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Abstract

In the first part of this paper, the main results from a series of experiments
focused on Skylark walls are presented. Five Skylark wall specimens were tested
in compression. Specimens showed a fragile failure because of the outer panel
buckling. In the second part, a methodology is proposed to extrapolate the results
to different geometries.

1 Experimental testing

1.1 Experimental setup
Five column specimens were tested in compression to investigate their capacity to carry
gravity loads. Specimens comprised four columns made of plywood (Metsa plywood )
and one specimen made of OSB (Sterling OSB) ).

They were 2.4 m long, and were 300 mm high and 600 mm wide. They are man-
ufactured by assembling 18 mm plywood or OSB panels, which were cut out of a 2.4
m x 1.2 m sheet using a three axis CNC machine. The load exerted by the hydraulic
actuator was applied to the timber columns by using a 25 x 350 x 650 mm steel plate.
The plate was hung from the crane so it could freely rotate to follow the specimen
deformation. Technical drawings are reported in Figure 2.

The following instrumentation was installed for data acquisition:

• Two linear transducers were used to track the specimen axial displacement. They
measured the displacement between the steel plate and the steel frame.

• A 600 kN capacity load cell was used to measure the compression force. The
load cell was mounted on the opposite side of the actuator with respect to the
specimen. Two 10 x 800 x 650 plates were placed between the specimen and the
load cell.

The loading protocol consists of a monotonic load increasing until failure. The
loading rate was approximately 40 kN per minute.
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Figure 1: Experimental setup.
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Figure 2: Technical drawings of the columns.
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1.2 Failure mechanism
In all 5 specimens, the failure was initiated by the bottom panel of the specimen buck-
ling (Figure 3). This corresponds to the external face of the wall when the column is
installed in a building. This occurs because this panel has significantly less restraint
in buckling than the the top or lateral panels. In fact, while the buckling of the top
or lateral panels is restrained by at least one series of stitched joints, the buckling of
the bottom panel is only restrained by the pull-out force of the nails. Once the bottom
panel buckled out of plane, the whole element failed immediately after.

Figure 3: Technical drawings of the columns.
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Table 1: Experimental results of the tested specimens.

Specimen Fmax (kN) ka (kN/mm)
P1 147.1 14.5
P2 127.7 16.9
P3 136.6 15.7
P4 146.7 14.7
O 147.2 15.4

139.5* 15.5*
* average excluding the OSB specimen

1.3 Failure load
The response of the specimens in terms of force (exerted by the actuator) vs axial
displacement is reported in Figure 4. Note that the axial displacement was taken as
the average between the measurements of the two linear transducers. Load data were
filtered by using a moving average algorithm. The peak force occurred between 128
kN and 147 kN. The result for each test is reported in Table 1.

Figure 4: Force-displacement curve for the specimens.

1.4 Capacity
To provide the column’s capacity for design purposes according to the Eurocode 5 [3],
experimental data were fitted with a T distribution function using 3 degrees of freedom
[4]. Since the number of specimens is limited to four (only plywood specimens are
considered), the T distribution is considered to be more appropriate than the normal
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distribution taking into account the uncertainty of the standard deviation. Since only
one specimen of OSB was tested, more data are necessary to provide any meaningful
statistics.

The average capacity was 140 kN, and the 5 th percentile was estimated as 128.6
kN.

Figure 5: T distribution of the failure loads.

1.5 Axial stiffness
The column elastic stiffness ka of the specimens was calculated according to Equation
1, based on EN 1380:2009 [2]:

ka =
F40% − F10%

d40% − d10%
(1)

where F40%, F10% represent 40% and 10% of the maximum force Fmax, and d40%, d10%
represent the displacement values where such force occurs.

The elastic axial stiffness values ka are between 14.5 kN/mm and 16.9 kN/mm
for the plywood specimens, and 15.5 kN/mm for the OSB specimen. All values are
reported in Table 1.

2 Extrapolation to different geometries

2.1 Capacity
Experimental results showed that the failure mode was governed by buckling. Accord-
ing to the elastic instability theory [5], for a pin—pin connection the buckling load is
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proportional to π2EI
H2 . Therefore, the coefficient kh is considered as:

kh = (H/Htest)
2 (2)

with H the height of a generic Skylark column, and Htest the height of the tested
column (equal to 2100 mm).

The capacity C of columns of different heights is then calculated as:

C = Ctest · kh (3)

where Ctest is the experimental value and kh is a coefficient dependent on the height
of the column.

2.2 Axial stiffness
According to the elastic theory of beams [1], the axial stiffness of columns is propor-
tional to EA

H . The axial stiffness ka of columns of different heights can be extrapolated
as:

ka = ka,test ·
H

Htest
(4)

with H the height of a generic Skylark column, and Htest the height of the tested
column (equal to 2100 mm).
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