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HIGHLIGHTS

» Two air-conditioned commercial buildings were used as case studies.

» Analysis of the impact of thermal bridges across enclosure elements.

» Thermal performance of buildings designed with Light Steel Framing in Brazil.
» The peak thermal load increased approximately 10%.

» The simulations showed a 5% increase in annual energy use.
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The Light Steel Framing building technology was introduced in Brazil in the late 1990s for the
construction of residential houses. Because the design system was imported from the United States and is
optimised to work well in that temperate climate, some modifications must be made to adapt it for the
Brazilian climate. The objective of this paper was to assess the impact of thermal bridging across
enclosure elements on the thermal performance of buildings designed with Light Steel Framing in Brazil.
The numerical simulation program EnergyPlus and a specific method that considered the effects of
metallic structures in the hourly simulations were used for the analysis. Two air-conditioned commercial
buildings were used as case studies. The peak thermal load increased approximately 10% when an
interior metal frame was included in the numerical simulations compared to non-metallic structures.
Even when a metal frame panel was used only for vertical elements in the facade of a building with
a conventional concrete structure, the simulations showed a 5% increase in annual energy use.

© 2012 Elsevier Ltd. All rights reserved.
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The steel structural system has recently been rediscovered by
designers and construction contractors seeking innovative tech-

1. Introduction

Current participants in the Brazilian construction industry
mostly use conventional rather than advanced building technolo-
gies. Many building projects are characterised by improvisation and
non-optimal use of time, material, labour and capital resources.
Santiago [1] reports that many players in the industry have been
trying to improve this situation and be more competitive by
pursuing systems to optimise all areas of construction, including
both the quality of construction products and the production
process itself without significantly increasing costs.
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nologies. Over the past few years, metal construction has become
a standard technological alternative for Brazilian civil construction
projects. Metallic structures have been increasingly used in multi-
storey buildings in Brazil, particularly residential dwellings. The use
of metal structures, combined with the efficiency of the industri-
alised construction process has spawned a number of advantages
including more accurate and more rapid project completion.
Metallic structures that are lighter and more cost-effective have
been developed in association with the industrialised construction
process. A system that uses such lighter metal frame structures is
the Light Steel Framing system (LSF). The LSF has stimulated great
interest in the Brazilian market. The LSF employs the principles of
construction industrialisation including rationalisation, stand-
ardisation, modular coordination and transformation of the jobsite
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into an assembly line. Campos [2] reports that LSF has emerged as
an alternative to existing systems because of its ease of imple-
mentation, achievement of results, and wide use abroad.

LSF is new to Brazil, having been introduced in the late 1990s for
the construction of residential houses. Freitas and Crasto [3] sug-
gested that the LSF design practices need some adjustments for the
Brazilian climate. This is because the system was imported from the
United States and, therefore, implicitly includes assumptions about
climate that may not apply in Brazil. It is necessary to fit the LSF
system to the “Brazilian reality” to improve its performance and meet
customer expectations about thermal performance and comfort.

Recent numerical simulations of the thermal performance of
buildings using LSF demonstrated the thermal efficiency of LSF
panels that were designed based on the climatic regions of Brazil
[4]. An area that needs to be resolved, however, is the effect of
thermal bridges on LSF panels. “Thermal bridges” refer to excessive
heat losses or gains through the metallic structure that is inside LSF
panels. This effect reduces the thermal resistance of the panels and
increases the energy costs for heating or cooling the building.

This paper presents a study of the impact of thermal bridges on
the thermal performance of LSF buildings in Brazil. The EnergyPlus
numerical simulation program was used for the analysis along with
a specifically designed method for considering the effects of
metallic structures in the simulations. Two air-conditioned
commercial buildings were used as case studies.

This research is of great importance to the expansion of LSF in
Brazil. The results will show whether it is necessary to apply
a thermal break in external LSF panels to reduce or eliminate
thermal bridging.

2. Methods
2.1. Representation of thermal bridges

Steel frames inside closings are usually not considered in hourly
numerical thermal simulations of steel-framed buildings. In this
case, it is considered that the steel structure present in the cavity
insulation of the panels has minimal influence on the overall thermal
performance of the building. However, it has been demonstrated that
ignoring the effects of heat transmission by metal profiles can lead to
an over-estimate of the thermal resistance by up to 50% [5].

Thermal bridging effects can be represented in the EnergyPlus
program based on the material composition of enclosure elements
that are available in the program database (Composite Wall
Constructions). The materials in this database are fictitious; when
wall panel information is entered, insulating materials are entered
with narrower widths and larger thermal conductivity values than
would be real in order to include thermal bridging effects. The wall
compositions were created using the Equivalent Wall Method [6],
which involves creating a fictitious multilayer panel without an
interior metal frame, but with thermal properties that make
possible the same dynamic response to the transient conditions as
a real panel with a metallic frame. However, there is no possibility
of designing a specific panel using equivalent materials to those in
the program, thus limiting the design to the available options of
materials and composition.

Instead of the Equivalent Wall Method, the Combined Thermal
Properties (CTP) was selected to represent thermal bridging in the
simulations. This method was adapted from Purdy and Beausoleil-
Morrison [7] and involves calculating the value of the panel thermal
resistance by considering the structure effects and adjusting the
thermal conductivity of the composite layer (insulation and frame)
so that the total thermal resistance of a panel without an interior
metal frame is equal to that for a panel with a frame. The density
and specific heat of this layer is adjusted to match the thermal mass

of the metal frame with the insulation. In this case, the effects of the
frame on thermal resistance and thermal mass are considered,
although they do not represent the actual behaviour of the panel.
The method of Combined Thermal Properties was adapted with
consideration of the items below.

2.1.1. Calculation of the panel thermal resistance including the
effects of thermal bridging

This calculation is performed using the ASHRAE standard
Modified Zone Method (MZM) [8]. The MZM method takes into
consideration a zone of thermal anomalies around the metal stud
that depends on the ratio between thermal resistivity of sheathing
material and cavity insulation, size (depth) of stud and thickness of
sheathing material. In this calculation approach, the wall cross
section is divided into two zones: the zone of thermal anomalies
around the metal stud (w) and the cavity zone (cav). The panel
components are grouped into sections of: A: sheathing, siding; B:
wallboard and sections i and ii: cavity insulation, metal stud flange
(Fig.1). The width of the thermal anomaly zone (w) can be obtained
using the expression:

n
w=L+z>» d (1)
i=1

where:

w = width of the zone of thermal anomalies (m);

L = stud flange size (m);

d; = thickness of material layer in section A (m);

zr = zone factor:

zg=—0.5(for }_di < 16 mm and thermal resistivity of sheathing
<10.4 m K/W);

zf=+0.5 (for }_ di < 16 mm and thermal resistivity of sheathing
>10.4 m K/W);

When total thickness of layer of materials attached to one side of
metal frame >16 mm, the value of zfis found in the tables of the
ASHRAE standard [8].

The total thermal resistance (from surface to surface) can be
determined using the expression:

ERW N ERcav S

Re = W-(ZRcay — SRy) + S-SRy )

where:

R; = total thermal resistance (surface to surface) [(m? K)/W];
s = distance between studs (m);
w = width of the influence zone of the profile (m);
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Fig. 1. MZM method: wall cross section.
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YRcav = Ra +Rp + R{ns + Z'Rﬁls (4)

where:

R4 = thermal resistance of section A [(m? K)/W];

Rp = thermal resistance of section B [(m? K)/W];

R; = thermal resistance of section I [(m? K)/W];

Ry = thermal resistance of section II [(m? K)/W];

Rl = thermal resistance of section Rl__ [(m? K)/W];

ns mns
RIL ' — thermal resistance of section R [(m? K)/W].

ns mns
According to the ASHARE Standards [8], this method is the
simplest way to calculate the LSF panel thermal resistance.

2.1.2. Calculation of the panel thermal resistance without the frame

The calculation of the thermal resistance of a frameless panel is
performed by considering homogeneous layers perpendicular to
the heat flow (Method of Homogeneous Layers —MHL). According
to the Brazilian Standard NBR 15220 [9], the total thermal resis-
tance between two environments can be determined using the
expression:

Rt = Rse + Rt + Ry (5)
where:

Rr is the total thermal resistance between environments
[(m? K)/W];

R; is the resistance from between two surfaces (e.g., the outside
and inside of a wall)[(m? K)/W]; and

Rse and Rs;j are the internal and external surface thermal resis-
tances (Table 1).

2.1.3. Adjustment of the thermal conductivity (1)

The thermal conductivity of the bridged layer of a panel without
a frame is adjusted so that the thermal resistance is equal to that of
a panel with a metallic frame.

2.14. Adjustment of the density (p) and the specific heat (c)
Because in the CTP method the composite layer is represented
by only one material, it is necessary to adjust other thermal prop-
erties. The procedure is a simplification and involves creating a new
material with modified thermal properties. In composite solids
with different volumetric fractions of materials with different
densities (p;) the density ps is calculated by the following equation:

n

ps = > GCip; (6)
i=1

where:

ps is the density of the composite solid (kg m>);
C; is the volumetric fraction of the material i,

Table 1
Internal and external superficial thermal resistance.
Rsi(m? K)/W
Heat flow
Horizontally Upwards Downwards
0.13 0.10 0.17
Ree(m? K)/W
Heat flow
Horizontally Upwards Downwards
0.04 0.04 0.04

_ VY
G =y (7)

and
pi is the density of the material i (kg/m?).

The specific heat of the composite solid c; can be determined by
the following equation:

n
> " Vipici = VspsCs (8)
i=1

where:

V; is the volume of the material i (m?);

pi is the density of the material i (kg/m?);

c; is the specific heat of the material i [k]/(kg K)];

V; is the volume of the composite solid (m>);

ps is the density of the composite solid (kg/m>);

cs is the specific heat of the composite solid [Kk]/(kg K)];

2.2. Simulation parameters

The numerical simulation was performed using Version 7.0 of
EnergyPlus. The EnergyPlus program was developed by the US
Department of Energy [10,11]. Many researchers use the EnergyPlus
to obtain hourly site energy consumption data and the cooling load
of the building [12,13]. The solution algorithm adopted for the heat
balance was the CTF (Conduction Transfer Function), which
considers only the sensible heat. The internal and external
convection algorithms were those given by the ASHRAE Standard
[8], and the time interval between each simulation point was
15 min.

Climate data used for the simulations were for the city of Belo
Horizonte, Minas Gerais, Brazil, of type TRY (Test Reference Year).
The data were available on the EnergyPlus website [14]. Belo
Horizonte was chosen because of the constant growth in the
number of LSF constructions in the region and the availability of its
reliable climate data. The 6th of January and the 12th of May were
chosen as representatives of a summer and a winter day,

Table 2
Building components.

Panel Components

Cement board 10 mm

Steel stud 90 x 40 x 12 @ 400 mm
Fibreglass 90 mm

Gypsum board 12.5 mm

Gypsum board 12.5 mm

Steel stud 90 x 40 x 12 @ 400 mm
Fibreglass 90 mm

Gypsum board 12.5 mm

Gypsum board 12.5 mm

Steel stud 90 x 40 x 12 @ 400 mm
Fibreglass 90 mm

Gypsum board 12.5 mm

Gypsum board 12.5 mm

Granite 10 mm

Masterboard 23 mm

Air layer90 mm

Fibreglass 50 mm

Gypsum board 12.5 mm

Granite 10 mm

Concrete 150 mm

Roof Shingle 3 mm

0SB board 11.1 mm

External walls

Internal walls

Internal walls (core)

Ceilings

Ground floor
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Table 3
Thermal resistance and transmittance of the vertical panels.
Panel Method Thermal Thermal
resistance transmittance
R [(m? K)/W] U [W/(m? K)]
External walls MZM 0.799 1.251
MHL 2.051 0.487
External walls MZM 1.735 0.576
(with EPS) MHL 2.676 0.374
Internal walls MZM 0.903 1.107
MHL 2.071 0.483
Internal walls MZM 1.120 0.893
(core) MHL 2.107 0.474

respectively. In summer, the maximum dry bulb temperature is
29.7 °C, and in winter the minimum is 18.3 °C.

2.2.1. Composition of the panels

The floor slab, ceiling and roof were represented by the ther-
mophysical properties, thickness and absorbance of the compo-
nents. The component properties were obtained from Brazilian
Standard NBR 15220 [9]. The composition of the panels was set as
those typically used in Belo Horizonte. The compositions of the
floor, ceiling, and roof elements are shown in Table 2.

The vertical panels (walls) were characterised using the Modi-
fied Zone Method (MZM) and the Method of Homogeneous Layers
(MHL). The thermal resistances of the panels were calculated using
those methods is shown in Table 3. Table 4 presents the insulating
layer and adjusted values of their thermal properties.

Table 4
Thermal properties of the composite layer (insulation and studs).

2.2.2. Cases considered

Two case studies were considered for this study. In Case 1, the
goal was to investigate the effect of thermal bridging on the eval-
uation of thermal loads in a commercial building. In Case 2, the
objective was to analyse the effects of thermal bridging in the
annual energy consumption for air-conditioning an office building
with mixed concrete and metallic construction.

The model used in Case 1 corresponds to a small two-storey
commercial building. Each storey has four rooms and a total area
of 11712 m? (measured considering the external walls’ axes),
a 3.50-m height and a floor sectioned by a 400 mm x 400 mm
mesh (Fig. 2). The building was modelled in 15 thermal areas
with the geometry of some areas simplified. The washrooms that
faced the eastern and western walls were grouped so that the
panel that divided the washrooms was not modelled. In the
circulation area the ladder was not modelled. Devices that
partially block solar radiation were installed on the eastern and
western walls.

People in the offices were considered as wearing clothes with
a thermal resistance of 0.5 Clo (light clothes), and performing
activities that released a heat rate of 130 W per person, with
a radiant fraction of 0.3 [15]. An internal thermal charge density
rate of 20 W/m? (people: 6 W/m?; lighting: 8 W/m?; equipment:
6 W/m?) was assumed. For the non-air conditioned environments
(toilets and circulation areas), only the lighting rate of 8 W/m? was
used.

The usage pattern (PU) for the internal sources was considered
only for working days. The beginning of activities in the building
was considered to be 8:00 AM, with a break from noon to 2:00 PM
and the day ending at 6:00 PM. Only the basic objects required by
EnergyPlus for the calculation of thermal loads were considered.
The air-conditioning system was assumed to be turned on during
the day all year round. The limit constant temperature for cooling

Bridged layer Thermal Specific mass Specific heat X X ”
conductivity p (kg/m?) c [KJ/(kg K)] was set at 24 °C and the infiltration was set at 1 air change per hour
A [W/(m K)] renewal rate.
Exterior walls 0.120 69.778 0.563 In Case 2, the LSF system has a secondary role as wall elements
Exterior walls 0.085 69.778 0.563 in the facades of a ten-storey building with a conventional concrete
(with EPS) structure. The standard storey has a total area of 345.20 m?
Interior walls 0.108 69.778 0.563 d ideri th f th t 1 1l 3.00
Interior walls (core) 0.088 69.778 0.563 (m'easure considering the axes ol the external wa s). a 3.00-m
height and was divided into five zones (Fig. 3). Thermal Zones 1
S
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Fig. 2. Typology of Case 1: schematic plan and perspective.
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Fig. 3. Typology of Case 2: schematic plan and perspective.

to 4 correspond to office rooms that are air conditioned, while Zone
5 comprises the stairway and elevators (core) and is not air
conditioned. The composition of the external panels is the same as
in Case 1, but the internal divisions and the slab between floors
were assumed to be massive concrete with thicknesses of 10 cm
and 15 cm, respectively.

A direct expansion system of the Split-system type with a COP
equal to 3.19 is assumed for the air conditioning system. The system
operation follows the building use pattern. A control temperature
of 24 °C was adopted for the cooling function. The maximum flow
in each zone was automatically determined by the program, based
on the loads generated on a design day in summer and in winter.
The capacity of the cooling coil was also automatically sized. An
external air flow rate per person to renew the ambient air of
0.0075 m>[s/person was assumed. The same internal load density
rate and usage patterns as in Case 1 were adopted.

3. Results and discussion
3.1. Case 1: thermal bridges and thermal loads

Fig. 4 presents the monthly thermal load peak, comparing the
CTP and WS (without frames) values. There is a minimum variation

4000
3500

3000
2500
2000
1500
1000

5
0

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Month

Monthly peak of thermal load (W)
g

uCTP =WS

Fig. 4. Monthly peak of thermal load.

of 7.13% and a maximum of 22.94% between the two methods. The
annual peaks of the thermal loads presented in Table 5 were
obtained by applying a 25-mm thick plate of EPS (Expanded poly-
styrene) on the external panels and by modifying the properties of
the insulating layer.

The solar orientation of the walls with the smaller area of
opaque panels, and the masking of the translucent elements facing
west reduced the thermal loads. Because the air conditioning
system was considered turned on during the entire day, there
were no remaining loads, implying low values of the thermal load
peaks.

The difference between modelling with or without the effects of
thermal bridging in the size of thermal loads is 10%. This is mainly
because of the difference between the internal temperature
(T = 24 °C) and external (Tmsx = 29.7 °C). The application of a 25-
mm layer of EPS on the external panels almost completely elimi-
nates the difference between the simulations. However, the
difference between the simulation results is not enough to suggest
different capacities for the air conditioning system.

3.2. Case 2: thermal bridges and energy consumption

Table 6 compares the results for the annual consumption
(KW h), obtained with the CTP method, WS (without frames), and
when adding a layer of EPS (25 mm) on the external panels.

Energy consumption in the commercial sector is directly related
to the building’s architectural features and usage patterns. The
average difference of 4.5% obtained with the representation of
thermal bridging was significant considering that only the external
panels were modelled with the LSF system.

Table 5
Annual peak of thermal load.

Method Annual peak of Variation (%)
thermal load (W)

CTP 3643 —

WS 3298 —-10.40

CTP + EPS (25 mm) 3303 -10.29
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Table 6
Annual consumption.

Method Annual consumption Variation (%)
(kW h)

CTP 12.731 -

WS 12.143 —4.84

CTP + EPS (25 mm) 12.218 -4.19

In Brazil, pre-moulded concrete panels are the most usual
prefabricated and industrialised wall systems, although they have
the disadvantages of high cost and weight. The LSF wall system,
besides allowing a better organisation and cleanliness in the
jobsite, decreases the construction time. These and other criteria
should also be considered when choosing a structural wall
system.

4. Conclusions

The application of the CTP method to case studies of air-
conditioned buildings showed that the increase in the tempera-
ture difference between the inside and the outside of the building
caused by the air conditioning system made the thermal bridging
effects in the panels significant. When considering metal frames in
the simulation, the thermal peak load increased by approximately
10%. Even when used only as wall elements in the facades of
a conventional concrete structure building, the use of an LSF system
in hourly thermal simulations of the structure increased the annual
energy consumption by 5%. The application of a 25-mm thick layer
of EPS proved to be quite efficient, almost eliminating the effects of
thermal bridging.

The method has the limitation of considering only the effect of
thermal bridging on vertical panels. It is well known that horizontal
panels also influence the overall thermal performance of a building.
The performance of the roof, for example, is influenced by the
composition of metallic frames with the roof element. However, in
Brazil the thermal bridging effects in the horizontal panels are
smaller than in the vertical panels due to the use of thinner insu-
lating material.

The acceptance of the LSF system will occur after it is success-
fully implement and the technology is disseminated to users and
professionals. It is expected that this analysis of the thermal
performance of buildings using LSF will contribute to the accep-
tance of the system as an alternative to conventional construction
systems used in Brazil.
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