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Graphical abstract Abstract
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Over recent years, half-lap connection is widely used all over the world to provide
longer structural member due to limited size of sawn timber in construction
industries. Timber connected in joints may reduce overall mechanical properties of

. the structure. This paper present finding on a series of connection of half lap bolted
joint member from Keruing (SG5) and Sesendok (SG7) timber species. The half-lap

Tensie fest using UTM GFRP sheet were
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connection were subjected to tensile test and reinforced with GFRP sheet that were
conducted untfil failure to determine their tensile behavior. The results showed that
the GFRP help to increase the load carrying capacity of all the fimber specimens

especially timber species that lies in a weak strength group for almost 30 % by

strength.
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1.0 INTRODUCTION

Traditionally, timber has been used as structural
members in building construction and it continuously
being used up ftill today even though the use of steel
and concrete are quite popular these days. The wide
use of timber in structural applications continues today
due to the benefits it presents in terms of cost,
availability and strength rafio. Malaysian  timber
species have been categorized into seven (7) strength
group (SG) that is SG1 to SG7. Based on MS 544: Part 2:
2001, the load carrying capacity of each timber
species represented by their strength group. Timber
species in SG5 has higher strength as compared to
timber species in SG7.

However, supplying for quality structural timber has
been declining. As a result, solid fimber beams with
bigger size are hard to obtain and limited size of sawn
fimber can be used in consfruction industries.
Therefore, need of efficiently use the resource and lofs
of opportunities exists for strengthening of fimber

members. Connection system in timber is important in
order to combine or connect several numbers of
fimber members, commonly due to the limitation for
timber sizes which requires connection. Strengthening
of the timber is crucial particularly in connection
systems as failure arises normally at connection region.
Therefore, it is utmost important to have understanding
of characteristics and behavior of fimber connection.
Thus, this study reported on the tensile behavior of half-
lap connection unreinforced and reinforced with GFRP
sheet.

In Malaysia, there were few research published in
fimber engineering especially fimber strengthening [1-
2]. Timber strengthening using FRP is rarely used
because of lack of technical knowledge in the
material. In addition, the cost of FRP is considered as
high because there are very few companies
producing and supplying FPR locally. However,
increasing cost of steel makes the use of FRP as
construction material more widening. Fiorelli [3] had
done a research to evaluate the structural behavior of
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timber beams strengthened with FRP. The research
was focused on the experimental and theoretical
analysis  of timber beams of the species
PinusCaribeaHondurensis which were reinforced with
GFRP and CFRP fabrics. The results showed that the
flexural sfiffness (EI) determined experimentally was
greater than the theoretical values. These values are in
favor of structural safety. It shows that the increase of
stiffness varied from 15% fo 29% for beams
stfrengthened with glass and carbon fabric. Dagher [4]
had studied on the use of GFRP fendons for fimber
bridge decks made by freated Eastern Hemlock
lamination. After 4.25 years of monitoring, the GFRP
tfendons have maintained an adequate pre-siress
level without having fo be re-stressed. Generally,
based on all previous research, it shows that FRP was a
good material to be used. Thus, this study had been
conducted in order to investigate and analyze the
performance of selected fimber species that
reinforced with GFRP sheet for bolted connection.

In the issue of ability, European Yield Model (EYM) is
an effective method to identify and categorized the
several possible modes of failure for timber
connections through double shear strength fest [1].
Johansen [5] developed EYM and it has been used
universally as the engineering approach in connection
design and Larsen [6] had discovered more on the
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robustness of EYM in evaluating the load-carrying
capacity of timber connections. Later, EYM has been
used to identify the behavior of nailed joints but with
some modifications [7] and bolted timber joints [8-10]
or both [11-12]. Some researchers also explored and
evaluated more on the timber connections which has
been strengthened using wood dowels [13-14]. Since
this study is using bolt, thus this EYM model is based on
an equiliorium equation for the plastic sfraining
resulting from the free body diagram of bolt in timber
connection. All the theories are based on the ductile
behavior of fimber and bolt in the connection. The
fimber was predicted to be failed by full bearing and
overwhelming in tensile when resisting the load
applied by the bolt. In addition, the bolt is assumed fo
be bending and probably yield, while creating a
number of plastic hinges depend on the number shear
planes or the number of connection. The strength for
various connection geometries and material
combinations for two and three-member connections
can be predicted or accessed by using EYM (BS EN
1995-1-1: 2004 + Al: 2008). In EYM's approach, the
highest capacity of timber joints are taken to be the
loads at which either the embedment strength or
bearing failure or both occurred for the first time. The
several possible modes of failure for timber
connections were shown in Figure 1.
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Figure 1 Failure modes assumed by EYM for single and double shear dowel type timber-to-timber connections (BS EN 1995)

2.0 EXPERIMENTAL
2.1 Tensile Test Setup

This study is conducted by experimental test on the
composite  connection  where the composite
materials were reinforced with GFRP sheet and solid
fimber as the main member and fastened by steel
bolt. Both fimber size and bolt arrangement were
designed based on Malaysian Standard (MS544: Part
5: 2001). The samples consist of Keruing (SG5) and
Sesendok (SG7) timber species. In order to
determine the effect of GFRP sheet on the timber
connection, the specimens were fabricated in the
form of half-lap joint as shown in Figure 2.
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Figure 2 Half-lap connections
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Twenty (20) specimens were being fabricated with
dimension of 100 x 41 x 392 mm each. Then, forty (40)
bolts with 10 mm diameter and convenient length
were prepared as fastener. Five (5) specimens were
bolted and glued with 3 layer of GFRP sheet and the
other five (5) specimens were bolted and glued
without GFRP sheet for each timber species. Tensile

test was conducted using Universal Testing Machine
(UTM) UTS-348 as shown in Figure 3. The applied load
was at a constant rate (1.0mm/min) using 1000 kN
capacity. The physical properfies fests were
conducted for each sample. The test was followed
by the determination of specific gravity, moisture
contents and density of the timber sample.

Figure 3 Tensile test set up by using UTM

3.0 RESULTS AND DISCUSSIONS

From the experimental work, all the connection
specimens were found failed at the grip. The results
obtained were not fully represents the strength of the
connection since it failed at the grip. This finding is
considered as preliminary work on the connection
unreinforced and reinforced with GFRP sheet.

3.1 Load Carrying Capacity of Tensile Analysis

The results obtained consist of Keruing (SG5) and
Sesendok  (SG7) fimber bolted connection
unreinforced and reinforced with GFRP sheet. The
summary of the tabulated data for specimens of
connection unreinforced and reinforced with GFRP
sheet is shown in Table 1 and 2 respectively.

Table 1 Ultimate load and displacement of Keruing and Sesendok connection unreinforced without GFRP sheet

Keruing Sesendok
Species
Ultimate load (kN) Displacement (mm) Ultimate load (kN) Displacement (mm)
1 22.24 22.50 10.65 12.30
2 21.73 8.30 10.13 22.10
3 24.61 15.50 10.40 17.80
4 23.80 13.10 11.23 19.80
5 27.76 15.50 13.82 27.80
Average 24.03 14.98 11.25 19.86
Standard 2.14 459 1.24 5.09
Deviation
Coefficient of 9 31 n 2%

Variance (%)
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Table 2 Ultimate load and displacement of Keruing and Sesendok connection reinforced with GFRP sheet

Species

Ultimate load (kN)

Displacement (mm)

Ultimate load (kN)

Displacement (mm)

39.86
28.95
27.22
25.07
34.88

Average 31.20

b WN =

Standard

Deviation 5.42

Coefficient of 17

14.4
13.7
19.8
8.8

15.9

14.52

3.55

24

13.87
18.98
11.39
18.49
17.49

16.04

2.94

18.1
8.2
4.1
10.0
2.0

7.83

5.01

Variance

18 64

Table 1 summarized the results of ultimate load
and maximum displacement for Keruing and
Sesendok for unreinforced connection. Whereas,
Table 2 showed the results of ultimate load and
maximum displacement for Keruing and Sesendok
reinforced with GFRP sheet. From the tables, for the
average ultimate load for Keruing and Sesendok
unreinforced with GFRP, the average ultimate loads
were 2403 kN and 11.25 kN respectively. The
average ultimate load for Keruing and Sesendok
reinforced with GFRP were 31.20 kN and 16.04kN
respectively. Comparison between ftwo species
showed that Keruing species exhibited higher load
carrying capacity compared to Sesendok species. It
does show that the finding was inclined to the
stfrength group of the species accordingly. Figure 4
presented the average ultimate load for Keruing and
Sesendok for unreinforced and reinforced with GFRP.

35
30
25

20
Keruing

15 M Sesendok

10

Ultimate load (kN)

5

0
Without GFRP With GFRP

Figure 4 Ultimate loads for unreinforced and reinforced with
GFRP for each species

Based on the analysis, it was found that the
utilization of GFRP as strengthened material in timber
specimens gave beneficial confribution tfowards
engineering properties. The ultimate loads for the
specimens reinforced with GFRP sheet slightly higher
compared to the specimens unreinforced with GFRP
sheet. The result showed that the incorporate of GFRP
increased the load carrying capacity of the
specimens compared to the specimens unreinforced
with GFRP. Overall, Keruing performed better in term
of strength compared to Sesendok.

3.2 Behavior analysis
Tensile test were analyzed and the patftern behavior

of the results for species Keruing and Sesendok are
presented in Figure 5 and 6 respectively.
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Figure 5 Load-Displacement curve for Keruing connection
unreinforced and reinforced with GFRP
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Figure & Load-Displacement curve for Sesendok
connection unreinforced without GFRP and reinforced
with GFRP

Figure 5 shows the load versus displacement
pattern for Keruing connection unreinforced and
reinforced with GFRP sheet whereas Figure 6 shows
the load versus displacement pattern for Sesendok
connection unreinforced and reinforced with GFRP
sheet. From both (Keruing and Sesendok) graphs, it
clearly shows that the specimens of connection
reinforced with GFRP sheet exhibited higher loads
and small displacement compared to the specimens
of connection unreinforced with GFRP sheet. For both
species, the load for specimens of connection
unreinforced and reinforced with GFRP sheet are
keep increasing until it reach their maximum load at
specific displacement. After reaching the maximum
load, the line of the load drops gradually which
means that the failures were started to occur. GFRP is
helping the specimens to increase their strength by
increasing the load and reducing the values of the
displacement.

== Keruing with
GFRP

=l—Sesendok with
GFRP

0 T 1
0 10 20

Displacement (mm)

Figure 7 Load-Displacement curves for Keruing and
Sesendok connection reinforced with GFRP

Figure 7 illustrates the load versus displacement
relationship between Keruing species and Sesendok
species connection reinforced with GFRP sheef.
Keruing exhibits higher load as compared to
Sesendok. This can be explained by the different
strength group of each species. Keruing lies in
stfrength group 5 whereas Sesendok lies in strength
group 7 which means that Keruing is stronger and
more ducftile in ferm of strength compared to
Sesendok which is weak and more brittle. However,
Sesendok also shows increment in term of sfrength
when being reinforced with GFRP. Thus, GFRP also
helps to improve the strength of timber species that
lies in weak strength group.

3.3 Yield Mode on Half-Lap Connection Unreinforced
and Reinforced eith GFRP Sheet

There were several possible failure modes that can
be experienced by the specimens. The summary of
the yield modes for the specimens were tabulated in
the Table 3 and 4.
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Table 3 Yield mode of Keruing connection unreinforced and
reinforced with GFRP

Species Specimen Yield mode
SGS5 1 C
SG5 2 C
Keruing SG5 3 c
SGS5 4 C
SG5 5 C
SG5 + GFRP 1 None
SG5 + GFRP 2 None (Splitting of
member)
Keruing None (Splitting of
+ GFRP SG5 + GFRP 3 tension grip)
SG5 + GFRP 4 None (Tearing of
member)
SG5 + GFRP 5 None (Splitting of
member)

Table 4 Yield mode of Sesendok connection unreinforced
and reinforced with GFRP

Species Specimen Yield mode
SG7 1 C
SG7 2 C
Sesendok SG7 3 c
SG7 4 C
SG7 5 C
SG7 + GFRP 1 Noqe (Shgonng of
tension grip)
SG7 + GFRP 2 None (§heor{ng of
tension grip)
Sesendok SG7 + GFRp 3 None (Shearing of
tension grip)
+ GFRP None (Shearing of
SG7 + GFRP 4 - ng
tension grip)
SG7 + GFRP 5 None (.Sheon.ng of
tension grip)

Table 3 and 4 showed that the connection of
Keruing and Sesendok unreinforced without GFRP
had experienced yield mode of type C as shown in
Figure 8. The fasteners experienced rigid rotation in
shear plane where it increased the tendency of bolt
to bend permanently.

Figure 8 Yield mode C

The specimens of Keruing and Sesendok
reinforced with GFRP had experienced yield mode of
type B where the fasteners did not bent. However,
each specimen had different descriptfion based on
the physical observation of the specimen after

testing such as splitting and tearing of members as
well as splitting at the tension grip. Figure 9 showed
the illustration of yield mode B. Whereas, Figure 10
showed the image of the physical observation after

testing like shearing, tearing and splitting.
y

T |

Figure 9 Yield mode B

(a)

Figure 10 (a) Splitting (b) Shearing (c) Tearing

From the test, the average moisture content (BS
EN 322:1993) lies in the range of suitable moisture
content for five (5) samples of Keruing was 13.03 %
and for Sesendok was 13.15 %. While, the average
density of Keruing (SG5) was 874.8 kg/m3 and for
Sesendok (SG7) was 413.52 kg/m3.

4.0 CONCLUSION

As a conclusion, the GFRP sheet added as
reinforcement at the half-lap connection help to
increase the load-camrying capacity of the
specimens. Sesendok seems to perform better as the
strength increased by approximately 30 % compared
to Keruing which was increased 23 %. Therefore,
GFRP sheet is recommended to use as additional
reinforcement especially for low strength group
species.



87

Nurain Rosdi et al. /Jurnal Teknologi (Sciences & Engineering) 72:1 (2015) 1-6

Acknowledgement

Authors express utmost gratitude fo RAGS grant: 600-
RMI/RAGS 5/3 (61/2013), Research Management
Centre (RMC), Universiti Teknologi MARA Selangor for
financial support.

References

[

[2]

3]

[4]

[3]

6]

[7]

Hassan, R., Iborahim, A. and Ahmad, Z. 2011. Estimation of
Double Shear Strength of Timber Connections Fastened
with Glass Fibre Reinforced Polymer Dowel by National
Design Specification. ASM Science Journal. 5(1): 1-10.
Yusof A., Saleh, A. L. 2010. Flexural Strengthening of Timber
Beams Using Glass Fibre Reinforced Polymer. Electronic
Journal of Structural Engineering. 10: 45-56.

Fiorelli, J. A. 2002. Evaluation of the Structural Behaviour of
Wood Beams Reinforced With FRP. 7th World Conference
on Timber Engineering, WCTE. Shah Alam, Malaysia. 255-
262.

Dagher, H. J. 2005. Use of Glass-Fiber-Reinforced Polymer.
Journal of Bridge Engineering. 10: 21-27.

Johansen, K. W. 1949. Theory of Timber Connection.
International  Association of Bridge and Structural
Engineering. 9: 249-262.

Larsen, H. J. 1973. The Yield Load of Bolted and Nailed
Connections. Proceeding of International Union of Forestry
Research Organization, Division V Conference. 646-655.
Aune, P. and Patton-Mallory, M. 1986. Lateral Load-
bearing Capacity of Nailed Joints Based on the Yield

[8]

191

[1a]

[l

2]

(3]

(14]

Theory. General Technical Report of FPL, RP-470, US.
Department of Agriculture Forest Products Laboratory,
Madison, WI.

Mclain, T. E., and Thangjitham, S. 1983. Bolted Wood Joint-
yield Model. Journal of the Structural Division, American
Society of Civil Engineers. 109(8): 243-262.

Soltis, L. A., and Wilkinson, T. L. 1987. Bolted-connection
Design. General Technical Report FPL-RP_524, US.
Department of Agriculture Forest Products Laboratory,
Madison, WI.

Jumaat, M. Z., Razali, M. F. and Rahim, A. A. H. 2008.
Development of Limit State Design Method for Malaysian
Bolted timber Joints. Proceeding of 10th World
Conference on Timber engineering (WCTE). Miyazaki,
Japan.

Smart, J. V. 2002. Capacity Resistance and Performance
of Single-shear Bolted and Nailed Connection: An
Experimental  Investigation.  MSc  Thesis,  Virginia
Polytechnic Institute and State University. Blacksburg,
Virginia.

Smith, ., Foliente, G., Nguyen, M. and Syme, M. 2005.
Capacities of dowel-type Fastener Joints in Australian
Pine. ASCE, 10.1061(0899-1561). 17(16): 664.

Sandberg, L. B., Bulleit, W. M. and Reid, E. H. 2000. Strength
and Stiffness of Oak Pegs in Traditional Timber-frame
Joints. Journal of Structural Engineering, ASCE. 126(6):
21620.

Eckelman, C. A. and Haviarova, E. 2007. Load Capacity
and Deflection Characteristics of Large Wooden Dowels
Loaded in Double Shear. Forest Products Journal. 57(5):
60-64.



