




clamp had been used with 1m of length. The blank was
clamped for 3 days.

2.7 Method of testing

In producing engineered products such as lamination,
commonly the products need to be test the strength
based on Codes of Practice (COP) that published by
British Standard Institution (BSI). BSI has been published
variety of COP, but the practices need to be considering
the suitability and availability for the each country. For this
study, the COP used for the testing procedure is British
Standard (BS) and Japanese Agricultural Standard (JAS).
All test method applied by using universal test machine,
according to the procedure of British Standard (BS 373)
and Japanese Agricultural Standard (JAS 1751). Static
bending strength (MaR and MOE) and compression
shear strength are referring to BS 373 standard.
Meanwhile, the delamination test is referring to JAS 1751
standard.

2.7.1 Static bending test

The mechanical properties of the lamination are
measured by using static bending. The COP of the testing
is BS 373:2008, which is the span for this testing is 360
mm with speed 10 mmlmin. Besides, it is measured the
Modulus of Rupture (MaR) and Modulus of Elasticity
(MOE) of the sample. This testing identified the mode of
failure of the products that is for structural application
which is requiring strength and rigidity.

2.7.2 Compression shear test

The COP of compression shear test is BS 373:1957 re­
conform based on BS 373:2008. The span and speed of
cross head is similar to the static bending test because of
it is used the same universal machine test. Compression
shear test is determined behaviour of material under
crushing loads. The sample is compresses and
deformation at various loads is recorded. Besides, it is
also determined the failure of the wood behaviour on the
applied load.

2.7.3 Delamination test

The delamination test for this study based on JAS
1751:2008, with size 40mmx40mmx75mm. Delamination
test or known as internal bonding test is to determine the
water resistance of the engineered products or wood
sample. Moreover, the test also measured the
performance of glue application on the products. There
are two type of delamination testing method which is Hot
Water Soak (HWS) and Cold Water Soak (CWS). In this
study, the delamination method used is HWS.
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3. RESULTS AND DISCUSSIONS

3.1 Differences between density, MOR and MOE and
compression shear of the lamination process with
sanding system and without sanding on finding

Table 1: Arrangement of density, MaR and MOE and
compression shear of three type lamination with sanding

system.
Lamination Density MaR MOE Comp

process shear
P1

Average 561.35 58.37 5354.85 4.596
Std. 43.57 7.83 574.13 0.805

Deviation
P2

Average 627.52 58.49 6233.12 2.961
Std. 7.64 7.64 533.65 0.36

Deviation
P3

Average 605.69 45.47 5785.95 2.834
Std. 43.92 10.49 1059.47 0.580

Deviation

From Table 1, it is apparent that there were differences
between the density, MaR and MOE and compression
shear for three type of lamination process for sanding
system (S1). For the average of density, the results
showed that the lamination 2 have the highest density
which is reached at 627.52 kg/m3. However, the
lamination 1shows lowest density at 561.35 kg/m3•

Meanwhile, for the raw data of MaR and MOE, the
lamination 2 and 3 have the highest value which is at
5837 MPa for MaR and 6233.12 MPa for MOE.
Besides, sequences of the lowest value of MaR and
MOE are for lamination 3 that have reached at 45.47 MPa
for MaR and 5785.95 MPa for MOE. The raw data of
compression shear shows that the lamination 1 is appear
as the highest value which is at 4.596 MPa. However, the
lowest value for compression shear raw data is lamination
2which is at 2.961 MPa.

Table 2: Arrangement of density, MaR and MOE and
compression shear of three type lamination without

sanding system.
Lamination Density MaR MOE Compsh

process ear
Pl

Average 511.98 67.25 5725 7.34
Std. Deviation 8.1 8.24 680.36 0.54

P2
Average 491.81 47.24 4590.02 4.51

Std. Deviation 12.15 9.14 503.38 0.34
P3

Average 540.5 59.32 5696.67 5.54
Std. Deviation 34.72 6.05 380.97 0.07
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