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ABSTRACT

Six test buildings were extensively instrumented for
measuring heating and cooling loads, wall heat transmias-
sion, and indoor temperature and humidity. During these
measurements, the effect of wall mass on the heating and
cooling loads was observed. These buildings were exposed
to a winter heating season, an intermediate heating sea-
son, and a summer cooling season.

The test buildings were 20 x 20 ft (6.1 x 6.1 m) one room
buildings constructed at Gaithersburg, Maryland. These
buildings had the same floor plan and orientation. They
were identical, except for the wall construction, which
was as follows: 1insulated lightweight wood frame; uninsu-
lated lightweight wood frame; ingulated masonry with out-
side mass; uninsulated masonry; log; and insulated masonry
with inside masa. The insulated buildings including the
log building were designed to have walls of approximately
equivalent steady-state thermal resistance; the uninsu-
lated builldings also were designed to have walls of
approximately equivalent steady-state thermal resistance.

No reductions in heating energy attributable to wall mass
were observed during the winter heating season, when the
buildings typically did not float (i.e., some heating energy
was supplied each hour). However, during the intermediate
heating season and the summer cooling season, when the
buildings floated during a portion of the day (i.e., no
heating or cooling load occurred during a portion of the
day and the indoor temperature rose above, or fell below
the indoor set temperature), significant reductions in
load attributable to wall mass were observed. Wall mass
was observed to have a larger effect when it was placed
inside the wall insulation as opposed to outslide the wall
ingulattion,
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NOMEN CLATURE
A, B, C, and D = constants

Ag = surface area of floor, fr?

A, = surface area of i-th bullding component, ft2

Aw = gurface area of south-facing windows, ft2
cy = initlal concentration of tracer gas
cg = final concentration of tracer gas
C, = specific heat of air, Btu/lbs°F
hgg = latent heat of vaporization, Btu/1lb

H = daily~-average solar radiation incildent on a south-facing

vertical surface, Btu/heft2

I = rate of air infiltration, h-1

K = envelope heat-transfer coefficient, Btu/h+°F

m = mags rate of flow, 1b/h

P = period of time, h

Po. = electric power, W

Qe = cumulative cooling load, Btu

Qe = dally electric load for a building, Btu/h

Q¢ = slab heat-loss rate to earth, Btu/h

Qp = heating load, Btu/h

Qq = internal heat release rate, Btu/h

R = thermal resistance, h+ftZ:°F/Btu

T, = balance point temperature, °F

Ty = average indoor air temperature, °F

T, = earth temperature 20 in. (0.51 m) below the center top surface of

floor slab, °F

T, = average outdoor air temperature, °F

t = time or elapsed time, h

AT = temperature difference, °F

U = thermal transmittance, Btu/hsftZ.°F

Uf = thermal transmittance of floor slab, Btu/h-ft2-°F

Uy = thermal transamittance of 1-th component, Btu/h-ft2-°F

v = rate of which air enters or leaves an enclosure, ft3/h



™m <

—

267

mean cbserved wind speed, mph

volume of enclosure, fe3

solar loading coefficient, fr2

golar transmission coefficient for window

density of air, 1b/ft3
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1. INTRODUCTION

Energy consumption for residential space heating and space cooling
represents about 12 percent of the total energy required in the United
States. With the advent of fuel shortages which have produced spira-
ling energy cogts, much attention has been focused on strategies for
reducing energy congumption in residential buildings. A strategy,
which 1s the subject of this paper, deals with the effect of wall mass

on the heating and cooling loads of residential buildings.

The effect of wall mags may be {llustrated by considering a
residential building exposed to an outdoor condition for which the out-
door temperature approcaches the balance point (float zone) for the
building. If the heatingfcooling plant is turned off, the indoor tem-
perature will fluctuate in response to the outdoor diurnal temperature
varlation. The building envelope will provide a reduction in the
amplitude of the diurnal outdoor temperature waveforau. Consider a
masonry and comparable wood-frame residence having equivalent steady-
state thermal resistance in the components of their envelopes. The
amplitude reduction will be considerably greater for the masonry
residence than for the wood-frame residence, owing to large heat
capacity of the masonry wmaterial, Therefore, 1f high and low thermo-
stat get polnts are established for space cooling and space heating,
the masonry bullding will have considerably smaller indoor temper-
ature excurslons above and below the high and low set points, thereby
caugsing {ts heating and cooling energy to be smaller than that for

the wood-frame residence.
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To date, the effect of wall mass on the heating and cooling energy
consumptions of residential buifldings has been Investigated exclusively
using computer programs. These studies [l1-4] have shown that wall mass
has a small effect on heating and cooling energy consumption. For
{nstance, the results of the Peterson study [l1] indicated that the
reduction in heating energy requirements between a masonry resldence
and a comparable wood-frame residence ranged from 0.5 percent in north-
ern U.5., climates to 17 .6 percent 1in southern U.S. climates. Similarly,
the percent difference in summer cooling requirements between masonry
and comparable wood-frame residences [effect of wall mass on cooling
energy] has been shown to be greater in climates having small cooling
requirements {(i.e., northern locationa} [1,3]. Wall mass has been
shown to be more effective when 1t 1s placed inside of wall insulation

[3-5].

The objective of the present study is to experimentally investigate
the effect of wall mass on space heating and space cooling loads of

residential buildings. The study 1s presented herein.
2. DESCRIPTION OF TEST BUILDINGS

Six 20 ft (6.1 m) wide and 20 ft (6.1 m) long one-room test
buildings with a 7-1/2-fc (2.3 m) high celling were constructed outdoors
at the Natlional Bureau of Standards located at Gaithersburg, Maryland.lf
A photograph of one of the test bulldings is given in Fig. 1. These
buildings had the same floor plan and orientation. They were identical,

except for the wall construction, which was as follows:

No. l. 1insulated lightwelpght wood frame;

No. 2, wuninsulated lightwelight wood frame;

1/ Dimensions are inside dimensions.
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Fig. 1. Photograph of one of the test bulldings.

No. 3. 1Insulated rasonry (outside mass);
No. 4. wuninsulated wmasonry;
No. 5. log; and

No. 6. 1insulated masonry (inside mass).

A detalled description of the walls of the test buildings 1is given
in Table 1. The characteristics for walls of the test buildings are
given 1in table 2. The steady-state thermal resistances of the walls
of Building Nos. 1, 3, 5, and 6 were designed to be approximately

equivalent. Similarly, the steady-state thermal resistances of the
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Table 1

Construction Detalls of Walls

No. 1 Insulated Lightweight

Wood Frame

0.5-1n. gypsum board
0.002-1n. polyethylene film

2 x 4 studs place 16 in. o.c.

between the studs
5/8-in. exterior plywood

with R-11 blanket insulation Installed

No. 2 Uninsulated Lightweight Wood Frame

{same as No. 1, except no insulation)

No. 3 Insulated Masonry (QOutside Mass)

0.5-i{n. gypsum board
0.002-in. polyethylene film

2-in thick extruded polystyrene insulation placed between 1-1/2-in. wide

wood furring strips placed
1/4-in. air gpace
4~in., 2-core hollow concrete
4-in, face brick

Ho. 4 Uninsulated Masonry

0.5-1in. gypsum board

0.002-in. polyethylene film
3/4-in. air space created by
8-in., 2-core hollow concrete

No. 5 Log

7-in. square lodge-pole-pine
locking system

24 in. o.cC.

block at 105 1b/ft3

2 x 3/4 1in. furrin§ strips placed 16 in. o.c.
block at 105 1lb/ft

logs held together with tongue and grove

No. 6 Insulated Masonry (Inside Mass)

0.5-i{n. plaster
8-in. 2-core hollow concrete

block at 105 1b/ft3

3-1/2-in. perlite insulation in cavity

4-in. face brick
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walls of Bullding Nos. 2 and 4 were designed to be approximately equi-
valent. With the exceptlion of Bullding No. 6, an effort was made to
make the constructlon representative of current construction practices

of the United States.

Identical electrical service including electrical receptacles, a
light switch, a circult breaker box, a flucrescent light fixture, and
electric service lines run through condults were installed at the

interior surface of each test bullding.

Table 2

Characteristics of Walls for Test Bulldings

Thermal
Registance® Welght
Building  Wall Description heft?.°F/Btu 1b/f¢?
1 Insulated Wood Frame 12.2 4 .4
2 Uninsulated Wood Frame 3.6 4.2
3 Insulated Masonry (Outside Mass) 13.7 64 .
4 Uninsulated Masonry 4 .6 42 .
5 Log 10.3 17.
6 Insulated Masonry (Inside Mass) 12 .4 83.

* The thermal resistance values are based on guarded-hot-box
measurements described in sectlon 3.2 and Include alr filus with
thermal resistances of 0.68 hsft2+°F/Btu at inside surface
and 0,40 h+ft2«°F/Btu at outside surface.

The interior surfaces of the test buildings were painted with an
off-white latex palnt. The exterlor surfaces of Building Wos. 1, 2,
and 4 were painted with an exterior paint having approximately the

same color as the exterlor face brick of Building Nos. 3 and 6.
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Two double-hung, ingulating glass (double pane) windows were
located on the south-facing walls and two on the north facing walls.
Each window contained two glass panes separated 3/16 in. (0.48 cm)
with carbon-dioxlide gas filling the cavity. An exterlor storm window
was fitted to each window. The total window area was 43.8 ft2 (4 .07

mz), or 11 percent of the floor area.

Fach test building had a 19.5 ft2 (1.81 mz) hollow metal door on
the east wall. The door cavities were filled with perlite insulation.
Each test building contalned a pitched roof with an attic space
ventilated with soffit and gable vents. The ventilation opening was
conslstent with the HUD Minimum Property Standard. Eleven inches of
glass-fiber blanket insulation (R-34 (R-6.0 m2+<K/W)) was installed

over the celling of each test bullding.

The edges of the concrete slab-on-grade floors were insulated with
1-in. (2.54 cm) thick polystyrene insulation at both the inner and
outer surfaces of the footing (see concrete slab floor, foundation, and

footing detalil shown in Fig. 2).

Each test bullding was equipped with a centrally located 4.1 kW
electric forced air heating plant equipped with a 13,000 Btu/h (3800 w)l/
split vapor-compression air conditioning system. The evaporator coll
was installed above the electric heating element. The compressor and
condensor were located in an outdoor unit located at the center of the

north wall of each test bullding.

1/ The cooling capacity of the air conditioning was rated by
manufacture at suctlon temperature of 45°F (7.2°C) and suction

pressure of 76.6 pslg (3670 Pa) and an alr temperature on condensor

of 95°F (35°C) .
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3. HEAT-TRANSFER PROPERTIES

Detalled heat-transfer properties are given in the appendix.
Heat-transfer properties pertineant to the analysis of the paper are

presented herein.
3.1 Windows

The thermal transmittance of the window system was determined
by developing heat balance equations for the three glass surfaces,
and solving these equations simultaneously. Under both winter and
summer conditions, the thermal transmittance was found to be
0.36 Btu/heft2+°F (2.04 W/m2eK). A framing factor of unity was used in

the analysis.

The solar transmisslion coefficient (t) for the south-facing
window systems was measured using a reflectometer, giving a value of
0.61. This value was an average value for the upper and lower portions
of the window. The lower portion of the windows contained an insect

screen and the upper portions did not.
3.2 Walls

The steady-state thermal conductances of the walls for each
building was predicted using the series resistance method. Studs and
furring strips were treated as parallel heat flow paths. Predicted
steady-state surface-to-surface thermal resistance values are presented
in Table 3 along with corresponding measured values determined by
guarded-hot -box measurements on 6 x § ft (2.4 x 2.4 m) wall specimens
having identical construction ag the walls of the test buildings. For
the guarded-hot-box measurements, each wall specimen was sandwiched
between a hot box maintained at approximate 70°F (21°C) and a cold box
malntained at approximate 35°F (1.7°C) and peraitted to reach thermal

equilibrium. The resultlng heat-transfer rate through a 48 x 32 in,
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(1.2 x 0.81 m) metering section was measured. Based on separate mea-

surements of homogeneous test specimens having known thermal properties,

Table 3

Comparison of Thermal Resistancesl/ Measured with a Guarded-Hot-Box
Apparatus to Corresponding Predicted Values

Thermal Resistance | M - p2/

; Surface Temp., °F : heft2+°F/Btu | o :

Building { Hot Side | Cold Side | Mean % Measured | Predicted % % Diff {
1 g 72 .6 } 34 .6 } 53.6 g 11.14 } 11 .88 } - 6.6 }

2 ! 71 .4 ; 40 .4 : 55.9 } 2.52 : 2.36 i + 6.3 I

3 I 71.2 F 27 .2 } 49 .2 ? 12 .61 ; 12.18 } + 3.4 }

4 = 74,9 ’ 38.1 : 56 45 : 3.55 } 2.99 I +15.8 I

5 { 8l.1 } 40 .6 ’ 60 .9 } 9.25 ! 9 .83 } - 6.3 :

6 l 73.6 : 26 .4 ; 50.0 } 11 .34 } 11.58 } - 2.1 {

1/ These are surface-to-surface thermal resistance values. The air
flow rate across the warm-side and cold-side surfaces were 0.7

{(0.3) and 0.4 mph (0.2 m/8), respectively.
2/ M and P denote measured and predicted values of thermal resistance.
C = 5/9(F - 32)

1 heft2+°F/Btu = 0.176 m2+K/W

the measurement precision of the guarded-hot-box apparatus was deter-

mined to be better than 5 percent.

The wall thermal transmlttance values used in the calculation of

envelope heat-transfer coefficients were obtained from the relation:

1
U = (1)
l/hi + R + 1/h0

0
where h. = inside surface heat-transfer ccefficient, 1.46 Btu/h‘ftz' F
i

(8.29 U/mz'K)
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R = surface-to-surface thermal resistance, h-ft20°F/Btu; and

ho = outside surface heat transfer coefficlent, 2.5 Btu/h~ft2-°F.

The solar absorptances of the exterior walls were measured prior
to the summer cooling measurements using a reflectometer and found to be
0.40, 0.40, 0.64, 0.38, 0.69, and 0.65 for Building Wos. 1, 2, 3, 4, 5
and 6, respectively. After the summer cooling measurements,lf the
exterior walls of Building Nos. 1, 2, and 4 were painted with a paint
system having approximately equivalent color as the exterlor brick for
Building Neos. 3 and 6. The solar absorptances were agaln measured
prior to the winter heating measurements and found to be 0.62, 0.61,
0.58, 0.58, 0.78, and 0.55 for Building Nos. 1, 2, 3, 4, 5, and 6,
respectively. The solar absorptance of the log wall appeared to depend
upon the solar altitude, indicating that this surface was somewhat

specular.
3.3 Doors

The same procedure as used for the walls (section 3.2) was used
to predict the thermal transmittance of the door giving a value of

0.144 Btu/h+£t2«°F (0.818 W/m2«K).
3.4 Ceiling/Roof Combination

The thermal transmittance of the celling/roof combination was
determined by perforaing a heat balance on the attlc space and predict-
ing an attic air temperature which was subsequently used to predict

the celling heat transfer rate. This procedure showed that the thermal

1/ The winter heating measurements were actually carried out after the
summer coollng measurements, but they are reported in reverse

order in the paper.
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transmittance cof the celling/roof combination was essentlally equal to
that of the ceiling alone due to the fact that the celling was highly
insulated (R-34 (R-6.0 m2<K/W)). The effective thermal transmit-
tance of the celling was found to be 0.0265 Btu/heft2«°F

(0.151 W/m2-K).

3.5 Floor Slab

For the winter heating season with the floor slabs insulated, an
analyglg of the floor slab heat-flow meter data showed that the heat
loss from the floor glab conslsted of a uniform earth logs and an
edge loss componenﬁ. The following relation provided a good estimate

of the earth loss (Qg):
Qe = UgeAg«(Ty - Tg) (2)

where Uy = steady-state transmittance of the floor, gravel, and
1 foot (0.305 m) of earth, Btu/h¢ft2°°F;
Ag = surface area of floor, ft2;
Ty = indoor air temperature, °F; and
T, = earth temperature 20 in. (0.51 m) below the center of the

g
floor surface, °F.

The conductance (Ug) at the center of the floor slab was calculated by
the series resistance method and found to be 0.0714 Btu/h+ft2.°F
(0.406 W/m2+K). It should be polnted out that the temperature

20 in. (0.51 m) below the edge of the floor slabs was considerably

colder than that 20 in. (0.51 m) below the center of the floor surface.

The edge conductance of the insulated floor slab was estlmated
by the following procedure. A weekly average floor heat loss profile
wag obtained by time averaging hourly heat fluxes measured by the row
of heat-flow wmeters 1nstalled across the floor slab. A unifora earth

loss was estimated from eq. (2) and subtracted from this profile,
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yilelding an edge loss profile. This edge loss profile was subsequently
integrated across the floor surface and divided by the average inside-
to-outside temperature difference, giving an edge heat-transfer coeffi-
clent of 5.0 Btu/he«°F (2.6 W/K). The process of integrating the edge
loss profile across the floor surface contained considerable uncertainty
due to the lack of information concerning the edge loss at corners.
Fortunately, the edge heat-transfer contributes only a small amount to

the overall envelope heat loss.
3.6 Infilltration

Nine winter _afiltration rates for zach bullding were measured
under a wide range of outdoor temperatures and wind speeds. The data

obtained for each building was fitted to an equation of the form:
I = A+ BeAT + Cev2 (3)

where AT = average observed inside-to-outside temperature difference,
°p;
V = mean observed wind speed, mph; and
A, B, and C = coefficlents determined from regressicn analysis

procedure.

Mean air Infiltration rates for each bullding for the 98-day winter
heating season (see section 5) were predicted by the foregoing equation
using the mean temperature difference and wind speed for the period of

analysis.

The regression coefficlents A, B, and ¢ for eq. (3), the mean
infiltration rates, and the residual standard deviatlions from the fitted

equations are summarized in Table 4.
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4, TINSTRUMENTATION AND MEASUREMENT TECHNIQUE

4,1 Outdoor Weather Measurements

The wind speed and direction were measured with a rotating-cup
anemometer and a potentiometer-type, wind-direction vane mounted onto
a 25 ft (7.6 m) mast co-located with the test buildings. The outdoor

temperature and humidity were measured with a thermocouple and

Table 4

Infiltration Measurements

Meanl/ Residual
Infil. Standard
A B C Rate Dev.
Building h-l h-l/eF h~1l/mph? h-l nl
1 -.00134 00274 .000340 13 022
2 +.0111 00195 .000153 .078 015
3 +.0219 .00237 000267 .10 .040
4 - .00558 ,00190 000176 .060 .018
5 +.0143 .00350 .000229 1332/ 027
6 +.0171 00168 000110 074 016

1/The mean infiltration rates were determined at a mean wind speed of
3.4 mph and a mean inside-to-outside temperature difference of
33.2°F.

2/The mean infiltration rate for Bullding No., 5 was large due to a
crack at the west wall/ceiling interface that developed at the
beginning of the 1982 wiater season.

Dunmore-type relative humidity transducer mounted 1 ft (0.305 n) from
the center of the north-facing wall of the Instrumentation Buillding.
The hemispherical radlation incident on a south-faclng vertical
surface was measured with a pyranometer mounted I ft (0.305 m) above

the ground and centered on the south-facing wall of Building Ho. L.
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Signals from the wind speed gensor and solar vertical pyranometer
were ILntegrated using analog Integrators to obtalin average hourly
values. The instantaneous signals from the other weather transducers
were inputted inte a data acquisition aystem which recorded the signals

at hourly Intervals.
4.2 Energy Measurements

The total electrical energy utilized by each test building was
measured using a watt-hour meter equipped with a demand metering device
which generated a contact closure for each 3.60 W-h (13,000 J)
consumed. The accuracy of the watt-hour meters as given by the
manufacturer was 1/2 percent. The contact closures were totalized and
recorded at hourly intervals. The watt~hour meters were also read
manually at 1000 hours each work day. The heating load for each test
building was determined by subtracting the constant internal load from

the total electric energy consuaption.

For the summer cocling energy measurements, the cumulative cooling

load (Q.) was determined from the relation:

Qe = m-cp-ji AT dt + Wehgg (4)
where m = mass flow rate of alr through cooling plant, lb/h;
Cp = specific heat of alr, Btu/lb«"F;
AT = temperature drop of ailr upon passing threough cooling
plant, °F;
t = time, h;
W = mass of condensate ccllected during period P, 1b;
hf, = latent heat of vaporization of water, Btu/lb; and

P = pertod of time over which the blower of the cooling plant

operates, h.
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The first and second terms represent the sensible and latent portions

of the cooling load, respectively.

The temperature drop (AT) was sensed with a 32-junction
copper-constantan thermopile. Sixteen of the junctions were arranged
in an equally-spaced grid network and mounted in the return plenum of
the cooling plant; the other sixteen junctions were similarly arranged

and mounted in the supply plenum.

The millivolt signal from each thermopile was fed into a switching
circuit. When the blower of the coocling plant operated, the switching
circuit applied the thermopile millivolt signal into an analog integra-
tor. When the blower gtopped; the switching circuit applied a short
circult across the input terminals of the analog integrator, thereby

ceasing the integration.

The mass flow rate of air (m) through the cooling plant was
measured using an air-flow measuring device mounted in a long, straight
return air duct. The air-flow measuring device consisted of a honeycomb
alr straightener followed by an array of pitot tubes for measuring the
total pressure and an array of pressure ports around the perimeter for
meaguring the static pressure. The difference in pressure between
these two arrays was sensed with a wicro-manometer to give a reading

of the velocity pressure from which the alr speed was determined.

The foregoing senslble load measurement does not account for heat
transfer at the exterior surface of the indoor unit. These heat galus
should be small, since the exterior Jacket of the cooling plant was

insulated with R-11 (R-1.9 m?«K/W) blanket insulation.

A speclal test was carried ocut to determine the accuracy of the
senglble load meaguring system. For this test, the electric heating

nlants were operated continuously until a steady condition was achleved.
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The electric power to each heating plant was measured using the watt-
hour meters. The electric power (P.) delivered to the heating plant was

also deteramined from the relation:
Pe = m-Cp-AT (5)

where m = mass flow rate of alr through the heating plant measured by the
air flow measuring device, lb/h;

C, = specific heat of air, Btu/lb-°F; and

P
AT = temperature drop across the heating plant measured with

the thermopile, °F.

The agreement between the measured electric power and the electric
power determined from eq. (5) was within 6 percent for the six sensible
load measuring systems. Therefore, the uncertainty Iin the sensible
load measuring system was + 6 percent. Probably most of the error in
the sensible load measurement is the uncerteinty in the air speed

measurement .

Condensate from the evaporator coill of each air conditioner was
collected in a 7-1/2-1in. (19 cm) diameter, 34-in. (0.86 m) high cylinder.
Installed in the bottom of each cylinder was a pressure transducer
which produced a D.C. signal proportional to the weight of water in
the cylinder. The millivolt signal (i.e., the welght of water in the
cylinder) was recorded at hourly intervals by the data acquisition

gystem.,
4.3 Wall Heat Transmission

The heat flow rate was measured at the center of each of the four
walls of the test bulldings. Heat-flow weters, consisting of a 2 x 2 in.
(5.1 x 5.1 em) wide and 1/8-1in.-thick (0.64 mm) wafers containing an
embedded thermoplle, were spot glued at the inside wall surface. Heat-
flow meters produce a D.C., signal proporticonal to the instantaneous

heat-flow rate passing through the device. When studs or furring strips
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were present, the heat-flow meters were installed midway between these
structural members. Inside and outeide surface thermocouples werea
installed in the immediate vicinity of the heat-flow meters. In addi-
tion, an inside alr temperature thermocouple was mounted at this same
location using a bracket extending 1 ft (0.205 mm) from the inside

surface.

4 .4 Tuodoor Temperature and Humidity

The indoor air temperature was measured with thermocouples mounted
along two thermocouple stringas installed 5 ft (1.5 m) from the center of
the north- and south-facing walls of each test bullding. Air tempera-
ture thermocouples were located along each string at the following
levelsg: 2 in. (5.1 ¢cm), 1 ft (0.31 m), 2 ft (0.61 m), and 5 ft (1.5 m)

above the floor and 2 in. (5.1 cm) below the ceiling.

The indoor relative humidity of each test bullding was measured
with a Dunmore-type relative humidity transducer mounted at the 5 ft

(1.5 m) level of the north thermocouple string.

4.5 Other Measurements

The attic alr temperature was measured with copper-constantan
thermocouples at three locations within the attic space of each test
building. An umbrella-shaped metal radiation shield was installed
about 1/2 in. (1.3 cm) above each thermocouple junction so that it would

not sense heat from the hot roof above.

The earth temperature under each floor slab was measured with a
copper-constantan thermocouple installed at the center and 20 in.

{0.51 m) below the floor surface.

The top floor surface of Building No. 3 was Instrumented with

heat-flow meters. Heat-flow meters were spot glued at the following
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locations along a center line connecting the north- and south-facing
walls: 0.5 (0.15), 1,0 (0.30), 2.0 (0.61), 3.0 (0.91), and 4.0 ft

(1.2 m) from north and south walls and at the center of the slab.
4.6 Data Acquisition

One-hundred-channel data acquisition systems were installed in
Building Nos. 1, 3, and 5. Each system served the building it was
located in and the even number building located across from it. Data

was recorded on paper at hourly intervals.
4,7 Air Infilltration Measurements

To determine the rate of air exchange between a test building and
the surroundings, the rate of disappearance of sulfur-hexafluoride (SFg)
tracer gas was measured. A small quantity of SFg was released using a
hypodermic syringe over a small portable room fan, After mixing had
occurred, bag samples of indoor ailr were drawn from each bullding
through a tube which penetrated the wall. The concentration of SFg
within each building was subsequently permitted to decay over about a
16-hour period, after which bag samples of the indoor air were again
drawn from each building. During the measurement period, the wind
speed was contlinuously integrated to give average hourly values and the
Inside-to-outside temperature difference was recorded at hourly

intervals.

The rate of change of concentration of tracer gas caused by infiltration
wag treated as a first-order exponential process expressed by the

relation:

de 5 v, c (6)
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where v = rate at which air enters or leaves the enclosure, ft3/h;
¥ = volume of enclosure, ft3; and

¢ = concentration.

Separating the variables and solving eq. (6) yields

. 1n(ci/cf)
t

(7>

Here cqy and cy are the concentration of S5Fg for the initial and

final bag samples, and t 18 the elapsed time between the bag samples.
.53. WINTER HEATING SEASON MEASUREMENTS
5.1 Experimental Procedure

From January &4 to April 11, 1982, winter heating season
measurements were carried out. During this l4-week measurement period,
the thermostats of the test builldings were set for space heating at
68 + 0.5°F (20 + 0.3°C). The windows of the test buildings were main-
tained Iin & closed position, a constant internal load of 290 W was
maintained within each building; and mclsture was not released within
the test bulldings. During these measurements, the buildings typically
did not float {(i.e., heating energy as called for by the thermostat was

supplied each hour of test).

For the winter heating season measurements, the entire floor
surface of each test bullding was covered with 2-in.-thick (5.1 cm)
polystyrene insulation in order to reduce the magnitude of a large
heat-transfer phencmenon which could neither be accurately predicted
from theory nor easily weasured in the fileld. Winter heating season
measurements of the preceeding year for which the floor glabs were
uninsulated had to be essentially discarded because of the following

floor heat-transfer phenomena:
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1. floor edge loss was large and could not be accurately

predicted;

2. about one-half of the golar beam radiation that penetrated
south-facing windows and fell onto the slab floors was

absorbed and permanently lost from the space; and

3. the supply registers of the heating plants directed heated air
onto the floor slabs. A fraction of the heating energy content
of this air was absorbed by the floor slabs and permanently

lost from the space.

The daily electric load (Qg) supplied to each test building was

fitted to an equationl/ of the form:
Qe = K*(Ty - Tg) + B+H + D (8)

where Ty - T, = dailly average inside-to-outside temperature difference,
°F
H = dally-average solar radlation incident on a south-facing
vertical surface, Btu/h+ft?; and

K, B, and D = regression coefficients.

After the winter heating energy measurements were completed, the
foregoing equation was used to normalize the weekly electric energy
(Qe¢) supplied to each test bullding to an indoor temperature of 6B8°F
(20°C) and a solar vertical flux of 35.3 Btu/heft? (ill W/m?). The
temperature 68°F {20°C) was the intended indoor thermostat set tempera-

ture, and a daily-average solar vertical flux of 35.3 Btu/heft?

L/ A correlation coefficient for the two independent vartables (TL_To)
and H was computed to be 0.26 for the 98-day winter heating season
data file. This value 15 not considered to be sufficiently large

to cause multicollinearity problems for the regression eq. (8).
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(111 W/mZ) was the average observed value for the 98-day measurement

period.

5.2 Theory

During the winter heating season, when the test buildings did not
float, the weekly heating load (Qn) expressed in Btu/h for each test

building may be predicted from the relation:
Qp = K+(Tp = To) (9)

Here T, i1s the average weekly outdoor temperature, and Ty 1s the
outdoor balance-polnt temperature for the bullding. The coefficient
(K) is the envelope heat-transfer coefficlent which Is computed from

the relation:

N
K= ] UpeAq + pe¥eI-C
=1

p (10)

where U; = thermal transmittance for i-th component, Btu/h-ft2-°F;

A = surface area for 1-th component, ftz;
p = density of alr, 1b/ft3;

¥ = inside volume of building, ft3;

I = rate of alr infiltration, h'l; and

C, = specific heat of ailr, Btu/lb«°F.

The outdoor balance point temperature (Tp)} 1s determined from the

relation:

Qy + Bl - Ucsh+(T, - T.)
i ; f i g (11)

TbsTi -

where Ty average-weekly Indoor air temperature, °F;
Qi = constant internal load for the test bullding, Btu/h;
f = solar loading coefficient, Etz;
H = weekly-average solar radiation incident on a south-facing

vertical surface, Btu/heft?;
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Ug = thermal transmittance of floor, Btu/h-ftz;
Ag = surface area of floor, ftz; and

Tg = weekly-average temperature below the slab floors, °F.
The other symbols are as previously defined.
5.3 Results
The regression coefficients (K, &, aad D) along with the residual

standard deviation for the electric energy correlation {eq. 8) are

gummarized in Table 5.

Tabhle 5

Summary of Regresslon Coefficients

Residual
Standard
K g D Dev .
Building Btu/h«°F £t? Btu/h Btu/h
1 87 .2 8.17 359 + 241
2 167 .0 14 .8 266 + 287
3 79.0 7 .08 632 + 194
A 146 .6 14.7 337 + 312
5 82.2 6.33 500 + 211
6 87 .0 6 .80 709 + 272

The envelope heat-transfer coefficients determined from the
regression analysis procedure are compared in Table 6 to corresponding
predicted values determined from eq. (10). It can be seen that the
predicted values agree within 12 percent or less of the corresponding

measured values.

The solar loading coefficients (B) for the insulated buildings

should be approximataely equal to the product of the south-facing window
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Table 6

Comparison of Measured and Predicted Envelope
Heat-Transfer Coefficients, K

| K, Btu/he°F (P - )/m3/
Building | Measuredl/ | Predicted?/ | % DIff
I [ T
1 | 87.2 r 88.2 1.1
3 I 79.0 | 80.8 | 2.3
5 | 82.2 ! 92.14/ I 12.0
6 [ 87.0 { 85.1 [ —2.0
| | |
[ I [
2 f 167.0 |  180.4 | + 8.0
4 { 146 .6 { 150.74/ } + 2.8

1/
2/
3/

4/

Determined from regression analysis.
Determined from eq. (10).

M and P denote measured and predicted values of envelope
heat-transfer coefficlents.

Using wall heat-transfer coefficient from guarded-hot-box
measurement.

1 Btu/h«°F = 0.527 W/K

1 ft2 = 0.0929 a2

1 Btu/h = 0,293 W
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area (Ag) and the solar transmission coefficient for the window (1),
or,

B = Aget (for insulated bulldings) (12)

The surface area (AS) for the south-facing windows 1s 21.9 ft2 (2.03 mzf..
An average value for the sclar transmission coefficlent (1) was
measured using a reflectometer and found to be 0.61. The predicted
golar loading coefficlient (8) 1s computed to be 13.4 frl (1.24 m2).
The predicted 8 value i3 seen to be greater than the measured values
given in Table 5 for the insulated buildings because the south-facing
windows were shaded by the roof overhang during the last porticn of

the 98-day measurement periced,

The regresgsion cocefficient (D) in eq. (8) 1s principally due to
earth heat loss (qo) through the floor slab which may be estimated
from eq. (2). Taking (Ty - TS) to be equal to the mean observed value
for the six test buildings, an earth loss of 290 Btu/h (85.0 W) is
computed. Thils value 13 the same order of magnitude as the regression

coefficlents (C).

Normalized weekly heating loads expressed in kW+h per day are
compared to the steady-state theory In Figs. 3-8. 1n these figures,
each data point represents one week of data and the stralght line is thee
predicted heating load based on the steady-state theory. The agreement
between measured values and corresponding values predicted from theory
is good with the exception of Building Ho. 6. The small discrepancies
between measured and predicted values for Building Nes. 2, 3, and 5
(Figs. 4, 5, and 7) are believed to be due to the Inability to precisel
predict the envelope heat-transfer coefficient (K) from known handbook
heat-transfer properties for the building materials comprising the
envelope. Since the heating loads were predicted with a steady-state
model and since the steady-state model did not include the effect of

thermal mass, it is concluded that thermal mass does not have a measure=z.
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effect on the heating loads during the winter heating season. Further-
more, the observed differences for the masonry buildings were in differ-
ent directions away from the steady-state correlations. If a thermal

mags effect were present, then the observed differences for the masonry

buildings would be in a consistent direction.

In the case of Building No. 6, a thermographlic survey found perlite
ingulation to be missing under the windows and in a triangularly shapéd
reglon at the top of the north wall. When perlite insulation was
poured into the top of the fully constructed wall, it apparently did
not flow under the windowa. For the triangularly shaped region, appar-
ently perlite was lost from the wall, when the penetration was drilled
for the air conditioning line. These insulation volds were accounted
for in the calculation of the envelope heat-transfer coefficient by
treating the insulation voids as a parallel heat flow path having a
surface area of 34 ft2 (10.4 m2) and a thermal transmittance of

0.15 Btu/heft2+°F (0.85 W/m2.K).

When a measured value for the envelope heat-transfer 1s used in the
analysis, the steady-state theory predicts a heating load correlation
for Building No. & which lies below the measured data by a constant
amount . This would suggest that there exlsts an unaccounted heat sink
in Building No 6. High inside surface heat loss (stem wall effect)
was observed at the base of the wall for Building No. 6. The results
of a spot radiometer survey used to investigate this effect are given
in Fig. 9. If the inside surface heat-loss rate is taken to be pro-
portional to the observed temperature differences shown in Fig. 9, then
congiderably higher heat-losg rates exigt at the base of the wall for
Building No. 6 compared to the other insulated bulldings. It was
hypothesized that the earth heat loss through the base of the wall
into the footing for Building No., 6 1s the unaccounted heat sink which
caused the measured heat-logss rates to be congistently higher than

corresponding values predicted from the steady-state theory.
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Table 7

Summary of Dally Heatlng Loads (expressed in kWeh) for Test Buildings
for Intermediate Heating Season

| Building |
T Tomin Toma H | t
Period °g QF °r x Btu/hefe2|” 1 5T 5 T 6 1T 2 1 & |
{ | [ 1 [ T i ] [ I
12-13 April, 82 |50.6144.8 [59.6 | 43, | 6.38] 5.68] 5.23| 5.64| 11.73| 8.50]
13-14 April, 82  |56.2]37.1 {76.7 | S4. | 4.28] 2.83] 2.83] 2.31] 10.90| 6.89]
14-15 April, 82 [50.0]36.7 [76.1 | S52. | 8.82] 3.68| 3.55] 2.40) 12.94) 7.31/|
15-16 April, B2  [55.2]41.3 |67.1 | 28. | 5.26] 3.34] 2.91| 2.37] 11.51] 6.97|
16-17 April, 82 |65.6160.0 {75.0 | 29. | 0.00! 0.00] 0.03] 0.00] 1.94] 0.42]
17-18 April, 82 |63.1146.7 |81.6 | 31. | 1.42) 0.00) 0.00] 0.00] 5.18] 1.17]
18-19 april, 82 [52.9]37.2 |66.6 | 53. | 5.10] 1.22] 1,56] 0.00| 10.98] 4.92]
19-20 april, 82 |s58.6146.9 |71.2 | 43. | 3.24] 1.84] 1.31] 0.25| 7.85( 3.79|
20-21 April, 82 [59.2154.2 [65.3 ] 70. | 2.10] 1.55] 1.01] 0.75] 6.71} 4.03]
21-22 April, 82 |50.1138.3 j62.2 | 43. | 7.50| 4.06] 3.73| 1.75| 14.47] 8.53|
22-23 aApril, 82  |47.2]31.1 I58.2 1 4B. | 6.43] 5.41] &.76] 4.771 16.06]10.60]
23-24 April, B2 |55.4l43.4 |66.3 | 48. | 2.68| 2.73| 2.04] 2.441 8.79| 4.77]
24~25 April, 82 |59.4141.1 173.8 | 47. [ 1.47]) 1,44} 0.17] 0.00] 7.61] 1.77]
25-26 April, 82 {65.3{54.2 [78.0 | 29. | 0.00} 0.00] 0.00] 0.00} 2.50! ¢.00]|
26-27 April, 82  [59.6155.4 |64.5 | 8.0 [ 0.58] 1.54] 0.00! 0.00] 5.91| Z.45|
27-28 April, 82 [S4.6l46.1 |65.6 | 5.6 | 3.13] 3.97] 2.44] 1.15] 10.31] 5.40]
28-29 April, 82  |49.2135.9 [60.6 | 35. | 4.71) 4.51]-3.74| 3.57| 14.02] 8.54|
29-30 April, 82 |52.2]37.1 |646.0 | 43, | 3.16| 2.32| 2.04] 1.63] 10.30} 4 .41}
30 April-1 May, 82(57.0140.3 {69.9 | 39. | 1.92| 0.74] 0.59] 0.34| 8.31] 2.52]
1-2 May, 82 i61.8(45.3 175.2 | 29. | 0.42] 0.00| 0.00} 0.00] 5.03| 0.77)
2-3 May, 82 f61.3/44.1 [73.6 | 39. | 0.50f 0.001 0.00! 0.00] 5.38| 0.42]
| | | [ | 1 I
TOTAL [69.10]46 .86137.94129.37]188.43]|94 .18
C = S/9(F - 32)
1 Btu/heft? = 3.152 x W/m?
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comparisons. Cumulative heating loads for the test buildings are

compared in a bar graph given in Fig. l1.

Comparing Building Nos. 1 and 2, it is seen that the presence of
thermal insulation in the wood-frame building reduced the cumulative

heating load from 188 .43 to 69.10 kWeh, or a reduction of 63 percent.

Comparing the insulated masonry buildings (Nos. 3 and 6) to the
Uninsulated Masonry Building (No. 4), it is seen that the insulated
masonry bulldings consume less heatling energy than the Uninsulated
Masonry Building. The cumulative heating load for Bullding No. 6
(inside mass) is conslderably less than that for Bullding No. 3 (ocutside
mass). These results indicate that, for an intermediate heating season
climate, where buildings typlically float durlng warm day periods, opti-
mum benefit of insulation and wall mass 1s achleved when the wall mass
13 located at the interior surface with the insulation positioned

outside the wall mags.

Comparing the insulated masonry buildings (No. 3 and No. 6) to
the Log Building (No. 5), it is seen that the Log Bullding is performing

about midway between the two insulated masonry bulldings.

Comparing Buildings Nos. 2 and 4, it 13 geen that the Uninsgulated
Masonry Building (No. &) consumed 50 percent less heating energy than
the Uninsulated Wood-Frame Bullding (No. 2}.

During the intermediate heating season, the percent differences
in cumulative heating loads between the wood-frame buildings and the
comparable masonry bulildings were large. However, the absolute value
of these differences are very small compared with the cumulative loads
measured during the winter heating season. This means that, for the
climate in which the bulldings were tested, wall mass has a small

effect on the annual heating energy requirement.
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The annual heating load for a bullding is given by the cumulative
heating load during a fall intermediate heating season, a winter
heating season, and a spring intermediate heating season. Since the
cumulative heating loads which occur during the two intermediate heating
seasons are very small in comparison to that which occurs during the
winter heating season, the annual cumulative heating load can be
estimated using a degree-day method. The insulated buildings had an
envelope heat-transfer coefficient K=0.56 kW<h/°F and a balance point
temperature Ty = 60.5°F. The number of heating degree days (DD) for
Washington, DC at a balance point temperature of 60.5°F 1s 3290

degree days. The annual cumulative heating load is estimated to be:
qy = KeDD = 0.56 (3290) = 1840 kW-<h

During the Iintermedliate heatling season, the Insulated Masonry
Building with outside wall mass (No. 3) consumed 22 kWeh less than
the Insulated Wood-Frame Building (No. 1). If it is assumed that this
figure constitutes the heating energy savings which would occur during
both fall and spring {ntermediate heating seasons, then the annual
percent savings due to wall mass in Building No. 3 is computed to be

2 savings = 22 + 22 - 5 47
1840

It 1s interesting to note that this amount 1s close to the value of
2.3 percent obtained by Goodwin and Catani [3] using a computer simu-

lation of a low-rise residential bulilding located in Washington, DC.

In comparing the cumulative heating loads for the insulated
buildings during the intermediate heating season, 1t should be kept
in mind that the steady-state heat-transfer characteristics for these
buildings as determined by the winter heating measurements were not
exactly ldentical (i.e., the cumulative heating load for the Insulated
Masonry Bullding with inside wall mass (No. 6) was higher than that
for the other insulated bulldings due to anomalies in i{ts building

envelope}. If these thermal ancmalies had not been present ian the
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Insulated Masonry Bullding with inside wall mass (No. 6), then
it would have had even a lower cumulative heating load during the

intermediate heating season.

Likewise, in comparing the cumulative heating loads for the
uninsulated buildings during the intermediate heating season, 1t
should be kept in mind that the steady-state heat-transfer character-
istics for these bulldings as determined by the winter heating measure-
ments were not exactly ildentical (i.e., the cumulative heating loads
for the Uninsulated Masonry Building (No. 4) was lower than that for
the Uninsulated Wood-Frame Building (No.2) due to the fact that the
thermal resistance’of the walls as constructed deviated from their
intended design values)}. If the envelopes of these buildings have had
identical envelope heat-transfer characteristics, then the observed
differences between these bulldings during the iuntermediate heating

geason would have been smaller.
7. SUMMER COOLING SEASONS MEASUREMENTS
7.1 Experimental Procedure

From July & to September 21, 1981, summer cocling season
measurements were carrled out. During this ll-week period, the thermo-
stats of the test bulldings were set for space cooling at 76 + 0.5°F
(24 + 0.3°C). The windows of the test bulldings were maintained in a
closed position; a constant internal load of 290 W was maintained
within each bullding; and mcisture was not released within the test
buildings. During these measurements, the bulldings typically floated
during cool night periods (1.e., no mechanical cocling was provided at
night). 8pace cooling was provided during warm day periods. For these
measurements, polystyrene insulation was not installed over the top

surface of the slab floors.
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7.2 Results

The cumulative sensible cooling lcads cansumed by the test
buildings are summarized in Table 8. 1In this table, the Iinsulated and
uninsulated bulildings again have been grouped together to facilitate
comparisons. The cumulative sensible cooling loads are compared in a

bar graph given in Fig. 12.

Comparing Building Nos. 1 and 2, it ia seen that the presence of
thermal insulation in the wood-frame building reduced the cumulative
sensible cooling load from 214.1 x 10% Btu (2.26 x 109 J) to
133.2 x 104 Btu (1 41 x 109 J), or a reduction of 38 percent.

Comparing the Insulated Masonry Bullding with outside wall mass
(No. 3) to the Uninsulated Masonry Building (No. 4), it is seen that
wall insulation appears to have only a small effect when it 1is placed
inside the wall mass. On the other hand, comparing the Insulated
Masonry Building with inside wall mass {(No. 6) to the Uninsulated
Masonry Bullding (No. 4), it is seen that wall insulation appears to
have a very beneficial effect when it 1s placed outside the wall mass.
These results indicate that, in a summer cooling season during which
builldings typically float during cool night periods, optimum benefit
of insulation and wall mass 1is achleved when the wall mass is located
at the interior surface with the insulation positioned outside the

wall mass.

Comparing the Log Bullding (No. 3) to the Insulated Masonry Buildings
{Nos. 3 and 6), it would appear that the Log Building is performing
midway between the two insulated masonry buildings. It is hypothesized
that the stem wall effect in Building No. 6 1is providing a constant
heat loss from this building to the earth, thereby causing Building

No. 6 to have smaller cumulative cooling loads. If the stem wall
effect were not present, then Bullding No. 6 perhaps would perform

more like Building No. 5.
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Table 8

Summary of Cumulative Sensible Cooling Loads (104 Btu)
for summer cooling season

Building

Period 1 3 5 6 2 4

July 6-July 13 22.8 21.8 17.7 16 .8 34 .5 23.5
July 13-July 20 19.7 17.7 15.1 12.8 29.0 19 .4
July 20-July 27 12.3 11.8 9.6 8.3 19.3 11.7
July 27-Aug 3 14 .4 14.4 10.5 9.2 23.0 13.5
Aug 3-Aug 10 14.3 14 .0 11.3 10.7 21.8 15.0
Aug 10-Aug 17 15.9 15.3 12.5 11.2 25.3 17.2
Aug 17-Aug 24 8.8 5.7 3.0 2.3 13.1 5.8
Aug 24-Aug 31 10.3 11.5 9.0 6.0 19.2 11.2
Aug 31-Sep 8 5.7 6.8 5.6 4.0 11.6 5.0
Sep 8- Sep 14 6.2 5.3 4.0 3.5 12.0 5.5
Sep l14-Sep 21 2.8 3.0 2.5 3.0 5.3 3.2

<o
~d
3

Totals 133.2 127 .3 100 .8 214 .1 131.0

1 Btu = 1.056 x 103 J

Another Interesting comparison may be made between Bullding
Nos. 1 and 4. The Uninsulated Masonry Bullding (No. 4) 13 seen to
consume 2 percent less cumulative sensible cooling load than the
Insulated Wocd-Frame Building (No. 1). The results indicate that
masonry buildings constructed in similar climates perhaps may not need
to be insulated when the purpose of the insulation is to reduce cooling

loads.

In conasidering the percentage difference figures presented in
this section, i1t should be kept in mind that the uncertainty in the
sensible cooling load measurement i{s about + 6 percent. When two
bulldings are compared, it is possible that cne building was measured 6
percent too high and the other & percent too low. Therefore, differ-
encesd {n cumulative coolling loads should be considered to be uncertalin
by 12 percent. Therefore, observed differences of less than 12 perceat

may not be real.
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An attempt was made to correlate daily cooling loads with the
daily average outdoor temperature. Such a correlation is shown for
the Insulated Wood-Frame Buillding (No. 1) in Fig. 13. It is seen
that considerable scatter is present In the sensible load data, sug-
gesting that other factors (such as incident solar radiation and diurnal
temperature swing) are affecting the results. 1In order to examine the
trend of the data, both the sensible and latent load data were fitted
to a best-fit stralght line using a least-squares procedure. The total

cooling load line was obtained by summing the sensible and latent load

correlations.

Similar cooling load correlations were obtained for the other test
buildings. The total cooling load correlations for the insulated
buildings are compared in Fig. 14 and for the uninsulated buildings in
Flg. 15. These total cooling load correlations obtained from scatter
plots rank the buildings in the same order as obtained from the cumula-

tive gensible load analysis presented at the beginning of the section.
8. CAUTIONS

The effects of thermal wall mass has been shown to be climate
dependent [1, 2, 3, and 5]. Therefore, the test results of the present

study should not be directly extended to other climates.

Perhaps equally important 1is the fact that the test results

should not be extended to a real house situation for the following

reasons ;

1) The test buildings were one-room test cells which did not
contain interior partition walls and interior furnishings.
The addition of interior partition walls and interior
furnishings would have added considerable interior mass

which would have affected the observed results; and
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Filg. 1l4. Comparison of total cooling load correlations
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Fig. 15. Comparison of total cooling load correlatlions
for uninsulated bulldings.

1 Btu = L.056 x 1037



308

2} Heat transmission through the walls of the test bulldings
was a larger part of the overall envelope heat transfer
compared to a typical house due to high thermal resistance
in other components of the building envelopes (i.e., the
cellings contained R-34 (R-6.0 mZOK/W) glasg-fiber
insulation, the windows contalned triple glazing, the floor
slabs were insulaced over the top with R-11.2 (R-1.97 0l +K/W)
polystyrene insulation, and the alr infiltration rates were |

quite small).
9. SUMMARY AND CONCLUSIONS

Six test bulldings were extensively instrumented for measuring
heating and cooling locads, wall heat transmission, and indoor teampera-
ture and humidity. During these ameasurements, the effect of wall mass
on the heating and cooling loads was observed. These bulldings were
exposed to a winter heating season, an intermediate heating season,
and a summer cooling season. For these measurements, the windows of
the test buildings were maintalned in a closed position; a constant
internal load of 290 W within each building was maintained; and the
thermostats were set at a fixed setpolints for elither space heating or

space cooling.

The six 20 x 20 ft (6.1 x 6.1 @) one-room test bulldings were
constructed at Galthersburg, Maryland. These bulldings had the same
floor plan and orfentation. They were identical, except for the wall
construction, which was as follows: No. 1l Insulated lightwelight wood
frame; No. 2 uninsulated lightweight wood frame; No. 3 insulated masonry
(outs{de mass); No. & uninsulated masonry; No. 5 log; and No. 6 1insu-
lated masonry (inside mass}. Bullding Hos. (I, 3, 5, and 6) and Build-
ings Nos. (2 and 4) were designed to have walls of approximately the
dame gteady-state thermal resistance. With the exception of Building
No. 6, an effort was made to make the constructlon representative of

current construction practices.
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During the winter heating season, when the buildings typically

did not float (i.e., some heating energy was supplied each hour),
measured weekly heating loads for the bulldings were closely predicted
with a2 steady-state heat-transfer model, except for Building No. 6.

In the case of Building No. 6, the observed difference between the steady-
state theory and the measured heating loads was due to an unaccounted
internal heat sink which was believed to be caused by heat conduction
through the base of the wall into the footing and earth. Small differ-
ences were observed between the gteady-state theory and measured heat-
ing loads for Building Nos. 2, 3, and 5. These differences were
believed to be due to the inability to predict precisely the envelope
heat-transfer coefficients. Furthermore, obaerved differences for the
masonry bulldings were in different directions away from the steady-
state correlations. If a thermal mass effect were present, then the
observed differences for the masonry buildings would be in a consis-
tent direction. Since the steady-state theory does not account for
the effect of thermal mass, it was concluded that no measured thermal

mass effect was obgserved during the winter heatlng season.

During the intermediate heating season, when the test bulldings
often floated during warm day perlods, a significant thermal mass
effect was observed. Residential buildings with masonry walls were
found to consume less heating energy than comparable buildings having
wood-frame walls of the same steady-state thermal resistance. Wall
mass was found to be considerably wmore effective when {t was placed
{nside the wall insulation as opposed to outside the wall insulation.
The Log Building (No. 5) performed about midway between the two insu-
lated masonry buildings. During the intermediate heating season, the
percent differences Iin cumulative heating loads between the wood-frame
buildings and comparable masonry buildings having equivalent steady-
state thermal resistance {n the walls were large. lowever, the absolute
values of these differences were shown to be small compared with the
annual cumulative heating loads. For the climate in which the buildings

were tested, 1t was shown that the Insulated Mascnry Buildings with
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outside wall mass (No. 3) had aunual heating requirements which were

only slightly less than for the comparable Insulated Wood-frame

Building (No. 1).

During the summer cooling season, when the test buildings often
floated during cool night pericds, a significant mass effect wasg also
observed. Resldential buildings with masonry walls were found to have
smaller cumulative cooling loads than comparable buildings having wood-
frame walls of the same steady-state thermal resistance. Wall mass
was found to be considerably more effective when it was placed inside
the wall insulation as opposed to outside the wall insulation. The
Log Bullding (No. S)lperformed midway berween the two lnsulated
magsonry bulldings.
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APPEWDIX

HEAT-TRANSTER PROPERTIES OF BUILDING COMPONENTS

|
x R |
C. .
t Ju,lm e P trf=hetrl
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L. Propartles of Walls of Teat Bulldings

$0. | Ineulsced Lightweight Wood Frame

{
1
|
!
’I
|
|
|
|
|
|
!
!
i
|
|
|
|
!
|

L
t
|
|
|
|
Component 1
i
GCypaus Board 0.5 L.l 0.0 0.2k 0.es |
2 1 & stude placed 16 in. o.c. 1.625 0.80 2.0 0.1 .33 |
E-11 Blanket Insulation betveen Stiuds 1.625  0.3) 2.0 .20 <1100 |
Extecior Plywcod 0.62% D.80 43.0 0.9 0.78 |
Hote: Framling = 201 [
|
Ho. 2 Uninsulsted Lightwelght Wood Frame |
|
Ssme as Mo. |, except E-l1 Blanket 1
[nsulation Ls replsced with R-1.D Air Space. {
| |
Ho. 3 Insularad Magonry (Cutuide Hass) | |
| |
Compooent | |
} |
GCypaun Board | 0.5 1.1l 50.0 0.6 o.ey |
Polyntyreoe Ingulatian | z.0 15 2.7 0.29 1h.20 |
Purring Stripa placed 24 Ln. o.c. 2.0 0.80 12.0 0.1} 150 |
Alr Space | 0.25 -- -- -- 0.69 |
Concrece Block at 1035 1B/fc) | 4.0 1.60 &L .0 Q.20 1.y |
Feca Brick I 3.5 4.38 12%.0 Q.12 6.80 |
Nota: Framing = 10% I |
| |
0. 4 Uninsulated Wamoniy | !
| t
Comporstnt | |
| |
Gypsum 30ard 1 0.% 1.1t 50 .0 0.26 0.6% |
Alr Space | o.7% -- -- .- 0.96 |
Furviog Stripa placed 1& Lln, o.c. | a.7 0 .40 12.0 0.3} 0.94 |
Concrate Wlock at 105 ib/fc? 1 8. 5.0 s1.0 0.20 1.59 |
Mote: Praming = 7.61 | |
) |
Ho. % log | |
i |
Cospon at i |
L |
Square Lodge-pole Pl Log (92 Holsture | |
Concemt ) |7 0.%0 2%.9 0.319 a.ry |
I |
Ho. 6§ Insulated Masonry {Inalde Mass) | |
| |
Comppnent | |
| |
Plaster | 0.50 1.56 45.0 Q.20 2]
Cancrete Block ac 105 Lp/fe? P800 5.0 81.0 0.28 1.9 |
Parlite Tmaulacion 1 1,%0 0.1? 8.5 a9.26 3.45 |
Pace Brick I 2.5 4.38 1235 .0 0.22 c.80 |
1 |
2. Properties of Ceilings | |
| |
Com ponent | {
| |
Gypsus Board | 0.3 111 50.0 .16 0.e5 |
2 x & noud | 1.62% 0.80 32.0 2.3) .83
Glase-fiber Lnaulation I11.0 9.3} 2.0 0.0 po I |
Mote: Praming Fractlen = 6.11 | |
| |
1. Ficor Properties ! |
i |
Compongat i I
I |
Polystyrene Insulationi’ | 2.0 RE 2.7 0,29 15.20 |
Concrete Slab | «.0 9.4 150. 0.0 42|
Gravel? | 4.0 5.0 170. 0.20 87|
Earth Irz.0 b.0 120. ¢.20 .00 |
| |

X4 Polyatyrens waa Lnatalled during the seasurements for che winter hesting sramon snd the {nter~
sedlate heating seazon, but not for the sumser cooling season.

I/ Aanumed 10 be Lhe aame 24 eoTLh.

n, = 7.54 ¢m
Brustin./heft2:F = 0.184 w/mit
Ib/fe} = 16.0 kgse?

BLu/loe"F = 4190 J/ngen
[tdens"P/Btu = 0.} 70 ai-u/d





