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CALIBRATED HOT BOX TEST RESULTS

DATA MANUAL - VOLUME 1

by

M. G. Van Geem*

ABSTRACT

This manual summarizes results from 15 wall assemblies tested under
steady-state and dynamic temperature conditions in the calibrated hot box
facility at Construction Technology Laboratories, a Division of the
Portland Cement Association. |

The calibrated hot box provides data on the héat transmission charac-
teristics of full-size wall assemblies under steady-state and dynamic tem-
perature conditions. Steady-state tests are used to obtain average heat
transmission coefficients. Dynamic tests provide data on thermal perform-
ance under controlled conditions that simulate actual temperature changes
in building envelopes. Calibrated hot box tests are performed generally
following procedures described in ASTM Designation: €976, "Thermal Per-
formance of Building Assemblies by Means of a Calibrated Hot Box."

This manual summarizes test results of six concrete masonry walls, two
masonry cavity walls, three concrete walls, three wood frame walls, and a
brick veneer-wood frame wall. A description of wall geometry and material
properties s given for each specimen. The manual presents steady-state,
transient, and dynamic (periocdic) test results in tabular form, in fig-

ures, and in summary tables. Heat transfer characteristics of different

*Research Engineer, Construction Methods Department, Construction Tech-
nology Laboratories, a Division of the Portland Cement Association,
5420 01d Orchard Road, Skokie, I1linois 60077

~11i-
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wall assemblies can be compared by using figures and summary tables for
each wall. Data presented in numerical form can be used to validate

models or analyze results.

~jv-
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CALIBRATED HOT BOX TEST RESULTS

DATA MANUAL - VOLUME 1

by

M. G. Van Geem*

INTRODUCTION

The calibrated hot box provides data on heat transmission characteris-
tics of full-size wall assemblies under steady-state and dynamic tempera-
ture conditions. Heat transmission characteristics of walls must be
determined to evaluate the%ma1 performahce of builiding envelopes;

The 1981 ASHRAE Handbook of Fundamenta?s(W)** summarizes steady-state
properties of five commonly used types of wall construction. Thermal and
physical properties of building materials used inm wall construction are
also listed.

There is a need for a document to summarize data from tests on wall
assemblies under dynamic temperature conditions. Massive materials, such
as concrete and masonry, store and release heat energy under changing
temperature conditions. Only dynamic tests can be used to determine heat
storage characteristics of building components.

This manual summarizes resulfs of 15 wall assemblies tested under
steady-state and dynamic temperature conditions in the calibrated hot box
facility at Construction Techn01ogy Laboratories (CTL), a division of the

Portland Cement Association. MWall descriptions and test dates are listed

*Research Engineer, Construction Methods Department, Construction Tech-
nology Lahoratories, a Division of the Portland Cement Association, 5420
01d Orchard Road, Skokie, I1lincis BOD77

*+*Superscript numbers in parenthesis refer to references listed at the end
of the descriptive portion of the manual.
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in Table 1. Steady-state tests are used to obtain average heat transmis-
sion coefficients. Dynamic tests provide data on thermal performance
under controlled conditions that simulate actual temperature changes in
building envelopes.

Dynamic test data are applicable c¢nly for the temperature cycles used
during testing. Although cycles used for tests summarized in this report
do not cover a wide range of temperature conditions, test results illus-
trate the significance of dynamic testing.

Test results for six additional walls will be covered in a future
report entitled, "Calibrated Hot Box Test Results Data Manual - Volume

II."(Z) Wall descriptions for Volume II are listed in Table 2.

CALIBRATED HOT BOX TEST FACILITY
Tests were conducted 1in the calibrated hot bhox facility shown in
Figs. 1 and 2. Tests were performed generally following procedures des-
cribed in ASTM Designation: (976, "Standard Test Method for Thermal Per-
formance of Building Assemblies by Means of a Calibrated Hot Box,"(3)
approved in 1983. The fifteen walls described in this manual were tested

before the standard was approved.

Description

The following is a brief description of the calibrated hot box.
Details are available in Reference 4. The facility consists of two highly
insulated chambers as shown in Fig. 2. Walls, ceiling, and floors of each
chamber are insulated with foamed urethane sheets to obtain a nominal
thickness of 12 in. (305 mm). During tests, the chambers are clamped

tightly against an jnsulated frame that surrounds the test wall. Air in

construction technology laboralories



TABLE 1 - CALIBRATED HOT BOX TEST DATES

Wall
Desig- fate of Calibrated
nation Wali Description Hot Box Tests
M1 8-in. (203-mm) Medium Weight Concrete December 1978 -
Block January 1979
M2 8-in. (203-mm) Medium Weight Concrete January-~February
Block with Insulation in Cores 1979
M5 8-in. (203-mm) Normal Weight Concrete February-April
Block with Reflective Insulation 1980
M6 8-1n. (203-mm) Lightweight Concrete Block January-February
with Insulation on Inside Surface 1981
M7 6-in. (152-mm) Lightweight Concrete Block April-June 1981
with Insulation on Inside Surface
M8 8-1n. (203-mm) Normal Weight Concrete March-April 1981
Block with Insulation on Inside Surface
M3 10-in. (254-mm) Block-Brick Cavity Wall March-April 1979
M4 10-in. (254-mm) Block-Brick Cavity Wall April 1979
with Insulation in Cavity
a1 B-in. (203-mm) Normal Weight Concrete October-December
1981
€2 8-1n. (203-mm) Structural Lightwelight December 1981 -
Concrete February 1982
€3 8-in. (203-mm) Low Density Concrete February-March
1982
F3 2x4-in. (51x102-mm) Wood frame with R-11 February-March
Fiberglass Insulation and Cedar Siding 1379
F4 2x4-in. (51x102-mmn) Wood Frame with R-17 Movember 1979 -
Fiberglass Insulation and Cedar Siding January 1980
F5 2x4-in. (51x102-mm) Wood Frame with R-11 December 1980 -
Fiberglass Insulation and Hardboard Siding January 1981
V1 10~in. (2%4-mm) Brick Veneer May-June 1979

construction technology laboratories




TABLE 2 - DESCRIPTIONS OF WALLS SUMMARIZED IN THE
"CALIBRATED HOT 80X -TEST RESULTS DATA
MANUAL - vOoLUME II®

Wall
Designation Wall Description
S1 1-3/8-in. (35-mm) Fiberglass Board
Se 4-in. (102-mm) Poliystyrene Beadboard
M9 12-in. (305-mm) Block-Brick Cavity Wall
Mi0 12-in. (305-mm) Block-Brick Cavity Wall with Insulation
in Cavity
F1 2x4-in. (51x102-mm) Wood Frame with R-13 Fiberglass
Insulation and Aluminum Siding
F2 2x6-in. (51x152-mm) Wood Frame wiith R-19 Fiberglass
Insulation and Aluminum Siding

construction technology laboratories



Fig. 1 Calibrated Hot Box Test Facility
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each chamber is conditioned by heating and cooling equipment to oabtain
desired temperatures on each side of the test wall.

The outdoor (climatic) chamber can be held at a constant temperature
or cycled between -15 and 130°F (-26 and 54°C). Temperature cycles can
be programmed to obtain the desired time-temperature relationship. The
indoor (metering) chamber, which simulates an indoor environment, can be
maintained at a constant room temperature between 65 and 80°F (18 and
27°C).

The facility was designed to accommodate walls with thermal resistance

values ranging from 1.5 to 20 hr-ft2-°F/Btu (0.26 to 3.52 K-mz/w).

Basic Instrumentation

Instrumentation was greater on some walls than on others. These items
common to all wall tests are referred to as basic instrumentation. Sup-
plementary instrumentation was used in selected wall tests. Generally,
wall tests done later in the program have more instrumentation.

Instrumentation was designed to monitor temperatures inside and out-
side the indoor chamber, air and surface temperatures on both sides of the
test wall, and heating energy input to the indoor chamber. Additional
measurements monitor indoor cooling system performance. Basically, the
instrumentation provides a means of monitoring the energy required to
maintain constant temperature in the indoor chamber while temperatures in
the outdoor chamber are varied. This energy, when corrected for thermal
losses, provides a measure of heat flow through the test wall.

Thermocouples corresponding to ASTM Designation: E230, "Standard Tem-
perature-Electromotive Force (EMF) Tables for Thermocouples,"(a) Type T,

were used to measure temperatures. There were 16 thermocouples in the air

construction technology laboratories



space of each chamber and 16 on each face of the test wall. Thermocouples
were uniformly distributed on a 20-in. (508-mm)} square grid over the wall
area.

Surface thermocouples were securely attached to the wall over a length
of approximately 3 in. (76 mm). Tape that covered sensors mounted on
suyrfaces of painted walls was painted the same color as the test wall
surfaces. Thermocouples in air were located approximately 3 in. (76 mm)
from the face of the test wall.

Laboratory and 1interior surface temperatures of the indoor chamber
sides were measured. These temperatures provided data for evaluating heat
transfer between the chamber and the laboratory. Temperature data were
supplemented with heat flux transducer measurements.

A watt-hour transducer was used to measure cumulative electrical
energy input to the indoor chamber.

Measurements were monitored with a programmable digital data acquisi-
tion system capable of sampling and recording up to 124 independent
channels of data in less than one minute. The data acquisition system is
interfaced with a microcomputer that s programmed to reduce and store
data.

For tests performed prior to October 1979,'a11 data channels were
scanned at one, two, or four hour intervals. For tests performed after
October 1979, thermocouple channels were scanned every two minutes. Aver-
age temperature and supplementary data were obtained from average readings
faor one or two hours. The cumulative watt-hour transducer output was

scanned every one or two hours.
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Supplementary Instrumentation

Supplementary thermocouples were used to measure temperatures at
selected locations. For the three concrete walls, C1, C2, and C3, 16
thermocouples were embedded approximately at midthickness of the test
wall. These internal thermocouples were uniformly distributed over the
same 20-in. (508-mm) grid as surface and air thermocouples.

Heat flux transducers were applied to seven wall specimens. Walls C1,
C2, and C3 had heat flux transducers applied to the indoor and outdoor
wall surfaces. Heat flux transducers were applied to the indoor surfaces
of Walls M6, M7, M8, and F5. For the masonry walls, the apparatus was
applied at a furring strip used to attach insulation and between furring
strips. Transducers were applied at a wood stud and between wood studs
for Wall F5.

A digital humidity and temperature measurement system was used to
measure relative humidity and temperature in air streams on each side of
most test specimens. Probes were located in the air streams approximately
at the specimen mid-point.

Air flow rates 1in each chamber were measured with air flow meters
Tocated approximately at the wall geometric center. Each flow rate meter
was mounted perpendicular to the air flow. Data from air flow meters were
monitored periodically and were not part of the automated data acquisition
apparatus. Air flow rates in each chamber for all wall tests were approx-

imately 20 ft/min. (0.1 m/s).

Calibration Procedure

Procedures for calibration and determination of indoor chamber cooling

energy were modified November 1987 fo increase accuracy of test results.
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77 Methods used for the time periods before and after November 1981 are
described in the following sections.

?b Heat flow through a test wall is determined from measurements of the
amount of energy input to the indoor chamber to maintain a constant tem-
perature. The measured energy 3input must be adjusted for heat losses.

Figure 3 shows sources of heat losses and gains by the indoor chamber

where:
Qw = heat transfer through test wall
u QC = heat removed by indoor chamber cooling
E ’Qh = heat supplied by indoor electrical resistance heaters
Qfan = heat supplied by indoor circulation fan
Q, = heat loss/gain from laboratory
Qf = heat Joss/gain from flanking path around specimen

Since net energy into the control volume of the indoor chamber equals
zero, heat transfer through the test wall can be expressed by the follow-
ing energy balance equation:

O = Q¢ = Oy = Qeqp - 0y - O (1

The need for cooling 1n the indoor chamber results from requirements
for dynamic tests. [n cases where outdoor temperatures exceed indoor
temperatures, cooling capacity s required to maintain indoor temperature
controi.

Indoor chamber cooling equipment operates c¢ontinuously and 1s designed
to remove heat at a constant rate. Control of indoor chamber temperature
is obtained by varying the amount of input heat required to balance the
amount of heat removed by the refrigeration system, the amount of heat

that flows through the test specimen, and the amount of heat lost to lab-

oratory space.
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Control Volume

Qutdoor { Climatic ) Indoor ( Metering)
Chamber Chamber

Fig. 3 Indoor (Metering) Chamber Energy Balance
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The following are brief descriptions of calibration procedures.

Details are available in Reference 5-and individual wall reports.

Calibration Prior to November 1981
Correction for indoor cooling and laboratory losses was accomplished
by performing base calibration tests immediately before and after each
steady-state and dynamic test. Base calibration tests were steady-state
tests with indoor and outdoor chamber temperatures held at approximately
| 73°F (23°C). These tests provided a measure of "base calibration” energy,

Q. - Q. for the system.

c

Heat TJosses to 1laboratory space were minimized by keeping indoor
chamber air temperature near laboratory temperature. In addition, losses
were accounted for since the base calibration test was run at essentially
the same indoor chamber and laboratory temperature as that for the steady-
state or dynamic test being evaluated.

A watt-hour transducer was used to measure heat supplied to the indoor
chamber by heaters and a fan, Qh + Qfan'

Flanking 1oSses, Qf, were neglected. Tests perfbrmed on a fiberglass
board wall with a known R-value approximately the .ame as that of test

specimens showed that neglecting flanking losses did not adversely affect

test results.

Calibration After November 1981

Steady-state calibrated hot box tests of two "standard® calibration
specimens were used to refine calculations of heat removed by indaor
chamber cooling, Qc’ and flanking Josses, Of. The first calibration

Specimen, S1, has a relatively low thermal resistance of 5.7 hroft2-°F/Btu

17~
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(1.0 m2-°K/w). It consists of 1.375-in. (34.9-mm) thick fiberglass and
was specially fabricated to insure uniformity.

The second calibration wall, S2, has a relatively high thermal resist-
ance of 17.3 hroft2-°F/Btu (3.0 m2-°K/W). Material for Specimen S2 was
selected as part of the ASTM Committee C16 Hot Box Round Robin program.
It consists of expanded polystyrene board that is specially produced and
cut to insure uniformity. Board faces are coated to provide surfaces
suitable for attachment of instrumentation.

Heat removed by indoor chamber cooling, Qc' was calculated from
refrigerant enthalpy and mass flow rate, assuming an ideal basic vapor
compression refrigeration cycle. Results from vsteady—state calibrated
not box tests on the two "standard" calibration specimens were used to
adjust for inefficiencites in the actual refrigeration cycle.

Losses from the indoor chamber to the laboratory, QQ, were calculated
from thermal properties of component materials making up walls and ceil-
ings of the indoor chamber and temperature conditions on the inner and
outer surfaces of the indoor chamber. Heat flux transducers mounted on
the inside surface of the indoor chamber were used to check calculations.
Indoor chamber air and laboratory air temperatures were generally main-
tained at the same nominal value, T72°F (22°C), to minimize laboratory
losses. Thus, the value of 01 is small relative to other terms of
the energy balance eguation.

A watt-hour transducer was used to measure heat supplied to the indoor
chamber by heaters and a fan, Qh # Qfan'

Heat loss or gain from flanking around the test specimen, va Wwas

determined from steadv-state tests of the "standard" calibration walls.

Since thermal conductance of each standard calibration wall is known,

-12-
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| Q  for a given steady-state test can be calculated using the following

W
- equation:
| 0, = A*Ce(t,-t,) (2)
where:
Qw = heat transfer through test wall, Btu/hr (Wehr/hr)
A = area of wall surface normal to heat flow, ft2 (m2)
C = average thermal conductance, Btu/hroft2-°F (W/mz-K)
t2 = average temperature of outside wall surface, °F (C)
t1 = average temperature of inside wall surface, °F (C)

Thus, Qf was determined from Eq. (1) using calculated values of Qw,

1 Q

c* and 02, and measured values of Dh and Qfan'

[ For both standard calibration walls, values of Q. were observed to

follow the relationship:

| Qp = 0.235 (t, - t) | (3)
where:
Qf = heat Joss or gain from flanking around test specimen, Wehr/hr
t2 = average temperature of outside wall surface, °F
t, = average temperature of inside wall surface, °fF

Since Of is the residual from Eq. (1), it may include other undetermined
(5)

losses from the indoor chamber.

USE OF MANUAL
In the section "Test Data", beginning on page 39 of this manual,
results for each wall are presented in tabular form, in Figures? and in
summary tables. Heat transfer characteristics of different wall assem-

blies can be easily compared by using figures and summary tables for each

~13-
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wall. Data presented in numerical form can be used to validate models or
analyze results.

Each table or figure designation in the "Test Data" section identifies
the wall tested and the type of data presented. Designation formats are

XX-Y
where
XX = wall tested
Y = table or figure type as described in Table 3 on the following
page.
For example, Table M1-4 summarizes steady-state test results for Wall M1.

If data for a particular table or figure type were not available for
a given wall assembly, that table or figure was omitted. However, the
numbering system applied to other tables or figures remains as listed in
Table 3. For example, Tables XX-5 and XX-6 on transient tests are not
included for all wall assemblies.

Data of different wall assemblies are easily comparable because table
formats are consistent throughout the manual. Table formats were not
altered when data were not available or headings were not applicable. In
these cases, columns and rows were left blank, not deleted. For example,
the t3 column of Table M1-7(a) is blank because internal wall tempera-
tures were not measured for Wall M1.

Contents of individual sections, tables, and figures are described in

the following paragrapns.

Description, Reference, and Wall Compositien

The first sheet of data for each wall assembly contains a brief wall

description, the reference report, and details of wall composition.

14
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TABLE 3 - TABLE AND FIGURE DESCRIPTIONS

Table or
Figure No. Description

Table XX-1%* 'Physica1 Properties of Wall at Time of Test

Table XX-2 Material Properties

Table XX-3 Design Heat Transmission Coefficients

Table XX-4 Steady-State Test Results

Table XX-5 | Transient Test Results

Table XX-6 | Summary of Transient Test Results

Table XX-7 Dynamic Test Results (Periodic) for NBS Test Cycle

Tables XX-8 'Dynamic Test Results (Periodic) for Test Cycles Other Than
thru XX-11 the NBS Cycle

Table XX-12 | Summary of Dynamic Test Results (Periodic), Thermal Lag

Table XX-13 Summary of Dynamic Test Results (Periodic), Reduction in
. Ampiitude

! Table XX-14 | Summary of Dynamic Test Results (Periodic), Energy
Requirements

Figure XX-1 ' Transient Test Results
Figure XA-2 Dynamic Test Results (Periodic) for NBS Test Cycle

Figures XX-3| Oynamic Test Results (Periodic) for Test Cycles Other Than
thru XX-6 | the NBS Cycle

* Characters in the "XX" position are wall designations.

15—
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Calibrated hot box test results for each assembly were originally pub-
Tished in the report listed as a reference.

In the section labeled "Composition," an isometric sketch illustrates
wall construction, and materials used for construction. Paints and wall
coatings used on wall surfaces are omitted from descriptions. This

information 1s available in individual wall reports.

Physical Properties aof Wall (Table XX-1)}

Table XX-1 1in the section for each wall assembly lists physical prop-
erties of the test specimen at the time of calibrated hot box tests.
Measured unit weight of the wall is listed in weight per unit area. Aver-
age thickness and wall area are measured dimensions of the calibrated hot
box test specimen. Measured wal) moisture content 1s listed for masonry

and concrete walls.

Material Properties (Table XX-2)

Walls were constructed using materials 7Tisted in the "Composition"
section on the first sheet of data for each wall assembly. When addi-
tional data are available on the properties of any construction material,
the additional data are listed in Table XX-2 of the section for each wall
assembly. In the case where more than one Material Properties Table may

exist for a given wall, Tables are designated XX-2(a), XX-2(b), etc.

Design Heat Transmission Coefficients (Table XX-3)

Design values of overall resistance and transmittance are shown in
Table XX-3 of the section for each wall assembly. These were calculated
in accordance with procedures established by the American Society of Heat-

ing, Refrigerating, and Air-Conditioning Engineers.(1)

216-
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Surface resistances were taken as 0.68 hr~ft2-°F/Btu (0.12 K-mz/w) for
inside and 0.17 hroft2-°F/Btu (0.03 K-mz/W) for outside. These values are
commonly used in design and are considered to represent still air on the
indoor wall surface and an air flow of 15 mph (24 ‘km/hr) on the outdoor
wall surface.

Resistances for construction materials were taken from the 1981 ASHRAE
Handbook of Fundamentals(]) or other similar 1istings of thermal prop-

erties. Resistances used in this table were not measured.

Steady-State Test Results (Table XX-4)

Steady-state tests were conducted by maintaining constant indoor and
outdoor chamber temperatures. Results were calculated from data coilected
when specimen temperatures reach equilibrium and the rate of heat flow
through the test wall was constant.

Results of steady—staté tests are summarized in Table XX-4 cof the sec-
tion for each wall assembly. For tests performed prior to October 1979,
results are averages of data collected at one, two, or four hour inter-
vals. Results are averages of data collected at two hour intervals for
tests performed in the period from November 1979 through April 1980. for
tests performed after April 1980, results are hourly averages of sixteen
consecutive hdurs of data.

The first column of Table XX-4 Tists the mean wall temperature, tm’
during each steady-state test. Mean wall temperature is determined from
the average of the indoor and outdoor wall surface temperatures.

The second column shows wall heat flux determined from each calibrated

hot box test.

17-
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The third and fourth columns 1ist overall thermal resistance and
transmittance coefficients calculated using measured values of heat flux
and the design surface resistance coefficients given in Table XX-3.
Design heat transmission coefficients, from Table XX-3, are shown in the
last row of Table XX-4 for comparison.

Outdoor air, outdoor surface, indoor air, and indoor surface tempera-
tures are average readings of 16 thermocouples placed in the uniform grid
described in the "Basic Instrumentation" section of this manual. For the
three concrete walls, C1, C2, and €3, internal temperatures are the aver-
age readings of 16 thermocouples embedded in the concrete approximately at
midthickness.

Average measured relative humidities for the indoor and outdoor cham-
bers are listed. Relative humidity within the two chambers is not con-
trolled by Construction Technology Laboratories' (CTL's) calibrated hot
box. However, relative humidity has been measured for most tests per-
formed-sﬁnce October 1979.

Maximum and minimum laboratory air temperatures obtained during each
steady-state test are also listed in Table XX-4. The laboratory acts as
a guard for the indoor chamber for tests conducted in CTL's calibrated hot
box. Therefore, maintaining a small temperature differential between the
laboratory air temperature and the indoor chamber air temperature mini-
mizes heat loss to and from the indoor chamber. For example, the steady-
state test performed on Wall €1 at a mean wall temperature of 37°F (3°C),

had heat loss from the indoor chamber to the laborateory, Q

g’ equal to 0.5%

of the total heat flow through the wall, Qw'

~-18-
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Transient Test Results (Fig. XX-1, Tables XX-5 and XX-6)

Time required for a wall toc reach a steady-state condition can be
determined from transient tests. This time 1is affected by both thermal
resistance and heat storage capacity of the test wall.

Results of a transient test are determined from data collected in the
period of time between two steady-state tests. After a wall is in a
steady-state condition, denoted time 0, the outdoor chamber temperature
setting is changed. The transient test continues until the wall reaches
an equilibrium for the new outdoor chamber air température. The rate of
heat flow through a test specimen is determined from hourly averages of
data. Transient tests were performed on Walls c1,yc2, and C3 only.

Figure XX-1 in the sections for Walls C1, €2, and C3 {llustrates
measured temperatures, temperature differentials, and heat flux through
the wall for a transient test. Tables XX-5(a) and XX-5(b), respectively,
1ist measured temperatures and heat flux 1in U.S. units and SI units.
Values are shown as a function of time.

Table 4 lists brief descriptions of symbols used in test data figures
and tables. Symbols are described more thoroughly in the "Oynamic Test
Results" section of this report.

Table XX-6 for each wall assembly lists time required to reach 99.5,
95, and 90% of the final steady-state heat flux achieved during a tran-
sient test. Results show steady-state predictions underestimate the
amount of time required for massive walls to reach steady-state

conditions.

Dvnamic Test Results

Dynamic tests are a means of evaluating thermal response under con-

trolled conditions that simulate temperature changes actually encountered

219~

construction lechnoiogy laboratories



TABLE 4 - ABBREVIATIONS

1]

Ut heat flux measured by nheat flow meter mounted on indoor wall
surface
qﬁfm = heat flux measured by heat flow meter mounted on outdoor wall
surface
qﬁfm = heat flux measured by heat flow meter mounted on indoor surface of
a nonhomogeneous wall, at a stud or furring strip
q;¥m = heat flux measured by heat flow meter mounted on indoor surface of
a nonhomogeneous wall, between studs or furring strips
Qpg = heat flux calculated using a Response Factor Program
q = heat flux predicted from steady-state analysis
q,, = heat flux measured by calibrated hot box
t1 = indoor chamber air temperature

t, = wall surface temperature, indoor side

t3 = internal wall temperature at approximate midthickness

t2 = wall surface temperature, outdoor side

t0 = putdoor chamber air temperature

tm = average of wall surface temperatures on indoor and cutdoor side
-20-
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in building envelopes. Response of walls to temperature changes is a
function of both thermal resistance and heat storage capacity.

Dynamic tests were conducted by maintaining calibrated hot box indoor
air temperature constant while outdoor air temperatures were cycled over
a predetermined time versus temperature relationship. The rate of heat
flow through a test specimen was determined from hourly averages of data.

One 24-hour (diurnal) temperature cycle, denoted the NBS test cycle,
was applied to every wall tested in the calibrated hot box. This cycle
was based on a simulated sol-air* cyc]é used by the National Bureau of
Standards in their evaluation of dynamic thermal performance of an experi-

(6)

mental masonry building. It represents a 1arge variation in outdoor
temperature over a 24-hour period. The mean outdoor temperature of the
cycle was approximately equal to the mean indoor temperature. The use of
this cycle permits the comparison of results with those from other wall
! assemblies, | | |
Additional sol-air diurnal temperature cycles were performed on most
test specimens. A description of dynamic temperature cycles and corre-
sponding test walls is given in Table 5. Additional information on test
cycles is available in individual wall reports.
For all tests, dynamic cycles were repeated until conditions of equi-
1ibrium were obtained. Equilibrium conditions were evaluated by consist-

ency of applied temperatures and measured energy response, £Each test

required approximately four to six days for completion. After equilibrium

*Sol-air temperature is that temperature of outdoor alr that, in the
absence of all radiation exchanges, would give the same rate of heat
entry into the surface as would exist with the actual combination of
incident solar radiation, radiant energy exchange, and convective heat

( exchange with outdoor air.{]
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TABLE 5 - CALIBRATED HOT BOX DYNAMIC TEMPERATURE CYCLES

Test Cycle Walls Tested
Designation Using Cycle Cycle Description
NBS A1l Walls Used by NBS in evaluation of dynamic
thermal performance of an experimental
masonry building.(8) See text.
Orlando January M5,F4 Average sol-alir temperature conditions
for Orlando, Florida in January.
Orlando January { M5,F4 Similar to the Orlando January cycle
Modified but with warmer simulated nighttime
temperatures.
Orlando April M5,F4 Average sol-air temperature conditions
for Orlando, Florida in April.
Orlando August M5,F4 Average sol-air temperature condifions
for Orlando, Florida in August.
Phoenix January | M6,M7,M8,F5 Average 30-year sol-air temperature

Phoenix April

Phoenix August

NBS+10

NBS-10

M6, MT,M8,F5

M&,M7,M8,F5

ct1,C2,C3

€1,C2,C3

conditions for Phosnix and Tucson,
Arizona on January 21.

Average 30-year sol-air temperature
canditions for Phoenix and Tucson,
Arizona on April 21.

Average 30.year sol-air temperature
conditions for Phoenix and Tucson,
Artzona on August 21.

Similar to NBS cycle, but outdoor
temperatures increased by 10°F (6°C).

Similar to NBS cycle, but outdoor
temperatures decreased by 10°F (6°C).
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conditions were reached, tests were generally continued for a period of
three days. Results are based on average readings for at least three

consecutive 24-hour cycles, unless otherwise noted.

Hourly Test Data (Figures XX-2 thru XX-6, Tables XX-7 thru XX-11)

Measured temperatures, temperature differentials, and heat flux for
the NBS test cycle are 11lustrated in Fig. XX-2 and listed in Table XX-7
of the section for each wall assembly. Figures XX-3 through XX-6 and
Tables XX-8 through XX-11 give results from other test cycles, when
available.

Brief descriptions of symbols used in figures and tables are listed
in Table 4. Symbols are described 1in detail in the following para-
graphs. Tables denoted XX-Y(a) and XX-Y(b) 1list results in U.S. and SI
units, respectively.

Measured Temperatures. OQutdoor air (to), ocutdoor surface (tz), indoor

air (tﬁ), and indoor surface (t1), temperatures are average readings of 16
thermocouples placed in the uniform grid described in the "Basic Instru-
mentation” section of this manual. For the three concrete walls, €1, C2,

and (3, 1internal temperatures (t are the average readings of 16

3)
thermocouples embedded 1n the concrete approximately at midthickness.
Values are listed in Tables XX-7 through XX-11 and illustrated in the

portion of Figs. XX-2 through XX-6 denoted (a).

Temperature Differentials. Air-to-air (to-t?), surface-to-surface
(tz—t1), and surface-to-air (tg»tz,t]mti) temperature differentials are

i1lustrated in the portion of Figs. XX-2 through XX-6 denoted (b).

-23-
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Heat Flux. Measured and calculated heat flux values are listed in
Tables XX-7 through XX-11 and illustrated in the portion of Figs. XX-2
through XX-6 denoted (c). Heat flux is positive when heat flows from the
outdoor chamber to the indoor chamber.

Heat flux determined from calibrated hot box tests is denoted Ay

Heat flux measurements were also determined using 4x4-in. (102x102-mm)
heat flow meters. Measurements from heat flow meters located on indoor
and outdoor wall surfaces were denoted Them and qﬁfm’ respectively. Mea-
surements for heat flow meters located on the indoor surface of nonhomo-

geneous walls were denoted qﬁ if the meter was located at a stud or fur-

fm

111

ring strip, and I fm if the meter was Jlocated between studs or furring
strips. Heat flow meter data were calibrated using results of steady-
state calibrated hot box tests for the given wall. Heat flow meters were
not used on all wall assemblies.

Values of heat flux calculated using a response factor program are
denoted Trg- These values were supplied by Ken Childs of 0ak Ridge
National lLaboratories. Values were calculated using a Response Factor
Program developed at the National Bureau of Standards. Indoor and outdoor
chamber air temperatures from calibrated hot hox tests were used as input
to the Response Factor Program.

Heat flux predicted by steady-state analysis is denoted e Values
were calculated on an hourly basis from wall surface temperatures using
the following equation:

G55 = (Lt /R (1)
where:

q = heat flux through test wall predicted by steady-state

SS
analysis, Btu/hr-ft2 (W/mz)
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R = average thermal resistance, hr-ft2~°F/Btu (m2-K/W)
t2 = average temperature of outdoor wall surface
t average temperature of indoor wall surface

—d
it

Wall resistances are derived from steady-state calibrated hot box test
results. Measured wall resistance is equal to the total resistance, RT’
Tisted in Table XX-4 for each wall assembly, minus the sum of the design
alr film resistance, 0.85 hreft2.°F/Btu (0.15 Kem*/W).

Tables XX-7 through XX-11 also footnote the calibrated hot box indoor

and outdoor chamber relative humidities, and maximum and minimum labora-

tory air temperatures measured during tests.

Thermal Lag (Table XX-12)

Thermal lag is a measure of the response of both indoor surface tem-
peratures and heat flow to f]uctuations'in outdoor air temperature. Lag
is re]atedvtc the ratio of the wall's ability to store energy to its
ability to conduct energy.

For each dynamic test cycle, Table XX-12 1ists values of thermal lag
determined from measured calibrated hot box test results, measured heat
flow meter readings, and response factor calculations. <Calibrated hot box
thermal lag s quantified by two methods. In one measure, denoted to vs
t1, lag was calculated as the time required for the maximum or minimum
indoor surface temperature to be reached after the maximum or minimum out-
door afir temperature was attained. In the second measure, denoted Geg VS

q lag was calculated as the time required for the maximum or minimum

w’

heat flow rate, ¢ to be reached after the maximum or minimum heat flow

w’

rate based on steady-state predictions, g was attained. This is 117us-

ss5’

trated in Fig. 4. Both measures give similar results. The second
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measure was used to determine thermal lag for heat flow meter data and
response factor calculations.

The time constant for each wall assembly is also listed in Table XX-12
for each wall assembiy. A time constant is a theoretical value of heat
flow delay calculated from the conductivity, specific heat, density, and
thickness for each layer of building material in a wall system.

If the difference in temperature across a wall is changed abruptly
from the steady-state condition, as in a step change, then the heat flow
through the wall will equal 63.2% of the next steady-state equilibrium
heat flow after a time period equal to the time constant.(7)

The following equation was used to calculate time constants:(7)

ay N 2
te = 5| I(g.K) (5)
1 N=1
where:
tc = characteristic time constant of building compenent, hr (s)
9, = (an/ak)]/z, conversion constant adjusting thickness of layer to

make material uniferm throughout wall
a, = rncndn’ reciprocal of diffusivity of n-th layer, hr/ft2 (s/mz)
a =3, at layer k chosen for normalization
r = resistivity of n-th laver, or recliprocal of conductivity of n-th

layer, hr=ft-°F/Btu (m-K/W)

¢ = specific heat of n-th layer, Btu/lbe°F (J/kg-K)

n ) 4
d, = density of n-th layer, Wb/FES (kg/m)
xn = thickness of n-th layer, ft (m)

When available, measured thermal properties listed in Table XX-2 1in

the section for each wall assembly were used to calculate time constants.

-27-
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Properties from the 1981 ASHRAE Handbook of Fundamenta]s(]) were used
when measured values were not available.
Details on the derivation, calculation, and significance of time

constants are available in Reference 7.

Reduction in Amplitude (Table XX-13)

Table XX-13 in the section for each wall assembly lists reduction in
amplitude values for each dynamic temperature cycle. Percent reduction
in amplitude is defined as the percent reduction in peak heat flow when
compared to peak heat flow predicted by steady-state analysis. Values

for percent reduction in amplitude were calculated using the following

equation:
A= [1-(q" - q)/(a;, - G, )]1-100 (6)
where:
A = percent reduction in amplitude
q' = maximum or minimum heat flow fhrough wall
q = mean heat flow through wall
q;s = maximum or minimum heat flow through wall predicted

by steady-state analysis

mean heat flow through wall predicted by steady-state

Lt
H

$5
analysis

Reduction in amplitude is 11lustrated in Fig. 4 of this section.

Actual maximum heat flow through a wall is important in determining
the peak energy load for a building envelope. If peak heat flows are
reduced, peak energy demands will decrease. Storage capacity as well as
thermal transmittance of e2ach wall in a building envelope influences peak

energy requirements.

_28.
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Amplitudes for heat flow meter data, Oheme 37€ generally not the same
as those for measured heat flow, a,- On a nonhomogeneous wall, amplitudes
differ due to location and limitations of heat flow meters. Amplitudes
also differ because of the physical effect of a heat flow meter mounted on
awall. A wall's thermal properties are altered at the location of a heat
flow meter. Heat flow meter calibration using steady-state results does

not correct for dynamic effects of the meter location.

Energy Requirements (Table XX-14)

Results of dynamic tests were also compared using measures of energy
expended in nmjntaining constant indoor temperéture while outdoor tem-
peratures were varied. Energy expended is a measure of heat flow through
the test wall.

It should be noted that comparison of measured energy values for the
test walls is Timited to specimens and dynamic cycles evaluated in this
program. Results are for diurnal test cycles and should not be arbitrar-
11y assumed fo represent annual heating and cooling loads. 1In addition,
results are for individual opaque wall assemblies. As such, they are
representative of only one component of the building envelope.

Two parameters were derived as measures of energy expended, or heat
flow through test walls, during dynamic cycles. These are i1lustrated in
Fig. 5. The curve marked “qw“ is a measure of heat flow through the test
wall. Results were corrected for heat extracted by indoor cooling, for
heat transfer tc laboratory space, and flanking losses.

Areas within "loops®" of the measured energy curves were used to pro-

vide an indication of total energy expended. These areas are denoted as

29

construction technology laboratories



40 - - 120

~ 100
30 -

- 80
20 - 80

Heat Flux, Heat Flux,
Btu W
hl"f?z mz

4 -60
— —~80
-30
- —i00
-~ —120
—40
- —140
-850 | 1
0] 8 16 24

Time , hour

Fig. 5 Definition of Measured Energy

construction technology laboratories



q$+ and qé“ in Fig. 5. The sum of the absolute values of positive and
negative areas is taken to represent total energy over a 24-hr period.
This value is denoted as a qi in Table XX-14 for each wall assembly.

A similar procedure %s used to calculate total energy over a 24-hr
period for measured heat flow meter data, response factor calculations,
and predictions based on steady-state analysis. These are also denoted
by the superscript "T* in Table XX-14 for each wall assembly.

"Total Energy Comparisons" 1ist méasured enerdgy and response factor
calculations as a percentage of predicted energy based on steady-state
analysis.

Net energy for a 24-hr periodic cycle is equal to the sum of hourly
measured rates of heat flow. These values can be found by totaling values
of "q" from columns of Tables XX-7 through XX-11. Net energy values are
denoted by the superscript *N*® in Table XX-34.

“Net Energy Comparisons® 1ist measured energy and response factor
calculations as a percentage of predicted energy based on steady-state
analysis. Measured calibrated hot box net energy and net energy based on
respaonse factor calculations theoretically should be equal to net energy
based on steady-state predictions. Differences between net energy meas-
ured using the calibrated hot box and net energy based on steady-state
predictions may be attributed to inaccuracies in calibration procedures.
These procedures are described in the "Calibration Procedures" section of
the manual.

wWhen the first set of calibrated hot box tests were performed in 1978,
CTL maintained the only hot box in North America with the capability to

perform tests under dynamic temperature conditions. 3Since procedures for

-3~
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reducing data from dynamic calibrated hot boxes with indoor chamber cool-
ing have not been defined in industry standards, CTL has continually
refined analysis procedures and added equipment to increase accuracy of

test results.

Tests Performed on Wall Assemblies

Steady-state, transient, and dynamic tests performed on each wall
assembly are listed in Table 6. Transient tests were not performed on

all specimens.
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TABLE 6 - STEADY-STATE, TRANSIENT, AND DYNAMIC TESTS
PERFORMED ON EACH WALL ASSEMBLY

Steady-State Transient Dynamic
Wall Mean
Temperature,
Wall Wall Mean °F (°C)
Besignation Wall Descripiion Temperature, Test
°F (°C) Cycle
@ Test | @ Test Designation
Start End
M1 B8-in. (203-mm) Medium Weight 55 (13) —-— - NBS
Concrete Block 84 (29)
M2 B8-in. (203-mm} Medium Welght 98 (37) — - NBS
Concrete Block with Insulation 84 (29)
in Cores 55 (13)
33 (1)
M5 8-in. {203-mm) Normal Weight 35 (2) - - NBS
Concrete Block with Reflective 160 (38) Orlando January
Insutation Oriando Jan. Mod.
Orlando April
Orlando August
Mo 8-in. (203-mm) Lightweight Concrete 102 (39) - - NBS
Block with Insulation on Inside 8 (3) Phoenix January
Surface Phoenix April
Phoenix August
M7 6-in. (152-mm) Lightweight Concrete 102 (39) - - NBS
Block with lnsulation on Inside 38 (3) Phoenix January

Surface

Phoenix April
Phoenix August
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TABLE 6 -

{Continued)

Steady-State Transient Dynamic
Wall Mean
Temperature,
Wall Wall Mean °F (°0)
fesigration Wall Description Temperature, Test
°F (°0) Cycle
@ Test ] @ Test Designation
Start End
M8 B-1n. {(203-mm) Normal Weight 102 (39) - —-— NES
Concrete Block with Insula- 39 (4) Phoenix January
tion on Inside Surface Phoenix Aprii
Phoenix August
M3 10-1n. {254-mm) Block-Brick 97 (36) - - NBS
Cavity Wali 83 (28)
56 (13)
356 {12)
M4 16-4n. (254-mm) Bliock-Brick 98 {37} -- - NBS
Cavity Wall with Insulation 84 (27
in Cavity 55 (13}
33 {1
Ci B-4n. (203-mm) Normel Weight 37 (3) 13(23) 3713 NBS
Concrete 55 {13) NBS+10
101 (38) NBS-10
g2 8-in. {203-mm) Structural 34 (1) 73(23) 34(1) NBS
Lightweight Concrete 52 {11) NBS+10
88 (31) NBS-10
99 (37)
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TABLE 6 -

{Continued)

Steady-State Transient Dynamic
Wall Mean
Temperature,
Wall Wall Mean °F (°C)
Designation Wall Description Temperature, Test
°F (°C) Cycle
@ Test | @ Test Designation
Start End
€3 8-in. (203-mm) Low Density 53 (11) 73(23) | 31{-1) NBS
Concrete 89 (32) NBS+10
100 (38) NBS-10
F3 2x4-In. (51x102-mm} Wood Frame 98 (37) - -— N8BS
with R-11 Fiberglass Insulation 84 (29)
and Cedar Siding 55 (13)
33 (0)
Fé4 2x4-1n. (51x102-mm) Wood Frame with 32 (1) - - NBS
R-11 Fiberglass Insulation and 54 (12) Ortando January
Cedar Siding 100 (38) Orlando Jan. Mod.
Orlando April
Orlando August
F5 2x4-in. (51x102-mm) Wood Frame with 102 (39) - - NBS
R-11 Fiberglass Insulation and 38 (3) Phoenix January
Hardboard Siding Phoenix April
Phoenix August
Vi 10-in. (254-rm) Brick Veneer 89 (31) - - NBS
84 (29)
55 (13)
33 (B)
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WALL M1: 8-IN. (203-MM) MEDIUM WEIGHT CONCRETEZ BLOCK

.DESCRIPTION: Medium weight 8-in. (203-mm) hollow core concrete block
wall,
REFERENCE: Fiorato, A. E. and Cruz, C. R., “Thermal Performance of

Masonry Walls," Researcn and Development Zulletin RDO71,
Portiand Cement Association, Skokie, 1980, 17 pages.

COMPOSITION:

1. B8x3x16-in. (203x203x406-mm) Medium Weight Hollow
Core Concrete Block - 2 cores per block

2. Type M Mortar: one part portland cement, one-
quarter part lime, and three parts masonry
sand by volume

TABLE M1-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST

Measured

Property Value

Unit Weight, psf (kg/m?) 40.1
{196)

Average Thickness, in. (mm} 7.6
(193)
Area, ftZ (mZ) 72.64
(6.75)

Moisture Content,* % by Q.6

ovendry weight

*Measured on masonry, including mortar joints,
after test.

~-471~
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TABLE M1-2 - MATERIAL PROPERTIES, MEDIU

property

e ——————

percent Solid yolume

e ————

e ____———___.—-—-—-.,___——-———-]

Test Method

——1

Specimen
Condition

standard Dimensions, 1n. {mm)

Measured Dimensions, in. {(mm)

gvendry Unit wWeight, pcf (kg/m3)
Moisture Content, % ovendry weight

Absorption, % ovendry weight

ASTM €140 --

ASTH C140 --

ASTH C140 -

— —

Mean

Temperature,

°f
(°€)

M WEIGHT CONCRETE BLOCK

Measured
Value

_._.__——-———_-—-,___....__———_._._-—

7_5/8x7-5/8x15-5/8
(194x194%397)

49
115
(1942)

G.d

10.1




TABLE M1-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS

R

Component Tnermal Resistance

hr~£t2-°F/Btu
(m™-K/W)

1. Outside Air Film 0.17
(0.03)

2. 8x8x16-in. (203x203x406-mm) Hollow 1.52%
Core Block (0.27)

3, Inside Air Film 0.638
(0.12)

Total R 2.37
(0.42)

Total U 0.42
| (2.38)

: *Source: Tables of U~Values for Concrete Masonry Walls, NCMA-TEK
} 67, National Concrete Masonry Association, MclLean,
‘ Virginia, 1975.
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TABLE M1-4 - STEADY-STATE TEST RESULTS

Measured Temperatures,

q °F .
Ry, u, Relative taboratory
Heat Flux, (°C) Humi di ty*x Air Temperature
Nominal Test
3 Iy M * °
Condition Btu/hr'ftz hr-ft2~°F/atu Btg/hr-ft2-°F t0 tz t3 t] ti Indoor | Gutdoor | Max. Min.
Outdoor | Qutdoor | Internal Indoor | Indoor |Chamber, | Chamber, :F °F
[ ¥al
(w/mz) (mZ-K/w) (w/mz-K) Air Surface Surface Air % * 0 )
ty = 55°F -14.0 2.65 0.38 36 42 - 67 70 - - 69
{13°0) {-44.3) (0.473 {2.14) {2) {63 (19} 2% (22) 1 @2n
ty = 84°F 7.80 2.93 0.34 95 92 - 76 i3 - -~ 13 N
{29°C) (24.6) {6.52) {1.84) (35} (33) {24) {23) (23}t (22)
Design Values -~ 2.37 0.42 - - - - - - - - -
{0.42) {2.38)

*Interral thermocouples

**Relative humidity was n

were not used for this wall assewbly.
ot measured for this wall assembiy.
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TABLE M1-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
. oF Btu/hr'ft2 Btu/hr'ft2
Time,
hr 1
Infm™* { Gnfm™”
%o t2 ty** 4 t A HFM @ | HFM @ Qr* > Ass
Outdoor | Outdoor | Internal | Indoor | Indoor { Calib. | Indoor |Outdoor |Response | Steady-
Air - Surf, Surf. Air | Hot Box} Surf. | Surf. Factor |State
1 48.7 54.6 70.3 71 ~2.77 -8.14
2 47.8 53.4 69.8 71.0 -4,20 -8.54
3 47.6 52.7 69.4 70.9 ~5.53 ~8.67
4 48.0 52.6 69.0 70.4 -5,28 -8.50
5 51.1 53.8 68.8 70.5 -6.81 -7.79
6 66.2 63.0 68.8 70.5 -7.12 -2.97
7 74.1 69.7 69.2 70.4 ~6.61 0.26
8 81.9 76.3 70.1 70.9 ~-5.28 3.24
] 89.0 82.5 71.0 7.1 -3.34 5.98
10 94.8 87.9 72.0 71.2 -1.25 8.28
11 98.3 91.7 73.1 71.6 1.30 9.71
12 103.0 95.8 73.9 n.7 3.40 11.35%
13 109.5 101.2 74.7 71.7 5.72 13.74
14 108.0 102. 75.7 72.2 7.9 13.77
15% 104.4 100.6 76.2 72.3 9.35 12.65
16* 97.8 96.8 76.5 72.2 10.78 10.55
17 87.8 90.3 76.5 72.6 11.16 7.2%
18 74.7 80.8 76.0 72.7 10.37 2.49
19 66.6 73.3 75.0 71.8 8.93 -0.85
20 63.5 69.2 73.8 71.4 €.91 ~2.43
21 62.3 66.8 73.0 71.8 4.32 -3.22
22 59.0 64,2 72.2 1.4 2.07 -4.16
23 51.3 58.4 7.5 71.1 0.55 -6.82
24 50.1 56.3 70.9 71.3 ~-1.10 -7.62
Mean 74.4 74.8 72.4 7i.4 1.35 1.23:

*Data are 2-day averages, not 3-day averages, of test results.
**[nternal thermocouples and heat flow meters were not used on this wail assembly.
***Rasponse factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - Not measured for this wall assembly

Outdoor Chamber - Nat measured,for this wall assembly

Laboratory Air Te

Max.

72°F (22°

mgerature:
C

Min. - 70°F {21°C)

47 -
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TABLE MI1-7(b) - DYNAMIC TEST RESULTS (PERIODIC), N8S TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,

. °C N/mz N/mz
Time,

hr ‘

™™ | Ghfm™™
to t2 t3** 3 i %y WMo | wmoe | 9 | Ass
Qutdeor | Outdoor | Internal | Indoor |Indocr | Calib. |Indoor | Outdoor |Response Steady-
Air Surf. Surf. Air |Hot Box { Surf. Surf. Factor | State
1 9.3 12.6 21.2 21.7 -8.14 -25.68
2 8.8 11.9 21.0 21.7 {-13.24 ~26.93
3 8.7 11.5 20.8 21.6 {-17.44 -27.35
4 8.9 11.5 20.5 21.4 [-19.81 -26.81
5 10.6 12.1 20.5 21.4 |-21.49 -24.58
5 19.0 17.2 20.4 21.4 1-22.47 -9.338
7 23.4 21.0 20.7 21.4 (-20.84 0.82
8 27.7 24.6 21.2 21.6 {-16.65 10.23
9 31.7 28.1 21.7 21.7 {-10.52 18.86
10 34.9 3N 22.2 21.8 ~3.95 26.11
1 36.8 33.2 22.8 22.0 4,10 30.63
12 39.5 35.4 23.3 22.1 10.72 35.78
13 43.0 38.4 23.7 22.1 18.03 43,34
14 42.2 39.0 24.3 22.3 24.94 43.44
15% 40.2 38.1 24.6 22.4 29.49 39.90
16* 36.5 36.0 24.7 22.3 34,01 33.26
17 31.0 32.4 24.7 22.6 35.22 22.73
18 23.7 27.1 24.4 22.6 32.70 7.85
19 19.2 23.0 23.9 22.1 28.16 -2.67
20 17.5 20.7 23.3 21.9 21.78 -7.66
21 16.8 19.4 22.8 22.1 13.63 -10.15
22 15.0 17.9 22.3 21.9 6.52 -13.12
23 10.7 14.7 21.9 21.7 1.73 -21.50
24 10.1 13.5 21.6 21.8 -3.46 -24.02
Mean 23.6 23.8 22.4 21.9 A.27 3.88

*Data are 2-day averages, not 3-day averages, of test results.
**Internal thermocouples and neat flow meters were not used on this wall assembly.
***Response factor analysis was not performed for this wall assembly.

w8 construction techinology laboratories
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TABLE M1-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIOBIC), THERMAL LAG

Thermal Lag, hrs

Measured Calculated Calc.

Test Time
Calibrated Hot Box Heat Flow Meter* Response Factor** | Constant,
Cycle hrs
to vs t1 U vs qw qss VS At qss VS Qg
Avg. Avg. Avg.
@ Max.] @ Min. | @ Max. | @ Min. @ Max. | @ Min. @ Max.| @ Min.

N8BS 3.5 2.5 3 3 3 - -~ - - - - 6.9

*Heat flow meters were not used on this wall assembly.
x*Response factor analysis was not performed for this wall assembly.

TABLE M1-13 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), REDUCTION IN AMPLITUDE

Measured, % _ €alculated, %
; g?i%e Calibrated Hot Box Heat flow Meter* Response Factor**
@ Max.| @ Min. | Avg. | @ Max. | @ Min.| Avg. | @ Max. | @ Min. | Avg.
-
NBS 22 14 18 - - - - - -

*Heat flow meters were not used on this wall assembly.
xxResponse factor analysis was not performed for this wall assembly.
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TABLE M1-14 - SUMMARY OF DY

NAMIC TEST RESULTS (PERIOBIC), ENERGY REQUIREMENTS

Total Energy, fotal gnergy Net Energy, Net E?ergy
Comparisons, Comparisons,
Btu/ftz (W'hr/mz) % Btu/ftz (N'hr/mz) %
Test
Cycle Measured Calculated ¥ ¥ b Measured Calculated M N N
qw thm qrf qw thm qrf
T 7 ox T k% T 7 T T M N ¥ N xk cN N N N
9% thm qrf qss qss qss qss qw thm qrf lss qss 9s %s
N8S 1331 1689 79 32.5 29.5 110
{420} {533} {102.5) (93. 1}

*Heat flow meters were not u
**Response factor analysis wa

sed on this wall assenbly.
s ot performed for this wall assembly.




WALL M2: 8-IN. (203-MM) MEDIUM WEIGHT CONCRETE
BLOCK WITH TNSULATION IN CORES

DESCRIPTION: Medium weight 8-in. (203-mm) hollow core concrete block
wall with loose-fill insulation in cores.

REFERENCE: Fiorato, A. E. and Cruz, C. R., "Thermal Performance of
Masonry Walls," Research and Development Bulletin RDO71,
Portland Cement Association, Skokie, 1980, 17 pages.

COMPOSITION:

1. 8x8x16-in. (203x203x406-mm) Medium Weight Hollow
Core Concrete Block - 2 cores per block

2. Silicone-Treated Perlite Insulation Loose
unit weight of 6.1 pcf (97.7 kg/m3)

3. Type M Mortar: one part portland cement, one-
quarter part lime, and three parts masonry
sand by volume

TABLE M2-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST

Measured

Property Yalue

Unit Weight, psf (kg/m2) 40.9
(200}

Average Thickness, in. (mm) 7.6
(193)

Area, ft2 (m2) 72.64
(6.75)

Moisture Content,* % by 0.6

ovendry weight

*Measured on masonry, including mortar joints,
after test.

construction technology laboratories
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TABLE M2-2 - MATERIAL PRCPERTIES, MEDIUM WEIGHT CONCRETE BLOCK

Property

Test Method

Specimen
Condition

Mean
Temperature,
°F
{°0)

Measured
Value

Standard Dimensions, in. {mm)
Measured Dimensions, in. {mm}
Percent Sciid Volume

Ovendry Unit Weight, pcf (ka/m3)
Moisture Content, % ovendry weight

Absorption, % ocvendry weight

ASTM C140

ASTM (140

ASTM C140

7-5/8x7-5/8x15-5/8
{194x194x%x397)
49
115
{1842)

G.8

10.1




TABLE M2-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS

R,
Component Thermal Resistance
hr- ££2- °F /Btu
(mz-K/w)
1. Qutside Air Film 0.17
(0.03)
2. 8xBx16-in. (203x203x4056-mm) Hollow 4,00*
Core Block with Perlite Loose - {D.70)
Fill Insulation
3. Inside Air Film 0.68
(0.12)
‘ Total R 4.85
J (0.85)
Total U 0.21
(1.18)

*Source: Tables of U-Values for Concrete Masonry Walls, NCMA-TEK
57, National Concrete Masonry Association, Mclean,
Virginia, 1975.

-53-
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TABLE M2-4 - STEADY-STATE TEST RESULTS

Measured Temperatures,
4 °F X
Ry, u, Relative Laboratory
Heat Flux, {°C) Humiditysx Air Temperature
Nominal Yest
. . * .
Condition Btu/hr~ft2 hr-ft2'°F/Btu Btu/hr'ft2~°5 A tz t3 t] ti Indoor | Outdoor | Mayx. My?.
Outdoor | Outdoor | Internal | Indoor | Indoor | Chamber, | Chamber, | °F °F
on °
(w/mzj (mz-K/WB (W/mz-xj Air Surface Surface Air * L e 0
ty = 98°F 12.9 4.24 0.24 123 120 - 16 12 - - 131 13
(37°¢C) {40.%} {0.7%) {1.34) &3] (49) (24) (22} (23) | (23)
ty = 84°F 4.1 4.99 0.20 95 94 - 14 12 - - 71 10
(29°c) (14.9) {0.88) {1.18) {35) (34) (23) {22) (22) | 21
ty = 55°F 8.2 4.35 0.22 37 41 - 69 11 - ~ £9 b7
(13°C) {-25.9) GRS (1.30) {33 {5 2n (22} @@ui 9
ty = 33°F -17.6 4.54 ¢.22 -5 ] - 66 10 ~ - 10 59
{1°0) {-55.5) {0.80) (1.25) =21 -1 (19) 2n 21 | @2
Design Values - 4.85 6.1 - - - - - - - - _
{0.85) {1.18)

*Internal thermocouples were not used for this wall assembly.
**Relative humidity was not measured for this wail assambly.
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TABLE M2-7{a) - DYNAMIC TEST RESULTS (PERIODIC), MBS TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
Time, °oF Btushr-ft Btu/hr-ft
hr .
U™ | Inem™*
£ tp t3** Y t Gw HEM @ | HFM @ qrf*** dss
Outdoor | Outdeor |Internal | Indoor | indoor | Calib. | Indoor | Outdoor | Response | Steady-
Air Surf. Surf. Air [Hot Box | Surf. | Surf. Factor | State
1 48.3 53.1 .6 71.5 -1.38 -5.00
2 47.1 51.7 71.3 71.4 ~-2.29 ~5.30
3 47.5 51.3 71.1 71.6 -2.96 -5.35
4 47.5 50.9 70.8 7.5 -3.74 ~5.37
5 55.4 54.8 70.6 70.9 -4.34 ~4.27
) 63.4 63.9 70.5 71.0 -4,59 ~1.78
7 76.0 70.8 70.8 71.6 ~4,45 0.02
8 84.0 77.9 71.0 7.5 ~4,03 1.85
9 91.1 84.4 71.3 71.4 -3.32 3.53
10* 95,7 89.5 71.8 71.5 -2.28 4.77
11* 99.1 93.6 72.3 71.3 ~1.32 5.75
12* 105.0 98.5 72.9 72.0 0.05 §5.92
13* 110.3 103.7 73.4 72.3 1.50 8.16
14% 108.3 104.5 73.7 71.6 2.40 8.33
15% 103.8 102.5 74,1 72.0 3.43 7.67
16* 95.6 97.5 74.6 72.7 4.65 6.20
17* 82.8 88.8 74.7 72.2 5.28 3.82
18 72.2 79.9 74.5 72.1 5.10 1.486
19 65.8 72.9 74.2 72.0 4,87 ~0.36
20 63.2 68.9 73.8 71.9 4,17 -1.33
21 62.0 66.5 73.3 72,0 2.98 -1.85
22 56.2 62.2 72.9 72.0 1.86 ~2.88
23 50.9 57.2 72.5 n.7 0.70 -4.13
24 49.6 55.0 72.0 71.3 -0.49 -4.60
Mean 74.4 75.0 72.5 7.7 0.08 0.68

*Data are 2-day averages, not 3-day averages, of test results.
**Internal thermocouples and heat flow meters were not used on this wall assembly.
***Response facter analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - Not measured for this wall assembly
Outdoor Chamber - Not measured for this wall assembly

Laboratory Air Temperature:
Max. ~ 73°F {23°C
Min. ~ 69°F (21°C)

-h7-
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TABLE M2-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
-] 2 1, 2
Time, C W/im W/m
hr t
thm** thm**
Yo t2 Ly t ti U wme | wme | IrFTT | 9ss
Outdoor | Outdoor |Internal | Indoor jIndoor ; Calib. | Indoor | Outdoor |Response | Steady-
Air Surf. Surf. Afr [Hot Box | Surf. | Surf. Factor | State
1 9.1 11.7 22.0 21.9 -4.35 -15.75
2 8.4 10.9 21.8 21.9 -7.21 ~16.71
3 8.6 10.7 21.7 22.0 ~9,34 -16.88
4 8.6 10.5 21.6 21.9 |-11.81 -16.94
5 13.0 12.7 21.4 21.6 [-13.68 -13.45
6 20.2 17.7 21.4 21.7 |[-14.47 -5,61
7 24.5 21.6 21.5 22,0 |-14.03 0.05
8 28.9 25.5 21.7 22.0 1-13.26 5.85
9 32.8 29.1 21.9 21.9 |-11.19 11.13
10* 35.4 31.9 22.1 21.9 -7.19 15.04
11* 37.3 34,2 22.4 21.9 -4.,15 18.14
12* 40.6 36.9 22.7 22,2 0.15 21.81
13% 43.5 39.8 23.0 22.4 4,74 25.74
14* 42.4 40.3 23.2 22.2 7.56 26.27
15% 39.9 39.2 23.4 22.2 10.82 24,19
16% 35.3 36.4 23.6 22.6 14.67 19.57
17* 28.2 31.6 23.7 22.4 16.67 12.03
18 22.3 26.6 23.6 22.3 16.10 4,59
19 18.8 22.7 23.5 22.2 15,36 -1.14
20 17.3 20.5 23.2 22.2 13.14 -4.18
21 16.7 19.1 22.9 22.2 9.39 ~5.82
22 13.5 16.8 22.7 22.2 5.88 -9.09
23 10.5 14.0 22.5 22.0 2.22 ~13.02
24 9.8 12.8 22.2 21,9 -1.53 ~-14.51
Mean 23.6 23.9 22.5 22.1 0.24 2.14

*Data are 2-day averages, not 3-day averages, of test results.
**Internal thermocouples and heat flow meters were not used on this wall assembly.
***Response factor analysis was not performed for this wall assembly.

-58.
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TABLE M2-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG

Thermal tag, hrs
Measured Calculated talc.
Test Time
Cycle Calibrated Hot Box Heat Flow Meter* Response Factor** | Constant,
hrs
to vs tT Qg VS 9y Ggg V3 Uhem dgg VS Qrg
Avg. Avg. Avg.
@ Max. ! @ Min. | @ Max. | @ Min. @ Max. | @ Min. @ Max. { @ Min.
NBS 4 4 3 2.5 3.5 -~ - - - ~ 3.1

*Heat flow meters were not used on this wall assembly.
**Response factor analysis was not performed for this wall assembly.

TABLE M2-13 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), REDUCTION IN AMPLITUDE

Measured, % Calculated, %
g?i%e Calibrated Hot Box Heat Flow Meter* Response Factor**
@ Max. | @ Min. | Avg. | @ Max.| @ Min. | Avg. | @ Max. | @ Min. | Avg.
NBS 32 23 28 - - - - - -

*Heat flow meters were not used on this wall assembly.
**Response factor analysis was not performed for this wall assembly.
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TABLE M2-14 - SUMMARY

OF DYNAMIC TEST RESULTS (PERIODIC), ENERGY REQUIREMENTS

Total Energy

Total Energy, . Net Energy, Net Epergy
Comparisons, Comparisons,
Btu/ftz (w~hr/m2) % Btu/ft2 (w-hr/mz) %
Test
Cycle Measured Calculated T T T Measured Calculated N N N
Y% |%fm | Yer YW % | Yt
T T % T %% 7 T T T N N % N ok N N N M
qw thm qrf qss qss qss qss thm qrf qss qss qss qss
NBS 12.2 100.7 12 1.8 6.3 i
221.1) {317.7) 5.7 (51.3)

*Heat flow meters were not used on this wall assembly.

**Response factor analysis was not performed for this wall assembly.




DESCRIPTION:

REFERENCE :

COMPOSITION:

WALL M5: 8-IN. (203-MM) NORMAL WEIGHT CONCRETE BLOCK

WITH REFLECTIVE TNSULATION

8-in. (203-mm) concrete block wall with stucco on exterior
surface and gypsum wallboard secured to furring strips on
interior surface.

Fiorato, A. E., "Heat Transfer Characteristics of Walls

Under Dynamic Temperature Conditions," Research and

Development Bulletin RDO75, Portiand Cement Association,

Skokie, 1981, 20 pages.

1. 1/2-in. (13-mm) Stucco

2. 8x8x16-in. (203x203x406-mm) Normal Weight
Hollow Core Concrete Block - 2 cores per
block

3. 3/4-in.x1-1/2~in. (19x38-mm) Furring Strips
at 17-in. (432-mm) center-to-center

4. 3/4~in. (19-mm) reflective air space
5. 1/2-in. (13-mm} foil-backed gypsum wallboard

Note: A bond beam was cast in the top course of
block. See referenced report for details.

TABLE M5-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST

Measured

Property Value
Unit Weight, psf (kg/m?2) 48,2
{235)

Nominal Thickness, in. {mm) 9.375
{238)

Nominal Area, ft2 (m2) 73.94
(6.87)

Moisture Content,* % by (.8%

ovendry weight

*Measured on masonry, including mortar joints,
after test.

-61~
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TABLE M5-2(a) - MATERIAL PROPERTIES, NORMAL WEIGHT CONCRETE SPLITTER BLOCK*

Property

Test Method

Specimen
Condition

Mean
Temperature,
°F
(°C)

Measured
Value

Percent Solid Volume

Standard Dimensions, in.

Measured Dimensions, in.

{rmm)

(mm)

Gvendry Unit Weight, pcf (kg/m3)
Moisture Content, % ovendry weight

Absorption, % ovendry weight

ASTM C140

ASTM C140

ASTM C140

1-5/8x7-5/8x15-5/8

(194x194x397)

7.63x7.64x15.63
(194x194x397)

55
124
(1987)

1.4

1.5

*Wall was constructed using stretcher and splitter block.
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TABLE M5-2(b) - MATERIAL PROPERTIES, NORMAL WEIGHT CONCRETE STRETCHER BLOCK*

Mean
. Specimen | Temperature, Measured
Property Test Method Condition op value
(°0)
Standard Dimensions, in. (mm) | _— - - 7-5/8x7-5/8x15-5/8
{194x194x397)
Measured Dimensions, in. {mm) ASTM C140 - - 7.63x7.63x15.60
(194%x194x396)
Percent Solid Volume -- - - 49
Ovendry Unit Weight, pcf (kg/m3) - -- - 126
(2010)
Moisture Content, % ovendry weight { ASTM C140 - " - 1.5
Absorption, % ovendry weight ASTM C140 _ - 7.3

*Wall was constructed using stretcher and splitter block.
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TABLE M5-2(c) -

MATERIAL PROPERTIES, MORTAR¥

Mean
Specimen | Temperature, Measured
Property Test Method Condition of value
(°C)
Compressive Strength,** psi (MPa) - ajr dry - 1760
(12)
Unit Weight, pcf (kg/m3) - air dry - 112
(1794)

*One part masonry cement to three parts masonry sand by volume.

**Measured on 2-in. (51-mm) cubes moist cured for 14 days and then air dried

for 263 days.




TABLE ¥5-3(a) - DESIGN HEAT TRANSMISSION COEFFICIENTS
OF WALL EXCLUSIYE OF BOND BEAM

R, Thermal Resistance
Component Between Furring, | At Furring,
hréft2'°F/Btu - ££2- °F /Btu
(K /W) (mZ-K/W)
1. Outside Air Film 0.17 0.17
{0.03) {(0.03)
2. 1/2-in. (13-mm) Stucco 0.10*% 0.10
(0.02) (0.02)
3. 8x8x16-in. (203x203x406-mm) Hollow 1.04* 1.04
Core Block (0.18) (0.18)
4, 3/4x1-1/2-in. (19x38-mm) Furring - 0.94*
Strips (0.17)
5. 3/4-in. (19-mm) Reflective Air Space 3.46% --
{0.61)
6. 1/2-in. (13-mm) Foil-backed Gypsum 0.45% 0.45
Wallboard {(0.08) (0.08)
7. Inside Air Film 0.68 0.68
{0.12) (0.12)
5.90 3.38
Total R (1.04) (0.60)
0.17 0.30
Total U {0.96) (1.68)

*Source: ASHRAE Handbook df Fundamentals, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers, Inc., New York,
1977, Chapter 22. ,

Adjust for Furring (14.3%), Exclusive of Bond Beam:
U = 0.857 (0.169) + 0.143 (0.296)
0.187 Btu/hr-ft2-°F (1.06 W/me-K)

Adjust for Bond Beam (7.8%):

U= 0.922 (0.187) + 0.078 (0.195
= 0.19 Btu/hr"ft "°F (1.07 W/m "K) >
R =

1/U = 5,33 he-f£7-°F/Btu (0.94 K-m™ /W)

-65- construction technology iaboratories



TABLE M5-3(b) - DESIGN HEAT TRANSMISSION COEFFICIENTS AT BOND BEAM

R, Thermal Resistance
Component Between Furring, | At Furring,
hréft2-°F/Btu hroft§-°F/Btu
(m™-K/W) (m™-K/W)
1. Outside Air Film 0.17 0.17
(0.03) (0.03)
2. 1/2-in. {13-mm) Stucco 0.10* 0.10
(0.02) (0.02)
3. 8x8x16-in. (203x203x406-mm) Block 0.84% 0.84
with Concrete in Cores (0.15) (0.15)
4. 3/4x1-1/2-in. (19x38-mm) Furring - 0.94*
Strips (0.17)
5. 3/4~in. (19-mm) Reflective Air Space 3.46% -
(0.61)
6. 1/2~in. (13-mm) Foil-backed Gypsum 0.45% 0.45
Wallboard (0.08) (0.08)
7. Inside Air Film 0.68 0.68
(0.12) (0.12)
5,70 3.18
Total R (1.00) (0.56)
0.18 0.31
Total U (1.00) (1.79)

*Source: ASHRAE Handbook of Fundamentals, American Scciety of Heating,
Refrigeration, and Air-Conditioning Engineers, Inc., New York,
1977, Chapter 22.

Adjust for Furring {(14.3%) at Bond Beam:

U = 0,857 (0.175) + 0.143 (0.314})

B

|

0.195 Btu/hr-ft2-°F (1.11 W/m-K)
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TABLE M5-4 - STEADY-STATE TEST RESULTS

Measured Temperatures,

g °F
Ry, U, Relative Humidity| Laboratory
Heat Flux, (°0) Alr Temperature
Nominal Test

. w .
Condition Btu/hr-ftz hr'FtZ*"F/Btu Btu/hr‘ftz"’F to t2 t t, ti Indoor | Outdoor | Max. | Min.
Outdoor | Outdoor | Internal | Indoor | Indoor | Chamber, | Chamber,| °F °F
2 2 . 2 . R . % % {°C) (°C)

(w/m ) {m - K/W {W/m -K) Air Surface Surface Air
Ctg = 35°F -13.14 5.76 0.17 -4 3 - 68 73 20 13 74 10
(2°C) {-41.5} (1.on {0.99) {-20) {-16) (20) (23) {23) | 21
ty = 100°F 4.39 5.54 0.18 125 122 - 18 14 25 25 69 65
(38°C) {29.8) {0.98) (1.03) (52) (50) (26) 23 DN 4 1:}]
Design Values — 5.33 0.19 - - - - - - - - -
{0.94; (1.0

*Internal thermocoupies were not used for this wall assembly,
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TABLE M5-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
. °F Btu/hr'ft2 Btu/hr'ft2
Time,
hr '
Wtn” | Infm*
to t ta3* 4 4 Gy HFM @ HFM @ qr‘f** 9ss
Outdoor | Outdeor | Internal | Indoor |{Indoor | Calib. | Indoor | Outdoor |Response | Steady-
Air Surf. Surf. Air |Hot Box | Surf. | Surf. Factor |State
1 52.4 60.9 74.2 73.8 0.22 -2.77
2 51.0 59.0 74.0 73.8 -0.13 -3.13
3 50.1 57.4 73.7 73.7 ~0.63 ~3.40
4 50.1 56.5 73.5 73.7 ~1,23 -3.54
5 50.0 55.8 73.4 73.7 «1.56 -3.66
6 57.7 58.4 73.2 73.6 ~1.70 -3.08
7 69.3 65.1 73.1 73.6 -1.96 ~1.67
8 76.8 70.7 73.1 73.6 -1.88 -0.50
9 84.2 76.4 73.2 73.6 -1.71 0.67
10 90.8 82.0 73.4 73.6 -1.63 1.81
11 95.7 86.7 73.6 713.7 -1.12 2.76
12 99.0 90.4 73.9 73.7 -0.48 3.48
13 104.8 95.0 74.2 73.8 0.08 4.39
14 109.2 99.4 74.4 73.8 0.51 5.28
15 107.3 100.6 74.8 73.9 1.13 5.46
16 103.6 99.6 75.1 74.0 1.72 5.18
17 96.1 96.2 75.3 74.0 2.05 4.4
18 84.5 89.8 75.5 743 2.48 3.03
19 73.7 82.4 75.5 74.0 2.45 1.45
20 68.0 77.0 75.4 74.1 2.40 0.34
21 65.7 73.7 75.2 74.0 2.22 ~0.31
22 64.5 7.5 75.0 74.0 1.75 -0.71
23 58.5 67.6 74.7 73.9 1.32 ~1.48
24 53.6 63.3 74.5 73.9 0.8¢9 -2.34
Mean 715.7 76.5 74.2 73.8 0.22 0.48

*Internal thermocouples and heat flow meters were not used on this wall assembly.
**Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber ~ 19%
Cutdoor Chamber - 19%

Laboratory Air Temgerature:

Max. - 76°F (24°C
Min. - 70°F (21°C)
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TABLE M5-7{(b) - DYNAMIC TEST RESULTS (PERIODIC), MBS TEST CYCLE, SI UNITS

7 Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
o 2 2
Time, C W/m W/m
hr '
Uhfm~ | Infm” .
to t2 t3* Y Y Gw HEM @ | HFM @ Qpf* Gss
Outdoor |Outdoor | Internal | Indoor | Indoor | Calib. | Indoor |Outdoor { Response | Steady-
Air Surf, Surf. Air |[Hot Box | Surf. | Surf. Factor | State
1 11.3 16.1 23.5 23.2 0.68 -8.76
2 10.6 15.0 23.3 23.2 -0.42 -9.87
3 10.1 14.1 23.2 23.2 -2.00 -10.72
4 10.0 13.6 23.1 23,2 -3.87 ~11.17
5 10.0 13.2 23.0 23. -4,91 -11.56
§ 14,2 14.7 22.9 23.1 -5.38 -9.73
7 20.7 18.4 22.8 23.1 -6,18 -5.27
8 24.9 21.5 22.8 23,1 ~5.92 -1.58
9 29.0 24.7 22.9 23.1 -5.41 2.12
10 32,7 27.8 23.0 23.1 -5.15 5.70
1 35.4 30.4 23.1 23.1 -3.52 8.70
12 37.2 32.4 23.3 23,2 -1.51 10.97
13 40.4 35.0 23.4 23.2 0.26 13.85
14 42.9 37.5 23.6 23.2 1.61 16.67
15 41.8 38.1 23.8 23.2 3.57 17.21
16 39.8 37.6 23.9 23.3 5.44 16.34
17 35.6 35.7 24.1 23.3 6.48 13.92
18 29.1 32.1 24.1 23.4 7.81 9.57
19 23.2 28.0 24.1 23.4 7.73 4.58
20 20.0 25.0 241 23.4 7.56 1.06
21 18.7 23.2 24.0 23.3 7.00 ~-0.99
22 18.1 22.0 23.9 23.3 5.52 -2.25
23 14.7 19.8 23.7 23.3 4.18 ~4.68
24 12.0 17.4 23.6 23.3 2.79 -7.38
Mean 24.3 24.7 23.5 23.2 0.68 1.53

*Internal thermmocouples and heat flow meters were not used on this wall assembly.
**Response factor analysis was not performed for this wall assembly.
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TABLE M5-8(a) ~ DYNAMIC TEST RESULTS (PERIODIC), ORLANDO JANUARY TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Filux,
L2 . 2 » 2
Time, F Btu/hr-ft Btu/hr-ft
hr ,
. Unfm™ | Infm”
to t2 t3 4 ty Quw HFM @ | HFM @ Q™ s
Outdoor | Outdoor | Internal | Indoor | Indoor | Calib. | Indoor | Outdoor | Response | Steady-
Air Surf. Surf. Air | Hot Box | Surf. | Surf. Factor |State
1 58.4 62.9 73.6 73.6 ~0.68 -2.23
2 58.2 §2.0 73.5 73.6 -0.84 -2.40
3 56.4 60.8 73.4 73.5 -1.08 -2.63
4 55.9 59.9 73.3 73.5 ~1,25 -2.79
5 53.4 58.4 73.2 73.5 -1.56 ~3,08
6 53.0 57.3 73.1 73.5 -1.65 -3.29
7 53.4 57.1 73.0 73.5 -1.70 -3.31
8 56.4 58.1 72.9 73.4 -1.87 -3.08
9 59.8 60.1 72,9 73.4 ~1.76 -2.67
10 64.9 63.0 72.8 73.4 -1.81 -2.05
1 70.2 66.7 72.9 73.4 -2.13 -1.30
12 79.3 72.4 73.0 73.4 -1.90 -0.13
13 83.4 76.7 73.1 73,5 -1.53 0.75
14 87.6 80.4 73.3 73.6 -1.16 1.49
15 88.8 83.1 73.6 73.6 -0.75 2.00
16 83.9 84.2 73.8 73,7 -0.28 2.19
17 81.6 81.9 74,0 73.7 -0.33 1.66
18 7.7 76.2 74.2 73.7 -0.04 0.42
19 65.7 71.6 74.2 73.7 0.33 -0.54
20 64.5 69.4 74.2 73.7 0.33 -1.00
21 62.4 67.5 741 73.7 0.18 ~1.38
22 62.0 66.3 74.0 73.7 0.08 -1.61
23 60.2 64.9 73.8 73.6 -0.15 -1.86
24 60.2 64.1 73.7 73.6 -0.45 ~-2.00
Mean 66.5 67.7 73.5 73.6 ~-0.92 -1.20

*Internal thermocouples and heat flow meters were not used on this wall assembly.
**Response factor analysis was not performed for this wall assembly. .

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 18%
Qutdoor Chamber - 19%

Laboratory Air Temperature:
Max. - 73°F (23°C)
Min. - 67°F {19°C)
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TABLE MS5-8{b) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDD JANUARY TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
. °C wﬁna N/m2
Time,
hr '
. Gpfm* | Infa™
to t2 t3 Y i3 Gw HEM @ | HFM @ Qpf™* 9ss
Outdoor | Outdoor {Internal | Indoor {Indoor | Calib. | Indoor | Outdoor |Response |Steady-
Air Surf. Surf. Air |Hot Box | Surf. | Surf. Factor |State
1 14.7 17.2 23.1 23,1 -2.16 ~7.05
2 14.6 16.7 23.1 23.1 -2.64 ~7.57
3 13.5 16.0 23.0 23.0 -3.42 -8.29
4 13.3 15.5 22.9 23.1 -3.95 -8.82
5 11.9 14.6 22.9 23. -4.92 -9.73
6 11.7 14.1 22.8 23.0 -5.22 -10.38
7 11.9 13.9 22.8 23.0 -5.36 -10.45
8 13.5 14.5 22.7 23.0 -5.90 -9,73
9 15.5 15.6 22.7 23.0 -5.56 ~8.42
10 18.3 17.2 22.7 23.0 -5.70 -6.45
1 21.2 19.3 22,7 23.0 -6,72 -4,09
12 26,3 22.4 22.8 23.0 -5.99 -0.40
13 28.5 24.9 22.9 23.1 ~4,83 2.38
14 30,9 26.9 23.0 23.1 -3.66 4.70
15 31.6 28.4 23.1 23. -2.35 6.30
16 31.6 29.0 23.2 23.2 -0.90 6.90
17 27.6 27.7 23.3 23.2 -1.04 5.24
18 22.1 24.5 23.4 23. -G.12 1.32
19 18.7 22.0 23.4 23.2 1.04 -1.72
20 18.1 20.8 23.4 23.2 1.04 -3.17
21 16.9 19.7 23.4 23.2 0.56 -4,35
22 16.7 19.0 23.3 23.2 0.27 -5.08
23 15.6 18.3 23.2 23.1 -0.46 -5,87
24 15.7 17.8 23.2 23.1 -1.43 ~6.33
Mean 19.2 19.8 23.0 23.1 ~2.89 -3.79

*Internal thermocouples and heat flow meters were not used on this wall assemply.
**Rasponse factor analysis was not performed for this wall assembly.
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TABLE M5-9{a) - DYNAMIC TEST RESULTS (PERIODIC), ORLAMDO JAMUARY MODIFIED TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Filux, Heat Flux,
o Len8 el
Time, F Btu/nr-ft Btu/hr-ft
hr .
. Ynfm™ | Infm™
to ts t3 4 t Ty WM el HFM @ Qe Oss
Outdoor | Outdoor | Internal [ Indoor | Indoor | Calib. | Indoor |Outdoor | Response | Steady-
Air Surf. Surf. Air | Hot Box [ Surf. Surf. Factor | State
1 64.4 68.1 73.9 73.7 -0.00 -1.21
2 64.0 67.2 73.9 73.7 ~-0.14 -1.38
3 61.8 65.9 73.8 73.6 -0,37 ~1.65
4 61.6 65.0 73.7 73.6 -0.58 -1.82
5 59.6 63.8 73.6 73.5 -0.82 -2.05
6 60.0 63.2 73.5 73.6 -0.82 -2.15
7 60.2 63.1 73.4 73.6 -1.06 -2.15
8 62.7 64.0 73.3 73.6 -0.89 -1.94
9 65.3 65.5 73.3 73.5 =1.17 -1.63
10 69.0 67.6 73.3 73.5 -1.02 =1.19
11 73.1 70.4 73.3 73.6 -1.22 -0.61
12 80.7 75.0 73.4 73.6 -0.85 0.34
13 85.0 79.2 73.5 73.6 -0.86 1.20
14 89.3 82.7 73.7 73.7 -0.18 1.89
15 89.8 84.8 73.8 73.7 -0.18 2.31
16 89.7 85.6 74.0 73.7 0.43 2.44
17 84.2 83.9 74.2 73.8 0.42 2.04
18 76.6 79.7 74.4 73.8 0.49 1.11
19 71.0 75.8 74.4 73.8 0.60 0.29
20 70.1 73.8 74.4 73.8 1.03 ~0.13
21 67.9 72.2 74.3 73.7 0.58 -0.44
22 67.8 7.1 74.2 73.7 0.72 -0.65
23 66.0 69.9 74.1 73.7 0.37 -0.88
24 66.2 69.2 74.0 73.7 0.26 -1.00
Mean 7141 71.9 73.8 73.6 -0,22 -0.39

*Internal thermocouples and heat flow meters were not used on this wall assembly.
**Raesponse factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative MHumidity:
Indoor Chamber - 20%
Outdoor Chamber -~ 19%

Laboratory Air Temgerature:

Max, - 75°F (24°C
Min. - 71°F (22°C)
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TABLE M5-9(b) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDD JANUARY MODIFIED TEST CYCLE, SI UNITS

Calcutated
Measured Temperatures, Measured Heat Flux, Heat Flux,
X °C Hﬁnz H/m2
Time, )
hy ' :
Ufm* | hfm" .
to t2 ty* 4 ty Qw | umMe HFM @ Qe A5
Qutdoor |Outdoor | Internal |Indoor ]Indoor { Calib. { Indoor {Outdoor | Response | Steady-
Air Surf. Surf. Air | Hot Box | Surf. | Surf. Factor | State
1 18.0 20.1 23.3 | 23.2 ~0.00 -3.83
2 17.8 19.6 23.2 234 ~-0.44 ~-4.35
3 16.5 18.8 23.2 23.1 ~1.16 -5.21
4 16.4 18.3 23.1 23.1 ~1.84 -5.73
5 15.3 17.6 23.1 23.1 -2.57 -6.46
6 15.6 17.3 231 23.1 -2.57 -6.78
7 15.6 17.3 23.0 23.1 ~3.35 -6.78
3 17.1 17.8 23.0 23.1 -2.81 -6.13
9 18.5 18.6 22.9 23.1 -3.69 ~-5.14
10 20.6 19.8 22.9 23.1 -3.20 ~3.76
1 22.8 21.4 23.0 23 -3.83 -1.91
12 27.1 23.9 23.0 23.1 ~2.67 1.06
13 29.4 26.2 23.0 23.1 -2.72 3.77
14 31.8 28.1 23.1 23.1 -0.58 5.97
18 32.1 29.3 23.2 23.1 -0.58 7.30
16 32.1 29.8 23.4 23.2 1.36 7.70
17 29.0 28.9 23.4 23.2 1.31 6.43
18 24.8 26.5 23.5 23.2 1.55 3.51
19 21.7 24.3 23.6 23.2 1.89 0.93
20 211 23.2 23.6 23.2 3.25 -0.40
21 19.9 22.3 23.5 23.2 1.84 -1.39
22 19.9 21.7 23.5 23.2 2.28 ~2.05
23 18.9 21.1 23.4 23.2 1.18 ~2.77
24 19.0 20.7 23.3 23.2 0.82 ~3.17
Mean 21.7 22.2 23.2 23.1 -0.69 -1.22

*Internal thermocouples and heat flow meters were not used on this wall assembly.
**Response factor analysis was not performed for this wall assembly.
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TABLE M5-10{(a) - DYNAMIC TEST RESULTS (PERIGDIC), ORLANDO APRIL TEST CYCLE*

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
-] 3 2 - 2
Time, F Btu/hreft Btu/hr-ft
hr '
™™ | Anfm**
to t2 t3** b b W wpme | e | If7T | 9ss
Outdoor |Outdoor |Internal | Indoor | Indoor | Calib. | Indoor |Outdoor [Response |Steady-
Air Surf. Surf. Air | Hot Box | Surf. | Surf. Factor |State
1 70.7 74.7 78.5 77.7 -0.80
2 69.4 73.2 78.2 77.5 ~1.05
3 67.5 71.9 77.9 77.3 -1.26
4 66.2 70.3 77.5 77.1 -1.51
5 64.6 69.0 77.1 76.8 -1.70
6 64.3 68.0 76.7 76.4 -1.82
7 65.0 68.0 76.2 76.0 -1.72
8 66.9 68.5 75.5 75.5 -1.46
9 70.1 70.3 75.3 75.1 ~1.00
10 72.% 72.0 74.7 74.7 -0.57
11 76.8 74.7 74.5 74.4 0.04
12 82.5 78.1 74.3 74.2 0.80
13 88.2 82.5 74.3 78.1 1.72
14 93.3 86.4 74.5 74.1 2.50
15 97.7 90.5 74.9 74.3 3.29
16 100.8 93.5 75.5 74.7 3.80
17 98.5 94.3 76.3 75.3 3.80
18 91.9 91.3 77.1 75.9 3.00
19 83.7 87.0 77.9 76.5 1.92
20 78.0 82.7 78.5 77.1 0.88
21 74.7 79.8 78.8 77.5 0.21
22 73.9 78.0 79.0 17.7 -0.21
23 73.0 76.9 78.9 77.8 -0.42
24 72.6 75.9 78.7 77.8 -0.59
Mean 77.6 78.2 76.7 76.1 0.33

*Test was conducted under floating conditions. Indoor surface and air temperatures were
permitied to respord to outdoor changes without heating, cooling, or forced air circulation on
the indoor side. MNo heat flow through wall was measured.

**Internal thermocouples and heat flow meters ware not used on this wall assembly.
***Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 25%
Outdoor Chamber - 21%

Laboratory Air Temperature:

Max. - 72°F (22°C)
Min. ~ 68°F (20°C)
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TABLE M5-10(b) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO APRIL TEST CYCLE, SI UNITS*

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
o 2 2
Time, c W/m W/m
hr '
Inem™ ™ | Anfm™™
to t2 t3** % Y G* wmel weme | Ot | 9ss
Outdoor | Outdoor | Internal | Indoor | Indoor | Calib. | Indoor | Outdoor |Response |Steady-
Ajr Surf. Surf. Air [Hot Box | Surf. | Surf. Factor |State
1 21.5 23.7 25.8 25.4 ~-2.52
2 20.8 22,9 25.7 25.3 -3.31
3 19.7 22.1 25.5 25.2 -3.97
4 19.0 21.3 25.3 25.0 -4.76
5 18.1 20.6 25.0 24.9 -5.35
6 17.9 20.0 24.8 24.7 -5.75
7 18.3 20.0 24.5 24.5 ~5.41
8 19.4 20.3 24.2 24.2 -4,62
9 21.2 21.3 24.0 23.9 -3.17
10 22,7 22,2 23.7 23.7 ~1.78
1 24.9 23.7 23.6 23.6 0.13
12 28.1 25.6 23.5 23.5 2.52
13 31.2 28.1 23.5 23.4 5.44
14 34,1 30.2 23.6 23.4 7.90
15 36.5 32.5 23.8 23.5 10.37
16 38.2 34.2 24.2 23,7 11.98
17 36.9 34.6 24,6 24.0 11.99
18 33.3 32.9 25.1 24.4 3.45
19 28.7 30.5 25.5 24.7 6.05
20 25.6 28.2 25.8 25.0 2.79
21 23.7 26.6 26.0 25.3 0.66
22 23.3 25.5 26.1 25.4 -0.66
23 22.8 25.0 26.1 25.5 -1.33
24 22.5 24.4 26.0 25.4 ~-1.86
Mean 25.4 25.7 24.8 24.5 1.03

*Test was conducted under floating conditions. : Indoor surface and air temperatures were
permitted to respond to outdoor changes without heating, cooling, or forced air circulation on
the indoor side. No heat flow through wall was measurad.

**Internal thermocouples and heat flow meters were not used on this wall assembly.
***Rasponse factor analysis was not performed for this wall assembly.
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TABLE ¥5-11({a) - DYMAMIC TEST RESULTS (PERIODIC), ORLANDO AUGUST TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
14 3 a0 »
Time, F Btu/hr Tt Btu/br-ft
hr )
pfm”* | Wnfm”
to t2 t3* Y t Iy HEM @ | HFM @ aef™* | Qss
Outdoor | Dutdoor |Internal | Indoor | Indoor | Calib. |Indoor Outdoor |Response | Steady-
Air Surf. Surf. Air {Hot Box | Surf. [ Surf. Factor |{State
1 81.7 84.4 75.3 73.9 3.3 1.91
2 80.3 83.0 75.2 73.9 2.97 1.64
3 80.4 82.7 75.1 73. 2.85 1.60
4 77.9 80.9 75.0 73.9 2.52 1.24
5 17.4 80.1 74.9 73.8 2.43 1.09
6 75.3 78.5 74.8 73.8 2.15 0.78
7 77.1 78.8 74.7 73.8 2.21 0.86
8 78.6 79.3 74.6 73.8 1.97 0.99
9 82.7 81.5 74.6 73.8 2.20 1.45
10 83.3 82.3 74.5 73.8 1.71 1.64
1 86.4 84.2 74.6 73.8 1.89 2.04
12 88.2 85.6 74.6 73.8 1.88 2.31
13 93.8 89.2 74.6 73.8 2.00 3.08
14 96.8 91.7 74.7 73.8 2.14 3.58
15 102.7 96.0 74.9 73.9 2.32 4.45
16 105.0 98.5 75.0 73.9 2.54 4.97
17 107.5 101.6 75.2 73.9 2.89 5.56
18 100.7 99.0 75.4 74.0 3.1 4.93
19 95.4 96.2 75.5 74,0 3.34 4.37
20 90.7 92.8 75.6 74.0 3.57 3.63
21 88.4 90.9 75.6 74.0 3.72 3.23
22 85.3 88.4 75.6 74.0 3.69 2.70
23 84.5 87.3 75.5 74.0 3.71 2.48
24 81.8 85.1 75.4 73.9 3.37 2.04
Mean 87.5 87.4 75.0 73.9 2.68 2.61

*Internal thermocouples and heat fiow meters were not used on this wall assembly.
#*Rasponse factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 19%
Outdoor Chamber - 20%

Laboratory Air Temperature:

Max. - 75°F (24°C)
Min. - 69°F (21°C)
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TABLE M5-11(b) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO AUGUST TEST CYCLE, ST UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
. 2 2
Tine, C W/m W/m
hr i
Ipfm” | Gnfm*
K t2 te* i b S WMoe| wMe | I | 9ss
Outdoor |Outdoor |Internal |Indoor |Indoor | Calib. | Indoor | Outdoor |Response | Steady-
Air Surf. Surf, Air |Hot Box | Surf. | Surf. Factor | State
] 27.6 29.1 24.0 23.3 10.43 6.04
2 26.8 28.3 24.0 23.3 9.32 5.17
3 26.9 28.1 23.9 23.2 8.98 5.04
4 25.5 27.2 23.9 23.3 7.96 3.91
5 25.2 26.7 23.8 23.2 7.67 3.45
6 24,1 25.8 23.8 23.2 6.79 2.45
7 25.0 26.0 23.7 23.2 6.99 2.72
8 25.9 26.3 23.7 23.2 6.21 3.11
9 28.2 27.5 23.6 23.2 6.94 4.57
10 28.5 27.9 23.6 23.2 5.39 5.17
11 30.2 | 29.0 23.6 23.2 5.97 6.44
12 3.2 29.8 23.7 23.2 5.92 7.30
13 34.3 31.8 23.7 23.2 6.31 9.70
14 36.0 33.2 23.7 23.3 §.74 11.31
15 39.3 35.6 23.8 23.3 7.33 14.05
16 40.6 37.0 23.9 23.3 8.01 15.67
17 41.9 38.6 24.0 23.3 8.83 17.55
18 38.2 37.2 24.1 23.3 9.80 15.74
19 35.2 35,7 24,2 23.3 10.53 13.79
20 32.6 33.8 24.2 23.3 11.26 11.45
21 31.3 32.7 24.2 23.3 11.74 10.18
22 29.56 31.3 24.2 23.3 11.64 8.51
23 29.2 30.7 24.2 23.3 11.69 7.84
24 27.7 29.5 24.1 23.3 10.63 6.44
Mean 30.9 30.8 23.9 23.3 8.46 8.23

*Internal thermocouples and heat flow meters were not used on this wall assembly.
**Response factor analysis was not performed for this wall assembly.
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TABLE M5-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG

Thermal Lag, hrs

Measuread Caiculated Cale.
Test Time
Cyc{e Calibrated Hot Box Heat Flow Meterx*» Response factor*** | Constant,
’ hrs
to vs tl qss vs qw qss vs thm qss vs qrf
Avg. Avg. Avg.
@ Max. | @ Min. | @ Max. | @ Min. € Max. | @ Min, @ Max. | @ Min.
NBS 4.5 2.5 3 2 3 1.5
Oriando
January 3 4 3.5 4 3.5 1.5
grlando
Jan. Mog. 4 4.5 4 4.5 .5 1.5
Orlando
Aprit 6 5.5 * % 5.5 1.5
Grlando
August 4 4 4 4 4 1.5

*Not avallable.

***Rasponse factor analysis was not performed for this wall assembly.

See note beneath Table M5-10{a).
**Heat flow meters were not used on this wall assembiy.
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TABLE M5-13 - SUMMARY OF DYNAMIC TEST RESULTS (PERIOCDIC), REDUCTION IN AMPLITUDE

Measured, % Calculated, %
g§§§e Calibrated Hot Box Heat Flow Meter** Response Factorkx¥
@ Max. | @ Min.| Avg. | @ Max. | @ Min. | Avg. | @ Max. | @ Min. | Avg.
NBS3 55 47 51
Orlando
January 63 55 59
’Drlando
Jan. Mod. 56 43 49.5
Orlando
Apr’i] * * *
Oriando
August 65 47 56

*Not available. See note beneath Table M5-10(a).
*¥*Heat flow meters were not used on this wall assembly.
***Response factor analysis was not performed for this wall assembly.
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TABLE M5-14 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), ENERGY REQUIREMENTS

Total Energy, Totaj gnergy Net Energy, Net E?ergy
Comparisons, ) ) Comparisons,
Btu/ft2 (w'hr/mz} % Btu/ft™ {W-hr/m ) %
Test
Cycle Measured Calcuiated T T T Measured Calculated M N N
qw thm qrf qw thm qrf
T T ek T ok T T T T N N k% N Ark N N N N
% Yem Qrf Iss qss qss qss 9 Whem Gps qss qss Yss qss
NBS 33.2 54.9 51 5.2 11.6 45
(104.9) (204.7) (16.4) (36.7)
Orlando 23.8 45.9 52 -22.0 -28.9 7%
January (5.2} (144. 1) {-89.4) (-91. %)
Orlando 15.0 32.5 4% 5.2 -9.3 57
Jan. #od. | (47.5) (102.5) {-16.6 (-29.2}
Orlando * 35.1 * * 7.9 ¥
April (113.8) (24.8)
Orlando 4.4 62.6 103 64.4 62.% 103
August (203.1} {197.8) (203.1) (197.6)

*Not available.

See note beneath Table M5-10{a).

**Heat fiow meters were not ysed on this wall assambly.

*xResponse factor analysis was not performed for this wall assembly.




WALL M6: 8-IN. (203-MH) LIGHTWEIGHT CONCRETE
BLOCK WITH INSULATION On INSIDE SURFACE

DESCRIPTION: Lightweight 8-in. (203-tm) nhollow core concrete block wall
with fiberglass batt insulation between furring strips and
gypsum wallboard on interior surface.

REFERENCE: Fiorato, A. E. and Bravinsky, E., "Heat Transfer
Characteristics of Walls Under Arizona Temperature
Conditions," Construction Technology Laboratories, Portland
Cement Association, Skokie, 1981, 61 pages.

COMPOSITION:

1. 8x8x16-in. (203x203x406-mm) Lightweight
Hollow Core Concrete Block - 2 cores
per biock

2. 1-1/2-in.x1-3/4-in. (38x44-mm)
Furring Strips at 16-in.
(406~mm) center-to-center

3. 1-3/4-in. (44-mm) R-8 Fiberglass
Insulation

4, 1/2-in. {13-mm) Gypsum Wallboard

TABLE M6-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST

Measured

Property Yalue

Unit weight, psf (kg/m2) 42.1
(205)

Average Thickness, in. (mm) 9.9
(251)

Area, ft2 (m2) 73.67
’ (6.84)

Moisture Content,* % by 1.0

ovendry weight

*Measured on masonry, including mortar joints,
after test.

~-97-
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TABLE Mb-2(a) - MATERIAL PROPERTIES, LIGHTWEIGHT CONCRETE BLOCK

Property

Test Method

Specimen
Condition

Mean
Temperature,
°F
(°C)

Measured
Value

Standard Dimensions, in. {(mm)

Measured Bimensions, in. {mm)

Percent Solid Volume

Gvendry Unit Weight, pcf {kg/md)

Moisture Content, % ovendry weight

Absorption, % ovendry weight

ASTH €140

ASTH €140

ASTHM (1490

1-5/8x7-5/8x15-5/8

{194x7194%x397)

1.56x7.56x15.56

(192x192x395)
53
117
{1778)

1.0

9.2
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TABLE Mb6-2(b) -

MATERIAL PROPERTIES, MORTAR*

Mean
Specimen | Temperature, Measured
Property Test Method condition of value
(°C)
Average Mortar Bed Joint Spacing, - - - 0.39
in. (mm)} (10)
Compressive Strength,** psi (MPa) - moist -- 2560
(17.7)

*One part Type S masonry cement to three parts masonry sand by volume.
**Measured on 2-in. {51-mm) cubes moist cured for 28 days.
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TABLE Mb-2(c) - MATERIAL PROPERTIES, R-8 FIBERGLASS BATT INSULATION

Mean
4 | Specimen | Temperature, Measured
Property Test Method Condition of value
(°C)
Nominal Thickness, in. (wm) - - - 2.5
{64)
Thickness, as recelved, in. {mm) ASTM C167 - - 2.42
(61}
installied Thickness, in. {mm) - - - 1.5
{44)
Bensity, as recetved, pcf {kg/md) AST# C167 - - g.75
{12)




TABLE #6-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS

R, Thermal Resistance
Component Between Furring At Furring
nr- £t2+ °F /Bty hre ££2- °F /Bty
(m%+K /W) (mEK/W)
1. Qutside Air Film 0.17 0.17
(0.03) (0.03)
2. 8x8x16-in. (203x203x406-mm) 2.18% 2.18
Hollow Core Block (0.38) {(0.38)
3. 1-3/4x1-1/2-in. (44x38-mm) - 2.19*
Furring Strips (0.39)
4. 1-3/4-in. (44-mm) Fiberglass 6.00* -
Insulation (1.06)
5. 1/2-in. (13-mm) Gypsum Wallboard ’ 0.45% 0.45
(0.08) (0.08)
6. Inside Air Film 0.68 0.68
(0.12) (0.12)
Total R 9.43 5.67
(1.67) (1.00)
Total U 0.11 0.18
(0.80) {(1.00)

*Source: ASHRAE Handbook of Fundamentals, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers, Inc., New York,
1977, Chapter 22.

Adjust for Furring (11.7%):

U = 0.883 (0.105) + 0.117 {0.176)
= 0.11 Btu/hr-ft% °F (0.64 W/m?-K)
R = 1/U = 8.83 hr-ft-°F/Btu (1.56 K-m2/¥)

-95..
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TABLE M6-4 - STEADY-STATE TEST RESULTS

Measured Temperatures,
q °F
RT, u, Relative Humidity Laboratory
Heal Flux, (°C) Air Temperature
Neminal Test
. x .
Condition Btu/hr-ftz hr'ft2-°F/Btu Btu/hr-ft2-°$ to t2 tg t] ti Indoor | Outdoor |Max. Hi?'
) Outdoor | Cutdoor | Internal Indoor | Indoor | Chamber, | Chamber, :F °F
[»]
(w/m2} {m -K/W) (w/mz-x) Air Surface Surface Air * * e °0)
t, = Y02°F 7.91 1.40 0.14 130 128 - 76 14 37 44 14 13
©{39°C) (24.9} {1.30) 0.1%) {54} {53} (24) (233 (2331 23
iy = 38°F -71.82 3.03 0.1 3 1 - 71 13 217 24 74 i3
{3°C) {-24.7) {1.59) (0.63) {-16) {-14) 21 {23) (23} 1 (23}
besign Values - 8.83 0.11 - - - - - -~ - - -
{1.56) {0.64)

*internal thermocouples were not used for this wall assembiy.
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TABLE M6-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
>
, oF Btu/hr-ft° Btu/nreft°
Time,
nr
(1]
u 9hfm
to t2 t3* t & A Infm | pEM ™ | dss
Outdoor | Outdoor | Internal | Indoor | Indoor | Calib. { HFM @ | Between | Response | Steady-
Air Surf. Surf. Air |Hot Box ; Stud Studs Factor | State
1 52.3 59.0 ‘ 73.6 73.3 0.69 0.85 0.44 -1.98
2 50.3 56.9 73.5 73.3 0.32 0.51 0.18 : -2.24
3 49.1 55.2 73.3 73.3 -0.24 0,15 |-0.09 -2.44
4 48.6 54.1 73.2 73.3 -0.37 1-0.18 |-0.33 ~2.56
5 48.9 53.6 734 73.2 -0.88 |-~-0.51 -0.55 -2.02
& 56.6 57.3 73.0 73.2 -1.67 §{-0.83 |-0.74 -2.12
7 69.0 65.4 73.0 73.3 ~2.26 -1.10 ~0.89 -1.04
8 77.3 72.2 : 73.0 73.2 -2.26 j-1.26 |-0.96 ~0.11
9 84.4 78.3 , 72.9 73.3 -2.4% (-1.29 {-0.89 0.76
10 91.1 84.1 : 73.0 73.2 -1.68 {~1.2] -0.74 1.57
11 95.7 88.9 73.2 73.2 ~1.73 1-1.01 -0.51 2.24
12 98.5 92.1 73.2 73.3 ~0.80 1-0.71 -0.22 v 2.7
13 104.3 96.8 73.4 73.3 -3.58 1-0.38 0.08 3.39
14 109.4 101.8 73.6 73.3 -0.13 0.01 0.39 4,12
15 107.7 102.5 73.8 73.3 0.43 0.46 0.74 4,20
16 103.8 100.7 73.9 73.4 1.77 0.91 1.08 3.91
17 97.1 96.9 74.0 73.3 2.10 1.33 1.37 3.32
18 85.8 89.7 74.1 73.3 2.3% 1.68 1.55 2.23
19 74.3 81.3 74.1 73.3 2.30 1.90 1.64 1.02
20 67.9 75.0 74.1 73.3 2.17 1.95 1.57 0.13
21 65.0 7.4 74.0 73.4 1.87 1.87 i.41 -0.36
22 64.7 69.9 73.9 73.3 1.53 1.72 1.22 -0.55
23 60.2 | 66.6 73.8 73.3 1.86 1.45 0.95 -0.99
24 53.9 61.2 ' 73.7 73.2 0.98 1.76 0.7 -1.70
Mean 75.7 76.3 73.5 73.3 0.14 0.31 0.31 ' 0.45

*Internal thermocouples were not used on wall asSemb1y_
**Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 36%
Outdoor Chamber - 35%

Laboratory Air Temperature:

Max. - 74°F (23°C)
Min. - 69°F (21°C)
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TABLE Mg~7{b) - DYNAMIC TEST RESULTS (PERIODIC}, NBS TEST CYCLE, SI UMITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
° 4 [
Time, C W/m W/m
hr
111}
" hfm
to t2 t3* Y b 9w nfm | uem arf** | Gss
Outdoor |Outdoor | Internal | Indoor |Indoor | Calib. | HFM @ | Between |Response | Steady-
Air Surf. Surf, Air {Hot Box | Stud Studs Factor | State
1 11.3 15.0 23.1 22.9 2.17 2.67 1.38 -6.24
2 10.2 13.8 23.1 22.9 1.00 1.60 0.57 -7.07
3 9.5 12.9 22.9 22.9 -0.75 0.47 |-0.27 -7.68
4 9.2 12.3 22.9 22.9 -1.16 |-0.58 |-1.03 -8.09
5 9.4 12.0 22.8 22.9 ~2.78 |-1.61 |-1.73 -8.25
§ 13.7 14.1 22.8 22.9 -5.25 |-2.61 |-2.34 -6.68
7 20.6 18.6 22.8 22.9 -7.14 1-3.46 |-2.82 ~3.28
8 25.2 22.3 22.8 22.9 -7.14 }1-3.97 | -3.03 -0.35
9 29.1 25.7 22.7 22.9 -7.59 |-4.08 |~-2.82 2.39
10 32.8 28.9 22.8 22.9 -5.31 |-3.81 |-2.35 4,96
11 35.4 31.6 22.9 22.9 -5.,44 1-3.20 |-1.61 7.07
12 36.9 33.4 22.8 22.9 ~-2.583 {-2.23 |-0.69 8.56
13 40.2 36.0 23.0 22.9 -1.82 |-1.19 0.24 10.68
14 43.Q 38.8 23.1 22.9 -0.41 0.04 1.24 12.99
15 42.1 39.2 23.2 22.9 1.36 1.44 2.34 13.24
16 39.9 38.2 23.3 23.0 5.58 2.88 3.40 12.33
17 36.2 36.1 23.3 22.9 6.63 4.20 4.31 10.47°
18 29.9 32.1 23.4 22.9 7.52 5,29 4,89 7.05
19 23.5 27.4 23.4 22.9 7.25 5.98 5.18 3.20
20 19.9 23.9 23.4 22.9 6.84 6.16 4,96 0.40
21 18.3 21.9 23.3 23.0 5.89 5.90 4.44 -1.14
22 18.2 21.1 23.1 22.9 4.84 5.44 3.85 -1.74
23 15.7 19.2 23.0 22.9 5.86 4.56 3.00 -3.12
24 12.2 16.2 23.2 22.9 3.08 3.66 2.25 -5.37
Mean 24.3 24.6 23.1 22.9 0.44 0.98 0,97 1.43

*Internal thermocouples were not used for this wall assembly.
**Response factor analysis was not performed for this wall assembly.
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TABLE M6-8(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX JANUARY TEST CYCLE

Calculated

Measured Temperatures, Measured Heat Flux, Heat Flux,

_ oF Btu/hre £t Btu/hr-£t°

Time,
hr
" htm
to t2 t3* 4 t G hfm HEM Gef** | dss
Outdoor |Outdoor | Internal | Indoor | Indoor | Calib. | HFM @ | Between Response | Steady-

Air Surf. j Surf. Air |Hot B8ox | Stud Studs Factor | State
1 46.3 50.4 68.3 68.6 -1.09 |-0.99 |-0.74 -2.37
2 45.1 49.2 68.2 68.6 -1.41 |-1.16 | -0.86 -2.51
3 44.3 48,2 68.1 68.6 -1.13 {-1.34 | -~1,00 -2.62
4 43.4 47.3 68.1 68.6 ~-1.59 1-1.48 | ~1.09 ~2.73
5 43.0 46.6 68.0 658.6 -1.82 |-1.66 |~1,21 -2.81
6 42.1 45.8 68.0 68.6 ~-1.91 1-1.80 |-1.31 -2.91
7 42.1 45.4 57.9 68.6 -1.96 |-1.95 | -~1.41 ~2.94
8 48.1 48.5 67.9 68.5 -2.5]1 -2.07 1-1.48 -2.55
9 56.4 54 .1 67.9 68.5 -2.43 {-2.20 |~-1.56 ~1.83
10 63.9 59.8 67.9 68.5 -2.53 |-2.28 |-1.56 -1.09
11 71.2 55.8 68.0 68.5 -2.59 -2.25 | -1.50 ~0.30
12 76.2 70.6 68.0 68.5 -2.46 {-2.15 | ~1.39 0.36
13 79.3 74.0 68.2 68.6 -1.78 {-1.97 |-1.15 0.80
14 81.7 76.7 68.3 68.6 ~1.70 {-1.69 | -0.90 1.16
15 83.1 78.8 658.4 68.6 -1.24 }~1.,38 |-0.63 1.45
16 74.9 75.1 68.6 68.6 -0.42 1-1.04 |-0.37 0.90
17 64.9 67.4 68.6 68.6 -0.14 |~D.72 1-0.16 L ~0.16
18 58.2 62.7 68.7 68.7 -0.09 {~0.49 -0.05 ~0.81
19 56.7 60.5 68.7 68.7 -0.08 {~0.37 }|-0.05 -1.10
20 53.0 57.6 68.7 68.7 0.2y 1-0.36 {-0.12 -1.49
21 50.7 55.3 68.7 68.7 -0.15 ]-0.40 |-0.21 -1.79
22 50.0 54.2 68.6 68.7 -0.53 {~0.52 {-0.34 ~-1.92
23 48.8 53.0 68.5 68.6 -0.44 {-0.88 |-0.49 -2.06
24 47.5 51.7 68.4 68.7 ~0.52 {-0.85 |-~0.82 -2.21
Mean 57.1 58.3 68.3 68.6 -1.26 }-1.33 |-0.24 -1.31

*Internal thermocoupies were not used for this wall assembly.
**Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 34%
Qutdoor Chamber - 33%

Laboratory Air Temperature:
Max. =~ 75°F (24°C
Min. - 72°F (22°C)

-103-

construction technology laboratories



'
> COWNWNCWOMOG NSO MAN W00 <L 0w <+
o @ TANCO—NOR TN~V OO FTOV OO TN -
n o S » s s s e 8 t 6 8 8 e ¢t B4 8 8 4 s e 8 s a0 "
T e w Qo MO OO VMO~ ANMGT NONM T DLW WOW <t
a X [o S Qe [ T At A S R I B S L §
= = [ I 7o
© — O3
— b =
= ~ @
[S I ot = b3 [T
—~ x = O
° @ — O &
(S | N - T
T Vv o
[T
-4
%
~ NN F e MO NNNQCE MO OND WD WS TS w
= e F D r—~F OO NODAN N r—r— MO w0
= c s e v e * » o » o 9 & e e @ e o e o .
7] < < Cre e QO OO — (Y
i i § 0 [ 1 5

HFM @ | Between

N/m2
Stud

Measured Heat Flux,

Calib.
Hot Box

Indoor
Air

333333333333333334444434
. ® . © . . L] € L3 € L] € . - e L L . .
000000000000000000000000
NONNANNNNNNNNNNNMNAINN NN NN

Indoor
Surf.

2]]]00999900122334444332
. . . . . ® - . . 3 « * L - . L3 * .
000000999900000000000000
NNNANN N e NN ANNAN NN NN NN

°C
Internal

Measured Temperatures,

Surf.

25051742348438097]829379
. .

. . € s . (2 .
09988779258]346397542210

—r—— OO OO O e r— e — e — -

Qutdoor i Outdoor
Air

938316696786354836774035

e e o s e s se e s s A “ e e e

D BB WD 0O Py 1O P ) N D F ) O S O O
—— O O O N N = = = —

TABLE M6-8(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOEMIX JANUARY TEST CYCLE, SI UNITS

Time,
hr

NS OO~ NMTNONOANC — NM <
—r—_r—rr—r——re e NN N

construction technology laboralories

-4.18

-3.99
~104~

20.3

20.2
not performed for this wall assembly.

<
>

e not used for this wall assembly.

14.6

14.0
*Internal thermocouples wer

**Response factor analysis wa

Mean




-1 30
120 ~ Wall M6
) April
Temp., Temp.,
ofF °C
30 19
0 L .
0 16 24
Time, hour
(a) Measured Temperatures
60 r~ - 130
Wall M6
April
30 b ot ~ 15
NI
AT, AT,

. & Nl
o e / —— N ©
F P\\\;’/ N /4&\i C
i 2

-
-30 k- s
~ =30
-0 | | J
Q g s 24

Time , hour
(b) Temperature Difterentials

Fig. M6-4 Wall M6 Dynamic Test Results for Phoenix April Test Cycle

consiruction technology laboratories

-105-



a0 - 120
wall Mo
April
- 100
20 -
-1 80
20" - 80
- 40
Heat Flux, Heat Flux,
Btu W
2 -
hr-ft m-
-20
-40
~20 - - 780
- —80
;..30 Lo
- =00
-4 —i20
.,..40 .
- =140
-50 1. !
0 8 16 24

Time , hour

(c) Heat Flux

Fig. M6-4 wWall M6 Dynamic Test Results for Phoenix April Test Cycle

-106~

consiruction technology {aboratories



TABLE M6-9(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE

Calcuiated
Measured Temperatures, Measured Heat Flux, Heat Flux,
. °F Btu/hr-ft2 Btu/hr-ft2
Time,
hr
LU
" nfm
to 2 t3* G Y G Ifm | yem Aef*™ | dss
Qutdoor | Outdoor | Internal { Indoor |Indoor | Calib. | HFM @ | Between | Response | Steady-
Air Surf. Surf. Air | Hot Box | Stud Studs Factor |State
1 61.1 66.6 73.6 7341 1.50 1.18 0.78 ~-0.96
2 58.6 64.0 73.5 73.2 0.81 0.94 0.59 ~1.30
3 56.2 61.7 73.4 73.1 0.58 0.67 0.38 : -1.59
4 54.4 59.7 73.3 73.1 0.13 0.40 0.18 -1.85
5 53.0 58.1 73.1 73.0 ~0.34 0,13 1} -0.02 ~2.03
6 54.9 58.4 73.1 73.1 -0.75 }-0.16 |-0.22 -1.99
7 59.4 60.8 73.0 73.0 -1.21 {-0.42 }-0.41 ~1.66
8 67.3 65.6 72.9 73.1 -1.71 ]-0.65 1 -0.54 ~1.00
9 75.9 72.0 72.8 73.1 -1.48 {-0.80 {-0.81 -0.11
10 81.5 76.9 72.8 73.0 -1.32 {-0.86 1-0.80 0.57
1x 85.2 80.4 72.8 72.9 -1.47 {-0.85 |-0.52 1.07
12 88.2 83.7 72.9 73.0 ~1.07 1-0.72 } -0.35 1.53
13 91.4 86.6 : 73.0 73.0 -0.77 |-0.52 |-0.16 1.93
14 95.0 89.8 73.2 73.1 -0.50 §-0.20 0.01 2.37
15 97.9 92.7 73.3 73.1 0.14 1-0.02 0.27 2.79 -
16 101.3 95.8 73.5 73.1 0.18 0.26 0.51 3.22
17 101.0 97.0 73.6 73.2 0.89 0.56 0.74 3.39
18 95.4 94.3 73.7 73.2 1.34 0.52 0.99 2.97
19 87.5 89.3 73.8 73.2 1.96 1.18 1.16 2,22
20 81.3 84.5 : 73.8 73.2 1.78 1.42 1.29 1.52
21 75.1 79.8 73.9 73.2 2.97 1.53 1.30 0.83
22 70.1 75.4 73.8 73.2 1.79 1.58 1.26 0.22
23 67.0 72.2 73.8 73.3 1.66 1.43 1.14 -0.22
24 64.2 69.5 73.7 73.3 1.54 1.35 0.98 ~0.58
Mean 76.0 76.5 73.3 73.1 0.23 0,35 0.34 0.47

*Internal thermocouples were not used for this wall assembly.
**Rasponse factor analysis was not performed for this wall assambly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 34%
OQutdoor Chamber - 33%

Laboratory Air Temperature:

Max. - 74°F (23°C)
Min. ~ 69°F (20°C)
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TABLE M6-9(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
-] )
Time, C W/m W/m
hr
1]
" Shfm
to tz t3* 3 Y T Infm | yEy Arf* | Ass
Outdoor | Qutdoor |[Internal | Indoor |Indoor { Calib. { HFM @ jBetween | Response | Steady-

Air Surf, Surf. Air [Hot Box | Stud Studs Factor | State
1 16.2 19.2 23.1 22.8 4,74 3.72 2.49 -3.03
2 14.8 17.8 23.1 22.9 2.55 2.96 1.87 -4.10
3 13.4 16.5 23.0 22.8 1.83 2.12 1.19 -5.02
4 12.4 15.4 22.9 22.8 0.40 1.25 0.55 -5.82
5 1.7 14.5 22.8 22.8 -1.07 0.40 {-0.06 ~6.40
6 12.7 14.7 22.8 22.8 -2.37 [-0.49 }-0.70 -6.27
7 15.2 16.0 22.8 22.8 -3.81 [-1.32 |-1.29 -5.23
8 19.6 18.7 22.7 22.8 ~5.41 ]-2.05 |-1.72 -3.15
9 24.4 22.2 22.7 22.8 -4.68 1-2.52 {-1.92 ~-0.35
10 27.5 24.9 22.7 22.8 ~4.15 1-2.73 1-1.90 1.81
11 29.6 26.9 22.7 22.7 -4.65 |-2.68 |-1.63 3.37
12 31.2 28.7 22.7 22.8 ~3.38 |-2.28 |-1.11 4.82
13 33.0 30.3 22.8 22.8 -2.24 }-1.83 |-0.49 6.10
14 35.0 32.1 22.9 22.8 -1.56 1-0.63 0.04 7.49
15 36.6 33.7 22.9 22.8 0.44 1-0.08 0.86 8.79
16 38.5 35.4 23.0 22.8 0.56 0.81 1.62 10.17
17 38.3 36.1 23.1 22.9 2.18 1.75 2.33 10.69
18 35.2 34.6 23.2 22.9 4,24 2.91 3.13 9.37
19 30.8 31.8 23.2 22.9 6.19 3.72 3.67 6.99
20 27.4 29.2 23.2 22.9 5.60 4.47 4.06 4.79
21 23.9 26.6 23.3 22.9 6.52 4,81 4.1 2.62
22 21.2 24,1 23.2 22.9 5.66 4,93 3.98 0.70
23 19.4 22.3 23.2 22.9 5.25 4.68 3.58 ~-0.70
24 17.9 20.8 23.1 22.9 4.84 4.25 3.08 ~1.83
Mean 24.4 24.7 23.0 22.8 0.74 1.10 1.07 1.49

*Internal thermocouples were not used for this wall assembly.
**Response factor analysis was not performed for this wall assembly.
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TABLE M6-10(a) - DYNAMIC TEST RESULTS {PERIGDIC), PHOENIX AUGUST TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
. °F Btu/hr*fta Btu/hr‘ft2
Time,
hr
1t
11 thm
to t2 t3* 4 Y Ay Ufm | ey ™ | dss
Qutdoor | Outdoor |Internal { Indoor { Indoor | Calib. | HFM @ ; Between | Response | Steady-
Air | Surf. Surf. Air | Hot Box | Stud Studs Factor | State
1 82.6 85.6 79.2 78.4 2.98 2.23 1.62 0.92
2 81.0 84.0 79.1 78.3 2.56 2.10 1.53 0.7¢0
3 79.6 82.6 79.0 78.3 2.5] 1.87 1.34 6.51
4 78.0 81.1 78.9 78.2 2.19 1.73 1.24 0.3
5 76.6 79.8 78.8 78.2 2.19 1.53 1.09 0.14
6 78.9 80.6 78.8 78.2 1.1 1.35 0.94 0.26
7 85.8 84.8 78.7 78.3 0.80 1.15 0.30 (.87
8 94.2 90.7 78.7 78.2 0.56 1.04 0.75 1.73
9 99.3 §5.3 78.6 78.2 0.89 0.95 0.74 2.43
10 102.6 98.6 78.7 78.2 0.73 0.97 0.81 2.92
1 105.3 101.3 78.7 78.1 1.32 1.06 0.96 3.33
12 107.5 103.6 78.9 78.2 1.56 1.20 1.10 3.65
13 109.4 105.7 79.0 78.3 1.60 1.36 1.26 3.9
14 111.5 107.7 79.0 78.3 2.1 1.64 1.47 4.27
15 114.2 116.0 79.2 78.4 2.07 1.82 1.63 4.60
16 115.8 111.9 79.3 78.3 2.47 2.08 1.86 4.89
17 11341 111.0 79.4 78.3 3.36 2.32 2.04 4.73
18 105.6 106.4 79.5 78.4 3.93 2.60 2.24 4.00
19 98.5 101.1] 79.6 78.4 3.88 2.76 2.35 3.17
20 92.0 96.0 79.5 78.4 4.12 2.90 2.38 2.41
21 88.3 92.2 79.4 78.3 4.04 2.92 2.33 1.86
22 86.6 90.2 79.4 78.4 3.7 2.84 2.20 1.56
23 85.5 88.7 79.3 78.3 3.82 2.70 2.03 1.36
24 84.3 87.3 79.2 78.3 3.29 2.54 1.87 1.17
Mean 94.8 94.8 79.1 78.3 2.40 1.90 1.52 2.32
*Internal thermocouples were not used for this wall assembly.
**Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:

Indoor Chamber - 34%
Qutdoor Chamber - 35%

Laboratory Air Temgerature:
Max. ~ 76°F (24°C
Min, ~ 73°F (23°C)
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TABLE M6-10(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX AUGUST TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Fiux, Heat Flux,
o 2 o2
Time, ¢ W/m W/m
hr
in
" Ahfm
tD tZ t3* t] ti O Ihfm HEM qr‘f** RIS
Outdoor |OQutdoor |Internal | Indoor | Indoor { Calib. [ HFM @ | Between | Response | Steady-
Air Surf, Surf. Air | Hot Box | Stud Studs Factor | State
1 28.1 29.8 26.2 25.8 9.39 7.04 5.11 2.90
2 27.2 28.9 26.2 25.7 8.08 6.62 4,82 2.21
3 26.4 28.1 26.1 25.7 7.90 5.90 4.24 1.62
4 25.6 27.3 26.1 25.7 6.89 5.46 3.92 0.99
5 24.8 26.6 26.0 258.7 6.89 4.83 3,43 0.45
6 26.0 27.0 26.0 25.7 3.51 4.26 2.97 0.81
7 29.8 29.9 25.9 25.7 2.52 3.61 2.53 2.7%
8 34.6 32.6 25.9 25.7 1.78 3.28 2.36 5.47
9 37.4 35.2 25.9 25.7 2.80 3.01 2.33 7.67
10 39.2 37.0 25.9 25.7 2.32 3.05 2.54 9.19
11 40.7 38.5 25.9 25.6 4.16 3.33 3.02 10.49
12 41.9 39.8 26.1 25.7 4,92 3.78 3.48 11.5%
13 43.0 40,9 26.1 25.7 5.06 4,29 3.97 12.49
14 44.2 42.3 26.1 25.7 6.66 5.16 4,65 13.47
15 45,7 43.3 26.2 25.8 6.53 5.72 5.13 14.51
16 46.6 44 .4 26.3 25.7 7.80 6.59 5.88 15.41
17 45,1 43.9 26.3 25.7 10.59 7.31 6.43 14.92
18 40.9 41.3 26.4 25.8 12.41 8.192 7.07 12.81
19 36.9 38.4 26.4 25.8 12.24 8.71 7.40 9.99
20 33.3 35,6 26.4 25.8 12.99 8.15 7.49 7.80
21 31.3 33.4 26.3 25.7 12.73 8.2] 7.34 5.86
22 30.3 32.3 26.3 25.8 11.70 8,94 6.92 4.93
23 29.7 31.5 26.3 25.7 11.10 8.50 6.41 4,28
24 29.1 30.7 26.2 25.7 10.39 8.01 5.91 3.67
Mean 34.9 34.9 26.2 25.7 7.56 6.00 4.81 7.32

*Internal thermocouples were not used for this wall assembly.
**Response factor analysis was not performed for this wall assembly.
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TABLE M6-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG

Thermal Lag, hrs
Measured
talc.
Test Heat Flow Meter Heat Flow Meter Time
Cycle Calibrated Hot Box @ Stud Between Studs Constant,
hrs
i 11}
to vs tl qss vs qw qss vs thm qss vs thm
Avg. Avg. Avg.
@ Max. | @ Min. | @ Max. | @ Min. @ Max. | @ Min. @ Max. | @ Min.
NBS 5 5 3 4 4.5 5 4 4.5 4 3 3.5 2.1
Phoenix
January | 4.5 2 5 4 4 4 3 3.5 3.5 3 3.5 2.1
Phoenix
April 5 5 4 3 4.5 5 5 5 4 4.5 4.5 2.1
Phoenix
August 3 4 4 3 3.5 A4.5 4 4.5 4 4 4 2.1
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TABLE M6-13 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), REDUCTION IN AMPLITUDE

Reduction in Amplitude, %
Test ] Heat Flow Meter Heat Flow Meter
Cycle Calibrated Hot Box @ Stud Between Studs
@ Max. | @ Min. | Avg. | @ Max. | @ Min. | Avg. | @ Max. | @ Min. | Avg.

NBS 44 22 33 56 49 52 65 59 62
Phoenix
January 47 18 33 65 47 54 71 56 b4
Phoenix
Aprid 37 22 30 58 51 55 67 54 61
Phoenix
August 22 16 25 60 56 58 57 Y 86
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TABLE M6-14 - SUMMARY OF DYNAMIC TEST RESULTS {PERIODIC), ENERGY REQUIREMENTS

Total Energy, Total gnergy Net Energy, Net E?ergy
Comparisons, Comparisons,
Btu/ft2 (wvhr/mz) % Btu/ft2 (N-hr/mz) %
Test
Cycle Measured Calc. 1 T T o Measured Calc. N N LY
q“ thm qhﬂn qw thm qhﬂn
T T, T, 1 T T T N N, Ny N H N N
qu thm thm qss st qss qss qw thm thm qss qss qss qss
NBS 33.4 24.% 19.2 8.3 631 51 40 3.4 1.1 1.4 10.9 31 it 68
{105.4} {17.8) § {80.8) { {152.4) {10.6) (24.4) (23.4) {34.4)
Phoenix { -30.17 -31.9 -20.2 -41.0 151 18 49 -30.3 -31.9 -20.2 -31.6 96§ 10% 64
January{ (-87.0} {{-100.7) 1{-63.8} {-129.3) (-95.6) | {-100.7) | (-63.6) | (-99.8)
Phoenix 26.1 8.8 15.4 31.9 7047 49 41 5.6 8.3 1.8 1.3 56 13 69
Aprit {64.3) { {59.2} {48.6) | {119.86) (1.1 (26.2) {24.5) (35. 1)
Phoenix 51.% 5.5 36.5 55.17 163} 82 66 51.5 45.6 36.5 55.7 103 82 66
Acgust { (181.4) 1 {143.9} 14315.%) | (375.7) {181.4) | (143.9) | (115,14} 1 (9. 1)
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WALL M7: 6-IN. (152-MM) LIGHTWEIGHT CONCRETE
BLOCK WITH INSULATION ON INSIDE SURrACE

DESCRIPTION: Lightweight 6-in. (152-mm) hollow core concrete block wall
with fiberglass batt insulation between furring strips and
gypsum wallboard on interior surface.

REFERENCE : Fiorato, A. E. and Bravinsky, E., "Heat Transfer
Characteristics of Walls Under Arizona Temperature
Conditions," Construction Technology Laboratories, Portland
Cement Association, Skokie, 1981, 61 pages.

COMPOSITION:

1. 6x8x16~-in. (152x203x406-mm) Hollow Core
Concrete Block - 2 cores per block

2.  1-1/2-in.x1-3/4-in. (38x44-mm)
Furring Strips at 16-in.
(406-mm) center-to-center

3. 1-3/4-in. (44-mm) Fiberglass
Insuiation

4. 1/2-in. (13-mm) Gypsum Wallboard

TABLE M7-1 ~ PHYSICAL PROPERTIES OF WALL AT TIME OF TEST

Measured
Property Yalue
Unit weight, psf (kg/m) 33.4
{(163)
Average Thickness, in. (mm) 7.9
(201)
Area, ft2 (m2) 73.83
(6.96)
Moisture Content,* % by 1.9

ovendry weight

*Measured on masonry, including mortar joints,
after test.
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TABLE #7-2(a) - MATERIAL PROPERTIES, LIGHTWEIGHT CONCRETE BLOCK

~8lL-

Mean
Specimen | Temperature, Measured
Property Test Method Condition oF Value
(°0)
Standard Dimeasions, in. (mm) - - -- 5-5/8%x7-5/8x15-5/8
{(143x134%397)
Measured Dimensions, in. {mm) ASTM €140 - -- 5.60x7.56x15.58
(142x192x396)
Percent Soilid Volume - - - 58
Ovendry Unit Weight, pcf (kg/md) - - - 109
(1748)
Molsture Content, % cvendry weight | ASTM C14C - - 1.2
Absorption, % ovendry weight ASTM C1490 - —_— 10.5
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TABLE M7-2(b) -

MATERIAL PROPERTIES, MORTAR*

Mean
Specimen | Temperature, Measured
Property Test Method condition of value
(°C)
Average Mortar Bed Joint Spacing, - - - 0.41
in. (mm) (10 mm)
Compressive Strength,** psi (MPa) - moist - 1860
(13)

*One part Type S masonry cement to three parts masonry sand by volume.
**Measured on 2-in. (51-mm) cubes moist cured for 28 days.
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TABLE M7-2(c) - MATERIAL PROPERTIES, R-8 FIBERGLASS BATT INSULATION

Mean
. Specimen | Temperature, Measured
Property Test Method Condition oF value
(°C)
Nominal Thickness, in. (mm) - - - 2.5
(64)
Thickness, as received, in. {(mm) ASTM C167 - - 2.52
(64)
Installed Thickness, in. {mm) - - - 1.75
(44)
Density, as received, pcf (kg/md) ASTM C167 - - G.58
(97




TABLE M7-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS

R, Thermal Resistance
Component Between Furring At Furring
-
hr- £t2- °F /Btu hr- 2. °F /Bty
(mZ-K/W) (m2-K/W)
1. Outside Air Film 0.17 0.17
{0.03) (0.03)
2. 6x8x16-in. (152x203x406~mm) 1.65% 1.65
Hollow Core Block (0.29) (0.29)
3. 1-3/4x1-1/2-in. (44x38-mm) - 2.15%
Furring Strips (0.39)
4, 1-3/4-in. (44-mm) Fiberglass 6.00*% -
Insulation (1.06)
5. 1/2-in. {13-mm) Gypsum Wallboard 0.45* 0.45
{C.08) - {0.08)
6. Inside Air Film 0.568 0.68,
(0.12) (0.12)
Total R §.95 5.14
(1.58) {(0.91)
Total U 0.11 0.20
(0.684) (1.11)

Source: ASHRAL Handbook of Fundamentals, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers, Inc., New York,
1977, Chapter 22.

Adjust for Furring {11.7%):

U = 0.883 (0.112) + 0.117 (0.195)
= 0.12 Btu/nr-Ft%°F (0.69 W/m®-K)
R = 1/U = 8.22 hr-ft2 *F/stu (1.45 K-n/u)
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TABLE M7-4 - STEADY-STATE TEST RESULTS

Measured Temperatures,
q °F
R, u, Relative Humidity Laboratory
Heat Flux, (°C) Air Temperature
Nominal Test
Conditi : , * P i
Condition Btu/hr'ftz hr-ftz-"F/Btu Stu/hr‘ftz-% to t, ty i, t. Indoor | Outdoor Ma?(. H:n.
Outdoor | Outdoor | Internal | Indoor | Tndoor | Chamber, | Charber, | °F F
2 2 2 . . . % % {°¢) {°C)
{W/m ) {m K4} {W/m X} Asr Surface Surface Air
Ly = 102°F 7.36 7.90 0.13 130 128 - 16 74 36 34 13 12
(38°C) (23.2) {1.39) 0.72) {55} (53) {25) {23) @3y} (22}
ty = 38°F -1.12 9.08 0.11 3 7 - 11 13 22 20 74 1
(3°C3 (-24.4) {1.50} (G.83) (=16} {-14) 2n (23) 23y (22
Design Values - 8.22 0.12 - - - - - - - - -
(1.45) (G.69)

*Internal thermocouples were not used for this wall assembly.
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TABLE M7-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
. °F Btufhr'ftz Btu/hr'ft2
Time,
hr
i
n thm
to B t3* t t5 Gw Shfm HFM Qef*™* dss
Outdoor | Outdoor | Internal | Indoor | Indoor | Calib. | HFM @ | Between |Response | Steady-
Air Surf. : Surf. Air }Hot Box | Stud Studs Factor |State
1 51.8 58.5 73.5 73.5 0.49 0.39 0.09 1.95
2 49.6 56.3 73.4 73.4 -0.01 {-0.15 |-0.31 -2.22
3 48.4 54.5 73.2 73.4 -0.38 }-0.61 |[-0.64 -2.42
4 48.0 53.4 73.1 73.4 -0.89 |-1.08 [|-0.98 -2.54
5 48.4 52.8 73.0 73.3 -1.31 | ~1.49 {-1.27 7 -2.61
6 57.4 56.9 72.9 73.3 -2.19 1-1.85 |-1.47 -2.07
7 69.6 64.9 72.8 73.4 -2.80 |-2.12 |-1.61 -1.03
8 77.9 7.8 712.9 73.3 ~2.90 {-2.19 |-1.51 ~0.15
g 85.1 78.0 13.0 73.4 -2.31 | -2.09 [-1.34 ‘ 0.67
10 92.2 84.1 73.2 73.4 ~2.17 1-1.77 1-0.9 1.46
11 96.5 89.0 73.3 73.5 -1.43 j-1.25 |~0.49 2.12
12 99.4 92.3 ; 73.6 73.5 -0.82 | -0.66 0.01 2.54
13 105.7 97.4 73.7 73.5 -0.17 |-0.04 0.54 3.24
14 110.3 102.3 : 74.0 73.5 0.37 0.60 1.05 3.89
15 108.3 103.2 74.2 73.6 1.11 1.22 1.53 3.99
16 103.9 101.4 74.4 73.6 2.23 1.9 2.04 3N
17 96.5 97.3 74.5 73.6 2.75 2.43 2.35 3.12
18 84.4 89.7 ‘ 74.6 73.6 2.8] 2.19 2.52 2.04
19 73.5 81.3 74.6 73.6 3.00 2.87 2.39 0.90
20 67.4 75.3 74.4 73.6 2.72 2.78 2.17 0.12
21 64.9 1.7 74.3 73.5 2.7 2.47 1.75 ~0.34
22 64.5 70.0 74.1 73.6 1.84 1.95 1.32 -0.54
23 58.9 66.2 73.9 73.5 1.48 1.45 0.91 -1.0%
24 53.3 61.3 73.8 73.5 0.82 0.95 0.54 ~1.63
Mean 75.7 76.2 73.7 73.5 0.18 0.27 0.36 0.39

*Internal thermocouples were not used for this wall assembly.
**Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 27%
Qutdoor Chamber - 25%

Laboratory Air Temperature:

‘Max. - 74°F (23°C)
Min. - 71°F (21°C)

-125-

construction technology laboratories



TABLE M7-7{(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
° 2 2
Time, C W/m W/m
hr
" dhfin
*
% t2 t3 4 b Uy Wfm | yFM U™ | Gss

Outdoor | Outdoor | Internal | Indoor |Indoor | Calib. | HFM @ | Between | Response | Steady-

Air Surf. Surf. Air (Hot Box | Stud Studs Factor | State

1 11.0 14.7 23.1 23.1 1.55 1.22 0.29 -6.15
2 2.8 13.5 23.0 23.0 -0.04 {-0.47 |-0.97 -6.99
3 9.1 12.5 22.9 23.0 -1.20 (-1.93 [|-2.02 ~-7.63
4 8.9 11.9 22.8 23.0 -2.81 -3.39 |-3.09 -8.02
5 9.1 11.6 22.8 22.9 -4.12 [-4.69 |-4.00 -8.22
6 14.1 13.8 22.7 22.9 -6.92 |-5.84 |-4.65 ~-6.54
7 20.9 18.3 22.7 23.0 -8.83 [-6.70 |-5.09 -3.26
8 25.5 22.1 22.7 22.9 -9.13 |-6.9} ~-4.77 -0.46
9 29.5 25.6 22.8 23.0 ~7.28 |-6.58 |-4.22 2.10
10 33.4 28.9 22.9 23.0 -6.85 (-5.39 |[|-2.86 4.61
1 35.8 31.7 22.9 23.1 -4.51 -3.95 |-1.54 6.69
12 37.4 33.5 23.1 23.1 -2.59 [|-2.08 0.04 8.00
13 40.9 36.3 23.2 23.1 -0.53 [-0.12 1.69 10.20
14 43.5 39.0 23.3 23.1 1.16 1.88 3.30 12.26
15 42.4 39.6 23.4 23.1 3.49 3.85 4.84 12.58
16 39.9 38.6 23.6 23.1 7.02 6.04 6.43 11.69
17 35.8 36.3 23.6 23.1 8.66 7.67 7.40 9.82
18 292.1 32.0 23.7 23.1 8.85 8.81 7.96 6.45
19 23.1 27.4 23.7 23.13 9.45 9.06 7.54 2.83
20 19.7 241 23.6 23.1 8.58 8.78 6.83 0.38
21 18.3 22.1 23.5 23.1 6.83 7.79 5.51 ~-1.09
22 18.1 21.1 23.4 23.1 5.81 6.14 4,16 -1.71
23 14.9 19.0 23.3 23.1 4,66 4.56 2.87 -3.19
24 11.8 16.3 23.2 23.1 2.560 3.01 1.70 -5.15
Mean 24.3 24.6 23.2 23.0 0.58 0.86 1.14 1.22

*Internal thermocouples were not used for this wall assembly.
**Response factor analysis was not performed for this wall assembly.
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TABLE M7-8(a) ~ DYNAMIC TEST RESULTS {PERIODIC), PHOENIX JANUARY TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
) °F Btu/hr- ft° Btu/hr-ft’
Time,
hr
e
u Qhfm
to t2 t3* Y t Qu Qhfm HFM GpF** Ass
Qutdoor | Cutdoor | Internal | Indoor | Indoor { Calib. | HFM @ | Between | Response | Steady-
Air Surf. Surf. Air | Hot Box | Stud Studs Factor | State
1 46.1 50.4 63.3 | 68.6 -1.25 |-1.48 [-1.15 -2.29
2 44.9 49.1 68.2 | 68.6 -1.61 1-1.72 | -1.31 -2.44
3 44.1 48.1 68.2 | 68.6 -1.88 |-1.96 |-1.47 -2.56
4 43.5 47.2 68.0 | 68.4 -1.84 1-2.17 ] -1.6] -2.65
5 43.0 46.6 68.0 | 68.6 -2.20 {-2.34 |-1.72 -2.72
6 41.9 45.6 67.9 | 68.6 ~2.15 |-2.56 | -1.88 -2.83
7 42.7 45.5 67.9 | 68.5 | -2.52 |-2.66 |-1.92 ~-2.84
8 50.7 49.7 §7.8 | 68.5 -2.15 )-2,84 | -2.04 ~2.31
9 58.5 55.2 67.8 | 68.5 -2.58 1-2.93 {-2.07 -1.62
10 66.3 61.1 67.8 | 68.5 ~2.23 1-2.93 |-1.99 -0.87
1L 73.4 67.1 68.0 | 68.5 -2.23 |-2.75 | -1.77 ~0.12
12 77.9 71.7 68.1 68.6 -1.82 |-2.46 | -1.47 0.47
13 80.4 74.9 68.3 | 68.6 | -1.64 }-1.99 {-1.04 0.87
14 82.9 77.7 68.5 68.6 -1.09 -1.55 | -0.69 1.22
15 82.5 79.0 68.6 | 68.7 -0.74 |-1.03 | -0.28 1.38
16 71.3 73.6 68.8 | 68.7 -D.42 [-0.54 | 0.08 0.63
17 61.0 66.4 68.9 | 68.8 0.04 |-0.14 1 0.30 -0.33
18 57.8 62.6 69.0 | 68.7 0.18 0.04 } 0.28 -0.83
19 55.9 60.4 68.9 | 68.7 -0.15 0.00 | 0.13 -1.10
20 51.9 57.3 68.8 | 68.8 ([ -0.15 (-0.17 }-0.06 -1.48
21 50.5 55.4 68.7 | 68.7 ~0.39 -0.45 |-0.36 -1.71
22 49.8 54.2 68.6 68.7 -0.85 (~0.67 |-D.52 -1.85
23 48.6 53.0 68.5 | 68.7 -0.75 {-1.02 !-0.79 -1.99
24 47.2 51.6 : 68.4 | 68.7 -1.24 |-1.26 | -0.96 -2.15
Mean 57.2 58.5 68.3 | 68.6 -1.32 {-1.57 | ~1.01 -1.26

*Internal thermocouples were not used for this wall assembly.
**Rasponse factor analysis was not performed for .this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber ~ 26%
Dutdoor Chamber - 24%

Laboratory Air Temgerature:
Max. - 74°F (23°C
Min. - 71°F {22°C)
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TABLE M7-8(b} - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX JAMUARY TEST CYCLE, SI UNITS
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**Respense factor analysis was not performed for this wall assembly.

*Internal thermocouples were not used for this wall assembly.
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TABLE M7;9(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
_ oF Btu/hr-ft° Btu/nre £t
Time,
hr
n
» Ihfm
to t2 t3* 4 3 Gy hfm HFM Arf** | dgs
Outdoor | Outdoor { Internal | Indoor | Indoor | €Calib. | HFM @ | Between |Response Steady-
Air Surf. Surf. Air | Hot Box | Stud Studs Factor | State
1 60.7 66.5 73.8 73.5 1.44 1.09 0.71 ~0.96
2 58.3 63.9 73.7 73.4 0.89% 0.70 0.41 -1.28
3 55.9 61.5 73.5 73.4 0.47 0.29 0.10 ~-1.57
4 54.1 59.5 73.3 73.4 0.24 ~0.11 -0.23 -1.80
5 52.9 57.9 73.2 73.4 ~0,22 ~0.50 -0.52 ~1.99
6 55.6 58.4 73.2 73.4 -0.73 |} -0.90 | ~0.79 ~1.92
7 60.1 60.7 73.1 73.4 -1.24 |-1.21 |-0.99 ~-1.62
8 69.3 66.3 73.1 73.4 ~1.88 {-1.47 |-1,12 -0.89
9 77.5 72.6 73.1 73.4 ~2.03 |-1.8% |-1.08 -0.07
10 82.8 77.5 731 73.4 -1.70 {-1.46 {-0.90 0.59
11 86.4 81.2 73.2 73.4 -1.30 ~1.23 ~0.64 1.07
12 89.3 84.2 73.4 73.4 ~0.51 -0.89 -0.32 1.45
13 93.0 87.5 73.5 73.3 0.11 §-0.48 0.03 1.89
14 96.3 90.7 73.7 73.4 0.41 -0.06 0.37 2.30
15 99.2 93.6 73.8 73.4 0.82 0.40 0.74 2.69
16 102.6 96.8 : 74.0 73.4 1.14 0.84 1.08 3.1
17 101.4 97.6 74.2 73.5 1.65 1,30 1.45 3.20
18 94.5 94.4 74.3 73.4 2.67 1.80 1.80 2.74
19 86.6 89.3 74.4 73.5 2.82 2.16 2.03 2.02
-20 80.7 84,7 74.4 73.5 2.98 2.33 2.02 1.39
21 74.2 19.7 74.3 73.6 2.97 2.30 1.88 0.72
22 69.8 75.5 74.2 73.5 2.64 2.17 1.67 0.17
23 66.7 72.4 74.1 73.5 2.18 1.89 1.39 -(.23
24 64.0 69.5 754.0 73.5 2.00 1.51 1.04 ~(.58
Mean 76.3 76.8 73.7 73.4 0.66 0.37 0.42 0.43

*Internal thermocouples were not used for this wall assembly.
**Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 27%
OQutdoor Chamber - 25%

Laboratory Air Temgerature

Max. -~ 73°F (23°C
Min., ~ 67°F {19¢C)
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TABLE M7-9(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
o !
Time, C W /m W/m
hr
ns
n Ahfm
to t2 t3* Y b A Ifm | ey GF* | Gss
Outdoor { Outdoor { Internal { Indoor | Indoor | Calib. | HFM @ | Between | Response | Steady-
Air Surf. Surf. Air | Hot Box | Stud Studs Factor | State
] 15.9 19.2 23.2 23.1 4.53 3.44 2.23 -3.03
2 14.6 17.7 23.2 23.0 2.79 2.20 1.30 -4.,05
3 13.3 16.4 23.1 23.0 1.50 0.91 0.31 -4.94
4 12.3 15.3 22.9 23.0 0.77 }-0.36 |} -0.72 -5.67
5 11.6 14.4 22.9 23.0 -0.70 |-1.57 j~-1.65 ~-6.27
6 13.1 14.7 22.9 23.0 -2.31 -2.83 [ -2.50 ~6.07
7 15.6 15.9 22.8 23.0 -3.90 {-3.83 |-3.13 ~5.10
8 20.7 19.1 22.8 23.0 ~5.92 1-4.63 |} -~-3.52 -2.81
9 25.3 22.6 22.8 23.0 ~6.39 |-4,9] -3.40 -0.21
10 28.2 25.3 22.8 23.0 ~5.37 | -4.61 -2.84 1.85
" 30.2 27.3 22.9 23.0 ~4.,10 {-3.89 |-2.00 3.37
12 31.8 29.0 23.0 23.0 -1.61 -2.79 }-1.00 4.57
13 33.9 30.8 23.1 22.9 0.35 |~1.50 0.08 5.95
14 35.7 32.6 23.2 23.0 1.28 1-0.20 1.18 7.26
15 37.3 34.2 23.2 23.0 2.58 1.26 2.34 8.49
16 39.2 36.0 23.3 23.0 3.58 2.65 3.41 9.81
17 38.6 36.4 23.4 23.1 5.20 4.1 4,587 10.08
18 34.7 34.7 23.5 23.0 8.42 5.68 5.68 8.53
19 30.3 31.8 23.6 23.1 8.89 §.81 6.39 5.36
20 271 29.3 23.6 23.1 9.40 7.34 65.38 4.37
21 23.4 26.5 23.6 23.1 9.35 7.26 5.93 2.28
22 21.0 24,2 23.4 23.1 8.32 6.85 5.26 0.55
23 19.3 22.4 23.4 23.1 6.88 5.97 4.39 -0.71
24 17.8 20.9 23.5 23.1 6.32 4.76 3.28 -1.83
Mean 24.6 24.9 23.2 23.0 2.08 1.17 1.33 1.37

*Internal thermocouples were not used for this wall assembly.
**Response factor analysis was not performed for this wall assembly.
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TABLE M7—10(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX AUGUST TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
. of Btu/hr‘ftz Btu/hr'ftz
Time,
hr
(113
u thm
to t2 t3* t t % Infm | yem Are™ | Qsg
Outdoor | Outdoor | Internal | Indoor | Indoor | Calib. | HFM R |Between |Response | Steady-
Air Surf. Surf. Air | Hot Box | Stud Studs Factor | State
1 82.1 85.3 79.1 78.4 2.20 2.47 1.77 0.84
2 80.3 83.7 79.0 78.3 1.98 2.13 1.50 0.64
3 79.0 82.2 78.9 78.3 1.57 1.87 1.32 0.45
4 77.3 80.7 78.9 78.3 1.48 1.56 1.07 0.24
5 76.3 79.3 78.8 78.3 0.80 1.36 0.95 0.07
6 79.4 80.3 78.7 78.4 0.11 1.00 0.70 0.22
7 87.6 84.9 78.7 78.4 ~0.34 0.83 0.61 0.84
8 95.6 90.7 78.7 78.4 -0.49 0.7 0.59 1.63
9 100.2 95.1 78.7 78.4 ~(.31 0.72 0.69 2.25
10 103.3 98.3 78.8 78.4 0.48 0.92 0.91 2.68
11 106.0 101.1 78.9 78.4 0.33 1.23 1.24 3.06
12 108.1 103.4 78.8 78.4 0.83 1.57 71.53 3.40
13 110.0 105.6 79.2 78.4 1.48 1.92 1.80 3.66
14 112.4 107.7 79.3 78.4 1.64 2.35 2.14 3.95
15 115.3 110.2 79.5 78.4 1.96 2.71 2.45 4.29
16 116.1 112.0 79.6 78.5 2.58 3,05 2.89 4,53
17 111.9 110.5 79.7 78.4 3.56 3.51 3.01 4.30
18 103.8 105.7 79.8 78.4 3.66 3.82 3.22 3.60
19 96.9 100.5 79.8 78.4 3.7 4,00 3.29 2.86
20 90.5 95.4 ‘ 79.7 78.4 2.1 3.99 3.13 2.15
21 87.6 92.0 79.7 78.4 3.30 3.78 2.88 1.68
22 86.2 30.1 79.5 78.4 3.25 3.53 2.60 1.44
23 85.1 88.5 79.3 78.4 3.03 3.17 2.32 1.25
24 83.7 87.0 79.2 78.4 2.67 2.79 2.00 1.06
Mean 94,8 9.6 79.2 78.4 1.80 2.29 1.85 2.13

*Internal thermocouples were not used for this wall assembly.
**Response factor analysis was not performed for this wall assembiy.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 27%
Outdoor Chamber - 25%

Laboratory Air Temperature:

Max. ~ 74°F (23°C
Min. - 71°F {22°C)
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TABLE M7-10(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX AUGUST TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
o J
Time, C W/m W/m
hr
N " hfm
to t2 t3 4 ty Qyy Ghfm HER Qe | Qg
Outdoor | Outdoor {Internal | Indoor | Indoor | Calib, | HFM @ | Between | Response | Steady-
Air Surf. Surf. Air |Hot Box | Stud Studs Factor | State
1 27.8 29.6 26.2 25.8 6.95 7.79 5.58 2.65
2 26.8 28.7 26.7 25.7 §5.23 6.70 4.75 2.00
3 26.1 27.9 26.1 25.7 4,93 5.90 4.7 1.40
4 25.2 27.0 26.1 25.7 4,66 4.91 3.36 0.76
5 24.6 26.3 26.0 25.7 2.52 4,27 3.01 0.21
6 26.3 26.8 25.9 25.8 0.36 3,16 2.20 0.68
7 30.9 29.4 25.9 25.8 -1.08 z2.61 1.93 2.64
8 35.3 32.6 25.9 25.8 ~1.54 2.23 1.86 5.16
9 37.9 35.1 25.9 25.8 ~0.98 2.27 2.17 7.08
10 39.6 36.8 26.0 25.8 1.51 2.89 2.87 8.46
1 41.1 38.4 26.1 25.8 1.03 3.89 3.92 9.66
12 42.3 39.7 26.0 25.8 2.63 4.94 4.82 10.73
13 43.3 40.9 26.2 25.8 4.86 6.05 5.68 11.55
14 44.7 42.0 26.2 25.8 5.18 7.40 6.76 12.45
15 46.3 43.3 26.4 25.8 6.17 8.56 7.72 13.52
16 46.7 44,4 26.4 25.8 8.04 92.61 8.47 14.30
17 44.4 43.6 26.5 25.8 11.23 111.06 9.50 13.57
18 39.9 4Q.9 26.6 25.8 11.54 |12.¢4 {1017 11.35
19 36.1 38.1 26.6 25.8 11.69 |12.61 {10.37 9.01
20 32.5 35.2 26.5 25.8 11.70 | 12.59 9.86 §5.79
21 30.9 33.3 26.5 25.8 10.40 J11.94 9.10 5.30
22 30.1 32.2 26.4 25.8 10.26 | 11.13 8.21 4.5%
23 29.5 3.3 26.3 25.8 2.56 2.99 7.30 3.94
24 28.7 30.6 26.2 25.8 8.43 g.91 6.30 3.34
Mean 3.9 34.8 26.2 25.8 5.67 7.22 5.84 6.7

*Internal thermocouples were not used for this wall assembly.
**Response factor analysis was not performed for this wall assembly.
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TABLE M7-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG

Thermal Lag, hrs

Measured
Cale.
Test . . Heat Flow Meter Heat Flow Meter Time
Cycie Catibrated Hot Box @ Stud Between Studs Constant,
hrs
" 1
ta vs t? 955 V= Oy Gss V3 Upep 955 ¥S ney
Avg. Avqg. Avg.
% Max. 1@ Min. | @ Max. | @ Min @ Max. | @ #in. @ Max. | @ Min.
MBS 4.5 3 4 3 3.5 4 3 3.5 3 2 2.5 1.2
Phoenix
January 4 3 3 2 3 3 2.5 3 2.5 2 2.5 1.2
Phoenix
Apri] 3.5 3.5 3.5 4 3.5 3 4 3.5 2.5 3 3 1.2
Fhoenix
August Z.5 2.5 3.5 3 3 3.5 3.5 3.5 3 2.5 3 1.2
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TABLE M7-13 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), REDUCTION IN AMPLITUDE

Reduction in Ampiitude, %

Test . ; Heat Flow Meter Heat Flow Meter
Cycle Calibrated Hot Box @ Stud Between Studs
@ Max. ;@ Min. | Avg. | @ Max. | @ Min. | Avg. | ® Max. | @ Min. | Avg.
NBS 22 -3 10 28 18 23 40 34 37
Phoenix
January 43 20 32 39 14 21 50 33 42
Phoenix
Aprii 16 =11 3 29 20 25 42 36 39
Phoenix
August 20 -1 5 29 23 26 40 39 44




TABLE M7-14 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), ENERGY REQUIREMENTS

-lrl-

Total Energy Net Energy
Total Energy, Comparisons, Net Energy, Comparisons,
Btu/FtS (W-hr/mo) % Btu/ft° (W-hr/m0) %
Test
Cycle Measured Caic. T T, T Measured Calc. N N, o
% 1%em | %fm % 1% | Inem
¥, {T“, T T T T M N, L N N N N
qw thm thm qss qss qss qss qw thm thm qss qss qss qss
NBS 3.2 37.1 29.7 46.3 85 | BO 64 4.4 6.5 8.7 9.3 47 (A 94
{123.6) § (116.9) | (93.8) | (146. 1) (13.9) 20.1) (27.4) {29.3)
Phoenix 32.1 37.7 5.5 39.3 82 { 9 66 -31.7 -31.6 ~24.3 -30.1 105 | 125 81
January | (101.33 | (118.8) | (81.%1) | (123.9) (-99.9) | (-118.6) | {-76.7) { {-95.0)
Phoenix 3%.0 1 28.7 23.3 36.3 96 { 19 64 15.8 8.3 10.1 0.4 152 86 97
Ppril {110.6) | {80.4} (73.8) | (114.4) (49.9) {28.1) (32.0) (32.9)
Phoernix 45.4 55.0 44 8 51.1 89 {108 87 43,2 55.0 44.4 51.1 85 | 108 87
August | (143.3) ({173.5) (1401} | {161.2) (136.2) { €173.5) | (140.1) | (161.2)
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WALL M8: 8-IN. (203-MM) NORMAL WEIGHT CONCRETE

BLOCK WITH INSULATION ON INSIDE SURFACL

DESCRIPTION: Normal weight 8-in. (203-mm) hollow core concrete block
wall with fiberglass batt insulation between furring strips
and gypsum wallboard on interior surface.

REFERENCE: Fiorato, A. E. and Bravinsky, E., "Heat Transfer
Characteristics of Walls Under Arizona Temperature
Conditions," Construction Technology Laboratories, Portland
Cement Association, Skokie, 1981, 61 pages.

COMPOSITION:
1.
4
; 2.
2
; 3.
4,

8x4x16-in. {203x102x406-mm) Normal
Weight Hollow Core Concrete Slump
Block - 2 cores per block

1-1/2-in.x1-3/4-in. (38x44-mm)
Furring Strips at 16-in.
(406-mm) center-to-center

1-3/4-in. (44-mm) R-8 Fiberglass

Insuiation

1/2-in. (13-mm) Gypsum Wallboard

TABLE M8-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST

Property

Measured

Yalue

Area, ftZ {m?)

ovendry weight

Unit weight, psf (kg/m?)

Average Thickness, in. {(mm)

Moisture Content,* % by

48.9
(239}

9.4
{239)

73.74
{6.85)

1.0

*Measured on masonry, including mortar joints,

after test.
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TABLE M8-2(a} - MATERIAL PROPERTIES, NORMAL WEIGHT CONCRETE

BLOCK

Property

Test Method

Specimen
Condition

Mean
Temperature,
°F
(°C)

Measured
VYalue

Standard Dimensions, in. (mm)
Measured Dimensions, in. (mm)
Percent Solid VYolume

Ovendry Unit Weight, pcf {kg/md)
Moisture Content, % ovendry weight

Absorption, % ovendry weight

ASTM C140

ASTM C140

ASTM C140

7-5/8x3-5/8x15-5/8
(194x92x337)

7.13x3.61x15.21
{181x92x386)

59
130
{2082)

1.7

1.5
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TABLE MB-2(b) -

MATERIAL PROPERTIES, MORTAR*

Mean
Specimen | Temperature, Measured
*.
Property Test Method | oo ndition of value

{°C)
Average Mortar Bed Joint Spacing, - _— - 0.47
in. {mm) (12)
Compressive Strength,** psi (MPa) - moist - 2830
(20)

*One part Type S masonry cement to three parts masonry sand by volume.
kkMeasured on 2-in. (51-mm) cubes moist cured for 28 days.
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TABLE MB-2(c) - MATERIAL PROPERTIES, R-8 FIBERGLASS BATT INSULATION

Mean
Specimen | Temperature, Measured
Property Test Method Condition oF value
(°C)
Nominal Thickness, in. (mm) - - - 2.5
(64)
Thickness, as received, in. {mm) ASTM C167 - - 2.52
(64)
installed Thickness, in. {(mm) -- ~- - 1.75
(44)
Density, as received, pcf (kg/md) ASTM C1567 - - 0.58
{9}




TABLE M8-3 ~ DESIGN HEAT TRANSMISSION COEFFICIENTS

R, Thermal Resistance
Component Between Furring At Furring
hr- ££2- °F /Bty hre££2- °F /Bty
(m2°K/N) (m2~K/N)
1. OQOutside Air Film 0.17 0.17
(0.03) {0.03)
2. 8x4x16-in. (203x102x406~mm) 1.11% 1.11
Hollow Core Slump Block {0.20) {0.20)
3. 1-3/4x1-1/2-in. (44x38-mm) - 2.19*
Furring Strips - {0.39)
4. 1-3/4-in. (44-mm) Fiberglass 6.00* -
Insulation (1.06)
5. 1/2-in. (13-mm) Gypsum Wallboard 0.45% 0.45
(0.08) ~ {0.08)
6. Inside Air Film (.68 0.63
(0.12) (0.12)
Total R 8.41 4,60
{1.48) (0.81)
Total U 0.12 0.22
{0.68) (1.23)

*Source: ASHRAE Handbook of Fundamentals, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers, Inc., New York,
1977, Chapter 22.

Adjust for Furring {11.7%):

U = 0.883 {0.119) + 0.117 (0.217)
= 0.13 Btu/hr-ft2-°F (0.74 W/m%-K)
R = 1/U = 7.67 hr-ft% °F/Btu (1.35 K-m2/u)
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TABLE ™MB-4 - STEADY-STATE TEST RESULTS

Measured Temperatures,

q of ) o .
R1, U, Relative Humidity Laboratory
Heat Flux, (°C) Air Temperature
Nominal Test

- " .
Condition Btu/hr-ftz hr-ft2~°F/Btu Btu/hr-ft2-°F t, t, ts t} t. Indoor | OQutdoor | Max. Min.
Outdoor |Outdoor | Internal | Indoor | Indoor |Chamber, | Chamber, | °F °F
2 2 . 2 . . % % (°C) (°C)

(W/m "} {m -K/W) (W/m -K) Air Surface Surface Air
tq = 102°F 8.13 1.12 0.14 130 127 _ 16 14 39 44 76 15
(39°C) {25.7) {1.25) (0.80) {54} {53) (25} (23) (25) 1 (2&)
ty = 39°F 2.76 8.03 0.3 3 8 _ 71 73 27 26 76 )
{4°C) (27.6) {1.41) 0.71) (-15) (<14} 2n (23} 28 | (24)
Design values - 7.67 0.13 - - - - - - - - -
{1.35) (0.74)

*Internal thermocouplies were not used for this wall assembly.
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Fig. M8-2 Wall M8 Dynamic Test Results for NBS Test Cycle
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Fig. M8-2 Wall M8 Dynamic Test Results for NBS Test Cycle
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TABLE M8-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE

Calculated

Measured Temperatures, Measured Heat Flux, Heat Flux,

2 2

(-] @« -
Tie, F Btu/hr-ft Btu/hr-ft
hr
31
[ hfm
Yo t2 t3* Y t v fm | yeM Gf™ | Qg5
Outdoor |Outdoor | Internal |Indoor | Indoor | Calib. | HFM 8@ |Between |Response | Steady-

Afr Surf. Surf. Air |Hot Box | Stud Studs Factor | State
1 52.8 61.5 73.8 73.6 1.09 1.03 0.39 -1.83
2 50.7 59.4 73.6 73.6 0.68 0.58 0.09 -2.10
3 49,5 57.6 73.5 73.5 -0.01 0.10 ~0.17 -2.35
4 49.0 56.3 73.4 73,5 ~0.06 -0.42 -0.49 -2.52
5 49.3 55.6 73.3 73.5 -0.79 -0.82 -0.72 ~2.61
6 57.8 58.7 73.2 73.5 ~1.30 ~1.23 -0.94 -2.15
7 69.7 65.3 73.1 73.6 -1.39 -1.64 -1.13 ~-1.16
8 77.9 71.3 73.1 73.5 -1.8¢9 -1.78 ~1.06 -0.27
9 84.8 76.8 73.1 73.5 -1.47 ~1.89 -1.05 0.56
10 91.6 82.1 73.2 73.5 ~1.43 -1.68 -0.77 1.35
11 95.9 86.6 73.4 73.5 -1.16 ~1,39 -0.49 2.02
12 98.7 89.8 73.5 73.5 ~-0.39 -0.98 -0.15 2.50
13 104.8 94.4 73.7 73.5 ~0.26 -0.44 0.23 3.19
14 109.4 99.0 73.9 73.6 0.47 0.03 0.56 3.89
15 107.3 100.1 74.2 73.5 0.92 0.71 0.95 4.02
16 103.3 98.9 74.3 73.7 1.61 1.33 1.38 3.81
17 96.3 95.8 74.5 73.7 2.5% 1.86 1.66 3.29
18 B4.9 B9.6 74.5 73.7 2.82 2.34 1.89 2.32
19 74.2 82.5 74.6 713.7 2.82 2,61 1.91 1.20
20 68.3 77.2 74.6 73.6 2.92 2.85% 1.78 0.39
21 65.8 74.0 74.4 73.7 2.42 2.58 1.60 -0.06
22 65.4 72.1 74.3 73.7 2.19 2.27 1.29 -0,33
23 59.9 68.7 74.1 73.6 2.0 1.90 1.02 -0.81
24 54.4 64.2 74.0 73.5 1.36 1.51 0.75 -1.46
Mean 75.9 76.6 73.8 73.6 0.57 0,38 0.35 0.45

*Internal thermocouplies were not used for this wall assembly.
**Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 36%

Outdoor Chamber - 37%
Laboratory Air Temperature:

Max. - 77°F {25°C
Min., - 74°F (23°C)
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TABLE MB-?(b) ~ DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS

Calculated
Measured Temperaturas, Measured Heat Flux, Heat Flux,
o 2 2
Time, C W/m Y/m
hr
HE
. Ghfm
to t2 ta* 4 by L] WMfrm HFM A% | Qss
Outdoor | Outdoor | Internal | Indoor i Indoor | Calib. | HFM 2 |Beiween [Response { Steady-
Air Surf. Surf, Air |[Hot Box | Stud Studs Factor | State
1 11.6 16.4 23.2 23.1 3.44 3.26 1.23 -5.76
2 10.4 15.2 23.1 23.1 2.14 1.82 0.29 ~6.63
3 9.7 14.2 23.1 23.1 ~0.04 0.32 -0.55 ~7.41
4 9.4 13.5 23.0 23.1 -0.18 -1.33 -1.54 ~7.96
5 9.6 13.1 22.9 23.1 -2.50 -2.58 -2.27 -8.23
§ 14.3 14.8 22.9 23.1 ~4,09 -3.88 -2.95 -6.77
7 20.9 18.5 22.8 23.1 -4,39 ~5.16 -3.56 ~-3.67
8 25.5 21.8 22.8 23.1 ~5.,96 -5.60 ~-3.35 -0.85
9 29.3 24.9 22.8 23.1 ~4.,65 ~5.95 ~-3.32 1.76
10 33.1 27.8 22.9 23.1 ~-4.50 =5.31 ~2.44 4.26
n 35.5 30.3 23.0 23.1 -3.64 -4.37 -1.55 65.36
12 37.1 32.1 23.1 23.1 -1.22 ~3.08 -0.46 7.88
13 40.4 34.7 23.2 23.1 ~0.81 ~-1.39 0.72 10,06
14 43.0 37.2 23.3 23.1 1.47 0.10 1.78 12.26
15 41.8 37.8 23.4 23.1 2.91 2.22 3.00 12.67
16 39.6 37.2 23.5 23.2 5.09 4.19 4.37 12.02
17 35.7 35.4 23.6 23.2 8.17 5.86 5.23 10.37
18 29.4 32.0 23.6 23.2 8.88 7.39 5.94 7.30
19 23.4 28.1 23.7 23.2 8.90 8.23 6.04 3.79
20 20.2 25.1 23.7 23, 9.20 8.35 5.60 1.24
2 18.8 23.3 23.% 23.2 7.683 8.13 5.03 -0.19
22 18.6 22.3 23.5 23.2 6.91 7.17 4.07 -1.04
23 15.5 20.4 23.4 23.1 6.34 5.98 3.21 ~2.55
24 12.4 17.9 23.3 23.1 4.28 4.75 2.36 -4,61
Mean 24.4 24.8 23.2 23.1 1.81 1.21 1.12 1.42

*Internal thermocouples were not used for this wall assembly.
**Rasponse factor analysis was not performed for this wall assembly.
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Fig. M8-3 Wall M8 Dynamic Test Results for Phoenix January Test Cycle
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Fig. M8-3 Wall M8 Dynamic Test Results for Phoenix January Test Cycle
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TABLE MB-Q(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX JANUARY TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
L4 - »
Time, F Btu/hr-ft Btu/hr-ft
hr
13
" hfm
% t2 t3* ! t Qw Y fm HFM Irf™ | 9ss
Qutdoor | Outdoor |Internal | Indoor | Indoor | Calib. | MFM @ |Between Response | Steady-
Air Surf, Surf. Air [Hot Box | Stud Studs Factor | State
1 46.6 52.0 68.5 68.8 -1.34 ~1.40 -0.89 -2.4%
2 45.5 50.9 68.4 68.9 ~1.34 -1.69 ~1.06 -2.55
3 44.7 49.8 638.4 68.8 -1.95 -1.87 ~1.16 -2.1
4 43.9 48.9 68.3 68.9 -1.67 ~2.15 -1.35 -2.82
5 43.4 48.2 68.3 68.8 ~2.17 -2.35 -1.45 -2.92
6 42.4 47.2 68.1 68.7 -2.13 -2.56 -1.55 -3.03
7 43.0 46.9 68.1 68.8 ~2.27 ~2.79 -1.70 -3.08 -
8 50.2 50.0 68.1 68.7 ~2.46 ~2.95 -1.77 -2.64
9 58.0 54.7 68.0 68.7 ~2.51 -3.11 -1.83 -1.95
10 65.5 59,8 68.0 68.7 ~2.51 ~3.19 -1.83 -1.21
11 72. 55.0 68.1 68.7 -2.33 -3.17 ~1.73 -0.46
12 76.9 69.3 68.2 68.7 -2.28 -2.93 ~1.51 0.16
13 79.6 72.4 68.4 68.8 -1.69 ~2.67 -1.26 0.80
14 82.1 75.1 68.5 68.8 ~1.78 2424 0.9 0.99
15 82.4 76.8 68.7 68.9 ~1.00 ~1.86 -0.66 1.22
16 12. 73.0 68.8 68.9 -0.82 -1.36 -0.31 0.63
17 61.8 66.9 69.0 68.9 -0.36 ~(.95 ~-0.12 -0.31
18 58.1 63.3 69.0 68.9 ~0.23 -0.64 ~0.03 -0.84
19 56.4 61.3 : 69.0 69.0 -0.23 ~(.52 ~0.07 -1.14
20 52.5 58.6 69.0 68.9 -0.23 ~0.57 -0.18 -1.53
21 51.0 56.7 68.9 £9.0 ~0.43 -0.68 ~0.30 -1.79
22 50.3 55.5 £8.8 68.9 ~0.64 -0.84 -0.46 -1.95
23 49. 54.3 68.7 68.9 -0,72 ~7.09 -0.64 ~2.11
24 47.8 83.1 68.6 68.9 -1.14 ~1.31 -0.79 ~2.27
Mean 57.3 58.7 8.5 68.8 -1.43 ~1.87 -0.98 ~1.42

*Internal thermocouples were not used for this wall assembly.
**Rasponse factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 27%
Qutdoor Chamber - 33%

Laboratory Air Temperature:
Max. - 74°F {23°C)
Min, - 71°F (22°C)
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TABLE M8-8{b) - DYMAMIC TEST RESULTS (PERIODIC), PHOENIX JANUARY TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
o I’
Time, c H/m W/ m
hr
L
) Ufm
to t2 t3* Y t Gy Whfm HFM G | dss

Outdoor |Outdoor {Internal | Indoor | Indoor | Calib. | HFK @ |Between |Response | Steady-

Air Surf. Surf, Air |[Hot Box | Stud Studs Factor |State

1 8.1 1.1 20.3 20.4 -4 ,24 -4.42 -2.81 -7.60
2 7.5 10.5 20.2 20,5 -4,22 -5.34 -3.34 -8.05
3 7.1 9.8 20.2 20.4 -6.14 -5.90 -3.67 ~8.55
4 6.6 9.4 20.2 20.5 ~5.28 -6.79 -4,25 -8.90
5 6.3 9.0 20.2 20.4 ~6.85 -7 .41 -4.56 -9.22
6 5.8 8.4 20.1 20.4 6,72 ~8.08 -A.88 ~9,.57
7 6.1 8.3 201 20.4 -7.16 -8.81 -5.35 ~9,70
8 10.1 10.0 20.1 20.4 ~-1.74 =9.29 ~-5,58 -8.31
9 14.4 12.6 20.0 20.4 -7.92 -9.80 -5.76 ~5.14
10 18.6 15.4 20.0 20.4 ~-7.90 |-10.06 ~5.76 ~-3.81
1" 22.4 18.3 20.1 20.4 -7.35 {-10.00 -5.44 ~1.45
12 24.9 20.7 20.1 20.4 ~71.20 ~9.26 -4,75 0.52
13 26.4 22.4 20.2 20.4 ~-5.32 -8.41 -3.97 1.8%
14 27.8 23.9 20.3 20.4 ~-5.63 -7.05 -2.87 3.12
15 28.0 24.9 20.4 20.5 -3.,16 ~5.88 -2.08 3.84
16 22.4 22.8 20.4 20.5 -2.90 ~4.30 -0,98 1.98
17 16.6 19.4 20.6 20.5 -1.14 ~3.00 -0.37 ~0.98
18 14.5 17.4 20.6 20.5 -0.72 ~2.02 -0,10 -2.66
19 13.6 16.3 20.6 20.6 -0.72 -1.65 =0, 21 -3.59
20 11.4 14.8 20.6 20.5 -0.72 ~1.79 ~0.58 ~4.83
21 10.6 13.7 20.5 20.6 ~1.29 -2.13 -0,95 ~-5.65
22 10.2 13.1 20.4 20.5 -2.02 -2.66 ~1.46 ~6.15
23 9.5 12.4 20.4 20.5 -2.27 -3.44 ~2.02 -6 .65
24 8.8 11.7 20.3 20.5 -3.658 -4.15 -2.48 ~71.15
Mean 14.1 14.9 20.3 20.5 ~4,51 -5.90 -3.09 ~-4,48

*Internal thermocouples were not usad for this wall assembly.
**Response factor analysis was not performed for this wall assembly.
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Fig. M3-4 Wall M8 Dynamic Test Results for Phoenix April Test Cycle
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TABLE M8-9(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
. °F Btu/hr‘ftz Btu/hr'ft2
Time, ¥
hr
[{}]
= Ihfm
to t2 t3* % t Gy dhfm | rN e ™ | Ass
Outdoor | Outdoor |Internal | Indoor Indoor | Calib. | HFM @ |Between |Response | Steady-
Air Surf. Surf. Air | Hot Box | Stud Studs Factor | State
1 61.4 68.6 741 73.7 1.20 1.48 0.85 -0.82
2 58.9 66.1 ' 73.9 73.6 0.69 1.17 0.64 ~-1.16
3 56.6 63.9 73.8 73.6 0.64 0.78 0.35 -1.47
4 54.8 61.9 73.7 73.6 0.32 0.41 ¢.1 -1.75
5 53.5 60.2 73.6 73.6 -0.24 0.04 ~-0.0% -1.99
6 56.1 60.4 73.5 73.6 -0.51 -0.37 -0.37 -1.94
7 60.5 62.3 73.4 73.5 -0.79 -0.75 -0.57 -1.65
8 69,1 66.7 , 73.3 73.5 ~1.11 -1.0% 0.7 -0.99
9 77.3 72.1 73.3 73.5 -1.17 -1.25 -0.78 -0.18
10 82.5 76.4 73.3 73.8 -1.13 -1.33 -0.74 0.47
11 85.8 79.7 73.4 73.5 ~(.99 -1.28 -0.56 0.95
12 88.7 82.5 73.5 73.5 -0.82 ~1.05 ~0.36 1.37
13 92.2 85.4 73.6 73.6 -(.60 -0.7% -0.19 1.80
14 95.5 88.5 73.8 73.6 -0.18 ~.41 0.16 2.25
15 98.4 91.2 73.9 73.6 0.18 «0.03 0.43 2.66
16 101.7 94.1 74.1 73.6 0.54 0.38 0.69 3.08
17 100.4 95.1 74.2 13.7 0.82 0.81 0.93 3.22
18 94.4 92,9 74.3 73.8 1.52 1.3 1.30 2.86
19 86.7 88.8 74.4 713.7 1.76 1.65 1.46 | 2.21
20 80.9 84.7 74.4 73.7 2,18 1.95% 1.54 1.57
21 74.7 80.6 74.5 73.7 2.14 2.12 1.57 0.93
22 70.2 76.7 74.4 73.8 1.78 2.16 1.49 0.35
23 67.2 73.8 74.3 73.7 1.6% 2.00 1.29 ~0.08
24 64.5 1.2 74.2 73.7 1.58 1.73 1.04 -0.45
Mean 76.3 76.8 73.9 73.6 0.39 0.41 0.40 0.47

*Internal thermocouples were not used for this wall assembly.
**Regponse factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 30%
Outdoor Chamber - 36%

Laboratory Air Temperature:

Max. - 73°F (23°C
Min. - 72°F (22°C)
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TABLE M8-9(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
(-]
Time, ¢ W/m Wim
hr
Til
" thm
t t2 t3* B Y by Wfm | e AGf*™ | Ass
Outdoor | Outdoor [Internal | Indoor |Indoor | Calib. | HFM @ |Between |Response |Steady-
Air Surf. Surf, Air |Hot Box [ Stud Studs Factor |State
1 16.3 20.3 23.4 23.2 3.78 4.68 2.69 -2.60
2 14.9 18.9 23.3 23.1 2.18 3.70 2.02 -3.67
3 13.7 17.7 23.2 23.1 2.02 2.45 1.09 -4 .65
4 12.7 16.6 23.2 23.1 0.99 1.29 0.36 -5.53
5 11.9 15.7 23.1 23.1 -0.76 0.12 -0.29 ~6.27
6 13.4 15.8 23.1 23.1 ~1.62 -1.18 -1.16 ~6,13
7 15.8 16.8 23.0 23.1 -2.49 -2.38 -1.81 -5,20
8 20.6 19.3 22.9 23.1 -3.50 -~3.31 -2.23 -3.11
9 25.2 22.3 22.9 23.1 -3.69 -3.94 -2.45 -0.57
10 28.1 24.7 22.9 23.1 -3.56 4,21 ~-2.32 1.48
1N 29.9 26.5 23.0 23.1 -3.14 -3.94 =1.,77 3.0
12 3.5 28.1 23.1 23.1 ~2.58 -3.31 -1.12 4.31
13 33.4 29.7 23.1 23.1 -1.88 -2.39 (.30 5.68
14 35.3 3.4 23.2 23.1 -0.58 -1.28 0.492 7.10
15 36.9 32.9 23.3 23.1 .56 -0.11 1.36 8.38
16 38.7 34.5 23.4 23.1 1.69 1.19 2.17 9.72
17 38.0 35.1 23.4 23.2 2.60 2.55 3.13 10.17
18 34.7 33.8 23.5 23.1 4.79 4.12 4.10 9.03
19 30.4 3i.5 23.6 23.2 5.55 5.22 4.60 6.96
20 27.2 29.3 23.6 23.2 6.96 6.15 4.86 4.95
21 23.7 27.0 23.6 23.2 6.75 6.69 4,94 2.92
22 21.2 24.8 23.6 23.2 5.62 6.81 4.70 1.10
23 19.6 23.2 23.5 23.2 5.34 6.30 4.08 -0.24
24 18.1 21.8 23.4 23.2 4,89 5.47 3.28 -1.42
Mean 24.5 24.9 23.3 23.1 1.24 1.28 1.27 1.48

*Internal thermocouples were not used for this wall assembly.
**Response factor analysis was not performed for this wall assembly.
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TABLE M8-10(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX AUGUST TEST CYCLE

’Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
. °F Btu/hr'ft2 Btu/hr°ft2
Time,
hr
0
" Shfm
%o tp t3* H t " Mfm | ey U™ | g
Outdoor | Outdoor |Internal | Indoor | Indoor | Calib. HFM @ | Between |Response | Steady~
Air Surf. Surf. Air | Hot Box | Stud Studs Factor | State
1 83.0 87.2 79.4 78.5 2.77 3.22 1.96 1.20
2 81.4 85.6 79.3 78.5 2.50 2.93 1.75 0.97
3 80.0 84.2 79.2 78.5 2.64 2.62 1.54 0.77
4 78.5 82.8 79.1 78.5 1.96 2.41 1.44 0.57
5 771 81.4 719.0 78.5 1.78 2.10 1.23 0.37
6 79.4 81.7 79.0 78.4 1.23 1.88 1.06 0.41
7 86.2 84.7 79.0 78.5 0.27 1.59 0.93 0.87
8 94.4 89.6 78.9 78.4 0.36 1.43 0.84 1.65
) 99.5 93.8 76.9 78.5 0.23 1.27 0.84 2.31
10 102.6 96.8 78.9 78.4 0.23 1.33 0.97 2.78
11 105.3 99.4 79.0 78.4 0.14 1.50 1.16 3.18
12 107.3 101.7 79.% 78.4 0.72 1.72 1.35 3.53
13 109.5 103.7 79.2 78.4 0.92 2.0 1.58 3.83
14 111.7 105.8 79.4 78.5 1.24 2.34 1.79 4.14
15 114.4 108.0 79.1 78.5 1.61 2.70 2.06 4,54
16 115.9 110.0 79. 78, 2.03 3.08 2.31 4.79
17 113.1 109.6 79.7 78.5 2.91 3.40 2.52 4.71
18 105.7 106.2 79.8 18,6 3.43 3.79 2.77 4.15
19 98.8 101.9 79.8 78.6 3.52 4,05 2.88 3.45
20 92.2 97.4 79.8 78.5 3.90 4.21 2.86 2.74
21 88.7 94.0 79.8 78.5 3.58 4.23 2.77 2.20
22 87.2 91.9 79. 78.6 3.22 4.12 2.62 1.89
23 86.0 90.3 79.6 78.5 3.23 3.89 2.39 1.65
24 84.6 88.9 79. 78,5 2.96 3.60 2.16 1.45
Mean 95.1 94.9 79.3 78.5 1.97 2.73 1.82 2.42
*Internal thermocouples were not used for this wall assembly.

**Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Ralative Humidity:

Indoor Chamber ~ 29%
Qutdoor Chamber - 37%

Laboratory Air Temperature:

Max. - 76°F {24°C

Min. - 66°F {19°C)
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TABLE #8~10(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX AUGUST TEST CYCLE, ST UNITS

Calculated
Measurad Temperatures, Measured Heat Flux, Heat Flux,
2 2
o
Time, C H/m W/m
hr
" W fm
Yo tp t3* t Y Oy Mfm | pm e | Ass
OQutdoor | Outdoor |Internal | Indoor jIndoor i Calib., | HFM @ |Between |Response | Steady-
Air Surf. Surf. Air |[Hot Box | Stud Studs Factor | State
1 28.3 30.7 26.3 25.8 8.73 10.14 6.19 3.78
2 27.4 29.8 26.3 25.8 7.90 9.23 5.51 3.05
3 26.7 29.0 26.2 25.8 8.34 8,27 4.87 2.42
4 25.8 28.2 26.2 25.8 6.18 7.61 4.54 1.79
5 25.1 27.4 26.1 25.8 5.62 6.63 3.89 1.16
6 26.3 27.6 26.1 25.8 3.87 5.93 3.35 1.30
7 30.1 23.3 26.1 25.8 0.85 5.00 2.93 2.76
8 34.7 32.0 26.1 25.8 1.14 4,51 2.64 5.20
9 37.5 34.3 26.1 25.8 0.73 4.00 2.66 7.27
10 39.2 36.0 26.1 25.8 0.73 4.19 3.06 8,77
" 40.7 37.4 26.1 25.8 0.44 4.74 3.64 10.02
12 41.8 38.7 26.2 25.8 2.28 5.43 4.26 11.13
13 43.1 39.8 26.2 25.8 2.89 6.33 4.98 12.09
14 44.3 41.0 26.3 25.8 3.90 7.36 5.65 13.06
15 45.8 42.2 26.2 25.8 5.08 8.50 6.49 14.33
16 46.6 43.3 26.4 25.8 6.39 9.71 7.27 15.11
17 45,1 42.1 26.5 25.8 2.18 10.72 7.94 14.26
18 40.9 41,2 26.6 25.9 10.83 11.94 8.73 13.07
19 371 38.8 26.5 25.9 11.11 12.78 9.0% 10.89
20 33.4 36.3 26.9 25.8 12.29 13.28 9.03 8.63
2} 3.5 34,4 26.6 25.8 11.30 13.35 8.74 6.94
22 30.7 33.3 26.5 25.9 10.15 13.01] 8.26 5.95
23 30.0 32.4 26.4 25.8 10.18 12.25 7.56 5.21
24 29.2 31.6 26.4 25.8 9.34 11.35 6.82 4.57
Mean 35,1 34.9 26.3 25.8 6.23 8.59 5.75 7.54
*Internal thermocouples were not used for this wall assembly.

**Response factor analysis was not performed for this wall assembly.

-164-

construction techinology laboratories



sarojetoqe] ABOIOUYId] WO INIFSUCD

-G91L-

TABLE M8-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG

Thermal Lag, hrs

Measured calc.
Test Calibrated Hot Box Heat Flow Meter Heat Flow Meter Co::?gnt
Cycle @ Stud Between Studs hrs
# m
to vs t] qss vs qw qss vs thm qss vs thm
Avg. Avg. Avg.
@ Max. | @ Min. | @ Max. | @ Min. @ Max. | @ Min. @ Max. | @ Min.
NBS 5.5 4 5 3 4.5 5 4 4.5 4 2 3 1.6
Phoenix
January | 3.5 3.5 4 2.5 3.5 4 3.5 4 3 2.5 3 1.6
Phoenix
Aprii 5 4 3.5 4 4 5 5 5 4 4 4 1.6
Phoenix
August 3.5 4 4 6 4.5} 4.5 4 4.5 3.5 3.5 3.5 1.6
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TABLE M8-13 - SUMMARY OF DYNAMIC TEST RESULTS (PERIOGDIC), REDUCTION IN AMPLITUDE

Reduction in Amplitude, %

Test : Heat flow Meter Heat Flow Meter

Cycle Calibrated Hot Box @ Stud Between Studs
@ Max. | @ Min. | Avg. | @ Max. | @ Min. | Avg. | @ Max. | @ Min. | Avg.

NBS 34 20 27 36 26 31 56 52 54
Phoenix
January 55 35 45 49 20 35 64 49 57
Phoenix
April 35 37 36 35 29 33 57 52 5%
Phoenix
August 19 11 15 31 29 33 55 52 54




TABLE M8-14 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), ENERGY REQUIREMENTS

-[91-

Total Energy Net Energy
Total Energy, Comparisons, Net Energy, Comparisons,
Btu/ft2 (w-hr/mz) % Btu/ft2 (N-hr/mz) %
Test
Cycle Measured Calc. T T. T Measured Calc. N N, N
% 1% | %nm 1% % | hem
T T, T T T T T N N N, N N N N
qw thm thm qss qss qss qss qw thm thm qss qss qss qss
NBS 34.1 33.8 22.5 46.2 14 73 49 13.8 9.2 8.5 10.9 121 84 B
(167.4) | (106.5) (10.9) [(145.7) (43.4) 29.1) | (26.9) {34.4)
Phoenix 34.3 44.9 23.6 41.3 831 109 57 -34.3 -44.9 -23.6 -34.1 1014 132 69
January | (108.2) | (141.6) (14.3) {{130.4) (-108.2} | {-141.86) [ {-74.3) {(-107.7}
Phoenix 24.6 26.2 18.2 36.2 68 72 50 9.5 9.1 9.6 11.2 84 86 86
April (171.5) | (82.8) (87.4) {{(14.2) {29.9) {36.7) | (30.4) (35.5)
Phoenix 41.4 65.4 43.8 58.2 g1l N2 15 47.4 65.4 43.8 58.2 81} 12 15
August | (149.5) | (206.4) | (138.1) {(183.5) (149.5) | (206.4) [(138.1) (183.5)
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WALL M3: 10-IN. (254-MM) BLOCK-BRICK CAVITY WALL

DESCRIPTION: Uninsulated, unreinforced 10-in. (254-mm) cavity wall con-
sisting of 4-in. (102-mm) hollow core concrete block and
4-in, (102-mm) clay brick separated by a 2-in. (51-mm) air
space.

REFERENCE : Fiorato, A. E. and Cruz, C. R., "Thermal Performance of
Masonry Walils," Research and Development Bulletin RD0O71,
Portland Cement Association, Skokie, 1980, 17 pages.

COMPOSITION:

1. 4x8x16-in. {102x203x406-mm) Medium Weight Hollow
Core Concrete Block ~ 3 cores per block

2, 4x2-1/2x8-in. {(102x64x203-mm) Clay Brick -
10 cores per brick

3. Type M Mortar: one part portland cement, one-
quarter part lime, and three parts masonry
sand by volume

4. Metal Z-Ties Between Wythes - four in every
other mortar joint of block

TABLE M3-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST

Measured
Property Yalue
Unit Weight, psf (kg/m2) 66.7
(326)
Average Thickness, in. {mm) 9.6
{244)
Air Space Thickness, in. (mm) 2.0
(51)
Area, ft2 (m2) 73.90
(6.87)
Moisture Content of Block,* 1.5
% by ovendry weight
Moisture Content of Brick,* 1.1
% by ovendry weight

*Measured on masonry, including mortar joints,
after test.
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TABLE M3-2(a) - MATERIAL PROPERTIES, MEDIUM WEIGHT CONCRETE BLOCK

Property

Test Method

Specimen
Condition

Mean
Temperature,
°F
(°Cy

Measured
Value

Standard Dimensions, in. {mm)
Measured Dimensions, in. (mm)
Percent Solid Volume

Ovendry Unit Weight, pcf {kg/m3)
Moisture Content, % ovendry weight

Absorpiion, % ovendry weight

ASTM C140

ASTH C140

ASTM C3140

3-5/8x7-5/8x15-5/8

(92x194x397)

10
116
(1858)

1.3

9.1




sajojeI0qE| ABOIOUYIB] UONINSUOD

~LLL-

TABLE M3-2(b) - MATERIAL PROPERTIES, CLAY BRICK

Property

Test Method

Specimen
Condition

Mean
Temperature,
°F
(°0)

Measured
Value

Standard Oimensions, in. (mm)
Measured Dimensions, in. {mm)
Percent Solid Volume

Ovendry Unit Weight, pcf (kg/m3)
Moisture Content, % ovendry weight

Absorption, % ovendry weight

ASTM C67

ASTM Co7

ASTM Cé7

3-3/4x2-1/4x8

{95x57x203)

15

151
(2419}

1.8




TABLE M3-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS

R

Component Thermal Resistance

hr- ££2+ °F /Btu
(2 K/W)

1. Outside Air Film 0.17

2. 4x2-1/2x8-in. (102x64x203-mm) 0.44%*
Clay Brick (0.08)

3. 2-in. (5%1-mm) Air Space 0.97%*

4, 4x8x16-in. (102x203x406-mm) Hollow 1.,20%%*
Core Block (0.21)

5. Inside Air Film 0.68

(0.03)

(0.17)

(0.12)

Total R 3.46
(0.61)

Total U 0.29
(1.64)

*Source:

**Source:

*x*Source:

Heat Transmission Coefficients of Brick Masonry Walls,

Technical Notes on Brick Construction No. 4, Brick
Institute of America, MclLean, Virginia, August/September
1974.

ASHRAE Handbook of Fundamentals, American Society of
Heating, Refrigerating, and Air-Conditicning Engineers,
Inc., New York, 1977, Chapter 22.

Tables of U-Values for Concrete Masonry Walls, NCMA-TEX
67, National Concrete Masonry Association, Mclean,
Virginia, 1975.
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TABLE M3-4 - STEADY-STATE TEST RESULTS

Measured Temperatures,

q °F
Ry, u, Relative Laboratory
Heat Flux, (°c) Humidi tykx Air Temperature
Nominal Test
- * .
Condition Btu/hr-ft2 hr’ftz-"F/Btu Btu/hr-ft2-°F to t, t3 t, ti Indoor | Outdoor | Max. Min.
Outdoor |Outdoor | Internal | Indoor | Indoor | Chamber, | Chamber,| °F °F
2 2 . 2 . . . % % (°C} (°C)
{W/m™} (m™-X/W) (W/m -K) Air surface Surface Air
ty = 91°F 13.1 3.61 0.28 122 116 - 79 13 - - 73 N
{36°C) {43.2) {0.84) {(1.57) (50} 47 (26) (23) {23y | (22)
ty = 83°F 6.5 3.43 0.28 94 92 - 15 72 - - 15 15
{28°C) (20.4) (0.60) {1.66) (34 (33) (28) 22) (24) | (28)
ty = 56°F -8.8 3.70 0.27 38 43 - 68 1 - - 76 74
(13°C) (-21.9) (0.65) {1.53) (3) {6) (20) (22) (24) | (23)
ty = 36°F -20.6 3.59 0.28 -3 7 - 64 10 - - Fokk Kk
(2°0) (-64.9) {0.63) {1.58) (-19) (-14) (18) {2n
Design Values - 3.46 0.29 - - - - - - - - -
0.61) (1.64)

*Internal thermocouples were not used for this wall assembly.
**Relative humidity was not measured for this wall assembly.
*icxiaboratory air temperature was not measured during this test,
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TABLE M3~7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
o 2 en?
Time, F Btu/hr-ft Btu/hr-ft
hr '
™™ | Anfr**
tO t t3*3k t] t Oy HFM @ HFM @ qrf*** dss
Outdoor | Outdoor | Internal | Indoor | Indoor | Calib. | Indoor |Outdoor | Response | Steady-
Air Surf. Surf. Air |Hot Box | Surf. | Surf. Factor | State
T* 48.3 57.0 72.3 71.3 | -0.46 -5.51
2 47.3 54.7 71.4 71.4 -2.15 -6.03
3 46.7 53.5 71.1 71.9 -2.79 -6.33
4 47.1 53.0 70.8 .7 -3.54 ~6.41
5 48.7 53.1 70.5 71.1 -4.39 -6.26
6 63.8 60.2 70.2 71.0 -4.48 -3.60
7 71.4 65.5 70.1 7. ~4.77 ~1.63
8 73.1 AN 70.1 71.2 ~4.85 0.35
9 86.0 76.5 70.3 71.2 ~4.76 2.23
10 1.7 8l.4 70.5 71.4 -4.20 3.91
1 95,2 85.3 71.0 7.7 ~-3.37 5.14
12* 99.2 88.8 71.5 71.9 -2.12 6.24
13% 106.5 94.4 72.0 71.8 ~1.13 8.06
14* 106.6 26.9 72.6 71.5 -0.07 8.78
15% 102.7 96.3 73.0 71.5 1.27 8.36
16* 96,7 94.1 73.6 72.0 2.45 7.37
17* 86.5 88.9 74.0 72.3 3.35 5.36
18% 73.7 81.4 74.3 72.4 3.88 2.54
19% 66.1 75.5 74.4 72.2 4,27 0.38
20% 63.4 71.9 74.2 72.1 3.90 -0.82
21* 62.0 69.4 73.9 72.0 3.37 ~1.59
22% 58.9 66.8 73.5 72.2 2.56 ~2.40
23* 51.) 61.5 73.2 72.2 1.80 -4.20
24% 49.5 58.9 72.7 n.7 0.69 -4,97
Mean 72.8 73.2 72.1 .7 ~0.64 0.37

*Data are 2-day averages, not 3-day averages, of test results.
**Internal thermocouples and heat flow meters were not used on this wall assembly.
**%Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Refative Humidity:
Indoor Chamber - Not measured for this wall assembly
Outdoor Chamber - Not measured for this wall assembly

Laboratory Air Temperature:

Max. - 73°F {23<C
Min. - 66°F {19°C)
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TABLE M3-7(b} - DYNAMIC TEST RESULTS {PERIODIC), NBS TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
o 2 2
Time, C W/m W/m
hr .
, o Anfm™™ | Infm™* -
tO tZ i3 3] t Gw HFM @ | WFM @ qf‘f* G5
Outdoor | Outdoor | Internal | Indoor | Indoor | Calib. | Indoor | Outdoor | Response |Steady-
Air Surf. Surf. Air |{Hot Box | Surf. | Surf. Factor |State
1* 9.1 13.9 22.4 | 21.9 | -1.46 -17.38
2 8.5 12.6 21.9 21.9 -6.80 -19.00
3 8.2 12.0 21.7 22.2 -8,79 -29.96
4 8.4 1.7 21.6 22.1 |~-11.17 ~20.2}
5 9,3 11.7 21.4 21.7 |-13.84 -19.75%
6 17.7 15.7 21.2 21.7 1-14.13 ~11.35
7 21.9 i8.6 21.2 21.7 |-15.08 ~-5.15
8 26.1 21.7 21.2 21.8 |-15.29 1.09
9 30.0 24.7 21.3 21.8 | ~15.00 7.04
10* 33.2 27.5 21.4 21.9 |-13.26 12.34
11* 35.1 29.6 21.7 22.0 1-10.63 16.20
j2* 37.3 31.6 21.9 22.2 -6.70 19.66
13* 41.4 34.7 22.2 22.1 -3.57 25.42
14* 41.5 36.1 22.5 21.9 ~0.22 27.69
15% 39.3 35.7 22. 22.0 4.01 26.36
16* 36.0 34.5 23.1 22.2 7.72 23.25
17* 30.3 31.6 23.4 22.4 10.56 16.90
18* 23.1 27.4 23.5 22.4 12.24 8.02
19* 19.0 24.1 23,6 22.3 13.47 1.20
20* 17.4 22.2 23.4 22.3 12.31 ~2.60
21* 16.6 20.8 23. 22.2 10.63 -5.02
22* 14.9 19.3 23.0 22.3 8.38 -7.56
23* 10.6 16.4 22.9 22.3 5.68 ~13.26
24* 9.7 15.0 22.6 22.1 -2.18 ~15.67
Mean 22.7 22.9 22.3 22.1 -2.03 1.18

*Data are 2-day averages, not 3-day averages, of test results.
**Internal thermocouples and heat flow meters were not used on this wall assembly.
***Response factor analysis was not performed for this wall assembly.
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TABLE M3-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG

Trhermal Lag, hrs
Measured Catculated talc.
Test Time
C§E1e Calibrated Hot Box Heat Flow Meter® Response Factor** Constant,
hrs
to vs ti qss vs qw qss vs thm qss vs qrf
Avg. Avyg. Avg.
@ Max. | @ Min. | @ Max. | @ Min. @ Max. | @ Min. @ Max. | & Min.
NBS 5 4 5 i} 4.5 - - - - - - 1.2

*Heat flow meters were
#*Responise factor analysis w

TABLE M3-73 - SUMMARY OF DYNAMIC TEST RESULTS {PERICDIC), REDUCTICN IN AMPLITUDE

not used on this wall assembly.
as not performed for this wall assembly.

Measured, % Calculated, %
z§i§e Calibrated Hot Box Heat Flow Meter* Response Factor*¥

@ Max. | @ Min. | Avg. | @ Max. | @ Min. | Avg. H Max. i @ Min. ) Avg.
NBS 42 38 40 - - - - - -

xHeat flow meters were not used on this wall assembly.

**Response fact

or aralysis was not performed for this wall assembly.
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TABLE M3-14 - SUMMARY OF DYMAMIC TEST RESULYTS (PERIODIC), EMERGY REQUIREMENTS

Total Energy, Total i;nergy Net Energy, Net Er.xergy
Comparisons, Comparisons,
Btu/ft2 (H'hr/mz) % Btu/‘r’t2 (N-hr/mz) %
Test
Cycle Measured Calcylated T T T Measured Calculated N N N
% 1 %em | Sf Y 1%fm | Ve
T T * T %% T T T i N N * N N N N N
qw thm qr‘f qss qss qss qss qw thm qrf qss qss qss qss
MBS 70.7 108.5 65 -15.4 9.0 -1
(223.1) (342.2) (-48.7) (28.3)
L

*Heat flow meters were not used on this wall assembly.
**Response factor analysis was not performed for this wall assembly.




-180-

construction technology faboratories



WALL M4: 10-IN. (254-MM) BLOCK-BRICK CAVITY WALL
WITH INSULATION IN CAVITY

DESCRIPTIGN: Unreinforced 10-in. (254~-mm) cavity wall consisting of 4-in.
(102-mm) hollow core concrete block and 4-in. (102-mm) clay
brick separated by a 2-in. (51-mm) space filled with loose-
fill insulation.

REFERENCE: Fiorato, A. E. and Cruz, C. R., "Thermal Performance of Masonry
Walls,"” Research and Development Bulletin RD071, Portland Cement
Association, Skokie, 1980, 17 pages.

COMPOSITION: 1. 4x8x16~in. (102x203x406-mm) Medium Weight Hollow
c Core Concrete Block ~ 3 cores per block

2. 4x2-1/2x8-in. (102x64x203~-mm) Clay Brick -
10 cores per brick

3. Type M Mortar: one part portland cement, one-quarter
part lime, and three parts masonry sand by volume

4. Silicone-Treated Perlite Insulation
Loose unit weight of 6.1 pcf (97.7 kg/md)

5. Metal Z-Ties Between Wythes - four in every other
mortar joint of block

TABLE M4-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST

Measured
Property Yalue
Unit Weight, psf (kg/m2) 67.7
(331)
Average Thickness, in. (mm) 3.6
(244)
Cavity Thickness, in. (mm) 2.0
(51)
Area, ft2 (m2) 73.90
(6.87)
Moisture Content of Block,™ 1.5
% by ovendry weight
Moisture Content of Brick,* 1.1
% by ovendry weight

*Measured on masonry, including mortar joints,
after test.
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TABLE M4-2{(a) - MATERIAL PROPERTIES, MEDIUM WEIGHT CONCRETE BLOCK

Property

Test Method

Specimen
Condition

Mean
Temperature,
oF
{°C)

Measured
Value

Standard Dimensions, in. {mm)

Measured Dimensions, in. (mm)
percent Solid Volume
gvendry Unit Weight, pcf (kg/m3)

Moisture Content, % ovendry we’ight

Absorption, % ovendry weight

ASTM C140

ASTH C140

ASTM C140

3-5/8x7-5/8x15-5/8

(92x194x397)

76
116
{1858)

1.1

9.1
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TABLE M4-2(b) - MATERIAL PROPERTIES, CLAY BRICK

Property

Test Method

Specimen
Condition

Mean
Temperature,
°F
(°C)

Measured
Value

Standard Dimensions, in. (mm)
Measured Dimensions, in. (mm)
Percent Solid Volume

Qvendry Unit Weight, pcf (kg/md)
Moisture Content, % ovendry weight

Absorption, % ovendry weight

ASTM Cé7

ASTM C67

ASTM Ce7

3-3/4x2-1/4x8
(95x57x203)

15

151
(2419)

1.8




TABLE M4-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS

R,
Component Thermal Resistance
hr°£t2'°F/Btu

(m=<K/H)
1. Outside Air Film 0.17
(0,03)

2. 4x2-1/2x8-in. (102x64x203~mm) 0.44*
Clay Brick (0.08)

3. 2-in. (51-mm) Perlite Loose-Fill 65.06%*
Insulation (1.07)

4. 4x8x16-in. (102x203x406~mm) Hollow 1.20%%*

Core Block (0.21)
5. Inside Air Film 0.68
(0.12)
Total R 8.55

(1.51)
Total U 0.12

(0.66)

*Source: Heat Transmission Coefficients of Brick Masonry Walls,
Technical Notes on Brick Construction No. 4, Brick
Institute of America, Mclean, Virginia, August/September
1974,

**Source: Perlite Loose Fill Insulation, Catalog Number 7.14d/Per,
Perlite Institute, Inc., New York, 1978.

***Source: Tables of U-Values for Concrete Masonry Walls, NCMA-TEK
o/, National Concrete Masonry Association, Mclean,
Virginia, 1975,
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TABLE M4-4 - STEADY-STATE TEST RESULTS

Measured Temperatures,

~GgL-
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q °F
Ry, u, Relative _Laboratory
Heat Flux, (°Q) Humiditykx Air Temperature
Nominal Yest

- " .

Condition Btu/hr~ft2 hr‘ft2’°F/Btu Btu/hr~ft2-°F t, t2 tg t, £ Indoor | Outdoor | Max. Min.
i outdoor |Outdoor | Internal | Indoor | Indoor | Chamber, | Chamber, :F :F
(sz) (mz‘K/N) (w!m{"*K) Air Surface surface Air % * €0 (°0)
toq = 98°F 6.0 8.54 g.12 123 121 - 15 12 - - 7} n
{37°C) (19.0) {1.50) (0.66) By (49) (24) (22) {22y | (22)
y = 84°F 2.3 9.63 0.10 94 94 - 13 12 - - 12 12
(27°C) (1.4) (1.710) {0.59) {34) {34) (23) (22) {22y | (22)
ty = 559 -3.8 9.03 o.1n 37 39 - 1 12 - - 14 14
(13°C) (-12.0) {1.59) £0.963) (3) (4) (22} (22) (23} (23)
ty = 33°F -9.5 B.33 6.12 -1 -3 - 69 71 - - 15 12
(1°c) {~30.1) (1.41) {0.68) (-22) {-19) 21} (22) (24) | (22)
Design values - 8.55 0.12 - - -~ - - - - - -
(1.5%) {0.66)

*Internal thermocouples were not used for this wall assembly.
#*Relative humidity was not measured for this wall assembly.
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TABLE M4-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
o » -
Time, F Btu/hr-ft Btu/hr-ft
hr '
Ghfm™* | dhfm™*
to t2 ty* 4 t G Wi e | WM e | I | Gss
Outdoor | Outdoor | Internal | Indoor | Indoor | Calib. {Indoor jOutdoor | Response |Steady-
Air Surf. Surf. Air |Hot Box | Surf. | Surf. Factor |State
1 47.5 56.4 72.4 71.9 0.77 -2.09
2 46.5 54,4 72.3 72.0 0.45 -2.32
3 46.4 53.2 72.1 n.7 ~-0.16 ~-2.46
4 46.6 52.4 72.0 7.8 -0.53 ~2.55
5 53.6 54.4 71.8 7.7 ~0,84 -2.26
6 66.6 61.5 71.7 n.e -1.03 -1.33
7 74.0 66.6 71.6 n.7 -1.23 ~0.65
8 81.6 72.3 7.6 7.8 ~1.37 0.09
9 87.6 77.2 7.6 71.9 -1.60 0.73
10 33.0 82.2 n.6 n.7 ~-1.53 1.38
n 96.4 86.2 7.7 71.6 -1.38 1.89
12 102.0 90.9 71.9 7.7 -0.81 2.47
13 107.8 96.4 72.0 71.3 -0.49 3.17
14 106.0 98.0 72.1 71.4 -0.09 3.37
15% 102.0 97.4 72.3 71.6 0.16 3.25
16 94.3 9.3 72.6 72.1 0.87 2.82
17 82.5 88.4 72.8 72.1 1.22 2.03
18 711.0 81.1 72.9 72.1 1.50 1.07
19 65.1 75.8 73.0 72.0 1.81 0.37
20 62.8 72.4 73.0 72.1 2.01 ~-0.07
21 61.8 70.1 72.9 72.2 2.07 -0.37
22 55.6 65.8 72.9 72.0 1.87 ~0.9
23 50.1 61.1 72.7 71.5 1.44 ~1.52
24 48.8 58.5 72.5 71.6 1.07 ~1.83
Mean 72.9 73.6 72.3 71.8 0.18 0.18

*Data are 2-day averages, not 3-day averages, of test results.
**Interral thermocouples and heat flow meters were not used on this wall assembly.
**kRasponse factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - Not measursed for this wall assembly
Outdoor Chamber - Not measured for this wall assembly

Laboratory Air Tem%erature:
Max. - 76°F (24°C
Min. ~ 69°F (21°C)

-188-

construction technology laboratories



TABLE M4-7(b) ~ DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, S$I UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
a
Time, c | W/m W/im
hr '
Ufm*™ | W™
to t2 t3 4 b I W | weme | ST | Qss
Outdoor | Outdoor | Internal | Indoor |Indoor | Calib. | Indoor | Qutdoor | Response | Steady-
Air Surf. | Surf, Afr | Hot Box | Surf. | Surf, Factor |State
] 8-6 13-5 2205 2202 2-44 "6-59
2 8.1 12.5 22.4 22.2 1.42 ~7.33
3 8.0 11.8 22.3 2241 ~0.52 =7.77
4 8.1 11.3 22.2 22,1 ~1.69 -8,04
5 12.0 12.4 22.1 22.1 ~2.66 ~7.14
6 19.2 16.4 22.1 22.0 -3.24 -4,19
7 23.3 | 19.2 22.0 22.1 ~3.87 ~2.05
8 27.6 22.4 22.0 2241 -4.31 0.27
9 30.9 25.1 22.0 22.1 -5.04 2.30
10 33.9 27.9 22.0 22.0 -4,84 4,35
11 35.8 30.1 22.1 22.0 ~4,36 5.95
12 38.9 32.7 22.1 22.0 -2.56 7.80
13 42.1 35.8 22.2 21.8 -1.54 9.99
14 41.1 36.7 22.3 21.9 ~0.28 10.62
15%* 38.9 36.3 22.4 22.0 0.50 10.26
16 34.6 34,6 22.6 22.3 2.73 8.90
17 28.0 31.3 22.7 22.3 3.85 6.39
18 21.7 27.3 22.7 22.3 4,72 3.37
19 18.4 24.4 22.8 22.2 6.03 1.16
20 17.1 22.5 22.8 22.3 6.33 ~0.23
21 16.6 21.2 22.7 22.3 6.52 ~1.17
22 13.1 i8.8 22.7 22.2 5.89 -2.88
23 10.0 16.2 22.6 22.0 4,53 ~4,78
24 9.3 14,7 22.5 22.0 3.36 ~5.76
Mean 22.7 23.1 22.4 22.1 0.56 0.56

*Data are 2-day averages, not 3-day averages, of test results.
**Internal thermocouples and heat flow meters were not used on this wall assembly.
**Response factor analysis was not performed for this wall assembly.
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TABLE M4-12 - SUMMARY CF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG

o
Thermal Lag, hrs
Measured falculated Calc.
Test Time
”;rle Calibrated Hot Box Heat Flow Meter* Response Factor** | Constant,
v - hrs
to Vs t? Ygg VS O Ggg VS thm Ggg VS Q¢
o Avg. Avg. Avg.
@ Max. { @ Min. | @ Max. | @ Min. @ Max. | @ Min. @ Max. | @ Min.
NBS ) 5.5 7 5 6 - - - - - - 2.1

*Heat flow meters were not used on this wall assembly.
**Response factor analysis was not performed for this wall assembly.

TABLE M4-13 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), REDUCTION IN AMPLITUDE

F Measured, % Calculated, %
3§f§e Calibrated Mot Box Heat Flow Meter* Response Factorw®x
@ Max. | @ Min. | Avg. | @ Max. | @ Min. Avg. | @ Max. { @ Min. | Avg.
NBS 41 35 38 - - - - - -

*Heat flow meters were not used on this wall assembly.
**Response factor analysis was not performed for this wall assembly.
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TABLE MA-14 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), ENERGY REQUIREMENTS

Total Energy, Total Energy Net Energy, Net Energy
Comparisons, Comparisons,
Btu/ft?' (w’hr/mz) % Btu/ft2 (w~hr/m2) %
Test
Cycle Measured Calculated | qT 1 Measured Calculated N N N
qw “hfm qrf qw thm qrf
T Tk | T T Tl 1 N NO* N ®% N NN N
qw thm Trf qs.s qss qss qss qw thm qrf qss qss qss qss
NBS 26.4 41.0 64 4.3 4.3 100
83.2) (129.4) (13.4) {13.5)

*Heat flow meters were not used on this wall assembly.
*kResponse factor analysis was not performed for this wall assembly.
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WALL C1: NORMAL WEIGHT CONCRETE

DESCRIPTION: Normal weight structural concrete wall with
reinforcement at approximate midthickness

REFERENCE: Van Geem, M. G., Fiorato, A. E., and Julien, J. T.,
"Heat Transfer Characteristics of a Normal Weight
Concrete Wall," Construction Technology Laboratories,
Portland Cement Association, Skokie, 1983, 89 pages.

COMPOSITION:

1. Normal Weight Concrete
Portland Cement
Elgin Gravel and Sand
Measured Air Content: 5.9%

2. Reinforcement ‘
Single layer of Grade 60 No. 5 bars
Spaced 12 in. (305 mm)
center-to-center

TABLE C1-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST

HMeasured

Property Value

Unit weight, psf (kg/m2) 100
{488)

Average Thickness, in. (mm) 8.31
(211)

Area, ft2 (m2) 73.5
(6.84)

Estimated Moisture Content, 2.1

% by ovendry weight
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TABLE C1-2 — MATERIAL PROPERTIES, NORMAL WEIGHT CONCRETE

Mean
. Specimen | Temperature,|Measured
Property Test Method Condition of Value
(°c)
Unit Welght, pcf {kg/m3) - ovendry - 141
(2260)
Specific Heat, Btu/ib-°F (J/kg-K) Similar to saturated 13 0.214
CRDB-C124-73 (23) (896)
Specific Heat, Btu/ib-°F {(J/kg-K} Caicuiated air dry 13 0.143
{23) (808)
Thermal Conductivity, 8tu-in/hr-ft2-°F (W/m-K) | Hot Wire air dry —— 20.3
(2.93)
Thermal Conductivity, Btu'in/hr-ft2-°? {W/m-KY{ ASTM ¢ 177 ovendry 70 16.1
(21 (2.32)
Thermal Conductivity, Btu-@n/hr-ft2-°F {W/m-K}{ ASTM € G76 air dry 10 11.7
(21) {1.69)
Thermal Biffusivity, ftl/hr (mmz/s) LRD-€36-73 saturated - 0.037
{0.955)
Compressive Strength, psi (MPa} ASTM £ 39 air dry - 5115
(39.4)
Spiitting Tensiie Strength, psi {MPa) ASTM £ 49% air dry -- 514
(3.54)




TABLE C1-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS

R

Component Thermal Resistance

hr-§t2~°F/Btu
(m=-K/M)

1. Outside Air Film 0.17
(0.03)

2. 8-in. (203-mm) Normal Weight Concrete 0.69*
(0.12)

3. Inside Air Film 0.68
{0.12)

Total R 1.54
(0.27)

Total U 0.65

*Source: ASHRAE Handbook of Fundamentals, American Society of
Heating, Refrigeration, and Air-Conditioning Engineers,
Inc., Atlanta, 1981, Chapter 23.
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TABLE C1-4 - STEADY-STATE TEST RESULTS

Measured Temperatures,
q °F
fit, u, Relative Humidity| Laboratory
Heat Flux, {°C) Air Temperature
Mominal Test

Condition Btu/hr-ftz hr-ft2'°F/Btu Btu/hr~ft2'°F Y t2 t3 tl L Indoor | OQutdoor | Max. Hs?.

Outdoor ¢ Outdoor | Internal Indoor | Indoor | Chamber, | Chamber,| °f °F

LTl on

(w/mz) {m2~x/w) (w/mz'K) Air Surface Surface Air * k °€) (°¢)
ty = 379 -51.6 1.56 0.64 -2 19 36 55 69 26 22 76 73
(3°C) {163} (0.28} (3.63) (-19) (-N 2) (13} 21) (24} } (23}

tm = 55°F -26.G 1.56 (.64 34 46 5 64 7 31 1 3 ]
(13°¢) {823 (0.28} (3.63) (h {(8) {12) (18} (22} (23)1 (2hH

ty = 101°F 41.6 3.55 0.64 128 116 100 86 1) 31 25 74 70
{38°C) (131 (0.273 (3.65) {53) {4h) {38) (30) (28) 23)| (21
Design Values - 1.54 0.65 -~ - - -~ - -~ - - .

(0.27; (3.70)
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TABLE C1-5(a) - TRANSIENT TEST RESULTS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
. °F Btu/hr'ft2 Btu/hr'ft2
Time,
nr .
Ahfm dhfm
tO t2 t3 tl t1 Qyy HEM @ HFM @ Qrf** qSS
Outdoor | Outdoor | Internal | Indoor { Indoor | Calib. {Indoor |Outdoor |Response | Steady-
Air Surf. : Surf. Air {Hot Box | Surf. | Surf, Factor | State
0 72.5 73.1 72.4 72.9 72.5 0.6 0.9 ~0.6 0.0 0.3
1 39.3 | 60.7 71.9 72.9 72.5 1.0 0.9 ~47.7 -0.1 -17.3
2 18.7 48.5 69.3 72.6 72.4 0.3 0.1] -76.2 -1.4 1-33.9
3 12.6 42.6 65.7 71.3 72.0 -2.8 -2.8 1 -78.6 ~5.0 | -40.0
4 9.0 38.7 62.2 69.7 71.8 -7.8 -6.7 1 -78.9 ~10.9 | -43.3
5 7.5 36.0 53.1 68.0 71.6 ~12.4 -11.1 -75.3 -16.8 | -44.8
6 5.9 33.6 56.2 66.5 7.2 -17.8 -15.3 } -73.9 -21.8 |~46.0
7 4.4 31.5 53.6 65.1 70.9 -21.6 -19.5 | ~71.5 -26.3 | -47.0
8 3.2 29.7 51.4 63.9 70.6 -26.0 -23.0 { -70.0 -30.1 -47.8
9 2.4 28.0 49.4 62.8 70.5 -28.9 -26.5 | -68.2 -33.7 | -48.5
10 1.5 26.7 47.6 61.8 70.2 -32.1 -29.5 | -66.8 -36.3 | -49.0
1 1.0 25.6 46,1 61.0 70.1 -34.9 -32.3 | -65.7 -38.7 | -49.4
12 0.5 24.6 44.8 60.3 70.0 -37.0 -34.5 | -63.6 -40.9 | -49.8
13 0.1 23.7 43.6 59.6 69.8 -39.4 -36.9 | -61.9 ~42.4 | -50.1
14 -0.4 23.0 42.6 59.1 69.7 -40.7 -39.0 1 -61.1 -43.9 | -50.3
15 -0.7 22.4 1.7 58.6 69.6 -42.5 -40.4 | -60.1 -45.0 | -50.5
16 -0.9 21.8 41.0 58.2 69.6 -43.5 ~42.3 1 -59.3 ~46.1 | -50.7
17 -1.2 21.3 40.3 57.8 69.5 -44 .8 -43.3 1 -58.5 -47.0 | -5Q.9
18 ~-1.3 21,0 39.7 57.4 69.4 ~45.5 -44.5 | -57.9 ~47.7 1 -50.9
19 -1.5 20.6 39.3 57.2 69.3 ~46.2 -45.6 | -56.5 -48.2 | -51.0
20 -1.6 20.3 38.8 56.9 69.3 -47.0 ~-46.4 | -56.2 -48.8 | -51.0
21 -1.7 20.1 38.5 56.6 69.3 -47.5 -46.8 | ~55.5 -49.3 | -51.1
22 -1.8 19.8 38.2 56.5 69.2 -48.1 -47.9 | -55.5 -49.6 | ~B1.1
23 -1.9 19.7 37.9 56.3 63.2 -48.5 -48.4 | -55.1 -43.9 | -51.1
2 -1.8 19.5 37.7 56.2 69.2 -49.1 -48.5 | -54.3 -50.2 {-51.2
26 -2.1 19.2 37.3 56.0 69.1 -49.,7 -49.7 | -53.9 -50.5 | -51.3
28 -2.1 19.0 37.0 55.9 69.0 ~50.4 -50.3 | -53.3 ~50.7 | -51.4
30 -2.2 18.9 36.3 ¢ 55.8 59.1 -50.6 -50.8 | -53.1 -57.1 ~-51.4
32 2.2 18.8 36.6 55.7 69.1 -51.1 ~51.4 | -52.56 -51.3 | -51.5
34 -2.3 18.8 36.6 55.7 03,2 ~51.2 -51.8 | ~52.9 ~51.5 | -51.5
38 ~2.3 18.7 36.5 55.6 69.1 ~51.3 -51.8 | ~-52.5 ~51.3 | -51.5
B> -2.3 18.7 36.5 55.6 63.1 -51.3 -51,8 | -52.% -51.4 | -51.5
40+ 2.4 18.7 36.4 55.5 69.0 -51.3 -51.8 | -52.5 ~51.5 | ~-51.5
42* -2.4 18.6 36.4 55.5 69.0 -51.3 -51.8 | -52.4 -51.5 | -61.5
44%* -2.4 18.5 36.3 55.4 69.0 -51.3 -51.8 | -52.4 -51.6 | -51.5
46 2.5 18.5 36.2 55.4 69.9 -51.3 -52.0 1 -52.4 -51.6 | -51.5
48 -2.4 18.5 36.1 55.4 58.9 -51.4 -52.1 -52.3 -51.5 | -51.5
*Data for these hours derived from linear interpolation of data from hours 36 %to 45.
**Response factor values supplied by Ken Childs, ORNL. Values calculated using NBS Response

Factor Program by Peavy.
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TABLE C1-5(b) - TRANSIENT TEST RESULTS, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
o 2 2
Time, ¢ W/m W/m
hr .
Ahfm Ahfm
to t2 t3 Y i Qw HFM @ | HFM @ Q™™ Qss
Outdoor | Qutdoor | Internal| Indoor| Indoor{ Calib. { Indoor {Outdoor | Response| Steady-
Air Surf. Surf. Air | Hot Box } Surf. | Surf. Factor | State
0 22.5 22.9 22.4 22.7 22.5 2 3 -2 0 1
1 4.1 15.9 22.2 22.7 22.5 3 3 -150 0] -55
2 -7.4 9.2 20.2 22.5 22.4 1 0 -240 -5 -107
3 -10.8 5.9 18.7 21.9 22.2 -9 -9 -248 -16 -126
4 -12.8 3.7 16.8 20.9 22.1 -25 ~21 -249 -34 -137
5 -13.6 2.2 15.0 20.0 22.0 -39 -35 -238 -53 -147
6 ~14.5 0.9 13.4 19.2 21.8 -56 -48 -233 -69 -145
7 -15.3 -0.3 12.0 18.4 21.6 -68 -62 -226 -83 -148
8 -16.0 -1.3 10.8 17.7 21.4 -82 -73 -221 -95 -151
9 -16.5 -2.2 9.7 1741 21.4 -91 -84 -215 -106 -153
10 -16.9 ~2.9 8.7 16.6 21.3 -101 -93 -21 -115 -155
11 -17.2 -3.6 7.8 16.1 21.2 -110 -102 -207 -122 -156
12 -17.5 -4.1 7.1 15.7 21.1 117 -109 -201 -129 -157
13 -17.8 -4,6 5.5 15.3 21.0 ~-124 -116 -195 ~-134 -158
14 -18.0 -5.0 5.9 15.0 21.0 ~-128 -123 -193 -138 -159
15 -18.2 -5.3 5.4 14.8 20.9 ~-134 -127 -189 -142 ~-159
16 -18.3 -5.7 5.0 14.5 20.9 -137 -133 -187 -146 ~160
17 -18.4 -6.0 4.6 14.3 20.8 ~141 -137 -184 ~-148 -161
18 -18.5 -6.1 4.3 14,1 20.8 -143 ~-140 -183 -150 -161
19 -18.6 “6.3 4.0 14.0 20.7 -146 -144 -178 -152 -161
20 -18.7 -6.5 3.8 13.8 20.7 ~148 -146 -177 -154 -161
21 ~-18.7 -6.6 3.6 13.7 20.7 -150 -148 -175 -155 -161
22 -18.8 -6.8 3.5 13.6 20.7 -152 -151 -175 -156 -161
23 -18.8 «6.8 3.3 13.5 20.7 -153 -153 -174 -157 -161
24 -18.8 ~6.9 3.2 13.4 20.7 ~155 -153 - -158 -161
26 -18.9 -7.1 2.9 13.3 20.6 -157 ~157 -170 -159 -162
28 -19.0 -7.2 2.8 13.3 20.6 -159 -159 -168 ~-160 -162
30 -19.0 -7.3 2.7 13.2 20.6 -160 -160 -168 -161 -162
32 -13.0 -7.3 2.6 13,2 20.6 -161 -162 -166 -162 -163
34 -19.0 -7.4 2.6 13.2 20.7 -161 -163 -167 -162 -163
36 -19.1 -7.4 2.5 13.1 20.6 -162 -163 -166 -162 -162
38* -19.1 -7.4 2.5 13.1 20.6 -162 -163 -166 -162 ~162
40%* -19.1 -7.4 2.4 13.1 20.6 -162 -163 -166 -162 -162
42% -19.1 -7.5 2.4 13.0 20.6 -162 -163 -166 -162 -162
44% -19.1 -7.5 2.4 13.0 20.6 -162 -163 -165 -163 -162
46 -19.1 ~7.5 2.3 13.0 20.6 -162 -164 -165 -163 -163
48 -19.1 -7.5 2.3 13.0 20.5 -162 -164 -165 -162 -1863

*Data for these hours derived from linear interpolation of data from hours 36 to 45.
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TABLE C1-6 — SUMMARY OF TRANSIENT TEST RESULTS

$3140;840GE; ABOJOUYI9] UOHONIISUO2

-102-

Measured Calculated
Heat Flux Calib. Hot Box HFM @ Indoor Surf. Response Factor Steady-State
Gi» Time to Ahfms Time to Grfs Time to 9ss» » Time to
Btu/hr-ft~ | Reach q , | Btu/hr-ft~ |Reach q | Btu/hr-ft~ |Reach q , | Btu/hr-ft” | Reach q

(W/m2) he ¥ | (W/m2) he B0 (/m?) he T im?) hr SS

99.5% of Final Heat Flux -51.3 36 -52.1 41 -51.3 32 -51.3 26
{-162) (-164) (-162) (-162)

95% of Final Heat Flux R 24 -49.8 21 -49 .0 21 -43.¢ 10
{-155) {(-157) {-155) {-154)

90% of Final Heat Flux -46.5 20 -41 .1 22 ~-46 .4 17 -46.4 7
(-141) {-149) (-147) (-146)
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TABLE C1-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
. oF Btu/hr*ft2 Btu/hr'ftz
Time,
hr .
Ahfm Ahfm
o ta t3 Y Y Ay HFM @ | HFM @ Q™ dss
Qutdoor | Qutdoor { Internal | Indoor | Indoor ; Calib. | Indoor |Outdoor |Response | Steady-
Air Surf. Surf. Air | Hot Box | Surf. Surf. Factor | State
1 47.0 53.8 68.9 72.0 72.2 -1.7 ~-0.5 -32.5 -17.2
2 45,1 58.2 67.6 71.3 72.1 -3.9 -2.4 -33.0 -18.4
3 44.0 56.9 66.3 70.6 72.0 -6.0 -4.2 -32.0 -19.3
4 43.5 56.0 65.1 70.0 1.9 -7.7 -6.1 -31.7 -19.7
5 43.5 55.3 64.1 69.4 1.7 9.8 -7.7 -30.2 -19.8
6 51.7 57.8 63.4 68.9 1.6 |-11.4 -9.2 -17.7 -15.6
7 63.1 62.9 63.4 68.6 71.6 |-12.4 -10.4 -1.3 -8.0
8 70.5 66.8 64.1 68.6 71.6 | -13.0 -10.7 8.2 -2.5
9 76.7 70.5 65.2 68.9 71.7 | -11.9 -10.4 15.7 2.2
10 82.6 74.1 66.6 63.4 71.8 | -10.6 -9.3 22.7 6.6
11 87.2 77.6 68.5 70.3 72.0 -7.9 -7.5 27.1 10.4
12 89.8 79.9 70.2 71.1 721 -5.6 -5.6 28.5 12.4
13 95.2 83.2 71.9 71.9 72.3 -3.4 -3.8 35.1 15.9
14 99.2 86.4 73.7 73.0 72.5 -0.7 -1.5 38.8 19.2
15 97.3 86.8 75.4 73.6 72.7 1.7 0.9 32.3 18.6
16 92.8 85.6 76.8 74.5 72.9 4.4 3.1 23.1 15.8
17 86.6 83.3 77.5 75.1 73.0 6.8 4.9 12.7 11.5
18 75.6 78.6 77.6 75.4 73.0 8.0 6.2 -3.2 4.4
19 66.3 73.7 77.0 75.5 73.0 8.3 6.7 -15.9 -2.5
20 61.1 70.3 75.7 75.2 72.9 7.6 6.4 -21.5 -6.8
21 59.2 68.4 74.4 74.6 72.8 6.0 5.4 -22.4 -8.8
22 58.8 67.3 73.1 74.0 72.7 4.1 1.1 -21.2 -9.4
23 53.2 64.5 71.9 73.4 72.6 2.3 2.7 -27.8 -12.5
24 48.3 61.4 70.5 72.7 72.4 0.4 1.2 -33.1 -15.9
Mean 68.3 70.2 70.9 72.0 72.3 -2.4 -2.0 -3.3 ~2.5

*Response factor analysis was not performed for this dynamic test cycle.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 30%
Outdoor Chamber ~ 23%

Laboratory Air Temperature:

Max. ~ 73°F {23°C)
Min. - 70°F (21°C)
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TABLE C1-7(b) - DYNAMIC TEST RESULTS (PERIODIC), MBS TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
. °C w/m2 H/m2
Time,
hr [}
Qhfm Ahfm
to t2 3 Y 4 Gw HFM @ | HFM @ Arf* RE
Outdoor | Outdoor | Internal | Indoor |Indoor| Calib. | Indoor |Outdoor }|Response | Steady-

Air Surf. Surf. Air | Hot Box | Surf. Surf. Factor | State
1 8.3 15.5 20.5 22.2 22.4 -5.5 1.7 {-102.4 -54.2
2 7.3 14.6 19.8 21.8 22.3 | ~12.3 7.6 |-104.2 ~58.0
3 6.6 13.8 19.1 21.4 22, -19.0 -13.4 {-103.9 ~-50.8
4 6.4 13.3 18.4 21.1 22,2 | -24.2 -19.2 -99.9 ~62.1
5 6.4 13.0 17.9 20.8 22.1 | -30.9 -24.4 -95.2 -62.4
6 10.9 14.4 17.4 20.5 22.0 § -36.0 -29.1 -55.8 -49.1
7 17.3 17.1 17.4 20.3 22.0 ] -39.3 -32.9 -4.0 ~25.3
8 21.4 19.4 17.8 20.3 22.0 | ~41.0 ~-33.9 25.9 -7.7
9 24.8 21.4 18.5 20.5 22.0 | -37.5 -32.7 49.6 7.0
10 28.1 23.4 19.2 20.8 22.1 -33.5 -29.2 71.5 20.8
il 30.7 25.3 20.3 21.3 22.2 | -25.0 -23.7 85.4 32.7
12 32.1 26.6 21.2 21.7 22,3 | =17.7 -17.6 90.0 39.0
13 35.1 28.5 22.2 22.2 22.4 | -10.8 -11.3 110.6 50.3
14 37.4 30.2 23.2 22.6 22.5 -2,2 -4.7 122.4 60.5
15 36.3 30.5 24.1 23.1 22.6 5.3 2.7 101.9 58.8
16 33.8 29.8 24.9 3.6 22.7 13.8 9.6 73.0 49.7
17 30.3 28.5 25.3 23.9 22.8 21.5 15.3 40,2 36.4
18 24.2 25.9 25.4 24.1 22.8 25,3 19.5 10.0 12.9
19 19.0 23.2 25.0 24.2 22.8 26.2 21.1 50.0 -8.0
20 16.2 21.3 24,3 24.0 22.7 24.1 20.2 ~67.9 -21.5
21 15.1 20.2 23.5 23.7 22.7 18.9 17.1 -70.8 -27.8
22 14.9 19.6 22.8 23.3 22.6 13.D 13.0 -66.7 -29.7
23 11.8 18.1 22.2 23.0 22.5 7.2 3.4 -87.7 ~39.3
24 9.0 16.3 21.4 22.6 22.4 1.1 3.7 (-104.4 -50.3
Mean 20.1 21.2 21.3 22.2 22.4 -7.4 -6,3 -10.5 -7.7

*Response factor analysis was not performed for this dynamic test cycle.
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TABLE C1-8(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS+1Q TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
. ofF Btu/hr'ft2 Btu/hr’ftz
Time,
hr .
Ahfm Ahfm
to t2 t3 4 ti Ju HFM @ | HFM @ Arf Ass
Qutdoor | Qutdoor § Internal | Indoor | Indoor | Calib. j Indoor | Outdoor | Response | Steady-
Air Surf. Surf. Air [Hot Box ! Suvrf. | Surf. Factor [ State
1 55.7 66.0 73.2 74.0 72.7 4.1 5.5 -26.8 2.5 {-11.4
2 53.6 64.2 71.8 73.3 72.5 2.2 3.7 -27.7 0.1 -12.8
3 52.3 62.9 70.5 72.6 72.4 0.1 1.9 -27.7 -2.3 | -13.8
4 52.0 61.9 69.3 72.0 72.3 -2.2 0.1 -256.1 -4.3 | -14.1
5 52.7 61.6 68.3 71.4 712.2 -3.8 -1.6 -23.7 -6.2 1-13.8
6 59.9 63.8 67.5 70.9 72.1 -5.4 -3.2 -12.4 -7.7 -9.9
7 71.9 69.1 67.5 70.6 72,1 -5.9 -4.4 5.2 8.7 -2.0
8 79.2 73.2 68.2 70.6 72.1 -7.0 -4.7 14.7 -8.5 3.8
9 84.8 76.7 69.4 70.9 72.2 6.3 -4.3 21.4 -7.1 8.2
10 90.4 80.2 70.8 71.5 72.2 -4.6 -3.3 28.2 -4.8 12.3
11 94.9 83.4 712.4 72.2 72.4 -2.5 -1.8 33.2 -2.3 15.9
12 97.3 85.7 74.1 72.9 2.6 -0.4 0.0 34.3 0.5 17.9
13 102.1 88.8 75.8 73.7 72.7 2.1 2.0 40.9 3.3 21.2
14 106.1 92.0 77.5 74.6 72.9 4.5 4.1 46.3 6.1 24.7
15 105.2 92.8 79.2 75.4 73.1 7.2 6.4 39.5 8.9 24.6
16 101.4 1.9 80.6 76.2 73.3 9.8 3.8 30.1 11.5 22.2
17 96.3 90.0 81.4 76.8 73.4 11.9 10.6 20.9 13.5 18.5
18 85.8 85.6 81.7 17.2 73.5 13.4 12.0 5.1 14.7 1.7
19 75.2 30.2 81.2 77.4 73.5 14 12.6 -9.5 14.8 4.0
20 69.9 76.7 80.0 77.1 73.4 13.5 12.4 ~-15.6 13.7 -0.6
21 68.1 74.8 78.6 76.6 73.3 12.1 11.4 -16.0 11.6 -2.5
22 67.4 73.6 77.3 76.0 73.1 10.0 10.2 -15.2 3.2 -3.3
23 62.8 71.1 76.2 75.3 73.0 8.1 8.8 -20.4 6.9 -6.0
24 58.0 68.0 74.8 74.7 72.9 6.3 7.3 -25.8 4.6 -3.5
Mean 76.8 76.4 74.5 73.9 72.8 3.4 3.9 3.5 2.9 3.6

*Response factor values supplied by Ken Childs, ORNL. Values calculated using NBS Response
Factor Program by Peavy.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 26%
Outdoor Chamber - 22%

Laboratory Air Temperature:

Max. - 72°F (22°C)
Min. - 71°F (22°C)
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TABLE C1-8(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS+#10 TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,

. aC ‘d/m2 N/m2
Time,

hr '

nfm | 9hfm
Lo tZ t3 t] t‘i Gw HFM @ HFM @ Arf Gss
Qutdoor | Outdoor | Internal{ Indoor | Indoor] Calib. | Indeor | Cutdoor | Response| Steady~
Air Surf. Surf. Air | Hot Box | Surf. Surf, Factor | State

1 13.1 18.9 22.9 23.3 22.6 i2.8 17.3 ~84.6 7.8 { -35.8

2 12.0 17.9 22.1 23.0 22.5 6.9 11.7 -87.5 0.3 | -40.5

3 11.3 17.8 21.4 22.6 22.5 0.3 5.9 -87.2 -7.2 | -43.4

4 11.1 16.6 20.7 22.2 22.4 -6.8 0.3 -82.4 ~13.5 | -44.6

5 11.5 16.4 20.2 21.9 22.3 | =12,0 -5.1 -74.8 ~19.6 | -43.6

6 15.5 17.7 19.7 21.6 22.3: 1 ~17.1 ~10.0 -39.2 -24.4 | -31.3

7 22.2 20.6 18.7 21.4 22.3: 1 -21.7 -13.9 16.3 -27.4 ~6.4

8 26.2 22.9 20.1 21.4 22.3 | -22.1 -14.9 46.3 -26.7 11.8

9 29.3 24.8 20.8 21.6 22.3 } -20.0 -13.6 67.6 ~22.3 25.7
10 32.5 26.8 21.6 21.9 22.4 | -14.5 -10.3 838.9 -15.3 8.7
11 34.9 28.6 22.4 22.3 22.4 ~7.5 -5.7 104.6 -7.3 50.1
12 36.3 29.8 23.4 22.7 22.5 -1.2 0.0 108.0 1.6 56.6
13 38.9 31.5 24.3 23.2 22.6 6.7 4.3 129.2 10.5 66.9
14 41.2 33.4 25.3 23.6 22.7 14.3 12.9 145.9 19.4 77.8
15 40.6 33.8 26.2 24.1 22.8° 22.8 20.3 124.6 28.1 77.6
16 38.5 33.3 27.0 24.6 22.9 30.9 27.7 94.8 36.3 69.9
17 35.7 32.2 27.5 24.9 23.0 37.4 33.5 66.0 42.7 58.5
18 29.9 29.8 27.6 25.1 23.0 42.4 37.9 16.1 46.5 37.0
19 24.0 26.8 27.3 25.2 23.1 44.4 35.8 ~30.0 46.7 12.6
20 21.1 24.8 26.7 25.1 23.0 42.7 39.2 -49.0 43.1 -1.9
21 20.1 23.8 25.9 24.8 22.9 38.1 26.0 -50.6 36.7 -7.9
22 19.7 23.1 25.2 . 24.4 22.9 31.6 32.1 ~48.1 29.1 -10.4
23 17.1 21.7 24.5 24.1 22.8 25.5 27.8 -64.3 21.8 1-18.9
24 14.4 20.0 23.8 23.7 22.7 19.9 23.1 -81.5 14.6 | -29.8
Mean 24.9 24.7 23.6 23.3 22.6 10.6 12.4 11 9.2 1.2
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TABLE C1-9(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS-10 TEST CYCLE

Calculated

Measured Temperatures, Measured Heat Flux, Heat Flux,

o - 2 . 2

Time, F Btu/hr-ft Btu/hr-ft
hr .
Ahfm Ghfm
%o t2 3 t i G HEM @ | HFM @ rf Uss
Outdoor | Outdoor | Internal | Indoor | Indoor | Calib. | Indoor |Outdoor | Response | Steady~

Air Surf. Surf. Air | Hot Box | Surf. Surf, Factor | State
1 37.5 53.2 64.6 69.8 71.8 -8.1 ~7.0 -39.1 -10.1 ~-23.4
2 35.5 51.4 63.2 69.0 71.6 |-10.3 -8.8 -40.0 -12.5 | -24.8
3 34.7 50.2 61.9 68.4 1.5 |-12.4 -10.7 ~-39.1 -14.8 | -25.6
4 34.4 49.4 60.8 67.7 71.4 | -14.3 -12.6 -37.7 -16.8 | -25.9
5 35.4 491 59.7 67.2 71.3 |-15.9 -14.2 ~-34.9 -18.6 | -25.5
6 45.7 52.6 53.1 66.7 7.2 | -17.7 -15.8 ~-19.5 -20.2 } -19.9
7 56.7 57.6 59.3 66.5 71.2 | -19.1 ~16.8 ~4.2 -20.8 | -12.5
8 64.3 61.7 60.2 66.6 71.2 |-18.8 -16.9 5.3 -20.3 ~65.8
9 70.0 65.3 61.5 67.0 71.3 | -17.6 -16.2 11.9 -18.5 ~2.3
10 75.7 68.8 63.1 67.6 7.4 | -16.1 -14.9 18.2 -16.1 1.8
1" 79.0 71.6 64.7 68.3 71.5 1 -14.0 -13.3 20.9 -13.3 4.6
12 81.9 73.9 66.3 69.1 1.7 | -11.6 -11.4 22.8 -10.4 6.7
13 88.3 77.7 68.2 70.0 71.9 -9.0 -9.1 30.1 ~7.5 10.8
14 90.7 80.2 70.0 70.9 72.0 -6.3 -6.9 31.2 ~-4.5 13.1
15 88.1 80.3 7.6 71.8 72.2 -3.6 ~4.6 24.2 -1.7 12.0
16 84.3 79.3 72.9 72.5 72.4 -1.0 2.5 16.6 1.0 9.5
17 77.4 76.7 73.6 73.1 72.5 0.9 -0.7 5.6 2.9 5.1
18 65.2 71.4 73.6 73.4 72.5 2.2 0.5 ~11.9 3.8 -2.8
19 56.7 66.8 72.8 73.4 72.6 2.3 0.9 -23.4 3.4 -9.4
20 51.6 63.5 71.6 73.0 72.5 1.5 0.5 -28.9 1.9 | -13.4
21 50.1 61.8 70.1 72.5 72.4 ~0.2 -0.6 -28.9 -0.4 | -15.0
22 49.2 60.6 68.8 71.8 72.2 2.2 -2.0 ~28.3 -2.9 | -15.8
23 42.7 57.4 67.5 714 72.1 -4.,1 -3.5 35.9 ~5.3 | -19.3
24 33.6 55.0 66.0 70.5 7.9 ~6.1 -5.1 38.3 -7.6 | -21.9
Mean 59.8 64.0 66.3 69.9 71.8 -8.4 -8.0 -9.3 ~8.7 -8.4

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 26%
Outdoor Chamber - 23%

Laboratory Air Temperature:
Max. - 72°F (22°C)
Hin. - 70°F (21°C)
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TABLE C1~9(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS-10 TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
. °C w/m2 N/m2
Time,
hr ' ) '
Snfm dhfm
to t2 t3 4 Y4 Gy HEM @ | HFM @ dpf 9ss
Outdoor | Qutdoor | Internal | Indoor | Indoor | Calib. | Indoor | Cutdoor | Response | Steady-
Air Surf. Surf. Air | Hot Box | Surf. | Surf. Factor | State
1 3.1 11.8 18.1 21.0 22.1 | -25.5 -22.0 }-123.3 -32.0 | -73.8
2 1.9 10.8 17.3 20.6 22.0 | -32.3 -27.7 }-126.1 -39.3 | -78.4
3 1.5 10.1 16.6 20.2 21.9 | -39.0 -33.7 | -123.4 -46.6 | -80.7
4 1.3 9.7 16.0 19.8 21.9 | ~45.2 ~39.6 |-118.8 -53.1 | ~-81.7
5 1.9 9.5 15.4 19.5 21.8 | -50.0 -44.9 | -~110.2 -58.8 { ~80.4
6 7.6 11.4 15.1 19.3 21.8 | -55.9 -49.9 ~-61.5 -63.8 | -62.7
7 13.7 14.2 15.2 19.1 21.8 | -60.2 ~-52.9 -13.4 -65.7 | ~39.5
3 17.9 16.5 15.7 19.2 21.8 | -59.4 -53.2 16.6 -64.1 ~-21.3
9 21.2 18.5 16.4 19.4 21.8 | -55.4 -50.9 37.6 -58.4 -7.3
10 24.3 20.5 17.3 19.8 21.9 | -50.6 -47.1 87.5 -50.9 5.6
1 26.1 22.0 18.2 20.2 22.0 | -4401 -41.9 65.8 -41.9 14.5
12 27.7 23.3 19.1 20.6 22,1 | -36.6 ~35.9 71.9 -32.7 21.2
13 .3 25.4 20.1 21.1 22.2 | -28.3 -28.8 95.1 -23.5 34,2
14 32.6 26.8 21.1 21.6 22.2 | -19.8 -21.8 28.3 -14,2 41.4
15 31.1 26.8 22.0 22.1 22.4 | -11.3 -14.5 716.4 -5.2 37.9
16 29.0 26.3 22.7 22.5 22.4 -3.3 7.7 52.2 3.1 30.0
17 25.2 24.8 23.1 22.8 22.5 2.8 -2.1 17.8 9.0 15.9
18 18.5 21,9 23.1 22.4 22.5 6.8 1.7 -37.7 11.8 -8.8
18 13.7 19.3 22.7 23.0 22.5 7.2 2.9 -73.8 10.7 | -29.5
20 10.9 17.5 22.0 22.8 22.5 4.7 1.6 -91.2 6.0 | -42.4
21 101 16.6 21.2 22.5 22.4 -0.7 ~2.0 -91.2 -1.3 | -47.4
22 9.6 15.9 20.4 22.1 22.3 -6.8 -6.3 -89.3 -9.2 | -49.7
23 6.0 14,1 19.7. 21.7 22.3 | -13.0 ~11.0 1-113.1 -16.7 | -61.0
24 4,2 12.8 18.9 21.4 22.2 | ~19.2 -16.1 -120.7 -24.1 -69.0
Mean 15.4 17.8 19,1 21.1 22.1 -26.5 ~25.2 -29.4 -27.5 | -26.4
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TABLE C1-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG

Thermal Lag, hrs

Measured Calculated Calc.
Test Time
Cycle Calibrated Hot Box Heat Flow Meter Response factor Constant,
hrs
to vs t] qss vs qw qss vs thm qss vs qrf
Avg. Avg. Avqg.
B Max. | @ Min. | @ Max. | @ Min @ Max. | @ Min. @ Max.| @ Min.

NBS 5 3 4 3.5 4 5 3 4 * * * 1.4

NBS+10 5 3 4.5 3.5 4 4.5 4 4.5 4 3.5 4 7.4

NBS-10 i 4.5 3 4.5 3 4 ) 3.5 4 4 3 3.5 1.4

*Response factor analysis was not performed for this dynamic test cycle.

TABLE £7-73 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), REDUCTION IN AMPLITUDE

Measured, % Calculated, %
gjzge Calibrated Hot Box Heat Flow Meter Response Factor
@ Max. | @ Min. Avg. | @ Max. | @ Min. | Avg. | @ Max. | @ Min. Avg.
NBS 51 39 45 60 50 55 * * *
NBS+10 £9 47 45 59 3 55 44 34 KL
NBS-10 50 40 45 59 49 54 42 31 37
*Response factor analysis was not performed for this dynamic test cycle.
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TABLE C1-14 - SUMMARY OF DYNAMIC TYEST RESULTS (PERIODIC), ENERGY REQUIREMENTS

Total Energy Net Energy
Total Energy, Comparisons, Net Energy, Comparisons,
Btu/ft2 (w-hr/mz) % Btu/ft2 (H-hr/mz) %
Test
Cycle Measured Calculated T T T Measured Calculated N N N
qw thm qrf qw thm qrf
T T T T T T T (N N N N N N N
4y thm qrf qss qss qss dgg hy thm qrf qss qss qss qss
NBS 155.7 130.7 * 293.4 53 45 - -56.4 -47.8 * -59.2 95 81 -
(491.0) | (412.0) {925.4) (-177.9) | (-156.7) (-186.8)
NBS+10 § 158.5 141.2 174.0 284.6 56 50 61 80.4 94.¢6 10.2 85.3 g4 11 82
(500.0) | {445.4) | (548.9) | (897.7) (253.8) | (298.3) | (221.5) | (269.0)
NBS-10 | 214.8 195.4 235.3 321.8 66 60 12 -201.4 ~191.5 -209.3 -200.6 100 g5 104
(677.7) § (616.2) ] (742.1) 1 (1034.1) (-634.8) | (-603.8) | (-660.9) | (-632.9)

*Response factor analysis was not performed for this dynamic test cycle.
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WALL C2: STRUCTURAL LIGHTWEIGHT CONCRETE

DESCRIPTION: Structural lightweight concrete wall with reinforcement at
approximate midthickness.

REFERENCE: Van Geem, M. G. and Fiorato, A. E., "Heat Transfer
Characteristics of a Structural Lightweight Concrete Wall,®
Construction Technology Laboratories, Portland Cement
Association, Skokie, 1983, 88 pages.

COMPOSITION:
1. Structural Lightweight Concrete
Portland Cement
Fine and Coarse Expanded Shale
Aggregate
Measured Air Content: 6.3%

2. Reinforcement
Single layer of Grade 60 No. 5 bars
Spaced 12 in. {305 mm)
center-to-center

TABLE C2-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST

Measured

Property Value

Unit Weight, psf (kg/md) 70.4
{344)
Average Thickness, in. (mm) 8.28
(210)

Area, ft2 (m2) 73.67
(6.84)

Estimated Moisture Content, 8.5

% by ovendry weight
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TABLE C2-2 - MATERIAL PROGPERTIES, STRUCTURAL LIGHTWEIGHT CONCRETE

Mean
" Specimen |Temperature, Measured
Property Test Method Condition oF value
(°C)
Unit Weight, pcf (kg/m3) - ovendry - 94
{1510)
Specific Heat, Btu/lb-°F {J/kg-K) Similar to | saturated 73 0.257
CRD-C124-73 (23) (1080)
Specific Heat, Btu/1b-°F (J3/kg-K) Calculated | air dry 73 0.230
(23) (960)
Thermal Conductivity, Btu-ﬁn/hr-ft2-°F (W/m-K){ Hot Wire air dry —_— 5.0
{G.87)
Thermal Conductivity, Btu-in/hr-ft2'°F (W/m-K)} ASTM C 177 | ovendry 70 4.5
{(21) (0.65)
Thermal Conductivity, 8tu-in/hr-ft2-°F (W/m-Ky} ASTM C 976 | air dry 70 4.7
(21) (0.68)
Thermal Diffusivity, ft2/hr (mmz/s) CRDP-€36-73 | saturated - 0.0307
(0.792)
Compressive Strength, psi {MPa) ASTM € 39 air dry - 5350
{35.9)
Spiitting Tensile Strength, psi (MPa) ASTM € 496 1 air dry - 434
(2.99)




TABLE C2-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS

Component

R,
Thermal Resistance

hre ££2- °F /Btu

(mZ-K/w)

1. Qutside Air Film

2. 8-in. (203-mm) Structural Lightweight
Concrete

3. Inside Air Film

0.17
(0.03)

2.20%
(0.39)

0.68
(0.12)

Total R

3.05
(0.54)

Total U

0.33
(1.85)

*Source: ASHRAE Handbook of Fundamentals, American Society of
Heating, Refrigeration, and Air-Conditioning Engineers,

Inc., Atlanta, 1981, Chapter 23.
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TABLE C2-4 - STEADY-STATE TEST RESULTS

Measured Temperatures,

q °F
RY, U, Relative Humidity Laboratory
Heat Flux, {°C) Air Temperature

Nominal Test

Condition Btu/hr'ftz hr~ﬁ2~°F/Btu Btu/hr-ft2-°F t tz ty t, t, Indoor | Outdoor |Max. Min.
Qutdoor | Outdoor | Internal Indoor | Indoor |{Chamber, { Chamber, | °F oF
(w/mz) (mZ-K/w) (N/mz's() Air Surface Surface Air % % {°C) {°C)
iy = 34°F -31.1 2.53 0.38 -1 6 35 652 Hd 18 21 12 6%
{1°C} (-98.2} {0.48) (2.18} {-22} (-14) (n (16} (21) 22y | (21
= 52°F -16.8 2.62 .38 30 37 92 67 1A 19 19 70 69
(11°C) {-52.9} (0. 48) .10 -1 (3 an (19 (22} 21) | 20)
T, = B8SF 2.2 2.59 0.39% 102 98 87 17 73 20 23 12 10
{31°C) (38.5) {0.486) (2.19) {39} (3N {30) {25} 23 22yt 2hH
ty = 99°F 21.5 2.55 0.39 124 117 98 80 74 19 27 72 70
(37°C) {(67.9) {G.45) {2.22) (51 {4n 37 273 (23) 22y { 12n
Design Values - 3.05 0.33 - - - - - - - - -
{0.54) {1.85)
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- 40
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(b) Temperature Differentials

Fig. €C2-1 Wall C2 Transient Test Results
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Fig. C2-1 Wall C2 Transient Test Results
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TABLE C2-5(a) ~ TRANSIENT TEST RESULTS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
. of Btu/hreft” Btu/hr-ft©
Time, :
hr 3
U fm Qnfm
to t2 i3 4 ty Oy HFM B ] HFM @ Q™ Uss
Outdoor | Outdoor | Internal | Indoor | Indoor } Calib.] Indoor {Outdoor } Response j Steady-
Air Surf. Surf. Air | Hot Box|{ Surf. | Surf. Factor | State
0 72.0 72.7 72.2 72.8 72.5 -0.1 ~-0.1 ~0.3 ~0.0
1 36.5 55.5 72.0 72.8 72.4 0.3 -0.1 -40.9 ~9.9
2 16.3 36.1 70.8 12.7 72.5 0.3 -0.1 ~64.5 ~20.8
3 3.7 28.2 68.0 72.5 72.4 0.0 ~-0.5 -62.4 ~25.1
4 1.4 23.9 64.7 72.0 72.4 -1.3 -1.8 -58.8 -27.2
5 0.0 21.4 61.5 71.3 72.2 -3.8 -3.6 -54.8 -28.2
6 ~1.5 19.1 58.6. 70.4 72.1 -5.% -5.8 -52.1 ~29.0
7 ~2.4 17.3 55.9. 69.5 71.8 -8.7 ~-8.0 -50.0 -29.5
8 -3.2 15.8 53.5 68.6 71.7 {-10.5 -10.3 ~-48.0 -29.7
9 -3.8 14.6 51.3 67.8 71.5 { -13.3 -12.3 ~46,3 ~30.0
10 ~4.3 13.6 49.4 67.1 71.3 | -15.0 -14.3 -44.7 ~30.2
11 -4.7 12.7 47.7 66.5 71.2 t -17.0 -18.1 ~43,2 ~30.3
12 -5.0 11.8 46.1 65.9 71.1 | -~18.6 -17.7 -41.8 ~30.5
13 -5.4 1.2 44.7: 65.4 71.0 | -20.0 -19.3 -40.9 ~30.6
14 -5.7 10.6 43.5 65.0 70.8 { -21.6 -20.5 ~40.2 ~30.7
15% -6.0 9.8 42.1 64.4 70.8 | -23.1 ~-22.1 -38.7 -30.8
16 -6.3 2.0 40.7 §3.9 70.7 | -24.6 -23.7 -37.2 -30.9
17 ~6.5 8.6 39.9 63.5 70.0 § -25.2 ~24.7 -36.4 ~30.9
18 6.7 8.4 39.3 63.3 70.6 | -26.1 -25.3 -35.9 ~30.9
19 -6.8 8.1 38.7 63.2 70.6 | ~26.8 ~26.1 -35.2 ~31.0
20 -6.9 7.8 38.2 62.8 70.5 | ~27.2 ~26.7 ~35.1 ~30.9
21 -7.0 7.6 37.7 62.8 70.4 | -27.8 ~27.1 -34.3 -31.0
22 -7.2 7.4 37.2 62.6 70.3 | -27.8 -27.5 -34.2 ~31.1
23 -7.2 7.1 37.0 62.4 70.4 | -28.5 ~-28.0 -33.9 -31.1
24 ~7.2 7.0 36.7 62.3 70.4 | ~28.6 ~-28.3 -33.3 ~31.1
26 -7.3 6.8 36.2 62.2 70.3 | -29.3 -29.0 ~-32.9 -31.2
28 -7.2 6.7 35.7 62.1 70.2 | -29.9 -29.5 -32.6 ~-31.7
30 -7.1 6.6 35.5 62.0 70.2 | -30.3 ~30.0 ~32.0 -31.1
32 -7.1 6.5 35.3 61.8 70.2 | -30.5 -30.1 ~31.7 -3
34 ~7.1 6.5 35.1 61.8 70.2 | -30.6 -30.4 ~31.6 ~31.1
36 -7.1 6.4 35.0 61.7 70.3 | ~30.B -30.7 ~31.6 -31.1
38 -7.2 6.4 34.9 61.7 70.2 | ~30.9 ~-30.8 ~31.3 -31.1
40 ~-7.2 6.3 34.8 61.7 70.1 | ~30.7 -30.8 ~-31.1 ~31.3
42 -7.2 6.3 4.7 61.5 70.1 | -31.1 -30.8 -31.3 ~31.1
44 ~7.2 6.2 34.6 61.5 70.0 | ~31.1 ~31.0 ~31.0 ~31.1
46 -7.2 6.2 34.6 61.5 70.0 | -31.0 -31.0 =311 -31.1
43 -7.2 6.2 34.5 61.4 70.0 | ~31.1 ~31.1 ~31.0 ~31.0

*Data for this hour derived from linear interpolation of data from hours 14 to 16.
**Response factor analysis was not performed for this wall assembly.
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TABLE C2-5(b) ~ TRANSIEMT TEST RESULTS, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,

. o w/m2 N/m2
Time,

hr '

Ahfm Ahfm
to ty t3 3 3] Gy HFM 6| HFM @ qrf** Qsg
Outdoor | Outdoor | Internal | Indoor | Indoor | Calib.| Indoor | Outdoor | Response | Steady-
Air Surf. Surf. Air | Hot Box| Surf.| Surf. Factor | State

0 22.2 22.6 22.3 22.7 22.5 -0.4 -0.2 -0.9 -0.1
1 2.5 13.1 22.2 22.7 22.5 0.9 -0.3 { -129.1 -31.1
2 -12. 2.3 21.6 22.6 22.5 1.0 -0.5 | -203.4 ~65.6
3 -15.7 -2.1 20.0 22.5 22.4 0.1 -1.7 | -196.8 ~79.2
4 ~17.2 -4.5 18.2 22.2 22.4 -4,1 -5.7 | ~185.4 -85.8
5 -17.8 -5.9 16.4 21.8 22.3 | -11.8 -11.4 | -172.9 -89.0
6 -18.6 -7.2 14.8 21.3 22.3 | -17.7 -18.3 | ~164.2 -91.5
7 -19.1 -8.2 13.3 20.8 22.1 -27.3 -25.2 | -157.8 -93.1
8 ~-19.6 -9.0 11.9 20.3 22.1 } -33.2 -32.5 | -151.5 ~93.8
9 ~19.9 -9.7 10.7 19.9 21.9 | -41.9 -38.9 | -145.9 -94.5
10 -20.2 -10.2 9.7 19.5 21.8 | -47.2 -45.1 | -141.1 -95.3
1A -20.4 -10.7 8.7 19.1 21.8 { -53.6 -50.6 | -136.4 -95.7
12 ~-20.6 -11.2 7.8 18.8 21.7 | -58.7 -55.8 | -131.1 -96.1
13 -20.8 -11.6 7.1 18.6 21.7 | ~63.0 -60.8 | -128.9 -96.4
14 ~20.9 ~11.9 6.4 18.3 21.6 | -68.2 -64.6 | -126.7 ~86.7
15% -21.1 -12.3 5.6 18.0 21.6 | -72.8 -69.7 | -122.1 -97.0
16 -21.3 -12.8 4.8 17.7 21.5 | -77.4 -74.8 | -117.4 -97.3
17 -21.4 -13.0 4.4 17.5 21.5 | -79.5 -77.8 | -114.9 -97.5
18 -21.5 -13.1 4.1 17.4 21.4 ) -82.3 -79.8 | -113.3 -97.6
19 -21.5 -13.3 3.7 17.3 21.4 | -84.6 -82.2 | -110.9 ~97.8
20 -21.6 -13.4 3.4 17.1 21.4 | -85.7 -84.1 | -110.6 -97.6
21 -21.7 -13.5 3.2 17.1 21.3 | -87.7 -85.6 | -108.3 -97.9
22 -21.8 ~-13.7 2.9 17.0 21,3 | -87.7 -86.8 | -107.8 ~98.0
23 -21.8 -13.8 2.8 16.9 21.3 | -90.0 -88.3 | -106.9 ~98.2
24 -21.8 ~13.9 2.6 16.9 21.3 { -90.2 -89.4 } ~105.2 ~98.3
26 -21.8 -14.0 2.3 16.8 21.3 | -92.3 -91.5 | -103.7 -98.3
28 -21.8 ~-14.1 2.1 16.7 21.2 | -94.2 -93.0 | -103.0 ~-88.2
30 -21.7 -14.1 1.9 16.6 21.2 | -95.6 -94.2 | -100.9 -98.2
32 -21.7 -14.1 1.8 16.6 21.2 | -96.1 -95.0 -99.9 -98.2
34 -21.7 -14.2 1.7 16.5 21.2 | -96.4 -96.0 -99.8 -98.2
36 -21.7 -14.2 1.7 16.5 21.3 | -96.3 ~-96.8 ~99.7 -98.2
38 ~21.8 -14.2 1.6 16.5 1.2 | -97.3 -97.1 -98.6 -08.2
40 -21.8 -14.3 1.6 16.5 21.2 | -96.6 -97.1 -97.9 -98.2
42 -21.8 -14.3 1.8 16.4 21.1 -98.0 ~97.3 -98.6 -98.2
44 -21.8 -14,3 1.4 16.4 21.1 | -98.0 ~97.7 -97.8 -98.2
46 ~21.8 -14.3 1.4 16.4 21.1 | -97.9 -97.8 -98.1 -98.2
48 -21.8 ~14,3 1.4 16.3 21.1 -98.1 -98.0 -97.7 -97.9

*Data for this hour derived from linear interpolation of data from hours 14 to 16,
**Response factor analysis was not performed for this wall assembly.
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TABLE C2-6 - SUMMARY OF TRANSIENT TEST RESULTS
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T A

Measured Calculated
Heat Flux Calib. Hot Box HFM @ Indoor Surf. Response Factor* Steady-State
Gy 5 Time to hfm» Time to Arf» Time to Gsss Time to
Btu/hr-ft™} Reach q ,| Btu/hr-ft | Reach g ,! Btu/hr-ft | Reach q ,{ Btus/hr-ft | Reach q ,
(W/m2) he WL (w/md) hr MWL (W/m?) he PF 1 tw/md) hr SS
99.5% of Final Heat Flux -30.9 38 -30.9 44 -30.9 16
(-97.7) (-97.7) {-97.73
95% of Final Heat Flux -29.6 28 -29.6 29 -25.6 2]
(-93.3) (-93.3) {~93.3)
| 90% of Final Heat Flux -28.0 23 -28.0 23 -28.0 5
(-88.4) {-88.4) (-88.4)

*Response factor analysis was not performed for this

dynamic test cycle.
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Fig. C2-2 Wall C2 Dynamic Test Results for NBS Test Cycle
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Fig, C2-2 Wall C2 Dynamic Test Results for NBS Test Cycle
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TABLE C2-7{a) - DYNAMIC TEST RESULTS (PERIODIC), MBS TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
-] . 2 . 2
Time, F Btu/hrft Btu/hr-ft
hr ,
Ahfim A fm
Yo t2 '3 © b S W e| wme | 9rfT | Gss
Outdoor | Outdoor f{Internal ; Indoor { Indoor | Calib.| Indoor | Outdoor | Response | Steady-
Air Surf. Surf. Air | Hot Box| Surf. | Surf. Factor | State
1 44.2 54.1 69.7 72.5 72.1 0.5 0.3 -23.9 -10.5
2 421 52.2 68.4 72.1 72.0 -0.5 -0.6 -24.1 -11.3
3 41.2 50.9 67.1 n.7 71.9 -1.8 -1.6 -23.4 -11.8
4 40.9 50.1 65.9 71.3 71.9 -2.7 -2.6 -22.1 -12.0
5 41.1 49.7 54.8 71.0 7.8 -3.7 -3.6 -20.5 =12
6 50.1 53.6 63.9 70.6 n.7 -5.3 -4.5 -9.5 -9.7
7 62.3 60.8 63.4 70.3 71.7 -5.9 -5.4 3.5 -5.4
8 70.3 66.4 63.6 70.1 n.7 ~-7.0 -6.1 10.3 -2.1
9 77.1 1.5 64.3 70.0 71.6 -7.2 -6.4 15.5 0.8
10 83.5 76.3 85.4 70.1 71.6 -7.0 ~6.4 20.2 3.6
11 88.0 80.3 66.7 70.3 n.7 -6.6 -6.0 22.4 5.7
12 91.1 83.2 68.3 70.7 71.8 ~5.9 -5.2 22.9 7.2
13 97.0 87.4 69.9 7.1 7.9 4.5 -4.4 27.4 9.4
14 100.9 91.1 7.6 71.5 72.0 -3.5 -3.3 29.2 11.3
15 98.6 91.1 73.2 72.0 72.0 -2.3 ~2.2 23.3 11.0
16 94.1 89.2 74.7 12.4 72.2 -0.4 -1.0 16.4 9.6
17 86.4 85.1 75.9 72.9 72.2 1.0 0.3 6.7 7.0
18 74.0 78.0 76.4 73.3 72.3 2.3 1.3 -7.0 2.7
19 64.2 7.2 76.3 73.6 72.4 3.3 2.2 -16.0 -1.3
20 58.8 66.7 75.6 73.7 72.4 3.3 2.7 ~19.0 -4.0
21 57.0 64.4 74.5 73.7 72.4 3.6 2.7 -18.1 -5.3
22 56.5 63.3 73.4 73.4 72.3 3.1 2.4 -16.6 -5.8
23 50.1 59.5 72.3 73.2 72.3 2.5 1.8 -22.3 -7.8
24 45.5 55.8 na 72.8 72.2 1.3 1.1 ~24.9 -9.7
Mean 67.3 68.8 69.8 71.8 72.0 ~1.8 -1.9 -2.1 -1.7

*Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber -~ 18%
OQutdoor Chamber - 24%

Laboratory Air Temgerature

Max. - 71°
Min. - 66°F (19°C)
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TABLE C2-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
(-2
Tine, c W/m W/m
hr )
Oh fm Infm .
t t2 t3 4 Y Qw HFM @ | HFM @ Arf dss
Outdoor | Outdoor jInternal| Indoor | Indoor | Calib. | Indoor | Outdoor { Response | Steady~
Air Surf. Surf. Air § Hot Box | Surf. ] Surf. Factor | State
1 6.8 12.3 20.9 22.5 22.3 1.6 1.0 -75.5 -33.0
2 5.6 11.2 20.2 22.3 22.2 ~1.6 ~2.0 -75.9 -35.7
3 5.1 10.5 19.5 22.1 22.2 -5.6 ~4.9 -73.7 ~37.3
4 4.9 101 18.8 21.8 22.2 -8.5 -8.1 ~69.6 -38.0
5 5.0 9.8 18.2 21.6 22.1 | -11.7 -11.2 -64.6 ~38.1
6 10.0 12.0 17.7 21.5% 22.1 | -16.8 -14.1 ~30.0 ~30.5
7 16.8 16.0 17.4 21.3 22.1 | -18.7 -17.1 11.2 -17.
8 21.3 19.1 17.5 21.1 22.0 | -22.1 ~19.1 32.6 -6.6
9 25.1 21.9 17.9 21.1 22.0 | -22.6 -20.1 48.9 2.6
10 28.6 24.6 18.5 21.1 22.0 | -22.1 -20.1 63.6 11.3
11 3t 26.8 19.3 21.3 22.1 | -20.9 ~-18.8 70.8 18.0
12 32.8 28.4 . 20.2 21.5 22.1 | -18.7 ~16.5 712.2 22.6
13 36.1 30.8 21.1 21.7 22.2 | -14.2 -13.8 86.5 29.5
14 38.3 32.8 22.0 21.9 22.2 | -11.1 ~10.5 92.2 35.5
15 37.0 32.8 22.9 22.2 22.2 ~7.2 -7.0 73.5 34.8
16 34.5 31.8 23.7 22.5 22.3 -1.3 -3.1 51.7 30.4
17 30.2 29.5 24.4 22.7 22.4 3.1 0.9 21.3 22.1
18 23.3 25.6 24.7 23.0 22.4 7.2 4.2 -22.2 8.5
19 17.9 21.8 24.6 231 22.4 10.4 6.8 ~50.3 -4.2
20 14.9 19.3 24.2 23.2 22.4 10.5 8.4 -59.9 -12.6
21 13.9 18.0 23.6 23.1 22.4 11.3 8.4 -57.1 -16.7
22 13.6 17.4 23.0 23.0 21.4 9.6 7.5 -52.3 -18.3
23 10.0 15.3 22.4 22.9 22. 7.7 5.6 ~70.4 -24.5
24 7.5 13.2 21.7 22.7 22.3 4.2 3.5 ~-78.6 -30.7
Mean 19.6 | 20.5 21.0 22.1 22.2 ~5.7 ~-5.8 -6.5 ~5.3

*Response factor analysis was not performed for this wall assembly.
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TABLE C2-8(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS+10 TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
-] - 2 - 2
Time, F Btu/hreft 8tu/hr-ft
hr .
Ihfm Ghfm
to t2 t3 Y Y G wMe| wme | Orf" | Gss
Outdoor | Outdoor [Internal § Indoor | Indoor i Calib. | Indoor | Qutdoor | Response | Steady-
Air Surf. Surf. Air | Hot Box | Surf. ] Surf. Factor | State
1 52.9 61.3 73.9 73.9 712.6 4,2 3.7 -21.1 ~-7.2
2 51.1 59.5 72.6 73.6 72.6 3.2 2.8 -20.9 -8.1
3 50.1 58.2 71.3 73.2 72.5 1.7 1.8 -20.1 -8.5
4 50.6 57.8 70.1 72.8 72.4 1.0 0.8 -18.0 ~8.6
5 51.8 57.9 69.0 72.4 72.3 -0.2 «0.1 -15.6 -8.2
6 62.7 63.1 68.2 72.1 72.3 -1.7 -1.1 -2.0 -5.1
7 74.3 70.5 67.9 71.8 72.2 ~2.4 ~1.9 10.9 ~-0.8
8 81.5 75.8 68.2 71.6 72.2 -3.2 -2.5 15.7 2.4
9 87.2 80.1 68.8 71.4 72.1 -3.6 -2.9 19.7 5.0
10 93.5 84.8 70.0 71.5 72.1 -3.2 -2.7 24.3 7.6
1R 97.2 88.4 7.4 71.8 72,2 -2.7 -2.3 25.5 9.5
12 100.6 91.3 73.0 72.1 72.3 -1.9 -1.5 26.9 11.0
13 106.3 95.7 74.5 72.5 72.4 ~0.7 -0.7 31.6 13.3
14 108.9 98.4 76.2 73.0 72.5 0.6 0.4 31.4 14.8
15 106.0 98.2 77.8 73.5 72.6 1.7 1.5 25.4 14.3
16 101.8 96.2 79.3 74.0 72.7 3.2 2.7 18.6 12.7
17 94.0 92.0 80.3 74.4 72.8 4.9 3.9 8.9 10.1
18 80.9 84.4 80.8 74.8 72.8 5.1 5.0 -5.7 5.5
19 71.5 77.6 80.6 75.1 72.9 6.9 5.8 -13.8 1.5
20 67.5 73.8 79.8 75.2 72.9 7.4 6.1 -15.1 -0.8
21 66.4 72.0 78.7 75.1 72.9 7.1 6.2 -13.6 -1.8
22 65.1 70.7 77.5 74.9 72.8 6.7 5.8 -13.2 2.4
23 58.0 66.2 76.4 74.6 72.8 6.1 5.2 -20.1 -4.8
24 55.3 63.5 75.2 74.3 72.7 4.8 4.5 -20.5 -6.2
Mean 76.5 76.6 74.2 73.3 72.5 1.9 1.7 1.6 1.9

*Response factor analysis was not performed for this wall assembly.
Calibrated Hot Box Relative Humidity:

Indoor Chamber - 21%

Qutdoor Chamber ~ 25%
Laboratory Air Temgerature

Max. ~ 73°F {23°C
Hin. « 70°F {(21°C}
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TABLE C2-8{b} - DYNAMIC TEST RESULTS (PERIODIC), NBS+10 TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
Time, C W/im W/m
hr .
Ahfm Anfm
to t2 t3 4 ty G HFM @ | HFM e Gpg™ dss
Outdoor | Outdoor {Internal]| Indoor | Indoor | Calib. | Indoor jOutdoor | Response Steady~

Air | Surf. Surf. Air | Hot Box | Surf. | Surf. Factor ] State
1 11.6 16.3 23.2 23.3 22.6 13.3 11.6 -66.5 ~22.8
z 10.6 15.3 22.6 23.1 22.5 10.1 8.7 -65.9 -25.4
3 10.1 14.6 21.8 22.9 22.5 5.3 5.8 ~63.5 -26.9
4 10.3 14.3 21.2 22.7 22.5 3.2 2.5 -56.9 -27.0
5 11.0 14.4 26.6 22.5 22.4 ~0.6 ~0.5 -49.1 -26.0
6 17.1 17.3 20.1 22.3 22.4 -5.4 -3.6 -6.3 ~16.1
7 23.5 21.4 19.9 22.1 22.4 ~-7.5 -6.1 31.5 -2.5
8 27.5 24.3 20,1 22.0 22.3 -9.9 -8.0 49.4 7.6
9 30.7 26.7 20.5 21.9 22.3 | -11.4 ~9.0 62.1 15.8
10 34.2 29.4 211 22.0 22.3 -10.2 -8.6 76.6 24.1
1 36.2 31.3 21.9 22.1 22.3 -8.5 -7.1 80.4 30.0
12 38.1 33.0 22.8 22.3 22.4 ~5.8 ~4.8 84.8 34.8
13 41.3 35.4 23.6 22.5 22.4 -2.3 -2.1 99.8 41.9
14 42.7 374 24.6 22.8 22.5 1.9 1.2 99.1 46.6
15 41 .1 36.8 25.4 23.0 22.5 5.3 4.8 80.1 45.0
16 38.8 35.7 26.3 23.3 22.6 10.2 8.5 58.5 40.2
17 34.4 33.4 26.9 23.6 22.6 15.5 12.4 28.1 32.0
18 27.1 29.1 27.1 23.8 22.7 19.1 15.8 -17.8 17.2
19 22.0 25.3 27.0 22.3 22.7 21.8 18.2 -43.5 4.7
20 19.7 23.2 26.6 24.0 22.7 23.4 19.3 -47.7 -2.5
21 19.1 22.2 25.9 23.9 22.7 22.5 i9.4 -43.0 ~5.6
22 18.4 21.5 25.3 23.8 22.7 21.0 18.3 ~41.7 ~7.6
23 14.4 19.0 24.7 23.7 22.7 19.1 16.3 -53.4 ~15.0
24 13.0 17.5 24‘0; 23.5 22.6 15.0 14.3 ~64.7 -19.4
Mean 24.7 24.8 23.5 22.9 22.5 6.0 5.3 5.0 5.0

*Response factor analysis was not performed for this wall assembly.
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TABLE C2-9(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS~10 TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Fiux, Heat Flux,
o - 2 . 2
Time, F Btu/hr-ft Btu/hr-ft
hr .
fm { Anfm
to t2 t3 4 Y Qu HFM @ ! HFM @ Qpf* Oss
Outdoor | Outdoor [Internal| Indoor | Indoor{ Calib.| Indoor { Outdoor | Response | Steady-
Air Surf. Surf. Air | Hot Box | Surf. | Surf. Factor | State
1 35.0 46.4 65.7 71.4 72.1 -2.7 -3.2 -27.2 -14.2
2 33.0 44.6 64.3 7.0 72.0 -3.8 -4.1 -27.3 =15.1
3 32.2 43.4 63.1 70.% 72.0 -4.9 -5.1 -26.3 -15.6
4 32.1 42.6 61.9 70.2 71.8 -6.0 -6.1 -25.1 -15.8
5 33.4 42.7 60.8 69.9 71.8 ~7.1 ~7.1 -22.4 -15.5
6 44.7 48.2 59.9 69.5 71.8 -8.4 ~8.1 -9.3 -12.1
7 56.3 55.4 59.6 69.2 1.7 -9.3 -8.9 2.1 -7.9
8 64.4 61.1 59.9 69.1 1.7 { -10.1 -9.5 8.8 ~4.5
9 70.6 65.8 60.7 69.0 71.7 | -10.3 -9.7 13.0 -1.8
10 76.8 70.7 62.1 69.2 71.7 1 -10.0 -9.5 17.1 0.9
11 80.2 73.9 63.5 69.4 .7 -9.4 -9.0 18.1 2.6
12 83.4 76.7 65.0 69.7 71.8 -8.5 -8.3 19.4 4.0
13 89.9 81.2 66.5 70.1 71.9 ~7.4 -7.4 24.6 6.4
14 92.6 84.3 68.1 70.6 72.0 -6.2 -6.3 24.5 7.9
15 89.4 83.7 69.8 71.1 72.1 -5.0 -5.2 18.3 7.3
16 85.0 81.7 n.2 71.5 72.1 -3.2 -4.0 1.7 5.9
17 77.1 77.6 72.3 72.0 72.3 -1.8 -2.9 2.1 3.2
18 63.8 69.9 72.7 72.4 72.3 -0.6 -1.8 -12.6 -1.4
19 54.7 63.4 72.5 72.6 72.4 0.1 -1.0 -20.1 -5.3
20 49.6 59.1 n.7 72.7 72.4 0.6 -0.6 -22.6 -7.8
21 48.1 57.1 70.6 72.6 72.3 0.3 -0.6 -21.4 -8.9
22 47.2 55.8 69.4 72.4 72.3 -0.1 -1.0 ~20.2 -9.5
23 40.3 51.7 68.2 72.1 72.2 ~0.7 -1.6 -26.3 -11.7
24 37.2 48.7 67.0 71.8 72.2 -1.7 -2.4 -27.1 -13.2
Mean 59.0 61.9 66.1 70.8 72.0 -4.9 -5.1 -5.3 -5.1

*Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 20%
Outdoor Chamber - 25%

Laboratory Air Temgerature:

Max. - 73°F (23°C
Min. - 68°F (20°C)
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TABLE C2-9{b) - DYNAMIC TEST RESULTS (PERIODIC), NBS-10 TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
-]
Time, C W/m W/m
hr s
‘ Ahfm Ahfm
to ta t3 t ty Qw HFM @ | HFM @ Apf* 55
Outdoor | Outdoor | Internal| Indoor | Indoor | Calib. ] Indoor | Outdoor | Response| Steady-

Air Surf. : Surf. Air | Hot Box Surf. Surf. Factor | State
1 1.7 8.1 i18.7 21.9 22.3 -8.6 -10.1 -85.8 -44.7
2 0.6 7.0 i7.9 21.7 22.2 |-12.1 ~13.1 -86.2 -47.6
3 0.1 6.3 17.3 21.5 22.2 | -15.3 ~16.2 -83.0 -49.1
4 0.0 5.9 16.6 21.2 22.2 1-19.0 ~19.4 -79.1 -49.7
5 0.8 6.0 16.0 21.0 22.1 -22.4 -22.3 -70.6 -48.8
6 7.0 9.0 15.5 20.9 22.1 | -26.4 ~25.5 -29.2 -38.3
7 13.5 13.0 15.3 20.7 22.1 {-29.4 -28.0 6.6 -25.0
3 18.0 16.2 15.5 20.6 22.0 | -31.7 -30.0 27.9 ~-14.3
9 21.4 18.8 16.0 20.6 22.0 | -32.6 -30.7 41.0 -5.7
10 24.9 21.5 16.7 20.6 22.1 1 -31.6 -29.8 541 2.8
1 26.8 23.3 17.5 20.8 221 ~29.5 -28.5 57. 8.2
12 28.6 24.8 18.3 21.0 22.1 -26.7 ~-26.2 61.0 12.6
13 32.2 27.4 19.1 21.2 22.2 | -23.4 -23.3 77.4 20.2
14 33.7 29.0 20.1 21.4 22.2 | -19.6 -20.0 77.4 24.8
15 31.9 28.7 21.0 21.7 22.3 | -15.9 ~16.5% 57.6 22.9
16 29.4 27.6 21.8 22.0 22.3 ~9.9 -12.6 36.8 18.6
17 25.1 25.4 22.4 22.2 22.4 -5.7 -9.0 6.7 10.2
18 17.7 21,1 22.6 22.4 22.4 -2.0 ~5.8 -39.7 ~-4.5
19 12.6 17.4 22.5 22.6 22.4 0.4 -3.2 -63.5 ~16.8
20 2.8 15.1 22.1 22.6 22.4 1.8 -1.9 -71.4 ~-24.5
21 8.9 13.9 21.4 22.6 22.4 1.0 -2.0 -67.4 -28.1
22 8.4 13.2 20.8 22.4 22.4 0.3 ~3.2 -63.6 -30.0
23 4.6 10.9 20.1 22.3 22.4 -2.3 ~5.2 -82.9 -36.8
24 2.9 9.3 19.4 22.1 22.3 -5.4 -7.5 -85.4 -41.5%
Mean 15.0 16.6 18.9 21.6 22.2 |1-15.3 ~16.2 -16.8 -16.0

*Response factor analysis was not performed for this wall assembly.
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TABLE C2-712 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG

Thermal Lag, hrs

Measured Cajculated Calc.

Test Time
cvele Calibrated Hot Box Heat Flow Meter Response Factor* Constant,

vy hrs

to vs tl Ugg VS 9y Yss V5 Onem Ugg VS Gpg
Avg. Avg. Avg.
® Max.] © Min.| @ Max.| @ Min. @ Max.| @ Min. € Max. | @ Min.

NBS 1) 5 7 4.5 5.5{ 6.5 5 ) 2.9

NBES+10 1) 1) & 5.5 b 6.5 5.5 ) 2.9

NBS-10 5 5 ) 5 5.51 5.5 4 5 2.9

*Response factor analysis was not performed for this wall assembly.

TABLE C2-13 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), REDUCTION IN AMPLITUDE

Measured, % Calculated, %
g?é%e Calibrated Hot B8ox Heat Flow Meter Response Factor¥
@ Max.| @ Min.{ Avg. | @ Max.| @ Min.{ Avg.| @ Max.| @ Min.] Avg.
NBS 58 48 53 65 5% 51
NBS+10 517 48 53 55 56 51
NBS-10 58 50 54 65 51 b1

*Response factor analysis was not performed for this wall assembly.
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TABLE C2-14 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), ENERGY REQUIREMENTS

Total Energy, Total Fnergy Net Energy, Net Epergy
Comparisons, » » Comparisons,
Btu/ft2 (H-hr/mz) % Btu/ft™ (W-hr/m’) %
Test
Cycle Measured Calculated T 1T T Measured Calculated N N N
% 1%fm {%%¢ % {%em | %¢
(T {T (T * T T T T N N N * N N N N
‘w ;hfm ]rf qss qss qss qss qw thm qrf qss qss qss qss
NBS 85.2 13.8 117.1 48 42 -43.6 ~-44 .4 -40.6 1074 109
(268.7) § (232.7) (558.6) (~131.5) (—140A1) (-128.0}
NBS+10 85.0 1.9 170.1 50 42 46.0 40.3 45.4 101 89
(268.3) | (226.9) {536.7) (145. 1) (127.3) {143. 1)
NBS-10 1 118.2 123.6 198.3 60 62 -116.2 -123.6 -122.1% 951 101
{3713.0) | (3%0.0) (625.7) (-366.6) | (-390.0) {-385.1}

*Response factor analysis was not performed for this wall assembly.
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DESCRIPTION:

REFERENCE:

COMPOSITION:

WALL C3: LOW DENSITY CONCRETE

Low density concrete wall with reinforcement at approximate
midthickness.

Van Geem, M. G. and Fiorato, A. E., "Heat Transfer
Characteristics of Low Density Concrete Wall," Construction
Tecnhnology Laboratories, Portland Cement Association,
Skokie, 1983, 83 pages.

1. Low Density Concrete
Portland Cement
Perlite Aggregate*
Loose unit weight of 7.9 pcf (126 kg/m3)
) Measured Air Content: not available

2. Reinforcement
Single layer of 6-mn diameter bars
Spaced 12 in. {305 mm)
center-to-center

TABLE C3-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST

Measured
Property Value
Weignt, psf (kg/mZ) 32.7
, {160)
Average Thickness, in. (mm) 8.52
(216)
Area, ft2 (m2) 73.79
(6.86)
Estimated Moisture Content, 9.5
% by ovendry weight

*parlite only, no sand was used as aggregate.
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TABLE C3-2(a) - MATERIAL PROPERTIES, LOW DENSITY CONCRETE

:
Mean
. Specimen {Temperature, Measured
Property Test Method Condition of value
(°C)
Unit Weight, pcf (kg/md) -- ovendry - 42
{6700
Specific Heat, Btu/ib-°F (3/kg-K) Similar to| saturated 73 0.444
CRB-£124-73 (23) (1860)
Specific Heat, Btu/ib-°F (J3/kg-K) Calculated | air dry* 73 0.179
(23) (750)
Thermal Conductivity, Btu-in/hr-ft2-°F {W/m-K)| Hot Wire alr dry** - 3.05
(0.440)
Thermal Conductivity, 8tu-%n/hr-ft2°°F (W/m-K)| ASTM C 177 | ovendry 70 1.44
(21) (0.207)
Thermal Conductivity, Btu-in/hr-ft2-°F (W/em-KY{ ASTM C 976 air dry* 70 1.44
(21) (0.207)
Thermal Diffusivity, £+2/hy (mmz/s) CRD-C36-73 | saturated - 0.00849
(0.219;
Compressive Strength, psi (MPa) ASTM C 39 air dry - 880
{6.1)
Spiitting Tensile Strength, psi (MPa) ASTM C 496 air dry - 65
(0.45)

*9.5% moisture content relative to ovendry weight
*%17.3% moisture content relative to ovendry weight




TABLE C3-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS

R

Component Thermal Resistance

hr-ft2~°F/Btu
(mZ-K/N)

1. Outside Air Film 0.17
(0.03)

2. 8-in. (203-mm) Low Density Concrete 3.02*
(1.41)

3. Inside Air Film - 0D.68
(0.12)

8.87
Total R (1.56)

0.1
Total U (0.64)

*Source: ASHRAE Handbook of Fundamentals, American Society of
Heating, Refrigeration, and Air-Conditioning Engineers,
Inc., Atlanta, 1931, Chapter 23.
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TABLE C3-4 - STEADY-STATE TEST RESULTS

Measured Temperatures,

q °F -
Ry, y, Relative Humidity Laboratory
Heat Flux, (°C) Air Temperature
Neminal Test

fonditic i . . in.

Condition Btu/hr‘ftz hr-ftz-"F/Btu Btu/hr'ftz-%: to t2 ts t] 1:3 Indoor | Qutdoor | Max Min

Outdoor | Cutdoor | internal Indoor | Indoor | Chamber, Chamber,} °©°F °F

(sz) (ra’s?‘ K/W) (!;e)/m2 29 Air Surface Surface Air % ) {°C) (°C)

ty = 53°F -5.59 7.02 G.14 32 35 55 70 12 24 22 12 10
(11°¢) (-17.9) {1.24) {0.81) 16 {2 (13 {21} (22} {22y | (2%

= B9°F 5.13 53 0.5 105 104 86 15 73 26 25 12 70
(32°C) {15.2} {1.15} {0.87) {41 {40} {303 (24) (23) (22) ; @21

Ty = 100°F 8.54 5.31 0.1 126 123 95 7% 73 24 28 12 58
(38°C) {27.3} (1.3h) {0.90} {52) {51) (353 (24) (23) (22) { (20)
Design Values - g.87 0.1 - - - - - - - - -

(1.58} {0.64)
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TABLE C3-5(a) - TRANSIENT TEST RESULTS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2
. °f Btu/hr-ft° Btu/hr‘ftz
Time,
hr [}
Ghfm Ghfm "
to t2 t3 t i Gw HFM @] HFM @ Qrf Gss
Outdoor | Outdoor{ Internal| Indoor | Indoor| Calib.| Indoor | ODutdoor | Response| Steady-
Air Surf. Surf. Air | Hot Boxj Surf.| Surf. Factor | State
0 72.0 72.7 n.s 2.7 72.4 ~0.1 ~0.1 -0.0 0.0
1 39.9 52.4 n.7 72.7 72.4 0.6 -0.1 -26.9 -31.4
2 3.3 20.0 71.6 72.7 72.4 0.6 ~-0.0 -41.7 -8.4
3 ~4.7 9.4 70.7 72.7 72.4 0.6 ~0.0 -34.3 -10.0
4 -6.3 6.0 69.1 72.6 72.5 0.9 ~0.1 -29.0 -10.5
5 -7.3 4.1 67.0 72.6 72.4 0.3 -0.3 -25.6 -10.7
6 -8.0 2.7 64.8 72.4 72.3 -0.3 -0.7 ~23.9 -10.9
7 ~8.4 1.8 62.8 72.1 72.3 -0.5 ~1.2 -22.4 ~-11.0
8 -8.8 0.9 60.8 71.9 72.3 -1.1 -1.8 -20.9 -11.1
9 -9.1 0.3 58.9 71.6 12.2 ~2.2 -2.4 ~20.3 ~1i.1
10 -9.4 -0.2 57.2 71.3 72.2 ~3.0 -3.1 -19.3 ~11.1
1 -9.5 -0.7 55.7 71.0 72.1 ~3.4 ~3.8 -18.6 -11.1
12 -9.7 -1.1 54,2, 70.7 72.1 -4.5 ~4.4 ~17.5 ~11.1
213 -9.9 -1.5 52.8 70.3 72.0 -4,.9 -4.,8 -17.3 ~11.1
14 -10.1 -1.9 51.5 70.2 71.9 -5.5 -5.5 =17.1 -11.2
15 -10.2 «2.2 50.3 69.9 71.9 -5.8 6.0 -16.4 -11.2
16 -10.4 ~2.4 49.1 69.8 n.s -6.7 -6.5 ~16.0 ~11.2
17 -10.6 -2.6 47.8 69.6 71.4 ~7.2 ~6.9 ~15.8 -11.2
18 ~10.7 ~-3.0 46.9 69.4 71.5 ~71.7 ~7.3 ~15.3 ~11.2
19 -10.6 -3.2 46.3 69.1 71.6 ~7.5 ~7.6 -15.1 ~-11.2
20 ~-10.7 -3.3 45.5 69.0 1.6 ~7.8 ~8.0 -14.8 -11.2
21 -10.8 -3.5 44.9 68.9 71.6 -8.5 ~8.3 -14.6 -11.2
22 -10.9 -3.7 44.1 68.8 71.5 -8.8 ~-3.5 ~-14.4 ~11.1
23 -10.9 -3.8 43.6 68.7 71.6 -8.8 ~8.9 ~14.2 ~-11.2
; 24 -10.9 -4.0 43.0 68.6 n.s -9.1 ~9.2 -13.7 -11.2
) 26 -11.0 -4,2 42.0 68.4 71.6 -9.7 ~9.7 -13.6 -11.2
28 -11.0 -4.3 41.2 68.3 7.6 1 -10.0 ~10.0 ~13.0 -11.2
30 ~-11.2 ~4.5 40.4 8.1 /1.4 -10.3 -1¢.3 -12.9 -11.2
32 -11.1 -4,7 39.9 68.0 7.6 | -10.5 -10.6 -12.7 -11.2
34 ~-11.2 -4.8 39.3 67.9 71.5 | -10.8 -10.8 -12.5 ~-11.2
36 «11.2 ~4.,9 38.7 67.8 1.5 | ~11.0 ~10.9 ~12.6 -11.2
38 -11.3 3.9 38.6 §7.8 7.5 | -11.2 ~11.1 -12.2 -11.2
40 -11.2 -4.9 38.3 67.7 71.5 | -11.3 -11.2 -12.2 -11.2
42 -11.3 -5.0 38.0 67.6 71.4 | ~171.0 -11.3 -12.0 -~11.2
44 -11.3 -5.1 37.8 67.5 7.4 | -11.1 ~11.4 -11.7 -11.2
46 -11.2 -5.1 37.6 57.4 71.4 | -11.3* ~11.7 -12.1 -11.1
48 -11.3 ~-5.1 37.5 57.5 7.4 | -11.3 -11.6 ~11.9 -11.2
50 -11.3 ~5.2 37.3 67.4 71.4 | -11.6 -11.7 ~11.7 -11.2
52 -11.4 -~5.3 37.2 67.4 7i.4 | ~11.0 -11.7 -12.0 -11.2
54 -11.5 -5.3 37.1 67.4 71.4 § -11.5 ~11.7 -11.7 ~-11.2
56 -11.5 -5.3 37.0 67.5 7.4 | -11.5 ~11.8 ~11.6 ~-11.2
58 ~11.5 -5.4 37.0 67.5 71.5 -11.6 -11.8 -11.7 -11.2
60 ~11.5 -5.3 36.9 67.5 71.3 1 ~12.1 ~11.8 ~11.7 ~11.2
62 -11.5 ~5.4 36.8 67.5 71.5 -11.7 -11.8 -11.7 ~11.2
64 -11.5 ~5.4 36.8 67.5 7.4 | -12.0 ~11.8 -11.6 -11.2
66 -11.5 ~5.4 36.8 67.5 71.5 | ~11.8 -11.9 -11.8 -11.2
68 -11.5 ~5.4 36.7 67.5 1.3 -11.9 ~11.9 ~11.6 ~11.2
70 -11.5 -5.4 36.6 67.5 71.4 | ~12.0 -11.9 -11.7 ~11.2
72 ~11.5 ~-5.4 36.6 87.5 71.4 | -11.9 ~12.0 ~11.7 -11.2

_________ *Calibrated hot box data for this hour derived from linsar interpoiation of data from
( hours 44 to 47,
] **Response factor analysis was not performed for: this wail assembly.
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TABLE C3-5(b) - TRANSIENT TEST RESULTS, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
° /
Time, ¢ W/m W/m
hr .
Ahfm v Fin
to t2 13 Y Y QA HFM @ | HFY @ Q™™ Qss
Outdoor | Outdoor | Internal | Indoor | Indoor| Calib. | Indoor | Outdoor | Response | Steady-
Air Surf. Surf. Air | Hot Box| Surf.| Surf. Factor | State
0 22.3 22.6 22.1 22.6 22.4 -0.5 ~-0.3 -0.1 0.0
1 4.4 11.4 22.1 22.6 22.5 1.9 -0.2 ~84.8 -10.6
2 -16.0 -6.7 22.0 22.6 22.4 1.7 -0.1 | -131.5 ~26.6
3 -20.4 -12.6 21.5 22.6 22.4 1.9 0.1 | ~108.1 -31.4
4 -21.3 -14.4 20.46 22.6 22.5 2.7 ~0.4 -9.5 ~33.0
5 -21.8 -15.5 19.4 22.5 22.5 0.9 ~1.0 -80.7 ~33.7
6 -22.2 -16.3 18,2 22.4 22.4 -0.9 -2.1 ~75.5 ~34.3
7 -22.4 -16.8 17.1 22.3 22.4 -1.5 -3.9 -70.8 -34.7
8 -22.7 -17.3 16.0 22.1 22.4 -3.6 ~5.8 -65.8 -34.9
9 -22.9 -17.6 15.0 22.0 22.3 ~6.9 -7.6 ~63.9 -35.1
10 -23.0 -17.9 14.0 21.8 22.3 ~8.6 -9.9 -60.8 -35.0
1 ~-23.1 -18.2 13.2 21.7 22.3 | -10.8 -12.0 -58.6 -35.0
12 -23.2 -18.4 12.3 21.5 22.3 | -14.3 -13.8 -55,2 -35.1
13 -23.3 -18.6 11.6 21.3 22.2 | ~15.5 ~15.5 -54.7 -35.1
14 ~23.4 -18.8 10.9 21.2 22.2 | -17.2 ~-17.3 -53.8 -35.2
15 ~-23.4 -19.0 1G6.2 2149 22.2 | -18.3 -18.9 -51.8 ~35.2
16 -23.5 -19.1 3.5 21.0 22.1 | -21.0 -20.5 -50.6 -35.3
17 -23.7 -19.2 8.8 20.9 21.9 | -22.8 -21.8 -49.9 -35.3
18 ~23.7 -19.4 8.3 20.8 22.0 | -24.2 -23.1 -48.3 -35.4
19 -23.7 -19.6 7.9 20.6 22.0 | ~-23.8 -24.1 ~-47.7 -35.4
20 -23.7 ~-19.6 7.5 20.6 22.0 | -24.5 -25.3 «46.7 -35.4
21 -23.8 -19.7 7.2 20.5 22.0 | -26.7 -26.1 -46.2 -35.4
22 ~-23.8 -19.8 6.7 20.4 22.0 | ~27.8 -27.2 -45.3 -35.1
23 -23.8 ~-19.9 6.4 20.4 22.0 | ~27.7 -28.0 ~44,6 ~-35.2
24 -23.8 -20.0 6.1 20.3 22.0 | -28.7 -28.9 -43.2 -35.2
26 -23.8 -20.1 5.6 20.2 22.0 | ~30.5 -30.5 -42.8 -35.2
28 ~23.9 ~20.2 5.1 20.1 22.0 | -31.5 -3.4 -41.1 ~35.2
30 -24.0 -20.3 4.7 20.1 21.9 | -32.5 ~32.3 ~40.8 -35.2
32 ~24.0 -20.4 4.4 20.0 22.0 | ~33.0 -33.4 -40,2 -35.3
34 -24.0 -20.4 4.1 20.0 21.9 | -34.2 -34.1 -39.4 -35.3
36 -24.0 -20.5 3.7 19.9 22.0 | -34.7 -34.3 ~39.7 -35.3
38 -24.1 ~20.5 3.6 19.9 21.2 | -35,2 =35.0 -38.4 -35.3
40 -24.0 -20.5 3.5 19.8 21.9 | -35.6 -35.5 ~-38.4 -35.2
42 -24.0 ~20.6 3.3 19.8 21.9 | -34.7 -35.6 ~37.8 -35.2
44 -24.1 -20.6 3.2 19.7 21.9 | -35.0 -36.0 -37.0 -35.2
16 -24.0 -20.6 3.1 19.7 21.9 | -35.7* | -36.9% -32.0 -35.1
48 -24.1 -20.6 3.0 19.7 21.9 | -35.6 ~356.56 ~37.6 ~35.2
50 -24.1 -20.7 2.9 19.7 21.9 | ~-36.5 ~36.8 -37.0 ~35.2
52 ~24.1 -20.7 2.9 19.7 21.9 | -34.8 -36.9 -37.7 ~35.3
54 -24.1 -20.7 2.8 19.7 21.9 | -35.1 -37.0 -36.9 -35.3
56 -24,2 ~20.7 2.8 19.7 21.9 | -36.3 ~37.3 ~36.7 -35.3
58 -24.2 -20.8 2.8 19.7 22.0 | -36.5 ~37.3 ~-37.0 -35.4
60 ~-24.1 -20.7 2.7 19.7 21.9 | -38.3 -37.3 -36.8 ~35.3
62 -24.2 -20.8 2.7 19.7 21.9 | -37.0 -37.3 -36.9 -35.3
64 -24.2 -20.8 2.6 19.7 2.9 | -37.9 ~37.4 ~36.6 -35.3
66 -24.2 -20.8 2.6 19.7 22.0 | -37.1 -37.5 -36.4 -35.3
68 ~24.2 -20.8 2.6 19.7 21.9 | -37.7 ~37.4 ~36.6 ~35.3
70 -24.2 -20.8 2.6 19.7 21.9 | -38.0 -37.5 -36.9 -35.4
72 -24.2 ~-20.8 2.6 19.7 21.9 | -37.4 -37.8 -36.8 -35.4

*Calibrated hot box data for this hour derived from linear interpolation of data from
hours 44 to 47,
**Response factor analysis was not performed for this wall assembly.
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TABLE C3-6 - SUMMARY OF TRANSIENT TEST RESULTS

Measured Calculated
Heat Flux Calib. Hot Box HFM @ Indoor Surf. Response Factor* Steady-State
Qs » Time to Qhfm» Time to Grfs Time to dss» Time to
Btushr-ft™ {Reach q , | Btu/hr-¥t |Reach q , |Btu/hr:ft |Reach q , |Btu/hr-ft |Reach q ,

(W/n?) hr ¥ | (W/md) he DM Gi/m?) he P61 (W/me) hr SS

99.5% of Final Heat Flux -12.0 51 -11.% 65 -11.1 9
(-37.7} {-37.4) (-35.1)

95% of Final Heat Flux -11.4 47 -11.3 43 -10.6 5
(-36.0} (-35.1) {-33.6)

80% of Final Heat Flux -10.8- 33 -10.7 34 -10.1 4
{-34.1) (-33.9) (-31.8)

*Response factor analysis was not performed for this dynamic test cycle.
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TABLE C3-7{a) - DYNAMIC TEST RESULTS (PERIUDIC), MBS TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Filux, Heat Flux,
-] ™. 2 . 2
Time, F Btu/hr-ft Btu/hr-ft
hr .
hfm hfm
to t2 t3 4 ty Ay HFM @ | HFM @ Qrf* Qss
Outdoor | Outdoor | Internal | Indoor | Indoor | Calib. | Indoor |Outdoor jResponse | Steady-
Air Surf. Surf. Air |Hot Box | Surf. | Surf. Factor |State
1 41.6 46.9 70.9 72.8 72.4 0.93 0.43 | -11.16 ~4.26
2 40.2 45,2 70.0 72.7 72.4 0.51 0.23 | -10.81 -4,49
3 39.8 44.6 69.1 72.6 72.4 0.32 ~0.03 -9,91 -4,58
4 39.7 44,2 68.2 72.4 72.3 0.19 ~0.29 -9.17 -4.63
5 44,1 46.7 67.4 72.3 72.3 -0.28 -0.58 ~5.06 -4,21
6 58.% 57.0 66.6 72.2 72.3 -0.93 -0.88 4.47 ~-2.50
7 68.0 65.7 66.1 721 72.3 -1.39 =1.13 8.07 -1.06
8 77.7 74.4 66.0 72.0 72.3 -1.90 ~-1.46 10.86 0.42
9 84.5 80.6 66.1 71.9 72.3 -1.80 -1.64 12.58 1.48
10 90.0 85.9 66.6 71.8 72.2 -2.08 ~1.78 13.23 2.41
11 92.1 88.5 67.4 1.8 72.2 ~-2.08 ~1.76 11.84 2.87
12 97.3 92.8 68.3 71.8 72.2 -2.27 -1.73 14.19 3.65
13 103.4 98.4 69.3 7.9 72.2 -2.08 -1.58 16.25 4.63
14 103.2 99.5 70.4 72.0 712.3 ~1.62 ~1.36 12.65 4.81
15 9.3 96.5 7.5 72.1 72.2 -1.25 -1.09 7.39 4.21
16 9.0 91.0 72.7 72.3 72.3 -0.93 -Q.77 1.98 3.24
17 79.1 82.0 73.6 72.4 72.4 -0.32 ~-0.39 -5.62 1.62
18 66.5 n.2 74.2 72.6 72.4 0.37 -0.08 [ ~11.28 -0.23
19 59.5 64.4 74.4 72.8 72.4 0.83 0.22 | -11.80 -1.39
20 56.7 61.0 74.2 72.9 72.5 1.06 0.49 | ~10.03 -1.99
21 56.2 59.9 73.7 72.9 72.5 1.02 0.68 -8.12 -2.17
22 52.2 57.0 73.2 12.9 72.5 1.06 0.72 | -10.25 -2.64
23 44.8 50.8 72.5 72.9 72.5 1.34 0.57 | -13.30 -3.65
24 42.3 43.7 7.7 72.9 72.4 1.25 0.57 | ~11.52 -4.02
Mean 67.8 68.9 70.2 72.4 72.3 -0.42 -0.52 -0.60 ~-0.52

*Response factor analysis was not performed for this wall assemtly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 24%
Outdoor Chamber ~ 24%

Laboratory Air Temperature:
Max. - 72°F (22°C
Min. - 68°F {20°C)
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TABLE C3-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
o 2 2
Time, c W/m W/m
hr : )
Ahfm Shfm
to t2 t3 4 Y Oy HFM @ | HFM @ Qef* dss
Outdoor |Outdoor | Internal | Indoor | Indoor | Calib. |Indoor |Outdoor |Response | Steady-
Air Surf. Surf. Air | Hot Box | Surf. | Surf. Factor | State
1 5.3 8.3 21.6 22.7 22.5 2.92 1.35 | -35.21 -13.42
2 4.5 7.4 21.1 22.6 22.4 1.60 0.72 1 -33.11 -14.15
3 4.4 7.0 20.6 22,5 22.4 1.02 -0.10 | -31.27 -14,44
4 4,3 6.8 20.1 22.5 22.4 0.58 -0.92 | -28.93 -14.59
5 6.7 8.1 19.7 22.4 22.4 -0.88 -~1.83 | ~15.89 -13.27
6 14.5 13.9 19.2 22.3 22.4 ~2.92 -2.77 14.10 ~7.88
7 20.0 18.7 18.9 22.3 22.4 ~-4,38 ~3.57 25.47 -3.36
8 25.4 22.5 18.9 22.2 22.4 ~5.98 ~4.61 34.25 1.3
9 29.2 27.0 19.0 22.2 22.3 -5.69 -5.17 39.68 4.67
10 32.2 30.0 19.2 22.1 22.3 ~-6.56 -5.60 41.73 7.59
11 33.4 31.4 19.7 22.1 22.3 -6.56 -5.57 37.37 9.04
12 36.3 33.8 20.2 22.1 22.3 ~7.15 ~5.44 44.77 11.52
13 39.7 36.9 20.7 22.2 22.3 -6.56 -4.97 51.26 14.59
14 39.5 37.5 21.3 22.2 22.4 ~5.11 -4.28 39.92 15.17
15 36.9 35.8 21.9 22.3 22.3 -3.94 ~3.43 23.30 13.27
16 32.8 32.8 22.6 22.4 22.4 -2.92 -2.42 6.25 10.21
17 26.2 27.8 23.1 22.5 22.4 -1.02 -1.24 | -17.73 5.11
18 19.1 21.8 23.4 22.6 22.5 1.17 -0.25 | ~35.60 ~0.73
19 15.3 18.0 23.5 22.6 22.5 2.63 0.7V | ~37.17 -4.38
20 13.7 16.1 23.4 22.7 22.5 3.36 1.55 | -31.66 -6.27
21 13.5 - 15.5 23.2 22.7 22.5 3.2 2.13 | -25.61 ~-6.86
22 11.2 13.9 22.9 22.7 22.5° 3.36 2.28 | -32.28 -8.32
23 7.1 10.4 22.5 22.7 22.5 4,23 2.12 | -41.97 -11.52
24 6.3 9.3 22.1 22.7 22.5 3.94 1.80 | -36.35 ~12.69
Mean 19.9 20.5 21.2 22.4 22.4 -1.32 -1.65 -1.90 -1.64

*Response factor analysis was not performed for this wall assembly.
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TABLE C3-8{a) - DYMAMIC TEST RESULTS (PERIODIC), NBS+10 TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
° 1 - -
Time, F Btu/he-ft Btu/hr-ft
hr .
Ahfm Ghfm
to tz t3 t] t'i Ow HFM & HFM @ QY'f** Qss
Outdoor | Outdoor | Internal | Indoor {Indoor | Calib. | Indoor |Outdoor |Response | Steady-
Air Surf. Surf. Air Hot Box | Surf. | Surf. Factor | State
1 52.1 56.8 75.3 73.5 72.7 2.4 1.82 | -10.46 -2.78
2 50.2 54.8 74.4 73.4 72.7 2.17 1.67 | -10.06 -3.10
3* 49.1 53.5 73.5 73.3 12.7 1.71 1.4 -9.43 ~3.28
4 49.3 53.2 72.7 73.2 72.6 1.39 1.18 -8.05 -3.33
5 50.3 53.7 71.8 73.1 72.6 1.06 0.89 ~-6.81 ~3.19
5 59.3 59.4 71.0 72.9 72.6 0.65 0.59 0.87 -2.27
i 72.9 70.3 70.3 72.8 72.6 0.09 0.31 8.68 -0.46
8 81.9 78.5 69.3 72.6 72.4 -0.46 -0.20 11.31 0.97
9 88.5 84.6 69.4 72.5 72.4 -0.74 -0.43 12.58 2.08
10 95.4 90.7 69.8 72.3 72.4 ~0.79 ~-0.56 14.76 3.15
nx 99.7 95.3 70.2 72.3 72.3 ~1.11 ~0.71 14.43 4.02
12 102.6 98.2 71.3 72.4 Iy -1.71 -0.6C 14.10 4.49
13 108.6 103.3 72.2 72.4 72.3 -0.93 -0.49 17.11 5.41
14 112.0 107.2 73.3 72.5 72.4 -0.56 ~-0.33 16.59 6.11
15 110.0 106.6 74.5 72.6 72.5 ~0.28 -0.02 12.24 5.97
16 105.8 103.7 75.6 72.7 72.5 0.19 0.25 7.99 5.46
17 97.3 97.4 76.7 72.9 12.5 0.42 0.59 1.49 4,26
18* 82.8 86.1 77.5 73.1 72.6 1.02 0.93 -7.49 2.27
19 71.9 76.4 78.0 73.3 72.7 1.34 1.22 | -10.91 0.56
20 67.3 n.a 78.2 73.5 72.7 1.90 1.62 ~9.84 -0.37
21 65.7 69.0 717.9 73.6 72.8 2.27 1.81 ~7.86 -0.79
22 65.0 58.0 77.3 73.6 72.8 2.27 1.94 ~6.59 ~0.93
23 58.1 63.0 76.7 73.6 72.7 2.4} 2.04 | -11.01 -1.80
24 54.6 59.1 76.0 73.6 rai 2.4} 1.92 | -10.66 -2.41
Mean 77.1 77.5 73.9 73.0 72.5 0.74 0.70 0.9 0.83

*Data for these hours are 2-day averages, not 3-day averages, of test resultis.
**Response Tactor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber ~ 25%
OQutdoor Chamber - 24%

Laboratory Air Temperaturs:
Max., - 72°F (22°C)
Min. - 70°F (219C)

-256-

construction technology laboratories



TABLE €3-8{b) - DYNAMIC TEST RESULTS {PERIODIC), MBS+10 TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
_ o W/’ W/’
Time,
hr .
nfm Anfm
to t2 t3 % t Y WMe | wme | G | s
OQutdoor | Outdoor | Internal | Indoor {Indoor | Calib. |Indoor |Outdoor |Response | Steady-
Air Surf. Surf. Air | Hot Box | Surf. | Surf. Factor | State
1 1.2 13.8 24.0 23.0 22.6 7.59 5.73 | -32.99 -8.75
2 10.17 12.7 23.6 23.0 22.6 6.86 5.26 | -31.72 -9.77
3* 9.5 12.0 23.1 23.0 22.6 5.40 4.45 | -29.76 -10.36
4 9.6 11.8 22.6 22.9 22.5 4.38 3.73 -25.41 ~10.50
5 10.1 12.0 22.1 22.8 22.6 3.36 2.80 | -21.49 -10.07
6 15.2 15.2 21,7 22.7 22.5 2.04 1.86 2.74 -7.15
7 22.7 21.3 2.3 22.7 22.5 0.29 0.99 27.38 ~-1.46
3 21.7 25.8 20.7 22.5 22.5 ~-1.46 -0.62 35.67 3.06
9 31.4 ?29.2 20.8 21.5 22.4 ~2.33 -1.36 39.70 6.56
10 35.2 32.6 21.0 21.4 22.4 -2.48 -1.78 46.58 9.92
11* 37.6 35.2 21.2 2.4 22.4 -3.50 -2.23 45,51 12.69
12 39.2 36.8 21.8 22.4 22.4 ~3.50 -1.90 44.46 14,15
13 42.5 39.6 22.3 22.5 22.4 -2.92 ~1.54 53.97 17.07
14 44.5 41.8 22.9 22.5 22.5 -1.75 -1.04 52.34 19.26
15 43.3 41.4 23.6 22.6 22.5 -0.88 -0.30 38.61 18.82
16 4.0 39.8 24.2 22.6 22.5 0.58 0.80 25.21 17.21
17 36.3 36.4 24.8 22.7 22.5 1.31 1.85 4,69 13.42
18* 28.2 30.13 25.2 22.8 22.6 3.2 2.92 | -23.63 7.15
19 22.2 24.7 25.5 22.9 22.6 4.23 3.85 | -34.42 1.75
20 19.6 21.9 25.7 23.0 22.6 5.98 51 -31.04 -1.17
21 18.7 20.6 25.5 23.1 22.7 7.15% 5.72 | ~24.81 -2.48
22 18.3 20.0 25.2 23.1 22.6 7.15 6.11 -20.80 -2.92
23 14.5 17.2 24.8 23.1 22.6 7.59% 6.43 | ~34.74 -5.69
24 i2.5 15.1 24.5 23.1 22.6 7.5% 6.05 | ~33.62 ~-7.59
Mean 25.1 25.3 23.3 22.8 22.5 2.33 2.20 3.01 2.63

*Data for these hours are 2-day averages, not 3-day averages, of test results.
**Response factor analysis was noit performed for this wall assembly.
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TABLE €3-9(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS-10 TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
(-] - 2 e 2
Time, F Btu/hr-ft Btu/hr-ft
hr .
Qhfm Ghfm
tO t2 t3 t] t'i Oy HFM 2 HFM 2 QPf* Qs
Outdoor | Outdoor | Internal | Indoor | Indoor | Calib. | Indoor [Outdoor |Response | Steady-
Air Surf. Surf. Air | Hot Box | Surf. Surf. Factor | State
1 33.6 3%.5 67.5 7j2.2 72.2 ~0.28 -0.78 | -12.68 ~5.37
2 3.4 37.2 66.7 72.1 72.2 ~-0.56 -0.96 | -12.59 -5.69
3 30.4 36.0 65.8 72.0 712.2 -0.69 -1.19 | ~11.80 -5.83
4 30.3 35.5 64.9 71.9 721 -1.02 ~1.44 | -10.85 ~5.87
5 3.3 35.9 64.0 71.8 724 -1.48 -1.69 -9.35 ~-5.78
6 40.9 42.2 63.2 n.7 72.1 -2.04 ~1.99 -1.82 ~4.81
7 53.3 82.7 62.5 7.5 721 -2.36 -2.30 5.12 ~-3.10
8 63.2 60.9 62.1 71.4 72.0 ~2.68 -2.58 8.07 ~1.76
9 70.1 67.3 62.1 71.3 72.0 -3.15 -2.83 9.47 ~0.69
10 77.5 74.0 62.5 71.3 72,1 ~3.28 -2.96 11.45 0.46
n 81.1 78.C 63.2 7.2 72.1 -3.47 -3.06 10.65 1.11
12 84.3 30.9 64.0 71.3 72.1 -3.52 -3.05 10.81 1.67
13 91.3 86.7 64.8 71.3 72.1 ~3.56 -~2.96 14.40 2.64
14 94.5 20.5 65.9 71.4 72.1 ~3.42 -2.79 13.31 3.28
15 92.6 90.0 66.9 71.5 721 -2.82 -2.56 9,34 3.19
16 87.1 86.2 68.1 71.6 72.1 -2.45 -2.29 4,37 2.50
17 791 80.3 69.2 n.7 72.2 ~1.90 ~-1.96 -1.20 1.48
18 64.7 69.3 70.0 71.9 72.2 -1.3% ~1.63 | -10.18 -0.46
19 54.5 60.0 70.4 72.1 72.2 ~-0.88 -1.25 | -12.92 -2.04
20 48.5 54.1 70.5 72.2 7j2.2 ~0.51 -0.96 | -12.84 ~3,01
21 46.8 51.7 70.2 72.3 72.2 -0.28 -0.76 | -10.67 ~3,42
22 46.2 50.7 69.6 72.3 72.2 ~-0.09 -0.63 -9.32 ~3.6]
23 39.2 45.¢ 68.9 72.3 72.2 ~-0.05 -0.59 | -13.37 -4.39
24 35.7 41.6 68.3 72.3 72.2 -0.19 -0.67 | -13.03 -5.00
Mean 58.7 60.3 65.3 n.s 7241 ~-1.75 ~1.83 -1.90 -1.85

*Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 24%
Outdoor Chamber - 25%

Max. - 73°F (23°C
¥in. - 69°F (21°C)

Laboratory Air Temgevature'
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TABLE C3-9(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS-10 TEST CYCLE, ST UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
o 2 2
Time, C W/m W/m
hr )
, Infm | 9nfm
to t2 t3 & t Gw HEM @ | HFM @ dpf* ss
Outdoor | Outdoor | Internal | Indoor | Indoor | Calib. | Indoor | Qutdoor {Response| Steady-
Air Surf. Surf. Air | Hot Box { Surf. | Surf. Factor | State
i 0.9 4.1 19.7 22.3 22.3 ~0.88 -2.47 | -40.01 ~16.92
2 ~-0.3 2.9 19.3 22.3 22.3 -1.75 ~3.04 | -39.72 -17.94
3 -0.9 2.2 18.8 22.2 22.3 ~2.19 ~-3.75 | ~37.23 -18.38
4 -0.9 2.0 18.3 22.2 22.3 -3.21 ~4.55 | -34.23 ~18.53
) ~0.4 2.2 17.8 22.1 22.3 ~4.,67 -5.33 | ~-29.49 -18.23
6 4.9 5.7 17.3 22.0 22.3 -6.42 -6.28 -5.75 ~15.37
7 12.2 11.5 17.0 22. 22.3 -7.44 ~7.25 16.14 -9.77
8 17.3 16.1 16.7 21.9 22.2 ~8.46 ~8.13 25.47 -5.54
9 21.2 19.6 16.7 21.8 22.2 -9.92 -8.92 29.88 -2.19
10 25.3 23.3 17.0 21.8 22.3 |~10.36 -9.33 36.12 1.46
1A 27.3 25.5 17.3 21.8 22,3 |~10.94 ~9.66 33.59 3.50
12 29.0 27.2 17.8 21.8 22.3 | ~11.09 -9.63 34.10 5.25
13 33.0 30.4 18.2 21.8 22.3 | -11.23 ~9,33 45.43 8.32
14 34.7 32.5 18.8 21.9 22.3 | -10.80 -8.80 42.00 10.36
15 33.6 32.2 19.4 21.9 22.3 -8.90 ~-8.08 29.48 10.07
16 30.6 30.1 20.0 22.0 22.3 ~7.73 -7.22 13.78 7.88
17 26.2 26.9 20.6 22.1 22.3 -5.98 -6.17 -3.78 4.67
18 18.2 20.7 21.1 22.2 22.3 -4.38 ~5.13 | -32.13 -1.46
19 12.5 15.5 21.3 22.3 22.3 ~2.77 -3,95 | -40.75 -6.42
20 9.2 12.3 21.4 22.3 22.4 ~-1.60 ~3.02 | -~40.50 -9.48
21 8.2 10.9 21.2 22.4 22.3 -0.88 -2.39 | -33.87 -10.80
22 7.9 10.4 20.9 22.4 22.4 -0.29 -1.98 | ~29.39 -11.38
23 4.0 7.5 20.5 22.4 22.3 -0.15 -1.86 | -42.19 ~-13.86
24 2.0 5.3 20.2 22.4 22.4 ~0.58 ~2.12 | -41.12 ~15.75
Mean 14.8 15.7 19.1 22.1 22.3 -5,53 -5;77 ~-6.00 -5.85

*Response factor amalysis was not performed for this wall assembly.
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TABLE C3-1

2 _ SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG

Thermal Lag, hrs

Measured Calculated Calc.
Test Time
cycle Caliprated Hot Box Heat Flow Meter Response Factor* fonstant,
. hrs

t, Vs tl qss vs qw qss vs thm qss VS Gpg
Avg. Avg. Avg.
@ Max. | @ Min. | @ Max. @ Min. @ Max. | @ Min. ® Max. | @ Min.

NBS 9 7 9 8 8.5 8 5.5 7.5 3.6
NBS+1C 8 ] 10 8 8.5 9 7 8 3.6
NBS-10 1§ 8.5 7 g g 8.5 9 7.5 8.5 3.6

*Response factor

TABLE C3-13 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), REDUCTION IN AMPL
Measured, % Calculated, %
g;i%e Calibrated Hot Box Heat Flow Meter Response factor¥
® Max. | ® Min. | Avg. | @ Max. @ Min. | Avg. | @ Max. | @ Min. | Avg.
NBS 57 55 61 b 69 13
NBS+10 58 56 6e 75 66 11
NBS-18 b7 55 51 16 5% 73

analysis was not performed for this wall assembly.

*Response factor analysis

was not performed for this wall assembly.
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TABLE C3-14 — SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), ENERGY REQUIREMENTS

Total Energy Net Energy
Total Energy, Comparisons, Net Energy, Comparisons,
Btu/ftz (w~hr/m2) % Btu/ftz (H-hr/mz) %
Test
Cycle Measured Calculated T T T Measured Calculated N N N
% |%fm | %ef %  1%em | %ef
T T T T ¥ T N N N* N N N N
Ihfm s ss 9s s s R Inem Grg Yes G5  |%s s
NBS 21.8 20.6 1A 39 29 -10.0 ~-12.5 -12.5 80} 100
{87.71) | (65.0) (224.4) {(-31.71) | (-39.5) (-3%.4)
NBS+10 29.6 23.% £9.4 43 34 17.17 16.8 20.0 B8l 84
(93.5) | (14.5) {219.90) {55.9) {53.0) (63.2)
NBS-10 42.0 43.9 17.1 35 57 -42.0 -43.9 -44.5 95§ 99
{132.6) | (138.4) (243.3) {-132.6) | (-138.4) {-140.3)

*Response factor analysis was not performed for this wall assembly.
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WALL F3: 2x4-IN. (51x102-MM) WOOD FRAME WITH
R-11 FIBERGLASS INSULATION AND CEDAR SIDING

DESCRIPTION: Wood frame wall with R-11 fiberglass blanket insulation
between studs, gypsum wallboard on interior surface, and
plywood cedar siding on exterior surface.

REFERENCE: Fiorato, A. E. and Cruz, C. R., "Thermal Performance of
Masonry Walls," Research and Development Bulletin RDO71,
Portland Cement Association, Skokie, 1980, 17 pages.

COMPOSITION:

1. 5/8-in. (16-mm) Plywood Cedar Siding

2, 2x4-in, (51x102-mm) Wood Studs
spaced 16 in. (406 mm) on centers

3. 3-1/2-in. (89-mm) R-11 Fiberglass Blanket
Insulation faced with kraft paper

4, 1/2-in. {13-mm) Gypsum Wallboard

TABLE F3-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST

Measured
Property Value
Weight, psf (kg/m?) 5.2
(25)
Average Thickness, in. {mm) 4.6
(117)
Area, ft2 {m2) 73.40
{6.82)
Estimated Moisture Content, -
% by ovendry weight
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TABLE F3-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS

R, Thermal Resistance
Component Between Framing | At Framing
hréft2-°F/Btu hr=ft§=°F/Btu

(™ K/W) (m~-K/\)

1. Outside Air Film 0.17 0.17
(0.03) (0.03)

2. 5/8-in. (16-mm) Plywood Siding 0.78* 0.78
(0.14) (0.14)

3. 2x4-in. (51x102-mm) Wood Stud -- 4,35*%
(0.77)

4. 3-1/2-in. (89-mm) Fiberglass Blanket 11.00* --
Insulation (1.94}

5. 1/2-in. (13-mm) Gypsum Wallboard 0.45% 0.45
(0.08) (0.08)

6. Inside Air Film 0.68 0.63
(0.12) (0.12)

13.08 6.43

Total R (2.30) (1.14)

0.08 0.16

Total U (0.43) (0.88)

*Source: ASHRAFE Handbook of Fundamentals, American Society of Heating,

Refrigerating, and Air-Conditioning Engineers, Inc., New York,

1977, Chapter 22.

Adjust for Framing {15%):

U = (0.85)(0.08) + (0.15)(0.16) = 0.09 Btu/hr-ft2°F (0.50 W/m’-K)

i

RT

1/0 = 11.36 hr-£t2-°F/Btu (2.01 m2-K/W)
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TABLE F3-4 - STEADY-STATE TEST RESULTS

Measured Temperatures,

q °F
Ry, u, Relative Laboratory
Heat Flux, (°C) Humidi tyxx Air Temperature
Nominal Test

‘s 5 * i

Condition Btu/hr*f‘tz hr-££°-9F /Bty | Bu/hr- ftz_cF to t2 'c3 t] 'ci Indoor | Outdoor | Max. Min.
Dutdoor | Outdoor | Internal Indoor | Indoor | Chamber, | Chamber,| °F °F
z 2 2 . . % % (°C) {°C)
(W/m ) (m - K/W) (W/m K} Air Surface Surface Air
ty = 98°F 3.8 13.57 0.07 124 123 -~ 74 12 - - 72 11
{37°C) (12.1H {2.39) {0.42) BN 50 (23) 22) (22} (22)
ty = 84°F 1.2 18.70 0.05 95 94 ~ 13 12 - - 10 10
{29°C) (3.8) {3.29) {0.30) (35) (34) {23) (22) 2143 @2n
= 55°F 2.2 15.22 0.07 37 39 - 71 12 - - il n
{13°¢) BEYIR (2.68) {0.37) £3) {4} (22) {22} (22) { (22)
ty = 33°F -5.3 15.91 0.07 -8 -5 - 70 11 - - 74 11
(0°C) {-16.7) {2.63) {0.38) 22) 2n (21 (22) (23) | @21
Design Values - 11.36 0.09 - - - - - - - - -
{2.0%) (0.50)

*Internal thermocou
*iRelative humidity

ples were not used for this wall assembly.
was not measured for this wall assembly.
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TABLE F3-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE

Calculated

Measured Temperatures, Measured Heat Flux, Heat Flux,

. °F Btu/hr'ft2 Btu/hr"ft2

Time,
hr .
™™ | pem™™
to ty ty** 4 £ Qw HFM e | MM e qr‘f*** Qss
Outdoor | Outdoor | Internal | Indoor | Indoor | Calib. | Indoor |OQutdoor |Response |Steady-

Air Surf. Surf. Air |Hot Box | Surf. Surf. Factor |State
1 46.5 48.5 71.6 72.1 ~1.91 -2.18 | -1.66
2 45.8 47.6 71.4 71.6 -2.46 ~1.73 | -1.71
3 46.1 47.7 71.4 71.6 -2.42 ~-2.10 | -1.70
4 46.4 48.0 71.3 71.4 -2.60 -2.04 | -1.68
5 54.0 53.3 7.4 7.7 ~2.42 -2.14 F -1.30
6 69.5 67.9 71.5 1.7 -2.56 ~1.42 1 -0.26
7 77.7 76.5 71.8 71.7 ~1.86 -0.52 0.34
8 86.1 84.5 72.1 71.8 -1.35 0.05 0.89
9 93.3 91.7 72.4 1.7 -0.70 0.84 1.39
10 98.6 97.2 712.6 72.0 -0.09 1.23 1.77
11 101.7 100.5 72.8 71.9 0.33 1.96 2.00
12 107.1 105.2 72.9 71.8 1.02 2.36 2.33
13 113.2 111.5 73.2 72.1 1.21 2.60 2.76
14 111.4 110.9 73.4 72.1 1.67 3.16 2.70
15 105.0 105.6 73.4 72.3 1.86 2.91 2.32
16 97.1 98.7 73.3 72.0 2.09 2.9 1.83
17 83.2 86.3 73.0 71.8 1.86 2.30 0.96
18 70.1 73.4 72.7 71.9 1.53 1.17 0.05
19 63.4 65.7 j2.4 72.0 0.4¢ 0.33 | -0.48
20 61.2 62.9 72.1 71.8 ~0.14 0.01 -0.67
21* 60.4 61.8 72.0 72.0 -0.74 -0.58 | ~0.74
22% 54,7 57.5 71.9 7.7 -1.07 -0.54 | -1.04
23% 48.3 50.8 .7 71.6 -1.35 -1.19 | -1.50
24% 47.8 49.5 71.5 7.5 -1.58 -1.56 | -1.59
Mean 74.5 751 72.2 71.8 ~0.46 0.24 0.21

“Data are 2-day averages, not 3-day averages, of test results.
**Internal thermocouples and heat flow meters were not used on this wall assembly.
***Response factor valuas supplied by Ken Childs, ORNL. Values calculated using MBS Response
Factor Program by Peavy.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - Not measured for this wall assembly
Outdoor Chamber - Not measured for this wall assembly

Laboratory Air Temperature:

Max. - 74°F (23°C)
Min. - 66°F (19°C)
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TABLE F3-7(b) ~ DYNAMIC TEST RESULTS (PERIOGDIC), WBS TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
° 2 2
Tine, Q W/m W/m
hr ‘ \
Anfm™™ |Infm™>
th |t t3** t b Gw HFM @ | HFM @ e ] 9ss
Outdoor | Outdoor |Internal | Indoor | Indoor | Calib. | Indoor |Outdoor |Response | Steady-
Afr Surf., Surf., Air |Hot Box | Surf. | Surf. Factor | 5tate
1 8.1 9.1 22.0 22.3 -6.01 -5.88 | -5.25
2 7.7 8.6 21.9 22.0 ~7.77 ~5.46 | -5.41
3 7.8 8.7 21.9 22.0 ~-7.62 -6.63 | ~5.38
4 8.0 8.9 21.8 21.9 -8.21 ~5.44 ¢ -5.28
5 12.2 11.8 21.9 22.0 ~7.62 -6.75 | ~4.11
6 20.8 19.9 22.0 22.1 -8.06 -4.48 | -0.82
7 25.4 24.7 22.1 22.0 -5.87 -1.64 1.06
) 30.0 29.2 22.3 221 ~4,25 0.16 2.82
9 34.1 33.2 22.4 221 -2.20 2.65 4.40
10 37.0 36.2 22.6 22.2 0.29 3.88 5.59
11 38.7 38.1 22.6 22.1 1.03 6.13 6.31
12 41,7 40.7 22.7 22.1 3.23 7.45 7.33
13 45.1 44.1 22.9 22.3 3.81 8.20 8.69
14 441 43.8 23.0 22.3 5.28 9.97 3.52
15 40.5 40.9 23.0 22.4 5.87 9.18 7.32
16 36.2 37.1 22.9 22.2 6.60 9.18 5.78
17 28.4 30.2 22.8 22.1 5.87 7.26 3.02
18 21.2 23.0 22.6 22.2 4,84 3.69 .15
19 17.4 18.7 22.4 22.2 1.47 1.04 | -1.51
20 16.2 17.2 22.3 22.1 ~0.44 0.03 | -2.10
21* 15.8 16.5 22.2 22.2 -2.35 ~1.83 | ~2.32
22 12.6 14.1 22.1 22.0 -3.37. ~1.70 | -3.27
23* 9.1 10.4 22.0 22.0 -4.25 -3.75 | -4.74
24%* 3.8 9.7 22.0 22.2 -4.,99 ~4.92 | -5.01
Mean 23.6 24.0Q 22.4 22.% -1.45%5 0.77 0.66

*Data are 2~day averages, not 3-day averages, of test results.
**Internal thermocouplies and heat flow meters were not used on this wall assembly.
***Rasponse factor values supplied by Ken Childs, ORNL. Values calculated using NBS Response
Factor Program by Peavy.
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TABLE F3-12 - SUMMARY OF DYNAMIC TEST RESULTS {PERIODICY, THERMAL LAG

Thermal Lag, hrs

Measured Calculated Calc.
Test Time
C;c1e Calibrated Hot Box Heat Flow Meter* Response Factor Constant,
nrs
+
o V3 tW Ggs V5 Gy Uss VS Gnem Ggg VS Upg
Avg. Avyg. Avg.
@ Max. | @ Min. | @ Max. | @ Min. @ Max. | @ Min. @ Max. ! @ Min.
NBS 1.5 4 3 3 2.5 - - - ] 0 0.5 0.6

*Heat flow meiers were not used en this wall assembly.

TABLE F3-13 - SUMMARY OF DYNAMIC TEST RESULTS {PERIODIC), REDUCTION IN AMPLITUDE

Measured, % Calculated, %

égi%e talibrated Hot Box Heat Flow Meter* Response Factor
@ Max. | @ Min. | Avg. | @ Max. | @ Min. | Avg. | @ Max. @ Min. | Avg.
NBS i -1 -b - - - -15 -26 -21

*Heat flow meters were not used on this wall assembly.
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TABLE F3-14 - SUMMARY OF DYNAMIC TEST RESULTS {PERIODIC), ENERGY REQUIREMENTS

Total Energy, Total Fnergy Net Energy, Net E?ergy
Comparisons, Comparisons,
Btu/t’t2 (H-hr/mz) % Btu/f‘tz (w'hr/mz) %
Test
Cycle Reasured Calculated T T T Measured Calculated N M N
Y% 1%fm Y % 1%sm | ¢
T T ox T T T T T N N ¥ N N N N N
qw thm qrf qss qss qss qss 9 thm qrf qss qss qss qss
NBS 35.3 37.8 33.7 105 112 -11.0 5.8 5.0 -220) 116
{111.3) (118.4) | (106.2) (-34.8) (18.4) {15.8}

*Heat flow meters were not used on this wall assembly.
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WALL F4: 2x4-IN. (51x102-MM) WOOD FRAME WITH
R-1T FIBERGLASS TNSULATION AND HARDBOARD SIDING

DESCRIPTION: Wood frame wall with R-11 fiberglass blanket insulation
between studs, gypsum wallboard on interior surface, and
plywood cedar siding on exterior surface.

REFERENCE : Fiorato, A. E., "Heat Transfer Characteristics of Walls
Under Dynamic Temperature Conditions," Research and
Development Bulletin RD0O75, Portland Cement Association,
Skokie, 1981, 20 pages.

COMPOSITION:

1. 5/8-in. {16-mm) Plywood Cedar Siding with
rough sawn surface and vertical gooves at
8-in. {203-mm) on centers

2. 2x4-in. (51x102-mm) Wood Studs at
16 in. (406 mm) center-to-center

3. 3-1/2-in. {89-mm) R-11 Kraft Paper Faced
Fiberglass Insulation

g, 1/2-in. (13-mm) Gypsum Wallboard

TABLE F4-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST

Measured
Property Yalue
Weight, psf (kg/md) 5.3
{26)
Nominal Thickness, in. (mm) 4,75
(121)
Nominal Area, £t (m2) 73,67
(6.84)

Estimated Moisture Content, -
% by ovendry weight
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TABLE F4-2 - MATERIAL PROPERTIES, R-11 FIBERGLASS INSULATION

Mean
B, . - Specimen Temperature, Mesasured
Property fest Method Condition oF Yalue
(°C)
Nominal Installed Thickness, - - - 3.625
in. (mm) (923
Thickress, as received, in. (mm) ASTM (1587 - - 3.4¢4
(87)
Density, as received, pcf (kg/mg) ASTHM C167 - - 0.85
(14}




TABLE F4-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS

R, Thermal Resistance
Component Between Framing,| At Framing,
hréftz~°F/Btu hre ££2+ °F /Bty
(m?-K/W) (m?+K/)
1. Outside Air Film 0.17 0.17
(0.03) (0.03)
2. 5/8-in. (16-mm) Piywood Cedar Siding 0.77* 0.77
{0.14) (0.14)
3, 3-1/2-in. (89-mm) Wood Stud - 4,38%
(0.77)
4. 3-1/2-in. {89-mm) Fiberglass 11.00* .-
Insulation {1.94)
5. 1/2-in. (13-mm) Gypsum Wallboard 0.45% 0.45
(0.08) (0.08)
6. Inside Air Film 0.68 0.68
{0.12) (0.12)
13.07 6.45
Total R (2.21) (1.14)
0.08 0.16
Total ¥ (0.43) (0.88)
*Spurce: ASHRAE Handbook of Fundamentals, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers, Inc., New York,
1977, Chapter 22.
Adjust for Framing {17.3%):
U = 0.827 (0.077) + 0.173 (0.155)
= 0.090 Btu/hr-ft2-°F (0.51 W/m?-K)
R = 1/U = 11.05 hr-ft2-°F/Btu {1.95 K-m2/W)
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TABLE

F4-4 - STEADY-STATE TEST RESULTS

Measured Temperatures,

G °F
Ry, u, Relative Laboratory
Heat Flux, {°cy Humi di $y*x Air Temperature
Nominal Vest

- . . % ] .

Condition Btu/hr-ftz hr~ft2-°F/Btu Btu/hr-ftd-°F t tz ts t1 ti Indoor : Outdoor | Max. Min,
Outdoor [Outdoor | 1Internal | Indoor | Indoor |Chamer, { Chamber, | of °F
2 2. ogg . . . % {*2) (°c;
{W/m") {m™ - K/4) {W/m -K) Alr  [Surface Surface | Air
ty = 34°F -5.03 13.02 $.08 -5 -3 - 10 72 - 72 10
(1°C) (-19.01} (2.29) {0.44) (-21) {-19} 2n (223 (2231 2N
ty = 54°F -2.95 12.97 {0.08) 34 36 - 12 12 ~ 74 73
(12°¢) (-9.31 {2.28) (0.44} (N {2) (22) (22) 23y (23)
ty = 100°F 4.94 10.79 0.09 125 124 - 75 13 - 74 14
{38°C} {15.59; £1.90) {0.53) {52) 51 {24) (23} {2331 (23)
Design values - 11.05 0.09 - - - - - - - -
{1.95) {0.51)

MRelative

*Internal thermocouples were not used for ¢
humidity was not measured for th

his wall assembly.
ts wall assembly.
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TABLE Fa-7{a) - DYNAMIC TEST RESULTS {PERIODIC), NBS TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
L2 2
-] . .
Time, F Btu/hreft Btu/hr-ft
hr .
: Anfm™™ | Anfm*™
to t2 b3t t t Qw HFM @ | HFM 8 Qg™ Gss
Outdoor | Outdoor | Internal| Indoor | Indgor|{ Calib. | Indoor | Outdoor| Response{ Steady-
Air Surf. Surf. Air | Hot Box| Surf. | Surf. Factor | State
1* 47.1 48.7 72.2 | 72,7 -1,90 -2.11
2* 57.1 55.7 72.2 72.6 -2.1 ~1.50
3* 70.4 68.6 72.5 72.7 -1.49 -0.36
4* 78.9 77.3 72.9 72.8 -1.0% 0.41
5% 87.1 85.3 73.2 72.8 -0.24 1.15
6* 94,2 92.4 73.5 72.9 0.41 1.82
7* 90.1 97.7 73.8 72.9 1.32 2.32
8* 102.3 | 101.0 74.0 73.0 1.39 2.64
9* 108.7 106.5 74.2 73.0 2.52 3.18
10 1n2.7 111.0 74.4 73.1 2.71 3.63
1 110.6 110.3 74.6 73.1 3.15 3.54
12* 104.8 105.5 74.5 73.1 3.10 3.05
13> 95.4 | 97.5 74.3 731 2.98 2.25
S 14* 81.6 85.3 74.0 73.1 2.41 1.08
15% 69.6 73.2 73.6 72.9 1.36 -0.04
16* 63.9 66.2 73.2 72.9 0.88 ~0.65
17* 61.8 63.5 73.0 72.8 0.04 -0.87
18* 60.7 62.2 72.8 72.8 ~0.,51 -0.97
19* 53.8 56.9 72.7 72.8 -0.72 ~1.44
20* 49.3 51.7 72.5 72.7 -1.37 ~1.88
21* 48.0 50.0 72.3 72.7 -1.39 -2.01
22* 47.1 49.0 72.3 72.7 -1.65 -2.09
23 46.5 48.3 72.2 72.6 -1.77 ~2.14
24* 46.8 48.4 72.2 72.6 -1.97 -2.13
Mean 74.9 75.5 73.2 72.9 0.25 0.29

*Data are 2-day averages, not 3-day averages, of test results.
**Internal thermocouples and heat flow meters were not used on this wall assembly.
*xkRasponse factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - Not measured for this wall assembly
Qutdoor Chamber - Not measured for this wall assembly

Laboratory A}r Temperature:
Max. - 75°F {24°C g
Min., -~ 71°F {22°C}
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TABLE F4-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measurad Heat Flux, Heat Flux,
, o W/m? W/n?
Time,
hr '
Upfm™™ | Apfm™*
to t2 tyr* Y t Gw HFM @ | HFM @ qr’f*** Qs
Outdoor | Outdoor | Internal| Indoor | Indoor; Calib. | Indoor | Outdoor | Response] Steady-
Air Surf. Surf. Air | Hot Box | Surf. | Surf. Factor | State
1* 8.4 9.3 22.3 22.6 -6.01 -6.65
2% 14.0 13.2 22.3 22.6 6,67 -4.72
3 21.4 20.3 22.5 22.6 -4,69 -1.14
A* 26.1 25,2 22.7 22.6 -3.30 1.31
5% 30.6 29.6 22.9 22.7 ~0.75 3.64
6* 34.6 33.6 23.0 22.7 1.30 5.74
7* 37.3 36.5 23.2 22.7 4.15 7.32
g* 39.1 38.4 23.3 22.8 4,37 8.32
9% 42.6 41.4 23.4 22.8 7.95 10.03
10 44.8 43.9 23.6 22.8 8.54 11.45
11 43.7 43.5 23.6 22.9 9.95 1.16
12* 40.4 40,9 23.6 22.9 9.78 9.62
13% 35.2 36.4 23,5 22.8 9.42 7.1
14* 27.5 29.6 23.4 22.8 7.59 3.40
15* 20.9 22.9 23.1 22.7 4.30 -0.12
16* 17.7 19.0 22.9 22.7 2.76 -2,04
17% 16.6 17.5 22.8 22.7 0.13 -2.76
18* 15.9 16.8 22.7 22.7 -1.62 -3.07
19* 12.1 13.9 22.6 22.7 ~2.28 -4.54
20* 9.6 10.9 22.5 22.6 -4.33 -5.92
21* 8.9 10.0 22.4 22.5 -4,40 -6.33
22 8.4 9.4 22.4 22.5 -5.20 -6.60
23% 8.0 9.0 22.3 22.6 ~5.57 ~5.76
24% 8.2 9.1 22.3 22.6 ~6.23 ~6.73
Mean 23.8 24,2 22.9 22.7 0.80 0.90

*Data are 2-day averages, not 3-day averages, of test results.
**Internal thermocouples and heat fiow meters were not used on this wall assembly.
*kkResponse factor analysis was not performed for this wall assembly.
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TABLE F4-8(a) ~ DYNAMIC TEST RESULTS {PERIODIC), ORLANDO JANUARY TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
: °f Btu/hr'ft2 Btu/hr'ft2
Time, )
hr , .
, Upfm™™ | Infm**
to t2 tyt* t t Ay WMo | wMe | SFTT | Gss
Outdoor | Outdoor | Internal | Indoor { Indoor | Calib. | Indoor | Outdoor |Response | Steady~
Air Surf. f Surf. Air | Hot Box | Surf. | Surf. Factor | State
i 57.0 58.7 72.6 | 72.8 | -1.25 -1.27
2 56.6 57.7 72.5 72.7 ~1.44 ~1.35
3 54.9 56.8 72.5 72.7 -1.39 -1.43
4 54.2 55.5 72.5 72,7 -1.53 -1.54
5 51.7 53.9 72.4 72.7 -1.62 -1.67
6 51.2 52,6 72.4 72.7 ~1.73 -1.79
7 51.9 53.3 72.3 72.7 -1.79 -1.72
8 55,0 55.4 72.3 72.7 -1.91 -1.53
9 59.3 59.5 72.4 12.7 -1.84 -1.18
10 65.1 64.4 72.6 72.7 -1.48 ~0.76
n 7.3 70.6 72.8 12.7 -1.06 -0, 20
12 81.3 79.1 73.0 72.8 -0.68 0.58
13* 86.7 85.8 73.3 72.9 ~0.41 1.19 .
14 90.4 89.1 73.5 72.9 0.26 1.49
15 92.9 92.6 73.7 73.0 0.82 1.82
16 92.4 92.2 73.8 73.0 1.13 1.77
17 83.1 85.9 73.8 73.0 1.24 1.15
18 70.8 74.0 73.5 73.0 0.7 0.05
19 63.8 66.5 73.2 72.9 0.1 ~0.62
20 62.6 63.9 73.0 72.8 -0.32 -0.84
21 60.6 62.5 72.8 72.8 -0.54 -0.95
22 60.1 61.2 72.7 72.8 ~-0.83 -1.05
23 58.4 60.2 j2.7 72.8 ~-0.85 -1.14
24 58.6 59.6 72.6 72.8 -1.03 -1.19
Mean 66.2 67.1 72.9 72.8 ~0.73 -0.51

*Data are 2-day averages, not 3-day averages, of test resuits.
**Internal thermocouples and heat flow meters were not used on this wall assembly.
***pasponse factor analysis was not performed for this wall assembly. i

Calibrated Hot Box Relative Humidity:
Indoor Chamber - Not measured for this wall assembly
Outdoor Chamber - Not measured for this wall assembly

Laboratory Air Temperature:

Max. ~ 75°F (24°C
Min. - 72°F (22°C)
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TABLE F4-8(b) - DYMAMIC TEST RESULTS (PERIODIC), ORLANDO JANUARY TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Filux,
o 2 2
Time, ¢ W/m W/m
hr ,
™™ | Anfm™™
to t2 t3** t t Gy WM e | wMe | IrFT | dss
Outdoor | Outdoor | Internal | Indoor |Indoor | Calib. | Indoor | Qutdoor | Response | Steady-
Air Surf. Surf. Air jHot Box | Surf. | Surf. Factor | State
1 13.9 14.8 22.6 22.6 -3.94 ~-4.00
2 13.6 14.3 22.5 22.6 ~4.53 -4.25
3 12.7 13.8 22.5 22.6 ~4,38 -4 .51
4 12.3 1341 22.5 22.6 ~-4,82 -4.87
5 10.9 12.2 22.5 22.6 -5.11 -5.28
) 10.7 11.4 22.4 22.6 ~5.45 -5.64
7 11.0 11.8 22.4 22.6 ~5.65 -5.42
8 12.8 13.0 22.4 22.6 -6.04 -4.84
9 15.2 15.3 22.5 22.6 -5.79 -3.72
10 18.4 18.0 22.5 22.6 -4.67 -2.38
1 21.8 21.5 22.6 22.6 -3.36 ~0.65
12 27.4 26.2 22.8 22.7 ~2.14 1.81
13* 30.4 29.9 22.9 22.7 -1.29 3.76
14 32.5 31.7 23.1 22.7 0.83 4,72
15 33.9 33.7 23.2 22.8 2.59 5.75
16 33.5 33.4 23.2 22.8 3.56 5.59
17 28.4 30.0 23.2 22.8 3.90 3,64
18 21.5 23.3 23.1 22.8 2.25 0.15
19 17.7 19.2 22.9 22.7 0.35 ~1.95
20 17.0 17.7 22.8 22.7 -1.02 -2.64
21 15.9 16.9 22.7 22.7 -1.70 -2.98
22 15.6 16.2 22.6 22.7 -2.63 ~-3.32
23 14.7 15.6 22.6 22.7 -2.68 -3.61
24 14.8 15.3 22.6 22.6 -3.26 -3.75
Mean 19.0 19.5 22.7 22.7 ~2.29 -1.60

*Data are 2-day averages, not 3-day averages, of test results.
**Internal thermocouples and heat flow meters were not used on this wall assembly.
***Response factor analysis was nol performed for this wall assembly.
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TABLE F4-9{a) ~ DYNAMIC TEST RESULTS (PERIODIC), ORLANDO JANUARY MODIFIED TEST CYCLE

.
Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
' 2 2
o - -
Time, F Btu/hr-ft Btu/hr-ft
hr ]
Infm* | Wnfm®
tO; t2 t3* 4 t Qw HFM @] HFM @ Gpf*™ Gss
Outdoor | Dutdoor |Internal | Indoor |Indoor | Calib. | Indoor | Outdoor Response | Steady-
Air Surf. Surf. | Air |Hot Box | Surf.| Surf. | Factor | State
1 61.8 62.9 72.8 72.7 -1.08 -0.91
2 60.6 62.2 72.7 72.7 -1.00 ~0.96
3 59.4 60.5 72.7 12.7 -1.23 -1.12
4 58.2 £9.9 72,6 72.7 -1.39 -1.16
5 57.5 58.6 72.6 12.7 -1.31 -1.28
6 58.5 59.6 72.6 72.7 -1.34 -1.19
7 60.2 60.7 72.6 72.7 -1.26 -1.09
8 63.6 63.8 72.6 72.6 -1.19 -0.81
9 66.7 66.6 72.7 72.6 -1.03 ~0.56
10 72.4 71.9 72.8 72.7 -0, 71 -0.08
1 79.2 77.7 73.0 72.7 -0.58 0.44
12 86.9 85.6 73.3 72.8 -0.26 1.17
13 39.8 88.7 73.5 72.9 0.59 1.46
14 93.0 92.5 73.7 72.9 0.7 1.81
15 91.9 91.7 73.8 73.0 1.19 1.72
16 87.1 88.8 73.8 73.0 1.19 1.44
17 76.6 79.1 73.6 73.0 0.78 0.52
18 70.1 72.5 73.4 72.9 0.56 -0.08
19 67.6 68.8 73.1 72.8 -0.09 ~0.40
20 66.5 68.0 73.0 72.8 -0.27 ~0.46
21 65.3 66.2 72.9 72.8 -0.72 -0.62
22 64.6 66.0 72.9 72.8 -0.54 -0.64
23 63.7 64.6 72.8 72.7 -0.68 ~0.76
24 63.2 64.5 72.8 72.7 -0.99 ~0.76
Mean 70.2 70.9 73.0 72.8 -0.44 -0.18

*Internal thermocouples and heat flow meters were not used on this wall assembly.
**Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber ~ Not measured for this wall assembly
Outdoor Chamber - Not weasured for this wall assembly

Laboratory Air Temperature:
{24°C)

Max. - 76°F
Min. - 67°F (13°C)
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TABLE F&-9(b) - DYNAMIC TEST RESULTS (PERIODIC), ORLAMDO JANUARY MODIFIED TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
, o W/m? W/
Time,
hr 1
Unfm” | Ihfm” "
to t2 t3* 4 Y Aw WM e ! HFM @ Qrf Qs

Outdoor |Outdoor |Internal | Indoor |Indoor | Calib. |Indoor |Outdoor | Response | Steady-

Ajr Surf. Surf. Afir |Hot Box | Surf. | Surf. Factor | State

1 16.6 17.2 22.7 | 22.6 -3.40 -2.87
2 15.9 16.8 22.6 22.6 ~3.16 -3.04
3 15.2 15.9 22.6 | 22.6 -3.89 -3.52
4 14.5 15.5 22.6 22.6 -4.38 -3.66
5 14.2 14.8 22.5 | 22.6 -4,13 -4.03
6 14.7 15.3 22.5 22.6 -4,23 -3.75
7 15.7 16.0 22.5 | 22.6 -3.99 -3.44
8 17.5 17.7 22.6 22.6 -3.74 -2.55
9 19.3 19.2 22.6 22.6 | -3.26 -1.78
10 22.4 22.2 22.7 22.6 -2.23 -0.26
n 26.2 25.4 22.8 | 22.6 | -1.84 1.40
12 30.5 29.8 22.9 22.7 -0.82 3.70
13 32.1 31.5 23.0 22.7 1.86 4,59
14 33.9 33.6 23.2 22.7 2.25 5.72
15 33.3 33.2 23.2 | 22.8 3.76 5.44
16 30.6 31.6 23.2 22.8 3.76 4.53
17 24.8 26.2 23.1 22.8 2.45 1.64
18 21.2 22.5 23.0 |} 22.7 1.76 -0.27
19 19.8 20.5 22.9 22.7 -0.28 -1.26
20 19.2 20.0 22.8 | 22.7 -0.87 -1.46
21 18.5 19.0 22.7 22.7 -2.28 ~1.95
22 18.1 18.9 22.7 22.6 -1.70 ~2,01
23 17.6 18.1 22.7 22.6 1 -2.13 -2.38
24 17.3 18.1 22.7 22.6 -3.1 -2.4
Mean 1.2 21.6 22.8 § 22.7 -1.40 -0.57

**Internal thermocouples and heat flow meters were not used on this wall assembly.
***Response factor analysis was not performed for this wall assembly.
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TABLE F4-10{a) ~ DYNAMIC TEST RESULTS (PERIODIC), ORLANDO APRIL TEST CYCLE*

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
° e 4 . 2
Time, °F Btu/hr-ft Btu/hr-ft
hr )
Anfm** | Anfm**
to t2 t3** % t WOl prmel weme | rE| Gss
Outdoor | Outdoor | Internal| Indoor | Indoor| Calib. | Indoor |Outdoor| Response| Steady-
Air | Surf. surf. Air | Hot Box|{ Surf. | Surf. Factor | State
1 68.3 70.0 77.0 | 76.8 -0.65
2 68.1 69.1 76.5 | 76.5 -0.69
3 64.9 66.7 76.2 | 76.2 ~0.88
a 64.8 65,8 75.7 75.8 -0.92
5 62.3 64.0 75.3 | 75.5 -1.04
6 63.4 64,2 74.9 | 754 -0.99
7 63.9 64.9 74.6 | 74.8 -0.90
¢ 8 67.6 67.6 74.3 | 74.5 ~0.62
9 70.5 70.7 74.3 | 74.4 -0.34
10 74.7 74,2 74.3 ] 74.2 -0.01
1 77.8 78.4 74.6 | 73.4 0.36
12 86.5 84.8 74,9 | 74,5 0.94
S 13 90.9 90.2 75.7 | 75.0 1.40
14 98.2 96.2 76.5 | 75.8 1.92
15 101.2 | 100.4 77.5 | 76.4 2.25
16 105.1 103.8 78.5 | 77,1 2.50
17 98.2 99.8 79.4 | 77.9 2.00
18 91.1 92.8 79.7 78.4 1.27
19 80.7 83.6 79.5 | 78.6 0.39
20 78.1 77.6 79.1 78.4 -0.14
21 71.8 73.7 78.5 | 78.1 -0.45
22 72.3 73.1 78.0 | 77.7 -0.46
23 70.5 7.9 77.6 | 77.4 -0.54
24 71.3 72.0 77.2 77 -0.49
Mean 77.5 78.1 76.7 | 76.2 ¢.16

*Test was conducted under floating conditions. Indoor surface and air temperatures were
permitted to respond to outdoor temperature changes without heating, cooling, or forced air
circulation on the indoor side. No heat flow through wall was measured.

**Internal thermocoupies and heat flow meters were not used on this wall assembly.
***Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - Not measured for this wall assembly
Outdoor Chamber - Not measured for this wall assembly

Laboratory Air Temperature:

Max. - 76°F (24°C)
Min. - 89°F (21°C)
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TABLE F4-10{b) - DYMAMIC TEST RESULTS (PERIODIC), ORLANDO APRIL TEST CYCLE, SI UNITS*

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
o 2 2
Time, C W/m W/m
hr ,
Upem™™ | Shem*™
to t2 t3** 4 Y qw* HEM 6 | HFM @ qr‘f*** Ass
Outdoor | Outdoor | Internal | Indoor | Indoor | Calib. | Indoor | Outdoor | Response | Steady-
Air Surf. Surf. Air | Hot Box| Surf. | Surf. Factor | State
1 20.1 21.1 25.0 24.9 -2.07
2 20.1 20.6 24.7 24.7 -2.18
3 18.3 19.3 24,6 24.6 ~2.79
4 18.2 18.8 24.3 24.4 -2.90
5 16.8 17.8 241 24.2 -3.29
6 17.4 17.9 23.8 23.9 -3.12
7 17.7 18.3 23.6 23.8 -2.83
8 19.8 19.8 23.5 23.6 -1.96
9 21.4 21.5 23.5 23.5 ~1.06
10 23.7 23.4 23.5 23.5 -0.03
1 25.5 25.8 23.6 23.0 1.13
12 30.3 29.3 23.9 23.6 2.98
13 32.7 32.3 24.3 23.9 4.41
14 36.8 35.7 24.7 24.2 6.05
15 38.5 38.0 25.3 24,6 7.08
16 40.6 39.9 25.8 25.1 7.88
17 36.8 37.7 26.3 25.5 6.32
18 32.8 33.8 26.5 25.8 4.02
19 27.1 28.7 26.4 25.9 1.24
20 24.5 25.3 26.1 25.8 -0.45
21 22.1 23.2 25.8 25.6 -1.43
22 22.4 22.8 25.5 25.4 ~1.46
23 21.4 22.2 25.3 25. -1.69
24 21.8 22.2 25.1 25.0 -1.54
Mean 25.3 25.6 24.8 24.6 0.51

*Test was conducted under floating conditions. Indoor surface and air temperatures were
permitted to respond to cutdoor temperaturs changes without heating, cooling, or forced air
circulation on the indoor side. No heat flow through wall was measured.

**Internal thermocouples and heat flow meters were not used on this wall assembly.
**kResponse factor analysis was not performed for this wall assembly.
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TABLE F4-11(a)} - DYNAMIC TEST RESULTS {PERIODIC), ORLANDO AUGUST TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
\ °F Btu/hr'ft2 Btu/hr‘ft2
Time,
hr ]
; anfm*™ | Anfm*>
to t2 3" Y t4 W | wmel| wne are*™* | ass
Outdoor | Outdoor {Internal { Indoor { Indoor | Calib. | Indoor | Outdoor jResponse | Steady-
Air Surf. ‘ Surf. Air |[Hot Box ] Surf. | Surf. Factor | State
1 79.8 80.7 73.5 73.0 1.22 0.68
2 78.9 79.4 73.4 73.0 0.85 0.57
3 78.7 79.6 73.4 72.9 0.92 0.59
4 76.7 77.4 73.4 72.9 0.69 0.38
5 75.7 76.8 73.3 72.9 0.69 0.33
6 74.2 74.¢9 73.3 72.9 0.52 0.15
7 76.0 76.3 73.2 72.9 0.41 0.29
8 78.6 78.3 73.3 72.9 0.52 0.47
9 82.9 82.6 73.3 72.9 0.77 0.88
10 83.9 83.7 73.5 73.0 1.18 0.97
11 87.7 87.1 73.5 73.0 0.98 1.30
12% 90.5 89.6 73.7 73.0 1.27 1.53
13* 95.8 94,7 73.8 73.0 1.55 2.02
14% 93.8 98.2 73.9 73.1 1.76 2.36
15% 105.4 104.0 74.1 73,1 2.3] 2.93
16 108.6 106.9 74.3 13.2 2.48 3.21
17 109.3 109.1 74.5 73.2 3.04 3.42
18 101.3 102.3 74.5 73.2 2.88 2.72
19 94.5 96.1 74.3 73.2 2.82 2.1
20 89.7 90.6 74.0 73.1 2.28 1.860
21 86.6 87.8 73.9 73.1 2.03 1.33
22 83.8 84.5 73.7 73.0 1.66 1.03
23 82.6 83.6 73.6 73.0 1.45 0.95
24 80.4 81.1 73.5 73.0 1.09 0.72
Mean 87.6 87.7 73.7 73.0 1.47 1.36:

*Data are 2-day averages, not 3-day averages, of test results.
*kinternal thermocouples and heat flow meters were not used on this wall assembly.
***Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:

Indoor Chamber ~ Not Available
Outdoor Chamber ~ Not Available

Laboratory Air Temperature:
Max. - 78°F {(26°C
Min. - 75°F (24°C)
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TABLE F4-11(b) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDD AUGUST TEST CYCLE, SI UNITS*

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
o 2 2
Time, C W/m W/m
hr .
Apfm™™ | Infm*™*
o t2 t3** t t Gw WM e | wme | Wf | s
Outdoor | Outdoor | Internall Indoor { Indoor | Calib. } Indoor | Outdoor | Response | Steady-
Air Surf. Surf. Air | Hot Box { Surf. |} Surf. Factor |State
1 26.6 27.1 23.0 22.8 3.84 2.15
2 26.1 26.3 23.0 22.8 2.67 1.79
3 25.9 26.4 23.0 22.7 2.91 1.85
4 24.8 25.2 23.0 22.7 2.18 1.19
5 24.3 24.9 22.9 22.7 2.18 1.04
6 23.4 23.9 22.9 22,7 1.64 0.47
7 24.4 24,6 22.9 22.7 1.30 0.92
8 25.9 25.7 22.9 22.7 1.64 1.49
9 28.3 28.1 23.0 22.7 2.42 2.78
10 28,9 28.7 23,0 22.8 3.74 3.06
" 31.0 30.6 23.1 22.8 3.10 4.10
12% 32.5 32.0 23.1 22.8 4.01 4,81
13* 35.5 34.8 23.2 22.8 4.88 6.38
14* 37.7 36.8 23.3 22.8 5.54 7.45
15% 40.8 40.0 23.4 22.8 7.30 9.25
16 42.5 41.6 23.5 22.9 7.83 10.14
17 42.9 42.8 23.6 22.9 9.59 10.80
18 38.5 39.0 23.6 22.9 9.10 8.59
19 34,7 35.6 23.5 22.9 8.90 6.67
20 32.0 32.5 23.4 22.8 7.20 5.03
21 30.3 31.0 23.3 22.8 6.42 4.20
22 28.8 29.2 23.2 22.8 5.25 3.24
23 28.1 28.7 23.1 22.8 4.57 3.00
24 26.9 27.3 23.1 22.8 3.45 2.27
Mean 30.9 31.0 23.2 22.8 4.65 4.28

*Data are 2-day averages, not 3-day averages, of test results.
**Internal thermocouples and heat fiow meters were not used on this wall assembly.
***Rasponse factor analysis was not performed for this wall assembly.
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TABLE F4-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG

Thermal Lag, hrs
Measured Calculated Calc.
Test Time
Calibrated Hot Box Heat Flow Meter** Response Factor*** | Constant,
Cycle hrs
to Vs tK ETIA s Y3 Uhem Ggg V& Gpf
Avg. Avg. Avyg.
@ Max.| @ Min.| @ Max.| @ Min. @ Max.| @ Min. @ Max.| @ Min.

NBS 1 1.5 i 3 1.5 6.7
Orlando o
January 1.5 1.5 P 2 2 0.7
Oriando
Jan. Mod. 1.5 1 1.5 0 1 0.7
Orlando
April 2 4 * * 3 0.7
Orlando
August 0.9 1 0 ] 0.5 6.7

*Not available.

***Response factor analysis was not performed for this wall assembly.

See note beneath Table F4-10(a).
**xHeat flow meters were not used on this wall assembly.




§8140JE+098; ABOJOUYDB) UONIINISUOD

_OOE‘.

TABLE FA4-13 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC),

REDUCTION IN AMPLITUDE

Measured, % Calculated, %
5§2§e Caiibrated Hot Box Heat Flow Meterw®x Response Factor#+*x
€ Max. ! @ Min.| Avg. | @ Max. @ Min.| Avg. | @ Max. | @ Min. Avg.
NBS 13 3 7.5
Oriando
danuary 15 8 11.5
Oriando
Jan. Mod. 18 14 156
Orlando
Apri * * *
Jrilandso
August 24 12 18

*Not avaiiable.

See note beneath Table F4-10¢{a}.
**Heat flow meters were not used on this wall assembly.
***Response factor analysis was not performed for this wall assembly.
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TABLE F4-14 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), ENERGY REQUIREMENTS

Total Energy, Total i::nergy Net Energy, Net E{\ergy
Comparisons, Comparisons,
Btu/ft2 (N-hr/mz) % Btu/ft2 (H'hr/mz) %
Test
Cycle Meastred Calculated T T T Measured Calculated N N N
9% 1% % %  1%hem | %
T T %k T wkk T T T 7 N N &% N ¥kx N N N N
qw thm qrf qss qss qss qss qw qhﬁn qrf qss qss qss qss
NBS 38.4 43.3 89 6.1 6.9 88
{121.3} {136.5) {19.2} 2v.n
Griando 26.0 28.3 92 -11.4 -12.2 143
January {81.9) (69.2} {-55.0} {-38.4)
Orlando 20.7 21.4 9% -10.6 -4.3 247
Jan. Mod. (65.3} (67.7} {-33.8) {-13.5)
Orlando * 22.2 * * 3.9 *
April {69.9) (12.3}
Orlando 35.4 32.5 109 35.4 32.5 109
August (Mmun (12. 1 (mn (vwz.n

*Not available.

See note beneath Table F4-10(a).

*hHeat flow meters were not used on this wall assembly.

*kResponse Factor analysis was not performed for this wall assembly.
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WALL F5: 2x4-IN. (51x102-MM) WOOD FRAME WITH
R=1T FIBERGLASS INSUTATION AND HARDBOARD STDING

DESCRIPTION: Wood frame wall with fiberglass insulation between studs,
gypsum wallboard on interior surface, and hardboard siding
on exterior surface.

REFERENCE: Fiorato, A. E. and Bravinsky, E., “Heat Transfer
Characteristics of Walls Under Arizona Temperature
Conditions," Construction Technology Laboratories, Portland
Cement Association, Skokie, 1981, b1 pages.

COMPOSITION:

1. 7/16-in. {11-mm) Medium Density Hard-
board Siding with vertical grooves
spaced 8 in. {203 mm) on centers

2. 2x4-in. (51x102-mm) Wood Studs at
16-in. {406~-mm) center-to-center

3. 3-1/2-in. (89-mm) R-11 Kraft Paper
Faced Fiberglass Insulation

4. 1/2-in. (13-mm) Gypsum Wallboard

TABLE F5-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST

Measured
Property Yalue
Unit weight, psf (kg/m2) 4.7
(23)
Average Thickness, in. (mm) : 4.3
{109)
Area, ft2 (m2) 73.54
{6.83)
Estimated Moisture Content, -
% by ovendry weight
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TABLE F5-2(a) - MATERIAL PROPERTIES, R-11 FIBERGLASS INSULATION

Mean
‘ Specimen | Temperature, Measured
Property Test Method Cond1tion of Value
(°C)
Mominal Installed Thickness, - —_— —— 3.5
in. {mm) (89)
Thickness, as received, in. (mm) AST® C187 - — 3.47
(88}
Density, as received, pcf {kg/md) ASTM €157 — - .81
(13
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TABLE F5-2(b) - MATERIAL PROPERTIES, HARDBOARD SIDING

Mean
Specimen | Temperature, Measured
Property Test Method condition of value

(°C)

Nominal Thickness, in. (mm) - - - 7716

(1)

Measured Thickness, in. (mm) - - - 0.29

(7

Density, pcf (kg/m3) - — - 50

(801)




TABLE F5~3 -~ DESIGN HEAT TRANSMISSION COEFFICIENTS

R, Thermal Resistance
Component Between Framing At Framing
ar-ft- °F /Btu ar-ft2. °F /Bty

(2K /W) (%K /W)
1. Outside Air Film 0.17 0.17
(0.03) (0.03)
2. 7/16-in. {11-mm) Medium Density 0.60* 0.60
Hardboard (0.11) (0.11)

3. 3-1/2-in. (89-mm) Wood Stud - 4,38%
(0.77)

4. 3-1/2~-in. (89-mm) Fiberglass 11.00% -
Insulation (1.94)

5. 1/2-in. (13-mm) Gypsum Wallboard 0.45* 0.45
(0.08) (0.08)
6. Inside Air film 0.08 0.68
(0.12) (0.12)
Total R 12.90 5.28

(2.27) (1.11)
Total U 0.03 0.16

(0.44} (0.90)

Source: ASHRAE Handbook of Fundamentals, American Society of Heating,
Retrigerating, and Air-Conditioning Engineers, Inc., New York,
1977, Chapter 22.

Adjust for Framing (15.5%):

U = 0.845 (0.078) + 0.155 {0.159)
= 0.09 Btu/hr-ft%°F {0.52 W/m%-K)
R =170 = 11.04 hr-ft% °F/Btu (1.94 K-m2/W)
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TABLE F5-4 - STEADY-STATE TEST RESULTS

Measured Temperatures,

q °F
R, u, Relative Humidity| Laboratory
Heat Flux, (°C) Air Temperature
Nominal Test

P * 3
Gondition | g\ /me-12 | he-£t2-9F/8tu | Btu/hr-Ft2-°F | o t2 t3 b | & | Indoor jOutdoor ) Bax.pHin.
Outdoor | Outdoor | Internal Indoor | Indoor | Chamber,} Chamber, i °F °F
2 2 2 . . % % (°¢) (°c)

(W/m") {m - K/W) (W/m K} Air Surface Surface Air
ty = 102°F 5.68 10.04 0.10 130 128 - 16 14 33 Fok 74 12
{39°C) {17.93) (1.1 (0.57) (54) (54) (25) {(23) 23)] (22)
tyg = 38°F -5.94 11.98 0.08 2 5 - n 13 29 *K 14 10
(3°C) (-18.74) (2.11) (0.47) (-17} (~15) (22) (23) 28| 21
Design values - 11.04 0.09 - - - - - - - - -
{1.94) (0.52)

*Internal thermocouples were not used for this wall assembly.

*xQutdoor chamber relative mumidity was not measured for this wall assembly.
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TABLE F5-7(a) - DYNAMIC TEST RESULTS {PERIODIC), NBS TEST CYCLE

Calculated

Measured Temperatures, Measured Heat Flux, Heat Flux,

o - 2 - 2

Time, F Btu/hr-ft Btu/nr-ft

hr
UL
" hfm
to t2 t3* t t Gy Ifm | uem Gf* | dss
Outdoor { Outdoor [Internal| Indoor | Indoor | Calib. ; HFM & | Between ; Responsa | Steady-

Air Surf. Surf. Air | Hot Box ! Stud Studs Factor | State
1 49.8 51.7 72.9 73.1 -1.44 ;-1.26 | -1.46 -2.06
2 47.7 49.8 72.9 73.1 -1,30 {-1.40 | -1.73 =2.24
3 46.8 48.6 72.8 73.1 ~1.72 1-1.45 | -1.91 ~-2.34
4 46.7 48.4 72.7 73.1 -1.95 {-1.51 | -2,07 ~2.35
5 47.4 48.8 72.7 73.1 -1.72 | -1.53 | -2.15 ~2.31
6 56.7 55.3 72.8 73.1 -2.46 §-1.38 | -2.16 -1.71
7 70.7 68.6 73.1 73.1 -1.63 |~-0.80 | ~-1.90 -0.45
8 80.0 78.1 73.5 73.3 -1.11 | -0.06 | -1.20 0.47
9 87.6 85.7 73. 73.3 -0.14 0.48 | -0.37 1.22
10 94.9 92.8 74.1 73.4 0.74 0.97 0.42 1.93
1 99.4 98.0 74.4 73.4 1.16 1.48 1.19 2.45
12 102.1 100.6 74.6 73.5 2.00 1.68 1.79 2.72
13 108.3 105.8 74.8 73.6 2.60 1.95 2,28 3.27
14 113.4 111.4 75.1 73.5 2.74 2.42 2.80 3.86
15 111.6 1.1 75.2 73.6 3.81 2.63 3.320 3.82
16 105.8 106.3 75.1 73.5 3.95 2.43 3.47 3.29
17 97.6 99.3 75.0 73.5 3.95 2.04 3.21 2.54
18 84.5 87.9 74.6 13.5 3.16 1.47 2.68 1.37
19 72.0 75.3 74.3 73.4 2.27 0.64 1.85 0.10
20 64.6 66.9 73.8 73.4 1.07 | -0.09 0.83 -0.69
21 62.6 64.1 73.6 73.3 0.23 | ~0.45 0.05 ~-0,94
22 62.6 63.7 73.4 73.3 0.28 | -0.58 | -0.46 -0.96
23 56.7 59.6 73.3 73.2 -0.42 | -0.66 | -0.76 -1.35
24 50.9 53.3 73.1 73.2 ~0.42 | -1.06 | ~1.06 -1.93
Mean 75.9 76.3 73.8 73.3 0.57 0.25 0.28 0.32

*Internal thermocouples were not used for this wall assembly.
**Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:
Indoor Chamber - 30%
Qutdoor Chamber - Not measured for this wall assembly

Laboratory Air Temperature:

Max. - 74°F {23°C)
Min. - 71°F (22°C)
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TABLE F5-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TESV CYCLE, SI UNITS

’ Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
o p: 2
Time, [ H/m W/m
hr
L1t}
a 9hfm ;
to t2 t3* t ti o Infm |y ™ | Gss
Outdoor | Outdoor |Internal{ Indoor | Indoor | Calib. | HFM @ | Between | Response | Steady-
Air Surf. Surf., ;  Air | Hot Box{ Stud | Studs | Factor | State
1 3.9 10.9 22.7 22.8 -4.,54 |-3.98 | -4.60 ~6.50
2 8.7 9.9 22.7 22.8 ~4.10 | -4.41 | ~-5.44 -7.06
3 8.2 9.2 22.7 22.8 -5.42 | ~-4.58 | -6.04 -7.38
4 8.2 9.1 22.6 22.8 -6.18 | -4.75 | -6.53 -7.41
5 8.6 9.3 22.6 22.8 | -5.42 1{-4.82 }|-6.77 -7.29
6 13.7 12.9 22.7 22.8 ~7.76 |-4.36 | -6.83 -5.39
7 21.5 20.3 22.8 22.8 -5.12 | -2.52 | -5.99 -1.41
8 26.7 25.6 231 22.9:{ -3.51 | -0.20 | ~3.79 1.47
o 30.9 29.8 23.2 22.9 -0.44 1.5 | -1.16 3.84
10 34.9 33.8 23.4 23.0 2.34 3.06 1.34 6.10
11 37.4 36.7 23.6 23.0 3.66 4.68 3.75 1.76
12 38.9 38.1 23.7 23.1: 6.30 5.31 5.63 8.58
13 42.4 41.0 23.8 23.1 8.20 6.18 7.19 10.31
14 45.2 44.1 23.9 23.1 8.64 7.62 8.83 12.17
15 44.2 43.9 24.0 23.1 | 12.00 8.29 {10.41 12.04
16 41.0 41.3 23.9 234 12.45 7.67 |10.93 10.39
17 36.4 . 37.4 23.9 23.1 12.45 6.43 110.13 8.01
18 29.2 3. 23.7 23.1. 9.96 4.64 8.46 4.31
19 22.2 24.1 23.5 23.0 7.37 2.00 5.83 0.32
20 18.1 19.4 23.2 23.0 3.37 §-0.30 2.62 -2,17
21 17.0 17.8 23.1 22.9 0.73 §-1.43 0.17 ~2.97
22 17.0 17.6 23.0 22.9 0.88 | -1.84 | -1.45 -3.03
23 13.7 15.3 22.9 22.9 -1.32 | -2.07 | -2.39 -4 ,25
24 10.5 11.8 22.8 22.9 -1.32 | -3.33 | -3.35 -6.08
Mean 24.4 24.5 23.2 23.0 1.79 0.78 0.87 1.02

*Internal thermocouples were not used for this ua11 assembly.
**Response factor analysis was not performed for this wall assembly.
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TABLE F5-8(a) - DYNAMIC TEST RESULTS {PERIODIL), PHOEMIX JANUARY TEST CYCLE

Calculated

Measured Temperatures, Measured Heat Flux, Heat Flux,

o P, - el

Time, F Btushr-ft Btu/hr-ft

hr
. Infm
to t2 t3* Y ty Qy T HFM Q™™ | Gss
Outdoor | Qutdoor {Internal; Indoor } Indoor | Calib. | HF¥ €| Beiween| Response ; Steady-~

Air Surf. Surf. Air § Hot Box | Stud Studs Factor | State
1 47.6 49,2 68.1 68.3 ~1.73 | ~1.14 | -1.50 -1.82
2 46.7 48.4 68.1 68.3 ~1.77 | -1.19 | -1.60 -1.8%
3 45,2 47.1 68.0 68.3 -1.82 | -1.25 | ~1.67 -2.00
4 44.3 46.0 68.0 68.3 -2.00 | -1.32 | -1.7% -2.10
5 43.9 45.5 §7.9 63.3 -2.04 ' -1,35 § -1.83 -2.14
6 43.3 45.0 67.9 68.3 ~2.04 | -1.40 | -1.91 ~2,19
7 43.1 44.7 67.9 68.3 -2.26 | ~1.42 : -1.96 ~2.21
8 48.4 48.5 67.9 68.3 -2.30 ! -1,38 | -1.98 ~1.86
9 54.3 54.2 68.0 68.3 =1.89 | -1.07 | -1.86 -1.34
10 62.4 61.3 68.2 68.3 -1.76 | -0.72 | -1.55 -0.68
11 70.8 69.5 68.5 68.4 <1.17 | -0.25 { -1.08 0.10
12 76.1 75.3 63.8 68.4 -0.62 0.21 | -0.48 0.65
13 78.8 78.3 69.0 68.5 -0.07 0.52 0.11 0.93
14 80.9 80.5 69.2 68.5 0.35 0.76 0.55 1.14
15 80.8 a1.1 69.3 68.5 0.52 0.82 0.87 1.18
16 72.7 75.0 69.2 68.5 0.70 0.70 1.01 0.58
17 63.7 66.4 62.0 68.5 0.51 0.22 0.30 ~0.26
18 59.9 61.7 68.8 68.4 -0.14 | -0.23 0.34 ~0.70
19 57.5 59.2 68.6 68.4 ~0.40 | ~0.45 | -0.13 ~(.92
20 54.2 56.2 68.5 €8.4 -0.5%9  -0.65 | -0.49 ~1.20
21 52.1 53.8 68.3 58.4 -1.08 | -C.81 | ~0.80 ~1.40
22 50.4 52.1 68.2 68.3 ~1.31 | ~0.93 | -1.05 -1.55
23 49.3 50.9 68.2 62.4 ~1.26 { -1.03 | ~1.25 ~1.67
24 48.2 49.8 68.1 €9.4 ~1.35 | ~1.11 | -1.40 ~1.76
Mean 57.3 58.3 68.4 68.4 -1.06 | ~0.60 { -0.88 ~0,96

*Internal thermocouples were not used for this wall assembly.
**Response factor analysis was not performed for this wall assembly.

Calibrated Mot Box Relative Humidity:

Indoor Chamber - 33%

Outdoor Chamber - Not measured for this wall assembly
Laboratory Air Temperaturs:

Max. - 73°F (23°C)
Min. - 71°F (22°C)
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TABLE F5-8{(b) - DYMAMIC TEST RESULTS (PERIODIC), PHOENIX JANUARY TEST CYCLE, SI UNITS

Calculated
Heat Flux,

State

-5.73
~5.96
-6.31
-6.63
~6.75
-6.89
-6.98
~5.87
~-4.21
-2.13

0.31

2.05

2.95

3.59

3.76

1.83
-0.81
~2.19
-2.89
-3.77
“‘4043
~4,90
~5.26
~5.55

-3.03

W/n®

Response | Steady~

Factor

Measured Heat Flux,

Studs

~4,73
‘5.05
-5.27
-5.53
-5.78
-6.02
-6.18
-5.25
~5.85
~4.90
~3.42
-1.51

0.36

1.75

2.76

3.8

2.53

1.08
~0.42
~1.55
~-2.51
-3.32
~3.93
~4.42

~2.7

H/mz

HFM @] Between

Stud

-3.60
-3.76
~-3.94
~-4,16
-4.27
-4.4}
-4.47
-4.28
~3.38
-2.28
-0.80

0.65

1.64

2.22

2.60

2.20

0.68
-0.72
-1.42
-2.05
-2.57
~£.92
-3.24
-3.50

~1.9

Calib.
Hot Box

-5.46
-5.59
~5.73
-6.30
-6.43
'6043
-7.13
-7.26
-5.98
~5.57
-3.68
-1.95
~0.21

1.10

1.64

2.19

1.62
~0.43
-1.28
~1.85
~3.41
-4.14
"3.98
~4.26

-3.35
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3
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*Internal thermocouples were not used for this wall assembly.

**Response factor analysis was not performed for this wall assembly.
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TABLE F5-9(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOEMIX APRIL TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
o ¥ ) 2 [ 2
Time, F Biu/hr-ft Btu/hr-ft
hr
" him
to tz tz3* 4 t Gy Wfm P Q™ | Gss
Outdoor| Outdoor | Internal | Indoor | Indoor | Calib. HFM 2 Between | Response; Steady-
Air Surf, Surf. Air |Hot Box! Stud Studs Factor | State
1 59.7 61.8 73.4 13.4 ~0.17 | -0.62 | -0.63 -1.15
2 57.6 59.3 73.3 73.4 -0.34 ! -0.76  -0.87 ~-1.38
3 56.3 57.8 73.2 73.3 -0.86 § -0.90 | ~1.09 ~1.51
4 55.2 56.8 73.2 73.3 -0.81 | -0.99 § -1.28 -1.61
$ 53.6 55.2 73.1 73.3 ~1.32 1 -1.06 ¢ -1.41 ~1.75
] 56.3 56.8 73.1 73.3 ~1.27 | -1.11 | -1.83 -1.60
7 €0.7 61.0 73.2 73.3 -1.64 | -0.92 1 -1.53 -1.20
8 69.7 68.2 73.4 73.4 -1.08 | -0.63 | -1.24 -0.52
9 78.6 774 73.6 73.4 -0.71 | -0.10 ! -0.20 0.35
10 84.4 83.3 73.9 73.5 -0.06 0.38 : 0.0 0.96
1 87.8 86.9 74.1 73.5 0.63 0.73 0.31 1.31
12 90.9 89.9 74.3 73.5 1.00 0.96 0.81 1.61
13 94.5 93.3 74.5 73.6 1.45 1.16 1.19 1.95
14 37.2 96.2 74.6 73.6 1.82 1.39 1.55 2.25
15 99.8 98.4 74.7 73.5 2.23 1.56 1.86 2.47
16 102.8 101.5 74.9 13.7 2.59 1.76 2.13 2.79
17 100.5 100.8 74.9 73.7 3.06 1.88 2.3% 2.1
18 91.8 93.6 74.8 73.6 2.83 1.64 2.39 1.95
13 82.8 85.1 74.5 73.6 2.5¢ 1.12 2.05 1.08
20 77.0 78.8 74.3 73.5 1.75 0.62 1.49 0.45
21 72.2 74.0 74.1 73.5 1.38 0.25 0.9 -0.01
22 68.6 70.2 73.9 73.4 0.78 | -0.03 0.42 -0.37
23 §5.8 67.4 13.7 73.4 0.46 | -0.25 0.00 -0.63
24 62.9 64.5 73.6 73.4 0.0 | -0.43 | -0.33 -0.90
Mean 76.1 76.6 73.9 73.5 0.50 0.24 0.28 0.30

*Internal thermocouples were not used for ihis wall assembly.
**Response factor analysis was not performed for this wall assembly.

Calibrated Hot Box Relative Humidity:

Indoor Chamber - 30%

Outdoor Chamher - Not measured for this wall asssmbly
Laboratory Air Tomperature:

Max. - 74°F (23°C)
Bin. - 72°F (22°C)
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TABLE F5-9(b) - DYNAMIC TEST RESULTS {PERIODIC), PHOENIX APRIL TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
of 2 2
Time, C W/m W/m
hr
it
u Anfy
to ta t3* Y Y Aw Uhfm HFM Gee** | dss
Outdoor| Outdoor | Internal|{ Indoor | Indoor | Calib. | HFM @] Between | Response | Steady-
Air Surf. Surf. Air {Hot Box Stud Studs Factor | State
1 15.4 16.6 23.0 23.0 -0.53 {-1.97 | ~1.99 «3.61
2 14.2 15.2 22.9 23.0 ~1.07 j-2.41 | -2.74 -4,34
3 13.5 14.3 22.9 22.9 -2.,73 {-2.84 | -3.45 -4.76
4 i2.9 13.8 22.9 22.9 -2.57 {-3.12 | -4.03 -5.07
5 12.0 12.9 22. 22.9 ~4.18 {~3.34 | ~-4.45 -5.52
) 13.5 13.8 22.8 22.9 -4,01 | ~3.49 | -4.83 -5.03
7 15.9 16.1 22.9 22.9 ~5.19 | -2.90 | -4.81 ~3.79
8 20.9 20.1 23.9 23.0 ~3.41 | -1.99 | -4.23 ~1.63
9 25.9 25.1 231 23.0 -2.24 | -0.32 | -2.85 1.12
10 29.1 28.5 23.3 23.1 ~0.19 1.20 | -0.97 3.02
11 31.0 30.5 23.4 231 1.99 2.29 0.97 4.14
12 32.7 32.2 23.5 23.1 3.14 3.02 2.55 5.07
13 3.7 34.1 23.6 23.1 4,57 3.67 3.75 6.14
14 36.2 35.7 23.7 23.1 5.74 4.38 4.89 7.09
15 37.7 36.9 23. 23.1 7.02 4.93 5.85 7.80
16 39.3 38.6 23.8 23.2 8.18 5.55 6.72 8.79
17 38.1 38.2 23.8 23.2 9.65 5.93 7.54 8.55
18 33.2 3.2 23.8 23.1 8.91 5.17 7.53 6.15
19 28.2 29.5 23.8 23.1 8.17 3.54 6.47 3.42
20 25.0 26.0 23.5 23.1 5.53 1.97 4.69 1.44
21 22.3 23.3 23.4 23.1 4,37 6.79 2.86 ~0.03
22 20.3 21.2 23.3 23.0 2.47 | ~-D.08 1.32 -1.17
23 18.8 16.7 23.2 23.0 1.45 | -0.79 0.00 ~1.98
24 17.2 18.1 23.1 23.0 0.28 | -1.36 | -1.06 -2.85
Mean 24.5 24.8 23.3 23.0 1.89 0.74 0.82 0.96

*Internal thermocoupies were not used for this wall assembly.
**Response factor analysis was not performed for this wall assembly.
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TABLE F5-10(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOEWIX AUGUST TEST CYCLE

Calculated
Measured Temperatures, Measured YHeat Flux, Heat Flux,
2 2
uF ® e
Time, Btu/hr-ft Btu/hr-ft
hr
" Ghm
to t2 t3* 4 t Ay Ihfm HFM Aee'™ | s
Outdoor | Outdoor | Internal | Indoor | Indoor § Calib. | HFM @ | Between | Response | Steady-
Air Surf. Surf. Aiy | Hot Box | Stud Studs Factor | State
1 80.9 81.9 78.6 78.1 0.38 0.29 0.48 0.34
2 79.4 80.4 78.6 78.1 0.34 0.20 0.32 0.18
3 78.0 75.0 78.5 78.1 -0.02 0.09 0.18 0.05
4 77.0 17.9 78.5 78.1 -0.25 0.02 0.05 -0.,06
) 75.8 76.8 78.4 78.1 -0.48 | -0.05 | -0.06 -0.16
6 78.3 78.1 78.4 78.2 -0.66 | -0.08 | -0.17 -0.03
7 85.9 84.3 78.6 78.2 -0.66 0.12 | -0.12 0.59
8 93.7 91.9 78.8 78.2 ~0.28 0.57 0.21 1.36
] 99.0 97.6 7921 78.2 0.27 1.03 Q.75 1.94
10 102.1 100.9 79.2 78.3 1.05 1.32 1.39 2.29
n 104.5 103.5 79.3 78.3 1.37 1.54 1.73 2.56
12 106.5 105.4 79.5 78.3 1.55 1.71 2.05 2.75
13 108.6 107.5 79.6 78.3 1.92 1.36 2.32 2.97
14 110.4 109.2 79.7 78.3 2.41 1.99 2.55 3.15
15 113.2 111.6 79.8 78,3 2.43 2.15 2.75 3.40
16 115.6 114.2 79.9 78.4 2.68 2.36 2.99 3.69
17 112.0 112.2 80.0 78.3 3.61 2.43 3.27 3.45
18 104.0 105.4 79.7 78.3 3.33 2.09 3.15 2.73
12 26.5 8.1 79.5 78.3 2.77 1.61 2.68 1.95
20 31.1 92.3 7.3 78.2 1.93 1.16 2.11 1.35
21 83.4 89.2 75.1 78.2 1.38 0.84 1.55 1.05
22 86.7 87.5 72.9 78.2 1.00 0.68 1.17 0.82
23 84.4 85.3 78.9 78.2 0.38 0.53 0.88 0.56
24 82.6 83.5 78.8 78.2 0.42 0.41 0.65 0.43
Hean 93.9 93.9 79.1 78.2 1.14 1.04 1.37 1.57

*Internal thermocouples were not used for this wall assembly.
**Response factor analysis was not perfoemed for this wall assembly.

Calibrated Hot Box Relative Humidity:

Indoor Chamber - 31%

Outdoor Chamber - Not measured for this wall assembly
Laboratory Air Te@gerature:

Max. - 73%F (23°C
Min., ~ 71°F (21°C}
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TABLE F5-10(b) - DYNAMIC TEST RESULTS (PERIODIC}, PHOENIX AUGUST TEST CYCLE, SI UNITS

Calculated
Measured Teuperatures. Measured Heat Flux, Heat Flux,
2 2
Time, °C W/m W/m
hr
11
s Ghfm
to t2 t3* t t U WInfm | uem are™ | dss
Outdoor | Outdoor | Internal | Indoor | Indoor | Calib. | HFM @[ Between | Response| Steady-

Air Surf, Surf, Air § Hot Box | Stud Studs Factor | State
1 27.2 27.7 25.9 25.6 1.21 0.93 1.50 1.07
2 26.3 26.9 25.9 25.6 1.08 0.62 1.02 0.58
3 25.6 26.1 25.8 25.6 ~0.07 0.29 0.56 0.16
4 25.0 25.5 25.8 25.6 -0.78 0.07 C.16 ~0.19
5 24.3 24.9 25.8 25,6 -1.52 1-0.16 | -0.20 -0.51
6 25.7 25.6 25.8 25.7 ~2.09 |-0.25 | -0.53 -0.10
7 29.9 29.1 25.9 25.7 -2.07 0.39 | ~0.39 1.85
8 34.3 33.3 26.0 25.7 -0.89 1.81 0.67 4.30
9 37.2 36.4 26.2 25.7 0.86 3.24 2.36 65.12
10 38.9 38.3 26.2 25.7 3.32 4.18 4.40 7.21
[A) 40.3 39.7 26.3 25,7 4.3] 4,86 5.47 8.07
12 41.4 40.8 26.4 25.7 4.88 5.40 6.46 8.67
13 42.6 41.3 26.4 25.7 6.04 5.88 7.32 9,36
14 43.6 42.9 26.5 25.7 7,61 6.29 8.03 9.93
15 45.1 44.2 26.6 25.7 7.86 6.77 8.69 10.74
16 46.4 45,7 26.6 25.8 8.44 7.46 9.44 11.62
17 44.4 44.6 26.7 25.7 11.38 7.67 | 10.31 10.88
18 40.0 40.8 26.5 25.7 10.51 6.58 9.92 8.60
19 35.8 36.7 26.4 25.7 8.73 5.06 8.46 6.16
20 32.8 33.5 26.3 25,7 6.10 3.67 6.65 4.27
21 3.3 31.8 26.2 25.7 4.36 2.66 4.90 3.30
22 30.4 30.8 26.1 25.7 3.20 2.15 3,69 2.80
23 29.1 29.6 26.1 25.7 2.79 1.66 2.77 2.08
24 28.1 28.6 26.0 25.7 1.34 1.30 2.06 1.52
Mean 34.4 34.4 26.2 25.7 3.61 3.27 4,32 4.94

*Internal thermocouples were not used for this wall assembly.
**Rasponse factor analysis was not performed for this wall assembly.
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TABLE F5-712 - SUMMARY OF DYNAMIC TEST RESULTS {PERIODIC), THERMAL LAG

Thermai Lag, hrs

Measured
Calc.
Test . Heat Flow Meter Heat Flow Meter Time
Cycle Calibrated Hot Box @ Stud Between Studs Constant,
hrs
+ u 1
to Vs Yy Ugg V5 Uy g VS Gpep g5 VS Opeg
Avyg. Avg. Avg.
@ Max.] @ Min.| © Max.] @ Min. ® Max.| @ Min. @ Max.| @ ®in.
NBS 1 g.5 2.5 2.5 1.5 1 1 H 2 2 2 0.5
Phoenix
danuary | 0.5 ] 1 1.5 0.5 0 0 0 ] 1 1 0.5
Phoenix
April 0.5 0.5 1 2 1 1 1 ] 1.5 1.5 1.5 6.5
Phoenix
August 1 0.5 1 1.5 1 3 1 1 1 3 1 0.5
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TABLE F5-13 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), REDUCTION IN AMPLITUDE

Reduyction in Amplitude, %

Test Heat Flow Meter Heat Flow Meter

Cycle Caltbrated Hot Box @ Stud Between Studs
@ Max.| @ Min.| Avg. | @ Max.| @ Min.| Avg. | @ Max. @ Min.{ Avg.

NBS 5 -13 -4 33 33 33 10 9 10
Phoenix
January 18 ] 10 34 34 34 13 10 12
Phoenix
April 3 -9 -4 34 34 34 14 13 14
Phoenix
August -17 -4 =11 34 35 35 10 10 10
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TABLE F5-14 ~ SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), ENERGY REQUIREMENTS

Total Energy,

Total Energy

Net Energy,

Net Energy

Comparisons, Comparisons,
Btu/ftz (w-hr/mz) % Btu/ft2 (w'hr/mz) <
Test
Cycle Measured Calc. T P O T Measured Calc. N N, N
qw qt,m thm qw thm thm
T T. T 7 T T H N N, N, N N N N
qw thm thm qss qss qss qss qw thm thm qss qss qss qss
NBS 42.3 30.4 41 .1 46.4 91| %% 89 13.7 5.0 5.6 1.7 118 g 86
(133.3) (95.0) § (129.7) {146.3) (43.1) {18.8) {20.9) (24.4)
Phoenix 29.7 20.9% 28.¢ 32.3 921 65 g7 ~-25.5 -14.5 -20.6 -23.1 110 63 89
Janyary | {93.8) {65.8} 88.2) £101.8) {-80.5) {-45.8) {~65.40) {-72.9)
Phoenix 30.9 21.3 28.7 32.5 95 | 8% 88 14.4 5.7 6.3 1.3 197 18 86
April (97.6) {67.90) {90.5) (102.6) (45.5) (17.8) (19.8) {22.9)
Phoenix 32.1 25.1 33.6 8.1 84 66 88 27.4 24.9 32.9 37.% 12 1) 88
August | (301.4) {79.3} | (106.0) £120.1) {B6.5) (718.5) {103.8) {118.6)




WALL V1: T0-IN. {254-MM) BRICK VENEER

DESCRIPTION: Wood frame with insulation between studs, gypsum wallboard
on interior surface, and plywood cedar siding on exterior
surface; with a clay brick veneer applied 1-in. (25-mm) from
the cedar siding.

REFERENCE: Fiorato, A. E. and Cruz, C. R., "Thermal Performance of
Masonry Walls,” Research and Development Bulletin RDO71,
Portland Cement Association, Skokie, 1380, 17 pages.

COMPOSITION: 1. 4x2-1/2x8-in. {102x64x203-mm) Clay Brick - 10 cores
per brick

2. Type M Mortar: one part portland cement, one-
quarter part lime, and three parts masonry sand by
volume

3. Corrugated Metal Ties

4. 5/8-in. {16-mm) Plywood Cedar Siding

5. 2x4-in. {51x102-mm) Wood Studs spaced 16 in. (406 mm)
on centers

6. 3-1/2-in. (89-mm) R-11 Fiberglass Blanket Insulation
faced with kraft paper

7. 1/2-in. (13-mm) Gypsum Wallboard painted

TABLE V1-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST

Property Msgizged
Unit Weight, psf (kg/md) 45,1
{220)
Average Thickness, in. (mm) 9.2
, {234}
Air Space Thickness, in. (mm) 1.0
{25}
Area*, ft2 (m2) 73.78
{6.85)
Moisture Content,** % by 1.8
ovendry weight

*Area is average of brick and wood frame surface areas.
**Measured on masonry, including mortar joints, after test.
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TABLE V¥1-2 - MATERIAL PROPERTIES, CLAY BRICK

Property

Test Method

Specimen
Condition

Mean
Temperature,
°F
{°C)

Measured
Value

Standard Dimensions, in. {(mm)
Measured Dimensions, in. (mm)
Percent Solid Volume

Ovendry Unit Weight, pcf (kg/m3)
Moisture Content, % ovendry weight

absorpiion, % ovendry welight

ASTH Cb7

ASTM Co7

ASTM Cb7

3-3/4x2-1/4x8
{95x57x203)

15
151
(2419)

0

1.8




TABLE V1-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS

R

Ed
Component Thermal Resistance

hr45t2~°F/Btu
{m™+K/W)

1. Outside Air Film 0.17
(0.03)

2. 4x2-1/2x8-in. (102x64x203-mm) 0.44*
Clay Brick (0.08)

3. 1-in. (25-mm) Air Space 0.97%*
(0.17)

4, Wood Stud Wall F3, adjusted for 10.51
framing (1.85)

5. Inside Air Film 0.68
{0.123

Total R 12.77
(2.25)

Total U 0.08
(0.44)

*Source: Heat Transmission Coefficients of Brick Masonry Walls,
Technical Notes on Brick Construction No. 4, Brick
Institute of America, MclLean, Virginia, August/September
1974.

**Source: ASHRAE Handbook of Fundamentals, American Society of
Heating, Refrigerating, and Air-Conditioning Engineers,
Inc., New York, 1977, Chapter 22.
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TABLE V1-4 - STEADY-STATE TEST RESULTS

Measured Temperatures,
9 °F
Ry, u, Relative Laboratory
Heat Flux, (°C) Humidi ty*x Air Temperature
Nominal Test

- % .

Condition Btu/hr-ftz hr-ftz-"F/Btu Btu/hr-ft2-°f-' to t2 t3 t] ti Indoor | Outdoor | Max. Min,
Outdoor { Outdoor | Internal | Indoor | Indoor |Chamber, | Chamber,i ©°F °F

o o
(sz) (mz'K/W) (sz-K) Air surface Surface Air * * °0 0
= 99°F 3.7 14.29 0.07 125 123 - 74 12 -~ - 8 8
(37°C) (11.6) {2.52) (6.40) {523 51 {23} (223 (28) | (26}
tm = B4°F 1.4 16.32 0.06 95 95 - 14 72 -~ - 79 78
{29°¢C) (6.43 {2.87) (G.35) {35) {35) {23) (22) (26) | (26}
ty = 55°F 2.4 13.86 0.07 37 39 - 7 71 - - 78 16
{13°C) {-1.7) (2.44) {0.41) (3) (8} (223 (22) (26) | (28)
= 33°F -4.% 15.96 0.06 -8 -3 - 10 N - - 82 8)
{0°C) (-14.5} {2.99) {0.33) (-22) (-2%) (27) (22} (281 (2h
Design Values - 12.77 0.08 - - - - - - - - -

{2.25) {0.448)

*Internal thermocouples were not used for this wall assembdly.
**Relative humidity was not measured for this wall assembly.
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TABLE V1-7{a) - DYNAMIC TEST RESULTS {PERIODIC), NBS TEST CYCLE

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
2 2
oF - .
Time, Btu/hr-ft Btu/hr-ft
hr \
. Anfm™ | nfm*
. ook
tO tZ t3 t] t'l Gw HFM @ HFM B Qpf Gss
Outdoor | Outdoor |Internal { Indoor | Indoor | Calib. Indoor j Qutdoor |Response |Steady-
Air Surf. Surf. Air Hot Box{ Surf. { Surf. Factor |State
1 48.6 58.3 72.1 71.6 -0.37 0,06 | ~0.92
Z 47.4 56.4 72.0 71.5 -0.56 -0.03 | ~1.04
3 47.3 55.1 71.7 71.6 -0.74 ~0.44 | -1.N
4 47.5 54.1 71.8 71.5 ~-1.06 -0.56 | -1.18
5 52.1 54.3 1.7 71.2 -1.48 ~-0.61 -1.17
6 64.6 61.0 7.6 71.5 -1.34 -1.16 } -0.71
7 7.7 65.5 71.6 71.5 -1.48 -1.00 { ~0.41
8 79.3 70.6 71.8 71.8 -1.48 ~1.22 | -0.08
9 85.2 74.6 71.6 71.6 -2.17 ~-0.84 0.20
10 91.1 79.5 71.6 71.3 ~2.04 ~0.52 0.53
11 94.6 83.4 71.8 71:6 -1.53 -0.60 0.78
12 98.9 | 87.3 71.9 71.6 -1.25 -0.22 1.03
13 105.9 92.8 72.0 7.7 -0.69 0.02 1.40
14 106.2 95.5 72.2 71.8 -0.46 0.29 1.56
15 102.6 95.5 72.3 71.8 -0.09 0.67 1.55
16 97.0 93.9 72.4 71.7 0.09 0.99 1.44
17 86.5 89.3 72.7 71.5 0.18 1.37 1.11
18 73.9 82.3 72.6 71.5 0.56 1.29 0.65
19 66.6 76.9 72.6 .7 0.69 1.27 0.29
20 64.6 73.7 72.6 71.6 0.57 1.27 0.07
21 62.6 70.7 72.6 72.0 0.51 0.76 1 -0.13
22 58.9 68.5 72.5 7.9 0.51 0.86 | ~0.27
23 52.1 63.1 72.3 71.8 0.00 0.63 | -0.62
24 49.1 60.5 72.1 71.5 ~0.14 0.58 { -0.78
Mean 73.1 73.4 72.1 71.6 -0.58 Q.12 0.09

*Internal thermocouples and heat flow meters were not used on this wall assembly.
**Response factor values supplied by Ken Childs, ORNL. Values calculated using NBS Reponse
Factor Program by Peavy.

Calibrated Hot Box Relative Humidity:

Indoor Chamber -~ Not measured for this wall assembly
Qutdoor Chamber - Not measured for this wall assembly

Laboratory Air Temgerature;

Max. - 81°F (27°C
Min. - 63°F (17°C)
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TABLE V1-7(b) - DYNAMIC TEST RESULTS (PERIODIC), MBS TEST CYCLE, SI UNITS

Calculated
Measured Temperatures, Measured Heat Flux, Heat Flux,
o 2 2
Tiue, C W/m W/m
hr ‘
Gnfm™ [ 9hfm"
to t2 t3* t ty Ay wmoe | wme | OE 9ss

Outdoor | Outdoor |Internal | Indoor | Indoor § Calib. | Indoor j Outdoor | Response | Steady-

Ajr Surf. Surf. Air | Hot Box | Surf. | Surf. Factor | State

1 9.2 14.6 22.3 22.0 ~1.17 0.19 | -2.90
2 8.6 13.6 22.2 21.9 -1.75 -0.09 | -~3.29
3 8.5 12.8 22.1 22.0 -2.34 -1.39 | -3.51
4 8.6 12.3 22.1 21.9 -3.36 -1.77 1 -3.74
5 11.2 12.4 22.0 21.8 ~-4.67 -1.92| -3.67
6 18.1 16.1 22.0 21.9 -4,23 -3.66| -2.24
7 22.1 18.6 22.0 21.9 ~-4.67 -3.16 | ~1.28
8 26.3 21.4 22.1 22.1 ~4,67 ~-3.851 -~0.25
9 29.6 23.7 22.0 22.0 ~6.86 -2.65 0.63
10 32.9 26.4 22.0 21.8 ~6.42 -1.64 1.67
11 34.8 28.5 22.1 22.0 -4.82 -1.89 2.45
12 37.2 30.7 22.2 22.0 ~3.94 -0.69 3.25
13 4. 33.8 22.2 22.0 -2.19 0.06 4.40
14 41.2 35.3 22.3 22.1 ~1.46 0.91 4.93
15 39.2 35.3 22.4 221 -0.29 2.1 4.89
16 36.1 34.4 22.4 22.1 0.29 3.12 4.53
17 30.3 31.8 22.6 21.9 0.58 4,32 3.51
18 23.3 27.9 22.6 22.0 1.75 4.07 2.04
19 19.2 24.9 22.6 22.0 2.19 4.01 0.90
20 18.1 23.1 22.5 22.0 1.61 4.01 0.23
21 17.0 21.5 22.6 22.2 1.61 2.40{ -0.40
22 15.0 20.3 22.5 22.2 1.61 2.71{ -0.85
23 11.2 17.3 22.4 22.1 0.00 1.99 | -1.95
24 9.5 15.8 22.3 21.9 ~0.44 1.83] -2.45
Mean 22.8 23.0 22.3 22.0 -1.82 0.38 0.29

*Internal thermocouples and heat flow meters were not used on this wall assembly.
**Response factor values supplied by Ken Childs, ORML. Values calculated using NBS Response

Factor Program by Peavy.
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TABLE V1-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG

Thermal Lag, hrs

Measured falculated Calc.

Test Time
Calibrated Hot Box Heat Flow Meter* Response Factor Constant,
Cycle hrs
tc vs tl qss vs qw qss vs thm qss vs qrf
Avg. Avg. Avg.
@ Max.! @ Min.! @ Max.j @ Min. @ Max.{ @ Min. @ Max. | @ Min.

NBS 3 3.5 4.5 5 4 - - - 2.5 3 3 1.7

*Heat flow meters were not used on this wall assembly.

g% TABLE V1-13 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), REDUCTION IN AMPLITUDE
o
i
Measured, % Calculated, %
g§2§e Calibrated Hot Box Heat Flow Meter* Response Factor
@ Max.| @ Min.| Avg.| @ Max.] @ Min.| Avg.| @ Max.| @ Min.| Avg.
NBS 14 -25 -6 - - - 15 -6 5

*Heat flow meters were not used on thiskwall assembly.
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TABLE V1-14 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), ENERGY REQUIREMENTS

Total Energy Net Energy
]
Total Energy, Comparisons, Net Energy, Comparisons,
Btu/ft2 (w~hr/m2) % Btu/ft2 (w-hr/mz) %
fest
Cycle Measured Calcuiated 7 T T Measured Calcuiated N N N
Y% 1%em | s % 1%em | %
T T % T T T T T N N * N M N N N
qw thm qrf qss ss qss ssS qw thm qrf qss qss qss qss
NBS 19.9 17.3 19.0 108 N -13.8 2.9 2.2 -630 132
(62.9) (54.5) (60.0} (-43.6) 9.0) {6.9)

*Heat flow meters were not used on this wall assembly.




