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ABSTRACT

This investigation seeks to quantify the effects of thermal bridging in commercial facades and
then propose alternative solutions to improve performance. Utilizing infrared images taken from
targeted assemblies at 15 recently completed buildings; we have calculated the actual
performance of a range of facade types and conditions. We have compared these R-values
with the theoretical, design intended R-values from drawings and specifications to quantify the
discrepancy between design and actual performance. These differences were seen to range
from greater than 70% less than the design intended R-value to those with negligible
differences. This range shows the unintended impact that design details can have on thermal
performance.

Based on thousands of images collected, we identified 16 common areas of thermal bridging
that was commonly observed in the buildings surveyed. Broken into two broad categories of
facade systems and transitions/penetrations, they range from such systems as curtain walls and
existing wall renovations to conditions such as parapets and transitions to foundation. Using 2-
D heat transfer simulations, models of these conditions were also developed. These models in
conjunction with the infrared images were used to verify and understand the thermal bridges
observed, as well as exploration of improved detailing. The study proposes alternatives to
industry standards that can provide enhanced thermal performance.

The outcome of this research is a better understanding of thermal performance of commercial
facades in order to help architects and building professionals understand the real impact of
common thermal bridges and present alternatives to the industry standards that enhanced
performance.

INTRODUCTION

Over the past twenty years, we have

seen renewed interest in reducing the

energy demand of buildings. At the Exterios Finish
building code level, groups such as
ASHRAE have been steadily raising the
bar on performance criteria for building Air Barrier
envelopes and systems. The challenge
faced by designers is to find and
implement the technologies and solutions Vapor Barrier
that can practically and economically VWall Structure
affect the energy demands of our
buildings. However, increasing the
thickness of insulation materials will only Builing Structure
go so far in impacting thermal

performance, if we fail to consider how

discontinuities such as thermal bridging Figure 1: Diagram of Current Layered Facade Construction
affect the overall performance of the system.
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Thermal bridging in building construction occurs when thermally conductive materials penetrate
through the insulation creating areas of significantly reduced resistance to heat transfer. These
thermal bridges are most often caused by structural elements that are used to transfer loads
from the building envelope back to the building superstructure. Though design professionals
generally understand that thermal bridging is a concern, few can quantify the extent of its impact
on building performance. With only a vague sense that this is a problem, it is unclear how
aggressively we should work to minimize and mitigate the inevitable presence of thermal
bridges. Research that has been published suggests that thermal bridges in conventional
construction may reduce insulation effectiveness by as much as 40% (Morrision Hershfield
2011).

Considering this, we can see that the energy impact associated with thermal bridges will quickly
become the dominant source of conductive losses as we increase insulation thickness in our
pursuit of higher R values. This fails to acknowledge, however, that in many climate zones,
energy code and standards already mandate “continuous insulation” values which are intended
to take thermal bridges into effect. It is defined as follows:

Continuous Insulation: Insulation that is continuous across all structural members
without thermal bridges other than fasteners and service openings. It is installed on the
interior or exterior or is integral to any opaque surface of the building envelope.
(ASHRAE 2010)

Figure 2 : Chart of Heat Flow through Wall Assembly Showing Increase from Thermal Bridges
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Accepting that this is an issue, the challenge becomes trying to evaluate how our facades
perform and what can be done to improve them. Up until fairly recently, building construction
was relatively simple and envelopes were essentially monolithic or limited to one or two layers
of dissimilar materials. Because of this, the performance of traditional masonry and residential
wood frame construction are better understood. Modern commercial construction, however,
involves layered construction including rain screens, air barriers, vapor retarders, and a



multitude of insulation technologies. The variables and interactions of these systems are
complex and no longer suited to the simple arithmetic analysis that formed the basis of heat loss
calculations 30 years ago.

The intent of this research is to bring rigor to the investigation of thermal bridges in commercial
construction, both by quantifying and understanding how built facades are actually performing,
and also to investigate proposed improvements to common problem details. By using thermal
imaging equipment to quantify actual performance of built installations, we are able to calibrate
theoretical models and suggest quantified performance improvements. Coupled with computer
models of the assemblies in these images, we have investigated the impact of the thermal
bridges and proposed improvements. Results show that it is possible to affect 50% or greater
reductions in the impact of common thermal bridges by using careful detailing and products that
are readily available on the market.

PROCESS OVERVIEW

The research project comprised of a multistep approach, starting with field observations of
existing assemblies, followed by computer simulations of existing details and proposed thermal
improvements.

Determining Design Intent R-values

Hand calculations of R-values based on the resistance of each layer of the envelope were
based on shop drawings, construction documents, and/or Specification information, as
appropriate. The surface resistance for air films, thermal resistances of plane air spaces, and
material conductance when not known from manufacturer or project information, were taken
from Chapter 26 of the 2009 ASHRAE Handbook Fundamentals. (ASHRAE 2009) Because
these simplified one-dimension calculations do not take into account any thermal bridging, these
values were used as the “baseline R-value” in our research as the best case scenario. It follows
that assemblies whose observed and simulated R-values were similar had minimal thermal
bridges. If there was a larger discrepancy between the hand-calculated, simulated R-value and
observed R-value, thermal bridging was generally found to be playing a significant role in
decreasing the thermal performance of the assembly.

In Field Observations

In order to understand how fagades are performing in the field, we used a thermal imaging
camera to locate areas of reduced performance and then determine the actual R-value of the
area in question. Because we had access to a wide variety of common commercial envelope
types and would similarly have access to the as-built detailing and materials submittals, we
limited our investigation to projects that had been designed by our firm.

Two-person teams were deployed to 15 buildings and were asked to assess the general
envelope thermal performance as well as scan the building envelope for areas that appeared to
be performing differently. Because errors in calculating the R-value with the camera are
minimized when the outdoor-to-indoor temperature difference is the largest, the teams went out
to take measurements on cold days where the average outdoor daytime temperatures were less
than 40°F. Care was taken to avoid fagades that were currently, or had recently been, in direct
sun or were subject to internal heat sources or other factors that would skew results.

After collecting all of the field information, the thermal images were considered relative to the
Contract Documents in order to identify the conditions that were most directly tied to thermal
bridging issues as opposed to construction defects. This process served to eliminate problem
areas such as missing insulation or air infiltration through discontinuities in air/vapor barriers



though it may be fair to say that infiltration could also be a factor in decreasing the thermal
performance.

Using the methodology tested by Madding (2008), we gathered the exterior air temperature,
interior air temperature and the radiant
temperature in order to calculate the as-built
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air temperature. Using the time stamp on the
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camera. Half of the card stock was covered in

crumpled aluminum foil so that this would reflect the radiant temperature as well. This is
possible because aluminum foil has a very low
emissivity; it acts as a heat mirror and reflects
the radiant temperature of the surface it is
facing. With the emissivity of the interior
material along with the exterior, interior, surface

temperature and radiant temperatures we were

able to calculate the R-value from the infrared Average J@erage
images using the method documented by 69.9°F jr715°F
Madding (2008).

The more than 1,300 thermal images were
collected and organized by assembly type and
noted conditions that were likely to affect
performance (i.e., the transition to a foundation
wall or adjacency of a window). Having
established a library of data, the research team
was able to identify themes based on recurring
problematic areas. We noted that they fell
generally into two categories: one that is related
to the structure that supports the facade and
roof systems, and one that is more about
material transitions and penetrations.
Understanding these categories, we identified a
handful of typical conditions that were selected
for further investigation and analysis. Facade

systems studied were: Figure 4 : Images of cardboard and aluminum foil

e Rainscreens tool used to determine and radiant temperatures
o Masonry veneer facades '

¢ Insulated metal panels




e Curtain walls
¢ Insulating of existing buildings
Conditions of transitions and penetrations that were selected for examination were:

Window transitions to solid walls assemblies
Foundation to above-grade wall transitions
Transitions between facade systems

Soffits

Roof to wall transitions

Parapets

Roof penetrations

Mechanical louver openings

Beam embeds in existing buildings
New slabs in existing buildings
Seismic & movement joints

Simulated Performance
Because we would not be able to physically alter the built conditions, our methodology proposed
to use computer simulations to test possible Parallel Path Simulation without Thermal Bridge (Rg-2.1)
improvements to various construction details.

For its ease of use and ability to integrate into the design process, we selected the Lawrence
Berkeley National Laboratory’s THERM program, a 2D heat flow simulator, to determine R-
values of complete assemblies including thermal
bridges. For each detail, the first step in our
process was to prepare models of the
constructed designs, which were then calibrated
to the actual performance measured in the field
with the thermal imaging camera. Because
neither the simulations nor the camera are a Parallel Path Simulation with Thermal Bridge (Rs-0.6)
perfect technology, the process of calibrating

the simulations with the thermal images allowed

us to ensure that the models were accurate Parallel Path Simulation with Thermal Bridge (R-3.5)
representations of what was observed in the '
field. With a validated THERM model in place,
we were then comfortable trying design
improvements and comparing the relative
performance against the field measured
performance.

L] T
=

Isothermal Planes Simulation (ReEL!1)

Because THERM is a two dimensional heat flow
simulator, however, it is slightly limited in its
ability to consider complex three-dimensional e U
assemblies. It assumes that all modeled
elements are continuous into and out of the
screen. For discontinuous thermal bridges, such  Figure 5: Three THERM Simulation for
as bolts or clips, two methods were used to Discontinuous Thermal Bridges (Rs-1.5)
account for their three dimensional impact: the
Parallel Path method and the Isothermal Planes
method. Because the Parallel Path method
tends to underestimate the impact of the thermal
bridge and the Isothermal Planes method tends to overestimate its impact (Griffith, et al. 1998),




the average of the two methods has been shown to be closest approximation. (Love 2011)

Once models of the existing conditions were established, we were able to better understand the
thermal bridges inherent in the design, and develop alternative details that would improve
thermal performance. Working from both the graphical and quantitative output from THERM,
we strategically probed the models to identify the significant heat transfer elements within a
given detail, and ultimately predict the performance improvements that might result from
changes in detailing. This was particularly beneficial in the context of comparing different
design options or the benefits of specialty products targeting thermal bridging performance.

THERMAL BRIDGING AREA OF INVESTIGATION: FACADE SYSTEMS

After evaluating our field data, we identified five basic facade types that would be generally
applicable to modern commercial and institutional work and appeared to reflect slightly different
challenges.

Rainscreens

Rainscreens have become increasingly popular for commercial fagades in the past few decades
due to their ability to control air and moisture movement. Because the cladding is held off the
wall structure to form a drainage cavity while accommodating insulation and a robust air and
vapor barrier, these systems require a secondary structural system of rails, Z-girts, and/or clips
to support the cladding. Typically made of highly conductive metals, these structural members
penetrate through the insulation causing significant thermal bridges. While insulation between
steel studs has long been acknowledged in the industry to cause thermal bridging, these
rainscreen supports have a similar impact thermally that until recently was widely overlooked.
In our thermal images of rainscreen facades, we observed a decrease in thermal performance
that ranged from 20% to 60% less than the design intended performance, with the majority
around a 45-55% decrease. The systems we selected for study all had between two to three
inches of insulation. We looked at a rainscreen with horizontal Z-girts, vertical Z-girts, and a
clip-based system. Not surprisingly, the continuous Z-girts, whether horizontal or vertical,
performed similarly. In both orientations, Z-girts demonstrated an Rg-1.2 (Rjp-7.7) reduction in
the assembly’s R-value or roughly a 45-55% reduction in performance depending on the
insulation thickness.

The facade with the clip system for the rainscreen performed much better than those with
continuous Z-girts. Because of the intermittent nature of the clips, these systems performed
well both in thermal images and in the computer modeling. The clip support system had half of

Figure 6 : Thermal Image of Z-girt Support for a Figure 7 : Examples of Thermally Broken Rai‘nscreen
Rainscreen Supports
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the heat flow df the Z-girts, or a 25% of the design intent. While the intermittent nature of the



support system certainly improved the performance, we investigated ways to further improve the
performance of rainscreen support systems.

A number of thermally broken Z-girt and rainscreen support systems currently exist on the
market. As part of the research project, the team explored three of the thermally-broken options
available. The first removed the support through the insulation with horizontal and vertical tube
supports on the exterior and allowed only the stainless steel bolts to penetrate the insulation.
The second system investigated a fiber glass clip system. This has the benefit of being
intermittent, similar to the previous clip, but also uses a material that is more than 200 times less
conductive than steel. The third system investigated was a discontinuous steel bracket with
isolator pads on both the warm and cold side of the insulation, in order to minimize heat flow
through the brackets. All three of the tested systems performed well. In general the R-value of
the assemblies was only reduced by 10-15% due to thermal bridging through their support
systems so that they achieved a minimum of Rg-3.5 (Rip-20) with four inches of insulation.

Masonry Veneer Walls

Masonry veneer wall systems are common for many building types in North America. Because
they are rarely load bearing, they are dependent on shelf angles and a grid of tie-backs to
structurally stabilize the assembly. Unfortunately, these supports and attachments form
substantial thermal bridges and can dramatically decrease the overall thermal performance of
the facades. In our observations with the thermal camera, we found masonry veneers generally
performed at a 25-60% decrease in R-value when compared to theoretical calculations.

While masonry veneers can be supported without shelf angles by bearing on the foundation for
limited heights, continuous shelf angles are typically required to support heights over two
stories, and supporting every story is common in order to minimize deflection joints. These
shelf angles typically run from close to the face of the masonry back through to the
superstructure, passing through the insulation layer. Taken alone, these steel shelf angles
account for an approximate 35% decrease in the R-value. That figure would be far worse if the
steel was protected with highly conductive coated copper flashing as it may be been several
years ago. Today, we might consider using a membrane flashing and making the entire angle
out of stainless steel (which has 1/3 the conductivity of carbon steel). This sort of change could
reduce the performance impact of the shelf angle from 35% down to 29%.

In order to truly minimize the thermal impact from the shelf angle, however, we investigated an
option, advocated by Building Science Corporation (Lstiburek 2008), of supporting the shelf
angle with evenly spaced blades or brackets that allow the shelf angle to remain entirely

Figure 8 : Simulation of Traditional and Thermally Broken Masonry Shelf Angle
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outboard of the insulation, thereby creating intermittent rather than continuous thermal bridges.
Providing a thermal break between the brackets and the shelf angle and then conservatively
assuming these brackets are spaced at 1,200 mm (48 in.) on center, results in a substantial
improvement in performance. In this system we saw only a 12% decrease in the R-Value from
the support structure. This could be reduced down to 3% if the blades were made of stainless
steel.

In addition to the shelf angle, metal ties are typically required in masonry veneers to provide
lateral support. Surprisingly though these installations are intermittent, they occur so frequently
that they can have a significant impact on assembly R-values. With typical spacing somewhere
between 400 and 600 mm (16 and 24 in.) on center, horizontally and vertically, ties can
contribute up to a 15% decrease in the thermal performance. Because spacing, material
conductance, and type of tie all impact the R-value for masonry walls, we looked at a matrix of
three types of ties: a screw-on tie, a barrel tie, and a thermally-broken tie. We looked at these
options at both 400 and 600 mm (16 and 24 in.) spacing in steel and stainless steel. The choice
of steel or stainless steel proved to have the biggest impact on performance, with an average of
6% improvement in the R-values, whereas the larger spacing of the ties and the choice of tie
type both showed an average of a 4% improvement in thermal performance. Stainless steel ties
spaced 600 mm (24 in.) on center, which have minimal diameter of material penetrating the
insulation, were shown to have a negligible impact on the thermal performance, decreasing the
R-value by only 2%. Combined with the shelf angle held off by the blades, the thermal
performance of masonry veneer fagades can be improved substantially from the traditional
approach.

Insulated Metal Panel Wall Systems

Insulated metal wall panels are popular because they can be a simple and economic strategy
for cladding a building. Because the insulation is in integral to the cladding and is sandwiched
between two metal skins, the cladding support structure does not act as a thermal bridge.
However, we observed that the joints between the panels become critical to maintaining thermal
integrity for the system. Due to different approaches to the joints, a large discrepancy was
observed in the thermal images between the different options, with some at 60-70% less than
the baseline R-value and others at only about 3% thermal degradation.

The joints were revealed to be
the key difference between
metal panels that perform
poorly and those that
performed well. In the poor
performing options, the metal
front of the panel wraps
through the joint, providing a
thermal bridge that greatly
undermines performance. The
facade that performed well, in
both the infrared image and the
| simulation, was backstopped at
Figure 9 : Metal Panel with Uninsulated and Insulated Joints the gap between connecting

panels. The backstop was

made of insulation which was
wide enough to make a continuous thermal barrier. The simplicity of this joint detail shows how
careful detailing can lead to a dramatic improvement in thermal performance.




Curtain Walls

The mullions of curtain walls have long been understood to act as thermal bridges within vision
glazing systems. Building codes and other energy standards provide maximum allowable U-
values for the whole assembly, accounting for the frame, the edge of the glass that has been
de-rated by the frame and the center of glass performance. In most curtain wall buildings,
however, this is only part of the installation. Areas between floors and sometimes across the
facade are blanked off to create spandrel panels and these are insulated in a variety of ways.
However, because the mullions are simply part of the system, few of us really consider the
thermal impact the mullions can have circumventing the insulation that has been added. Our
thermal images demonstrated that these areas are often substantial sources of heat transfer
and the magnitude of the problem is amplified by the density of the mullions and the conductivity
of the pieces.

Because curtain wall frames are made of highly conductive aluminum, which is about four times
more conductive than steel, and typically go from the exterior of the building through to the
interior, they are significant thermal bridges. To combat this, a thermal break in the assembly,
which is typically 6 mm (% in.) to 25 mm (1 in.) thick and made of a less conductive polyester
reinforced nylon, has become a typical component in modern curtain walls. The thermal break
is located between the face plate and the structural part of the mullion, the rail, in line with the
glazing pocket. This creates a “cold” side for the portion of the frame in front of the glass, and a
“warm” side with the structure on the backside. When insulation is added in a spandrel panel, it
is most often added along the backside of the panel, between the innermost surfaces of the
rails, and is often supported with a metal back pan. The insulation creates a “warm” side and
“cool” side of mullion rail and completely disconnects the thermal barrier of the insulation from
the thermal break in the frame. In our installations that used this detail, we observed a 70%
decrease in thermal performance.

As the industry has progressed over the past few years, we have become savvier. We did have
examples of projects where attempts were made to explore alternative approaches to thermal
bridges at spandrel panels to minimize the heat lost through the frame. The first option that we
looked at included spray foam inserted into the rail in an attempt to create a more insulated
structural part of the mullion and continuity between the insulation and the thermal break. As
might be expected, this showed little improvement over the same rail filled with air, because the
heat is conducted by the aluminum, which is unaffected by the insulation inside the frame. The
resulting assembly reflected a 60% decrease in the thermal performance.
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The second alternative added a 50 mm (2
in.) thick by 150 mm (6 in.) tall band of
insulation along the back side of the curtain |
wall rails. This created the promise of a Studs directly attached to existing wall
continuous thermal barrier on the backside 59% of baseline calculated R-value
of the assembly. However, because the
rigid insulation is flammable and subject to
damage, it included a metal backpan and
that was wrapped around the sides and
attached to mullion frame. Much like the
case of the insulated mullion, the metal pan
created a continuous path from warm to cold
and though it was very thin, provided an
efficient path for heat loss. This too showed
a 60% decrease in thermal performance. In
our modeling we determined, however, that = L
if the metal pan was removed from the Studs pulled 17 back from existing wall

assembly and the insulation could be held in 6% of baseline calculated R-value

place by a non-conductive material, the

theoretical thermal performance decrease

could be reduced to only 17%.

Studs separated from insulation
2% of baseline calculated R-value

Though it involved a less conventional and
more expensive curtain wall, the last detail
studied was a structurally glazed steel frame
curtain wall with triple glazed insulating
glass units. Because this system inherently
keeps the mullions in-board of the glass, it
restricted thermal bridges. The spandrels
saw an approximate 30% reduction in the R-
value over theoretical calculations and the
spandrels achieved an Rg-2.6 (Rjp-15) for
the assembly.

Figure 11 : Existing Facade Options Studied
Insulating Existing Buildings
Spray applied insulation is once again gaining popularity, particularly because of its ability to fill
unseen voids and provide an integral vapor barrier. In the northeast, it is a particularly popular
technology for renovating existing, uninsulated masonry and cast in place concrete facades.
Conventional details often call for metal studs to support interior gypsum board and these studs
live in the same space as the insulation, creating discontinuities at 400 and 600 mm (16 and 24
in.) on center spacing. While the web of the steel studs is quite slender, they are highly
effective heat transfer devices because of the conductivity of the material and the flanges, which
provide significant contact area to collect and disperse heat.



Thermal images of the renovation of three
separate existing buildings revealed
dramatically different results. The first case,
had applied 76 mm (3 in) of insulation, the
second employed just 51 mm (2 in.) of
insulation, and third used 88 mm (3.5 in.).
While hand calculations of the thermal
resistance would show the facade with the
least insulation to be the weakest performer
and the one with the most insulation to be
the best, the thermal images revealed a
different story. The 76 mm (3 in) of
insulation included steel studs flush against
the exterior construction, resulting in an R-
value that was 55% less than the calculated
F?gure 12: Infra_red image showing studs attached R-value. The second building pulled the
directly to exterior masonry wall studs back by 25 mm (1 in.), allowing for

half of the applied insulation to be
continuous which resulted in decreasing the R-value by only 15%. Consequently, that facade
was observed to have a higher R-value than one with the studs penetration through to the
exterior, despite having less insulation. The third fagade took the studs back even farther,
completely separating them from the insulation and as a result the simulated R-value was nearly
identical to the measured values.

Our study showed that the continuity of the even a small amount of insulation is critical to the
efficiency of the spray foam insulation performance. By simply pulling the studs in-board, even
by 25 mm (1 in.), to allow a percentage of the insulation to be uninterrupted, the assembly R-
value can be increased by about 70%. In the event that the studs are required to support
exterior sheathing, it should be possible to fasten the sheathing using discontinuous and non-
conductive shims or spacers so that, once again, the majority of the insulation in that outer 1"
layer remains continuous. Nevertheless, small changes in the design can still lead to dramatic
improvement in performance.

Conclusion

Our research supports the hypothesis that thermal bridging currently has a significant impact in
traditionally detailed commercial buildings. Using both thermal imaging and computer-based
simulations, we have shown that commonly employed details for transitions in materials, the
support of facades, and the installation of windows, can frequently reduce R-values in our
assemblies by 40-50% and sometimes well over that. We also found that in some cases,
design teams and manufacturers had taken steps to mitigate thermal bridges, but without the
proper tools for analysis, had not always succeeded in eliminating problem being addressed.
The underlying conclusion we reached was that the design and construction industry has not yet
developed an intuitive understanding of thermal bridging. When addressing specific problem
detalils, it is often helpful to confirm our expectations through simplified modeling.

The continuity of a thermal barrier across the entire building envelope is fundamental to good
thermal performance. It reduces energy consumption, increases thermal comfort and helps to
prevent condensation. It is clear, however, that there are a myriad of other influences such as
structural loads, rain, and transparency, which can work at cross purposes to the execution of a
perfect thermal boundary. While some conditions may be eliminated, the real goal of our work
is to suggest that thermal bridges can be effectively managed and that doing so will have a



meaningful impact on the performance of our buildings.

Our research finds that the first priority should be to eliminate continuous conductive elements,
such as Z-girts or masonry shelf angles that completely penetrate the insulation layer. These
systems are easily interrupted by pulling them outboard of the thermal barrier and using
discontinuous supports to make required connections back to structure. Second, try to utilize
available thermally broken products to disconnect the heat flow through the thermal barrier.
Thermally broken rainscreen support systems, brick ties, and concrete slab connections are
readily available and the market is expanding quickly. It is important to note, however that in the
application of these products it is essential to ensure the thermal break occurs within the
insulation boundary. Our research found some products that are easily foiled by having breaks
in undesirable locations relative to the natural placement of insulation. Finally, as a third step,
when the thermal bridge is a necessity and structure must penetrate uninterrupted through the
insulation, look for materials with the lowest possible thermal conductivity. For example,
stainless steel has a third of the conductivity of carbon steel and fiberglass’s conductivity is
significantly lower than stainless. Materials like Aluminum and Copper are five and eight times
more conductive than carbon steel and so these materials should be used in exterior envelopes
extremely carefully.

More awareness and education is needed within the building industry on the impact of thermal
bridging, so designers become aware of the necessity to focus on careful detailing and
specifications to combat them. Additionally, there should be a shift in the discussion from the
R-value of the insulation that is specified to the R-value of the assembly as designed. Solely
focusing on the number of inches of insulation does not give an accurate picture of the thermal
performance of the envelope. Free and accessible tools, such as THERM, are available to
assist design teams in the evaluation of complex details that cannot be intuitively understood.

While this study is not intended to be an exhaustive analysis all thermal bridges, it does identify
the types of conditions that occur typically and helps quantify their localized impact. While the
tested buildings were concentrated in the colder climate of the Northeastern United States, the
underlying physics is directly applicable to warm climates and thermal bridges should still be
considered serious in areas where there are high summertime outdoor temperatures. More
than anything, we anticipate this research helps to develop an intuitive understanding of the
situations that lead to the thermal bridging regardless of the specific project conditions, and then
provide the tools for easily addressing them.
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Learning Objectives

Participants will :
1. learn the significance that thermal bridges can have on
decreasing the design intended R-value in commercial

building facades.
2. will know common problems areas in the thermal

performance of building envelopes which can be used to

identify potential problems in future designs.
3. learn a methodology for evaluating thermal bridges

through thermal imaging that can be used to evaluate
building during and after construction.
4. will learn the limitations of current processes for

evaluating heat flows through building envelopes and an
easily applied simulation technique to correctly evaluate it

n
v,
'709 9






INTRODUCTION | Code Requirements
o Specify Minimum R-values

From ASHRAE 90.1-2007
TABLE 5.5-5 Building Envelope Requirements For Climate Zone 5 (A, B, C)*

Nonreii(_le_nii_al_ _____ Residential Semiheated
Opaque Elements Assembly i- Insulation | Assembly Insulation Assembly Insulation
Maximum ! Min. R-Value : Maximum Min. R-Value  Maximum Min. R-Value

Roofs : i

Insulation Entirely above Deck U-0.048 : R-20.0 c.1. i U-0.048 R-20.0 c.1. U-0.119 R-7.6 c.1.

Metal Building U-0.065 E R-19.0 : U-0.065 R-19.0 U-0.097 R-10.0

Attic and Other U-0.027 : R-38.0 : U-0.027 R-38.0 U-0.053 R-19.0
Walls, Above-Grade : :

Mass U-0.090 i R-114c.i i U-0.080 R-133ci. U-0.151°2 R-57cit

Metal Building U-0.113 : R-13.0 : U-0.057 R-13.0 +R-13.0 U-0.123 R-11.0

Steel-Framed U-0.064 : R-13.0 +R-7.5c.i. : U-0.064 R-13.0+R-75c¢ci U-0.124 R-13.0

Wood-Framed and Other U-0.064 : R-13.0 +R-3.8 c.i. ! U-0.051 R-13.0+R-7.5c.i. U-0.089 R-13.0
Walls, Below-Grade : :

Below-Grade Wall C-0.119 i R-7.5c.1. : C-0.119 R-7.5c1. C-1.140 NR
Floors : :

Mass U-0.074 : R-104 c.i. E U-0.064 R-125ci. U-0.137 R-42ci.

Steel-Joist U-0.038 : R-30.0 : U-0.038 R-30.0 U-0.052 R-19.0

Wood-Framed and Other U-0.033 i R-30.0 : U-0.033 R-30.0 U-0.051 R-19.0





INTRODUCTION | Code Requirements

e Continuous insulation — insulation that is continuous across all
structural members without thermal bridges other than fasteners and
service openings.

o Structural Members — IE studs, Z-girts, clips

 [Fasteners — IE screws & nails

How many facades meet these requirements?





HYPOTHESIS | Survey

What is the impact on the R-value of thermal bridges in commercial
assemblies?

50%

45%

40%

35%

30%

25%

20%

Percentage of Respondents

15% -

10% -

5% -

0% -

less than 25% 25-35% 35%-45% greater than 45% greater than 55%
Perceived Reduction in R-value from Thermal Bridges





HYPOTHESIS | Hypothesis

Thermal bridges have a big impact on the thermal performance of
our facades. Changing how we design our envelope will have a
biggest impact in improving their thermal performance.

* Quantify how walls are really performing and understand the impact of thermal
bridges

« Identify if any observed decreases in
thermal performance is resultant
from design decisions or
construction practices

» l|dentify good (and bad) design
details for thermal performance






RESEARCH PROCESS | Baseline R-Value

e Manual calculation based on design - Doesn’'t account for thermal
bridges and is viewed as “best case scenario”

Material
Ext. Air
Brick
Air Space
XPS
Gypsum
Studs
Gypsum

Int. Air

Thickness
NA
3.625
2.375

0.625

0.625
NA

K

6.4

0.2
1.1

1.1

R-value
0.17
0.56
0.91

10.00
0.57
1.36
0.57
0.68

R-value = 14.82
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. / 5/8" GYPSUM BOARD
: SILL SEALER TYP.

; GROUT

: %E&SE

CAVITY WALL INSULATION
AR AND VAPOR BARRIER
5/8" GYPSUM SHEATHING

6" COLD=FORMED
METAL FRAMING

BRICK H
VENEER —H
MORTAR NET, mE
Y HE -
< 1 : FINISH FLOOR
Hﬁm&—x<z> Tl ;
WEEps__\/ i / / _rcouposrm STEEL DECK
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= .
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Lt O .,
m‘ ~—-5/8" GYPSUM BOARD
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== f o
L RIGID INSULATION
WATERPROCFING 8° 10"

COMPOSITE DRAINAGE
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RESEARCH PROCESS | Observed Performance

 Use thermal imaging camera to document actual performance in 15
buildings

» Creates color infrared image of surface temperature






RESEARCH PROCESS | Heat Flow Simulation

e Use THERM - 2D heat flow simulation
program to match model with image to
better understand what is causing
decrease in R-value

« Validated model allows for testing of
alternative designs

I

* Provides results of U-value along specified
surface, surface temperatures and images
of temperature gradient through model

Color, Legend

S223% -1700 -132° -2a°






RESEARCH PROCESS | Identified Commonalities

 Cladding Support Systems
— Existing building facade renovations
— Masonry wall systems
— Metal panel wall systems
— Curtain wall systems
— Rain screens wall systems

* Transitions and Penetrations =
— Transitions between new and existing facades
— Transitions between different wall systems
— Transition between windows and walls
— Foundation to wall transitions
— Roof to wall transitions
— Roof parapets
— Soffits
— Roof penetrations
— Seismic & movement joints
— Louver openings






RESEARCH FINDINGS | Existing Masonry Wall Assemblies






RESEARCH FINDINGS | Existing Masonry Wall Assemblies

Building 1- studs directly attached to existing wall - resulting in a decrease of 59% of baseline R-value

41/8" I/s 12" +/-

TYPICAL INTERIOR FUR OUT

EXISTING TO REMAIN: MASONRY

WALL, AIR CAVITY, CEMENT BOARD
AND METAL STUDS

-REMOVE AND REPLACE EXISTING

INSULATION WITH 2 1/2" SPRAY FOAM

INSULATION

GYPSUM BOARD

PLAN DETAIL

-REMOVE AND REPLACE EXISTING 1/2"

@ TYPICAL EXTERIOR MASONRY WALL ASSEMBLY

Arl Max FO.7 oF
Min  £4.2

Average GE.B

Baseline R-Value= 19.53





RESEARCH FINDINGS | Existing Masonry Wall Assemblies

Building 1- studs directly attached to existing wall - resulting in a decrease of 59% of baseline R-value

L4852

TYPICAL INTERIOR FUR OUT

EXISTING TO REMAIN: MASONRY

WALL, AIR CAVITY, CEMENT BOARD
AND METAL STUDS

-REMOVE AND REPLACE EXISTING

INSULATION WITH 2 1/2" SPRAY FOAM

INSULATION

GYPSUM BOARD

PLAN DETAIL

-REMOVE AND REPLACE EXISTING 1/2"

@ TYPICAL EXTERIOR MASONRY WALL ASSEMBLY

Arl Max FO.7 oF
Min  £4.2

Average GE.B

Baseline R-Value= 19.53
Observed R-Value=4.15

Simulated R-Value= 8.05 959%





RESEARCH FINDINGS | Existing Masonry Wall Assemblies

Building 2- studs pulled 1” back from existing wall - results in a decrease of 16% of baseline R-value

16" +-

314"

TYPICAL INTERIOR FUR OUT
-EXISTING TO REMAIN STONE BEARING

WALL CONSTRUCTION
-2" SPRAY FOAM INSULATION
(1" BEHIND METAL STUDS)
-1 5/8" METAL STUD, BRACED TO
EXISTING STONE WALL WITH )
ISOLATION STRIP Baseline R-Value= 16.84
-5/8" GYPSUM BOARD

PLAN DETAIL
@ TYPICAL EXTERIOR MASONRY WALL ASSEMBLY






RESEARCH FINDINGS | Existing Masonry Wall Assemblies

Building 2- studs pulled 1” back from existing wall - results in a decrease of 16% of baseline R-value

16" +-

31I4l,

TYPICAL INTERIOR FUR OUT
-EXISTING TO REMAIN STONE BEARING

WALL CONSTRUCTION
-2" SPRAY FOAM INSULATION
(1" BEHIND METAL STUDS)
-1 5/8" METAL STUD, BRACED TO
EXISTING STONE WALL WITH )
ISOLATION STRIP Baseline R-Value= 16.84
-5/8" GYPSUM BOARD

Observed R-Value=12.44
PLAN DETAIL

TYPICAL EXTERIOR MASONRY WALL ASSEMBLY
02 - )
Simulated R-Value=14.11 ( «16%






RESEARCH FINDINGS | Existing Masonry Wall Assemblies

Building 3- studs separated from insulation - resulted in a decrease of 2% of baseline R-value

gt 28.1

Difference

spi-Rt1 =102

14"+

1" MIN.

31/2" MIN.

TYPICAL INTERIOR FUR OUT
-EXISTING TO REMAIN MASONRY

S el Baseline R-Value= 29.23
-TYPICAL CAVITY WALL INSULATING
ASSEMBLY RE: 01/A8.12A
-3 5/8" COLD FORMED METAL FRAMING
-3/4" PLYWOOD BACKING PANEL,
TYPICAL UNLESS OTHERWISE NOTED
ON FLOCR PLAN
-5/8" GYPSUM BOARD

PLAN DETAIL
@ TYPICAL EXTERIOR MASONRY WALL ASSEMBLY






RESEARCH FINDINGS | Existing Masonry Wall Assemblies

Building 3- studs separated from insulation - resulted in a decrease of 2% of baseline R-value

1" MIN.

31/2" MIN.

14"+

g

PLAN DETAIL

TYPICAL INTERIOR FUR OUT

-EXISTING TO REMAIN MASONRY
BEARING WALL CONSTRUCTION

-AIR SPACE

-TYPICAL CAVITY WALL INSULATING
ASSEMBLY RE: 01/A8.12A

-3 5/8" COLD FORMED METAL FRAMING
-3/4" PLYWOOD BACKING PANEL,
TYPICAL UNLESS OTHERWISE NOTED
ON FLOCR PLAN

-5/8" GYPSUM BOARD

@ TYPICAL EXTERIOR MASONRY WALL ASSEMBLY

Spot 58.1 [°F

Difference

spi-Rt1 =102

Baseline R-Value= 29.23

Observed R-Value=20.16

Simulated R-Value= 28.78 92%





RESEARCH FINDINGS | Rainscreens






RESEARCH FINDINGS | Rainscreens

Horizontal Z-Girt Supports

COLD FORMED ——__
METAL FRAMING

CONTINUOUS
PERFORATED
VENTILATION
PROFILE

CONTINOUS - L
Z FURRING

FIBER REINFORCED - )
CEMENTITIOUS
PAMEL (FCP-2) T T T TN

Arl Max 6.\3;2_-"'&;0;:'.

. L1 Min G40 NN
FAN aversge 667 I8
g Spl 67,0

TYPICAL EXT. WALL

- FIBER REINFORCED
CEMENT PANEL

- ALUMINUM FRAMING L

- UV PROTECTIVE
SCRIM SHEET

- 4" Z CLIP FURRING

- 2" RIGID INSUL.

- AR & VAPOR BARRIER

- 5/8" GYP SHEATHING

- COLD FORMED MTL.
FRAMING

- 5/8" GYP SHEATHING

R-14.1 R-6.2 -56% R-5.6 “60%





RESEARCH FINDINGS | Rainscreens

Clip Supports

ZINC RAINSCREEN PANEL

o | FIRESTOPPING

: ¥ DEFLECTICON SPACE
: SPRAY FOAM INSULATION

< EXT. WALL ASSEMBLY:
- 6" COLD FORMED METAL
FRAMING
- 5/8" EXTERIOR SHEATHING

- AIR AND VAPOR BARRIER

- 2" RIGID INSULATION (SEAL
ALL JOINTS)

- ALUMINUM SPANDREL
RAINSCREEN PANEL

RAINSCREEN SYSTEM
MOUNTING BRACKET

ZINC RAINSCREEN PANEL

R-12.6 R-9.7 “23%

“14%





RESEARCH FINDINGS | Rainscreens

Examples of existing thermally broken products on the market






RESEARCH FINDINGS | Rainscreens

Examples of existing thermally broken products on the market

(M)TOOH_()OO()()()()O(

face of ipsulation with
only stginless steel
bolts genetrating the

insulgition






RESEARCH FINDINGS | Rainscreens

Examples of existing thermally broken products on the market
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RESEARCH FINDINGS | Curtain Walls






RESEARCH FINDINGS | Curtain Walls

Traditional Spandrel Panel @

1014

(Z' y 6 P o738 J,

CURTAIN WALL INSULATION

ALUMINUM MULLION CAP BEYOND
CURTAIN WALL STACK MULLION, TYPE-1
508" GwWE ON 3 58" METAL 5TUDS
ALUMINUM CURTAIN WALL MULLION

PERIMETER FIRE-RESISTIVE JOINT SYSTEM

2412

125 ALUMINUM CLOSURE, FINISHED TO MATCH
CURTAIN WALL

FACE OF SLAB CURTAIN WALL GRAVITY |
ANCHOR

2410 34°

STEEL BEAM wFIREPROOFING
CURTAIN WALL INSULATION

CURTAIN WALL STACK MULLION TRANSITION 1
BETWEEN TYPE 1AND TYPE 3

CURTAIN WALL TYPE 3

7, e s |, 2 L
p

12%

Baseline R-Value: 20.4
Observed R-Value: 5.8





RESEARCH FINDINGS | Curtain Walls

Traditional Spandrel Panel

/2‘/ 10 14 [ 2734

7

CURTAIN WALL INSULATION

ALUMINUM MULLION CAP BEYOND

CURTAIN WALL STACK MULLION, TYPE-1

508" GwWE ON 3 58" METAL 5TUDS

ALUMINUM CURTAIN WALL MULLION

PERIMETER FIRE-RESISTIVE JOINT SYSTEM

2412

125 ALUMINUM CLOSURE, FINISHED TO MATCH
CURTAIN WALL

FACE OF SLAB CURTAIN WALL GRAVITY
ANCHOR

%)

|
-

2410 34°

STEEL BEAM wFIREPROOFING

CURTAIN WALL INSULATION

CURTAIN WALL STACK MULLION TRANSITION
BETWEEN TYPE 1 AND TYPE 3

CURTAIN WALL TYPE 3

r, e o, 2r
g

70%

Baseline R-Value: 20.4
Simulated R-Value: 6.2






RESEARCH FINDINGS | Curtain Walls

L PANTED ALUMINUN] REVEAL
WHERE CASEWORK IS
3 e SCHEDULED, SEE PLAN
- CASEWORK AS SCHEDULED,
= | SEE FLOOR PLAN ||
| 1]
: 1 |!I
R i
1/4"  VENTILATION HOLE ON ———T] | L
VERTICAL CURTAIN WALL MULLION | i
| il
1 | O TR W L o
1 ALUMINUM CUP ANGLE WITH ——] 1 i |
ECHANKCAL FASTENER ANCHORED W i i
T0 CURTAIN WALL MULLION | ]
L)
it il
I 11
1 Glass it it
[[{]
CORRUGATED METAL WALL PANEL ] i
|k m
INSULATED METAL PANEL =i it
||| i
s 1
L1
FRT i
- 11}
el A it}
il
i -7 | 1
| Wi
» n
%.. L i
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1 1 L1
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L
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1
i
]
Il
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n
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i
LI
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| L]
| I
[]1]
1]
i /
i |
" STEEL| COLUMN BEYOND i
I EXPANDABLE FOAM INSULATION i i
i WITHIN. CURTANWALL MULLION hH i
i I
4 "W i i
| i 1 sl
s | 7 , H COMPDSTE METAL DEGK (SEE STRUCTURAL)
BE P e i i
s ios o T kel : WA i
ST TN o | o g 1 : i i
o | T = T & 2
=ik 4 | 4 <
e 08 E0s 5
ik a s S % .
et % | 4 4 4 9
SHADE BRACKET ! e ' &
y @ b
( YL g
| - s T
CORRUGATED METAL WALL PANEL ] —~ \( Jr
INSULATED METAL PANEL 5 e i
B PRI S RN IS SO Baseline R-Value: 14.2
WANUAL ROLLER SHADE AS 0
SCHEDULED (SEE REFLECTED k]
COUNG PLAY L L ] Observed R-Value: 6.2
PANTED STEEL ANGLE |
g |






RESEARCH FINDINGS | Curtain Walls

1/4" 9 VENTILATION HOLE ON ———T]
VERTICAL CLRTAIN WALL MULLIDN

|
T ALUMINUM CLP ANGLE WITH ——]
MECHANICAL FASTENER ANCHORED |

TO CURTAIN WALL MULLION

{ olass

CORRUGATED METAL WALL PANEL

INSULATED METAL PANEL

1t 5 O . 6 U 6 O
St S S E SR SIS SR S el

¥-1
=
1

+ &

COLUMN BEYOND

DSITE METAL DEGK (SEE STRUCTURAL)

SHADE BRACKET

CORRUGATED METAL WALL PANEL

/vm STEEL BEAU (SEE STRUCTURA) “65% B.aseline R-Value: 14.2

Simulated R-Value: 4.9

HE T IS e =
j L SEN—.
)
5

INSULATED METAL PANEL

MANUAL ROLLER SHADE AS
SCHEDULED (SEE REFLECTED
CELNG PLAN)

6 I — "_-
- _; .‘ :
LT TR T T T R 3

|

PANTED STEEL ANGLE






RESEARCH FINDINGS | Curtain Walls

CUSTOM ALUM. EXTRUSION, FINISHED

TO MATCH CURTAINWALL

CUSTOM ALUM.
EXTRUSION, ADHERED
TO SLAB FINISH TO
MATCH CURTAINWALL

-~ \

SCHEDULED FINISH FLOORING

/—R = 3/8"

A

£

A

¥l

1§

WEEPS

ROJECTING HORIZONTAL
MULLION CAP

\ENGINEERED

CONNECTION FOR
GRAVITY LOAD @
\_4TH,5TH FLOOR
FIRE SAFING AND
RETENTION CLIP,TYP.

2" THICKNESS

A

CONTINUOUS  INSULATION

2" THICKNESS

ie )¢

Lll_l —

L

CONTINUOUS
INSULATION @ VERTICAL

N\

Wrapped Mullion with Back Pan

“65%

Baseline R-Value: 12.3
Simulated R-Value: 5.1





RESEARCH FINDINGS | Curtain Walls

Glazed in Spandrel Panel

Baseline R-Value: 21.2
-29%
Simulated R-Value: 15.1






RESEARCH FINDINGS | Window Openings

Inline Recessed





RESEARCH FINDINGS | Window Openings — Thermal Barrier

EXTRUDED
ALUMINUM SILL 1" INSULATED
1" INSULATED GLASS

1/8" ALUMINUM CAP

ALUMINUM PANEL

1/8" FORMED ALUMINUM —
. SILL PANEL —
THROUGH- INSULATION T | I _ o000 STEEL ANGLE A
FLASHING ;
TERRA COTTA
\ BANDING
Eé(xTT V_\ll_ﬁ-IELSASSEMBLY 1 EXT WALL ASSEMBLY _E:f‘lg ;IYCAIIEL ASSEMBLY — 27—
-2" WALL CAVITY INSULATION '; 2:2%'; ACE -2" AIR SPACE z
-AIR AND VAPOR BARRIER : 5" INSULATION -3" INSULATION Z
-6" CFMF ‘AIR VAPOR BARRIER -AIR VAPOR BARRIER .
-5/8" GYPSUM BOARD | U BAGKUP WALL -1/2" GLASS MAT Z
i v CEMF GYPSUM SHEATHING
\ 5/8" GYPSUM BOARD & CPMP Z
: -5/8" GYPSUM BOARD 7A J

Aligned Recessed Proud





RESEARCH FINDINGS | Window Openings — Flanking Loss

EXTRUDED
ALUMINUM SILL : 1" INSULATED —————)
1" INSULATED GLASS
1/8" ALUMINUM CAP ALUMINUM PANEL 4
— 1/8" FORMED ALUMINUM — ”
: PR SILL PANEL —r
THROUGH- INSULATION o000 ) A
FLASHING \% - i STEEL ANGLE
; TERRA COTTA
BANDING
Eé(XTT V_\ll_ﬁ_IELSASSEMBLY H EXT WALL ASSEMBLY _E:f‘lg ;IYCAIIZL ASSEMBLY —|
-2" WALL CAVITY INSULATION 0 '; ﬁﬁ!%'; ACE -2" AIR SPACE
prmpwonsw | Sheey
5/8" GYPSUM BOARD -AIR VAPOR BARRIER -1/2" GLASS MAT
] d -CMU BACKUP WALL GYPSUM SHEATHING
5 4" CFMF e
-5/8" GYPSUM BOARD HH -5/8" GYPSUM BOARD

Aligned Recessed Proud





RESEARCH FINDINGS | Window Openings — Proud Relationship

Window Sill Window Sill

R-8.58 =54%





RESEARCH FINDINGS | Foundation Walls






RESEARCH FINDINGS | Foundation Walls

Exterior Insulation

TERRA COTTA
PANEL
CONTINUOUS
GALVANIZED PLATE
FOR STUD SUPPORT

CONTINUOUS SS
FLASHING

11/2" GRANITE
VENEER W/ SS TIES
FLASHING

GROUT

2" RIGID INSULATION

R-14.0

%

Interior Insulation

ARCHITECTURAL
CONCRETE

INT. WALL INSULATION

ASSEMBLY

2" RIGID INSULATION
METAL FRAME FURRING
AIR & VAPOR BARRIER
5/8" INTERIOR GWB

R-12.3

Exterior Insulation

rpoooonan

)
L

ALUMINUM JAMB
PANEL BEYOND

2" STONE AT JAMB
BEYOMD

4" STONE BASE WITH
CAVITY GROUTED SOLID

CONCRETE FOUNDATION
WALL W/ FULL HEIGHT
WATERPROOFING

2" RIGID INSULATION W/
DRAINAGE BOARD

CONCRETE SLAB ON
GRADE WITH CONT.
UNDER- SLAB VAPOR
BARRIER OVER 2"
RIGID INSULATION

R-14.7





RESEARCH FINDINGS | Foundation Walls

Exterior Insulation

Interior Insulation

Exterior Insulation

Arl
Min 4.3

Average 62,1
Max 64.8 ) N Spl
Min 56.0 !

Average 02.2

Max
Niin

Avarage

65.1 JoF e
63.1
£4.1
64.1






RESEARCH FINDINGS | Foundation Walls

SISO

Thermally Improved Option B

/ insulation

concrefe
sandwich
panel

@@

Simulated R-Value: 9.82

Baseline R-Value: 13.38





CONCLUSION | Observations

 Thermal bridges are significantly decreasing the thermal performance
of our building envelopes

 There are numerous thermal bridges all over our buildings

o Careful detailing and attention to the issue can improve their
performance

» More awareness and education is needed on the sources of thermal
bridges in our details

* We should shift the dialog from the R-value of insulation to the
performance as R-value of assembly

« CONTINUITY of insulation barrier key to good thermal performance





CONCLUSION | Decrease in R-value’s Impact on Energy

==Chicago ===Phoenix

120
110
+22%
100
+7%
——/ !
E
< 90
=
X
\
+14%
80
0)
+4% ¥
70
60 T T T T T
0% -15% -30% -45% -60% -75%

Energy Model Based on DOE Benchmark Model for Large Office Building Updated to High Performance Building (ASHRAE 90.1-2010)





CONCLUSION | Full Report

* Report available on
Payette’s website

Final Report | May 2004
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Questions?
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