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ABSTRACT
Developing a simplified method for calculating the heat loss of building elements in direct contact with the ground has been
pursued in various venues for the last 30 years. A great deal of effort has been put into describing guidelines and detailed calculation procedures for these effects. Typically these methods require explicit treatment within simulation models. These methods
were either too complicated or too generalized to be useful in the development of simple trade off energy code paths and performance standards.
This paper documents work conducted from 1987 through 1992, to develop a series of calculated heat loss rates associated
with ground contact (slabs, basements, crawlspaces) in Pacific Northwest residential buildings. The method develops a seasonal
estimate that can be used in lieu of a steady state heat loss coefficient in simplified performance tools or building component
tradeoffs. The result is a set of detailed tables with factors for a range of insulation options applicable to residential construction
in the region.
The procedure for developing these ground heat loss rates used a finite element simulation to describe ground contact and
then normalized heat flows by seasonal air temperature differences to get factors comparable to other above grade heat loss
factors. Basements and slabs were addressed in the work and the result is a series of tables used in the Washington and Oregon
state energy codes for the last 15 years, as well as in regional utility programs.
The convenience, in the code context, of having below grade factors that can be traded with above grade factors has resulted
in the use of these factors far beyond the intended purpose. The factors have been adopted in ASHRAE Standard 90.1 for residential
and non-residential buildings. This paper documents this process and explains the mathematical and theoretical underpinnings
of the original analysis

INTRODUCTION
In the Pacific Northwest, residential energy codes were
developed around various trade-off methodologies that
allowed components of the building (walls, ceilings, windows,
etc.) to be traded so that the overall heat loss would be maintained without requiring an individual designer to use the
prescribed requirements for any specific component. This
approach was thought to improve design flexibility without
requiring building simulation. To further improve the flexibility of the energy codes, a building performance approach was
developed based on simplified simulation programs in exist-

ence at that time. In this path, compliance could be demonstrated based on annual heating energy performance.
The component performance and the building performance methodologies require the development of a total heat
loss rate (UA). In cases where homes have substantial contact
with the ground because of slab floors or basements, the
impact of the ground must be included in the calculation
procedure. Since ground heat flow is intrinsically a three
dimensional problem and in addition has a significant seasonal
delay compared with other building components, ground heat
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loss rates are difficult to determine and often not directly
comparable to heat loss rates for other components.
To respond to these requirements, a series of ground
contact models were developed using the SUNCODE finite
element thermal simulation. The ground heat flows were
normalized by heating season air temperature differences to
derive factors comparable to above grade components. This
work was summarized in Baylon & Heller (1988) and subsequently extended in Kennedy (1991). The tables that were
developed in these reports were subsequently adapted as
energy code reference tables and integrated into the Washington State Energy Code in 1991 and 1994 (WABO, 2001). In the
more recent past the ASHRAE Standard 90 committee integrated these tables as references into Standard 90.1.
It is the purpose of this paper to document the process and
results of the work done to develop these tables and the efforts
to establish the sensitivity and generality of this methodology
as applied to various ground contact problems routinely
encountered in residential construction. The goal of this work
is to establish heat loss rates for building components in
ground contact which can be used with other building component descriptions to establish a building heat loss rate. This
heat loss rate would be used to predict overall annual heating
energy requirements using climate descriptions that depend
only on outdoor air temperature. This value can then be used
with various simulation and calculation procedures to derive
an overall annual estimate of heat energy requirements in
homes.
This approach was and is not intended to be a substitute
for explicit treatment of ground heat flow predictions within
simulation models. New simplified models would be well
advised to separate ground heat flow function.
The derivation of a specific heat loss rate for ground
contact is problematic. The effect of ground contact on heat
loss is a function of the following determinants:
•
•
•

the insulation levels and configuration of the ground
components themselves,
soil conductivity and density (thermal mass),
climate (especially the character and length of the heating season), and the heat loss rates of other building
components.

These factors combine in every building to give a potentially unique heat loss rate. Moreover, ground conductivity
(among the most significant of these factors) could be
expected to vary by site and time of year and is probably
unknown in any specific application. The situation is similar
to determining heat loss rates for infiltration in homes. As
outdoor conditions change, the U-factor changes. With ground
contact, the situation is more stable but the range of variation
from home to home is very great. Deriving a single heat loss
rate for ground-contact components means accepting significant variation around an accepted value. The goal of this work
is to predict annual performance. Many of the uncertainties
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can be assumed to average out with the vagaries of climate and
building configuration.
There are two principal approaches to the problem of
ground heat loss. The first is the development of mathematically exact solutions to the heat transfer problem. This method
asserts that the ground contact model can be described exactly
and that relatively complex heat flow through the ground can
be represent the actual performance. The leading example of
this approach is the work of Muncey (Muncey & Spenser,
1978) and Delsante (Delsante, et al, 1983). In general these
approaches offer a means to verify other simpler, more
approximate methods. Using them to derive a useful table for
general application in energy codes would require both greater
sophistication and greater computing power than is typically
available to code applicants or designers.
The alternative method is a response factor approach
[Shipp 1982] or other related approximations derived from
more detailed simulations or mathematical derivations (e.g.,
Krarti & Choi, 1996). These methods are characterized by
coefficients identified for particular configurations of basements or slabs, which are derived to allow the user to utilize
inputs that reflect the particulars of the building as designed
within the more general approach. An additional approach
proposed by Anderson combines a steady state solution with
a simplified model, which could be implemented in a larger
simulation (Anderson, 1993). These approaches all have the
advantage of reducing the computational complexity of the
exact mathematical solutions and the requirements of a
detailed finite element model using a suitable amount of the
ground as part of a larger building simulation. They have the
difficulty of requiring the user to have a detailed understanding of the ground heat loss problem and a simulation or related
tool to implement the building in the context of the particular
ground contact components.
All these approaches assert that a set of predetermined
coefficients can be used to describe overall heat flow. In principle, this allows the interaction of several parameters to determine the magnitude of the heat flow. However, the resulting
calculation procedure is cumbersome and this method does
not establish a priori the magnitude of the principal determinant of the heat flow (e.g., ground conductivity and moisture
content). As a result, errors of the order of 10% to 30% can be
expected even when the selection of coefficients is extremely
accurate.
METHODOLOGY
Slab heat loss is a three-dimensional heat flow problem.
Two-dimensional representations necessarily introduce
errors. They allow a very detailed model of the ground
network around the slab boundaries at the expense of a poor
treatment of the corner effects. Three-dimensional modeling
requires either immense computing facilities or a briefer treatment of the heat flow in a given slice of ground. Additionally,
the three-dimensional effects are dependent upon the slab
shape and size and thus the added accuracy is lost in the myriad
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of possible slab configurations. We have chosen to model the
earth with a modified two-dimensional representation.
A finite element simulation was used in which about 300
nodes were used to describe the ground mass adjacent to a
prototype building and the insulation components of the
elements in ground contact. The glazing and insulation for the
above grade portions of the home were defined based on the
then-current prescriptive requirements in the Washington and
Oregon codes (this roughly corresponds to the IECC 2004,
Zone 4 “Marine” climate zone requirements).
A slice of earth was described using a two-dimensional
nodal network arrayed throughout the ground below a prototype building. To capture the corner effects, the slice is trapezoidal in plan view, with the contact between nodes increasing
as the distance from the center of the building increases. The
amount of taper is calculated so that the area-to-perimeter ratio
is the same as a 30 by 45 foot slab and the length of the slice
from house wall edge to center is one half the narrowest slab
dimension (15 feet in this case). The slice is representative of
1/150th of a 30 by 45 foot slab. It spans 15 feet from the center
of the building to the exterior wall and 21 feet beyond. A
perimeter to area ratio of 9:1 was used so that the area of the
modeled slab was 9 square feet for each linear foot of slab
edge. That is the area of the slice between the center and the
exterior wall is 9 square feet and the width at the house wall
is 1 foot. The grid extends down 25 feet below the slab on
grade floor and 27 feet below the basement floor. The grid
connects to deep ground at this point, which is assumed to have
a temperature equal to the average annual air temperature.

Figure 1 Typical node pattern used in slab-on-grade
evaluation.
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Figures 1 and 2 illustrate a typical node pattern used in the
slab-on-grade evaluation. Figure 3 illustrates the model used
for the basement evaluation.
The prototype heat loss rate was scaled to the square footage reflected in the slab model as were other components of
building performance (e.g., solar gains, internal gains). The
model was run for each configuration using the Seattle TMY
climate (5,200 heating degree days). The simulation calculated heat flow to and from the building for each segment of the
slab for each month of the year. The segment heat flows were
summed for the heating season of 8 months and standardized
by the average temperature difference for the period. The
resulting value was an effective UA of the slab. Note that since
the slab is simulated as a single slice with a wall length of one
foot, the floor UA is also the heat loss rate per linear foot, an
F-value.
A similar process was used for the basement specification. In these cases, the basement wall was modeled at three
different depths (2 ft., 3.5 ft., and 7ft.). In all cases the top of
the wall was modeled as 6 inches of exposed wall above grade.
In cases where exterior insulation was specified, the model
assumed that the insulation extended up to the top of the foundation wall (the bottom of the sill plate). The process was
repeated for the basement floor slab using the same procedure
as the slab on grade. The wall heat flow was compiled separately into an average U-factor, which was normalized to the
interior area of the wall as modeled. In all cases, the heat flow
predicted by the simulation was assigned to either the floor or
the wall; thus, the F-value of the slab and the U-factor of the
wall are linked together in each insulation specification.

Figure 2 Typical node
evaluation.
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Figure 3 Slab insulation configurations.

In most cases, the analysis included an option of inserting
a thermal break between the floor slab and the foundation/
footing configuration at the edge of the building. Where the
insulation strategy covered this area as a necessary part of the
detailing, then no added runs were done. In cases where the
slab insulation extended under the slab edge, the construction
detail often does not include a thermal break between the slab
and the foundation. In those cases, the thermal break was
analyzed separately. Generally in this analysis the thermal
break analyzed was R-5 foam insulation (typically 1 inch in
thickness) covering the entire slab edge.
The model is run through three years of typical weather
data: two years to initialize the ground node temperatures and
then ground losses are taken from the third year. The Seattle
4

Washington Typical Meteorological Year weather tape was
used for the final heat loss coefficients.
The process was repeated using three different soil
conductivities (0.5, 1.0, 1.5 Btu/Hr °F Ft.
SENSITIVITY ANALYSIS
Sensitivity studies were undertaken to identify the significance of assumptions made in calculating a single set of heat
loss coefficients for all Northwest climates and buildings. The
evaluation concentrated on ground heat loss variation in relation to the area to perimeter ratio of the modeled slab, the
climate, and the above-grade building characteristics. The
methodology was evaluated by exploring the sensitivity of
selected F-values on several dimensions:
Buildings X

•
•
•
•

Node patterns and density;
Area to perimeter ratio;
Soil conductivity;
Climate and building characteristics (heat loss rate).

While direct heat flow normalization with an assumed
heating season is adequate for calculating F-values for a single
building in a single climate, the uncertainties of defining the
heating season make the method unsuitable for sensitivity runs
which consider building and climate effects.
A more stringent calculation procedure, we called the
equivalent heating energy method was adopted. The prototype
ground situation is simulated and then model is run substituting F-values for the array of ground nodes until the F-value
that yields the same annual heating energy as the explicit
ground model is determined.
The heat flow normalization procedure used to calculate
the F-values for the heat loss coefficient tables is very sensitive
to climate and building. The averaging of monthly F-values
causes the method to be very sensitive to heat flow in the
warmer months. In the Seattle climate with the prototype
building the selected heating season worked well. For the
prototype building in Seattle heat flow normalization (when
done monthly) results in values slightly higher (4%) than the
equivalent energy method.
1.

Node Density and Placement. Sensitivity to node density
and placement was explored with a simple case study
using two prototype ground contact cases. One case is a
slab-on-grade building with R-10 insulation extending
vertically downward two feet. The other is a seven foot
deep basement with R-19 insulation on the interior wall.
We started with a very dense grid and created successively sparser grids. These grids were simulated and the
ground heat flows compared. The simplest grid that
produced the same results as the detailed grid was chosen.
The original slab-on-grade prototype was deemed
adequate by this method and consequently it was used for
the sensitivity studies and for the coefficient tables. The
original basement prototype was deemed inadequate and
a slightly denser grid was used.
Table 1.

2.

The deep part of each grid is connected to a ground
temperature node. This temperature is set to the average
annual air temperature for the location. This method of
resolving the lower boundary condition of the model
represents the worst case scenario and results in a 5%
increase in the slab-on-grade heat loss and 15% increase
in basement floor heat loss. If this connection is not made,
then the depth of the network and extension out from the
building would need to be greatly enlarged to capture the
true heat loss from the component.
Area-to-Perimeter Ratio. We tested the effects of varying
the model's area-to-perimeter ratio by modeling three
slab configurations. We chose a slab-on-grade prototype
with R-10 insulation extending 2 feet vertically below the
slab edge. We examined three slab widths: 20, 25 and 30
feet, with three area-to-perimeter ratios for each. The
results are presented in Table 1. The slab width has very
little effect in the range examined. The area-to-perimeter
ratio has a substantial effect. We normalized the heat flow
by perimeter and by area for this test. We calculated the
percentage prediction error for each configuration if we
had used the F-value for the 30 foot wide slab with a 9 to
1 area-to-perimeter ratio. Notice that the errors for F- and
U-factors are of similar magnitude but in opposite directions, with F values over-predicting for the smaller areato-perimeter ratio's and U-factors under predicting. Slabs
with larger area-to-perimeter ratio's will experience the
opposite effect.
From this we conclude that the F-value is very sensitive to the area-to-perimeter ratio. The use of an F-value
for the single case of a 9 to 1 area-to-perimeter ratio
results in over-prediction for much of the range common
to residential slabs. The relatively equal and opposite
error for the U-factors suggest that a function incorporating both factors could work very well.
We spot checked these results for heated and
unheated fully insulated slabs and found essentially the
same results. The larger errors illustrate the importance of
the deep ground connection. As the area to perimeter
ration gets smaller the slab edge becomes increasingly

Area-to-Perimeter Sensitivity

Slab Width
(half)

Area-to-Perimeter
Ratio

F-Value
Monthly Average

% Error
Compared with 9:1

U-Factor
Monthly Average

% Error
Compared with 9:1

15.0

10.5:1
9.0:1
7.5:1

0.687
0.642
0.594

–6.55
0.00
8.08

0.065
0.071
0.079

9.23
0.00
–10.13

12.5

9.0:1
7.5:1
6.0:1

0.644
0.595
0.551

0.31
7.90
16.52

0.072
0.079
0.088

–1.39
–10.13
–19.32

10.0

9.0:1
7.5:1
6.0:1
5.0:1

0.649
0.601
0.555
0.504

–1.08
6.82
15.68
27.38

0.072
0.080
0.089
0.101

–1.39
–11.25
–20.22
–29.70

Buildings X
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3.

4.

dominant and the deep ground connection increasingly
irrelevant. This sensitivity suggests that a more careful
selection of the deep ground temperature and depth might
give more consistent results. It should be noted, however,
that this model assumes uniform ground conductivity.
This is not likely in actual ground, as the depth of ground
water and the changes in soil type would have effects as
large as the slab configurations.
Soil Conductivity. The most significant variable in
ground heat loss is the soil conductivity. Soils typically
vary from 0.5 Btu/Hr °F Ft to 1.25 Btu/Hr °F Ft, depending upon the soil type and moisture content. Wet soils and
sandy soils tend to have the higher conductances and dry
loamy soils have lower ones. Soil types and conditions
are very site specific and not well known. Table 3 presents
F-values for an R-10 fully insulated slab and an R-10
vertically insulated slab with varying soil conductivity.
The significance of soil conductivity is amply clear.
Without knowing the soil conductivity, true ground heat
loss is impossible to calculate.
The difference column is the percent error if one used
the average of the 0.5 and 1.0 Btu/Hr °F Ft values as is
done for the main heat loss coefficient tables. The average
is meant to yield a value representative of 0.75 Btu/Hr °F
Ft and comes very close, under-predicting by a small
margin.
It is not surprising that doubling the soil conductivity
results in a variation of about 40% in calculated F-value.
This emphasizes the importance of selecting a reasonable
soil conductivity, since errors of 30% or more would be
expected as the soil characteristics change.
Climate and Building Sensitivity. We explored F-value
sensitivity to climate and building type changes of four
below-grade situations. The four below-grade situations
were all slab-on-grade: one with two feet of vertical edge
Table 2.

Variation Due to Soil Conductivity
Full R-10 Insulation

R-10 Perimeter

Soil
Conductivity

F-Value

Difference,
%)

F-Value

Difference,
%

0.5
0.75
1.0
1.5

0.30
0.37
0.42
0.47

19.5
-3.5
-14.0
-24.0

0.40
0.54
0.67
0.88

33.0
-1.5
-20.6
-39.5

Table 3.

6

Above-Grade Building Characteristics

Washington
Energy Code

Height

Floor
Area,
ft2

Heat Loss
(UA),
Btu/h·°F

Window,
ft2

Prototype 1
Prototype 2
Prototype 3
Prototype 4

1 story
1 story
2 story
2 story

1350
1350
2750
2750

242.7
363.3
442.1
665.8

202.5
283.5
405.0
567.0

insulation, one with full R-10 insulation, one uninsulated,
and one heated slab with full R-10 insulation. For each
below-grade situation, F-values were calculated for four
above-grade building types in each of four different
climates. The four building types are summarized in
Table 4. The Portland, Seattle, Spokane, and Missoula
TMY weather sets were used to represent the four
climates.
The equivalent heating energy method was used to
calculate the F-values. Table 4 summarizes results for the
three slab-on-grade cases. Each line represents simulation runs with all prototypes and all climates, a total of 16
runs. The mean, standard deviation, minimum and maximum of the 16 combinations of climate and building are
presented. The last three lines of the table summarize the
mean, standard deviation, minimum and maximum of the
differences of F-values between insulation schemes for
each building and climate.
Table 5 summarizes the results for the R-10 perimeter insulation case by climate and building type. The variation due to climate is on the order of 10%. The cause of
the variation is the result variation in the ground heat flow,
the normalizing air temperature differences, and complex
interaction of these factors. Missoula has very cold
winters and warm summers relative to Seattle. Ground
heat flow is similar but because the average heating
season air temperatures are lower the F-value is lower.
Table 4. F-Value Variation for
All Prototypes and All Climates
Run Description
Uninsulated
R-10 Perimeter
R-10 Fully Insulated
R-0 Minus R-10 Perimeter
R-0 Minus R-10 Full
R-10 Perimeter Minus R-10
Full

Table 5.

Mean Std Dev

Min

Max

0.779
0.480
0.316
0.300
0.463
0.164

0.731
0.426
0.287
0.291
0.444
0.139

0.838
0.547
0.354
0.306
0.484
0.193

0.031
0.033
0.018
0.005
0.013
0.015

F-Value Variation by Climate and Prototype

Run Description

Mean
Std Dev
F-Value

Min

Max

R-10 Perimeter by Climate
Missoula
Portland
Seattle
Spokane

0.469
0.491
0.516
0.444

0.016
0.025
0.025
0.017

0.449
0.462
0.487
0.426

0.489
0.523
0.547
0.466

R-10 Perimeter by Building
Prototype 1
Prototype 2
Prototype 3
Prototype 4

0.456
0.476
0.482
0.506

0.025
0.029
0.032
0.036

0.426
0.441
0.445
0.466

0.487
0.510
0.520
0.547
Buildings X

The variation due to building type is very distinct and
directly related to the heat loss rate of each prototype.
Sensitivity Conclusions. The sensitivity studies
show a great deal of variation in ground heat flow. Soil
conductivity and the slab area-to-perimeter ratio have the
most significant effects; climate and building type have
smaller effects.
For the Seattle climate, conservative values are
obtained when using the monthly heat flow normalization
with the 9 to 1 area-to-perimeter ratio and the deep ground
temperature node in the heat loss coefficient table calculations. This over-predicts the energy use for many homes
and climates. However, soil conductivity is highly variable between regions and a very simplified ground heat
loss methodology is desirable, so this slight over-prediction is probably acceptable.
HEAT LOSS RATE, F-VALUES AND U-FACTORS
The results of the final runs were used to generate the heat
loss tables for various slab and basement configurations.
Figure 3 illustrates the basic configurations used in evaluating
the slab-on-grade configurations. These configurations illustrate the common solutions for slab configuration. Table 6
summarizes all the combinations of insulation and placement
evaluated in this work.
Figures 4, 5 and 6 illustrate several of the configurations
developed for basements. In all these cases, the performance
is summarized by two factors. The U-factor refers to the overall conductivity of the wall configuration in the context of the
slab configuration, and the depth of the floor slab and footing
in the basement configuration. In all cases, the U-factor
includes the below-grade portion of the wall above the slab
and extends 6 inches above grade. The value Uw represents the
overall U-factor of the wall as specified without the ground
buffering effect.
RESULTS AND CONCLUSIONS
The results of the simulations in the Seattle climate were
used to generate standardized F-values for slab configurations
and U-factors for basement wall configurations. Over a range
of Pacific Northwest climates and building types these factors
provide a good estimate of the thermal performance
The thermal conditions of the slabs are very heavily influenced by the presence of a thermal break at the slab edge. The
overall impact of the addition of R-5 rigid insulation 2 feet
wide with out thermal break was a reduction in total heat flow
of about 5%. However, with a thermal break, the heat flow was
reduced by more than 20%. The addition of wider and thicker
insulation at the perimeter reduced heat flow an additional 5%.
When insulation extends over the full slab area, the heat loss
rate is reduced by about 37% over the un-insulated slab and
20% over the perimeter-only strategies.
Climate
The influence of climate on slab heat flow is complex. In
this context the selection of heating season and thus the selecBuildings X

tion of heating season average temperature is crucial to the Fvalue calculated. The ground temperature near the surface is
determined by the outside air temperature but because of the
large thermal mass, the ground temperature varies much less
as the depth increases. Thus, during the heating season, the
actual ground temperature may be more influenced by
summer or fall air temperatures. Conversely, during the
summer cooling season, the heat flow to the ground is influenced by winter and spring air temperatures. Thus, the definition of heating season and the relation between average
heating season temperature and average annual temperature
(which is taken as deep ground temperature in this analysis)
during the simulation is critical to a determination of total heat
loss and performance. This effect makes the applicability of
the F-values calculated in this procedure more generalizable
since the ratio of these two temperatures could be typical of
many heating climates. Conversely, a climate that is much
colder in winter and warmer in summer would have the same
ground flow over the heating season but have much colder air
temperatures. So using the factors from this work would overestimate heat flow.
Table 6.

Slab-on-Grade F-Values

Insulation Strategy

Overall F-value

Unheated Slab-on-Grade F-Values
Uninsulated Slab

0.73

R-5 Horizontal Insulation (2Ft) no tb

0.70

R-10 Horizontal Insulation (2Ft) no tb

0.70

R-15 Horizontal Insulation (2Ft) no tb

0.69

R-5 Horizontal Insulation (4Ft) no tb

0.67

R-10 Horizontal Insulation (4Ft) no tb

0.64

R-15 Horizontal Insulation (4Ft) no tb

0.63

R-5 Vertical Insulation (2Ft)

0.58

R-10 Vertical Insulation (2Ft)

0.54

R-15 Vertical Insulation (2Ft)

0.52

R-5 Vertical Insulation (4Ft)

0.54

R-10 Vertical Insulation (4Ft)

0.48

R-15 Vertical Insulation (4Ft)

0.45

R-5 Fully Insulated Slab

0.46

R-10 Slab Perimeter, R-5 Center

0.42

R-15 Slab Perimeter, R-5 Center

0.40

R-10 Fully Insulated Slab

0.36

R-15 Slab Perimeter, R-10 Center

0.34

R-15 Fully Insulated Slab

0.30

Note: F-values given for earth thermal conductivity of 0.75 Btuh-F-ft. These values are interpolated between the actual runs done at 0.5 and 1.0 Btuh-F-ft for
earth thermal conductivity. For this table “tb” refers to thermal break at the slab
edge to the outside or between the slab and the structural foundation or footing.

7

Figure 4 Basement insulation
insulated slab).

configurations

(fully
Figure 5 Basement insulation configurations (no thermal
break at slab).

Finally it must be re-emphasized that this analysis did not
consider a potential cooling load as either an offset to the Fvalues calculated here. Moreover, these heat loss factors are
certainly not valid for calculating ground effects on cooling
loads.
Building Heat Loss Rate
As buildings become better insulated, the balance point of
the heating system is reduced and the heating season is truncated. For F-values calculated using a pre-determined heating
season, this results in an over-prediction of total effective heat
flow for buildings with better insulation. Conversely, as overall UA increases, the absolute value of the heat flow also
increases and the F-values for a given configuration result in
an under-prediction of the total heat flow throughout the slab.
Non-Residential Buildings

Figure 6 Basement insulation configurations (thermal
break at slab).
8

The application of these factors to non-residential buildings has several significant issues. Slab sizes are typically
much larger with a much higher area to perimeter ratio. In
addition, lighting and plug loads can be significantly larger.
This decreases the balance point similarly to buildings with
lower heat loss rates.
Buildings X
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