 0.21

"C (°F - 32)/1.8
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Table 9

Average Temperature Below Freezing for Roof System 18, 0F

Building IdentiFication I
Roofing Layer Gacoflex Built-up Insu- Gypsum

Roofing lation Plank
Depth in Section (in.) 0.0 0.5 1.0 2.5

July 0---------

V ,iZ

August a -------

September a ---------

V,%

October a---------
V ,%

X 28.74 28.38
November 13 2.61 0.00----

V 9.07 0.00

x 28.56 30.30
2December a 1.55 1.41----

V% 5.43 4.65

K 26.58 28.70
January CT 3.36 2.64----

V,% 12.64 9.21

K 27.11 28.81
February a 1.49 1.00----

V% 5.49 3.45

K 27.81 29.22
March a 0.78 1.79

V% 2.80 6.13

x 28.63 31.31
April a 0.44 0.43----

V% 1.55 1.36

May a------ --

V,

June a--- -------

V,%

7 27.38 28.87
Year a 1.26 1.27

V% 4.60 4.39

*C C0F -32)/1.8
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Table 10

Average Cooling Rate for Roof System 18, 0F/hr

Building Identification IR
Roofing Layer Gacoflex Built-Up Insu- Gypsum

Roofing lation Plank
Depth in Section (in.) 0.0 . .0.5

1.62 1.62 1.08 0.27
July a 0.14 0.15 0.10 0.03

V.% 8.95 9.02 9.09 9.43

y 1.74 1.73 1.14 0.27
August a 0.14 0.14 0.10 0.02

V,% 8.18 8.32 8.44 8.97

1.84 1.77 1.15 0.26
September a 0.12 0.12 0.08 0.02

V,% 6.65 6.68 6.71 6.92

1.60 1.53 1.00 0.23
October a 0.18 0.17 0.11 0.03

V,% 11.03 11.03 11.06 11.23

1.62 1.55 1.01 0.23
November a 0.13 0.12 0.08 0.02

V,% 7.84 7.88 7.87 7.83

7 1.44 1.38 0.90 0.20
December a 0.16 0.15 0.10 0.02

V,% 11.23 11.20 11.20 11.18

7 1.45 1.40 0.91 0.20
January a 0.11 0.11 0.07 0.02

V,% 7.63 7.65 7.71 8.05

1.71 1.64 1.07 0.24
February a 0.20 0.19 0.12 0.03

V,% 11.49 11.50 11.49 11.42

" 1.95 1.87 1.21 0.27
March a 0.19 0.18 0.12 0.03

V.% 9.51 9.51 9.52 9.63

1 2.01 1.97 1.29 0.30
April a 0.15 0.14 0.09 0.02

V,% 7.33 7.24 7.19 6.95

1 1.84 1.83 1.21 0.29
May a 0.16 0.16 0.11 0.03

V,% 8.49 8.59 8.66 9.00

1.71 1.71 1.14 0.28
June G 0.10 0.10 0.07 0.02

V,% 5.88 5.89 5.89 5.87

" 1.71 1.67 1.09 0.25
Year a 0.08 0.08 0.05 0.01

V,% 4.84 4.82 4.83 4.92

*C/hr- (*F/hr)/1.8
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Table 11

Average Warming Rate for Roof System 18, °F/hr

Building Identification
Roofing Layer Gacoflex Built-Up Insu- Gypsum

Roofing lation Plank
Depth in Section (in.) 0.0 0.5 1.0 2.5

3.24 3.24 2.16 0.53
July o 0.27 0.27 0.18 0.05

V,% 8.35 8.44 8.51 8.86

T 3.47 3.44 2.27 0.54
August C 0.27 0.28 0.18 0.05

7.86 8.02 8.14 8.69

3.63 3.50 2.28 0.52
September a 0.25 0.24 0.16 0.04

V,% 6.77 6.78 6.82 7.00

3.17 3.04 1.98 0.45
October a 0.32 0.31 0.20 0.05

V,% 10.23 10.24 10.27 10.43

3.18 3.05 1.99 0.44
November a 0.27 0.26 0.17 0.04

* V,% 8.52 8.54 8.53 8.48

X 2.88 2.77 1.80 0.40
Decemboer j 0.30 0.28 0.19 0.04

V,% 10.29 10.29 10.29 10.42

2.89 2.78 1.81 0.40
January U 0.24 0.23 0.15 0.04

8.35 8.33 8.38 8.70

3.45 3.30 2.15 0.48
February a 0.42 0.40 0.26 0.06

V,% 12.20 12.20 12.18 12.12

7 3.91 3.74 2.44 0.55
March a 0.38 0.36 0.24 0.05

V,% 9.71 9.72 9.74 9.90

7 4.07 3.99 2.62 0.60
April a 0.25 0.24 0.16 0.03

6.05 6.02 5.97 5.76

Y 3.71 3.69 2.45 0.59
May a 0.35 0.35 0.23 0.06

V.. 9.35 9.40 9.45 9.71

3.46 3.45 2.31 0.57
June a 0.22 0.22 0.14 0.04

V,% 6.34 6.31 6.28 6.20

3.42 3.33 2.19 0.51
Year a 0.17 0.16 0.11 0.02

V,% 4.86 4.83 4.83 4.84

*C/hr * (0F/hr)/1.8
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Table 12

Average Length of Freezing Period for Roof System 18, Days

Building Identification IA
Roofing Layer Gacoflex Built-Up Insu- Gypsum

Roofing lation Plank
Depth in Section (in.) 0.0 0.5 1.0 2.5

i I
July a ---........

V.%

August --- ---.......~V,%

September a ---

V.1
October a ...

V,%

x 0.07
November a 0.08 ---....

V,% 109.79

7 0.12
December a 0.06

V,% 46.97

T 0.21
January a 0.13 .........

V,% 60.31

0.16
February a 0.05 ---...

V,% 29.16

Y{ 0.09

M a r c h a 0 .0 5 - - - .. . .
V ,% 56.07

Y 0.03
Aprl a 0.04

V,% 149.69

Y
May a ..........

V,%

June a ........
V,%

Y 0.16
Year a 0.04 ---.....

V,% 26.34

36

,L



Tabl e 13

Average Length of Thawing Period for Roof System 18, OF

Building Identification 12
RAofing Layer Gacoflex Built-Up Insu- Gypsum

Roofinq lation Plank
Depth in Section (in.) 0.0 0.5 1.0 2.5

July a
V,%

August a ---........

V,%

S e p t e m b e r -) ---.. ..
" V,%

October --- ---.......

15.53
Noverber 11.31 .........

72.33

" 7.65
December 4.68 ---. ...

V, 61.18

X 2.94
January a 2.28

V,% 77.49

X- 2.83
February a 1.26 .........

V,% 44.36

7 9.61
March a 10.60 .........

V,% 110.30

X 24.15
April a 9.20 ---

V,% 38.09

* May a ---
V,

June a ------ ---
V ,.

1 11.78
Year a 5.13

V,% 43.53

37

-AAMJ



Table 14

Average Number of Freeze-Thaw Cycles for Roof System 18

Building Identification 1
Roofing Layer Gacoflex Built-Up Insu- Gypsum

Roofing lation Plank
Depth in Section "in.l 0.0 0.5 1.0 2.5

July ---
V,%

August a ---........
V,%

September a ---........

V,%

October a ...
; V,%

X 1.83 0.50 0.00 0.00
November a 1.60 1.22

V , 87.39 244.95

4.50 1.67 0.00 0.00
December a 3.39 1.37

V,% 75.36 81.98

x 11.83 5.83 0.00 0.00
January a 5.04 4.45

V,% 42.56 76.22

10.17 6.67 0.00 0.00
February a 5.46 4.27

V,% 53.66 64.11

4.50 2.50 0.00 0.00
March a 3.27 2.81

V,% 72.69 112.43

7 0.50 0.50 0.00 0.00
April a 0.84 0.84

V,% 167.33 167.33

May a ............
V,%

T
June a ..---......

V,%

" 33.33 17.67 0.00 0.00
Year a 11.08 6.25

V,% 33.23 35.38
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Table 15

Average Temperature Above Freezing for Roof System 2, 0F

Building Identificatio. 2
Roofing Layer No. 5 Styrofoam Buil t-U Gypsum Gypsum

Gravel Insulation Roofing Concrete Plank
De th in Section (in.) 0.0 2.0 3.0 4.5 6.5

X 92.56 83.96 76.11 74.54 72.87
July a 1.78 1.03 0.36 0.24 0.09

V,% 1.93 1.22 0.48 0.32 0.12

X 90.85 83.08 75.88 74.40 72.82
August 0 2.21 1.34 0.54 O.35 0.17

V,% 2.43 1.62 0.71 0.48 0.23

83.39 78.64 74.00 73.09 72.32
September 2.49 1.58 0.69 0.48 0.19

2.99 2.01 0.93 0.65 0.26

X 74.54 73.10 71.58 71.42 71.70
October 1.84 1.20 0.159 0.43 0.18

V, 2.47 1.65 0.82 0.60 0.25

T 61.77 64.21 5,.;7 68.53 70.65
November 15 1.46 C..9 0.49 0. 20

V,1. 3. 2 i.2 J. 72 0.29

X 58.11 60.65 C6.01 67.55 70.25
December 2.68 2.44 1. 6 0.83 0.32

V ,% 4.60 4.02 1.76 1.23 0.46

7 56.22 56.99 64.34 66.38 69.81
January 1.76 2.76 1.35 0.97 0.39

V, 3.13 4.84 2.39 1.46 0.55

X 58.82 58,34 64.79 66.65 69.90
February a 3.27 1.71 0.77 0.55 0.23

5.57 2,93 1.19 0.82 0.33

63.95 63.79 67.19 68.30 70.51
March a 2.54 1.81 0.84 0.60 0.24

V,% 3.97 2.83 1.24 0.58 0.33

70.51 69.63 69.75 70.08 71.18
April a 1.55 1.42 0.66 0.47 0.19

2.20 2.04 0.95 0.67 0.27

79.10 75.30 72.17 71.78 71.83
May a 2.03 1.20 0.46 0.30 0.14

V,% 2.57 1.60 0.64 0.42 0.19

7 88.02 80.93 74.62 73.48 72.47
June 0 1.91 1.19 0.52 0.36 0.17

V,% 2.17 1.47 0.69 0.50 0.24

74,09 70.79 70.37 70.55 71.37
Year 0,68 0.56 0.31 0.23 0.14

V 0,92 0.79 0.44 0.32 0.20

'C (F - 32)/1.8
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Tabl e 16

Average Temperature Below Freezing for Roof System 2, 0

Building Identification2
Roofing Layer No. 5 Styrofoam Built-up Gypsum Gypsum

Gravel Insulation Roofing Conc re te Plank
Depth in Section (in. 0.0 2.0 3.0 4.5 6.5

July 0 --- ------- --

August -- --- --

September a --- ----

October------- - - -

X 26.28
November a 3.28 -----

V 12.47

x 27.94
December a 1.98 ------ --

V% 7.09

X 24.80
January a 3.91 ------- --

V,% 15.77.

X 25.45
February a 2.24 --- ----- --

V% 8.81

7 27.30
March a 2.19 ----

V% 8.02

7 28.82
April a 2.08 -----

V% 7.21

May a --- --- - ----

V ,%

June a --- --- -----

V ,%

7 26.00
Year a 1.29

V% 4.95

*C (F -32)/1.8
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Table 17

Average Cooling Rate for Roof System 2, °F/hr

Building Identification
Roofing Layer No. 5 Styrofoam Built-Up Gypsum Gypsum

Gravel Insulation Roofing Concrete Plank
Depth in Section (in.) 0.0 2.0 3.0 4.5 6.5

X 2.47 1.51 0.46 0.24 0.07
July a 0.23 0.14 0.05 0.03 0.01

V,% 9.19 9.39 10.18 10.80 11.55

Y 2.63 1.59 0.47 0.24 0.07
August a 0.24 0.15 0.05 0.03 0.01

V 9.19 9.49 10.56 11.39 12.35

2.65 1.56 0.44 0.22 0.06
September 1 0.19 0. 11 0.03 0.02 0.01

V,% 7.04 7.18 7.87 8.48 9.26

X 2.28 1.33 0.36 0.18 0.05
October a 0.26 0.15 0.04 0.02 0.01

V,% 11.24 11.37 11.96 12.30 12.98

7 2.19 1.27 0.33 0.16 0.04
November 0 0.17 0.10 0.03 0.01 0.00

V 7.57. 7.63 7.71 6.41 9.27

X - 1.09 0.28 0.13 0.03
December a 0.21 0.12 0.03 0.01 0.00

V,% 10.85 10.81 10.82 11.09 11.53

X 1.93 1.11 0.28 0.13 0.03
January a 0.16 0.09 0.02 0.01 0.00

8.36 8.25 7.99 7.12 6.14

2.34 1.35 0.35 0.17 0.04
February a 0.26 0.15 0.04 0.01 0.00

V,% 11.18 11.03 10.05 8.96 8.55

7 2.73 1.58 0.43 0.21 0.06
March a 0.26 0.15 0.04 0.02 0.00

V,% 9.34 9.29 9.29 9.33 8.59

7 2.91 1.73 0.49 0.25 0.07
April a 0.19 0.11 0.03 0.01 0.00

V,% 6.47 6.34 6.09 6.00 4.84

X 2.76 1.67 0.50 0.26 0.07
May a 0.24 0.15 0.05 0.03 0.01

V,% 8.78 8.98 9.66 10.21 10.89

7 2.61 1.60 0.49 0.26 0.07
June a 0.15 0.09 0.03 0.02 0.00

V,% 5.56 5.60 5.77 5.99 6.35

X 2.45 1.45 0.41 0.20 0.06
Year a 0.12 0.07 0.02 0.01 0.00

V,% 4.87 4.87 5.09 5.01 4.68

*C/hr (°F/hr)/1.8
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Table 18

Average Warming Rate for Roof System 2, °F/hr

Building Identification 2
Roofing Layer No. 5 Styrofoam Built-Up Gypsum Gypsum

Gravel Insulation Roofing Concrete Plank
Depth in Section (in.) 0.0 2.0 3.0 4.5 6.5

4.95 3.03 0.93 0.50 0.14
July a 0.43 0.27 0.09 0.05 0.01

V,% 8.67 8.86 9.51 10.01 10.57

5.24 3.16 0.93 0.48 0.13
August a 0.47 0.29 0.10 0.05 0.02

V,% 8.96 9.26 10.31 10.11 12.03

5.25 3.08 0.86 0.43 0.12

September a 0.38 0.23 0.07 0.04 0.01
V,% 7.20 7.32 7.93 8.50 9.27

4.52 2.63 0.72 0.35 0.09
October a 1 0.47 0.28 0.08 0.04 0.01

V,% 10.48 10.59 11.04 11.82 12.16

7 4.31 2.49 0.64 0.30 0.07
November a O.35 0.20 0.05 0.03 0.01

V,% 8.04 8.11 8.37 10.57 11.13

x 3.80 2.19 0.55 0.24 0.05
December a 0.38 0.22 0.05 0.03 0.01

V,% 10.08 9.96 9.75 10.55 14.33

X 3.86 2.21 0.55 0.24 0.05
* January a 0.34 0.19 0.05 0.02 0.01

V,% 8.75 8.66 8.65 9.35 11.17

4.72 2.72 0.71 0.33 0.08
February a 0.55 0.32 0.08 0.04 0.01

V,% 11.72 1.62 11.01 11.41 9.23

5.47 3.17 0.86 0.42 0.11
March a 0.53 0.31 0.09 0.04 0.01

V,% 9.72 9.70 9.91 10.18 11.01

5.89 3.50 0.99 0.50 0.14
April a 0.30 0.17 0.05 0.02 0.01

V.% 5.08 4.97 4.66 4.54 5.37

X 5.55 3.37 1.00 0.52 0.15
May a 0.53 0.33 0.10 0.06 0.02

V,% 9.62 9.78 10.40 10.91 11.54

5.27 3.23 1.00 0.53 0.15
June a 0.31 0.19 0.06 0.03 0.01

VA 5.83 5.84 5.95 6.10 6.33

7 4.90 2.90 0.81 0.40 0..1
Year a 0.24 0.14 0.04 0.02 0.01

VX 4.88 4.87 4.97 5.41 6.16

'C/hr - (F/hr)/1.8
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Table 19

Average Length of Freezing Period for Roof System 2, Days
Building Identification 2
Roofing Layer No. 5 Styrofoam Built-Up Gypsum Gypsum

Gravel Insulation Roofin. Concrete Plank
Depth in Section (in.) 0.0 2.0 3.0 4.5 6.5

July a --- --- --- ---
V,%

August a --- ---... ... ..
. V ,%

September a ..---..........

October a --- ---... .....
V,%

X 0.09
6, November a 0.08 ---

V,% 91.20

7 0.11

December a 0.07 ---...

V,% 60.98

X 0.21
January a 0.11 ---......

V,% 54.54

X0.15
February a 0.05 --- ---.....

V,% 33.20

7 0.09
March a 0.04 --- ---

V,% 47.36

7 0.03
Apri a 0 0.04 --- ---.....

V,% 135.67

May -..............
V,%

June a --- --- ---

V,7

T 0.15
Year a 0.03 ...--- ---

V,% 20.40
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Tabl e 20

Average Length of Thawing Period for Roof System 2, Days

Buildinq Identt fication I
Roofing Layer No. 5 Styrofoam Built-Up Gypsum Gy'psum

Gravel Insulation Roofinq Concrete Plank
Depth in Section (in.) 0.0 2.0 3.0 4.5 6.

7
July a - --- ---......

V,%

August a - ------...
V,%

September a --- ---....
V,%

October --- ---......... ..~V,%

7 " 15.52
November ay 11.32 ---....

V,% 90.44

K 6.36

December a 4.94 ---......

V,% 77.69

-. X" 2.66
January a 2.38 ---......

V,% 89.54

7 2.34
February a 0.84 ---......

V,% 36.13

7" 6.16
March a 4.83 .........

V,% 78.48

1 20.40
April a 10.80 ---......

V,% 52.94

May a --- --- --.
V ,%

June a --- ....

Tr 9.86

Year a 4.87
V,% 49.44

C (F - 32)/1.8
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Table 21

Average Number of Freeze-Thaw Cycles for Roof System 2

Building Identification 2
Roofing Layer No. 5 Styrofoam Built-Up Gypsum Gypsum

Gravel Insulation Roofing Concrete Plank
Depth in Section 7in. 0.0 2.0 3.0 4.5 6.5

July t e 111 .........
V,%

August -- ---.--.........

V,.

September -.72......... .
V,%

October 0 --. 00---.. .

11.83 0.00 0.00 0.00 0.00
November 1.60

V, b 7.39

6.33 0.00 0.00 0.00 0.00
December 4.72

V,% 74.51

14.00 0.00 0.00 0.00 0.00
Janary a 6.20

V,.% 44.26

II1.67 0.00 0.00 0.00 0.00

February a 5.39
V,u 46.21

4 6.17 0.00 0.00 0.00 0.00
Marcy a 4.17

V,% 67.58

April a 1.26
V,% 126.49

•May a ---.... ......
V,%

June a --- --- --- --.
V,%

5( 41.0O0 0.0O0 0.0O0 0.00 0.0
Year a 14.37

V,% 35.04
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Table 22

Average Temperature Above Freezing for Roof System 3A, OF
Building Identification 3
Roofing Layer Light Colored Built-up Urethane Gypsum

Gravel Roofing Board Plank
Depth in Section (in.) 0.0 0.5 1.O 1.5 3.0

u 92.65 92.39 90.64 83.22 73.90
July o 2.00 1.98 1.80 1.08 0.21

V,% 2.16 2.14 1.98 1.30 0.28

90.71 90.50 89.07 82.36 73.82
August d 2.44 2.41 2.24 1.37 0.27

V,% 2.69 2.67 2.52 1.67 0.37

83.31 80.25 82.66 78.51 73.14
September a 2.76 2.75 2.60 1.60 0.3'

V,% 3.31 3.30 3.15 2.04 0."

X 74.96 74.99 74.95 73.77 72.25
October a 1.63 1.62 1.52 0.95 0.20

V,% 2.17 2.16 2.03 1.28 0.27

61.74 61.63 62.31 65.33 70.64
November a 1.56 1.85 1.74 1.38 0.28

V,% 2.53 3.00 2.80 2.11 0.40

X 58.14 57.93 57.68 61.91 69.99
December a 2.77 2.75 2.92 2.22 0.43

V,% 4.77 4.75 5.06 3.59 0.61

7 56.55 56.24 56.19 58.76 69.40
January a 1.71 1.86 2.18 2.67 0.51

V,% 3.02 3.31 3.88 4.54 0.74

59.38 59.19 58.61 60.37 69.70
February a 3.98 3.61 3.28 1.72 0.33

V,% 6.70 6.10 5.59 2.84 0.47

64.33 64.16 63.57 64.87 70.55
March a 2.80 2.80 1.96 1.56 0.31

V,% 4.35 4.37 3.09 2.40 0.44

70.33 70.24 69.96 70.18 71.52
April a 1.44 1.43 1.48 1.21 0.25

V,% 2.05 2.04 2.11 1.73 0.35

79.01 78.80 77.81 75.32 72.42
May a 2.12 2.09 1.91 1.16 0.22

V,% 2.68 2.65 2.46 1.54 0.30

7 87.87 87.60 86.02 80.33 73.31
June a 1.92 1.91 1.77 1.09 0.22

V,% 2.19 2.18 2.06 1.35 0.30

7 74.24 74.03 73.19 71.31 71.73
Year a 0.77 0.68 0.47 0.43 0.12

V,% 1.04 0.92 0.64 0.60 0.16

*c (F - 32)/1.8
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Table 23

Average Temperature Below Freezing for Roof System 3A, 0F

Building Identification 3
Roofing Layer Light Colored Built-Up Urethane Gypsum

Gravel Roofino Board Plank

Depth in Section in.) 0.0 0.5 .0 .5 3.0

July a ---.... ........
V,%

August G --- --- --- ---
V,%

September a ...............
V,%

. ~~~~October ........
: V,%

26.31 25.65 27.87
November a 3.95 3.14 3.09 ......

:_ . V % 15.01 12.24 11.08

27.79 27.77 28.51
December a 1.49 1.58 1.43 ......

V,% 5.35 5.68 5.03

X 24.27 24.17 25.77
January a 3.29 3.32 3.32

V,% 13.55 13.73 12.90

X 25.99 25.99 26.66
February a 1.94 2.05 1.72 ......

V,% 7.46 7.88 6.46

26.59 26.54 27.29
March a 1.14 1.05 0.74 ......

V,% 4.30 3.94 2.72

. 28.41 28.20 29.15
April a 1.80 1.75 2.28

V,% 6.33 6.19 7.81

.x
May - ---.-......

V,%

June --- ---... .....
V,%

7 26.07 25.92 26.82
Year a 1.18 1.27 1.42

V,% 4.54 4.89 5.29

°c ( - 32)/1.8
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Table 24

Average Cooling Rate for Roof System 3A, °F/hr

Building Identification 3
Roofing Layer Light Colored Built-Up Urethane Gypsum

Gravel Roofing Board Plank

Depth in Section (in.) 0,0 0.5 1.01. 3.0

7 2.42 2.45 2.43 1.53 0.29
July a 0.25 0.25 0.25 0.16 0.03

V.% 10.20 10.22 10.33 10.42 10.90

X 2.56 2.58 2.54 1.57 0.29
August a 0.26 0.26 0.26 0.16 0.03

V,% 10.01 10.05 10.19 10.31 10.95

" 2.66 2.66 2.57 1.57 0.28
September a 0.18 0.18 0.18 0.11 0.02

V,% 6.89 6.90 6.91 6.96 7.32

Y 2.27 2.27 2.18 1.34 0.24
October a 0.28 0.28 0.27 0.17 0.03

V,% 12.33 12.34 12.38 12.43 12.72

7 2.21 2.21 2.13 1.30 0.22
4, November a 0.15 0.15 0.15 0.09 0.02

V.% 6.76 6.78 6.87 6.92 7.17

7 1.93 1.93 1.86 1.13 0.19
December a 0.20 0.20 0.19 0.12 0.02

V,% 10.25 10.24 10.22 10.21 10.21

x 1.96 1.96 1.88 1.15 0.20
January a 0.17 0.17 0.17 0.10 0.02

V,% 8.94 8.92 8.90 8.93 9.19

2.33 2.33 2.24 1.37 0.24
February a 0.29 0.29 0.28 0.17 0.03

V,% 12.42 12.42 12.44 12.43 12.27

2.79 2.79 2.67 1.64 0.29
March a 0.21 0.21 0.20 0.12 0.02

V,% 7.56 7.55 7.51 7.53 7.69

7 2.88 2.."0 2.83 1.74 0.31
April a 0.21 0.21 0.20 0.12 0.02

V,% 7.26 7.24 7.18 7.15 7.00

2.68 2.71 2.68 1.67 0.31
May a 0.26 0.26 0.26 0.16 0.03

V,% 9.65 9.68 9.80 9.89 10.34

2.56 2.58 2.58 1.61 0.31
June a 0.16 0.16 0.16 0.10 0.02

V.% 6.11 6.12 6.16 6.19 6.35

2.44 2.45 2.38 1.47 0.26
Year a 0.12 0.13 0.12 0.08 0.01

V,% 5.11 5.11 5.12 5.15 5.34

°C/hr (°F/hr)/1.8
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Table 25

Average Warming Rate for Roof System 3A, °F/hr
Building Identification 3
Roofing Layer Light Colored Built-Up Urethane Gypsum

Gravel Rcofing Board Plank
Depth in Section ..j 0.0 0.5 i.0 1.5 3.0

4.85" 4.90 4.88 3.05 0.58
July a 0.47 0.47 0.48 3.30 0.06

V,% 9.61 9.64 9.7b 9.85 10.33

i 5.11 5.16 5.07 3.14 0.58
August a 0.50 0.51 0.51 0.32 0.06

V,% 9.83 9.88 10.02 10.15 10.80

5.25 5.27 5.07 3.11 0.55
September c 0.39 0.39 0.37 0.23 0.04

V,L 7.38 7.38 7.39 7.43 7.76

X 4.51 4.51 4.34 2.66 0.47
October z 0.51 0.51 0.50 0.31 0.06

V,. 11.40 11.40 11.45 11.49 11.77

4.35 4.35 4.19 2.56 0.44
November 0.32 0.32 0.31 0.19 0.03

v 7.39 7.41 7.47 7.5i 7.70

3.86 3.87 3.72 2.27 0.39
December j 0.37 0.37 0.35 0.21 0.04

V,% 9.47 9.46 9.44 9.44 9.44

3.90 3.91 3.76 2.29 0.39
January a 0.37 0.37 0.35 0.22 0.04

V,% 9.43 9.40 9.37 9.38 9.58

4.72 4.72 4.53 2.77 0.48
February a 0.61 0.61 0.59 0.36 0.06

V,% 12.91 12.91 12.92 12.91 12.76

7 5.57 5.57 5.34 3.27 0.57
March a 0.48 0.47 0.45 0.28 0.05

V,% 8.54 8.52 8.49 8.51 8.76

7 5.82 5.85 5.70 3.51 0.63
April a 0.33 0.34 0.33 0.20 0.03

V,% 5.74 5.74 5.71 5.68 5.50

7 5.40 5.45 5.39 3.35 0.62
May a 0.57 0.58 0.58 0.36 0.07

V,% 10.63 10.65 10.74 10.81 11.20

X 5.16 5.22 5.20 3.25 0.62
June a 0.33 0.33 0.33 0.21 0.04

V,% 6.40 6.41 6.42 6.43 6.50

7 4.87 4.90 4.76 2.94 0.53
Year a 0.25 0.25 0.24 0.15 0.03

V,% 5.12 5.12 5.13 5.15 5.34

OC/hr (*F/hr)1.8
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Table 26

Average Length of Freezing Period for Roof System 3A, Days

fl Id.nj jlentification
Roofing Layer Light Colored Built-Up Urethane Gypsu

Gravel Roofing Board Plank
Depth in Ser'{).rin.. 0.0 0.5 T7. f.f 3.0

J u ly V -- - -- - - -..
V,%

August - ---.--- -- -
V,%

September ---..........
VA

October -- --- --- --- ---
V,%

November .09 7

""X0.11 2.11 0.10

December 0.03 0.04 0.24 ......

V.I 29.56 34.95 37.70

X 0.22 0.23 0.19
J a n u a r y a 0 .1 0 0 .1 0 0 . 0 .... ..

V,% 46.13 45.60 55.53

X 0.14 0.14 0.13
February a 0.04 0.04 0.04 ---

V,% 27.14 30.19 32.61

0.11 0.11 0.09
March a 0.02 0.02 0.02

V,% 22.94 21.08 17.19

1 0.04 0.04 0.03
A p r l I 0 .0 4 0 .0 4 0 .0 4 . . .. . .

V,% 111.68 109.16 136.82

May a --- --- --- -- ---
V,%

June --- ---.........

V,%

0.15 0.15 0.13
Year o 0.03 0.03 0.04

V,% 18.70 20.25 27.91
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Table 27

Average Length of Thawing Period for Roof System 3A, Days

Roof ng Lajer Ligflt olored bu 1 t -LL, oretnane Gypsum
__________ _'ravel ScEard Plank

Dep t rh -to TT7. i 3.0

July - -- ---

V

Jct

46

Fetr,rjar,

W' 3B 3

Mar-h - -

Apri< --0-

May - -- - --- --- ----

.une - -- --- ..-----

'ear S3 A
59 68 $ Y 49.53
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Tabl e 28

Average Number of Freeze-Thaw Cycles for Roof System 3A

Building Identification 3
Roofing Layer Light Colored Built-Up Urethane Gypsum

Gravel Roofing Board Plank
Depth in Section in. 0.0 0.5 T.6 1.5 3.

July - ---.--..--.....
V,%

August a--- ---.........

September -- ----- --
V,%

October - ---.... ........
V,

2.20 1.80 1.80
November 2.05 1.79 1.79 ---

V,% 93.15 99.38 99.38

7.40 6.80 4.20
December a 5.41 4.66 3.03 ......

V,% 73.15 68.50 72.22

y 14.80 14.00 11.80
J a n u a r y a 7 .2 2 6 .5 6 5 .0 2 .... ..

V,% 48.82 46.84 42.54

12.00 11.60 9.00
Fe b r ua ry a 6 .40 6 .0 2 6 .04 .... ..

V,% 53.36 51.94 67.13

7.60 7.20 5.20
M a r c h a 4 .1 0 3 .7 0 2 .7 7 .... ..

V,% 53.93 51.41 53.36

y 1.20 1.20 1.00
April a 1.30 1.30 1.00 ......

V,% 108.65 108.65 100.00

May .-- --- --- ---
V,%

June a ---..--..-.....
V,%

7 45.20 42.60 33.00
Year a 15.71 14.52 10.84

V,% 34.75 34.08 32.85
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Table 29

Average Temperature Above Freezing for Roof System 3B, OF

Building Identification 3
Roofing Layer Light Colored Built-Up Urethane Gypsum

Gravel Roofing Board Plank
Depth in Section (in.) 0.0 0.5 1.0 4.5 7.0

y 93.07 92.86 91.83 77.83 72.40
July a 1.82 1.80 1.70 0.50 0.07

V,% 1.96 1.94 1.85 0.65 0.10

91.26 91.10 90.35 77.64 72.38
August a 2.25 2.24 2.16 0.71 0.13

V,% 2.47 2.45 2.39 0.92 0.18

X 83.56 83.54 83.39 75.49 72.20
September 2.53 2.53 2 50 0.84 0.12

V,% 3.03 3.03 2.99 1.12 0.16

74.55 74.59 74.68 72.56 71.96
October a 1.87 1.87 1.84 0.6: 0.09

V 2.51 2.51 2.46 0.20 0.13

x 6.85 61.90 61.91 67.72 71.55
November a 1.73 1.73 1.86 0.20 .111

.V, 2.80 2.79 3.00 . ,3. 16

; 58.75 58.39 58.34 65.86 71.39
December a 1.86 1.68 2.53 1.31 0.16

V,% 3.17 2.85 4.33 1.99 0.22

X 56.54 56.43 56.,4 63.91 71.23
January 0 1.84 1.71 1.57 1.47 0.16

V,% 3.26 3.03 2.78 2.29 0.23

59.54 59.40 58.97 64.67 71.28
February a 3.85 3.82 3 23 0.90 0.13

V,% 6.47 6.43 5.47 1.39 0.19

64.74 64.71 64.02 67.58 '1.52
March a 2.81 2.83 2.57 0.97 0.13

4.35 4.38 4.01 1.43 0.17

70.68 70.58 70.19 70.59 71.78
April 7 1.75 1.75 1.53 0.78 0.12

V,V 2.48 2.47 2.18 1.10 0.17

79.39 79.20 78.38 73.30 72.01
May a 2.07 2.05 1.96 0.62 0.07

V,% 2.61 2.59 2.50 0.84 0.10

7 88.49 88.26 87.19 76.10 72.25
June a 1.95 1.94 1.88 0.63 0.09

V,% 2.20 2.19 2.16 0.82 0.12

74.58 74.49 73.88 71.15 71.83
Year a 0.81 0.78 0.67 0.31 0.06

V,. 1.08 1.05 0.91 0.44 0.09

'C (*F - 32)/1.8
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Table 30

Average Temperature Below Freezing for Roof System 38, 0F

Building Identification 3
Roofing Layer Light Colored Built-Up Urethane Gypsum

Gravel Roof ing Board Plank
Depth in Section (in. 0.0 0.5 .0 4.5 7.0

". September ii........

V,%

V,%

October a --- --

26.66 26.64 25.03
November a 4.02 4.08 2.77

V,. 15.06 15.30 11.08
.3

27.18 27.24 26.80
December a 1.41 1.51 1.43 ... ...

V,% 5.20 5.54 5.34

23.84 23.73 24.03
January a 3.60 3.51 3.48 ... ...

V,% 15.11 14.78 14.48

24.96 24.80 24.57
February a 1.55 1.66 2.23

V,% 6.19 6.68 9.05

26.89 26.78 26.02
March a 2.28 2.10 1.84 ... ...

V,% 8.48 7.83 7.06

7 27.r6 27.25 26.37
April a 2.42 2.48 1.57 ......

V,% 8.77 9.09 5.95

May a --- --- --- -
V,%

June a --- --- ---.....
V,%

25.56 25.45 25.05
Year a 0.99 0.89 1.17 ......

V,% 3.89 3.50 4.65

*C (F - 32)/l.8
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Table 31

Average Cooling Rate for Roof System 3B, °F/hr

Building identification 3
Roofing Layer Light Colored Built-Up Urethane Gypsum

Gravel Roofing Board Plank

Depth in Section (in.) 0.0 0.5 1.0 4.5 7.0

72.48 2.52 2.61 0.89 0.06

July 0 0.23 0.23 0.24 0.09 0.01
V.% 9.13 9.16 9.25 9.77 10.40

2.65 2.68 2.75 0.90 0.06
August 0.24 0.25 0.26 0.09 0.01

V,% 9.11 3.15 9.29 10.01 10.92

X 2.69 2.70 2.71 0.85 0.05
Septer.ter 0.19 0.19 0.19 0.06 0.00

V,. 7.01 7.02 7.06 7.46 8.10

X 2.31 2.32 2.32 0.72 0.04
October a 0.26 0.26 0.26 0.08 0.01

V,% 11.19 11.19 11.24 11.60 12.08

2.22 2.23 2.24 0.67 0.04
November 0.17 0.17 0.17 0.05 0.00

V 7.44 7.46 7,49 7.61 7.74

1.94 1.94 1.95 0.58 0.03
December a 0.21 0.21 0.21 0.06 0.00

V,% 10.92 10.91 10.85 10.83 10.96

X 1.98 1.99 1.99 0.59 0.03
January a 0.17 0.17 0.17 0.05 0.00

V,% 8.58 8.59 8.63 8.93 9.02

Y 2.39 2.39 2.39 0.72 0.04
February j 0.27 0.27 0.27 0.08 0.00

V,% 11.12 11.13 11.16 11.07 10.53

7 2.78 2.79 2.79 0.86 0.05
March a 0.26 0.26 0.26 0.08 0.01

V,% 9.47 9.47 9.47 9.60 9./1

" 2.95 2.98 3.02 0.95 0.06
April o 0.19 0.19 0.19 0.06 0.00

6.54 6.53 6.43 6.22 6.06

7 2.77 2.81 2.90 0.96 0.06
May a 0.24 0.25 0.26 0.09 0.01

V,% 8.75 8.78 8.89 9.37 9.89

X 2.62 2.66 2.76 0.95 0.06
June a 0.15 0.15 0.15 0.05 0.00

V,% 5.54 5.55 5.59 5.73 5.92

2.48 2.50 2.53 0.80 0.05
Year a 0.12 0.12 0.12 0.04 0.00

V,% 4.92 4.92 4.92 5.08 5.35

*Clhr (
*
F/hr)/1.8
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Table 32

Average Warming Rate for Roof System 3B, 0F/hr

Building Identification 3
Roofing Layer Light Colored Built-Up Urethane Gypsum

Gravel Roofing Board Plank
Depth in Section (in.) 0 0.5 1.5 4.5 7.0

7 4.98 5.04 5.23 1.78 0.12
July a 0.43 0'.44 0.46 0.17 0.01

V,% 8.62 8.64 8.75 9.27 9.84

5.28 5.34 5.48 1.78 0.12
August a 0.47 0.48 0.50 0.17 0.01

V,% 8.87 8.91 9.06 9.80 10.72

X 5.33 5.35 5.37 1.68 0.11
September a 0.38 0.38 0.39 0.13 0.01

V,% 7.18 7.19 7.22 7.59 8.18

4.58 4.60 4.60 1.42 0.09
October a 0.48 0.48 0.48 0.15 0.01

V,% 10.43 10.43 10.48 10.83 11.28

X 4.38 4.40 4.40 1.32 0.08
November a 0.35 0.35 0.35 0.11 0.01

V,% 7.94 7.95 7.97 8.06 8.33

X 3.88 3.89 3.89 1.15 0.06
December a 0.39 0.40 0.39 0.12 0.01

V,% 10.16 10.16 10.11 10.02 9.98

3.96 3.97 3.98 1.18 0.07
January a 0.36 0.36 0.36 0.11 0.01

V,% 9.02 9.02 9.04 9.31 9.55

4.82 4.84 4.83 1.46 0.09
February a 0.56 0.56 0.56 0.17 0.01

V,% 11.65 11.66 11.68 11.62 11.24

5.57 5.59 5.58 1.71 0.11
March a 0.55 0.55 0.55 0.17 0.01

V,% 9.86 9.86 9.87 10.09 10.35

7 5.96 6.01 6.10 1.92 0.12
April a 0.31 0.31 0.31 0.09 0.01

V,% 5.13 5.14 5.07 4.86 4.70

5.58 5.65 5.83 1.94 0.13
May a 0.54 0.54 0.57 0.20 0.01

V,% 9.60 9.61 9.69 10.11 10.58

7 5.29 5.36 5.57 1.92 0.13
June a 0.31 0.31 0.32 0.11 0.01

V,% 5.82 5.82 5.83 5.88 6.01

X 4.96 5.00 5.07 1.61 0.10
Year a 0.24 0.25 0.25 0.08 0.01

V,% 4.93 4.93 4.93 5.07 5.21

C/hr (*F/hr)/1.8
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Tabl e 33

Average Length of Freezing Period for Roof System 3B, Days

Building Identification 3
Roofing Layer Light Colored Built-Up Urethane Gypsum

Gravel Roof ing Board Plank
Depth in Section (in.) 0.0 0.5 T.0 4.5 7.0

July a ---.........
V,%

August a --- ---.... ....
.- V,%

September --- --- ---
V,%

October -- ---.--.........
• V%

0.10 0.11 0.07
November 0.09 0.09 0.07 ......

V,% 90.00 81.82 100.00

. 0.13 0.13 0.12
December 0 0.05 0.04 0.03 ......

V,% 41.82 30.77 25.00

7 0.24 0.25 0.21
January a 0.11 0.10 0.11

V,% 44.62 40.00 52.38

7 0.16 0.16 0.15
February a 0.03 0.03 0.04 ---

V,% 16.49 18.75 2.67

7 0.10 0.10 0.09
March a 0.04 0.04 0.03 ......

V,% 45.35 40.00 33.33

0.04 0.04 0.03
April a 0.05 0.05 0.04 ---

V,% 129.42 125.00 133.33

May a--- --- --- ---

V,%

June a --- --- ---
V,

x 0.16 0.16 0.14
Year a 0.02 0.02 0.03

V,% 12.76 12.50 21.43
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Tabl e 34

Average Length of Thawing Period for Roof System 3B, Days
Building Identification 3
Roofing Layer Light Colored Built-up urethane Gypsum

Gravel Rof i ng Board Plank
Dphin Section (n.) 0 .5 4.5

July a -------

August a --- -------

September G --- ---------

October a --- --- -----

X 12.34 13.22 14.01
November a 9.30 8.96 9.04

4V,% 75.39 67.78 64.52

X 5.50 5.63 6.65
December a 5.16 5.11 4.52 -- --

V,% 93.88 90.76 67.97

7 2.55 2.62 2.77
January a 2.43 2.41 2.38

V,% 95.30 91.98 85.92

7 2.14 2.24 3.16
February a 0.90 0.94 1.70 -- --

V,% 42.03 41.96 53.79

7 4.37 4.49 5.66
March a 2.19 1.95 2.06 -- --

V,% 50.20 43.43 36.39

7 19.56 19.45 19.74
April ar 11.48 11.25 11.19----

V,% 58.69 57.79 56.69

May a--- --- --- --

V,1

June a --- --- --

V,%

7 8.54 8.91 11.*41
Year a 4.42 4.20 4.81

V,1 51.78 47.14 42.16
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Table 35

Average Number of Freeze-Thaw Cycles for Roof System 3B

Building Identification 3
Roofing Layer Light Colored Built-Up Urethane Gypsum

Gravel Roofing Board Plank
Depth in Section (in.) 0.0 ..

July ---..........

V .
August ---.....

September a --- ---... ... ..
V,%

October --- ---.... .....

X 2.33 2.33 1.83 0.00 0.00
November a 1.63 1.63 1.60

V.% 69.99 69.99 87.39

3 8.17 8.33 6.50 0.00 0.00
Decemeber a 5.60 5.72 4.93

V,% 68.58 68.59 75.84

7 15.00 14.67 14.00 0.00 0.00
January a 6.93 6.83 6.23

V,% 46.19 46.58 44.49

1 13.00 12.67 11.50 0.00 0.00
February a 5.37 5.72 5.47

4V,% 5.12 45.12 47.55

7.67 7.50 6.00 0.00 0.00
March a 4.68 4.89 3.85

V,% 60.r9 65.18 64.12

i 1.17 1.17 1.00 0.00 0.00
April G 1.33 1.33 1.26

V,% 113.93 113.93 126.49

•7
May -.... --- --- -

V,%

June a ---..........
V,%

47.33 46.67' 40.83 0.00 0.00
Year a 15.82 16.27 14.19

V,% 33.42 34.86 34.75
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Table 36

Average Temperature Above Freezing for Roof System 4A, OF

Building Identification 4
Roofing Layer GAF Mineral Urethane Gypsum

Shield Board Plank
Depth in Section (in.) 0.0 .. 0 2.5

y 93.59 91.67 83.81 73.98
July C 1.95 1.76 1.06 0.19

V,% 2.08 1.92 1.26 0.25

7 91.74 90.04 82.92 73.92
August a 2.34 2.15 1.31 0.25

V,% 2.55 2.39 1.58 0.34

7 83.79 83.11 78.82 73.24
September a 2.51 2.37 1.47 0.29

V,% 2.99 2.85 1.86 0.39

x 75.02 75.03 73.87 72.32
October a 1.83 1.73 1.07 0.22

V,% 2.44 2.30 1.44 0.30

62.54 63.05 65.95 70.80
November a 1.91 1.67 1.34 0.28

V,% 3.05 2.64 2.04 0.39

X 58.47 58.50 62.71 70.19
December ( 2.79 3.07 2.24 0.43

V,% 4.77 5.25 3.57 0.62

X 56.19 55.85 59.42 69.57
January a 1.98 2.44 2.50 0.49

V,% 3.53 4.36 4.21 0.70

58.66 58.65 60.76 69.82
February a 3.03 2.97 1.58 0.31

V,% 5.16 5.06 2.60 0.44

64.00 64.14 65.75 70.76
March a 2.07 1.94 1.68 0.33

V,% 3.23 3.02 2.55 0.46

7 71.84 71.35 71.24 71.75
April a 1.69 1.60 1.28 0.26

V,% 2.36 2.24 1.79 0.37

81.35 80.05 76.66 72.64
May T 2.10 1.91 1.16 0.21

V,% 2.58 2.39 1.51 0.29

90.51 88.69 81.92 73.57
June C 1.95 1.82 1.12 0.22

V,% 2.16 2.06 1.36 0.30

7 74.85 74.00 72.05 71.89
Year a 0.54 0.44 0.51 0.14

V,% 0.72 0.60 0.70 0.20

*C (*F - 32)/1.8
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Table 37

Average Temperature Below Freezing for Roof System 4A, 0F

Building Identification 4
Roofing Layer GAF Mineral Urethane Gypsum

Shield Board Plank
Depth in Section (in.) 0.0 0.5 1.0 2.5

July 0 ............
V,%

August r) ---
V,%

September a ---...
V,%

October 0 ---........

x 28.02 29. 10
November 2.54 0. ---

V, 9.08 2. V

X 28.16 29.14
December , 1.84 0.83 ---

6.54 2.86

X 26.33 27.56

January 0 3.23 2.67
V,% 12.26 10.44

26.74 27.73
February 0 1.45 2.59

V,% 5.43 9.41

X 27.64 29.05

March a 0.96 2.09
V,% 3.48 7.19

" 28.82 29.57
April y 0.16 0.19 ......

V,% 0.56 0.65

May --- --- ---
V,%

June a --- -....
V,%

X 27.17 28.16

Year 1 1.08 2.92
V,%. 3.16 10.53

°C •(*F -32)/1.8
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Table 38

Average Cooling Rate for Roof System 4A, 0F/hr

Building Identification 4
Roofing Layer GAF Mineral Urethane Gypsum

Shield Board Plank
Depth in Section in. 0.0 0.5 1.0 2.5

2.13 2.17 1.38 0.28
July c 0.19 0.20 0.13 0.03

V,% 9.07 9.16 9.25 9.65

2.32 2.34 1.47 0.29
August a 0.21 0.21 0.14 0.03

8.95 9.10 9.21 9.71

2.43 2.38 1.48 0.27
September a 0.17 0.17 0.10 0.02

V,% 6.99 7.01 7.05 7.28

7 2.11 2.05 1.26 0.23
October a 0.24 0.23 0.14 0.03

V,% 11.28 11.28 11.31 11.49

2.03 1.99 1.23 0.22
November 0 0.15 0.15 0.9 0.02

V,Z 7.49 7.52 7.53 7.55

1.78 1.74 1.08 0.19
December a 0.20 0.19 0.12 0.02

V,% 11.05 11.02 11.02 11.03

1.82 1.78 1.10 0.20
January a 0.15 0.15 0.09 0.02

V,% 8.52 8.53 8.59 9.01

7 2.18 2.13 1.31 0.24
February a 0.24 0.24 0.15 0.03

V,% 11.19 11.20 11.19 11.15

2.54 2.47 1.53 0.28
March a 0.24 0.24 0.15 0.03

V,% 9.59 9.59 9.61 9.73

7 2.62 2.62 1.64 0.31
April a 0.18 0.18 0.11 0.02

V,% 6.82 6.74 6.70 6.51

7 2.40 2.44 1.54 0.31
May a 0.21 0.21 0.14 0.03

V,% 8.56 8.69 8.79 9.20

X 2.24 2.28 1.45 0.30
June a 0.12 0.13 0.08 0.02

V,% 5.53 5.58 5.60 5.72

" 2.22 2.20 1.37 0.26
Year a 0.11 0.11 0.07 0.01

V,% 4.96 4.94 4.95 5.06

OC/hr (*F/hr)/l.8
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Table 39

Average Warming Rate for Roof System 4A, °F/hr

Bu il Identification 4
Roofing Layer GAF Mineral Urethane Gypsun

Shield Board Plank
Depth in Section (in.) 0.0 0.5 1.0 2.5

X 4.27 4.35 2.77 0.56
July a 0.36 0.38 0.24 0.05

V,% 8.50 8.62 8.71 9.13

4.62 4.67 2.94 0.57
August G 0.40 0.41 0.26 0.05

8.68 8.85 8.96 9.48

X 4.82 4.72 2.92 0.54
September 0 0.34 0.34 0.21 0.04

V,% 7.16 7.18 7.21 7.42

X 4.17 4.05 2.51 0.46
October a 0.44 0.42 0.26 0.05

V,% 10.47 10.48 10.51 10.68

X 4.00 3.91 2.41 0.44
-- November 0.32 0.31 0.19 0.04

. 8.02 8.04 8.04 8.03

X 3.56 3.49 2.15 0.39
December 0.37 0.36 0.22 0.04

V,% 10.27 10.27 10.27 10.27

X 3.63 3.54 2.19 0.A0
January a 0.33 0.32 0.20 0.04

V,% 9.02 9.00 9.05 9.43

7 4.41 4.30 2.65 0.48
February a 0.52 0.50 0.31 0.06

V,% 11.75 11.75 ll.i4 11.71

5.08 4.94 3.05 0.56
March a 0.51 0.49 0.31 0.06

V,% 9.97 9.98 10.00 10.17

5.30 5.30 3.31 0.62
April a 0.28 0.28 0.18 0.03

V,% 5.33 5.32 5.29 5.13

X 4.83 4.91 3.10 0.62
May a 0.46 0.47 0.30 0.06

V,% 9.51 9.58 9.65 9.98

7 4.52 4.61 2.94 0.60
June a 0.27 0.27 0.17 0.04

V,% 5.87 5.88 5.88 5.91

X 4.43 4.40 2.74 0.52
Year 0 0.22 0.22 0.14 0.03

V,% 4.96 4.95 4.95 5.06

0C/hr • (°F/hr)1.8
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Table 40

Average Length of Freezing Period for Roof System 4A, Days

Building Identification 4
Roofing Layer GAF Mineral Urethane Gypsum

Shield Board Plank
Depth In Section (in.) 0.0 0.5 1.0 2.5

July a ............
V,%

August a
V,%

September a
V,%

October a
V,%

, 7 0.07
November 0.07 .........

V,% 100.00

X 0.11
December 0.05 ---. ...

V,% 48.10

7 0.18
January a 0.10 .........

V ,% 56.37

7 o.13
February C 0.04 .........

V,% 28.64

7 0.07
March a 0.04

V,% 60.44

7 0.02
A p r i l a 0 .0 3 ---. .. .

V,% 168.57

7
May 7

V,%

71
June a

V,%

~' 0.13
Year a 0.03

V,% 20.89
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Table 41

Average Length of Thawing Period for Roof System 4A, Days

Building ider.i fie lt or, 4
iofng Layer GAF Mineral urethane Gyrsur-

Shield Board Plank
PPth in ,ectin (1< 30 0.5 .o 2.5

July

August
V,%

Se tember
V,%

October
V ,z

X- 15.54

November 11.31

7.28
De ce mb e r Z 4 .98 .. .. .....

V ,% 68.38

X" 2.83
J a n u a r y 2 .3 2 ---. .. .

V ,% 81.98

7 2.81
February 1.27

V,% 45.09

X9.46

M a r c h 1 0 .6 9 ---. .. .
V,% 113.03

X 24.15
Apri' , 9.19 .........

V,% 38.08

May
V,%

June
V,%

11.22
Year 5.30

V,% 47.21
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Table 42

Average Number of Freeze-Thaw Cycles for Roof System 4A

Building Identification 4
Roofing Layer GAF Mineral Urethane Gypsum

Shield Board Plank
Depth in Section in. 0.0 0.5 1.0 2.5

July - ---.-......
V,%

August - ---.--.........
V,.%

September C ...............
V,%

October 0 ...............
V,-,

X 1.83 1.50 D.00 0.00 0.00
November a 1.60 .38

V,% 87.39 91.89

5.33 3.33 0.00 0.00 0.00
December 4.23 2.66

79.25 '9.75

12.67 9.50 0.00 0.00 0.00
January 5.32 3.94

41.97 41.44

x 10.33 8.50 3.00 0.00 0.00
February .47 5.47

V,. 52.59 64.33

1 4.83 4.00 3.00 0.00 0.00
Marct 3.66 2.90

1,% 75.54 72.46

T 3.50 2.50 0.00 0.00 0.00
April D.34 08

' '67 33 167,33

Ma .---.. ..

,'3 3.0 0.30 0.00
'ca, 69 8.38

, 32 Q3 30,67
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Tabl e 43

Average Temperature Above Freezing for Roof System 4B, 0F

Sdiling Identitication __

Rr3 ;ng Layer GAF Mineral Urethane Gypsum
Shield 0oard Plank

p' nS~etion n. 0.0 0.5 1.5 .6.5

x 94.05 92.88 87,85 78.07 72.44
,l 1.98 1.86 1.40 0.E5 0.08

V,% 2.10 2.00 1.60 0.70 0.12

92.19 91.20 86.92 77.92 72.42
2. 39 2.29 1 . 1 0 0. 12

V ,b6 2.1 . 3. ,i C .1 6

34 . e . 7 1 8-37 7 3 72.24
Sep tember 2.;7 2.54 .T. 0.13

V 3 5 3.)2 2 ' 1 0.18

X . 9 5. ,  7,1 72.00
October C' 1. 8 i.65 .6 C.11

V,. 2.51 --6 2.i5

I- 62 .-. , . ' f. 2 1 5
qe'.e >2'. 1i 1., . 2=:, J , 9

.... . 2.--2] - .12

58.26 52.>]: 53.5- 4 : z
Deter'her 2 975 2.28 3.1 3 1.22 0,15

V, 4.68 4.70 5.29 0.01 0. 21

X 56.39 56.72 55.30 64.223 71.79
January V% 1.82 1.57 3.123 1.47 0.16

3.22 2.9$ 5.66 2.29 0.22

x 58.92 59.22 $2.22 65.75 71 .24
February 3.32 3.54 2.30 0.91 0. 12

5.63 5.98 4.02 lAO 0.17

X" 64.17 64.47 63.36 68.08 71.58
March ,c 1.96 1.92 2.37 0 9

Q  
0.13

c 3.05 2.98 3.74 l.A6 0.18

71.89 71.47 70.64 71.14 71.84
April y 1.58 1.58 1.81 0.78 0.08

V 2.19 2.35 2.56 1 .10 0.12

X 81.49 80.46 7.83 73.92 72.08
May 2.14 2.03 1.56 0.63 0.08

Vu 2.62 2.52 2.01 0.85 0.12

X 90.87 89.65 85.05 76.79 72.32
June M 1.9.94 .54 .63 0.18

V,% 2.20 2.16 1.81 0.82 0.11

X 75.17 74.84 72.11 71.60 71.89
Year 0.70 0.60 0.59 0.32 0.09

V,% 0.93 0.80 0.82 0.44 0.13

°C (°2- 22)II .8
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Table 44

Average Temperature Below Freezing for Roof System 4B, 0F

Building Identification 4

Roofing Layer GAF Mineral Urethane Gypsum
Shield Board Plank

epth in Section (iii.) 0.0 0 5. . 4.0 6.5

July - ---....
V,%

August 
-

V,%

September 

-

V,%

October a
V,%

7 27.12 27.15 30.63

November C 2.82 2.85 0.00

V,% 10.39 10.49 0.00

7 27.92 29.24 31.04

December a 1.16 1.00 0.88

V,% 4.16 3.55 2.83

25.42 25.64 28 ,j

January a 3.30 3.22 1.54

V,% 12.97 12.56 5.36

26.12 26.17 29.89

February a 1.54 1.25 0.92

V,% 5.88 4.78 3.08

7 27.58 27.76 30.76

March a 1.72 1.74 1.50

V,% 6.22 6.28 4.89

28.41 28.56

April a 1.29 2.34

V,% 4.54 8.18

May a --- --- --- ---
V,%

June 
---

V'%

" 26.51 26.63 29.78
Year a 1.07 1.04 1.28

V,% 4.03 3.91 4.31

°C (°F - 32)/1.8
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Table 45

Average Cooling Rate for Roof System 4B, °F/hr

Building Identification 4
Roofing Layer GAF Mineral Urethane Gypsum

Shield Bcard Plank
th in Section in. 0.0 0.5 1.5 4.0 6.5

X 2.20 2.34 2.04 0.87 0.06
July U 0.20 0.21 0.19 0.08 0.01

V,% 9.04 9.15 9.34 9.66 10.23

2.39 2.52 2.14 0.88 0.06

August o 0.21 0.23 0.20 0.09 0.01
V,% 8.89 9.05 9.30 9.71 10.55

7 2.50 2.55 2.09 0.84 0.06

September 0 0.17 0.18 0.15 0.06 0.00
V" 6.96 6.99 7.07 7.29 7.85

y 2.16 2.19 1.79 0.71 0.05

October 0 0.24 0.25 0.20 0.08 0.01
V,% 11.23 11.23 11.30 11.47 11.84

X 2.09 2.13 1.74 0.68 0.04
No vember 0.16 0.16 0.13 0.05 0.00

7.45 7.49 7.52 7.51 7.44

, 1.83 1.87 1.52 0.60 0.04

December o 0.20 0.21 0.17 0.07 0.00
V,% 11.07 11.04 11.02 11.06 11.37

X 1.87 1.90 1.56 0.61 0.04
January o 0.16 0.16 0.14 0.06 0.00

V,Z 8.52 8.54 8.69 9.06 9.84

2.25 2.28 1.86 0.74 0.05

February o 0.25 0.26 0.21 0.08 0.01
V,% 11.20 11.21 11.20 11.16 11.11

2.61 2.65 2.16 0.86 0.06
March o 0.25 0.25 0.21 0.08 0.01

9.58 9.59 9.62 9.75 10.08

X 2.70 2.81 2.34 0.94 0.06
April 0 0.18 0.19 0.16 0.06 0.00

V,% 6.81 6.72 6.62 6.47 6.20

2.47 2.63 2.26 0.95 0.06
May a 0.21 0.23 0.20 0.09 0.01

V,% 8.57 8.71 8.93 9.23 9.69

T 2.31 2.46 2.16 0.93 0.07
June a 0.13 0.14 0.12 0.05 0.00

V,% 5.52 5.57 5.63 5.71 5.83

X 2.28 2.36 1.97 0.80 0.05
Year a 0.11 0.12 0.10 0.04 0.00

V, 4.95 4.94 4.97 5.07 5.40

'C/hr (*F/hr)/1.8
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Tabl e 46

Average Warming Rate for Roof System 4B, 0F/hr

Building Identification 4
Roofing Layer GAF Mineral Urethane Gypsum

Shield Board Plank
Depth in Section (in.). 0 0,5 I.S 4.0 6.5

X 4.40 4.69 4.09 1.74 0.12
July a 0.37 0.40 0.36 0.16 0.01

V,% 8.48 8.61 8.82 9.14 9.66

4.75 5.02 4.26 1.75 0.12
August a 0.41 0.44 0.39 0.17 0.01

V,% 8.62 8.80 9.06 9.48 10.32

4.95 5.05 4.14 1.66 0.11
September a 0.35 0.36 0.30 0.12 0.01

V,% 7.14 7.16 7.23 7.43 7.97

7 4.28 4.34 3.55 1.42 0.09
October a 0.45 0.45 0.37 0.15 0.01

V,% 10.42 10.43 10.50 10.66 10.98

4,11 4.19 3.42 1.34 0.08
November a 0.33 0.34 0.27 0.11 0.01

V,% 7.99 8.01 8.02 7.99 8.00

X 3.67 3.74 3.05 1.19 0.07
December a 0.38 0.38 0.31 0.12 0.01

V,% 10.29 10.29 10.28 10.29 10.39

X 3.73 3.80 3.10 1.22 0.07
January a 0.34 0.34 0.28 0.12 0.01

V,% 9.02 9.01 9.13 9.49 10.40

4.54 4.61 3.76 1.49 0.09
February a 0.53 0.54 0.44 0.17 0.01

V,% 11.76 11.76 11.74 11.72 11.72

5.23 5.29 4.32 1.72 0.11
March a 0.52 0.53 0.43 0.18 0.01

V,% 9.97 9.98 10.03 10.19 10.62

7 5.45 5.69 4.73 1.91 0.13
April a 0.29 0.30 0.25 0.10 0.01

V,% 5.31 5.29 5.24 5.08 4.76

7 4.98 5.29 4.55 1.90 0.13
May a 0.47 0.51 0.44 0.19 0.01

V,% 9.51 9.59 9.75 10.00 10.43

7 4.66 4.98 4.36 1.87 0.13
June a 0.27 0.29 0.26 0.11 0.01

V,% 5.86 5.87 5.88 5.90 5.97

4.56 4.72 3.95 1.60 0.11
Year a 0.23 0.23 0.20 0.08 0.01

V,% 4.96 4.95 4.97 5.07 5.27

OC/hr (OFlhr)/l.8
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Table 47

Average Length of Freezing Period for Roof System 4B, Days

Building Identification 4
Roofing Layer GAF Mineral Urethane Gypswan

Shield Board Plank
Depth in Section (in.) 0.0 05 4.5 .0 6.5

July a-- --- -- -
V ,%

August --a- - - -

September a

October (3- - - ---- - -

7 0.08
November a 0.08

V,% 100.00

0.11
December a 0.03 --- -------

V,% 24.17

X 0.20
January a 0.10----

V,% 50.00

0.14

February a0.04 ---------

V,% 25.02

X 0.09
Marcha 0.03 -----

V,% 38.76

X 0.02
April a 0.04 --

V,% 181.94

May a -- --- -- -

June a ------ -- -

7 0.15
Year a 0.03

V.% 19.23
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Table 48

Average Length of Thawing Period for Roof System 4B, Days
Building Identification 4
Roofing Layer GAF 4ineral Urethane Gypsum

Shield Board Plank
NePth in ection in. 0.0 Shn. d 0,5 I.5 4.0 6.5

July C ...............
V,%

August a ---
V,%

September a ---... .....
" - V,%

October a ---
V,%

15.11

November a I .61 .....5....
V,% 76.82

SX 6.29
December a 4.99 ---........

V,% 79.41

2.70
January a 2.37 .........

V,% 88.13

7 2.48
February a 1.03 ............

V,% 41.40

X 6.54
March a 4.62 ---........

V,% 70.71

23.32
April a 10.35 ---........

V,% 44.39

May a- -.-- --- --.
V,%

June a--- ---...... .
V,%

X" 10.14

Year a 5.19V,% 51.19
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Table 49

Average Number of Freeze-Thaw Cycles for Roof System 4B

Building Identification 4
Rfing Layer GAF Mineral Urethane Gypsum

Shield Board Plank
Depth in Section (in.) 0. 0 0.5 1.5 4.0 7. 5

July a --- ------
V ,%

August -- ---

V ,%

September a -- --

October -- -
V ,%

y 2.00 2.30 0.17 0.00 0.00
November a 1.67 1.67 0.41

V,% 83.67 83.67 244.95

7 6.67 6.67 0.33 0.00 0.00
*December a 5.16 4.84 0.52

V,% 77.46 77.66 154.92

7 13.83 13.50 2.33 0.00 0.00
January a 6.34 6.06 3.88

V,% 45.81 44.87 166.35

X 11.33 11.00 2.17 0.00 0.00
February ay 5.39 5.76 1.47

V,% 47.57 52.38 67.94

7 5.50 5.50 0.33 0.00 0.00
March a 4.04 3.73 0.52

V.% 73.41 67.79 154.92

0.67 0.83 0.00 0.00 0.00
April a 1.03 0.98 0.00

V,% 154.92 117.98 0.00

May a ---- --- ---

June a - --- - ------

V,%

X 40.00 39.50 5.33 0.00 0.00
Year aY 13.64 13.72 3.98

V,Z 34.10 34.74 74.69
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Table 50

Average Temperature Above Freezing for Roof System 34, 0F

Building Identification 34 I 34
Roofing Layer EPOM Urethane Gypsum EPDM Fiberglass

Elastomer Plank Elastomer
Depth in Section (in.) 0.0 1.0 3.0 0.0 1.0

y 96.95 85.37 73.29 95.78 83.46
July a 2.56 1.37 0.15 2.13 1.02

V,% 2.64 1.60 0.20 2.22 1.22

93.90 83.72 73.20 93.53 82.31
August a 3.22 1.74 0.19 2.47 1.18

V,% 3.42 2.07 0.26 2.64 1.44

7 83.76 78.46 72.71 84.52 78.15
September a 3.02 1.70 0.23 2.46 1.23

V,% 3.61 2.17 0.31 2.91 1.57

74.05 73.32 72.14 75.13 73.70
October a 1.32 0.75 0.10 1.75 0.87

V,% 1.78 1.02 0.13 2.33 1.18

61.35 64.83 71.13 62.57 66.93
November 1 1.86 1.49 0.19 1 .77 1.12

V,% 3.03 2.30 0.27 2.82 1.67

57.23 60.62 70.64 58.63 64.13
December a 1.98 1.58 0.20 2.57 1.87

V,% 3.45 2.60 0.23 4.38 2.92

7 55.79 57.07 70.23 56.53 61.37
January a 2.82 1.14 0.15 1.90 2.10

V,% 4.35 1.99 0.22 3.36 3.42

59.43 59.53 70.52 59.46 62.60
February a 4.11 1.89 0 22 3.02 1.33

V,% 6.91 3.17 0.32 5.07 2.12

64.76 64.05 71.04 64.77 66.91
March a 3.55 1.74 0.23 2.04 1.41

V,% 5.48 2.72 0.32 3.15 2.10

70.75 70.48 71.69 73.38 72.09
April a 1.31 1.12 0.17 1.69 1.09

V,% 1.86 1.59 0.24 2.30 1.51

81.14 76.36 72.25 83.22 77.13
May a 1.69 0.94 0.11 2.31 1.11

V,% 2.09 1.24 0.16 2.77 1.44

90.00 81.39 72.79 92.28 81.68
June a 1.46 0.77 0.10 2.02 0.99

V,% 1.62 0.94 0.14 2.19 1.22

75.60 71.34 71.81 [ 75.91 72.60
Year a 0.69 0.38 0.08 0.71 0.44

Y,% 0.91 0.54 0.11 0.94 0.60

(C (*F - 32)/1.8
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Tabl e 51

Average Temperature Below Freezing for Roof System 34, F

Building Identification 34 34
Roofing Layer EPOM Urethane Gypsum . E. Fiberglass

EIastome r Plank Elastu irer

ethinSion in.) 0.0 1.0 3.0 0.0 1.0July
July a ---..--..-.....

V,%

August a ---.. ....
L V,%

Se p t e m be r a .... ... ... ... ..
V,%

October a ---............
V,%

27.73 27.64
November a 3.24 --- 2.32 ---

, V,% 11.68 8.41

27.10 28.09
December a 1.16 --- 1.82

V,% 4.28 6.48

24.48 26.05
January a 2.62 .. 3.28

V,% 10.70 12.59

X 24.70 26.69
February a 1.98 --- 1.50 ---

V,% 8.03 5.63

7 26.29 28.18
March a 1.30 --- 2.11 ---

V,% 4.95 7.48

28.94 30.47
April a 0.00 0.00

V,% 0.00 0.00

May a -- -- ---------

June --- ---........
V,%

25.49 27.04
Year a 0.79 ------ 1.26 ---

V,% 3.08 4.66

C= (*F - 32)/1.8
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Table 52

Average Cooling Rate for Roof System 34, °F/hr

Buildinq Identification 34
Roofing Layer EPDM Urethane Gypsum EpDM Fiberglass

Elastorner Plank i Elastomer
Depth in Section (in. 0.0 1.0 . 0.0 1.0

7 2.06 1.13 0.19 2.11 1.15
July 0 0.17 0.09 0.02 0.19 0.10

V,% 8.23 8.41 9.25 8.95 9.04

7 2.21 1.20 0.19 2.32 1.27
August a 0.25 O.14 0.02 0.21 0.12

V,% 1.23 11.41 10.28 9.10 9.24

2.46 1.31 0.12 2.52 1.33
September 1 0.19 0.10 0.01 0.18 O.09

V,% 7.77 7,78 6.53 7.08 7.12

2.38 1.23 0.09 2.21 1.14
October a 0.18 0.09 0.01 0.25 0.13

V.% 7.40 7.40 6.50 11.37 11.35

2.22 1.20 0.09 2.09 1.09
4 November a 0.18 0.09 0.01 0.16 0.08

V,% 7.68 7.66 6.01 7.43 7.45

X 2.17 1.12 0.09 1 .82 0.95
December a 0.16 0.08 0.01 0.20 0.10

V,% 7.51 7.60 5.96 10.94 10.90

2.18 1.12 0.09 1.86 0.97
January a 0.16 0.08 0.01 0.16 0.09

V,% 7.18 7.21 9.55 8.82 8.80

- 2.45 1.27 0.10 2.27 1.18
February a 0.30 0.16 0.01 0.25 0.13

V,% 12.25 12.26 13.70 11.)5 11.05

T 2.70 1.41 0.12 2.65 1.38
March a 0.21 0.11 0.01 0.25 0.13

V,% 7.91 7.91 11.29 9.59 9.61

7 2.55 1.38 0.18 2.64 1.43
April a 0.16 0.09 0.02 0.18 0.09

V,% 6.32 6.35 9.77 6.72 6.61

T 2.33 1.27 0.21 2.37 1.30
May a 0.10 0.06 0.0 0.20 0.11

V,% 4.26 4.38 4.95 8.44 8.58

2.12 1.16 0.20 2.20 1.21

June a 0.14 0.08 0.01 0.12 0.07
V,% 6.72 6.77 7.09 5.41 5.45

2.33 1.23 0.13 2.25 1.20
Year a 0.06 0.03 0.00 0.11 0.06

V,% 2.65 2.65 2.69 5.02 5.00

*C/hr (*F/hr)/l.8
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Table 53

Average Warming Rate for Roof System 34, 0F/hr

Building Identification 34 34
Roofing Layer EPD14 Urethane Gypsum EPDM Fiberglass

Elastomer Plank Elastomer
Depth in Section (in.) 0.0 1.0 3.0 0.0 1.0

X 5.10 2.96 0.17 4.22 2.31
July y 0.46 0.27 0.02 0.35 0.20

V,Z 9.04 9.28 9.12 8.38 8.49

X 5.51 3.07 0.15 4.62 2.52
August a 0.69 0.39 0.02 0.41 0.23

V,% 12.56 12.64 12.57 8.84 9.00

X 5.35 2.43 0.17 4.99 2.63
September a 0.46 0.19 0.02 0.36 0.19

8.64 7.95 8.92 7.25 7.28

2.76 1.58 0.16 4.39 2.27
October a 0.21 0.12 0.02 0.46 0.24

7.45 7.42 10.02 10.59 10.58

2.59 1.54 0.15 4.12 2.14
November 0.22 0.12 0.01 0.33 0.17

V, 8.03 8.03 9.31 7.90 7.91

X 2.49 1.42 0.13 3.63 1.90
December 0 0.16 0.09 0.01 0.37 0.19

V,% 6.60 6.55 8.80 10.20 10.19

2.46 1.41 0.13 3.72 1.94
January a 0.18 0.11 0.01 0.34 0.18

7.51 7.50 5.93 9.27 9.22

2.90 1.66 0.16 4.58 2.37
February a 0.42 0.24 0.02 0.53 0.27

V,% 14.44 14.34 13.27 11.57 11.56

7 4.42 2.11 0.19 5.31 2.75
March a 0.41 0.19 0.01 0.53 0.28

V,% 9.20 8.77 8.06 10.00 10.01

X 6.36 3.31 0.17 5.33 2.89
April a 0.43 0.19 0.01 0.28 0.15

6.72 5.74 5.12 5.17 5.14

5.81 3.33 0.19 4.78 2.61
May a 0.29 0.17 0.01 0.45 0.25

V,% 4.93 5.06 4.84 9.45 9.52

T 5.26 .06 0.19 4.46 2.44
June j 0.39 .23 0.01 0.25 0.14

V,% 7.43 7.56 7.63 5.67 5.69

7 4.26 2.33 0.16 4.51 2.40
Year 1 0.12 0.06 0.00 0.23 0.12

V,% 2.74 2.70 2.62 5.03 5.00

*C/hr (*F/hr)/l.8
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Tabl e 54

Average Length of Freezing Period for Roof System 34, Days

Building Identification 34 34

Roofing Layer EPOM Urethane Gypsum EPDM Fiberglass
EIastomer Plank Elastomer

Depth in Section (inW) 0.0 1.0 3.0 0.0 1.0

x
July V ---.-......

V,%

August a ---
V,%

September - ---
V,%

October --- _---_--- ---
V,%

0.l0 0.17
November a 0.07 O 02

V,% 71.44 28.57

X 0.14 0.11

December a 0.03 0.05
V,% 24.13 0.53

0.22 0.18
January a 0.07 --- 0.10

V,% 33.78 8.79

0.17 0.13
February a 0.04 --- 0.08 ---

V,% 22.68 10.24

0.11 0.08
March a 0.03 --- 0.03 ---

V,. 24.22 37.50

S 0.01 0.01
April a 0.03 --- 0.00 ---

V,% 200.00 0.00

May a -------......

V,%

7
June a ---..--..-.....

V,%

7 0.17 0.13
Year a 0.02 --- --- 0.10 ---

V,% 10.64 72.66

I
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Table 55

Average Length of Thawing Period for Roof System 34, Days

Buildinq Identification 34 f 34

Roofing Layer EPOM Urethane Gypsum EPDM Fiberglass
Elastomer Plank Elastorner

Depth in Section (in.) 0.0 1.0 3.0 0.0 1.0

July a ...............
V,%

August - ---.--.........
" V,%

.7

September - ---........
V ,%

October - ---... .....
V,%

6.49 16.37
November a 2.46 ...... 5.87 ---

V, 37.85 66.38

2.61 7.24
December a 1.15 --- 4.74 ---

V,% 44.12 77.56

X 1.26 2.85
January 0.25 --- 2.92 ---

V,% 19.85 102.48

T 1.68 2.57
February j 0.53 --- 2.81 ---

V,% 31.28 105.26

7 2.75 6.84
March C 1.12 --- 6.33 ---

V,% 40.69 99.17

7 24.99 24.16
April 0 10.02 --- 5.00 ---

V,% 40.09 38.84

May - ---.--..--.....
V%

June .

V,%

5.56 10.96

Year 0.25 --- 29.69 ---
V,% 4.51 289.41
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Table 56

Average Number of Freeze-Thaw Cycles for Roof System

Buildinq identificaticr. 34 34
Roofing Layer £PDM Urethane Gypsum I EPDM Fiberglass

Elastomer 
O
lank Elastomer

Depth in Section (n.) .0 1.0 3.0 0.0 1.0

July -- --- .--- ---
V,%

August
V,

Septeimer --- ---

V %

October j ---....

-. 0 ).90 O.0C ". 0.0
November .

~~V, ,:-. 297.?

11.50 0.00 0.00 5.50 0.00
Oecember -, 3.79 .51

V,3 32.92 81.92

20.50 0.00 0.00 12.67 0.00

January 3.42 5.47
V,% 16.66 43.15

7 15.25 0.00 0.00 10.83 0.00
February 5.32 5.04

V,% 34.85 46.49

S 11.i0 0.00 0.00 5.17 0.00
March a 3.92 3.76

V,% 35.60 72.85

T 0.50 0.00 0.00 0.50 0.00
April a 1.00 0.84

V,% 200.00 167.33

May -.-.- -.-- -- -
V,%

June 0 ---............

V,%

62.75 0.00 0.00 36.33 O.OC
Year a 2.99 12.29

V,% 4.76 33.83
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Table 57

Transient Heat Flux, Btu/hr-sq ft

Building Identification 5 18 2 3 3
Roofing Layer Figure 1 Figure 2 Figure 3 Figure 4 Figure 5

5 18 2 3A 3B
Depth in Section (in.) Total Total Total Total Total

4.61 2.80 30.44 25.17 16.58
July a 0.77 1.41 2.74 2.55 1.54

V,% 16.64 50.33 9.01 10.13 9.30

k 3.88 1.44 26.95 22.12 '4.10
August a 1.01 1.94 3.12 2.79 1.56

V,% 25.96 134.46 11.56 12.62 11.06

0.99 -6.22 12.49 11.05 5.7a
September a 1.00 2.54 3.16 2.55 1.24

V,% 101.14 40.78 2 ..48 24.00 21.58

-2.01 -14.92 -0.568 .30 -0.45
October 0.44 2.16 2.52 1.72 1.04

V,% 22.10 14.., 267.3, 2.E2 229.17

X -6.94 -28.35 -1.2- -12.5 -7.
November 0.88 2.49 2.89 2. 24

V,% 12.66 8.64 15.93 17.59 15.-7

X -9.37 -34.32 -25.47 -13.49 -10.26
December a 0.93 4.28 5.33 3.92 2.15

V,% 9.94 12.48 20.94 21.17 20.91

-11.46 -40.72 -32.96 -23.73 -13.18
January 0 0,66 5.03 6.16 4.86 2.49

V,% 5.78 12.35 18.68 20.46 18.91

7 -10.09 -39.34 -30.59 -21.28 -12.32
February ( 1.09 3.02 3.61 3,01 1.47

V,% 10.79 7.67 11.81 14.16 11.97

7 -7.51 -31.02 -19.28 -13.41 -7.59
March a 1.01 3.22 3.82 2.59 1.52

V,% 13.52 10.39 19.80 19.31 20.01

-3.83 -20.84 -1.27 J.47 2.14
April a 0.67 2.34 2.39 1.99 1.16

V,% 17.47 11.23 226.94 422.79 54.08

-0.64 -11.28 13,43 11.99 9.76
May a 0.55 1.65 3.02 2.63 1.65

V,% 85.37 14.63 ?2.48 21.93 16.87

2.22 -2.08 25.34 21.14 15.07
June j 0.41 1.89. 2.60 2.14 1.25

V,% 18.58 90.93 10.27 10.12 8.28

-3.31 -18.66 -1.47 0.43 1.09
Year a 0.22 1.11 1.20 0.72 0.48

6.58 5.95 81.19 167.08 43.50
I Btu,'r - sf ft : 3.15 4/m2
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Table 57 (Cont'd)

Building Identification W 4 34 34
Roofing Layer Figure 6 Fiure 7---9ure Figure 9

Depth in Section (in.) Total Total Total Total

18.67 11.38 6.74 9.13
July 1 1.70 1.05 0.69 0.81

V,% 9.09 9.22 10.23 8.92

y 17.27 10.36 6.00 8.27
August 2.06 1.22 0.89 0.05

V,% 11.91 11.80 14.89 11.46

10.01 5.48 3.33 4.81
Septeer 13 1.19 0.88 0.94

VZ 21.0 21.73 26.34 19.65

2.24 3,- 0. 62 1.20
October a 1.57 0.90 0.39 0.67

V,7 70.15 105.75 61.96 55.86

-9.31 -5.61 -2.S -3.99
November 1.95 1.09 0. 77 0.85

V , 20. 916 19.13 -20.46 21.39

"X -14.00 -8.24 -5.92 -6.14
December 0 3.29 1.87 0.81 1.44

V,% 23.50 22.71 13.70 23.47

y -18.83 -10.98 -7.75 -8.26
January a 3.72 2.14 0.58 1.62

V,% 19.73 19.53 7.56 19.69

7 -16.93 -9.95 -6.48 -7.33
February 2.33 1.34 0.97 1.02

V,% 13.77 13.42 14.91 13.99

T -9.54 -5.76 -4.14 -3.96
March a 2.45 1.38 0.90 1.08

V,% 25.67 23.99 21.62 27.20

y -0.05 0.37 -0.78 0.40
April a 1.86 1.05 0.58 0.83

V,% 3558.60 284.21 74.13 209.76

X 8.32 5.55 2.12 4.31
May a 1.82 1.11 0.48 0.88

V.% 21.89 19.95 22.88 20.53

- 15.99 9.97 4.66 7.79
June a 1.67 0.98 0.38 0.77

V1% 10.48 9.82 8.16 9.95

7 0.42 0.34 -0.41 0.56
Year a 0.74 0.42 0.19 0.33

V,% 175.28 123.69 46.50 58.12

Btu/hr - sq ft * 3.15 W/mz
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Table 58

Thermal Stains in Composite Roof Systems for Cape Hatteras, NC

Roof Roofing Depth in Teuiperature Coefficient of Thermal
System Layer Section (in) -Theriil Expansion Strain (in/in)

X(F) j(F) V(%) (in/in/F)

25 wil 0.0 71.52 26.47 37.02 4Y,10-5  6.35x10-3

tliathon

5 Polyurethane 1.0 78.14 4.01 5.13 6x10_5  l.44x10-3

Foam

Gypsuml 3.0 78.51 2.96 3.77 8.5x10-6  1.51xl10"4

Conicre te
Gypsuin 4.0 79.22 1.49 1.883 8.5x10-6  7.60x]10 5

Plank

Gacoflex 0.0 67.97 20.82 30.65 7XI0_5  8.74x10-3

Built-up 0.5 68.97 19.66 28.53 15x10_6  1.77xl10 3

Roofing

18 Insulation 1.0 74.45 12.81 17.22 6xl10 5  4.61x10 3

Gypsum 2.5 82.44 2.95 3.58 8.5x106 1500
Plank

No. 5 0.0 71.39 26.09 36.55 --

Gravel

2 Styrofoam 2.0 70.79 15.80 22.32 6x10_5  5.69xl10 3

Insulation

Built-up 3.0 70.37 5.63 8.00 15x10-6  5.07xlO-
Roofing

Gypsumi 4.5 70.55 3.56 5.05 6.5x10-6  1.80xfl 4

Concrete

Gypsum 6.5 71.37 1.26 1.77 8.5x10- 6 6.43x10-5

Plank

*Thermal Strain at +X 3o

'C (*F -32M/.8
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Table 58 (Cont'd)

Roof Roofing Depth in Temperature Coefficient of Thermal
System Layer Section (in) -Thermal Expansion Strain (in/in)

Light 0.0 71.26 26.06 36.52 --

Colored 0.5 71.22 26.00 36.52 --

Gravel

Built-up 1.0 71.09 24.88 35.00 l5x10_6  2.24x10_3

Roofing

3A Urethane 1.5 71.31 15.30 21.45 6x105  5.51x103

Bound

Gypsum 3.0 71.73 2.78 3.88 8.5x10 6  1.42x10- 4

Plank

Light 0.00 71.40 26.52 37.15 --

Colored 0.05 71.35 26.58 37.27---

3B Built-up 1.0 71.15 26.50 37.26 l5x10_6  2.38xlGcf 3

Roofing

Urethane 4.5 11.15 8.55 12.02 Wx10 3.O8xlif
Board

.4Gypsumn 7.0 71.83 0.62 0.87 8.5x0 6  3.16x10-5

Plank

.4

*Thermal Strain at (i + 0

*C (*F -32)/1.8
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Table 58 (Cont'd)

Roo f Roof ing Depth in Temperature Coefficient of Thermal
System Layer Section (in) _Thermal Expansion Strain (in/in)

X(F). o(F) V(%) (in/in/F)

GAF Mineral 0.0 72.53 24.72 34.10 7.5xlO 5  1 11x10 2

Shield 0.5 72.28 23.82 32.97 7.5xl0- 5  1.07x10-2

Urethane 1.0 72.05 14.73 20.45 6x10-5  5.30xl10 3

Board

4A Gypsum 2.5 71.89 2.75 3.83 8.5x10-6  l.40x10-4

Plank

GAF Mineral 0.0 72.50 25.38 35.03 7.5xlO 5  1.14xl10-2

Shield 0.5 72.24 25.50 35.32 7.5x10-5  l.l4xl0 2

4B Urethane 1.5 71.80 20.86 29.06 6x057.50x10-
3

Board 4.0 71.60 8.51 11.89 Wx10 3.06x,0-3

Gypsum 6.5 71.89 0.63 0.88 8.5x106  3.2lxl0-5

Plank

EPDM 0.0 71.29 27.08 37.99 7.2x10-5  l.17xl0 2

Elastomer

34A Urethane 1.0 71.18 15.27 21.45 WO1- 5  5.50x10-3

Gypsum 3.0 71.81 1.88 2.62 8.5xl0- 6  9.59x0-5

Plank

EPUM 0.0 73.47 25.35 34.52 7.2xl0 5  l.10XI0 2

34B Fiberglass 1.0 72.60 12.97 17.87 6x10-5  4.67xl10 3

*Thermal Strain at (i + 3ajt

'C (*F -32)/l.8
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Table 59

Roof System Ranking in Relation to Computed Parameters

Performance Freeze-Thaw Cooling Length of Thermal Heet
Ranking Cycles Rate Freezing Period Strain Flux

High Performance

1 2 18 2 3B 34A

2 4A 5 4A 3A 348

3 3A 4A 3A 2 5

4 4B 34A 4B 5 4B

5 3B 3A 3B 18 3B

6 5 2 5 4A 4A

7 18 4B 18 4B 3A

8 34A 3B 34A 34A 2

9 34B 34B 34B 34B 18

Low Performance

Building Number Roof System

5 5
18 18
2 2
3 3A,3B
4 4A,4B
34 34A,34B
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000 00 00 00Oao o@Oo oo . 4 5 LBs/SQ. GRANULES,3SIE1ULLL LLI~ILLLji ~ 25 MIL DIATHON COATING
_ 2 1/4'1 SPRAYED PUF

~ SELF-ADHESIVE 50-70 MIL
WATERPROOF MEMBRANE

_______________________ I" GYPSUM CONCRETE FILL

2 GYPSUM PLANK

25 mil Diathon Coating and Granules (Medium Grey)

Sprayed y 2.0 pcf
2-1/4 in. Polyurethane Ku: Kf :i K= 0.013 Btu/hr-ft-F

Foam Cu= Cf =Ci = 0.38 Btu/Ib-F

50-70 mul Waterproof Membrane

Gypsum r=51.0 pcf
I in ConretKu= Kf =Ki :0.140 Btu/hr-ft-Fin.ConretCu: Cf =Ci :0.21 Btu/Ib-F

Gypsum :50.0 pcf
2 in. Plank Ku= Kf = K i :0.092 Btu/hr-,t-F

Deck Cu:z Cf -Ci -z 0.26 Btu/lb-F

Trm= 800 F

Figure 1. Roof System 5, Building 5, Cape Hatteras, NC.
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4-MIL GACOFLEX UA-65
S40- MIL GACOFLEX U-6321

EXISTING BUILT-UP ROOF
SEXISTING I" INSULATION

.~. EXISTING VAPOR BARRIER
_""-***2" GYPSUM PLANK DECK

4 mil Gocoflex UA-65 Over 40 mil Gocof lex U-63214

1/2 in. Existing y = 70.0 pcf Cu:= Cf z-C: 0.35 Btu/Ib-F
Built-Up Roof Ku: Kf = K i: 0.094 Btu/hr -ft-F

y=2.0 Kjp .20Bchrf-
Iin. Insulation Ku:zK i=002 t/rf-

Cu= Cf =Ci c 0.29 Btu/lb-F
~* Vapor Barrier

Gypsum 'y z- 50. 0 pc f
2 in. Plank Ku= Kf = K; :z0.092 Btu/hr-ft-F

Deck Cu= Cf zCi =0.26 Btu/Ib-F

Trm :85
0 F

Figure 2. Roof System 18, Building 18, Cape Hatteras, NC.
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00000 @oo0.0 0.00000 000
0 00a0 00 0 0 00 0 0 0@0 0 0@0 10 B S.NL5GAE

______________________s-2" STYROFOAM INSULATION

060 LB PER SQ. ASPHALT
____________________ 3-PLY 15-LB ORGANIC FELTI

* .. .. .:7 IN 25LB ASPHALT/SQ/PLY
I. . 43-LB BASE SHEET

FELT VAPOR BARRIER -NALDTO DECK

2" GYPSUM PLANK DECK GYPSUM CONCRETE FILL I" TO 2 1/2'

1000 lbs/ sq. Y 35.0 pcf Cu 0.23 Btu/ lb- F
I in. No.5 Grovel Kul 1.21 Btu/hr-ft-F Cf -2.77 Btu/fb-F

Light Colored Kf- 1.09 Btu/hr-ft-F C, 0.21 Btu/ lb-F
K1 , 0.98 Btu/ hr-ft-F w 4 *1

Styrofoom Y-2.0 pcf
2 in. Insulat ion Ku K;= K, 0.020 Btu/ hr-ft-F

Cu= C -C, 0.29 Btu/lb-F

1/2 in. 3 Ply Built - Up 70.0 pcf Cu2 Cq C i 0.35 Btu/Ib-F *
Roofing Ku K :K ~0.094 Btu/hr-ft- F

Gypsum Y 51.0 pcf
2 in, Concrete Kul Kf K1 " =0C140 Btu/hr-ft-F

Vapor Barrier

Gypsum r 50.0 pcf
2 in. Plank Ku" 1 K "I0.092 Btu/hr -ft -F

Cu1 Cf "Ci 10.26 Btu/lb-F

Trm I 72*F

Figure 3. Roof system 2, Building 2, Cape Hatteras, NC.
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@0400 LBs/SQ. GRAVEL

________ .~-3-PLY 15-LB ORGANIC FELT

______________________IN 60LB ASPHALT/SQ/PLY
---U -THANE 200 URETHANE BOARD;

77?7 THICKNESS VARIES I" TO 5"
AT SLOPE OF 1/4" PER FT,
IN 20 LBs ASPHALT PER SQ.

43-LB BASE SHEET IN.
25 LBs ASPHALT PER SQ.

2" GYPSUM PLANK DECK

400 lb/sq Y135.0 pcf Ki z0.98 Btu/ft-F Ci = 0,21 Btu/Ib-F
1/2 in. Gravel Kuz 1.21 Btu/hr-ft-F~ Cu =0.23 Btu/Ib-F w = 4 %

Light Colored Kf =:1.09 Btu/hr-ft-F Cf =2.77 Btu/Ib-F

3 Ply Built-Up = 70.0 pcf Cu :-Cf C : z0.35 Btu/lb-F
I2n Roofing Ku =Kf =K i =0.094 Btu/hr -ft -F

U-Thane 200 Yz :2.0pcf
I in. Urethane Board Ku: Kf = Ki=0.014 Btu/hr-ft-F

Cu= Cf =Ci = 0.38 Btu/Ib-F

1 /6 in. Asphalt and Base Sheet

Gypsum 50.0 pcf
2 in. Plank Ku = Kf K: -0.092 Btu/hr-ft-F

Dec k Cu:= Cf Ci = 0.26 Btu/hr-ft-F

Tvm: 72OF

Figure 4. Roof System 3A, Building 3, Cape Hatteras, NC.
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- - -. - -------

0 ~ @00 00 00 00 00@ *-400 LBs/SQ GRAVEL
00000000oooo ooo....60 LB PER SQ ASPHALT

.3- PLY I5S- LB ORGANIC FIELT

IN 6OLB ASPHALT/SQ /PLY
UUTHANE 200 URETHANE BOARD,

THICKNESS VARIES I . TO 5'
............................................ AT SLOPE OF 1/4 " PER FT,

IN 20 LBs ASPHALT PER SO.
43-LB BASE SHEET IN.

25 LBs ASPHALT PER SQ.
2"GYPSUM PLANK DECK

400 Ib/sg 13 0l3Spcf K, O0.98 Btu/ft-F C '02I1tu/Ib-F
1/2 inl. Grovel Ki, 1.21 Btu/hr-ft-F C. ' 0.23 Btu /1b-F w -4%

Light Colored Kf - 09 Btu/hr-ft-F Ct z 2.77 Btu/ lb- F

/2i.3 Ply Built -Up yr 70.0 pcf C,, 'Ct C 1 0 35 Btu/Ib-F
(2i.Roofing K,,' Kf K I 0.094 Btu /hr-ft- F

5 in. U-Thane 200 r 2.0 pcf
Urethane Board K Kf z K, 0.014 Btu/hr -ft-F

Cu, Cf 'C, '0.38 Btu/lb-F

I in Asphalt and Base Sheet

Gypsum Y 50.0 ocf
2 in. Plank Ku, KI 'K 1 *0.092 Btu/hr-ft- F

Deck C, zCt ' C, '0.26 Btu /hr -ft- F

Trmn 72*F

Figure 5. Roof System 3B, Building 3, Cape Hatteras, NC.
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.~50 LBs/SQ. GRANULES (AS7M 0225)
0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0GAMIE LSHLDATC

_________- 3 PLY GAF MINERAL SHIELD
I I ((/IN 2 TO 2 1/2 GAL. MASTIC

__________________PER SQ. PER PLY
I I I HU-THANE 200 URETHANE BOARD.,

THICKNESS VARIES I" TO 5"
___________________________ AT SLOPE OF 1/4" PER FT,\ IN 20 L~s ASPHALT PER SQ.\43-LB EASE SHEET IN

25 LBs ASPHALT PER SO.
2" GYPSUM PLANK DECK

White Granules

GAF Mineral y =:70.0 pcf C,:Cf: C i:0.35 Btu/Ib-F
/2n.Shield Roofing 3 Ply Ku:= K f K : =0.094Bt/rt-

U-Thane 200 Y : 2.0 pcf
I in. Urethane Board Kuz Kf = K, =0.014 Btu/hr-ft-F

CU:=Cf =Ci :0-38 Btu/Ib-F

I/jin. Asphalt and Base Sheet

Gypsum , 50.0 pcf
2 in. Plank Ku K f =K i= .092 Btu/hrft-F

Deck Cu Cf :Ci = 0.26 Btu/lb-F

Trm: 72*F

Figure 6. Roof System 4A, Building 4, Ca,,e Hatteras, NC.
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50 L~s /SO. GRANULES (ASTMI 0225)
0 0 0 GAF MINERAL SHIELD MASTIC

0@000 000 00 0 0 0 00 ~ 3-PLY GAF MINERAL SHIELD
IN 2 TO 2 1/2 GAL. MASTIC
PER SQ. PER PLY

_____________________ U- -TMANE 200 URETHANE BOARD,
THICKNESS VARIES 12' TO 5"

*. AT S LOPE OF 1/4" PER FT,
IN 20 LBs ASPHALT PER SO,

43-LB BA SE SHEET IN
25 L-8s ASPHALT PER SO.

While Granules 2' GYPSUM PLANK DECK

1/2,n GAF Mineral 70.0 pcf Cu Cf C. 0.35 Bt./lb-FiShield Roofing 3PIY K- Kf : Ki= 0.094 Btu/hr-i't-F

5 .iU- Thane 200 y=2.0 pcf
Urethane Board K, -Kf< =K<, 0.014Btu/rir-ft-P7

Cu Cf C, =0 38 Btu/ib-F

A1/6ain LS93fa.d Bose Sheet

Gypsum y50.0 pcf
2in.j Plank K.= Kf :K, z0.092 Btu/hr-ft-F

Deck Cu zCf C, --0.26 Btu/hr -ft-F

T, 72*F

Figure 7. Roof System 4B, Building 4, Cape Hatteras, NC.
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EPOM ELASTOMER

INSULATION
1 1/2" FIBERGLASS ON STEEL

* 2 1/2' URE THANE ON GYPSUM
- 43-LB BASE SHEET

IN 15 Ls ASPHALT/SQ ON STEEL
NAILED TO GYPSUM

COMMISSARY EXCHANGE STEEL ROOF DECK
2" GYPSUM PLANK DECK

EPDM Elastomer (Aluminized -Grey Block)

Urethane -y 2.0 pcf
Ku= Ki fzK I =0.014 Btu/hr -ft- F
Cu: Cf --C i : 0.38 Bt u/lb- F

2-1/2 in.

________Asphalt and Base Sheet

Gypsum y: 50.0 pcf
2 in. Plank Ku= Kf :Ki = 0.092 Btu/hr-ft-F

Deck Cu= Cf --C i 0.26 Btu/Ib-F

Trm i 72 0 F

Figure 8. Roof System 34A, Building 34, Cape Hatteras, NC.
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~EPDM ELASTOMER
INSULATICN

1 /12 FIBERGLASS ON STEEL
21/2" URETHANE ON GYPSUM

43-LB BASE SHEET
IN 15 LEs 4SPH4T/SQ ON ST EEL
NAILED TO GYPSUM

COMMISSARY EXCHANGE STEEL ROOF DECK
2" GYPSUM PLANK DECK

EPOM Elastamer (Aluminized - Grey Block)

Fiberglass 'y= 8.5 PC f
1- 1/2 in. Cellular Glass Ku: Ki Ki 0.032 Btu/hr-ft-F

Bound Cu= Cf Ci: 0.24 Btu/lb-F

Asoholt ndBs he
Steel Roof Deck

Tr.m, 72 *F

Figure 9. Roof System 34B, Building 34, Cape Hatteras, NC.
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Thawing Period

E

C Thawing Temperature

51 OFTi

Freezing Temperature

-Freezing Pro

Freeze -Thaw Cyclej

Figure 10. Idealized freeze-thaw cycle for a roof system.
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6 Figure 12. Average cooling rates for roof systems on Buildings 3 and 4.
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E
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2.0

Roof 5

0 I 2 34 56 7

Depth In Section, in.

Figure 14. Average warming rates for roof systems on Buildings 5, 18, and 2.
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Figure 15. Average warming rates for roof systems on Bui1dings 3 and 4.
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6.0 I

5.0

t

S40
Root 34 8

& 2.0- Roof 34 A
0

* 1.0 -

*0 1 2 3 4 5 6 76

Depth In Sect ion. irt

Figure 16. Average warming rates for roof systems on Building 34.
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Figure 17. Average number of freeze-thaw cycles per year.
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* 30

+20 ---- Root 5
0 Roof 18

-- Roo f 2
0 oot 3A

-0- Roof 38

lo-

4Jul Auag Sep Oct Nov Dec Jon Feb Mar Apr May Jun

Month

Figure 18. Transient heat flux for Building 5, 18, 2, and 3.
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Z .14
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0
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Figure 19. Transient heat flux for Buildings 4 and 34.
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List of Abbreviations

BUR Built-up roofing

Cf Mass heat capacity of freezing material Btu/Ib°F
fMass heat capacity of a frozen material Btu/b-°

Cu  Mass heat capacity of an unfrozen material Btu/lb-uF

4U

EPDM Ethylene Propylene Diene Monomer

., k General thermal conductivity designation Btu in./hr-ft2 -°F

* 0K General thermal conductivity designation 12 in./ft Btu/hr-ft- F

Kf Thermal conductivity of a freezing material Btu/hr-ft-°F

Kt  Thermal conductivity of a frozen material Btu/hr-ft-°F

K Thermal conductivity of an unfrozen material Btu/hr-ft-°Fu
PMR Protected Membrane Roof

T n Interior building temperature OF

V Coefficient of variation percent

w Water content based on dry weight percent

Statistical mean

Y Total unit weight pcf

>- 0o Standard deviation
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