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ABSTRACT

The aim of this paper is to show the numeric representation of experimental stud-
ies concerning the behaviour of exterior wall models of a timber-frame house under
harmonic loading. A single wall model according to traditional technology of timber-
frame house walls (filling with mineral wool) was tested. The analysis was conducted
for the following frequencies: 0.5 Hz, 1.0 Hz, 2.0 Hz and 5.0 Hz for various values
of the specified displacement. A number of hysteresis loops were obtained for each of
the tests. Based on them, the damping ratio as well as stiffness were calculated. The
skeleton model filled with mineral wool (traditional technology) experienced seri-
ous damage under larger displacements. The results of the study have been used to
propose a numerical model of wall filled with mineral wool. The proposed numerical
model is consistent with the results for the values obtained during the experimental
study, which proves the correctness of the adopted solution.
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INTRODUCTION

The preparation of an investment depends
mainly on the used technology, where the choice
of used materials is very important. In case of
small single family houses, where resistance
against dynamic loads is required, such as seismic
and paraseismic loads (see [10, 11]), one of the
most attractive materials is wood. The technol-
ogy of timber frame buildings is one of the fast-
est evolving branches in the single family house
building sector in Poland and other countries.
The fact that such houses are very cost efficient
in erection and also in terms of energy efficiency
supports this development [5].

Correctly designed structures are marked by
good resistance against dynamic loads, such as
extreme earthquakes [9]. MFP and OSB/3 wa-
terproof boards are used as wall, slab and roof
sheathing. Those boards increase the structural
stiffness of the building due to their relative high
strength and because of their good resistance
against shear forces and fast decay of natural vi-

brations, they reduce the forces transmitted to the
structure under dynamic constraints [9, 12, 13].

Based on earthquakes that took place in North
America and Japan, it was discovered that timber
frame houses are able to withstand those earth-
quakes with only minor damage [9]. It has been
found that a very effective way to dissipate en-
ergy under dynamic load is to use plywood as
wall sheathing It also increases the stiffness of the
structure [6, 7]. Due to this relative high stiffness,
timber frame buildings are resistant to dynamic
loads like those transferred by soli e.g. earth-
quakes and paraseismic loads [2, 8, 13].

The mechanism, that leads to the destruction
of a timber frame building during earthquakes
has been observed and could be isolated. It shows
that the destruction is related to the intensity of
a seismic impact [4]. Besides its stiffness the
thermal insulation is also very important for the
proper function of the building. The used insula-
tion can have a great influence on the stiffness of
the structure or have no influence on the structure,
depending on the used insulation method.
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Fig. 1. Example of real size wooden house under construction

The aim of this study is to show the results of
experimental tests of a wall panel — in real scale
(Fig. 1) — with a traditional rock wool insulation
and also the comparison with a numerical model
created in the software RFEM, which will be used
in the future for a full scale timber frame building
in a numerical analysis.

EXPERMINET SETUP

The used setup was specially designed and
constructed for the performed test and was lo-
cated in the lab of the Faculty of Civil and En-
vironmental Engineering (Fig. 2). The setup was
constructed of a steel frame with the dimensions
of 300 cm by 50 cm that was fixed to the floor
and welded mounting brackets with a size of 150
cm by 60 cm, which enabled the testing of the
used specimen — wall panels. On one side of the
frame a PARKER actuator with a displacement
of 50 ¢cm, a maximum acceleration of 10 m/s?
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and a maximum force of 45 kN was installed.
Such a setup enabled the test to be of a destruc-
tive kind.

For the purpose of this study a typical tim-
ber frame house wall panel was built as shown
in Figure 3. Using a modulus of 60 cm for the
frame elements, the panel was constructed of

Fig. 4. Wall panel
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wood and in compliance with traditional meth-
ods was filled with mineral wool and covered
on both sides with OSB3 sheaths. The dimen-
sions of the panel were: length 129 cm and
width 60 cm (Figure 4). One side of the panel
was mounted in a fixed support by using 10 mm
bolts, the other side provided a in plane support
in order to disable buckling during the tests
(Fig. 5). In the photo below an awall panel of
the kind which was used for the experimental
study was marked.

ANALYSIS DESCRIPTION

During the test the specimens were exposed
to harmonic loads with the following frequencies:
f=05Hz;f=1.0Hz;f=2.0Hz; f=5.0 Hz and
different displacement. During the test the used
force was recorded with a force meter KMM40
with a range up to 50 kN as well as the resulting
displacement (for the induced dynamic displace-
ment) with a laser meter optoNCDT1302 with a
range of £100 mm — Figure 5).

During the test traditionally constructed wall
panels, with mineral wool filling and OSB3 sheath-
ing were used. The panels were fixed onto one end,
while the other end was subjected to displacement
from 8 mm to 75 mm. The displacement had a dy-
namic character with frequencies from 0.5 Hz up
to 5.0 Hz. Based on the tests hysteresis loops were
obtained for every displacement extortion. On this
basis the damping ratio was calculated (see [3]).
The results were as follows:

a) f = 2 Hz; damping ratio: 17.09%, stiffness:
416.66 kN/m (Fig. 6);

b) f = 5 Hz; damping ratio: 41.53%, stiffness:
232.55 kN/m (Fig. 7).

For a wool filled wall panel a frequency of
2 Hz and a displacement extortion of 28 mm
caused the OSB3 sheathing to break from the
wood frame as well as cracking in the connec-
tion in the wood frame itself (Fig. 8). For com-
parison a wall panel that have been filled with
PU foam was tested and as can be seen in Figure
8 the element was able to withstand a higher fre-
quency as well as a larger force.
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Fig. 5. Experiment setup details
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Fig. 6. Hysteresis loop at 2 Hz (mineral wool filling).

77



Advances in Science and Technology Research Journal Vol. 9 (28), 2015

-10 8 & a 2

0 2 a 6 8 10

PRZEMIESZCZENIE [mm]

Fig. 7. Hysteresis loop at 5 Hz (mineral wool filling)
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Fig. 8. Hysteresis loop at 5 Hz (PU foam filling)

Fig. 9. Element no 1 after the test — cracking in the connection between frame and sheathing

NUMERICAL MODEL OF THE MINERAL
WOOD FILLED PANEL

A numerical model of the tested wood panel
was created in the program RFEM. The geometry
was kept identically (as for dimension of used el-
ements) and the material characteristics used in
the program was chosen accordingly to the pa-
rameters of the used materials. Based on the ob-
tained results from the experiment the numerical
model was tested and adjusted by changing only
the stiffness of the OSB3 sheathing in order to re-
flect the character of the connection between the
frame and sheathing.
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In the numerical model shell elements were
used with material properties as used for C30
wood, the thickness of the shell elements was 45
mm for the frame parts and 18 mm for the OSB3
sheaths and one shell with a thickness of 145 mm
for the mineral wool filling.

The numerical analysis has shown that in
terms of displacement under the used load the
mineral wool had no effect. It can be assumed that
this was due to the fact that the material proper-
ties for mineral wool are insignificant in compari-
son to wood (compressive strength 0.015 MPa
and tensile strength 0.010 MPa [14]). Therefore,
in the future tests the shell representing the miner-
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Fig. 10. Numerical wall plane model

al wool will be neglected. The support conditions
have been modelled as shown in Fig. 10 — all
translations were fixed but all rotations were free,
those support conditions have been considered as
best corresponding with the experimental setup.
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Fig. 11. Hysteresis loop — maximum displacement
and corresponding force

Fig. 12. Deformation of the numerical model
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Fig. 13. Results as shown in the software — the same displacement as during experimental test
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NUMERICAL ANALYSIS

As the next step, the so created numerical
model, was tested in order to verify its correct-
ness by exposing the numerical model to the same
load as used in the experiment and comparing the
resulting displacement (Fig. 11).

For the hysteresis loop received at a frequen-
cy of 2 Hz the resulting force was 2.70 kN and
the displacement was U = 7.9 mm. This force
of 2.70 kN, as a static force, was used in the nu-
merical model, placed in the same position as in
the experiment. The obtained displacement was
U = 7.9 mm, which proved the numerical model
correct, for it was exactly the same displacement
as in the experiment (Figures 12 and 13).

CONCLUSIONS

Based on the results of the comparison be-
tween the real and numerical model the numerical
model has been verified to be correct. The behav-
iour of the numerical model corresponds perfect-
ly with the real world model. On this basis it can
be assumed that not only the material properties
and characteristics, but also the support of the nu-
merical model have been created proper. There-
fore, the numerical model can be used to inves-
tigate dynamic loads — that could not be applied
due to the limitations of the experiment setup, but
furthermore it offers the possibility to incorporate
a whole building as a numerical model and test it
under dynamical loads like those generated from
earthquakes. Using a numerical model of a whole
building it will be possible, after conducting
substantial tests with a wall panel filled with PU
foam, to evaluate the improvement in resistance
against dynamic loads of buildings where PU
foam was used instead of mineral wool, which
may be exposed to earthquakes.
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