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Abstract: Withdrawal capacity is defined as the amount of 

resistance to withdrawal force in a plane normal to the surface 
panel. It is caused by density and internal bonding of the panel. 
Withdrawal capacity is one of the factors that affect the load 
carrying capacity of the timber connection apart from embedment 
strength and fastener yield moment. The European Yield Model 
(EYM) theory is used to predict the load capacity of the timber 
connection under lateral load. The sample panel is made of Glued 
Laminated Timber (Glulam) using Mengkulang timber species. 
Although Mengkulang Glulam has a good weight to strength ratio 
as compared to typical concrete material but it is still not widely 
used in Malaysia. This is mainly due to a very limited exposure on 
the Mengkulang Glulam usage. Withdrawal capacity is 
determined according to the ASTM D1761-12 using one-hole test 
method. Also, the ASTM D1761-12, EC5:2008 is used to 
determine the withdrawal capacity output. In this experiment a 
mechanical fastener, bolt; 14mm and 20mm were used to fix the 
sample panels onto the test jig. The bolt diameter influenced the 
withdrawal capacity. It was observed that the withdrawal capacity 
of 20mm bolt diameter was better than the 14mm diameter with an 
increment of 48.6%. 
 

Keywords: withdrawal capacity, load carrying capacity, timber 
connection and Mengkulang glulam.  

I. INTRODUCTION 

Timber is still generally used in the construction industry.  
It is mostly used for building resorts near the seaside, homes, 
school pavilions and other structures that are small or medium 
sized. The laminated wood technology is a way to achieve the 
desired length, width and thickness [1]. The characteristic of 
timber material is excellent and has extraordinary strength 
feature such as low weight. Besides that, technology 
advancement has innovated high strength and durable 
engineering wood such as Glue Laminated (Glulam) wood 
product. Developed countries like American, Europe and 
Japan have extensively used the glulam for structural 
members [2].  
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The combination of glulam timber and fastener such as bolt 
or screw provide outstanding performance in terms of 
strength and engineering properties. The withdrawal capacity 
of bolt is less popular as compared to nails and screws.   The 
nails and screws are widely used as the mechanical fastener in 
construction rather than bolt. In this research, the withdrawal 
capacity of the Mengkulang Glulam using bolt fastener were 
investigated. Correspondingly, three objectives were set 
forth. First objective was to determine the withdrawal 
capacity of the Mengkulang Glulam bolted perpendicular to 
the glue line lamination using 14mm and 20mm bolt diameter. 
Second objective was to compare the withdrawal capacity 
between the 14mm and 20mm bolts. Finally, both results were 
analyzed and the difference in percentage was calculated. 

II. METHODOLOGY 

In this study, Mengkulang Glulam with 14mm and 20mm 
bolt diameter were used for the withdrawal testing procedure. 
The dimensions of Mengkulang Glulam blocks were prepared 
according to [3]. Mengkulang Glulam timber was obtained in 
the size of 150mm x 130mm x 1.5meter in length.  Thus, the 
desired timber block sample must be prepared manually.  The 
timber block samples were prepared according to [3]. Firstly, 
the Mengkulang Glulam was measured and cut into 6 sample 
blocks with a dimension of 50mm thickness, 130mm width 
and 150mm length that is perpendicular to the glue lamination 
line and grain. A total of 6 blocks were prepared for this study.  

The cutting process was done using the Panel Saw Wood 
Cutting Machine. Each block was drilled at the mid 
intersection that was perpendicular to the glue lamination line 
at 110mm length. The bolted hole diameter was set between 
0.8mm and 1.6mm, as stated in [4]. The hole is larger than the 
bolt diameter therefore smooth and uniform bolt bearing is 
assured. The samples were first clamped and adjusted to the 
position that allowed the drill to touch the drilling point. Fig. 1 
shows the drilled hole for fixing the bolt on the timber block 
samples. Fig. 2 shows the 110mm length of bolt penetration.  

 
 
 
 
 
 
 

Fig. 1. Bolt hole timber block samples 
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Fig. 2. Bolt hole timber block samples 
The 14mm and 20mm diameter bolts were obtained from 

the local supplier. Bolt is also defined as a threaded dowel 
with either hexagonal head or semi-spherical head, which 
works with the hexagonal nuts. Bolt is normally fixed together 
with washers that are sandwiched in between the head and the 
nut. These washers act as a load distributor. Bolt fixing 
requires slightly larger holes than its own size [5]. The quality 
of the bolt is one of the factors that determine the strength of 
the bolted joint [6]. Bolts are better in resisting high lateral 
force as compared to screws, dowels and nails. Besides that, 
bolt is also used in joining two members with axially loaded 
tension [7]. Framing connection usually experience critical 
loading hence, withdrawal resistance and shear strength is 
paramount. These traits can only be achieved by using bolts as 
its fastener, as reported by [8]. 

 [4] was used as reference for Standard Test Methods for 
mechanical fasteners in wood. Fig. 3 shows the withdrawal 
test setup. Withdrawal capacity is defined as the amount of 
resistance to withdrawal force in a plane normal to the face. 
Withdrawal capacity is caused by density and internal 
bonding of the panel [9]. According to [4], the factors that can 
influence the withdrawal capacity are grain direction of the 
timber, physical and mechanical properties of fastener, shape 
and sizes of fastener, surface condition of the fastener and 
wood, speed of withdrawal, condition of the pre-bored hole of 
the bolt, depth of penetration into the wood and wood density 
or specific gravity.  

 
Fig. 3. Withdrawal test setup 

Mengkulang Glulam was measured and cut into 6 blocks of 
specimens with dimension of 150mm x 130mm x 50mm 
perpendicular to the grain. The timber block specimen was 
drilled at its centre before a bolt of size 14mm and 20mm 
diameter was pressed into the sample through the pre-drilled 
bolted hole. The sample that has been inserted with the bolt on 
top was placed on the flat steel base plate on the Universal 
Testing Machine as shown in Fig. 4. The bolt fastener was 
withdrawn from the timber block sample at uniform rate of 
speed by means of a testing machine that was set at a constant 
load of 2.54mm/min of pulling force. The test was runned 
until the maximum load was accomplished and failure 
occurred on the sample. The results such as deformation 

formed and the maximum withdrawal load for pulling the bolt 
from the sample was recorded automatically by the computer 
while the test was running. 

 

 
Fig. 4. Sample tested using Universal Testing Machine 

(UTM) 
The “pulled” maximum load (N) were recorded and then 

divided by the friction area of the withdrawal strength as 
shown in (1) [10]. 

 

                                                                    (1) 

 
where Fax,k is withdrawal strength, kN/mm2, Fmax is the 
maximum withdrawal load, kN and A is the friction area 
between bolt and timber surface, mm2 as shown in (2) where r 
is the radius of bolt, mm and h is the penetration depth of the 
bolt, mm. 

 

                                                                    (2) 

 
Withdrawal capacity, kN was calculated by multiplying the 

withdrawal strength, kN/mm2 with the penetration of the 
threaded part, mm and diameter of bolt used, mm, as shown in 
(3) based on [11]. 

 

                       (3) 

 
where Fax,Rk is withdrawal capacity, kN, d is the diameter 

of bolt, mm and lef is the penetration depth of the threaded 
part. The penetration depths of all samples were the same with 
a 110mm length. The diameter of bolts that were used in this 
study was 14mm and 20mm. All bolts were half threaded with 
threaded length of 50mm each, therefore, the penetration 
length of the threaded part is also 50mm as the total 
penetration depth of each bolt is 110mm. In this study only a 
bolt is used in each timber connection, hence, the value of n in 
withdrawal capacity equation will be always 1. 

 
III. RESULTS AND DISCUSSIONS 

Fig. 5 illustrates the comparison between the 3 samples 
using a 14mm diameter bolt with a 2.54mm/min loading rate. 
A slight increment of load can be seen in Sample 1 and the 
maximum load, Fmax of 2478.13N at 6.22mm deformation 
was achieved. After the maximum load was reached, the load 
started to drop slowly until there was no contact between the 
wood and bolt.  

 
 

glueline 

110mm marked line 
for penetration of 
the bolt into block 
sample 
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Thus, Sample 2 has similar behaviour with Sample 1 but 
with a higher Fmax of 2771.88N. Sample 3 shows that the 
load increases fixedly and the Fmax of 3837.5N was achieved 
which is the highest load between the previous 2 samples 
versus the deformation. One of the possible factors that 
caused lower Fmax in Sample 1 and Sample 2 are probably 
the gap between the timber and bolt surface that is far and was 
not intact which causes the bolt to be removed easily. Another 
factor was the damage on the side of the timber hole due to the 
force drill when inserting the bolt into the timber hole [12].  

Fig. 6 shows the comparison between the 3 samples that 
uses a 20mm diameter bolt with a constant loading rate of 

2.54mm/min. The line graph for Sample 1 increases 
proportionally until 5968.75N Fmax and then a sudden drop 
happenned right after the maximum load was reached. Sample 
2 increases incredibly high and fast until it achieved Fmax of 
6646.88N with a smaller deformation of 3.53mm. The bolt 
has a very good intact at the bottom part of the timber hole, 
which requires higher withdrawal strength to pull out at the 
beginning of deformation that resulted maximum load 
achieved [13]. Sample 3 has the lowest maximum load and it 
might be increased higher if the sample did not break at the 
early stage. The sample was suspected to have small cracks 
inside the wood, which causes the timber block to fail easily. 

 

 
 

Fig. 5. Maximum load using 14mm bolt diameter 
 
 

 
Fig. 6. Maximum load using 20mm bolt diameter 
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Table I and II shows the withdrawal capacity retrieved 
from the calculation of 14mm and 20mm, respectively. In 
order to get withdrawal capacity from each sample, 
withdrawal strength was needed to substitute into the equation 
of withdrawal capacity. Withdrawal strength was calculated 
using (1). After obtaining the withdrawal strength, the value 
was used in the equation (3) in order to find the withdrawal 
capacity for each sample. The range of withdrawal capacity of 
these samples is between 0.43kN to 0.67kN. Sample 1 has 
shown the lowest withdrawal capacity with 0.43kN, while 
Sample 3 shows the highest withdrawal capacity that is 
0.67kN and Sample 2 with a capacity of 0.48kN. This result 
shows that the sample with greater Fmax will have greater 
withdrawal capacity. The average withdrawal capacity of the 
samples with 14mm diameter bolt was 0.53kN while for 
20mm was 0.87kN. The constant friction surface area for 
14mm and 20mm bolt diameter, were 4838.05mm2 and 
6911.5mm2, respectively, which was calculated from (2). 

Fig. 7 shows the results of average withdrawal capacity 
retrieved from the test. Bolt with 14mm diameter has the 
average withdrawal capacity of 0.53kN and for 20mm  bolt 
diameter has the average withdrawal capacity of 0.87kN. The 
percentage difference between sample using 14mm and 
20mm bolt diameter was 48.6%. 

 

 
Fig. 7. 14mm vs 20mm bolt diameter 

 
Table- I: Withdrawal Capacity for samples using 14mm bolt diameter 

Sample Penetration 
depth (mm) 

A (mm2) lef (mm) Fmax (kN) fax,k (kN/mm2) Fax,Rk (kN) 

1 110 4838.05 50 2.478 6.1x10-4 0.43 

2 110 4838.05 50 2.772 6.9x10-4 0.48 

3 110 4838.05 50 3.838 9.5x10-4 0.67 

Average 0.53 
 

Table- II: Withdrawal Capacity for samples using 20mm bolt diameter 

Sample Penetration 
depth (mm) 

A (mm2) lef (mm) Fmax (kN) fax,k (kN/mm2) Fax,Rk (kN) 

1 110 6911.5 50 5.969 8.3x10-4 0.86 

2 110 6911.5 50 6.647 9.2x10-4 0.96 

3 110 6911.5 50 5.559 7.7x10-4 0.82 

Average 0.87 
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IV. CONCLUSION 

As a conclusion, the withdrawal capacity, Fax,Rk for 
Glulam Mengkulang perpendicular to the glue line and wood 
grain using bolts with diameters of 14mm and 20mm was 
0.53kN and 0.87kN, respectively. The biggest percentage 
difference in withdrawal capacity between the samples using 
14mm bolt diameter is Sample 1 and Sample 2, which was 
43.64%. For 20mm, Sample 2 and Sample 3 had the biggest 
difference of 18.18%. The higher the diameter of pilot hole on 
the timber, the amount of resistance from pulling off was 
lesser which causes the withdrawal capacity to become lower. 
Lastly, the percentage difference between the withdrawal 
capacity using 14mm and 20mm bolt diameter is 48.6%, and 
it has shown that withdrawal capacity increased when the bolt 
diameter increased. 
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