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Abstract

The consideration of thermal bridges in building enve-
lopes has gained importance in recent years. This is due to
their potential impact on the overall thermal building per-
formance of highly insulated buildings. Moreover, energy-
efficient buildings tend to be more sensitive to problems
associated with thermal bridges, such as surface conden-
sation, mould growth, and thermal comfort issues. There-
fore, planners must minimize the negative impact of ther-
mal bridges. Although user-friendly thermal bridge simu-
lation tools are available, they are not yet widely used in
practice. Instead, planners often rely on generic details
from the building construction literature. The thermal per-
formance of such details often remains unknown given the
wide range of possible building materials (and their
thermal properties). In this contribution, we present the
results of a thermal bridge simulation of a set of such
standard details. Thereby, we assessed vertical sections
through typical constructions via 2D thermal bridge sim-
ulation, as well as 3D corner situations constituted by such
2D sections. The aim was to address two research
questions: i. How do typical details perform, given the
large range of thermal properties of applied materials? ii.
How does the performance of the 3D-thermal bridges
compare to their constituent 2D-details, and is it possible
to use 2D results to approximate the results of 3D thermal

bridges?

1. Introduction

The quality of building envelope has a significant
impact on buildings' energy use, indoor conditions
and hygiene, and overall durability. Overall build-
ing assessment routines regularly utilize a simpli-
fied, one-dimensional approach for the assessment
of heat and mass flow through building envelope
components such as EN ISO 6946 (ISO, 2007). In
recent years, as a consequence of more stringent

building regulations, the relative importance of
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thermal bridges within highly insulated envelopes
has increased. The behaviour of thermal bridges
regarding heat and mass flow cannot be captured
via simplified (1D) models. Thermal bridges can
increase heat losses and reduce indoor surface tem-
peratures. They can cause surface condensation,
mould growth, water-induced degradation of build-
ing components. In the past decades, detailed
numeric evaluation methods (Heindl et al., 1987;
Heindl et al., n.d.; Mahdavi et al., 1992) and power-
ful computational assessment tools have been
developed (Kornicki et al., 2012; Pont et al., 2016;
Antherm, 2016). However, even with such tools,
planners face a number of challenges, such as the
lack of input data, handling problems with the
model and simulation setup conventions (Ward and
Sanders, 2007), and — more generally — lack of time,
knowledge, and financial resources. In this context,
we address two research questions: i. How well do
typical details perform, given the large range of
thermal properties of applied materials? ii. How
does the performance of the 3D thermal bridges
compare to their constituent 2D details? Is it possi-
ble to use 2D results to approximate the behaviour
of 3D thermal bridges? To address these questions,
we obtained a number of 2D construction details
(vertical sections through building assemblies) from
the pertinent literature and assessed those using a
numeric simulation tool. Thereby, we varied the
input data (thermal conductivity) based on material
property catalogues to answer the first question.
Subsequently, we converted the 2D details to 3D de-
tails, repeated the simulation, and compared the 2D
and 3D results.
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2. Methodology

2.1 Material Properties, Boundary Condi-
tions and Scenarios

The basic assessment of thermal bridges (steady
state boundary conditions, focus on heat flow and
temperature distribution) requires at least the ther-
mal conductivity (A) of the materials and conditions
of the adjacent spaces (surface resistance values,
room temperatures). In the building planning pro-
cess, performance specialists are required to make
assumptions regarding the physical properties of
the used materials. Normative documents, such as
the ONORM B 8110-7 (ASI, 2013), include design
values, which are intended for use in different per-
formance-related inquiries, when detailed values
are not available. However, the standard offers a
multitude of generic materials and does not include
a guideline as to which values should be used in
which type of assessment. Thus, this decision needs
to be made by the planners, and leaves a wide range
of values open.

A number of simulation scenarios were defined as
per Table 1. Regarding boundary conditions, we
assume temperatures of -10 °C (outdoor), 20 °C
(conditioned indoor spaces), and 5 °C (unheated
indoor spaces). Surface heat transfer resistance val-
ues are set to 0.04 m2K.W- (outdoor) and
0.25 m2.K.W-! (indoor) (DIN, 2012). Table 2 provides
an overview of standard-based minimum,
maximum, and average A values for different types
of materials (such as insulation, concrete, bricks,

etc.).

Table 1 — Simulation scenarios

Scenario Description

S1 All conductivities set to minimum

S2 All conductivities set to maximum

S3 All conductivities set to average

S4 As S3, but insulation materials set to min.
S5 As S2, but insulation materials set to min.

The construction joints are assessed as 2D thermal

bridges. To generate 3D details we follow two
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approaches: For a number of details, we generate
corner details based on the 2D sections (Details A to
D, see section 2.2 below). Thereby, the sections are
revolved by 90 degrees (Fig. 1). The other approach
is a “layered” approach. Thereby, successive 2D
sections with respective dimensions on the z-coor-
dinate are layered together resulting in the 3D rep-
resentation of the construction (Fig. 2). All scenarios
are applied to both 2D and 3D details.

Table 2 — Conductivity values, as stated in ONORM B 8110-7 for
different building materials

S i =<5
2 <% <% g
£ P £: fE Gk
3 s %z *z Z%
1 Flexible insulation 0.031 0.066  0.049
2 \/N Rigid insulation 0.031 0.066  0.049

Concrete (reinforced) 2.300 2.500 2.400

Masonry (<30 cm) 0.230 0.577  0.404

Masonry (=30 cm) 0.089 0.130 0.110

Insulated wall ele- 0230 0577 0,404

ment

Plaster (inside) 0.180 0.570 0.375

Plaster (outside) 0.120 1.050  0.585
9 Screed 0.470 1.580  1.025
108 Foil 0.130 0.400  0.265
1M Water proofing 0.130 0.400  0.265
125  Perimeter protection ~ 0.100  0.500  0.300
135, Soil / gravel 1500 2.000 1.750
14 g:;tilt stone 0120 6.000 3.060
15 Glass 1.000 1.000  1.000
16 (Stainless) Steel 30.000 50.000  40.000
17 Timber 0110 0240 0.175
18 Vacuum 0.00001 0.00001 0.00001
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Fig. 1 — Conversion from 2D model to (revolved) 3D corner detail
model
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Fig. 2 — Conversion from 2D model to layered 3D detail model

2.2 Assessed Building Construction
Joints

Five construction joints were selected for this study,

based on Beinhauer (2003), Antherm (2016),

Baubook (2016), and previous research work related

to vacuum glass (Proskurnina et al., 2016). These

details are:

- A:Connection of a slab and an external wall over
a soil-adjacent basement (Fig. 3).

- B: Connection of a slab in an external wall
between two conditioned floors (Fig. 4).

- C: Connection of a flat roof and an external wall
(surrounding an Attica) (Fig. 5).

- D: Lower corner of a bay construction (Fig. 6).

- E: Vacuum glass, between two adiabatic bound-
ary planes (E1 without pillars, E2 with pillars;
Fig 7.)

The hatch patterns in the Figures indicate the mate-
rial assumed for the specific components in Details
A to D (see Table 2).
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Fig. 6 — Detail D, Section 1:25
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Note that simulation models are distinguished via
abbreviations. For instance, A_2D_S1 denotes the
2D simulation model for detail A and scenario S1.
Simulation Settings and Indicators

The applied numeric simulation tool used was
Antherm 8 (Antherm, 2016). The d geometry was
drafted in a CAD tool (Draftsight, 2016) and
exported to Antherm. The level of detail for the
calculation in Antherm was set to 2 mm minimum
cell size for Details A-D, and to 0.02 mm minimum
cell size for Detail E.

The following indicators were selected for assess-
ment purposes:

Temperature and saturation relative humidity of
the coldest point of the internal surface.
Temperature factorfgrs; (Equation 1), that is the
temperature difference between the lowest indoor
surface temperature (6s;) and outdoor temperature
(6.) divided by the indoor (8;) outdoor temperature
difference.

frsi = 53¢ [-] (1)
Standards (DIN, 2014) state values for frs; equal or
lower to 0.57 (surface condensation), 0.70 (mould
growth) and 0.88 (corrosion of metallic surfaces) as
critical.

Heat Flow Q denotes heat transfer from an indoor
(warmer) space to outdoor environment.

Thermal coupling coefficient L2P/ L3P (Equation 2
and 3). This is the quotient of the total heat flow
Q from the internal to the external environment of a
detail and the temperature difference between
inside and outside.

1P = ﬁ [W.m™.K~'] (2D-models) )

L3 = 22 [W.K~"] (3D-models) 6)
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3. Results and Discussion

3.1 Impact of Different Conductivity
Assumptions

Fig. 8 illustrates the minimum and maximum
surface temperatures for all scenarios, together with
the frsi values. In general, a significant impact due to
different material assumptions can be seen for
details A-D, but not for detail E, whose composition
did not involve wvariation in conductivity
assumptions. For Detail A-D, S1 shows the best
results (high surface temperatures, high frsi value,
and low heat flow), whereas S2 shows the poorest
results. In case of 2D simulation, the S2 temperature
results are between 1.77 (detail B) and 4.43 K (detail
D) lower than the S1 results. In 3D simulations for
details A-D, the temperature difference ranges from
2.28 (detail C) to 3.88 K.

Regarding the frsi values, S2 scenarios show in 2D
evaluation values that are between 7 (detail C) and
25 % (detail D) lower than S1 scenarios. This devia-
tion amounts to relative differences between 10 (de-
tail C) and 31 % (detail D) in 3D evaluation. Note
that some of the details fulfill certain standard-
based requirements (such as the limit for surface
condensation), if executed with highly insulating
materials, but fail otherwise. For instance, detail A
features an frsi value higher than 0.71 (mold growth
criteria) in 3D simulation in scenario S1, but fails in
scenario S2 (frsiof 0.61).

Fig. 9 shows surface temperature distributions in
A_3D_S1and A_3D_S2.

Fig. 9 — Surface temperature distribution: A_3D_S1 (left) and
A_3D_S2 (right)

From the viewpoint of thermal transmittance, the
heat flow rates in S2 scenarios are 158-232 % (2D
simulation), respectively 150-230 % (3D simulation)
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higher than in S1. Results of S3, S4, and S5 fall be-
tween S1 and S2.

3.2 Comparison Between 2D and 3D
Assessment

Fig. 8 contrasts the results of 2D and 3D simulations
against each other. The results for details A to D
show a significant impact of the corner situation,
resulting in colder surface temperatures and
reduced frsi values in the 3D-simulation. The
temperature differences 2D and 3D simulation for
these details range from 2.74 (detail B, Scenario 5) to
5.58 K (detail D, Scenario 1).

The 2D simulations of E1 (no pillars) and E2 (section
with pillars) show significant differences, but do not
allow to predict the overall result of the element.
The 3D-simulation (see Fig. 10), which considers the
small z-dimension of the pillars, shows a result
closer to E1. The lowest surface temperature is close
to 1 K lower than in the E1 simulation, but more

than 14 K larger than in the E2 simulation.
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Fig. 10 — Surface temperatures for detail E (3D simulation)
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4. Conclusion and Future Research

We numerically analysed a number of thermal
bridges to answer two research question, namely
the impact of the thermal property assumptions on
the performance of the details, and the potential of
2D simulation for the estimation of 3D details'
behaviour.

Regarding material properties assumptions, the

results suggest that:

- Material properties can have a significant impact
on the simulated thermal performance of the
detail.

- Construction details such as A-D, which can be
found in the building construction literature, do
not necessarily perform well, if the underlying
material qualities are not sufficiently high.
Numeric thermal bridge simulation can facilitate
the definition of minimum material properties
requirements for product selection.

Regarding the utility of 2D simulation to infer the

behaviour of 3D details, the results suggest that:

- 2D simulation of 3D thermal bridges needs to be
assessed carefully, given potentially large differ-
ences between 2D and 3D results. In critical
cases, 3D simulation should be understood as a
necessary requirement.

- Needless to say, differences between 2D and 3D
results depend on the nature of the details. In the
present study, 3D thermal bridge simulations
yielded, for the same boundary conditions, sur-
face temperatures up to 6 K below those in 2D
analysis. Such differences need to be considered,
given the increased condensation and mould
growth risk due to lower surface temperatures,
even at rather low indoor relative humidity.

Future research efforts shall address a broader set of

construction instances. Moreover, assumptions

regarding the surface resistance values in corner sit-
uations (3D thermal bridges) should be further scru-
tinised.
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