Research Journal

2019 ― Volume 11.01

Research Journal 2019 ― Volume 11.01

Editors:
Ajla Aksamija, Ph.D., LEED AP BD+C, CDT
Kalpana Kuttaiah, Associate AIA, LEED AP BD+C
Journal Design & Layout:
Kalpana Kuttaiah, Associate AIA, LEED AP BD+C
Cover Design:
Tim Pettigrew, LEED Green Associate
Acknowledgements:
We would like to extend our appreciation to
everyone who contributed to the research work and
articles published within this journal.

Perkins and Will is an interdisciplinary design practice
offering services in the areas of Architecture, Interior
Design, Branded Environments, Planning and
Strategies, and Urban Design.

Research Journal
2019 ― Volume 11.01

Research Journal

2019 ― Volume 11.01

02
Additive vs. Area-Weighted Thermal Resistance in Building Facades:
Assessment of Thermal Bridging Effects on Buildings’ Energy Performance
Mahsa Farid Mohajer, mahsafarid@umass.edu
Ajla Aksamija, PhD, LEED AP BD+C, CDT, ajla.aksamija@perkinswill.com

Abstract
The most common approach for calculating thermal resistance (R-value) of building facades is based on the additive
method, where material components of the facade in sectional view, their relative thickness and thermal conductivity
are considered. However, in order to account for thermal bridging caused by framing, area-weighted approach
should be used to determine more accurate R-value. This approach also considers plan view of building facade,
and the properties of framing components. The main objective of this research was to investigate the effects of
facades’ thermal resistance (additive vs. area-weighted R-values) on buildings’ energy performance. Research
methods included data collection, modeling, simulations and comparative analysis of results. An existing Campus
Recreation Building, located at the University of Massachusetts Amherst, was used as a case study building. First, the
original construction documentation was reviewed to create a 3D model in Revit. Facade material components and
specifications were used to determine properties of the opaque facade system, consisting of a brick cavity wall with
steel stud framing. R-values for this facade system were calculated using additive and area-weighted methods. Then,
a building energy analysis simulation program Green Building Studio was used for analysis, where one energy model
was created to analyze the impacts of two different R-values on the overall energy consumption of this building. Other
inputs, such as building geometry, occupancy schedules, glazing materials, etc. were identical in both models. Energy
modeling results were compared to actual energy consumption data, collected over a period of one year. Simulation
results showed that energy consumption was 2.5% higher when area-weighted R-value was applied.
Keywords: thermal resistance, thermal bridging, facade, energy efficiency, energy modeling, brick cavity wall

1.0 Introduction
Heat transfer through buildings’ facades significantly
impacts buildings’ thermal performance, their energy
consumption and energy costs, and carbon emissions.
Therefore, it is essential to provide an appropriate
level of insulation, thus preventing heat losses through
building envelope. There has been an ongoing effort
aiming to improve thermal performance of the facade
systems by using improved thermal insulation in
practice and research. But, before increasing thermal
performance of facades and applying advanced
insulation materials and systems, simulation tools can

be used to create a virtual model of the actual facade,
investigating its thermal properties. It is crucial that
the calculated and/or simulated thermal resistance
(R-value) of the facade is representative of the actual
construction. This requires consideration of the thermal
bridging effects in the calculation and simulation
process. Thermal bridging can decrease R-value of the
facade assembly due to the heat losses that can occur
within the wall assembly. Although thermal performance
of the building envelope can significantly affect energy
consumption of the building, there are not that many
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research publications capturing and quantifying the
effects of thermal bridging in building facades on energy
consumption. One of the reasons might be popularity of
the additive approach for R-value calculations, resulting
in its wide application during the design process.
However, depending on the facade typology and its
components, additive approach may not be the most
accurate method, especially in metal-framed facade
systems. One example is the brick cavity wall with
steel stud framing, where thermal bridging associated
with framing members can reduce facades’ thermal
resistance. This research investigated and compared
additive vs. area-weighted R-values, quantifying the
magnitude of their effect on the building’s energy
consumption, and other performance aspects.

and conductive heat losses. And, radiant barriers,
which are highly reflective materials, mostly rely on their
ability to reflect heat away, rather than their resistance
against heat flow.

2.1 Facade Assemblies, Thermal Resistance,
and Thermal Bridging
Ventilated facades, shown in Figure 1, consist of an
external layer (cladding), which is attached to the
internal structural layer, and an air cavity between
them. The air cavity allows air to circulate between the
two layers, as well as any accumulated water to drain
through designed openings and weep holes. This facade
system has significant benefits over traditional singleskin facades, including moisture and fire resistance. As
such, aluminum cladding, brick cavity wall on concrete
masonry units (CMU) or on metal stud framing are the
most popular ventilated facade assemblies.

2.0 Literature Review
Heat transfer mechanisms include conduction,
convection, and radiation. In conduction, heat travels
through solid materials. In convection, heat circulates
within the building through liquids and gases, and in
radiation, heat travels in a straight line, warming up
materials in its path. Insulating materials can reduce
heat flow in building envelope. However, the most
common insulating materials slow down conductive
heat transfer through the help of their inherent thermal
resistance. Insulating materials that densely fill cavities
within building structures can reduce both convection

Aluminum cladding system presents some additional
benefits, such as lightweight structure and recyclability.
This type of facade system has been investigated in a
study to reveal the magnitude of thermal bridging,
aiming to provide guidelines for design parameters 1.
Results of the study indicated that metal cladding
systems should receive special care during the design
and construction process in order to minimize thermal
bridging. The reason is that this type of construction
requires the external layer of envelope to be secured

Figure 1: Diagram showing basic components of a ventilated facade.
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on the internal layer, resulting in penetration of the
brackets into the insulation layers. In this study, a
detailed computational model was developed in the
ANSYS Workbench software program, which then was
analyzed, taking into accounts factors such as thermal
break, materials within the internal layer, thickness of
thermal insulation, and anchor types. These factors have
the potential of minimizing thermal bridging1.

thermal bridging in 2D formats. However, in the 3D
modeling method, 3D thermal bridges were drawn in
WUFI Plus. Results showed that the dynamic effect of
thermal bridging depends on the amount of thermal
bridging, as well as envelope assembly types. For lightweight construction, such as wood-frame, the simplified
equivalent U-value method did not significantly change
the energy demand. However, for cast in-place concrete
construction, various methods resulted in discrepancies
among energy demand predictions. Considering the
3D modeling approach as the baseline, annual space
heating demand from the equivalent U-value and
equivalent wall method were 13 percent and 10 percent
lower, respectively. Therefore, the higher amount of
thermal mass, thermal bridges, and insulation, the
greater difference between simulation results of the
three applied methods2.

One study investigated the effect of thermal bridging for
brick veneer on CMU facade and cast-in-place concrete
construction on energy performance 2. In this study,
thermal bridges were modeled using three different
approaches: equivalent U-value method, equivalent wall
method, and 3D dynamic modeling. All three modeling
methods were implemented in WUFI Plus software
program for combined heat, air and moisture transport
analysis. In equivalent U-value method, insulation level
is adjusted based on the effective U-value of envelope
components, ignoring thermal inertia effect of thermal
bridging. THERM was used for the U-value calculation,
based on the insulation characteristics. In the equivalent
wall method, assembly junctions were represented by
equivalent wall with identical thermal properties. In this
method, thermal inertia was taken into consideration,
making it more accurate than the U-value method.
Both equivalent U-value and wall approaches modeled

Brick cavity facades consist of an exterior nonstructural
brick layer, supported by steel framing, as seen in Figure
2. An air space between the brick and the framing layer
functions as a drainage zone for penetrated water to
drain 3. Moisture-tightness capability of this facade
system has made them popular mostly in cold humid
climate4. Insulation applied within the air space and
between the steel framing members improves thermal
performance of the wall3, 4.

Figure 2: Brick cavity wall with steel stud framing and brick ties.
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One study investigated the effects of thermal bridging
on heat transfer towards external environment and
unconditioned internal spaces within a case study
building5. This research used two calculation methods:
(i) numerical approach based on UNI/TS 11300 standard,
and (ii) standard-compliant thermal bridging catalogue.
In the former method, calculations were carried out
using a heat transfer analysis software THERM, which
rigorously considered contribution of all thermal bridges.
The latter approach was a more simplified method of
calculation based on the thermal bridging catalogue
in EC700 software program. The results showed a
significant difference of estimated heat transfer towards
the outside environment when calculated using the
numerical approach vs. catalogue approach. In the
detailed numerical approach, heat transfer was about
eight times bigger. However, the effects of thermal
bridging on heat transfer towards unconditioned spaces
were negligible in both scenarios5.

is no specific procedure involved. One reason that was
identified is lack of control mechanism, usually after the
building permit phase, meaning that possible changes
in the construction phase cannot be considered in the
calculations6.
Thermal resistance of buildings’ facades can be
calculated using two methods: additive and areaweighted approaches. In the additive method, facade’s
R-value is equal to the sum of all components’ R-values,
thus ignoring thermal bridging caused by structural
components of the facade. However, in the areaweighted approach, additive R-values of the two zones,
steel framing and between the framing, are calculated.
Then, relative area of each zone is factored in to calculate
the effective R-value3. Area-weighted method has been
developed to account for thermal bridging effects in
facades3, 4. Thermal bridging occurs in localized areas
of the building’s envelope where materials with high
thermal conductivities, such as metals, are connected to
or penetrate insulation layer. For instance, in the brick
cavity wall with steel stud framing, when the uniform
insulation (low conductivity) is discontinued by the metal
framing (high conductivity), it causes a substantial heat
flow to occur3, 8. Due to thermal bridging effect, areaweighted R-value is always lower than the additive
value, as seen in Figure 3.

Another study conducted a review of thermal bridging
calculation methods for code compliance verification in
nine European countries6. These methods are addressed
in the building codes of all nine countries: Austria,
Belgium, Cyprus, Estonia, France, Greece, Romania,
Spain, and Sweden. However, heat losses through
thermal bridges and code-compliance verifications are
often not sufficiently taken into consideration as there

Figure 3: Thermal bridging in brick cavity wall, and its effect on area-weighted (effective) R-value as opposed to additive (nominal) R-value.
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3.0 Research Questions and 			
Methodologies

However, because of the calculation complexity and
assumed small impacts on heat losses, thermal bridging
effects are usually neglected by thermal insulation
regulations and national building codes9. Over the
years, buildings’ thermal insulation requirements in
energy codes have become more demanding, aiming
to improve buildings’ energy performance. A common
approach for enhancing buildings’ thermal insulation
is through the application of thicker insulation layers.
However, heat losses due to thermal bridging is hardly
impacted by the thickness of the insulating materials10, 11.

The research objectives of this study were to compare
area-weighted vs. additive R-values of a facade
assembly, and to quantify their effects on various
building performance aspects. The research questions
that were addressed included:
ǌǌ How does thermal bridging impact thermal resistance
(R-value) of a brick cavity wall with steel stud framing?
ǌǌ What is the effect of additive vs. area-weighted
R-value on building’s energy consumption, energy cost,
carbon emissions, heating, and cooling loads?

In another study, the effect of thermal bridging on
effective R-values of typical wall assemblies was
investigated12. In this study, two basic wall assemblies
(brick cavity wall, supported by shelf angles and ties on
steel stud backup, and rainscreen cladding supported by
Z-girts on steel stud back up) were simulated using heat
transfer analysis software THERM. In both cases, the
effectiveness of insulations was significantly decreased
due to the thermal bridging effect caused by shelf
angles, ties, Z-girts, and stud framing passing through
the insulation. The results of the study confirmed the
importance of reducing thermal bridging in order to
improve thermal performance of exterior walls. Thermal
bridges can be reduced by using two approaches. One
approach is to attach the layers of the wall assembly
in a way that minimizes cross sectional area of metal
passing through the insulation. As such, masonry
cladding’s thermal performance is superior compared to
the rainscreen cladding due to its attachment method of
intermittently spaced brick ties. Another approach is to
use thermally broken components in the wall assembly,
such as thermally broken Z-girts in rainscreen cladding12.

ǌǌ What is the effect of additive and area-weighted
R-values on building’s gas and electricity consumption?
The research methods included data collection,
architectural modeling, energy modeling, simulations,
and comparative analysis of results for a case study
building. The energy modeling results were compared
to actual energy consumption, collected over a period
of one year.

3.1 Case Study Building
Campus Recreation Building, located at the University
of Massachusetts Amherst, was selected as a case study
building for the purpose of this research (Figure 4). The
building’s annual electricity and steam consumption
data was collected for 2017 year-round operation cycle.
Therefore, the actual data was not weather normalized
energy data that incorporates typical metered year
(TMY) weather conditions. Rather, it only presented
energy consumption of the case study building in a
specific year. In order to compare data, all energy
units were converted to kBtu. Results from the two sets
of simulations from Green Building Studio were then
compared against each other, and to the actual energy
consumption data.

It is important to distinguish the difference between
additive and area-weighted R-values, particularly in
energy modeling applications that require accurate
inputs for building envelope characteristics. R-values
can impact accuracy of simulation results, but there is
not a lot of existing research that quantified the effects
of these two different calculation methods on facades’
thermal resistance, and ultimately energy consumption
in buildings.
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Figure 4: Campus Recreation Building, located at the University of Massachusetts Amherst.

3.2 Architectural Modeling: Autodesk Revit

were excluded from the architectural model for the
purpose of this research, resulting in continuous pieces of
glazing. Since the focus of the study was on the masonry
walls, this approach simplified the model and allowed
for easier data exchange. In addition, in order to assign
rooms to various spaces within the 3D model, similar
spaces were zoned as one room. This similarity included:
same application, orientation, and/or size of the
space. One of other steps toward creating a simplified
architectural model was to eliminate structural columns,
which did not have any impact on energy performance
of the case study building.

The case study’s original construction documentation
was collected and reviewed in order to create an
architectural model in Autodesk Revit. According to the
building documents and specifications, facade assembly
was developed as brick cavity wall with steel stud
framing. In addition, glazing types were assigned to the
windows and curtain walls (Table 1).
In order to make the analysis process less error-prone and
time consuming, the architectural model was simplified
before running Green Building Studio simulations.
The simplified model precisely represented the actual
building, but prevented unnecessary details that could
potentially cause errors in the analysis process (Figure 5).

In addition, prior to simulation, thermal properties of
the building’s facade were assigned to the architectural
model in Revit. A few materials’ thermal conductivities
(λ) were extracted from ASHRAE Handbook7. For the
rest, thermal conductivities were calculated based on

Even though curtain walls’ mullions can create potential
thermal bridging if not properly thermally broken they
Table 1: Case study building glazing types applied to the Revit model.
GLAZING TYPE

VT

U-VALUE (BTU/HR.FT 2 .°F)

SHGC

Double Glazing Low-E Clear Glass

0.7

0.3

0.38

0.39

0.3

0.24

Double Glazing Low-E Fritted Glass

Figure 5: Case study building architectural model created in Revit.
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Table 2: Materials’ thermal conductivity.
λ1 (BTU/H.FT.°F)

λ2 (BTU.IN/H.FT 2 °F)

THICKNESS (INCH)

R-VALUE (H.FT 2 .°F/BTU)

Gypsum Wall Board

0.09

1.12

0.63

0.56

Expanded Polystyrene

0.02

0.20

2

10

Metal Plate

0.02

0.20

0.37

1.82

Cast in Place Concrete

0.64

7.69

6

0.78

Batt Insulation

0.03

0.32

6

19

Semi-rigid Fiberglass

0.02

0.24

4

17

16

192

4

0.02

1.73

20.76

2

0.10

MATERIAL

Steel Deck
Grout

λ1 : Thermal conductivity applied in Revit (λ1 = λ2 /12)
λ2 : Thermal conductivity extracted form ASHRAE Handbook 7

materials’ thicknesses (from the collected documents)
and/or their R-values (from ASHRAE 90.1, and collected
documents), as shown in Table 2.

inputs could be defined, capturing the characteristics
of the case study building. After the architectural model
was developed in Revit, energy settings were defined,
and an energy model was created in Revit, as shown
in Figure 6. Next, the analysis model was exported in
gbXML file format, and then uploaded into the GBS
web-based application in order to run the analysis.

3.3 Analysis Modeling: Green Building Studio
The focus of this research was to investigate the effect
of thermal bridging on buildings’ energy performance,
using Green Building Studio (GBS) for energy modeling.
GBS is a Revit built-in whole building energy analysis
tool that runs on DOE-2 engine, which is also available
as an online application. In GBS web-application, inputs
can be assigned in a more detailed and precise manner,
compared to the Revit built-in version14. For the purpose
of this research, web-application was used so that all

For the purpose of this study, R-values were overridden
by the user to capture their effect on the building’s energy
performances. In order to compare the effect of additive
vs. area-weighted R-value on energy performance of the
case study building, two different simulations were run in
GBS. Except for the R-value, both models had identical
inputs (Table 3) that were extracted from building codes,
standards, and construction documentation13, 15.

Figure 6: Case study building analysis model created in Revit.

28

Additive vs. Area-Weighted Thermal Resistance in Building Facades

Table 3: GBS analysis inputs taken from the building standard codes and documents.
VARIABLES

GBS INPUTS

Operation Hours1

9am-9pm

Ventilation 2

20 (cfm/person) or 0.18 (cfm/ft 2)

Occupancy Heat Gain1 (sensible-latent)

710-10190 (Btu/h-person)

Occupancy Density1

33 ft 2/person

Plug Load Density1

0.95 (W/ft 2)

Light Power Density1

0.68

Setpoint Temperature1 (cooling-heating)

75-70

HVAC 3

VAV

1. ASHRAE 90.1 13
2. ASHRAE 62.1 15
3. Building documents/specifications

3.4 Thermal Resistance (R-value)
Calculation Methods

In the area-weighted approach, thermal bridging of
the framing was considered, resulting in lower R-value,
compared to the additive method. First, the effective
R-value of the framing/cavity was extracted from
ASHRAE 90.1, where depth of the cavity and rated
R-value of the insulation determined effective R-value
of the cavity13. Given the R-value of the insulation to
be 19 h.ft2.°F/Btu, and the depth of the cavity to be 6
inches, effective framing/cavity R-value was verified
as 7.1 h.ft2.°F/Btu in ASHRAE 90.1. Then, similar to the
additive method, all other layers’ R-values were added
to the effective R-value, resulting in the area-weighted
R-value, shown in Table 5.

Thermal resistance of the facade’s components was
extracted either from building specifications and
standard codes or they were calculated based on the
components’ thermal conductivity and thickness, using
the following equation:
R-value =

Thickness
Thermal Conductivity

The overall thermal resistance (R-value) of the facade
assembly was calculated using two methods: additive
and area-weighted. In additive approach, thermal
resistance was equal to the sum of R-values of all layers
in the sectional view, where framing components were
ignored, as shown in Table 4.
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Table 4: Additive R-value calculation.

EXTERIOR WALL ASSEMBLY LAYER

Table 5: Area-weighted R-value calculation.
R-VALUE
(H.FT 2 .°F/BTU)

EXTERIOR WALL ASSEMBLY LAYER

R-VALUE
(H.FT 2 .°F/BTU)

Interior Vertical Surfaces Air File

0.68

Interior Vertical Surfaces Air File

0.68

Gypsum Wallboard (5/8")

0.56

Gypsum Wallboard (5/8")

0.56

6" Stud Framing + 6" Batt Insulation
Gypsum Sheeting (5/8")
Rigid Extruded Polystyrene Board (2")
Cavity Air (2")

19

6" Stud Framing + 6" Batt Insulation

0.56

Gypsum Sheeting (5/8")

10

Rigid Extruded Polystyrene Board (2")

1

Cavity Air (2")

7.1
0.56
10
1

Face-Brick Wall (4")

0.44

Face-Brick Wall (4")

0.44

Exterior Vertical Surfaces Air File

0.17

Exterior Vertical Surfaces Air File

0.17

ADDITIVE R-VALUE: 32.41

AREA-WEIGHTED R-VALUE: 20.51

4.0 Analysis Results and Comparison

For the purpose of this research, in the analysis model,
both additive and area-weighted R-values were
applied, investigating the effect of thermal bridging on
the thermal resistance and energy performance of the
building. In order to assign two different R-values to the
same analysis model in GBS, two design alternatives
were created. These alternatives represented identical
architectural and analytical characteristics, and the
only difference was their corresponding R-value. GBS
application includes a limited list of predefined wall
assemblies, and their corresponding R-values. Therefore,
in order to assign additive and area-weighted R-values
to the analysis model, the most similar options were
selected from the list of wall assemblies. For additive
R-value of 32.41 h.ft2.°F/Btu, Metal Frame Wall with High
Insulation wall assembly was selected. And, for areaweighted R-value of 20.51 h.ft 2.°F/Btu, Metal Frame
Wall with Code Compliant Insulation was selected. In
addition, in the Exterior Wall section, Exterior wall – R30
Metal Frame and Exterior wall – R19 Metal Frame were
selected, respectively.

Analysis model was extracted as gbXML file from Revit,
and uploaded into GBS in order to prepare for the
simulation runs. The first simulation design alternative
captured monthly and annual energy consumption,
considering additive R-value. The second simulation
design alternative was based on area-weighted R-value
input. Results were compared against each other, and
to the actual energy usage data. As shown in Figure
6, annual energy (electricity and gas) consumption
was higher for the area-weighted design alternative,
compared to the additive method. This is because with
the area-weighted R-value, facade system had a lower
thermal resistance and higher heat losses, resulting in
more energy usage. In the actual case study building,
electricity is used for cooling, and steam from the Central
Heating Plant (CHP) for heating purposes. Since data
about the gas used to produce steam was not available,
actual steam consumption was compared against the
simulated gas usage. The overall trend of electricity
and gas consumptions in the two simulated design
alternatives were similar. Annual electricity usage in
the simulations were lower than the actual data. And,
annual gas consumption of the two simulations were
higher than the actual steam usage, as seen in Figure 7.
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Figure 7: Monthly electricity (a), gas/steam (b), and annual energy consumption (c).

In addition, percentage difference for the annual gas
consumption (3.6 percent) was higher than percentage
difference for the annual electricity usage (0.3 percent)
between the two design alternatives. It indicated that
lower thermal resistance (area-weighted R-value) had
more significant impact on gas consumption rather than

electricity usage. This was due to higher heat losses
occurring in the facades, which consequently caused
more gas usage to compensate for the heat losses during
heating season. Furthermore, cooling and heating
loads of the two design alternatives were compared on
monthly and annual basis, as shown in Figure 8.
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Figure 8: Monthly cooling (a), heating (b) and annual cooling/heating (c) loads simulated in GBS.

As presented in Figure 8, monthly and annual cooling
loads of the two design alternatives (additive vs. areaweighted) were close. It confirmed that the effect of
facade’s thermal resistance on building’s cooling load
was very low, almost negligible. However, monthly and
annual heating loads of the area-weighted approach
were higher than that of the additive, confirming
the significant effect of R-value on heating loads. In
comparison between the two design alternatives,
percentage difference of annual cooling loads (-0.1
percent) and heating loads (4.8 percent), justified the
percentage difference of annual electricity consumption
(0.3 percent), and annual gas usage (3.6 percent).
Electricity was used for cooling purposes, and since
cooling loads of the two alternatives had a small

change, so did electricity usage. Gas consumption, on
the other hand, dramatically changed between the two
alternatives, reflecting the significant change in the
heating loads, shown in Figure 8. In addition, R-value
of the exterior walls also influenced Energy Usage
Intensity (EUI), energy costs, and carbon emissions of
the case study building. In order to quantify the effect
of area-weighted vs. additive R-values on the EUI, cost,
and carbon emission, percentage differences were
calculated based on the simulations’ results, as shown in
Table 6. Results indicated that lower thermal resistance
(area-weighted) resulted in 2.5 percent higher EUI than
higher (additive) R-value. In addition, energy cost and
carbon emission were 1.5 percent and 2.1 percent higher,
respectively.
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Table 6: Energy performance’s percentage difference of the two design alternatives created in GBS.

ADDITIVE R-VALUE

AREA-WEIGHTED
R-VALUE

PERFORMANCE
DIFFERENCE

13320720

13657595

2.5%

Annual Gas Consumption (MBtu)

8860

9184

3.6%

Annual Heating Load (MBtu)

6749

7071

4.8%

Annual Electricity Consumption (MBtu)

4460

4473

0.3%

Annual Cooling Load (MBtu)

1295

1293

-0.1%

Energy Usage Intensity (kBtu/ft 2/yr)

135.8

139.2

2.5%

290374

294670

1.5%

1052

1074

2.1%

Total Annual Energy Usage (MBtu)

Annual Energy Cost ($)
Annual Carbon Emission (Tons)

5.0 Conclusion
It is essential to consider thermal bridging effects in
facade assemblies, thus using area-weighted R-value
in the calculations, rather than additive method. If
thermal bridging is taken into consideration, additional
insulation and thermal breaks may be applied to the
facade system, resulting in higher performing buildings.
Currently, R-value is mostly calculated based on the
additive approach, which then is used as one of the
inputs in energy modeling procedures. Therefore, results
from the simulations and analysis cannot be a precise
representation of reality. This inaccuracy inevitably
affects architects’ decisions about facade systems,
materials, and level of insulation. In addition, it will
result in a discrepancy between prior-to-construction
calculations, and after-construction outcomes. If
additive R-value method is used, buildings’ facade is
expected to have a certain thermal resistance level, but
in reality, it will be a lower value. And, modifying wall
assemblies to increase their thermal resistance, after
they have been constructed, is costly and difficult.

Results of the research indicated a 2.5 percent increase
in annual energy consumption when area-weighted
R-value of 20.51 h.ft2.°F/Btu was applied. In other words,
if wall assemblies were insulated to the level equal to
additive R-value of 32.41 h.ft2.°F/Btu, 2.5 percent of
energy could have been saved on an annual basis. If the
same method was used in R-value calculations, and the
corresponding level of insulation applied in the buildings’
construction, combined energy and cost savings of
all campus buildings would have been significant.
In addition, in the long run, the environment could
have been positively impacted due to the reduction of
buildings’ carbon emissions.
Next steps for this research will include investigating
the effect of thermal bridging on buildings’ energy
performances using various building typologies, as well
as different analysis programs.
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