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The thermal performance of lightweight timber
frame structures during the summer period
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Abstract— The paper describes results of experimenta and
numerical analysis of the thermal performance of lightweight timber
frame structures (wall and roof) during the summer period. The aim
of this research is to verify the suitability of numerical ssimulation
methods for the prediction of the therma performance of building
structures. The measurements were taken on an experimental timber
frame passive house of the VSB-TU Ostrava. The numerical
modelling of the external structuresis solved using the finite element
method in the ANSY S software.
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The thermal performance of building structures influences
users thermal comfort, the performance and energy
consumption of heating, ventilationand air-conditioning
devices. Light weight timber frame structures which do not
have sufficient thermal capacity may cause problems to the
optimal conception of the thermal load of the inside
environment during the summer [1, 2]. The choice of suitable
materials for the external walls may contribute to the
elimination of the thermal load of the inside environment.

A comparison of results of experimental and numerical
analysis of the thermal response of light weight timber frame
structure during the summer period is the objective of this
paper. The purpose of the research is verifying the suitability
of the application of the numerical simulation method for the
prediction of therma performance of light-weight timber-
based construction units.

Experimental measurements of temperature characteristics
were run in areal timber frame passive house (Fig. 1) installed
inside the premises of the Faculty of Civil Engineering at the
Technical University of Ostrava. The passive house is utilized
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as the Research and Innovation Centre of the Moravian-
Silesian Wood Cluster and of the Faculty of Civil Engineering
and is equipped with a number of measuring sensors
monitoring not only temperature, but also humidity and other
features and variables of the interior, building structures and
the subsoil.

The numerical implicit method — the finite element method
[3, 4, 5], more suitable for solution of non-stationary
multidimensional thermal tasks than the analytic method, has
been chosen for theoretical analysis of thermal performance of
the externa structure. The numerical simulation calculations
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were performed, using the ANSY S software [6].

The external timber frame structures have been assessed in
two chosen details:

1) southern external wall,
2) roof structure.

Theoretical assessment of dynamic thermal performance of
the external structures have been performed for summer
boundary conditions obtained by experimental measurements
(August 2013).

The timber-frame passive house has been designed as a two-
storeyed building without a basement with a single pitched
roof of 15° dope. From the design point of view we are
speaking about a lightweight timber prefabricated house.

The external structures accommodate the sensors, long-time
monitoring temperature (and also humidity) curvesin the cross
structure profile. Individual sensor positions (in total 5 in each
profile — see Fig. 2) shall enable monitoring of thermal
performance of the structure. At the same time the ambient air
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Fig. 2 position of the temperature sensorsinside of the external wall

For the demonstration of temperature performance inside
the external wall and roof structure a typical summer month
and day (August 2013) was chosen.

Fig. 4 and Fig. 5 show time dependent temperature curves
during the month of August for the both structures.
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Table | and Table Il contain thermophysical properties of
using building materials of the external wall and roof
structure.

Fig. 5 measured temperatures inside the roof structure (number means
Sensor position)
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Fig. 6 and Fig. 7 show time dependent temperature curves
during the selected day of August (8.8. 2013). The measured
temperature curves show how the structure due to its thermal
insulating properties copes with thermal load in summer [6].
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Fig. 6 measured temperatures inside the external wall (number means
sensor position)

The Fig. 6 shows the development of temperatures inside
the external wall of the timber-frame house within 24 hours.
The wall is exposed to the south, where there is direct sunlight.
The outside surface temperature fluctuates within 24 hours
between 43.8°C and 19.8°C while the inside surface
temperature fluctuates only between 32.7°C and 31.7 °C.
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Fig. 7 measured temperatures inside the external wall (humber means
sensor position)

The Fig. 7 shows the development of temperatures inside
the external wall of the timber-frame house within 24 hours.
The wall is exposed to the south, where there is direct sunlight.
The outside surface temperature fluctuates within 24 hours
between 51.1°C and 19.6°C while the inside surface
temperature fluctuates only between 32.9°C and 31.6 °C.

The temperature development in Fig. 6 and 7 clearly shows
that the wood-fibre thermal insulation can significantly reduce
the thermal load of the external structures and slow down the
overheating of the structure.
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Dynamic therma simulation calculations describe the
performance of the structure before the equilibrium has been
reached. This includes such processes during which the value
of the calculated quantity (e.g. temperature) changes with time.
This process is called non-stationary thermal conduction,
during which the temperature is the function of time: t = f(x, vy,
z, 7). For homogenous and isotropic bodies — under the
condition of the thermal conductivity coefficient not being
dependent on temperature and on the direction of heat
transmission — and for bodies without internal heat sources,
Fourier's partial differential equation for heat conduction is
used [7]. For two-dimensional heat transmission, the equation
has the following form:

MATHEMATIC MODEL OF CALCULATION

ot ot 0t
P N
T X° oy )
t temperature in the structure (°C),
T time (9),
a thermal diffusivity coefficient (m%s),

X,y coordinates (m).

The temperature in the structure is considered to be a
dependent variable quantity t =t (X, y,7), while the time rand
the coordinates x, y are independent variables, the thermal
diffusivity coefficient a is a constant quantity describing
material characteristics:

a=* @
c-p

A thermal conductivity (W/(m? K)),

p  density [kg/m’,

c specific heat capacity (J/(kg K)).

The thermal diffusivity coefficient defines the capability of
a substance to change temperature in a certain place inside the
material in relation to temperature change on the surface of the
materia [8].

The solution to (1) is the temperature distribution in space
and time using initial and boundary conditions.

An initial condition defines temperature distribution at the
beginning of the processfor t = 0. t, = constant is often used.

Boundary conditions;
A) 1sttype: Dirichlet boundary condition defines
temperature distribution on the surface of the solid
(w subscript) intime. t,, = constant is often used.
B) 2ndtype: Neumann boundary condition — defines the
distribution of heat flow on the surface of the solid in time.
Ow = constant is often used.
C) 3rdtype: Newton boundary condition — defines the
distribution of heat transfer coefficients on the surface of the
solid (and of the surrounding air temperaturety) in
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time. a = constant is often used.

IV. NUMERICAL ANALYSIS

Numerical calculation by the finite element method in the
ANSYS software has been used for numerical modelling of
thermal performance of the construction unit [9, 10, 11]. The
whole process of preparation and calculation of the simulation
model in the ANSY S software can be broken down into three
basic phases:

A. Pre-processing - input data processing
The solved models of the peripheral structures (wall and

roof) have been created by applying the surface finite elements
of PLANESS type (Fig. 8).

Fig. 8 numerical model of the externa Wdl and roof stru-cure.

Each material has been defined by thermophysical features:
density, specific heat capacity, therma conductivity
coefficient. Within the framework of network creation,
individual model surfaces have been alocated their attributes
and the whole element was divided by the network.

B. Processing- calculation (numerical core)

Analysis of the calculation has been designed as the two-
dimensional non-stationary task. The non-stationary task
requests loading of time and time step. The time step equalling
to the time step of measurements (3600 sec.) has been applied
for calculations. The total duration of the assessed time
interval has been chosen as 24 hours.

The initial condition of calculation describes temperature
distribution in the body at the beginning of the phenomenon in
time t,. The initia condition for the calculation has been
applied by setting the reference value 6 = 30 °C for the
summer period (average measured temperature inside of the
structure during month of August).

The boundary conditions of calculation have been defined
for the external structure side by applying the Dirichlet (first
type) boundary condition - external surface temperatures of the
structure have been substituted from the real measured values.
For the internal structure side, the Dirichlet boundary
conditions of the first type have been set and considered
constant during the while time interval 24 hours. For the
summer period was used constant internal surface temperature
0 =32.1°C.

ISSN: 1998-4448

Volume 8, 2014

C. Post-processing — data processing

Table Il contains the resultant calculated and measured
temperatures in individual positions of the temperature sensors
for solved external wall detail in the selected hours.

V. COMPARISON OF EXPERIMENTAL AND NUMERICAL RESULTS

Table |1l contains the resultant calculated and measured
temperatures in individual positions of the temperature sensors
for solved external wall detail in the selected day during
summer month.

Table 111 comparison between the experimental temperatures and
numerical calculation during the selected day of August

time | number temperature [2C]
[hour] |of sensor | 1 2 3 4 5
1:00 |Expenm. [32.0(31.1)301 297 21.7
Ansys 321|301 (300 299 21.7
500 |Ezpenim. |31.7[31.1]|30.1 288 198
Ansys 321305300 298 198
2:00 |Expenm. [31.6([31.1(298 250 27.1
Ansys 321308301 293 271
13:00 |Expenm. |31.9(31.0]295 277 416
Anzys 32.1031.1(301 299 41.4
15:00 |Expenm. |32.3[31.0|295 283 4338
Ansys 321311301 291 438
19:00 |Expenm. |32.9(31.2|299 298 344
Ansys 32.1131.3[302 299 344
2300 |Ezperim. |32.7 315|305 305 248
Anzys 3210314305 306 24.8

V1. CONCLUSION

The results of the dynamic calculation of the thermal
performance of external wall under measured boundary
conditions correspond to the measured temperatures in chosen
details. It is shown that the numerical simulation methods are
suitable tools for the prediction of thermal behaviour of light-
weight timber frame structures.

The achieved results of experimental measurements of
dynamic thermal performance of the building envelope
wooden house still show a positive effect of the insulating
material (wood-fibre) with a higher specific heat capacity to
eliminate heat load structures in the summer.
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