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Abstract Dowel-bearing strength also known as embedment strength is a signif-
icant parameter for the wood connection design. The wood connection design is
still referring to the European Yield theory which predicts the load capacities of the
connection under lateral load. Bolt has been extensively used for the wood con-
nection due to ease of assembly and able to reassemble for variation of member
size. Glulam is an engineered wood product which has good strength to weight ratio
and is able to design to meet the required design strength. Existing data provided in
the Malaysian Standard (MS 544: 2001) is only applicable for the solid timber,
therefore it is insufficient. Research on determining the dowel-bearing strength of
Malaysian tropical hardwood is ongoing; more information is required in order to
enhance the application of the Glulam Malaysian tropical timber. This study
determined the dowel-bearing strength of Glulam Malaysian tropical hardwood,
Mengkulang also known as Heritiera spp. loaded perpendicularly to glue line using
two different bolt diameter 16 and 20 mm. Dowel-bearing strength test is performed
in accordance to the ASTM-D5764-97a using the half-hole test method. Dowel
diameter is found to have influenced the dowel-bearing strength, where
dowel-bearing strength increased 20.82 % when the dowel diameter increased from
16 to 20 mm. Both standard ASTM D 5764- and BS EN 383 are commonly used in
determining the dowel-bearing strength. Comparison of dowel-bearing strength
using the ASTM D5764-97a standard based on the 5 % offset load and BS EN 383
standard based on the maximum load is made and found to have higher value using
the BS EN 383 standard, 12.27 % higher for specimens using 16 mm dowel
diameter and 10.29 % higher for specimens using 20 mm dowel diameter.
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1 Introduction

Timber has been extensively used as construction material since the ancient time.
Wood grows natural and unique, its structural properties is widely different as the
wood strength is highly dependent on the environmental conditions [1]. Defects
found in the wood can affect the strength of the wood. As timber has good strength
to weight ratio and many benefits such as less carbon emission during the manu-
facturing process, enhancement has been done to it in order to promote the use of
timber. Glued laminated timber (Glulam) is an engineered wood product which is
made from numbers of timber lamina bonded together with an adhesive [2]. There
are two type of glued laminated member, one is the horizontal Glulam in which the
timber layer is glued horizontally while the other is vertical Glulam in which the
timber layer is glued vertically [3]. Performances of the Glulam member can be
improved by placing the greater strength timber layer in the regions of higher stress
[4]. Developed countries such as America, Japan, and Europe have been widely
using the Glulam timber in the construction of commercial building, sport complex,
residential houses, and church. However, the extensive use of Glulam timber in
Malaysia has is to be seen due to the lack of research and data provided regarding it.
Mengkulang is one of the Malaysian tropical timber species which is often used in
furniture, flooring, paneling, and glue-lamination [5].

The weakest part in the timber is the joint connecting the large structural system.
Mechanical fastener such as nails, screws, dowel, and bolts are often used to
enhance the performance of timber connection. Bolt is commonly used in the
construction and to connect the Glulam timber member due to its ability to resist
high lateral shear force [6]. European Yield Model (EYM) theory proposed by the
Johansen in 1949 has been often used in prediction of the ultimate load capacities of
the wood connection with fasteners. This theory has been extensively used and been
revised over the years but still remains the basic concept same as Johansen pro-
posed. Theory of connection design stated in the Eurocode 5 and National Design
Specifications are based on the EYM.

Dowel-bearing strength is one of the important parameter for the design of wood
connection. Wood connection performances rely upon the fastener bending strength
and the dowel-bearing strength [7]. According to ASTM D 5764-97a,
dowel-bearing strength is the yield load obtained from the load-displacement curve
using the 5 % offset method of a dowel-bearing strength test over the dowel
diameter and specimen thickness. There are two methods with which the full-hole
test and half-hole test can be adopted in determining the dowel-bearing strength.
Studies showed that the half-hole test provides uniform load along the dowel fas-
tener length, and fastener does not bend during the loading process, where full-hole
test method load is only acting at the both end of the dowel, bending might occur
during the loading process [8]. ASTM D 5764-97a and BS EN 383 are two different
standards of test which are commonly used to determine the dowel-bearing
strength. ASTM D 5764-97a is usually based on the half-hole test method where
BS EN 383 is based on the full-hole test method. Several researches have been done
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the using the half-hole test method such as research done by Wilkinson [9],
Rammer [10, 11], Eratodi et al. [12], and Schmidt [13]. While the other researchers
such as Hubner [14], Sawata and Yasumura [15], and Ivan [16] applied the full-hole
test method in their study. The previous study done on the dowel-bearing strength
for Malaysian tropical hardwood species is done and published by Jumaat et al. [17,
18], Awaludin et al. [19], and Hassan et al. [20, 21]. However, there is still lack of
data emphasized on the effect of different dowel diameter loaded perpendicular tn
the glue line of Mengkulang glulam. In order to enhance the current information
and data on the dowel-bearing strength to promote the use of Malaysian tropical
timber, more research and study are required. Therefore, the main objective of this
study is to investigate the effect of two dowel diameters loaded perpendicularly to
the glue lines of glulam made of Mengkulang species. The observation is also being
made with two different code of practice which is the ASTM D 5764-97a and
BS EN 383 in determination of the dowel-bearing strength. The effect of moisture
content and density of the Mengkulang glulam species to the dowel-bearing
strength is also being observed.

2 Materials and Method

Dowel-bearing strength was conducted on the Glulam Malaysian tropical hardwood
Mengkulang (Heritiera spp.) species loaded perpendicularly to the glue line. Two
different dowel diameter 16 and 20 mm of bolt (see Fig. 1) were used to determine
the dowel-bearing strength of Glulam Mengkulang species with glue line embedded
on the half-hole specimen (see Fig. 2). Specimens dimension and the test procedure
is in accordance to the ASTM D 5764-97a, 2007. For specimens using 16 mm
dowel diameter, the dimension is 64 mm × 64 mm × 38 mm, where specimens
using 20 mm dowel diameter the dimension is 80 mm × 80 mm × 40 mm. Total
sixty (60) specimens were tested, thirty (30) specimens using 16 mm dowel
diameter, and thirty (30) specimens using 20 mm dowel diameter. The
dowel-bearing strength test was tested with the universal testing machine (UTM) at

Fig. 1 Steel bolt 16 and
20 mm diameter
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a constant rate of 1 mm/m (0.02 mm/s) for each specimen. Figure 3 shows the
dowel-bearing strength test set up on the UTM. Moisture content and density were
determined using the dry-oven method according to ASTM D 4442 standard. Initial
weight of specimens is first weighted and dried in the oven at 103 °C for 24 h and
then dry weight of the specimens is recorded.

Load-deformation curve is plotted after the dowel-bearing strength test.
According to ASTM D 5764-97a, 2007, 5 % offset method is used to determine the
yield load from the load-deformation curve. Yield load were determined by drawing
a straight line fit into the initial linear portion of load-deformation curve. Then,
offset the line by 5 % dowel diameter. Load at which the offset line intersects with
the load-deformation curve is selected as the yield load. Dowel-bearing strength
using ASTM D 5764-97a is computed using the Eq. (1) which is based on the 5 %

Fig. 2 Half-hole specimen

Fig. 3 Dowel-bearing
strength test set up
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offset load and dowel-bearing strength using BS EN 383 is computed using the
Eq. (2) which is based on the maximum load.

Fy ¼ F5

d � t ð1Þ

Fh ¼ Fmax

d � t ð2Þ

where F5 is the 5 % offset load, Fmax is the maximum load, d is the dowel diameter,
and t is the thickness of specimen.

3 Results and Discussions

Figures 4 and 5 show the load-deformation curve of one of the specimens using 16
and 20 mm dowel diameter respectively.

Table 1 shows the mean dowel-bearing strength, standard deviation value, and
coefficient of variance for the specimens using 16 and 20 mm dowel diameter.
Table 2 shows the mean moisture content and density value of the specimens using
16 and 20 mm dowel diameter. Moisture content of specimens using 16 mm dowel
diameter ranges from 9.52 to 12.03 % and moisture content of specimens using
20 mm dowel diameter ranges from 9.43 to 11.92 %. Density of the specimens
using 16 mm dowel diameter ranges from 552.27 to 785.20 kg/m3 and density of
specimens using 20 mm dowel diameter ranges from 665.47 to 791.33 kg/m3.

Figure 6 shows the mean dowel-bearing strength of specimens using 16 and
20 mm dowel diameter against the dowel diameter. It shows that the dowel-bearing
strength is influenced by the dowel diameter. When the dowel diameter increases,
dowel-bearing strength will also increases. This trend is found to be similar with the

Yield load

Fig. 4 Example of
load-deformation curve for
specimens using 16 mm
dowel diameter
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Yield load

Fig. 5 Example of
load-deformation curve for
specimens using 20 mm
dowel diameter

Table 1 Summary of the test results for specimens using 16 and 20 mm dowel diameter

Specimens
(Nos)

Dowel
diameter
(mm)

Mean dowel-bearing
strength, Fy (N/mm2)

Standard
deviation
(SD)

Coefficient of
variance
(CV) (%)

30 16 17.77 1.12 6.30

30 20 21.47 1.79 8.34

Table 2 Mean moisture content and density value of specimens using 16 and 20 mm dowel
diameter

Specimens
(Nos)

Dowel diameter
(mm)

Mean moisture content
(%)

Mean density
(kg/m3)

30 16 10.82 648.52

30 20 10.86 722.56

Fig. 6 Dowel-bearing
strength versus dowel
diameter
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trend from the study by Jumaat et al. (2008) for Mengkulang solid timber species.
Percentage differences of the dowel-bearing strength, Fy for Glulam Mengkulang
with glue line species using 16 and 20 mm dowel diameter is 20.82 %.

Figures 7 and 8 shows the typical failure of the specimens using 16 and 20 mm
dowel diameter. Both specimens are split perpendicular to the glue line. However,
there are minor specimens observed in which the crack line is towards the glue line,
this failure is due to lack of bonding of the adhesive between the timber layers on
the specimens.

Table 3 shows the mean dowel-bearing strength, Fh is higher than the mean
dowel-bearing strength, Fy. Percentage difference of mean dowel-bearing strength
(Fy and Fh) for specimens using 16 mm dowel diameter is 12.27 %. Percentage

Fig. 7 Typical failure of the
specimens using 16 mm
dowel diameter

Fig. 8 Typical failure of the
specimens using 20 mm
dowel diameter

Table 3 Mean dowel-bearing strength (Fy and Fh) of specimens using 16 and 20 mm dowel
diameter and percentage differences

Specimens
(Nos)

Dowel
diameter
(mm)

Mean dowel-bearing
strength, Fy (N/mm2)

Mean dowel-bearing
strength, Fh (N/mm2)

Percentage
differences
(%)

30 16 17.77 19.95 12.27

30 20 21.47 23.68 10.29
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difference of mean dowel-bearing strength (Fy and Fh) for specimens using 20 mm
dowel diameter is 10.29 %.

Figures 9 and 10 show the relationship between moisture content and
dowel-bearing strength of Glulam Mengkulang with glue line species. It is found
that moisture content have a significant influence to the dowel-bearing strength.
Dowel-bearing strength decreased when moisture content increased. These results
agreed with the results from the study by Rammer in the year 2001. This is due to
moisture content which causes the wood to shrink and expand, therefore degrading
the strength of the wood.

Figures 11 and 12 show the relationship between density and dowel-bearing
strength of Glulam Mengkulang with glue line species. It is found that density has a
significant influence to the dowel-bearing strength. Dowel-bearing strength
increased when density increased. This is because the wood fiber is more com-
pacted in the wood specimens resulting in the value of mass over the higher

Fig. 9 Dowel-bearing strength versus moisture content (specimens using 16 mm dowel diameter)

Fig. 10 Dowel-bearing strength versus moisture content (specimens using 20 mm dowel
diameter)
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specimen volume. The results in terms of relation between dowel-bearing strength
and density is similar with the results from Sawata and Yasumura (2002), Hubner
(2008), and Ivan (2012).

4 Conclusion

Dowel-bearing strength of the Glulam Malaysian tropical timber, Mengkulang
(Heritiera spp.) loaded perpendicularly to the glue line has been determined using
5 % diameter offset method according to ASTM 5764-97a, 2007. Dowel diameter is
found to have influenced the dowel-bearing strength. When the dowel diameter
increased from 16 to 20 mm dowel-bearing strength also increased. Percentage
differences between the dowel-bearing strength using 16 and 20 mm dowel
diameter is 20.82 %. Dowel-bearing strength obtained using BS EN 383 is found to

Fig. 11 Dowel-bearing strength versus density (specimens using 16 mm dowel diameter)

Fig. 12 Dowel-bearing strength versus density (specimens using 20 mm dowel diameter)
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have higher value than the value obtained from the ASTM D 5764-97a. Density and
moisture content of the Glulam Mengkulang with glue line species is found to have
significant influence on the dowel-bearing strength.
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