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ABSTRACT

Cantilevered concrete balcony slabs are being investigated in high-rise (MURBS) to
control thermal bridging in terms of energy efficiency and thermal comfort where the use of a
proprietary thermal break was the prime application as a solution to improving energy efficiency.

This MRP investigated the thermal performance of using a lower U-value framed glazing
condition and an insulated curb condition and developed assemblies in scenarios that were
simulated in THERM, and focused on the technical performance of thermal comfort benefit of
insulated curb condition of 12.7 mm thick EPS.

Concrete surface temperatures were significantly increased in values from 4.8 °C to 9.6
°C and from 6.2 °C to 10.0 °C above balcony slab and from 6.7 °C to 10.8 °C below slab when
an insulated curb condition was used in conventional scenarios and in a lower U-value framed
condition scenario with no proprietary thermal break added.

U-values are reduced 10% to 18% for the upper surface of balcony slab and 4% reduction

of the overall U-values when an insulated curb condition is incorporated.
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1.0 INTODUCTION

Thermal bridging of concrete floor slabs in Ontario is not a new situation. Many older
buildings constructed prior to 1980°s have exposed concrete slabs at the floor level. In buildings
constructed in later years, this type of thermal bridge has been avoided by the use of curtain wall
or a window-wall type of construction. However thermal bridging at balconies could not be
avoided by this approach. The simplest architectural solution to avoid thermal bridges at
balconies would be to enclose them; however, unenclosed balconies still present themselves as
very desirable feature by potential purchasers and not readily dispensable by the developers.

It is possible that the growing need for energy efficiency in buildings will one day require
the design and construction community to examine the role of balconies in energy efficiency as
well as the architectural expression of the building. Currently, however, the community is
focused on improving thermal efficiency by means of providing various types of thermal breaks
in the protruding concrete slab at the balcony. A thermal break is an element of low thermal
conductivity placed in an assembly to reduce or prevent the flow of thermal energy between
conductive materials [2]. This has given rise to proprietary and non-proprietary thermal break
technologies. Studies have demonstrated that using a thermal break improves the energy
performance of the buildings and at the same time make a dent on comfort and performance
related issues.

The focus of current practices has been on the introduction of thermal breaks in the
concrete balcony slab and its effect on energy consumption [3], [4]. These same studies have
shown relatively less interest to study the impact of thermal comfort and condensation potential

related improvements. The thermal performance of the window-wall assembly was largely



unaffected by the thermal break introduction but has direct impact on performance related issues
such as condensation potential and thermal comfort [4].

This MRP report presents the results of work undertaken to study the thermal
performance of concrete balcony thermal bridge conditions with modifications to the thermal
performance of adjacent wall assemblies. It’s focus has been to study the impact of
improvements in the thermal characteristics of the frame of the envelope at the thermal bridge
location. The MURB industry may not readily accept a higher level of envelope with its
additional costs as an alternative; however, in this study, it has been concluded that this issue
warrants consideration.

The focus of this research project is to study the thermal performance of lower U-value
envelope conditions at the thermal bridge location. Cost issues are important but are not part of
the scope of this work. As part of the study the construction assembly of the proposed
alternatives were developed. They were then modeled in THERM. The results of THERM for the
alternative construction assemblies were then compared to the results from previous studies
particularly as they related to the comfort and condensation potential.

This report provides an overview of previous studies, the method used for this study, the

results and their analysis and thoughts for further work.



2.0 BACKGROUND TO THE MRP

The vast majority of high-rise Multi-Unit Residential Buildings (MURBS) have exposed
concrete balcony slabs. It has been recognized that they have a significant impact on the overall
building’s thermal performance because of heat loss due to thermal bridges, specifically during
heating season and in cold weather [5]. In Canada, for many years, there were few attempts to
address cantilevered concrete balcony slab thermal bridges through construction solution
approaches. In Europe, on the other hand, the construction industry has embraced thermal break
approaches for many years [6]. Inclusion of thermal breaks in concrete construction has become
a normal practice in the all types of buildings and specifically MURBs in Europe.

Recently, in North America there have been several studies that have investigated the use
of thermal breaks in cantilevered concrete balcony slab using European technology. These
studies have applied the thermal break to typical construction assemblies that are commonly
found in Canadian MURBSs. They have developed simulation models and used 2-Dimensional
(2D) or 3-Dimensional (3D) heat transfer thermal simulation approaches. They have studied the
concrete balcony slab condition with and without the addition of thermal break. It has been
evident through the various studies that there were a number of key factors and variables that
contributed to the overall improvement of thermal performance when a thermal break was used
in cantilevered concrete balcony slab [3], [4], [7], [8], [9], and [10].

This section provides an overview of the various issues related to thermal bridging, the
approaches taken to deal with it and goes into more details about the Canadian studies dealing

with the use of European technology.



2.1 Issues Related to Concrete Balcony Slab Thermal Bridges

Cold floor at cantilevered concrete balcony slabs manifest themselves into thermal
discomfort and surface condensation. During colder weather, the increase in heat loss decreases
the inner concrete surface temperature. Temperature decrease to below the dewpoint impacts the
thermal comfort, increases potential for condensation and related moisture damage and can also
result in unanticipated structural stresses [11]. [Figure 1] illustrates condensation and mould

growth when surface as a result of temperature falls below the dewpoint.

Figure 1: Temperature Decrease below Dewpoint will Result in Condensation and Mould Growth [12]

There are at least two types of thermal bridges typically encountered in MURB. They
have been categorized as either geometric and structural or material. Purely geometric thermal
bridges [Figure 2] is a result of the three dimensional character of a building [3]. Angles and
corners, inner and outer exposure around windows and other typical condition found at the edges

and top of a wall are some examples of this condition.

Figure 2: Geometric Thermal Bridge. Left: Isotherm Lines Showing the Outward Flow of Heat at Joint of
wall and Ceiling. Right: Infrared Image Showing an Interior View of the Corner at Joint of two Walls and a
Ceiling [12]



A Structural thermal bridge [Figure 3] typically results from the need to accommodate
load bearing elements. In case of a balcony, the cantilever moment cannot be balanced without
continuity with the concrete floor inside [3]. Structural connections often lead to high heat loss

and low surface temperature in the adjoining conditioned spaces [12].

Figure 3: Structural Thermal Bridge. Above: Isotherm Lines Showing the Flow of Heat Outward from
Interior Slab towards Balcony. Below: Infrared Image Scan of a Balcony with Higher Temperatures at the
Exterior Slab [12]

Relationship between slabs and balconies are a combination of geometric “effect of
cooling fins” and structural or material thermal bridges [14]. Fin is a surface that extends from an
object to increase the rate of heat transfer to or from the environment by increasing convection
[15]. In non-insulated cantilevered balcony slab connections, the interaction of the geometric
thermal bridge effect of the balcony slab and the material thermal bridge “reinforced concrete
slab” protruding through the insulated facade, results in an increased flow of heat.

As an example, a giant tower (Aqua) of an 82-storey concrete and glass in the heart of
Chicago, USA with un-insulated cantilevered balcony slabs [16]. Figure 4 illustrates an infrared

image of that tower where the color red is predominating as a clear indication of major heat loss.
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Figure 4: Left: Aqua Tower Balconies. Right: Infrared Image Scan Showing Higher Temperatures at the
Concrete Balcony [16].

That tower captured the attention of many engineers and architects who wondered if it
could have been constructed differently without the thermal bridges and without changing the
appearance [16]. It was reported that the tower was meant to heat the outdoors. This could have
been mitigated by using thermal breaks.

With the increasing number of high-rise condominium residential buildings in North
America and specifically in Toronto where there are currently 130 high-rise construction projects
underway [17], the un-insulated cantilevered concrete balcony slabs appears to be ignored from a
thermal bridging point of view by many designers. Instead, the architectural look of protruding
balconies is common and has a negligible impact on reducing the overall building thermal
performance.

Quite the opposite, for more than 20 years, European countries and most specifically
Germany, has played a major role in developing structural thermal break insulating technology.
One such technology called Schéck Isokorb® [18] has over 10 million units installed since its
production [Figure 4]. That technology has been recently introduced to Canada, and a handful of

high-rise MURBSs have used this product in concrete balcony slabs.



Figure 5: Left: Typical Schéck Isokorb® Structural Thermal Break. Right: Schéck Isokorb® Structural
Thermal Break Installed in Cantilevered Balcony [13]

In the last few years, awareness of thermal bridging and its consequences in North
America and specifically in Canada has risen to a level where many architects and engineers
have started to explore and investigate it further for potential use on projects. It would appear
that the implies for this came about from ASHRAE Research Project 1365 [19] which provided
thermal performance data for 40 common building envelope construction details for mid and
high-rise buildings including cantilevered concrete balcony slabs and slab edges. This ASHRAE
study came first then followed by three other studies in Canada which specifically focused on

cantilevered concrete balcony slab and use of thermal break.

2.2 Addressing Thermal Bridging at Cantilevered Concrete Balcony Slabs

Unlike the predominant development and use of a thermal break technology in Europe
there was nothing that was developed locally in North America. As the requirements for energy
efficiency become more stringent in North America it gave rise to an interest in heat loss at
projecting balconies. The following section explores some of the approaches that have been

considered in North America to reduce heat loss at balconies.

2.2.1 Structural Isolation of Balcony
One approach that has been used is to structurally isolate the balcony. This has been

predominantly seen low to mid-rise buildings. This is a structural response to the concern of



thermal bridging. From considerations of energy and thermal comfort this approach can provide
the most efficient solution. However, this approach results in significant changes to design and
construction practises and resulting cost increases.

Figure 6 illustrates some of these isolation technologies including more elaborate
structural schemes like clip-on balconies, French balconies and rail balconies [20]. There appears

to be much reluctance from structural engineers to design in this manner due to durability issues.
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Figure 6: Structural Isolation of Balcony, Clip-on balconies, French balconies, and Rail Balconies [20]

A few construction methods [21] were proposed on how to build a structural slab
cantilevered past the primary structural frame of a building projected outward by considering
offset point supports rather than cantilevering the slab [Figure 7]. Technique works well with an

articulated facade with pivoting parts where the balcony can be a precast unit that is gapped from



the wall allowing exterior insulation to run past the balcony between the balcony and the

structural frame of the building [21].

Figure 7: Balcony offset Point Supports Precast Balcony Supported Intermittently to Break Thermal Bridge
[21]

If there is no articulated facade available, then offset point supports can be used to hang
the balcony precast units with threaded rods tied back to the columns of the structural frame [21].
Another approach is to use a stand-alone supporting structure that is tied back to the structure at

top and resting at grade at it base [Figure 8].

Figure 8: Left: Balcony Precast Unit with Threaded Rods. Right: Stand-alone Supporting Structure [21]

A low-rise residential building called “Pier Point Place Condo” located in Fergus,
Ontario was recently observed with exterior columns. Balconies to this project were structurally
isolated from the primary building structural frame and the exterior wall insulation was left to be

continuous within the wall assembly [Figure 9]. The balcony slabs for the 2" and higher floors



are made of wood frame and the 1* floor slab is constructed of cast-in-place concrete. None of

these balconies are cantilevered as they are supported at the edges by steel columns.

Figure 9: Thermally Broken and Structurally Separated Balconies from the Building Structure located in
Fergus, Ontario

The writer was advised by the developer that there were no reports or claims of cold
surfaces and/or condensation or mould growth adjacent to balcony perimeters during the past
winter. This approach comes with extra cost to support the balconies from exterior; however, as
advised by the developer, the extra cost could recoup in a short term from savings on energy bills

during winter season.

2.2.2 Isolation by Perforation of Slab at Wall Location

The method of “perforation” is illustrated in Figure 10. The main objective of this
method is to control the inner surface temperature of a structure and keep it within the minimum
requirements to avoid mould growth and surface condensation [13]. This method involves
special reinforcement details during the process of “perforation”. Structurally this method works
like a framed concrete system with projecting beams supporting a floor. The space between the
beams provides the thermal break thereby reducing the thermal bridging to areas corresponding

to the projecting beams.
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Figure 10: Perforation of Concrete Balcony Slab: Top Left: Balcony with Perforation Pointed by Arrows.
Top Right: Images shows Reinforcement. Bottom Left: Thermal Profile shows Minimum Temperature.
Bottom Right: shows the Accumulation of Snow ON Balcony surface and Melting of Snow at non-Perforated
Location [13]

A thermal profile and an arrow are pointing at the area that is perforated. The Perforation
process aims to minimize the heat loss and keep the interior concrete surface temperature warm
enough to avoid condensation and mould growth. This method can be implemented in high-rise
MURBS; however, rebar reinforcement placement requires intensive labour may not be provided

by builder.

2.2.3 Isolation by Installing a Thermal Break

A proprietary structural thermal break insulating element by Schock Isokorb® [18]
appears to be the only option being considered by the construction industry. Currently this
technology is relatively new to the Canadian market. There are a few projects with this thermal
break insulating element installed in the cantilevered balcony slab e.g. a 30 storey high-rise

residential building called Ventus at Metrogate, in Scarborough, Ontario and a 6 storey MURB

11



called Beaver Barracks in Ottawa, Ontario [22]. Figure 11 shows Schdck Isokorb® thermal break

previously shown in Figure 5 installed in cantilevered balcony slab in Canada.

Figure 11: Installed Schéck Isokorb® Thermal Break in Canadian Building’s Balconies [22]

The proponents of this technology claim that it is light and easily handled by one person;
drop-in fast installation is averaging less than five minutes per unit and it reduces thermal
conductivity by 50% [18]. It has been shown that the increase in installed cost of this technology

is low.

2.2.4 Concluding Remarks on Dealing with Thermal Bridges

It appears that increasing requirements for energy efficiency are finally catching on to
desire to have a balcony and its associated heat loss when acting as a thermal bridge.

There is reluctance from the local builder community to changes in construction
practices. Several approaches have been used in building structural isolation and structural
modification. Most buildings still continue to be built without any consideration to thermal
bridges.

The European technology seems to provide the most promise and the next few sections

deals with the approaches and reports that have studied the benefits of this technology.
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2.3 Thermal Bridges and Their Treatment in Analysis

Heat flow through thermal bridging increases the energy use in buildings. Researchers
have used either 2D simulation such as THERM and/or 3D simulation software such as Nx from
Siemens to show thermal performance of thermal bridges. Many assumptions have been
introduced to validate models. The choice of the mesh, time step and time resolution is crucial
and must be decided and chosen in accordance with mesh density. Poor choice of meshing and
time step in the software may result in an unreliable solution [5].

The 2D assumption of a “flat” surface does not apply when looking in detail at the heat
transfer through building facades, which is why Control Volume Method (CVM) or Finite
Element Method (FEM) is used. These details are composed of rectangular shaped material
volumes; CVM may include a maximum of eight materials in 3D simulation approach. In 2D
simulation approach that maximum is only four.

In practice, when evaluating thermal bridges during a design stage, using CVM or FEM
is neither practical nor economical [5]. Therefore, as far as additional heat loss is concerned,
thermal bridges are calculated by a linear transmittance psi (Y=W/m.K) or a point thermal

transmittance (y = W/K) [Figure 12].

S

SN

Clear Field Linear Point

U, W ¥

Figure 12: lllustration of Examples of Clear Field Transmittance Assembly, Linear Transmittance Detail,
and Point Transmittance Detail [23]
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Once the linear and the point thermal transmittance are known, then the average whole
wall thermal transmittance of a flat part containing thermal bridges is calculated as:

?:1(1}’1. Li)+ Z;‘Zl){j
A

U=Uo+

[5]. Where Uo is the thermal transmittance of the base part or

clear field, A its surface, n the number of linear thermal bridges, L; their length and m the number
of local or point thermal bridges.

When dealing with 3D heat flow paths, standard practice in North America to account for
thermal bridging is by using typical methods such as the area-weighted average of U-values.
This method considers all thermal bridge effects as one, assuming no interaction between
materials and amalgamates them as one component.

This is done by weighting the heat flow through the material by their area or over the
“area of influence” or “effective length” of the thermal bridge. This is the most difficult part, as
assigning “effective lengths” or “area of influence” to complex 3D heat flow paths can be
subjective and complex [19].

Using such method has led to great uncertainty about the thermal performance of the
building envelope [19], [23], and [24]. This uncertainty can lead to inadequate design of HVAC
systems which compromise occupant thermal comfort [19], [23].

ASHRAE Research Project 1365 (RP-1365) [19] was initiated and introduced in 2011to
address the concerns with the area weighted approach and the linear/point approach. Instead of
trying to find “areas of influence”, this method takes the “additional” heat flow due to a thermal
bridge and assigns it to simple mathematical concept of lines or points [23]. The additional heat
flow caused by a thermal bridge is the difference between the heat flow from an assembly with
and without the detail present. This method simplifies calculations because the areas of the

thermal bridges are not required [23].
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Additional heat loss
due to the slab

Hgat I?SS heat loss
ue 9 due to clear
anomalies field

Figure 13: Determining Linear Transmittance for a Slab, where Heat Loss due to the Slab can be calculated
by Subtracting the Heat Loss due to Anomalies from Heat Loss due to Clear Field [23]

Figure 13 shows how to calculate the additional heat loss due to an exposed concrete
slab. The additional heat loss can be calculated by subtracting the total heat loss of the assembly
(half way above and below the slab) from the heat loss of clear field (where there is no slab)
[23]. The ASHRAE report provides values for heat loss due to anomalies for various standard

conditions.

2.4 Thermal Breaks in Concrete Balcony Thermal Bridges Condition

Right after the issuance of ASHRAE RP-1365 Report, North American researchers and
engineering firms have felt challenged and have started investigating the impact of thermal
bridges on cantilevered concrete balcony slabs and investigating the usage of proprietary
structural thermal break insulating element on overall thermal performance of a building. In
recent years, three research publications have specifically investigated thermal bridges and usage
of proprietary thermal break in most common cantilevered concrete balcony slabs assembly
details in high-rise MURBSs. These research publications will be further explored in these

following sections.
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2.4.1 2D Heat Transfer Study: Impact of Balcony Thermal Bridges on the overall
Thermal Performance of MURBS

In a study by Ge, H et al (2013) [3], the main objective was to investigate the
significance of thermal bridges, specifically concrete balcony slabs, on overall energy
performance of the building when using a thermal break technology [3].

Of particular interest to this study are the results of U-values and concrete surface
temperatures in the assemblies that were examined.

This study selected a building 26 storey high with mixed-use residential and commercial
sections. The residential section has a fully glazed fagade using a standard window-wall
assembly. The energy performance of the building with none-thermally broken balcony is
compared with that using a thermal break. Additional conditions have been modeled using
thermally improved adjoining walls. A proprietary thermal break was used in the study.

The exterior boundary conditions were specified as (-18°C) and (ho=30 W/m?.K) and the
interior boundary conditions were specified as (22°C) and (hi=8.3 W/m?.K) per CSA A440.2
[22]. The vertical face of the slab on the interior was specified as an adiabatic surface.

Scenarios representing the most common construction assembly in high-rise MURBs
have been established; 2D THERM models were generated for each scenario and modeled with
and without thermal break in order to determine their overall thermal transmittance [3] (See
Appendix A).

Of particular interest to this study are scenarios I, Il, 111 and IV. Scenario | is as-designed
section with glass sliding door above balcony slab, and a spandrel panel below balcony slab.
Scenario Il is as-designed section with spandrel panel above and below the balcony slab.

Scenario 111 is a hypothetical section with generic solid material to imitate a clear double glazing
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unit (DGU) above (RSI 0.35) and spandrel panel (RSI 2.50) below balcony slab. Scenario IV is a

hypothetical section with generic solid material to imitate a clear DGU with Argon gas filling

and low-e-coating above (RSI 0.73) and a spandrel panel (RSI 2.50) below the balcony slab [3]

Table 1: U-values for each location of Scenarios I, I, 111 and VI and Overall U-value for each Scenario with
and without a Thermal Break added and % Reduction of U-value [3]
| 1 11 v
Above: Sliding Doors Above: Spandrel Panel | Above: Clear DGU-RSI | Above: Clear DGU-
Below: Spandrel Panel Below: Spandrel Panel 0.35 RSI 0.73
Below: Spandrel RSI Below: Spandrel RSI
2.50 2.50
g Edge Above |- Edoe Above B above Balcony I . abave Baloony
Above Balcony |I %
SCENAR I O =r _Above Balcony .
‘Balcony Balcony ‘Balcony
- T Eelew Baloony “Belyw Balcony
Below Balcony Balcony
. ' Below Balcony
Edge Below .
Edge Below
_ No Break Break No Break Break No Break Break No Break Break
Location U-value
Above
Balcony/ W/m?.K 7.31 6.45 1.58 1.45 2.09 1.84 131 1.10
Slab
sabo | wmek | 381 | 091 | 357 | 099 | 462 | 098 | 458 | 083
Below
Balcony/ W/m2.K 1.66 1.58 1.29 1.19 0.48 0.37 0.48 0.37
Slab
S |wmk | 187 | 188 | 169 | 169 . . . .
Ed
Beboy W/m2K 2.02 1.85 1.74 1.60 - - -
Overall W/m?K 3.00 2.13 1.87 131 2.23 1.07 1.94 0.76
Uwvalue | % o 28.9% 30.1% 52.5% 60.9%
Table 1 illustrates U-values for each location bounded areas of scenarios I, 11, 111, and IV

with and without the proprietary thermal break added. It also provides the overall U-value for

each scenario with % reduction resulted from the addition of the thermal break in the concrete

balcony slab. It should be noted that the overall U-value pertain only to the height being

modeled and not the whole wall. In the overall U-value therefore, the influence of slab condition

is exaggerated.
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Showing the Location of the surface Temperature [3]

Table 2: Minimum Concrete Surface Temperature for Scenarios I, 11, 111, and IV and Thermal Profile Image

I I 11 v

Above: Sliding | Above: Above: Clear Above: Clear

Doors Spandrel Panel | DGU-RSI 0.35 DGU-RSI 0.73

Below: Below: Below: Below:

Spandrel Panel | Spandrel Panel | Spandrel RSI Spandrel RSI

2.50 2.50
Minimum Temperature Above
?alcony
SCENARIO "
Minimum Temperature Below
Balcony

No Break Break | No Break | No Break

LOCATION Temperatur Brea Brea Break Break
e/Length k k

Above °C 70 | 128 | 93 | 134 | 62 | 115 | 63 | 123
Balcony Slab
Below °c |115|161 |98 | 149 | 67 | 162 | 67 | 163
Balcony Slab
Above Slab -
Length Until MM 440 270 | 370 | 250 390 280 390 280
20 °C

Table 2 illustrates the minimum surface temperature of concrete at the intersection of the
glazing frame and concrete surface above and below the balcony slab.

From the data presented in Table 1 and 2, having a thermal break installed in the concrete
balcony slab could reduce the overall U-values up to 60.9% and increase the interior concrete
surface temperatures up to 6.0°C. From Table 1, the lowest % reduction in U-value of 28.9 %
occurred at scenario | (thermal break with sliding door above and spandrel panel below balcony
slab). This is the lowest thermal performing assembly adjacent to concrete balcony slab.

In terms of interior concrete surface temperature, it was noticed from the data presented
in Table 2 that the worst case was in scenario I11 (no thermal break) where surface temperature
was 6.2 °C. It should be noted also that scenario I had the highest length of 440 mm to reach

20°C from the sliding door frame edge [3].
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This study took the U-values from their models and applied them to determine the total
energy consumption of the building with and without the thermal break. The overall impact of
thermal break to reduce the U-value of entire building was 8.9%. For the total energy

consumption, the overall impact was 5.3% for heating and -0.2% for cooling.

2.4.2 3D Heat Transfer Study: Thermal and whole building Energy Performance of
Thermal Break Technology for Concrete Balconies in High-Rise MURBS

In a study by Roppel, P. et al (2013) [4], [25] of Morrison Hershfield Limited (MH)
which was retained by Schock Bauteile GmbH (Schock) to evaluate the potential improvement
on overall energy efficiency of a high-rise MURB by using a proprietary structural thermal
break insulating element in concrete balcony slabs. The study’s main objective was to to provide
the construction industry and jurisdictions with guidance regarding questions which developers
and designers are asking about the impact of thermal breaks for cantilevered balconies
specifically in cold climates [4].

Of particular interest of this study are the results of U-values and concrete surface
temperatures in the assemblies that were examined.

This study analyzed a common 32 storey typical high-rise MURB in Toronto, Ontario
with approximately 40% “vision glass” and 3.5% exposed cantilevered concrete slab area of
2581 m length. The window-wall system was Starline 9000 series (vision and spandrel sections)
spans from floor to ceiling at the balconies. 50% vision area was assumed at a sliding door [4]. A
proprietary structural thermal break insulating element was used.

The boundary conditions were specified for the evaluation of the condensation resistance
as (-18 °C) exterior and (+21°C) interior for Toronto’s cold climate which is close to ASHRAE

2009 Handbook-Fundamentals [4].
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Three scenarios were established; cantilevered balcony slab without interruption
(conventional), cantilevered balcony slab with interruption consisting of reinforced concrete (500
mm) and rigid insulation (800 mm) of 40 mm thickness (site solution) and cantilevered balcony
slab with proprietary thermal break (Schock solution), [4], [25] (See Appendix B).

The thermal analysis was completed using 3D heat transfer software, published thermal
properties of materials and information provided from manufacturers. Interior slab surface
temperatures were calculated and thermal profile was modelled for each scenario and the
condensation resistance of the floor slab was evaluated at Toronto design conditions [4] (see
Appendix B).

Table 3: Overall U-values for Balcony Slab Scenarios with 3D detail showing Each Slab Scenario and %
Reduction in Heat Flow by using Schock Solution [4], [25]

SCENARIO O\\Ilzrlﬁgsu' % Reduction in Heat
U (W/m’.K) Flow
Continuous Slab (Conventional Solution)
| 4.88 N/A
=
Slab with Intermittent Concrete (Site Solution)
I 3.86 21%
Schock Isokorb® CM20 Thermal Break
Schdock solution
i 1.21 75%
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Table 3 illustrates the modeled scenarios with the corresponded thermal transmittance U-
value calculated. The U-value of Schéck solution experienced a dramatic decrease over the
conventional and the site solution. It even shows that Schock solution reduces the heat flow
through and around the slab by 75% when compared to a conventional continuous balcony slab.
This is huge difference to the slab with intermittent insulation and concrete connections, which
only provides a 21% improvement over a conventional slab [4].

Table 4: Minimum Concrete Surface Temperature and if it does Meet the Condensation Design Criteria for
each Scenario with Thermal Profile Image showing Location of Surface Temperature [4], [25]

Min. Meets Design
Concrete Criteria With

SCENARIO Surface Regards to
Temperature | Condensation

(°C) Resistance

Continuous slab (conventional Solution)
T=-05°C(31.1°F)

-18°C {-0.4°F) 21°C (69.8°F)

T=15"C(34.7°F)

21°C{69.8°F)

| _ 1.5 NO

Slab with Isokorb (Schdck Solution)
T=7.0"C{44.6°F)

-18°C {-0.4°F) 21°C (50.8°F)

] 7.0 YES
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Table 4 illustrates the minimum concrete surface temperatures found for each scenario
and summarizes an evaluation of the condensation resistance of the floor slab at Toronto design
conditions. Toronto design conditions for exterior temperature of -18°C represents the 2.5%
January Mean Temperature provided in the National Building Code 2005 and is close to the
99.6% peak heating design condition of -18.8°C, which is specified in the ASHRAE Handbook —
Fundamentals for Toronto [4].

It should be noted this overall U-value is only around the slab and exaggerates the results
compared to the impact on the U-value of the wall when taken over its full height.

Schock solution scenario appeared to meet the design criteria specified for surfaces
exposed to the interior air of residential buildings designed for Toronto’s cold climate and meet
the design criteria with regards to the condensation resistance for temperature greater that the
dewpoint of 5°Cat RH 35% and 21 °C interior air [4].

By using a proprietary thermal break in a cantilever concrete balcony slab, this study
confirmed that it makes the slab much warmer in the winter time adjacent to the glazing area
from (-0.5°C) to (+7.0°C) than the other solutions, this will benefit the condensation resistance
and thermal comfort for occupants [4].

It should be noted that this study had no evaluation of the impact of the glazing adjacent
to the slab for the three (3) scenarios; but, according to the authors, they have noticed that the
coldest temperatures on the sliding door was mostly unaffected by the three (3) slab scenarios
and the sliding door is much colder than the floor slab for all scenarios [4].

In terms of the energy consumption of the whole building energy, the results indicated a

7.3% decrease in the heating energy consumption.
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2.4.3 3D Heat Transfer Study: The Importance of Slab Edge & Balcony Thermal
Bridges

In a study by RDH Building Engineering Limited (2013), RDH had published four (4)
reports investigating the importance of balcony and slab edge thermal bridges; each of these
reports focused on certain research criteria, and targeted three Canadian cities. Report No. 1 [7]
covers the impact of balcony and slab edge thermal break products on effective R-values and
energy code compliance. Report No.2 [8] covers thermal comfort and condensation control.
Report No. 3 [9] covers energy consumption and cost savings. Report No. 4 [10] covers thermal
modeling considerations for balconies and compare alternate thermal break strategies.

The objective of these reports was to show that there are solutions for thermal bridges
available in the market that help reduce the thermal bridging impact at concrete balconies and
provide more design alternatives in terms of increasing stringent energy code requirements.

These reports used a representative typical 20storey high-rise MURB to perform a whole-
building energy modelling. However, this study did not identify any typical details or what type
of glazing system used in the modelling.

The focus of this MRP is on studies that have overall U-values and concrete surface
temperatures results generated from modeling specific scenarios related to cantilevered concrete
balcony slab with glazing system. The focus will be only on report No.2 [8] that covers thermal
comfort & condensation control and on results related to City of Toronto only. It should be noted
that there was no overall U-value generated in this report.

Inputs for building enclosure assemblies were provided and comprised of ASHRAE 90.1-

2010 prescriptive R-value minimums for the windows and roof. A proprietary structural thermal
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break insulating element was used and modeled and compared to a non-thermally broken
situation [8].

Scenarios were modeled using 3D heat transfer software, and used published thermal
properties of materials and information provided for the proprietary structural thermal break. The
boundary conditions used are (-10 °C) for the exterior and (+21 °C) for the interior. Three (3)
scenarios were modelled with and without the proprietary structural thermal break [8].

Thermal profiles resulted from thermal modelling for the three scenarios with and

without the proprietary thermal break installation are shown in Appendix C.

Table 5: Hlustrates Interior Surface Temperature at Concrete and Window —Wall Sliding Door Sill and
Spandrel Panel Head without Thermal Break and at Window-Wall Sliding Door Sill and Spandrel Panel
Head with Thermal Break [8]

WINDOW-WALL
Above Balcony: Sliding Doors
Below Balcony: Spandrel Panel

54°C

3.8°C

7.0C 9.0C
InterorUC) Exterior Interior
SCENARIO
. Isokorb R-3.4
6.0°C
s.0C Thermal Break 5.4°C
3.7°C
Window wall
Surface No Break Break
LOCATION Temperature
Above Balcony Slab o -
(Sliding Door Frame) c 3.8 (Minimum) 9.0
Below Balcony Slab oc 3.7(Minimum) 54

(Sliding Door Frame)

Above Balcony Slab
(Concrete/Frame °C 7.0 N/A
Intersection)

Below Balcony Slab
(Concrete/Frame °C 6.0 N/A
Intersection)
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Of particular interest to this study is scenario I that has a window-wall system (sliding
door/spandrel panel above and below concrete balcony slab) [8].

Table 5 illustrated interior surface temperatures which confirmed that it did increase
when a thermal break was added, however, it was noted that the minimum temperatures used for
comparison were measured on the sliding door/spandrel panel frame.

It should be noted that this report had an energy analysis of whole building having 100%
balcony coverage on the exterior for Toronto climate and the reduction in total energy. A
comparison of “6 feet” balcony with and without thermal break gave an energy saving of 4% to

7% with the R value of wall ranging from R-2 to R-20.
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2.4.4 ASHRAE Research Project (RP 1365)

In a study by Roppel, P. et al (2011) [19], called ASHRAE RP -1365 Report, this study
investigated 40 common building envelope scenarios for MURB fagade. Among the 40
scenarios, only two construction detail conditions were related to most common construction
assembly used in the majority of high-rise MURBS in cantilevered concrete balcony slabs. A
sliding door supported directly on an insulated raised concrete curb (Detail No.26) and a sliding
door supported directly on concrete balcony slab (Detail No. 27] [Figure 14]. It should be noted
that a thermally broken aluminum sliding door was used in both details and no thermal break is

installed in the concrete balcony slab [19].

Figure 14: Left: Detail No. 26 from ASHRAE RP-1365, a Sliding Door Supported Directly on Insulated
Raised Concrete Curb. Right: Detail No. 27 From ASHRAE RP-1365, a Sliding Door Supported Directly on
Concrete Balcony Slab [19].

These two scenarios were modelled using 3D heat transfer software, and used published
thermal properties of materials of 2009 ASHRAE Handbook — Fundamentals [19]. Thermal
profiles resulted from thermal modelling are illustrated in Table 6 along with the Overall U-
values and temperature indices for each scenario. Temperature index is the ratio of a surface
temperature to the overall temperature difference [19].

Projected distance for thermal performance indicators is from bottom of slab to top of
curb. Also, surface temperatures are as a result of steady-state conductive heat flow with constant

heat transfer coefficients [19].
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Table 6: Thermal Profile for Sliding Door without a Curb and with Insulated Curb Scenarios with Overall U-
values and Temperature Indices [19]

OVERALL TEMPERATURE
SCENARIO U-VALUE INDICES
2
W/m=.K Ti Tio
Sliding Door Without Curb
i 0.58 0.48
(+5.2°C) (+1.2°C)
| cad 4.59
(MinTis | (MinTison
on interior |  glass, at
concrete, gaskets)
View from Interior View from Exterior : at frame)
Sliding Door With insulated Curb
5z 0.83 0.44
(+15.2°C) (-0.4°C)
I 3.509 (MinTis | (MinTison
on interior glass, at
concrete, gaskets)
2 at gypsum,
; c o0 at studs)
View from Interior View from Exterior

Table 6 indicates that the overall U-value of the sliding door with insulated curb
condition is 3.509 W/m?.K. Although the U-value numbers were high, it indicates that this
condition could reduce the thermal transmittance by 31% from 4.59 W/m?.K to 3.509 W/m?®.K
which is significant. Also, the temperature indices indicated a significant increase from 0.58 to
0.83 (+5.2°C to +15.2°C when exterior and interior boundary condition are -18°C, +22°C
respectively) on interior concrete surface right at the curb (gypsum board, at studs), however,
despite of the fact that the aluminum window and sliding door is thermally broken, there was

slight decrease of temperature indices from 0.48 to 0.44 (+1.2 °C to -0.4 °C when exterior and
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interior boundary condition are -18°C, +22°C respectively) on sliding door glass right at gasket
[19].

In the author’s experience with high-rise residential buildings, the raised insulated
concrete curb detail is very effective to improve thermal comfort and decrease condensation
potential. Homeowners had no condensation or thermal discomfort related issues adjacent to the
sliding door where the raised insulated curbs are situated. However, it was noticed that in the
recent years, that detail condition is no longer used by designers unless the balcony or terrace is

situated above a living/ heated space.

2.5 Comparative Analysis of Findings from Key Studies:

Each of the key studies presented previously had some contribution to the overall
objective i.e. minimizing thermal bridges in a concrete balcony slab, despite differences in
approaches, assumptions, boundary conditions and many other factors that may or may not have
an impact on the overall final results.

All studies used similar common glazing system with similar thermal properties, and
used similar proprietary structural thermal break insulating element in cantilevered concrete
balcony slab. The concrete balcony slab thickness used varies between 200 mm to 210 mm
depending on the proprietary thermal break thickness used [18]. It appeared that the studies had
no other alternative but to use similar proprietary structural thermal break since it is the only
choice available.

Table 7 below summarizes the approaches used by each key research study in terms of
glazing system used, method of simulation, interior/exterior temperature for boundary conditions

and simulated scenarios. ASHRAE RP-1365 was not included in the summary due to the fact
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that the chosen scenarios did not incorporate a thermal break; however, the overall U-values
from Table 6 will be used for comparative analysis.

Table 7: Summary of the Key Research Studies in terms of Glazing System used, Method of Simulation used,
Boundary Conditions and Simulated Scenarios

PPROACH
Boundary MODELED SCENARIOS
Conditions
Glazing Modeling
System Approach ; .
Exterior | Interior | Conventional S't? SChO.Ck
Solution | Solution
STUDY
Ge,Hetal Standard/ 2D Yes (80
(2013) Custom THERM -18°C t22°C Yes No mm thick)
Roppel, P. et Starline 3D Heat _1qo o Yes (80
al (2013) | 9000 Series | Transfer 18°C | +21°C Yes YES | mm thick)
3D Heat Yes (80
RDH (2013) | Unspecified -10°C +21°C Yes No mm or120
Transfer ;
mm thick)

The key studies were analyzed based on the overall U-values and interior surface
temperatures results presented in Tables 1, 2, 3, 4, 5 and 6. It should be noted that RDH (2013)
study [8] only provided interior surface temperatures for the modelled scenarios. For the purpose
of this MRP, the comparative analysis is focused on the selected scenarios identified in each
table. The comparative analysis will be based on the following parameters:

1. Thermal transmittance U-values calculated by either 2D or 3D heat transfer software used
by each study and to verify if and why there is a significant difference between the results
of the two methods.

2. Interior concrete surface temperature values varies based on different various assumption
and boundary conditions used by each study.

3. Other considerations and concerns i.e. glazing system, thermal break and chosen

scenarios.
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2.5.1 Thermal Transmittance U-values:

Table 8 illustrates overall U-values from Ge, H et al (2013) [3], and Roppel, P. et al (2013)
[4] for particular scenarios that are similar in terms of glazing portion above and below balcony
slab (sliding door/spandrel panel) with and without the addition of thermal break . This table also
incorporated the two scenarios from ASHRAE RP-1365 (2011) [19] that had no thermal break
added (see tables 1, 3, and 6).

It should be noted that the overall U-values are for the slab and immediately adjacent portion
and not the whole wall.

The overall U-values in table 8 indicated a 75% reduction in heat flow when thermal break
was added for scenarios | and 11 from Roppel, P. et al (2013). It also indicated to a 29% reduction
in heat flow when a thermal break was added for a similar scenario from Ge, H et al (2013).
Same positive results in heat flow reduction, but big difference in % values (29% versus 75%)
generated from the 2D and 3D simulation methods.

Researchers in ASHRAE RP-1365 (2011) argued that a 2D model cannot capture the actual
heat flow path through complex 3D intersections and, therefore, cannot accurately estimate U-
value [19]. The difference in the U-values obtained by each study relates to many factors and
assumptions that control the calculation of areas, boundary lines, thickness of slab, rebar
assumed area, effective length and area of influence. These factors must have a significant
impact on each element calculated U-value and on the overall U-value. Most importantly is that
the U-values in both studies showed significant improvement in thermal performance when

thermal break was added regardless of what the simulation method was.
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Table 8: Comparison of overall U-values for 3D Study (MH) Conventional and Schéck Solutions and 2D
Study (Ge, H, et, all) Configuration | with and without Thermal Break and % transmittance reduction [14] &

[15]
Overall % U-
STUDY METHOD SCENARIO U —value value
(W/m?k) | Decrease
| No
Break
4.88
Roppel,
P.etal %%g?:ﬁ 75%
(2013)
T With
Break 191
Edge Above No
; 9 Break 3.00
~ . Above Balcony
Ge, Het 2D Heat | _ 29%
al (2013) Transfer B With
2.13
Balcony Break
ji| .
Below Balcony
'Edge Below
No
! Break 4.59
ASHRAE
RP-1365 $%2$:: 31%
(2011)
No
1 Break 3.509

In Table 8, the overall U-values from ASHRAE RP-1365 (2011) indicated a significant

reduction of 31% in heat flow with no added thermal break. The only difference between the two

scenarios was the raised insulated concrete curb. This suggests that being proactive in using

innovative construction methods and details to enhance the thermal performance of an assembly
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must not be ignored. Unfortunately, this construction detail is slowly disappearing from high-rise

MURBS unless the exterior balcony is located above a living space.

2.5.2 Interior Concrete Surface Temperatures:

The review of the interior concrete surface temperature presented by the key studies and

illustrated in tables 2, 4 and 5, indicated that without installing a proprietary structural thermal

break in cantilevered concrete balcony slab, the interior concrete surface temperature would not

get warmer. However, it must be noted that in scenarios that had no thermal break installed (see

table 5), with a raised insulated concrete curb, the temperature indices indicated a fair increase in

interior concrete surface right at the curb (gypsum board, at studs).

Table 9: Comparison of Interior Surface Temperature from Key Studies Measured at Glazing Frame and

Concrete Surface Intersection and at Frame Above and Below Balcony Slab [3], [4], [8]

Boundary .
Conditions / _ Minimum Concrete
Desian Interior Surface | Floor Temperature (°C)
STUDY Tem er%ture SCENARIO Temperature at Design Temperature
- Location No Break | With
Exterior | Interior
Break
I Conventional + ABOVE SLAB (AT 0.5
Roppel, Sliding/Spandrel CONCRETE) - Y B
° ° Site Solution + ABOVE SLAB (AT
P.etal -18°C -21°C I Sliding/Spandrel CONCRETE) B 1.5
(2013) [1] | Schock Solution + ABOVE SLAB (AT 70
Sliding/Spandrel CONCRETE) B .
ABOVE SLAB (AT
| Conventional + CONCRETE) 7.0 12.8
Ge, H Sliding/Spandrel BELOW SLAB (AT 115 16.1
etal -18°C | +22°C CONCRETE) ' :
ABOVE SLAB (AT 93 134
(2013) || | Conventional + CONCRETE) - :
Spandrel /Spandrel BELOW SLAB (AT 9.8 14.9
CONCRETE) : '
ABOVE SLAB (AT
FRAME) 3.8 9.0
ABOVE SLAB (AT 70
RDH 10°C | +21°C | | | Conventional + Window- | CONCRETE) : -
(2013) i Wall BELOW SLAB (AT 37 54
FRAME) ' :
BELOW SLAB (AT 6.0
CONCRETE) : B

Table 9 illustrates interior concrete surface temperatures from key studies gathered from

tables 2, 4, and 5. All scenarios from the 3 key studies were simulated by different simulation
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methods, and at similar boundary conditions and design temperatures, except for RDH (2013) [8]
where scenarios were simulated at different exterior design temperature of (-10°C) lesser that
those were used by other studies.

The three studies have selected different thermal films coefficients for the components
used, Ge, H et al (2013) [3] used ho=30 W/m?.K for exterior boundaries and hi = 8.3 W/m2.K for
interior boundaries per CSA A440.2 [22], Roppel, P. et al (2013) [4] used undisclosed different
thermal films coefficients. As for RDH (2013) [8], they used ho=30 W/m?.K for exterior surface
boundaries and 4.0 W/m?.K to 7.7 W/m?.K for interior boundaries.

Selecting thermal films coefficients for surface temperatures can be a challenge for
components for results accuracy and may affect the temperature results where a large percentage
of the overall thermal resistance is the surface resistance [19]. Also, inconsistencies in
assumptions will affect the simulation of the models and the surface temperatures results.

At most scenarios, when thermal break was installed, Table 9 evidently showed an
increase in interior surface temperature adequately or significantly above the dewpoint so it
minimizes the risk of condensation potential. This is a positive indication that the thermal break
had contributed in warming up the interior surfaces within the near vicinity of the balcony slab.

However, in table 6, for a scenario from ASHRAE RP-1365 (2011) that has an insulated
concrete curb without the addition of a thermal break, the interior surface temperature indices
increased from 0.58 to 0.83 right at the curb (gypsum board, at studs).

The following can be concluded from the results in Table 9:
e The minimum interior surface temperature values for all scenarios were above the
condensation resistance criterion, where temperature are greater than the dewpoint of 5°C

when RH = 35% and interior temperature is 21°C.
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e Minimum interior surface temperature values of scenario I11 from Roppel, P. et al (2013)
and scenario | from Ge, H et al (2013) showed significant difference in values (7.0 °C
versus 12.8°C) despite the fact that both studies used similar glazing system. This
difference could be related to the simulation method used and to different assumptions
made during the simulation process.

e  Minimum interior surface temperature values of RDH (2013) appeared lower than the
other two studies. Although, the temperature values met the condensation design criteria,
these values raise some questions due to the fact that the design temperature for the
exterior boundary condition was 8°C warmer than the design temperatures of the other

studies.

The risk of condensation grows if a room interior temperature is 22 °C and the concrete
surface temperature is 6°C and if the interior Relative Humidity (RH) rises above 35%. Whether
or not a thermal break was installed in the balcony slab, condensation is still an issue for the
balcony sliding door frames that have surface temperatures varies from (- 5°C) to (+ 3°C) [3].

Even though the temperature values shown from Table 9 indicated that the risk of
condensation may not be an issue for the floor slab, however, thermal comfort might create a big
issue given that the floor surface temperatures is quite low in the vicinity close to the exterior
wall [3]. In Roppel, P. et al (2013) study, it was noted that the coldest temperature on the sliding

door was mostly unaffected by the three slab scenarios without forced heat across the door.
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2.5.3 Other Considerations and Concerns

The presented studies appeared as marketing tools for the proprietary approach of
structural thermal break insulating element. The author was not sure if this was the intention,
nevertheless it exhibited that using such thermal break solution for cantilevered concrete balcony
slab would be of great benefit for heat loss reduction. But according to RDH (2013) it appeared
that the cost of such proprietary approach is high that the high-rise MURBSs community are
reluctant to propose such addition.

It appears the most important factor that is driving the need for a thermal break is meeting
the requirements of the energy codes. Prescriptive requirements stipulate a minimum R-value for
walls. In situation with high percentage of glass, the requirements may not be met without a
thermal break or reduction in balconies. It is however, probable that a simulated approach may
allow the balconies to meet the code without addressing the thermal bridging at balcony.

Roppel, P. et al (2013) [14] study had investigated a site solution where a cantilevered
concrete balcony slab has interruptions consisting of reinforced tensioned concrete beams of 500
mm and 800 mm voids for rigid insulation of 40 mm thickness. The results of modeling this site
solution were not satisfactory in both overall U-values and surface concrete temperature. This
site solution appeared neither practical nor cost effective due to being labour intensive.

The three key studies have focused only on the thermal break approach. Although
Roppel, P. et al (2011) or ASHRAE RP-1365 Report [19] allow the determination of thermal
parameters for an assembly without a thermal break but differing wall conditions at the thermal
bridge location.

Aside from all studies, ASHRAE RP-1365 Report have investigated and analyzed an

important construction details of a sliding door supported directly on an insulated raised concrete
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curb that have achieved significant results without using a thermal break in the concrete slab.
This was due to simple construction details that led to a lower overall U-value and to an increase
in surface temperature that established thermal comfort.

Roppel, P. et al (2011) or ASHRAE RP-1365 Report [19] was issued in 2011, which was
the starting point of all studies that came after. Two years later, in 2013, the three key studies
were subsequently issued, but none of them paid attention to the unique scenario of the insulated
raised concrete curb with sliding door details or even suggested an enhanced scenario that could
include such details.

That situation raises a question of what makes a proprietary thermal break unique.
Although it is a state-of-art innovative product, it is costly. This could be the reason why the
high-rise MURBSs communities are reluctant to consider installing such technology in
cantilevered concrete balcony slab. Then, if there are alternative construction detail options that
are readily available and can provide similar benefit to heat loss reduction, and thermal comfort,

then why it have been ignored by researchers?
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3.0 MRP RSERACH QUESTIONS

The review of the presented studies and by referring to the comparative analysis section
2.5 and Tables 7, 8, and 9, have shown that adding a thermal break in cantilevered concrete
balcony slab could improve the thermal performance of the assembly by reducing the U-value,
and increase the surface temperature to enhance thermal comfort.

Comparative analysis of the key studies, however, showed inconsistency in terms of U-
values and surface temperatures due to variation in simulation methods, glazing system used, and
many other factors. Despite this, the overall results have shown that using a proprietary thermal
break in cantilevered concrete balcony slab could be of great benefit for heat loss reduction and
thermal comfort.

Conversely, similar overall results in Tables 6 and 8 have shown that using other thermal
break approaches/existing innovative construction details i.e. an insulated raised concrete curb
could lead to same benefits of reducing heat loss and enhance thermal comfort.

That situation raises the following questions:

1. What makes a proprietary thermal break unique? Although it is a state-of-art innovative
product, it is costly. This could be the reason why the high-rise MURBS communities are
reluctant to consider installing such technology in cantilevered concrete balcony slab.

2. If the main objective of adding a proprietary thermal break was to reduce the heat loss
and enhance thermal comfort in lieu of increasing the interior surface temperature, then,
the three key studies, regardless of the differences in the results, had established that
objective. In ASHRAE RP-1365 Report, that objective has been established without

adding a proprietary thermal break and by insulating a raised concrete curb.
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3. If there is an alternative construction detail option that is readily available in the high-rise
MURBs industry which can provide similar benefits to heat loss reduction, and enhance
thermal comfort in lieu of increasing interior surface temperatures, then why it has been
ignored by researchers? This is a warranted question since ASHRAE RP-1365 Report or
Roppel, P. et al (2011) [19] was issued at least two years prior to the issuance of the 3
key studies, and none of which had mentioned the uniqueness of that detail or even
explored option of modification in case that option may create a tripping hazard when

stepping onto the balcony.

To answer these questions, the author explored the use of lower U-value framed glazing
system with either sliding door and/or spandrel panel with better thermal characteristics than
those were used by the previously presented three key studies. The author also considered
applying modification to the concrete balcony slab and proposing an insulated curb condition
solution.

The concrete modification is to create a 12.5 mm to 25.4 mm depression (curb) in the
concrete balcony slab right beneath where the sliding door/spandrel panel frame is intended to be
installed so that a 25.4 mm thick Extruded Expanded Polystyrene (EPS) rigid insulation can be
inserted below the sliding door/spandrel panel frame and separate the concrete surface from sill
of the glazing system frame [Figure 15].

Figure 15 illustrates the proposed model plan view and cross section showing the
depression (curb) in concrete slab and the EPS insulation inserted right beneath a lower U-value
framed glazing condition (sliding door/spandrel panel sill). This idea stems from the existing

raised insulated concrete curb condition exhibited in ASHRAE RP-1365 (2011) [19] and in
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Table 6, which has been used for many years by architects and engineers in concrete balcony

slab in high —rise MURBs.

Create a 12.5 mm to 25.4 mm
Depression (Curb) in
Concrete Slab right beneath
the Glazing Frame and Install
a 25.4 mm thick EPS Rigid
Insulation Sitting on the Slab

Figure 15: Preliminary Plan View and Cross-Section Profile showing the Proposed Model of 12.5 mm to 25.4
mm Depression (Curb) in the Concrete Slab and a 25.4 mm thick EPS rigid insulation inserted beneath a
Lower U-value Framed Sliding Door/Spandrel panel Frame

The creation of a 12.5 mm to 25.4 mm depression (curb) in the cantilevered concrete balcony
slab to install a 25.4 mm thick EPS rigid insulation was for the following reasons:
e Eliminate any water or moisture ingress into the interior space through balcony sliding

doors sill.
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e Keep the bottom sill frame of the sliding door and the interior adjacent vicinity of
concrete surface fairly warm during winter months.

e Create a flat construction detail approach with horizontal insulation similar in principal to
the vertically insulated raised concrete curb to avoid potential tripping hazard claims

because of the raised curb.

New construction assembly cross sections are created, thermal models and scenarios are
generated, and simulated using 2D THERM heat transfer software. Predicted results analysis and
comparison with the results reported from previous three key studies in terms of overall U-values
and interior concrete surface temperatures are completed. That comparison may assist in
determining if the new proposed model can lower the overall the U-value of the assembly,
increase the concrete surface temperature to an acceptable level where occupant’s thermal
comfort can be achieved.

That comparison may also assist in bringing a new approved construction details to assist
designers and developers in the MURBs community to adopt more options to minimize the effect
of thermal bridges and pave the road for more innovative construction ideas and more cost

effective solutions.
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4.0 ANALYSIS AND SIMULATION MODELS

The concept behind the proposed model is to explore a lower U-value framed sliding
door and spandrel panel and apply modification to the concrete balcony slab.

Concrete modification is done by creating a 12.5 mm to 25.4 mm depression (curb)
beneath where the sliding door or spandrel panel frame is intended to be installed and to install a
25.4 mm of EPS rigid insulation sitting on the slab separating the concrete surface from the
glazing system frame [Figure 15].

Proposed construction solution details and proposed simulation models are generated.
The proposed simulated models and scenarios are similar to those used by the previously
presented three studies in terms of construction assembly, assumptions and boundary conditions,
glazing system will utilize a lower U-value framed sliding door and spandrel panel assembly.

For the purpose of comparison, the proposed scenarios are using a proprietary thermal
break similar to the one that was used by Roppel, P. et al (2013) [14] study. Simulation is
completed utilizing 2D THERM heat transfer software. Overall U-values are calculated and
interior surface temperatures are obtained and analyzed.

The objectives of the thermal analysis are to determine if the predicted model with lower
U-value framed glazing assembly with or without the addition of 25.4 mm of EPS rigid
insulation beneath the glazing assembly sill frame without a thermal break could make a
significant difference in terms of overall U-values and interior concrete surface temperatures

when compared with results from similar scenarios from the previous three key studies.
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4.1 Description of Proposed Construction Assembly

The development of the proposed construction assembly was reliant on the models
established in the previously presented three key studies in terms of the glazing system assembly
and proprietary thermal break and the modeled scenarios.

The proposed scenarios are using a lower U-value framed glazing system from
KAWNEER. An insulated curb condition is utilized by creating a 12.7 mm depression (curb) in
the concrete balcony slab and installing 25.4 mm thick EPS rigid insulation sitting on the
concrete slab and separating the sliding door/spandrel panel sill frame from the surface of the

concrete slab [Figure 16].
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Figure 16: Cross Section of Proposed Model of an Insulated Curb Condition with a KAWNEER Sliding Door
Sill Showing a 12.7 mm depression in the Concrete and a 25.4 mm EPS beneath the Sliding Door Sill Frame

Figure 16 illustrates details of an insulated curb condition of 12.7 mm depression in the
concrete slab and a 25.4 mm of EPS rigid insulation sitting in the depression created.

Since few of the modeled scenarios are incorporating a proprietary thermal break, certain
dimensions must adhere to the manufacturer requirements in terms of height, thickness and

placement of thermal break, cantilever maximum length, and concrete cover for tension bars [18]
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(see appendix D). Therefore, careful consideration was given when choosing the concrete
depression thickness to create the insulated curb condition.

The total thickness of the concrete slab is 200 mm and the concrete cover for tension bars
(from exterior) is 55 mm and (from interior) is 40 mm to accommodate the 2% slope of the
cantilevered concrete balcony slab [18]. In the case of a 12.7 mm depression in the concrete, the
remaining concrete cover is 55-12.7 = 42.3 mm which is above 40 mm, and therefore, the

concrete cover conditions are met.
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Figure 17: Cross Section of Proposed Model showing a Lower U-value Framed glazing system (Sliding door
above/Spandrel Panel below), 12.7 mm Depression and 25.4 mm thick EPS insulation and Interior/Exterior
Concrete Cover thickness

Figure 17 illustrates section detail of the proposed construction assembly showing a
cantilevered concrete balcony slab with a typical 2% slope towards the edge of the slab, the
glazing system comprised of sliding door sill above the concrete slab and sliding door head with
spandrel head below the concrete balcony slab. A 12.7 mm of concrete depression curb) was
created right at the edge of the cantilever where the sliding door is intended to be installed, and a

25.4 mm thick EPS insulation is sitting right in the 12.7 mm depression (curb) protruding 12.7
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mm above the surface of the concrete [Figure 16]. Also, Figure 17 shows the tension bar lines

from interior and exterior with the concrete cover thickness measurements.
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Figure 18: Right: Showing Lower U-value Sliding Door Sill (above balcony slab) and 12.7 mm depression and
25.4 mm thick EPS insulation. Left: Showing Lower U-value Spandrel Panel Sill (above Balcony Slab) and
12.7 mm depression and 25.4 mm thick EPS insulation. Both Cross Sections are showing Spandrel Panel
Head and Sliding Door Head Blow Balcony Slab.

Figure 18 illustrates typical cross section details for lower U-value framed glazing system
(sliding door sill/head and spandrel panel sill/head) used in all modeled scenarios. Both cross

section details are showing the insulated curb condition solution of 12.7 mm depression (curb) in

concrete slab and 25.4 mm thick EPS insulation.
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4.2 Description of Variables

4.2.1 Description of KAWNEER Glazing System

Exploring the use of lower U-value framed sliding door/spandrel panel with better U-
value characteristics was proposed to verify if that option could have a positive impact on the
overall thermal transmittance of the assembly and on the concrete surface temperature.

The previously presented studies have used what it appeared to be a standard glazing
system and standard window-wall system (Starline 9000 series) [27] that is commonly used by
the high-rise MURBS industry, that included an opaque spandrel section and a sliding door with
assumed typical vision area of 50% at a sliding door [4].

In Ge, H et al (2013) study [3], it was indicated that the actual minimum temperatures
were found in locations above the slab, but are more indicative of the performance of the
window frames, as they do not change significantly with and without the addition of the thermal
break. In Roppel, P. et al (2013) study [4] it was noticed that the coldest temperatures on the
sliding door was mostly unaffected by the three slab scenarios and the sliding door was much
colder than the floor slab for all scenarios. There was no indication in any those studies that the
glazing system used does meet the current energy efficiency requirements [28].

As an alternative, the author is exploring a commercially available glazing system such as
KAWNEER with better U characteristics. KAWNEER manufacturer representative has verbally
confirmed that their product meet the current energy efficiency requirements and it has been used
comprehensively in high-rise commercial building applications, no window —wall system is
available, however, their products have the flexibility to assemble a typical floor-to-ceiling high
thermal performance glazing system by attaching a spandrel panel from any of curtain wall

assembly to a sliding door assembly.
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A fully glazed facade is designed for a typical condominium balcony for a floor-to-
ceiling window-wall assembly of 2438 mm standard height commonly used in high-rise
MURBSs. A choice of 1600UT System™2 curtain wall [29] and AA™3900 Thermal Sliding
Door [30] was made to assemble the floor-to-ceiling glazing window-wall system [Figure 19].

The typical construction details i.e. balcony connection, spandrel walls, sliding doors

shown in Figure 18 for sliding /spandrel and spandrel/spandrel are used for the heat transfer
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Figure 19: Plan view of Floor-to-Ceiling Assembly glazing Window-Wall Glazing System using a Spandrel
Panel of KAWNEER 1600UT System™?2 curtain wall and KAWNEER AA™3900 Thermal Sliding Door
[29], [30]

Figure 19, illustrates a plan view of a 2438 mm floor-to-ceiling window-wall assembly
by using a spandrel head section of 1600 UT System'™2 and AA™?3900 Sliding Door Head and

Sill and 203 mm thick concrete balcony slab.
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Figure 20: KAWNEER 1600 UT System"™2 Spandrel Head and Sill Section Details [29]
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Figure 21: KAWNEER AA™3900 Sliding Door Head and Sill at Sliding Panel Section Details [30]

Figure 20 illustrates cross sections of a spandrel panel head and a sill of 1600UT
System™2 curtain wall and Figure 21 illustrates cross sections of a head and a sill of sliding
panel of AA™3900 Thermal Sliding Door.

AA™3900 Thermal Sliding Door glazing used is a 25.4 mm total thickness (2x6 mm
glass and 12.7 mm spacer) double glazed unit (DGU) with Argon gas-filling and low-e coating
with a Centre-Of-Glass (COG) U-value of 1.324 W/m?.K. Spandrel panel is used from 1600UT

System™?2 with an R-value of 2.645 m2.K/ W, or an equivalent U-value of 0.378 W/ m?.K.
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4.2.2 Description of the Insulated Curb Condition Solution

The depression (curb) in the cantilevered concrete balcony slab could have been greater
than 12.7 mm; however, more depression requires maintaining the concrete cover of tension bars
as well as a structural verification to maintain the integrity of the cantilevered slab.

The author’s approach is to utilize 12.7 mm as a minimum so the structural integrity still
intact and the concrete cover are still maintained. In the 12.7 mm depression, a 25.4 mm thick
EPS rigid insulation is positioned to separate the concrete surface from the sliding door/spandrel

panel frame [Figure 22].
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Figure 22: Insulated Curb Condition Solution showing 12.7 mm Depression in Concrete Slab and 25.4 mm
thick EPS Rigid Insulation

EPS rigid insulation has the ability to retain its specific thermal and mechanical
properties even after being subjected to in-situ freeze-thaw cycling [31]. EPS rigid insulation
doesn’t support mold or mildew growth and it is a moisture resistance product and has been
confirmed through in-situ testing by the Expanded Polystyrene Association of Canada (EPAC)

that its ability to retain moisture is very low [32].
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From the aforementioned facts, the suggestion of using EPS rigid insulation underneath
the sliding door frame is very advantageous and important in terms of durability and maintaining
its thermal properties and being a moisture rebelling material and is expected to perform properly

when exposed to severe weather conditions.

4.3 Description of Modelling Approach

To achieve the objectives of this MRP, the proposed construction model assembly was
developed to allow simulation to evaluate the predicted U-values and concrete surface
temperature for the modeled scenarios in an objective manner.

Some consideration has been given to the scenarios from previously presented key
studies. However, these proposed models and scenarios were chosen to demonstrate the benefits
of having a lower U-value framed sliding door and spandrel panel installed in a cantilevered
concrete balcony slab. Also, to demonstrate the benefits of adding the proposed insulated curb
condition with or without a proprietary thermal break [18].

The balcony slab was modeled in THERM with and without the proposed insulated curb
condition and with and without a proprietary thermal break to determine the overall thermal
resistance, thermal comfort and condensation resistance.

The scenarios are categorized under two sets of groups:

e Group No. 1: All scenarios of this group are modeled with low U-value framed spandrel
panel sill and head above and below balcony slab with R-value of 2.645 m?.K /W, or an

equivalent U-value of 0.378 W/ m2.K. This group is labeled as KSP

This group has the following 4 scenarios numbered from 1 to 4:
Scenario 1: Conventional - Cantilevered Concrete Balcony Slab with Spandrel/Spandrel of U-

value of 0.378 W/ m%.K above and below balcony slab with nothing added.
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Labeled as KSP-NEPS-NTB
Scenario 2: Cantilevered Concrete Balcony Slab with Spandrel/Spandrel of U-value of 0.378 W/
m?.K above and below balcony slab with Insulated Curb Condition of 12.7 mm EPS.
Labeled as KSP-EPS-NTB
Scenario3: Cantilevered Concrete Balcony Slab with Spandrel/Spandrel of U-value of 0.378 W/
m?.K above and below balcony slab with a Proprietary Thermal Break “Schéck Isokorb®”.
Labeled as KSP-NEPS-TBSI
Scenario 4: Cantilevered Concrete Balcony Slab with Spandrel/Spandrel of U-value of 0.378 W/
m?.K above and below balcony slab with Insulated Curb Condition and proprietary thermal break
“Schock Isokorb®”. Labeled as KSP-EPS-TBSI

It should be noted that the stud cavity was left open with no insulation. However, for
comparison purposes only, each scenario was remodeled by installing a 78.8 mm (3.1 inches) of
glass wool insulation in the frame cavity with R-value of 2.07 m?.K /W, or an equivalent U-value
of 0.481 W/ m?.K and a thermal conductivity of 0.0380 W/m.k.

Table 10 illustrates cross sections for each scenario identified under group No. 1.

Cantilevered concrete balcony slab complete cross sections are illustrated in Appendix D.
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Table 10: Cross Section detail for each Scenario of Group No. 1 with its Associated Label

SCENARIOS - GROUP No. 1
1 - KSP-NEPS-NTB 2 - KSP-EPS-NTB
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e Group No. 2: All scenarios of this group are modeled with low U-value framed sliding
door sill with a U-value used of 1.324 W/m?.K above balcony slab and a low U-value
spandrel panel head below balcony slab with R-value used of 2.645 m?.K/ W, or an

equivalent U-value of 0.378 W/ m?.K. This group is labeled as KSD.

This group has the following 4 scenarios numbered 5 to 8:
Scenario 5: Conventional - Cantilevered Concrete Balcony Slab with Sliding Door Sill of U-
value of 1.324 W/m?.K above and Spandrel Panel Head of U-value of 0.378 W/ m®.K below
balcony slab with nothing added. Labeled as KSD-NEPS-NTB
Scenario 6: Cantilevered Concrete Balcony Slab with Sliding Door Sill of U-value of 1.324
W/m? K above and Spandrel Panel Head of U-value of 0.378 W/ m?.K below balcony slab with
Insulated Curb Condition of 12.7 mm EPS. Labeled as KSD-EPS-NTB
Scenario 7: Cantilevered Concrete Balcony Slab with Sliding Door Sill of U-value of 1.324
W/m? K above and Spandrel Panel Head of U-value of 0.378 W/ m?.K below balcony slab with a
Proprietary Thermal Break “Schock Isokorb®”. Labeled as KSD-NEPS-TBSI
Scenario 8: Cantilevered Concrete Balcony Slab with Sliding Door Sill of U-value of 1.324
W/m? K above and Spandrel Panel Head of U-value of 0.378 W/ m?.K below balcony slab with
insulated curb condition and proprietary thermal break “Schéck Isokorb®”.
Labeled as KSP-EPS-TBSI

It should be noted that the stud cavity was left open with no insulation. However, for
comparison purposes only, each scenario was remodeled by installing a 78.8 mm (3.1 inches) of
glass wool insulation in the frame cavity with R-value of 2.07 m®.K /W, or an equivalent U-value

of 0.481 W/ m?.K and a thermal conductivity of 0.0380 W/m.k.
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Table 11 illustrates cross sections for each scenario identified under group No. 2. Cantilevered

concrete balcony slab complete cross sections are illustrated in Appendix D.

Table 11: Cross Section Detail for each Scenario of Group No. 2 with its Associated Label

SCENARIOS - GROUP NO. 2

5- KSD-NEPS-NTB 6- KSD-EPS-NTB
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3.3.1 Developing Models for 2D THERM Simulation

Table 10 and Table 11 demonstrated 8 proposed construction scenarios numbered from (1
to 8) that reflects the most possible conditions that are encountered in an actual design condition.
These scenarios are meant to show variety of design decisions that could be taken by designers in
order to achieve higher thermal performance assemblies with best cost effective approach.

The balcony slab was modeled in THERM with and without the incorporation of the
proposed insulated curb condition and with and without the incorporation of the proprietary
thermal break to determine the overall thermal resistance, thermal comfort and condensation
resistance of the proposed assemblies.

The insulated curb condition was purposely incorporated with each individual case i.e.
conventional KSP, conventional KSD, and with proprietary thermal break with the intention of
properly identify any significant changes that could occur to the interior concrete surface
temperatures the overall U-value of such scenarios.

It should be noted that the stud cavity was left open with no insulation. However, for
comparison purposes only, each scenario was remodeled with glass wool insulation installed in
the frame cavity.

In a similar approach and for the purpose of thermal transmittance comparative analysis,
a set of additional eight scenarios labeled similar to the scenarios demonstrated in Table 10 and
11, but are numbered from (I to VI11) (See Appendix D). These scenarios were modeled and
simulated, using simplified spandrel section and sliding door section. Both sections used 25.4
mm total thickness DGU with Argon gas-filling and low-e coating with a COG U-value of 1.324
W/m?.K above and below slab. Component U-values and overall U-values were calculated for

each scenario.
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4.3.2 Assumption and Boundary Conditions

For the purpose of simulation, boundary conditions were chosen in a manner similar to
those was used by the previously presented key studies. Exterior and interior boundary
conditions were used for Toronto’s cold climate conditions which are close to ASHRAE 2009
Handbook-Fundamentals [4]. The boundary conditions chosen are applicable to an extreme
winter scenario in the Canadian environment.

Exterior boundary condition is (-18 °C), and 50% Relative Humidity (RH) and surface
film coefficient is ho=26.00 W/m?.K for blackbody radiation model with Emissivity of 0.9.
Interior boundary conditions is (+21 °C), 30% RH and surface film coefficient is hi=8.3 W/m?.K
for simplified model simulation. The vertical face of the slab on the interior was specified as an
adiabatic surface. Dewpoint for interior boundary conditions is (+3 °C).

Each section was modeled with a balcony slab length of 1.95 m on the exterior and the
floor slab was continued for 0.65 m on the inside of the wall assemblies (See Appendix D). The
thickness of the modeled concrete slab is 200 mm with 55 mm concrete cover over the
reinforcement bars from interior and 42.3 mm from exterior due to 2% slope towards the outer
edge of the cantilevered concrete balcony slab [Figure 17]. THERM models generated using the
connection details shown in Figures 18.

Materials used in the proposed construction assemblies and scenarios are as per technical
details provided by manufacturer for the low U-value framed glazing system and proprietary
thermal break. Specific material properties are consistent between all the models, and therefore it
established a baseline for overall performance. For the scenarios/models that incorporated the
proprietary thermal break, an equivalent thermal conductivity keq-value of 0.194 W/m.k was used

which incorporated the steel rebar placement.
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4.3.3 2D THERM Scenario’s Simulation Limitations

Simulated numbers generated from any software are not 100% accurate, and it should be
noted that there is an inherent margin of error within the 2D THERM modelling program itself.
The default value for the maximum % error energy norm in THERM is 10% [33], all simulated
scenarios had less than 10% error energy norm. However, simulated numbers are being used for
comparative purposes only and are not expected to impact the overall results of the analysis for

the purpose of this study.

4.4 Treatment of Modelling Results

All scenarios had shared the low U-value framed glazing system, the rest of the options
were varied either with or without the insulated curb condition of 12.7 mm thick EPS which was
shared with and without a proprietary thermal break.

The main core of all scenarios was the insulated curb condition of 12.7 mm thick EPS
rigid insulation which was intentionally added to the conventional cantilevered concrete balcony
slab and added to scenarios with and without a proprietary thermal break to verify the
effectiveness of such addition on the thermal performance of the model assembly scenarios.

Interior surface temperatures are obtained from scenarios (1 to 8) at slab/frame
intersection above slab and at slab/frame intersection below slab; in addition to that, a length of
the interior concrete surface was measured from the slab/frame intersection to where the interior
surface temperature reaches 20°C. From the 2D THERM isotherm models generated, a full
review of each scenario was accomplished for each scenario to substantiate existence of potential
risk of condensation at a dew point line of (+3°C) interior boundary condition.

U-values and overall U-values are calculated from scenarios (I to VIII) and all results

including interior surface temperatures are analysed among the scenarios themselves and a
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comparative analysis is conducted with the results from previous presented key studies in section

2.4 of this report.
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5.0 RESULTS AND DISCUSSION

All the proposed scenarios are incorporated a lower U-value framed glazing system and
therefore, a comparative analysis of the results with the ones of the previous key studies, could
provide meaningful conclusion despite the many differences in the assumption and simulation
approach among the studies and this MRP.

In order to evaluate the improvement of the thermal performance of the proposed
scenarios (1 to 8) that had the inclusion of the insulated curb condition, this report is focused on
the interior surface temperature results at slab/frame intersection above and below slab from the
modeled scenarios that are relevant to surface areas that have significant influence on thermal
comfort and condensation resistance and on the length of the interior concrete surface that
reaches 20°C.

Dewpoint of (+3°C) and RH of 30% with 21°C interior temperature are the interior
boundary condition used to verify potential risk of condensation. A review of equal temperature
lines (isotherm) is implemented at each scenario (1 to 8) in order to verify if any potential risk of
condensation could occur at any location and/or interior surface.

In terms of evaluating thermal transmittance of the proposed scenarios (I to VII1) that
had the inclusion of the insulated curb condition, U-values and overall U-values are calculated
for each component and for each scenario. This report is focused on the U-values of the upper
surface of the concrete slab surface to analyse if a significant decrease occurred in the U-value
because of that inclusion. A comparative analysis of overall U-values for specific scenarios from
this report with similar scenarios from previous presented studies is complete to verify the
significance of the inclusion of a lower U-value framed condition and the insulated curb

condition in the proposed models.
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5.1 Interior Surface Temperature Modeling Results

Interior surface temperature values and length from slab/frame intersection until it

reaches 20°C from scenarios (1 to 8) are demonstrated in Table 12 and 13.

Table 12: Thermal Profile showing Interior Surface Temperature at Slab/Frame Intersection Above and
Below Slab and Length of Surface when it Reaches 20°C for Each Proposed Modeled Scenario of Group No.1

SCENARIOS — GROUP No. 1

-18.0° -131* -83°

-34° 15° 44° 113° 161° 21407

1 - KSP-NEPS-NTB

2 - KSP-EPS-NTB
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Table 13: Thermal Profile showing Interior Surface Temperature at Slab/Frame Intersection Above and
Below Slab and Length of Surface when it Reaches 20°C for Each Proposed Modeled Scenario of Group No.2

-180° -131° 83 34 135° 464 113° 161° 21.0°

|1 | %
SCENARIOS - GROUP NO. 2

5- KSD-NEPS-NTB 6- KSD-EPS-NTB

7- KSD-NEPS-TBSI 8 - KSP-EPS-TBSI
12.1°C
20°C@
315MM
15.0°C
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Table 12 and 13 illustrates thermal profile of each scenario (1 to 8) showing interior
surface temperature captured at slab/frame intersection above and below slab and length of the
interior surface temperature from slab/frame intersection until it reaches 20°C.

The scenarios in both tables are deliberately set in two columns to illustrate the results of
temperatures of each scenario that had no insulated curb condition adjacent to the scenario that
had the inclusion of that condition.

Full scales of thermal profiles and lines of equal temperature (isotherm) for scenarios (1
to 8) are located in Appendix D.

For the purpose of analysis and comparison, Table 14 captured only interior surface
temperature of slab/frame intersection above and below slab for each scenario. It also captured
interior surface temperature of slab/frame intersection for each scenario when the stud cavity is
filled with glass wool insulation.

Table 14: Interior Surface Temperatures at Concrete Slab/Frame above and below Concrete Slab

With Cavity Insulation
SCENARIO ABOVE | BELOW | Length Until 20°C
Above Below
C tional
1 | ~onventona 9.2°C | 9.4°C 346 mm 9.6°C | 9.7°C
KSP-NEPS-NTB
2 | KSP-EPS-NTB 10.0°C | 9.5°C 338 mm 10.5°C 10.2°C
3 | KSP-NEPS-TBSI | 12.5°C | 14.2°C 278 mm 13.7°C 15.8°C
4 | KSP-EPS-TBSI 13.2°C | 14.2°C 260 mm 14.4°C 16.0°C
ional
g | Conventiona 48°C | 10.5°C 462 mm 48°C | 11.3°C
KSD-NEPS-NTB
6 | KSD-EPS-NTB 9.6°C | 10.8°C 420 mm 9.5°C 11.6°C
7 | KSD-NEPS-TBSI | 7.1°C | 15.0°C 339 mm 7.0°C 16.7°C
8 | KSD-EPS-TBSI | 12.1°C | 15.0°C 315 mm 11.0°C 16.7°C
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5.2 Interior Surface Temperatures Results Analysis

The surface temperature results illustrated in Table 14 for above and below slab indicated
the following:

For conventional concrete balcony scenarios 1 and 2, which had a lower U-value framed
spandrel panel above and below slab along with the benefit of adding the insulated curb
condition of 12.7 mm thick EPS, the interior surface temperature above slab has a slight increase
from 9.2°C to 10°C and an 8 mm decrease in length until 20°C. Similar effect is shown on
scenarios 3 and 4 that had a proprietary thermal break along with and without the benefit of
adding the insulated curb condition of 12.7 mm thick EPS where interior surface temperature has
a slight increase from 12.5°C to 13.2°C and a 17 mm decrease in length until 20°C.

However, significant increase in interior surface temperature is noticed from 4.8°C to
9.6°C for conventional scenarios 5 and 6, which had a lower U-value sliding door above and
spandrel panel below slab along with the benefit of adding the insulated curb condition of 12.7
mm thick EPS, and 42 mm decrease in length until 20°C. Similar significant increase is noticed
in interior surface temperature from 7.1°C to 12.1°C for scenarios 7 and 8 that had a proprietary
thermal break along with and without the benefit of adding the insulated curb condition of 12.7
mm thick EPS and 24 mm decrease in length until 20°C.

It should be noted that the interior surface temperatures resulted from simulating the
same scenarios (1 to 8) with the inclusion of 77.8 mm of glass wool insulation in the stud cavity
had an average insignificant increase in temperature from 0.3°C to 1.8 °C applicable on both
above and below slab interior surface temperature. This indicates that increasing facade

insulation had insignificant effect on the interior concrete surface temperature.
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5.3 Condensation Resistance Results Analysis

Upon the review of isotherm lines of equal temperature lines of each scenario (see
Appendix D), the dewpoint of (+3°C) is occurring within the low U-value framed glazing system
(sliding door section and spandrel panel section) and in concrete slab and in the stud cavity with
and without insulation and it appeared that the risk of condensation is unlikely to occur at any of

the (1 to 8) modeled scenarios.

5.4 Interior Concrete Surface Temperatures Results Comparative Analysis

Sections 2.4 and 2.5 of this report summarized and presented the previous key studies and
illustrated the modeled scenarios and the interior concrete surface temperatures for each modeled
scenario. As discussed previously that each study had its own assumptions, boundary conditions,
different material thermal conductivity, and different methods of simulation.

Of particular interest to this study, and for the purpose of comparative analysis, it
appeared that Ge, H et al (2013) [14] is the only appropriate study that used 2D THERM method
of simulation, scenarios and models that had similarity to this study and found interior surface
temperatures at slab/frame intersections above and below balcony slab and even measured the
length of concrete surface temperature until it reaches 20°C.

Table 15 illustrates scenarios (I and Il) from Ge, H et al (2013) that are similar to the
scenarios of this report in terms of glazing system configuration, with and without the addition of
a proprietary thermal break. Scenarios (1, 3, 5, and 7) from this study were chosen in such a
manner that these scenarios only include a low U-value framed glazing system without the
inclusion of the insulated curb condition, so that any significant difference could be distinguished

because of the use of a low U-value framed glazing system.
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Table 15: Interior Surface Temperature and Length until 20°C for Scenarios from Ge, H, et, all (2013) [14]
and this MRP Study

BELOW
ABOVE BALCONY BALCONY
STUDY BALCONY SLAB SCEANRIO Surface Length Until Surface
Temperature | 20°C (mm) Temperature
(°C) °C)
No
I Above: Sliding doors Break 7.0 440 11.5
Below: Spandrel Panel Break 12.8 270 16.1
N
|| | Above: Spandrel Panel Brec;k 9.3 370 9.8
Below: Spandrel Panel Break 13.4 250 14.9
Ge, H, Above: Clear DGU-RSI | No 6. 290 67
(ezté fg) 1 | 035(U=2.86 WimK) | Break : :
Below: Spandrel RSI
250 (U=0.4 W/mP.K) | Break | 115 280 16.2
Above: Clear DGU-RSI No
| 0-73(U=1.369 W/m2.K) | Break 6.3 390 6.7
Below: Spandrel RSI K 12.3 280 16.3
2,50 (U=0.4 W/m2.K) | B'e@ : :
Conventional No
1 KSP-NEPS-NTB Break 9.2 346 9.4
3 KSP-NEPS-TBSI Break 12.5 260 14.2
Conventional No
5 KSD-NEPS-NTB Break 4.8 462 105
7 KSD-NEPS-TBSI Break 7.1 339 15.0
MRP 1 KSP-EPS-NTB Curb 10.0 339 95
Study
Curb
4 KSP-EPS-TBSI + 13.2 260 14.2
Break
6 KSD-EPS-NTB Curb 9.6 420 10.8
Curb
8 KSD-EPS-TBSI + 12.1 315 15.0
Break

The following could be derived from the comparative analysis of the figures listed in
Table 15:

For conventional balcony scenario (1) from Ge, H, et, all (2013) and conventional
balcony scenarios (1) from this MRP report which have spandrel/spandrel above and below

balcony slab with no thermal break, the interior surface temperature values are 9.3°C versus
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9.2°C above slab and 9.8°C versus 9.4°C below slab and the length measured until the
temperature reaches 20°C is 370 mm versus 346 mm.

Also, for same balcony scenario (I1) and balcony scenarios (3) which have
spandrel/spandrel above and below balcony slab with thermal break installed, the interior surface
temperature values are 13.4°C versus 12.5°C above slab and 14.9°C versus 12.5°C below slab
and the length measured until the temperature reaches 20°C is 250 mm versus 260 mm.

The differences among the results are insignificant and appeared consistent with the
conventional status. On the other hand, for the thermal break status, the interior surface
temperature results from Ge, H, et, all (2013) appeared higher from the temperature results of
this MRP.

For conventional balcony scenario (1) from Ge, H, et, all (2013) and conventional
balcony scenarios (5) from this MRP report which have sliding/spandrel above and below
balcony slab with no thermal break, the interior surface temperature values are 7.0°C versus
4.8°C above slab and 11.5°C versus 10.5°C below slab and the length measured until the
temperature reaches 20°C is 440 mm versus 462 mm.

Also, for same balcony scenario (1) and balcony scenarios (7) which have
sliding/spandrel above and below balcony slab with thermal break installed, the interior surface
temperature values are 12.8°C versus 7.1°C above slab and 16.1°C versus 15.0°C below slab and
the length measured until the temperature reaches 20°C is 270 mm versus 339 mm.

The differences among the results for the conventional and for the thermal break status
for above slab temperatures appeared significant. On the contrary, for below slab appeared

insignificant.
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In both cases, temperature difference appeared high when thermal break was installed,
this could be related to the positioning of the thermal break in the balcony slab. In Ge, H, et, all
(2013), the proprietary thermal break was positioned in the concrete slab right below the sliding
door frame, whereas the proprietary thermal break in this MRP report was positioned as per the
manufacturer installation requirements a 100 mm off the sliding door frame to the inside of the
floor slab (See Appendix D and E) and that could be the reason why the interior surface
temperature appeared higher. In addition to that, no R-value was mentioned in Ge, H, et, all
(2013) for scenarios (1) and (1) and therefore, it could be higher or lower than the ones used by
this MRP.

For scenarios (111) and (1V) from Ge, H, et, all (2013) that have no proprietary thermal
break, the interior surface temperature results of that study appeared similar despite the
difference in U-value used for glass component above slab (2.85 W/m?.K versus 1.369 W/m?.K).

When comparing those results with the interior surface temperatures of scenarios (2) and
(6) from this MRP report that have lower U-value framed condition of (1.324 W/m*.K above
slab and 0.378 W/m?.K below slab) and incorporated the insulated curb condition, the interior
surface temperatures above slab tend to increase from 6.2 °C and 6.3 °C to 10.0 °C and 9.6 °C
respectively, and below slab from 6.7 °C to 9.5 °C and 10.8 °C respectively, which is significant.
Also, the length measured until the temperature reaches 20°C for scenario (111) from Ge, H, et,
all (2013) and (2) from this MRP is decreased 52 mm.

Similar, for scenario (111) from Ge, H, et, all (2013) that have a proprietary thermal break
when compared with similar scenario (4) from this MRP report that have lower U-value framed
condition of (1.324 W/m2.K above slab and 0.378 W/m2.K below slab) and incorporated the

insulated curb condition and a proprietary thermal break, the interior surface temperatures are
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increased from 11.5 °C to 13.2 °C above slab and even the measured length until the temperature
reaches 20°C for scenario (4) is decreased 20 mm (from 280 mm to 260 mm) less than scenario
(1) from Ge, H, et, all (2013).

In general terms, it appeared that from the relative comparison above, that when
incorporating a lower U-value framed condition with or without the incorporation of the
insulated curb condition of 12.7 mm EPS underneath the glazing frame, the interior concrete
surface temperature tend to increase with or without the incorporation of a proprietary thermal

break and that benefit the human thermal comfort.

5.5 Thermal Transmittance U-value Modeling Results

U-values and overall U-values are calculated for each component and for each proposed
scenario (I to VIII) (See Appendix D) from interior boundary. This MRP report focused on the
U-values of the upper surface of the concrete slab and on the overall U-value of a scenario with
the inclusion of the insulated curb condition of 12.7 mm EPS to analyse if a significant decrease
occurred in the U-value of that upper surface and in the overall U-value of a scenario because of

that inclusion.

Figure 23: Concrete Balcony Slab Interior Boundaries Diagram showing Component U1, U2, U3, and U4
used in THERM to Calculate U-values and Overall U-values for Modeled Scenarios | to VIII
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Figure 21 showing a diagram of concrete balcony slab illustrating boundaries for each
component used to calculate each U- value and overall U-value for each scenario. This diagram
shows a simplified spandrel above and below slab with clear DGU with a U-value of 1.324
W/m?.K. The modeled height is 226 mm above and below slab and concrete surface measures
500 mm for upper and lower surface. It should be noted that for scenarios IV to VIII, the
modeled height above slab is 300 mm and concrete surface measures 520 mm for the above

surface only.

Table 16: U-value for components and Overall U-value for of each Scenario from | to VIII (See Appendix D)

| | 11 v Vv VI VII VI
SCENARIO NOEPS | WI/EPS NOEPS | W/EPS NOEPS | WI/EPS NOEPS | WI/EPS
. NO NO w/ w/ NO NO w/ w/
Location | U-value | greak | BREAK | BREAK | BREAK | BREAK | BREAK | BREAK | BREAK
Above
Balcony/ W/m2.K 2.41 2.43 2.51 2.30 2.65 2.63 2.71 2.64
Slab
Balcony/
a'ab WImeK | 0.74 0.67 0.48 0.37 0.82 0.67 0.58 0.37
pper
Surface
% REDUCTION 10% 23% 18% 36%
Balcony/
Slab 2
Below W/m*.K 0.74 0.71 0.38 0.38 0.74 0.71 0.38 0.38
Surface
Below
Balcony/ W/m?.K 2.44 2.43 2.58 2.60 2.44 2.43 2.58 2.60
Slab
Overall |\, o | 125 1.20 1.13 1.06 1.35 1.30 1.23 117
U-value
% REDUCTION 4%, 6% 4% 5%

Table 16 illustrates the U-values for each component of each scenario from I to VIII (See
Appendix D) per Figure 23. It also illustrates the overall U-value for each scenario and the %
reduction resulted in the U-values of balcony slab upper surface and in the overall U-value from

the inclusion of the insulated curb condition of 12.7 mm EPS.
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5.6Thermal Transmittance U-value Modeling Results Analysis

Table 16 indicates that U-value tend to get lower in scenarios Il and VI by 10% to 18%
when the insulated curb condition of 12.7 mm EPS is added underneath the glazing frame. Even
it get more reduced in scenarios VI and VI by 23% to 36% when the insulated curb condition
of 12.7 mm EPS is combined with a proprietary thermal break.

Overall U-values showed modest reduction of 4% in scenarios Il and VI when the
insulated curb condition of 12.7 mm is added and 5% to 6% in scenarios VI and V11l when the

insulated curb condition of 12.7 mm EPS is combined with a proprietary thermal break.

5.7 Thermal Transmittance U-value Modeling Results Comparative Analysis

For the purpose of comparative analysis with the previous key studies, and in order to get
a meaningful outcome, similarity in scenarios must meet in terms of glazing system
configuration above and below the balcony slab.

Sections 2.4 and 2.5 of this report summarized and presented the previous key studies and
illustrated the modeled scenarios and the U-values and overall U-values for each modeled
scenario. As discussed previously that each study had its own assumptions, boundary conditions,
different material thermal conductivity, and different methods of simulation and most
importantly is the simulated height of component that was used in the U-value and overall U-
value calculations. All these factors could affect the U-value calculation and made it difficult to
establish a common ground for comparison.

Of particular interest to this study, and for the purpose of comparative analysis, Ge, H et
al (2013) [14] is the only appropriate study that used 2D THERM method of simulation, and had

couple of scenarios (111 and V) that had similarity to this MRP study (see Table 1).
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From this MRP study, Scenarios (I, 111, VV and VII) from this study (See Appendix D)
were chosen in such a manner that these scenarios only include a low U-value framed glazing
system without the inclusion of the insulated curb condition in order to distinguish any
significant difference.

Table 17: Overall U-values for Scenarios (111 and 1V) from Ge, H, et, all (2013) and Scenarios (I, 111, V, and
VIII) from this MRP (Appendix D)

STUDY MRP (Appendix D) Ge, H, et, all (2013)
| 11 Vv VII 1 v
SCENARIO
No Break | Break | No Break | Break | No Break | Break | No Break | Break
Overall )
Wim-.K 1.25 1.13 1.35 1.23 2.23 1.07 1.94 0.76
U-value

Table 17 illustrates the overall U-values pertaining to the specific scenarios chosen from
Ge, H et al (2013) and specific scenarios from this MRP report (Appendix D).

Relative comparison is established between scenario (I11) from Ge, H, et, all (2013) and
scenario (I) from this MRP, the % reduction in U-value found 43.9% and between (1V) from Ge,
H, et, all (2013) and scenario (V) from this MRP, the % reduction in U-value found 30%, both
cases have no thermal break. These % reductions would have been realistically acceptable if the
scenarios from both studies have been modeled and simulated using similar boundary conditions;
however, this is not the case here for the following reasons:

e Both studies have used different concrete slab thickness (200 mm versus 210 mm) and
different balcony slab length on the interior (0.5 m versus 1.0 m) and this could have a
great impact on the overall U-value results.

e Both studies have used different components areas calculation and therefore, this could

have an impact on the total area-weighted when calculating the overall U-value results.
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e Simulated models in both studies have used different height above and below balcony

slab and that could have an impact on the overall U-value results.
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6.0 CONCLUSION

When using a lower U-value framed glazing door assembly along with the insulated curb
condition of 12.7 mm thick EPS in conventional concrete balcony scenarios, the concrete surface
temperatures had the tendency to increase, and even doubled in surface temperature values when
compared to a traditional glazing door assembly with higher U-values. Concrete surface
temperatures also had the tendency to increase in values when the insulated curb condition of
12.7 mm thick EPS is incorporated with a proprietary thermal break. Further, the incorporation
of the insulated curb condition of 12.7 mm thick EPS contributed to benefit the human thermal
comfort by decreasing the length of the concrete surface until the temperature reaches 20°C.

The U-values generated from the scenarios in this MRP report, and specifically the
scenarios that had an insulated curb condition showed relatively significant reduction in the U-
values of the interior concrete upper surface. Also, the overall U-value showed modest %
reduction when the insulated curb condition was added. Nevertheless, using a lower U-value
glazing system with better thermal characteristics had contributed to the overall reduction in
results of the generated U-values and that should improve the energy efficiency and thermal
performance of construction assemblies.

Having said that, it was difficult to establish a common ground to compare the U-value of
this MRP with previous studies due to many differences in assumption, simulation approach and
dimensions of components and many other factors.

Alternatively, this MRP study had shown that there is an alternative construction detail
option that could provide similar benefits to heat loss reduction and human thermal comfort in
lieu of increasing interior concrete surface temperatures and minimize the risk of condensation

than the options of using a proprietary thermal break in the concrete balcony slab. That
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alternative construction detail option can be done by utilizing more efficient glazing frame
assembly with a lower U-value than the traditional glazing assembly commonly used in the high-
rise MURB community and by utilizing an innovative construction details such as the insulated
curb condition of 12.7 thick EPS installed beneath the glazing frame.

Thermal break research and development must not stop here and should move forward
towards investigating more innovative and advanced construction assembly solutions or even put
the proposed model of this MRP report into experimental testing by creating a mock-up and
confirm that using a lower U-value framed glazing assembly and insulated curb condition could
improve the overall thermal performance of an assembly.

It is suggested that further study could be implemented to establish the relationship
between the results of this MRP and the results of increasing the thickness of the EPS of the
insulated curb condition to 38.1 mm or higher using similar simulation approach. Because this
increase in EPS thickness required creating 25.4 mm or higher depression in the cantilevered
concrete slab, therefore, this suggestion must be verified by a structural engineer.

It is also suggested that further cost study analysis could be implemented to analyze the
cost of using a lower U-value framed condition along with the inclusion of the insulated curb
condition versus the incorporation of a proprietary thermal break.

Further, by providing innovative construction condition solution, construction and
designer communities could provide the high-rise MURBs with economically viable energy

efficiency solutions.
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APPENDENICES

APPENDIX A

Ge, H et al (2013):

As-designed section for scenarios | and I1.

O
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THERM models for each scenario - Section A illustrates models for each wall/slab scenario.

Section B illustrates temperature profiles for sliding door/spandrel panel section.
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APPENDIX B

3D Heat Transfer Study:

1113

i

E

=
]

X XX
\ v
i e e iy

..
i
K
=

b .-"\.
v

.—"-..,_:_.

W

Py

PO YOO

L D R - .h\
seme 7 - PN e T
g8 T |
e R N———
11 = wta |
I ] i"’-__i e
- [ 'Iw::{
1=
=
L ihh‘i
EXTEROR 1 --u.-'”‘; SUTE
_ !‘u"‘
4

SCENARIO - 1: A)-Conventional Concrete Balcony Slab with Window-wall spandrel panel

below and above B) - Modeled Continuous Slab. C) — Modeled Assembly for Continuous Slab
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SCENARIO - 2: A): Cantilevered concrete balcony with interruptions consisting of reinforced
concrete (500 mm) and rigid insulation (800 mm) of 40 mm thickness. B): Modeled Site solution
with concrete partially removed to show insulation and rebar. C): Modeled Assembly for Site

Solution.
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SCENARIO - 3: A): Cantilevered concrete balcony with a Schéck Isokorb CM20 thermal break.
B): Modeled Schock Isokorb slab with concrete partially removed to show Isokorb system. C):
Modeled Schock Isokorb Close-Up view with Insulation partially removed. D): Modeled

Assembly for Schock Isokorb Solution.
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APPENDIX C

3D Heat Transfer Study (RDH)
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APPENDIX D

1 - Cantilevered Concrete Balcony Slab complete cross sections for Scenarios No. 1 to 8:

Group No.1: All scenarios of this group are with low U-value framed spandrel panel sill
and head above and below balcony slab.

Scenario 1: Conventional Cantilevered Concrete Balcony Slab with KAWNEER Spandrel Panel

EXTERIOR INTERIOR

& p~ I KAWNEER SPANDREL PANEL SILL / INSULATION

/ 2% SLOPE

N CINCRETE BALCONY SLAB W%
KAVNEER SLIDING DODR HEAD AND/IR

SPANDREL PANEL / INSULATION

Scenario 2: Conventional Cantilevered Concrete Balcony Slab with KAWNEER Spandrel Panel
+12.7 mm Concrete Curb with 25.4 mm EPS Insulation

EXTERIOR INTERIOR

KAWHEER ZPANDREL PAMEL EILL  INSULATIONW
4|~ 12.7rn DEPRESSION+2S.4rm EPS INSULATION

/ 2% SLOPE

iy

\ CONCRETE BALCONY ELAD

KAWNEER SLIDING DOOR HEAD AND/OR
SPANDREL PAMEL ¢ INSULATION

o
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Scenario 3: Cantilevered Concrete Balcony Slab with KAWNEER Spandrel Panel + Schock
Isokorb® Type CM20 Thermal Break

EXTERTIR INTERTIR

/ c4 ELOFE

| KAWNEER SPANDREL FANEL SIL # INSULATION

3 1—— SCHOCK ISOKORA TYRE CHEQ

LN -1

\ COMCEETE BALCONY SLAE

kAWREER SLIDING DOOR HEAD ARD/OR
SPANDREL PAMEL / [MSULATION

80 | 110

2030.00

Scenario 4. Cantilevered Concrete Balcony Slab with KAWNEER Spandrel Panel + 12.7 mm
Concrete Curb with 25.4 mm EPS Insulation + Schéck Isokorb® Type CM20 Thermal Break

EXTERIOR INTERIOR
T=ofT— K&WNEER SPANDREL PANEL SILL / INSULATION
/ 8 P | 12.7rm DEPRESSION+ESArm INSLLATION

SCHOCK ISOKOER TYFE CMED

\ COMCRETE EALCONY ILAE
AWNEER ZLIDING DOOR HEAD AND/OR

SPANIREL FAMEL / INZULATION

80 | oo

2030.00
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Group No. 2: All scenarios of this group are with low U-value framed sliding door sill and
low U-value spandrel panel head above and below balcony slab.

Scenario 5: Conventional Cantilevered Concrete Balcony Slab with KAWNEER Sliding Door

EXTERIOR INTERIOR

/ 2% SLOPE

+— KAWNEER SLIDING DOOR SILL

LY

e ey s @
= KAWNEER SLIDING DOOR HEAD AND/OR

SPANDREL PANEL / INSULATION

Scenario 6: Conventional Cantilevered Concrete Balcony Slab with KAWNEER Sliding Door +
12.7 mm Concrete Curb with 25.4 mm EPS Insulation

EXTERTOR INTERTOR

/ g% SLOPE

KaWKEER SLIDING DOOR SILL
127mn DEPRESSION+2S.4mm INSLLATION

\\ COMCRETE BALCOWY SLAE
K&WHEER ELITDING 000X HEAD AWD/OR

SPANOREL PANEL ¢ INSULATION

=
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Scenario 7: Cantilevered Concrete Balcony Slab with KAWNEER Sliding Door + Schéck
Isokorb® Type CM20 Thermal Break

EXTERIOR INTERIOR

1 KAWKEER SLIDIMG DOOR SILL

/ 2% ELOFE

A —— SCHICK ISOKORE TYPE CHED

\\ CONCRETE BALCONY ELAR

K&WKEER SLITING IOOR HEAD ANDOR
5 [BPANOREL PAREL # IMSULATION

80 | [0
FAA

[y |

2030.00

Scenario 8: Cantilevered Concrete Balcony Slab with KAWNEER Sliding Door + 12.7 mm
Concrete Curb with 25.4 mm EPS Insulation + Schock Isokorb® Type CM20 Thermal Break

EXTERIOR INTERIOR

KAWREER FLIDING IOR SILL
12,7mm IEPRESSIONA2S4rm INSULATION

/ 2% SLOPE

Yl +—— ECHOCK ISOKORE TYFE CME0

L L

\ COWCEETE BALCOMY SLAT
FAWNEER SLIDING IOOR HEAD ANDCOR

EPANDREL PAMEL / INSLLATION

80 | foc
2030.00 i
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2 - MRP 2DTHERM lines of equal temperature (Isotherm) and thermal profile of each
scenario from 1 to 8 showing interior surface temperature captured at slab/frame
intersection above and below slab and the length of where the 20°C is reached.

Scenario 1: Conventional - KSP-NEPS-NTB

-18.0% -151* 33° -3._4"| 15 ﬁii"l L5 lﬁ_l"l_ 21.0°
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Scenario 2: Conventional - KSP-EPS-NTB

-18.0% -13.1* 83" 34 15° 64% 113° 161° 210°

-
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Scenario 3: KSP-NEPS-TBSI

-18.00 -13.1* 33° 34 13 4% 113° 161" 210°
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Scenario 4: KPS-EPS-TBSI

-18.00 -13.1* 33° 34 13§° 4% 113° 1561 210°
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Scenario 5: Conventional - KSD-NEPS-NTB

1800 -131* 33 34 13° 64 113 161° 20
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Scenario 6: KSD-EPS-NTB

1800 131 83 34 13° 64 113 161° 20
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Scenario 7: KSD-NEPS-TBSI

-18.0% -151* 33° -3.4“‘| L6 ﬁii"l lij‘: lﬁ_l“l_ 210"
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Scenario 8: KSD-EPS-TBSI

-18.00 -131* 33° 340 13°  44°

94

1138 161° 2140°

12.1°C

20°C@
3150MM




3 - MRP 2D THERM Modeled Scenarios No. I to VIII:

Scenario I: Conventional - KSP-NEPS-NTB

Scenario I1: KSP-EPS-NTB

Scenario 111: KSP-NEPS-TBSI

Scenario IV: KPS-EPS-TBSI
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Scenario V: Conventional - KSD-NEPS-NTB

Scenario VI: KSD-EPS-NTB

Scenario VII: KSD-NEPS-TBSI

Scenario VIII: KSD-EPS-TBSI



4 — MRP. U-value and Overall U-values calculated for scenarios I to VIII from interior
boundary to account for asymmetric geometry (refer to Diagram below):

| Component U Values - Diagram |

Scenario I: Conventional - KSP-NEPS-NTB

Ul: 2.41 W/im?K
U2: 0.74 W/m?.K
U3: 0.74 W/m?.K
U4: 2.44 W/m?.K
Overall U-value: 1.25 W/m?K

Scenario 11: KSP-EPS-NTB

Ul: 2.43 W/m?K
U2: 0.67 W/m2.K
U3: 0.71 W/m%K
U4: 2.43 W/m?.K
Overall U-value: 1.20 W/m?.K

Scenario 111: KSP-NEPS-TBSI

Ul: 2.51 W/m?K
U2: 0.48 W/m?.K
U3: 0.38 W/m%.K
U4: 2.58 W/m?.K
Overall U-value: 1.13 W/m?.K

Scenario 1V: KPS-EPS-TBSI

U1: 2.30 W/m?.K
U2: 0.37 W/m?.K
U3: 0.38 W/m?.K
U4: 2.60 W/m2.K
Overall U-value: 1.06 W/m?.K
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Scenario V: Conventional - KSD-NEPS-NTB

U1: 2.65 W/m?.K
U2: 0.82 W/m?.K
U3: 0.74 W/m?.K
U4: 2.44 W/m? K
Overall U-value: 1.35 W/m?.K

Scenario VI: KSD-EPS-NTB

Ul: 2.63 W/m2.K
U2: 0.67 W/m?.K
U3: 0.71 W/m?.K
U4: 2.43 W/m? K
Overall U-value: 1.30 W/m2.K

Scenario VII: KSD-NEPS-TBSI

Ul: 2.71 W/m?.K
U2: 0.58 W/m?.K
U3: 0.38 W/m%K
U4: 2.58 W/m?.K
Overall U-value: 1.23 W/m?.K

Scenario VIII: KSD-EPS-TBSI

U1: 2.64 W/m?.K
U2: 0.37 W/m%.K
U3: 0.38 W/m%.K
U4: 2.60 W/m?.K
Overall U-value: 1.17 W/m2.K
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APPENDIX E

Schock Isokorb CM20 Thermal Break Insulating Element:

Schock Isokorb® type (M
Concrete cover/type designation

Concrete cover CC

The concrete cover of the Schack lsokorb® type CM is set to 40 mm {CCA0) or 55 mm {CCS5). We recommend chaosing the TS5
condrete covering for balcony slabs with a sloping surfaca. This allows the surface of the baloony slab to be sloped by 2%.

Balcony miterior sk

Congete cover with level baloony sish

Balcony Interior slab

{omorete cower with sloped bafcowy slob

The concrete cover recommend for our proposed model is CC55 as shown in the figure
below. This allows the surface of the balcony slab to be sloped by 2% which is the case for the
majority of cantilevered balcony slabs in high-rise MURBSs. Also it shows how to position the
Schock Isokorb®type CM thermal break insulating element in the concrete balcony slab and the

support of the balcony is assumed to be 100 mm from the interior slab side, “{ “is the cantilever

length, and CC is the concrete cover for tension bars. These entire requirements were considered

when completing the proposed model.
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Schock Isokorb® Insulating Element Positioning in the Cantilevered balcony slab

The table below shows the maximum cantilever lengths “{ “ associated with Schock

Isokorb® height H recommended with for each concrete cover thickness in order to avoid
excessive vibration in the balcony slab. For the proposed model, a sloped cantilevered concrete

balcony slab with a Schock Isokorb® thermal break CM20 height of 200 mm, the maximum «{

recommended is 2.03 m.

Max cantilever length with Schock Isokorb® height H for each concrete cover thickness

Schock Isokorb® height H [mm] | 180 | 190 | 200 | 210 | 220 | 230 | 240 | 250

Concrete Cover for Tension Bars Max «¢«[m]
CC=40mm 1.95 [ 2.10 | 2.25 | 2.39 | 2.54 | 2.68 | 2.83 | 2.98
CC=55mm 1.88 | 2.03 | 2.17 | 2.32 | 2.46 | 2.61 | 2.76

The Figure below illustrates Schock Isokorb® type CM cross section and overhead view which is
identical for the type CM 4 load capacities and for the respective concrete cover. However, the
load capacities of Schock Isokorb® type CM vary in the number of tension bars, shear force bars

and pressure bearings.

100



S 8
- | =
8 &=
. =
8 ST
- o
= =
-1 . =
o=
RS g|8
4 -
g e
4 = —— b= ~
g :| _= 1!_ =|
T == =
§ il Ji =
—-— = =1
- = @ 17 8 -
—
| 432(414) 414 (432) L
-+ - 3=
740 E0 740
+ -
Bakony 0 280 levterir shab
aum a7 . |
-
g

Product cross-section and overhead view of Schéck 1sokorb® Type CM

Schéck Isokorb®

Equivalent Thermal Conductivity keq

Schock

Innovative Building Solutions

101

K.gvalue [Wi{mk)]
» Isokorb® height H [mm] o
'*‘:'y“‘;em 180 190 200 210 220 230 240 250 I:" gm""'lhm] pm:;r;on
R0 [ROOR120] RO [R9DR120] RO [R9ORIZ0[ RO [R9ORI20] RO |R9ORI20[ RO |R9DRI20| RO |ROORI20[ RO |RSO/R120
CM10 0157 | 0476 | 0451 | 0168 | 0145 | 0461 | 0140 | 0155 | 0135 | 0450 | 0431 | 0445 | 0427 | 0140 | 0423 | 0136 1.00 R120
CM20 0185 | 0203 | 0477 | 0194 | 070 | 0186 | 0163 | 0179 | 0457 | 0472 | 0152 | 0166 | 0147 | 0161 | 0142 | 0.156 1.00 R120
CM30 0212 | 0230 | 0202 | 0220 | 07194 | 0210 | 0.8 | 0202 | 0478 | 0194 | 0173 | 04187 | 0167 | 0181 | 0162 | 0.175 1.00 R120
CM40 0238 | 0257 | 0228 | 0245 | 0218 | 0235 | 0210 [ 0225 | 0202 | 0217 | 0194 | 0209 | 0188 [ 0201 | 0182 | 0195 1.00 R120
CMD10 0180 | 04198 | 0473 | 0190 | 0166 | 0182 | 0458 [ 0175 | 0154 | 0169 | 0148 | 04163 | 0144 [ 0157 [ 0139 | 0152 1.00 R90
CMD20 0218 | 0236 | 0208 | 0225 | 0200 | D216 | 04192 | 0207 | 0184 | 0199 | 0176 | 0192 | 0172 | 0186 | 0.166 | 0.179 1.00 R90
CMD30 0256 | 0274 | 0244 | 0261 0233 | 0250 | 0224 | 0239 | 0215 | 0230 | 0207 | 0222 | 0200 | 0214 | 0193 | 0207 1.00 R90
CMD40 0293 | 0311 | 0279 | 0297 | 0267 | 0284 | 025 | 0272 | 0246 | 0261 | 0237 | 0.251 0228 | 0242 | 0221 | 0234 1.00 R90
cVi0 0079 | 0097 | 0077 | 0094 | 0074 | 0091 | 0073 | 0088 | 0071 0086 | 0089 | 0083 | 0068 [ 0081 | D086 | 0.079 1.00 R120
CV20 0088 | 0107 | 0086 | 0103 | 0083 | 0099 | 0081 | 0096 | 0078 | 0093 | 0077 | 0.091 0075 | 0088 | 0073 | 0.086 1.00 R120
CV30 0101 0719 | 00S7 | 0415 | 0094 | 0411 | 0091 | 0107 | 0089 | 0104 | 0086 | 0.101 0084 | D09 | 0082 | 0.095 1.00 R120
CVB10 - - - - 0141 0157 | 0135 [ 0151 0131 0746 | 0127 | 0441 0723 | 0136 | 0119 [ 0432 0.30 R90
CVB20 - S - - - - 0179 | 0194 | 0472 | 0187 | 0166 | 0180 | 0161 | 0174 | 0156 | 0.169 030 R90
CVB30 - - - - - - - - 0225 | 0240 | 0217 | 0.231 0209 | 0223 | 0202 | 0215 030 R90
[CEQ1 [ 0118 [ 0.3 [ 0413 [ 0130 [ 0108 [ 0126 0106 | 0421 [ 0102 [ 0117 | 0089 [ 0414 [ 0087 | 0110 | 008 [ 0407 ][ 010 [ Re0
[cEmz | o410 | 0428 | 0330 | 0408 | 0373 | 0.389 0356 | 0372 | 0342 | 0357 | 0326 | 0343 | 0316 | 0330 | 0305 | 0318 || 010 | Re0
o | lsokord®
Isohorb® | heignt
type
80
522 190
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