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ABSTRACT
Egypt is known with its arid weather and the presence of a very limited space of greenery mainly
around the Nile River and mostly for agriculture uses. Therefore Egypt has always lacked the
presence of forestry due to the scarcity of water supply which has led to a historical low
production of local wood. Therefore, Egypt sustains the domestic needs of wood through imports
from several regions of the world; mainly, Europe, North American, and Asia .Nevertheless,
Egypt has abundance of homegrown trees that grow with low water consumption often irrigated
through the use of waste water that are grown informally .

Eucalyptus Camaldulensis is one of the widely grown trees in Egypt and are present in huge
numbers; however they are not vastly used in the Egyptian market for construction applications
as a competitor to the imported wood types; however they are mainly being used as wood fuel. In
fact, as previous studies show Eucalyptus Camaldulensis has high mechanical properties and
relatively cheap prices that allow it to compete with imported wood types like pine or oak.
However due to the informality and the limited studies on the wood, it is not gaining the
presence it can achieve in the construction market. The mechanical properties of eucalyptus
Camalednis enable it to be used in vast uses as in outdoor and indoor applications in flooring,
furniture and more.

The main objective of this research is to develop finger joints that enhance the properties of the
wood and solve the problem of abundance of defects in the wood and small production sizes.
Finger joints can mitigate the problem by omitting the defected part and connecting the wood in
a very strong way that can enable it to be used in vast uses

Next step was to determine the standard test methods, procedures, required types of
equipment’s and apparatus according to standards. To evaluate different finger joints, glue types,
humidity cycle, and joints accuracy. These factors are then all tested so that the best
configuration can be chosen to maximize the gains of finger joints, and enhance the quality of
eucalyptus Camaldulensis wood.
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It was then concluded after analyzing tests results that finger length of 12mm had a significant
effect on increasing the flexural strength of the wood. Moreover, the glue type of MUF had a
superior quality when compared to polyvinyl acetate which had a significant effect in increasing
the strength of the wood. The quality of the finger joint which indicates the level of accuracy in
cutting the wood and jointing them with glue without having much space in between became
very apparent in lifting the flexural strength of wood when the joints are done accurately. These
preferable factors when combined together achieved an average flexural strength of 75.37 MPa
in the 3 point bending test and 45.4 MPa in the 4 point test, achieving an average of 68% in the 3
point test and an average of 62.5% in the 4 point test of the original strength of solid wood with
no finger joints that achieved an average of 111.1 MPa in the 3 point bending test and average of
72.62 MPa in the 4 point test,. Therefore, through proper manufacturing of finger joints it is
possible to produce Eucalyptus Camaldulensis in bigger sizes and defects free pieces with a
considerable percentage of its original strength to be used in vast number of construction
applications. Therefore improving the economic viability and maximizing the added value on
Eucalyptus Camaldulensis and raising its price from 1,200 LE a m3 of raw or 5,000 LE for
processed short sized wood to 12,000 LE a m3 for finger jointed wood in large sizes and defects
free quantities.
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CHAPTER 1:
INTRODUCTION
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1.1 Background
The construction sector is one of the main pillars of the Egyptian economy, and has always been
one of the main contributors in the growth of the Egyptian economy during the past decades. The
sector has been going through many developments and innovations in all of its sectors such as
management, materials, and techniques. The Egyptian construction industry is developing at a
fast pace to narrow the gap and be aligned with international standards and practices. The main
driver for innovation has been the private sector .In particular, the big construction companies
that started from Egypt and became international corporations having footprints across the
MENA region, Africa, Europe and more, have played the role of the main anchors of innovation
through transferring knowledge from across the globe to homeland Egypt. In addition, the
Egyptian government has been pushing for new techniques and more sustainable goals lately.
These ambitious goals have brought attention to the enormous bill paid yearly for imported wood
products. In fact, Egypt is the largest wood importer in the Middle East region. The vast majority
of wood used in the Egyptian market are imported mainly from Europe, Asia and North America
making it a substantially expensive commodity. As a result, wood is mainly used in nonstructural
applications such as doors, flooring, and furniture. In spite of the high dependency of the
Egyptian economy on imported wood, Egypt is rich with local trees such as Eucalyptus
Camalednis that are grown in large numbers in Egypt as wind shelters stretching along highways
and farms, such particular use of the trees allowed for a huge number of trees to be grown
annually. It has however developed in a very chaotic and unorganized manner, but has found its
way to be available all year long and in different regions in Egypt. Local types of wood had very
limited attention in previous research and literature; however, in the past years there were many
studies on Egyptian homegrown trees and the environmental and economic benefits of
incorporating these types into the market.
Eucalyptus Camaldulensis, which is commonly known as the river red gum, is a tree that is
native to Australia; however, it has spread across the world mainly concentrated in south and
North America. The trees vary in size and can grow to be up to 45 meters tall characterized as
evergreen trees and mainly found by riverbanks and along watercourses.
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Table 1: classification of Eucalyptus Camaldulensis
kingdom
Clade
Clade
Clade
clade
order
family
genus
Species

Plantae
Tracheophytes
angiosperms
eudicots
Rosids
Myrtales
Myrtaceae
Eucalyptus
Camaldulensis

Figure 1: Eucalyptus Camaldulensis tree (Iwakiri, S., Trianoski, R., Stüpp, Â. M., Cabral, B. M., & Gayer, J.
A. C. A. , 2019).

The naming of the wood produced from Eucalyptus Camaldulensis as red gum is due to the
reddish color. The color ranges from light pink to almost a dark brown color. It can be
categorized as brittle and very dense with density of about 900 kg/m3 and is often cross-grained,
making its hand crafting uses somehow difficult. It was traditionally used in stumps, fence posts
and sleepers, but recently it gained more recognition in the world wood market and has been
used in furniture’s and flooring applications
In the 19th century, a few species were introduced into Egypt where they are planted essentially
as windbreaks and to supply wood for local industries. The trees proved to have higher quality
3

than many several other native species. The main advantage that lead to its wide spread is that
they are well adapted to soil conditions and to local severe climates. Therefore, in the north
western regions of Egypt where desert reclamation is underway, large numbers of trees have
been used as windbreaks.

1.2 Problem statement

The main problem of locally grown trees in Egypt especially Eucalyptus Camaldulensis is the
chaotic nature of farming the trees, resulting in vast variations in sizes of the trees which affect
the standardization of the sizes needed so that the viability of mass production can be achieved.
Mass production needs standards dimensions of wood so that the economic aspect of production
is achieved. Standardization of the wood sizes available in the market allow for producers to
produce flooring, doors, windows and other application and sell them in the market. The other
major problem is presences of wood defects as knots, checks, wane, and more therefore
searching for new techniques to achieve maximum utilization of these woods, was achieved
through using finger joints which is a technique for jointing wood with maintaining high quality
of the wood.

1.3 Objective and scope
Egyptian wood market is almost entirely dependent on imports from the across the globe. Egypt
imports wood for all construction applications for construction, finishing, or furniture usages.
This provides a very compelling opportunity for Eucalyptus Camalednis. This is because
Eucalyptus Camalednis has a price range of 3000 LE per a cubic meter which is almost a quarter
of the price of Teak or Pine wood which is almost 12000 LE per cubic meter instead of having a
similar or even better mechanical properties. Teak and Pine wood applications in the E
Egyptian market are so diverse ranging from indoor uses such as flooring, furniture, doors and,
windows. In a matter of fact, pine and teak are widely used in the Egyptian market for outdoor
applications as pergolas, outdoor flooring, and furniture. Actually in the sector of outdoor
applications Eucalyptus Camaldulensis is presenting a very compelling wood type if the
production problems are solved through the proper usage of finger joints.
4

1.4 Research methodology

In the research methodology section, a sequence that starts with the literature review of the
studies found on Eucalyptus Camaldulensis and finger joints; then identifying the gaps of the
research on applying finger joints to Eucalyptus Camaldulensis. Followed by, detailing the most
significant factors affecting the jointing and their level of importance. Then, identifying the main
factors that affect the strength of the finger jointed Eucalyptus Camaldulensis wood. Creating
different combinations based on half factorial design. These combinations will be tested by three
and four point flexural bending test and the results will be analyzed.

Literature review

Factors affecting finger joints
Finger length
Main factors being tested

Glue type
Humidity cycle

Half factorial design
Finger accuracy
Different configurations

3 point bending test

4 point bending
test

Results assessment
Configuration selection

Figure 2: flow chart of research methodology
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1.5 Organization of the thesis
This thesis document is divided into 6 chapters as described next.

Chapter 1: Introduction - provides an introduction to the thesis topic and gives a brief
background of the locally grown wood Eucalyptus Camaldulensis proposed to be
enhanced through the use of finger joints. The objectives of the research and adopted
methodology are presented thereafter in this chapter.
Chapter 2: Literature Review – focuses on the research work that has been addressed to
Eucalyptus Camaldulensis and their mechanical properties and their natural benefits. And
as well finger joints and their importance and the previous studies done on Eucalyptus
Camaldulensis finger joints and the gap that will be filled with this research

Chapter 3: Experimental design - analyzing the factors affecting finger joints and
choosing the four main factors to be tested. Then, identifying all the possible
configurations and through half factorial design choose half of these configurations. Also,
illustrating the humidity cycle steps, and explaining the static bending test for both 3
point and four points.

Chapter 4: Methods and Materials - describes the methods and materials adopted in order
to be able to conclude the testing requirements of this research. Then the samples and
apparatus prepared for the tests are explained including the number of samples tested and
the testing procedure.

Chapter 5: Results and Discussion - discusses the methods of calculating the results and
how the results obtained from each test in the form of tables, graphs, and images.
Followed by analysis and comparison of the test outcomes of the different types of finger
joints wood configurations
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Chapter 6: Conclusion and Recommendations – includes the main findings of this
research and concludes the thesis giving recommendations for further research work done
in regard to this topic.
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CHAPTER 2:
LITRETURE REVIEW

8

2.1

Introduction

While Egypt does not have large masses of natural forests, it does have large areas that are soil
rich and water available to them. This is why more resourceful species of trees are chosen to be
planted more than others and have a variety of application to be used for. In Egypt one of the
plants that is chosen abundantly is the Eucalyptus Camaldulensis and is also dubbed the Red
River Gum, and this tree has a variety of uses, but one its most apparent ones is be used as a
wind breaker to shelter agricultural areas from high speed winds (Elhariri et al, 2016).
“Wood is a natural material that has been used for many purposes for
centuries. It can be regarded as the embodiment of solar energy, stored in a
stable form. It has a low environmental impact and high resistance to weight
ratio. Thus, it is indispensable to know its properties to indicate its best
possible use. The genus Eucalyptus corresponds to the largest area of
reforestation in the world. With its diversity of species, ecological plasticity,
and excellent production, it is the raw material for a large number of forest
industries. Eucalyptus regenerates after cutting, which is an attractive use
for reforestation” (Lima Jr. et al, 2018).

2.2

Applications of Eucalyptus Camaldulensisa

Eucalyptus is native to Australia, but has seen expansion to other regions such as North Africa in
countries such as Tunisia, Morocco and Egypt as well as other regions such as South America
that include Brazil and Chile (Elaieb et al,2019; Essaadaoui et al, 2019; Afzal et al, 2018). It also
consists of a large amount of species and sub species that makes it a versatile tree to grow in
different regions of the world.
While being able to grow Eucalyptus Camaldulensis in different regions this has signified it as a
type of wood that has a great resistance to rot and a relatively high density as a species (Iwakiri
et al, 2019). The fast growing nature of Eucalyptus Camaldulensis allows it to have application
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in many regions and this is seen particularly in Egypt as it is one of the few hardwood trees as
well as the fact that can spread in more arid conditions (Mohareb & Badawy, 2017).
Eucalyptus entails 8% of forests world-wide, and the practical applications of Eucalyptus vary
largely as well as the fact that is considered to be a tree that is highly adaptable to various
climates and soil conditions (Arnaud et al, 2019; Wentzel et al, 2019). The uses of Eucalyptus
include using it for timber, wood products, paper manufacturing, charcoal manufacturing and
pulp (Elaieb et al,2019; Wentzel et al, 2019; Arnaud et al, 2019). Other than the application of
using the wood, it is also used in construction as it can be used as floors and beams as well
(Iwakiri et al, 2019; Afzal et al, 2018). This is why its application is to both assess it on its own
as well as combine different forms of it to other applications such as the creation of plywood,
manufacturing paper or making carton-boards out of its extracts. It’s abundance in many regions
and in particularly Egypt allows it to be considered for the wide variety of applications in both
structure and manufacturing, as well as other applications such developing extracts.

2.3

Mechanical Properties of Eucalyptus Camaldulensis

Mechanical properties of wood are very important to analyze the potential applications that are
relevant for each tree type. The natural way types and various species if trees grow are crucial in
determining a wider array of properties that can determine whether one type of tree would be
valid in one application or another (Wentzel et al, 2019).
Certain parameters that are assessed on Eucalyptus include exposing of the wood to thermal
stress as well as a variation of relative humidity as the factors that the wood will be exposed to in
real applications, and then to measure the various strength and robustness of the wood (Wentzel
et al, 2019; Elaieb et al,2019). Elaieb et al (2019) focused on Eucalyptus Camaldulensis and
saligna to assess the practicality of the wood through various restrictions and factors, such as
relative humidity as well as evaluating density and shrinkage of the wood by exposing it to
different levels of steam, humidity and temperature. (Mohareb & Badawy, 2017) also found that
the heat treatment of Eucalyptus Camaldulensis allows for more resistance to factors such as
fungus and potentially presents a cheaper and better alternative type of treatment to that of
chemical treatment.
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Mechanical properties were also assessed by exposing the sampled wood to other mechanical
tests that included compression and bending tests (Elaieb et al, 2019). Things that were
considered to keep a controlled experiment were temperature and relative humidity to consider
the nature of the mechanical properties, as well as the fact that the compression tests were
applied parallel to the grain. The results showed that Eucalyptus Camaldulensis and saligna
have weaker bending properties than other types of Eucalyptus, yet the it was in the higher
ranges of compressive strength and this means that Eucalyptus Camaldulensis has better
properties with specific applications of stress (Elaieb et al, 2019). The lower capability to
withstand bending stress signifies that longer pieces of wood have a higher risk of collapsing
under this stress.
In addition to compression and bending stress, shear stress is also a factor that can be evaluated
in terms of the fact that how much stress it can withhold in shear applications, and (Iwakiri et al
,2019) evaluated this by using wood samples that used treatment and those that did not. The
results from their tests of using bonded joints showed that the Eucalyptus Camaldulensis had an
average shear results in both the applications of dry non-treated Eucalyptus and hum pre-treated,
and this is believed that this may be related to its high density, therefore its inability for adhesive
to permeate the various surfaces and therefore prove ineffective against shear applications in
bonded joints.
(Lim Jr. et al ,2018) highlighted that the Eucalyptus species has good elastic properties when
comparing it to other types of wood from different trees, but the analysis conducted was done
through impulse testing instead of regular bending tests, and was also applied to the sub species
grandees. The application of this means that grandis as a sub species is structurally sound,
however when Camaldulensis was evaluated in terms of bending stress Elaieb et al (2019)
determined that its bending modulus is not the highest as a sub species of Eucalyptus.
Muhammad-Fitri et al (2018) also evaluated the modulus of rupture and elasticity by destroying
pieces of manufactured plywood while evaluating certain traits of Eucalyptus and combinations
of other tree types such as Batai. The results point to the fact that layering of wood is not as
effective as the density of the wood itself, and with the application of 5 or 7 layers of wood were
not as effective as considering the total density of the wood, and therefore it gave a better
modulus of elasticity.
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2.4

Naturally Beneficial Properties Eucalyptus Camaldulensis

While many of the application consider using Eucalyptus wood for furnishing and structural
application in construction, flooring and various other applications, one more consideration is
using Eucalyptus as anti-corrosive remedy to various metals (Essaadaoui et al, 2019). Through
the extraction of Eucalyptus Camaldulensis through a specific process of using natural solvents
and the Camaldulensis bark, by combining them and filtering them for different amounts of time
(Essaadaoui et al, 2019). The results showed that when applied to a specific grade of mild steel
the mixtures extracted from the Camaldulensis bark have good anti-corrosive properties and can
hinder corrosion even when diluted.
Using Eucalyptus for specific application such as plywood manufacturing or carton-board, shows
that Eucalyptus has the versatility to be applied to different wood and paper applications. Balea
et al (2016) determined the eucalyptus aid in the process of helping fiber-to-fiber bonding
essential for tensile strength of paper manufacturing, and this is correlates to other studies that
determined that Eucalyptus density facilitates certain mechanical properties such as elasticity
(Muhammad-Fitri et al, 2018; Lim Jr. et al 2018).

Additionally, Tinti et al (2018) evaluated the modulus of elasticity and modulus of rupture
through manufacturing panels using Eucalyptus and exposing them to various forms of fungus
and various form of adhesives and assessing if they have a resistance to termites as well.
Mohareb & Badawy (2017) also evaluated the nature of fungus on Casuarina glauca and
Eucalyptus Camaldulensis while adding the conditions of heat treatment and how resistant the
natural properties of the plants arose to resist various forms of fungus.
Arnaud et al (2019) believes that Eucalyptus and various others types of trees will be more at
risk in the future as the shift to climate change will naturally select plants that can withstand
longer periods of drought and the shift in other weather factors such as humidity. Eucalyptus
currently entail a large percentage of trees, but it is hypothesized that with the shift in climate
change there will be natural adaptations of these trees to include things such as tree quality,
radial growth of bark and leaf growth (Arnaud et al, 2019).
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The nature of plant being able to spread to foreign soils and beyond its native growing region
shows that it has the ability to grow under tough conditions, and water availability is one of them
and this is one of the factors that Afzal et al (2018) evaluated. Through an experiment that had a
one year duration of evaluating Eucalyptus Camaldulensis and Tamarix aphylla by creating an
equal platform on which the trees to grow such as uniform sized seedlings, and the general
results showed that the Eucalyptus can grow more extensively than its native counter-part under
the same conditions of drought (Afzal et al, 2018). The growth and biomass seen in the
Eucalyptus is more significant in comparison to the Tamarix as the output of the Eucalyptus is
more immediate under the same conditions; however it is considered that due to the water needs
it causes other negative outcomes to the region around it such as water reduction in the soil
(Afzal et al, 2018).

2.5

Finger Joints Used in Wood

A finger joint is a woodworking joint made by cutting a number of interlocking profiles in two
pieces of wood which then get glued to each other, which increases the strength of

Figure 3: finger joint illustration

From the research we can also identify that another parameter to consider in testing wood
sturdiness is finger join manufacturing. The use of finger joints can vary such as in the use of
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furniture and was tested in the research to assess how much bending stress it can withstand under
the forces applied. Kishan Kumar (2015) applied this test on mango trees (Mangifera indica)
while Suthon et al (2019) applied on rubber wood (Havea brasiliensis) to evaluate how much
stress the finger joints can withstand in bending applications. The results show that in bending
applications the wood is able to withstand more stresses as the modulus of elasticity increases
and that it is irrelevant of the adhesive used, finger joints aid strengthening under the 3-point
bending test stress (Suthon et al, 2019; Kishan Kumar, 2015). While the type of adhesive can
increase the strength, the trend generally showed strengthening in either application when finger
joints were applied. One element to put into consideration is that moisture level of the wood
played a factor in the application of the adhesive on the finger join, as well as the shape and
quality of the cut in the finger joint in terms of how well the adhesive would allow the joints to
stick (Suthon et al, 2019).The element of the adhesive use is important to consider when
applying to finger joints as it adds an additional element of strength when applied to the joints.
We have yet however to see these tests conducted on Eucalyptus Camaldulensis, and this will be
more a focal point to consider flooring applications rather than furniture.

2.6

Gap and Conclusion

The research has shown that much of the testing that is conducted on the Eucalyptus
Camaldulensis has been on the natural strength and attributes of the wood itself in applying as an
anti-corrosive material or how resistant it is to other aspects such as termite and fungus infection.
When also evaluated on the mechanical attributes of the Eucalyptus Camaldulensis is much of
the research evaluated the modulus of elasticity and modulus of rupture (Elaieb et al, 2019;
Muhammad-Fitri et al, 2018; Tinti et al, 2018). This came in various forms on whether it was
solely slabs of Camaldulensis with a specific size or manufactured into multi-layered plywood
that was combined with other tree species and finally in both terms of both parallel and
perpendicular to the grain in terms of rupture. The data showed that Eucalyptus has a relatively
high modulus of elasticity in comparison to other plants, but not a lot of testing was done on the
other mechanical attributes of Eucalyptus Camaldulensis in terms of tensile strength and
compressive strength. The data presents this gap that needs to be assessed to fully understand the
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variation of mechanical properties of Eucalyptus Camaldulensis as this can present more choices
for applications from understanding its qualities and mechanical properties better, as it already
has its large variety of uses. This also is put into consideration as it’s abundance in Egypt can
provide an inexpensive alternative to use local plant life to fill in the segment of timber and
wood manufacturing.
Table 2: previous research on mechanical properties of Eucalyptus Camaldulensis
and finger joints

Un-fingered (natural)

MOR Flexural
Strength (3 point)
(N/mm2)

Fingered Before Cycle

MOR Flexural
Strength (4 point)
(N/mm2)

MOR
Flexural
Strength
(3 point)
(N/mm2)

Average

MOR Flexural
Strength (4 point)
(N/mm2)

Average
49.6

( Fustakia
S.L,2015)

( Paulo
Ricardo,20
18)

Egyptian
eucalyptus
Camaldule
nsis

Average

57.
55

43.8

Standard
deviation

17.6

Standard
deviation

4.21

Standard
deviation

11.
03

Coefficient
of variation

35.53

Coefficient
of variation

9.61

Coefficient
of variation

19.
16

Average

76,8

Average

73

Min

31

Min

25

Max

122

Max

120

Standard
deviation

15,8

Standard
deviation

15,5

X

After Cycle
(different cycle)
MOR
Flexur
al
MOR Flexural
Streng
Strength (4 point)
th (3
(N/mm2)
point)
(N/m
m2)

X

X

X

X

X
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In table 2, a previous research done by (Paulo Ricardo, 2018) has studied the flexural strength of
Eucalyptus Camaldulensis through 3 and 4 point bending tests. Another study, done by (Fustakia
S.L., 2015) has studied Eucalyptus Camaldulensis in solid form and after finger jointed and
after having a humidity cycle. The gap of the literature is very clear. Having a research to study
all the sections marked (x) might have not been performed in any study before. Egyptian home
grown Eucalyptus Camaldulensis properties when finger jointed are needed to be studied.
Therefore, this research will be focusing on covering this gap and will have the scope of finding
answers to such properties of Egyptian Eucalyptus Camaldulensis, which could enable the full
utilization of Eucalyptus Camaldulensis in several advanced construction applications which will
maximize its economic profit.
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CHAPETR 3:
EXPERMINTAL DESIGN
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3.1

Introduction

From the literature we have been able to ascertain the practical benefits of Eucalyptus
Camaldulensis. This has encouraged testing the mechanical properties of Camaldulensis through
various forms of extending the length of the wood. Finger joints have been used to bind wooden
products and minimizing the loss of the strength of the material. This had led to the wide usage
and practices of finger joints. Therefore, finger joints can be used to enhance and mitigate the
defects of the eucalyptus Camaldulensis which has very high mechanical and physical properties,
but as well lacks the formality or the proper farming practices. Therefore, the eucalyptus
Camaldulensis is found in abundance in the Egyptian market but the product in the market is
inhomogeneous with different sizes, defected, and unregulated. Due to the large variation of
types of Camaldulensis wood in the Egyptian market available, this test pushes to find a more
sustainable standard that can find itself useful in numerous application of using timber. This
standard has to be formulated from the most sustainable model through the conducting of testing
that will provide the best results in terms of mechanical properties and how much stress it can
withstand. It was crucial for proper testing and in depth examination of the wood with finger
joints to eliminate the hard boundaries affecting eucalyptus Camaldulensis in the Egyptian
market and maximizing the strength and potential of the wood. In previous studies the data
shows finger joints depend on several variables. Running experiments on all the affecting factors
in relation to every other factor will require the preparation and testing of significant number of
samples. This traditional technique of experiments has many setbacks as it requires a large
number of configurations and each configuration will require a number of samples. Through the
correct design of the experiment we are able to accomplish a more well-rounded approach in
testing the different finger joint variables in order to achieve the highest reliability of data
achieved from the set samples assessed. Therefore, a half factorial design has been implemented;
this technique allowed of a half the amount of samples used to get the same results. Therefore, it
was very crucial to examine all the factors that affect the strength and durability of the finger
joints then classify them from high to low in their expected impacts on the finger joints.
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3.2

Experimental Program

The experimental program tested the mechanical properties of one of the most common type of
wood in Egypt eucalyptus Camaldulensis. The tests that were applied are three point and four
point static bending. All the mechanical tests were performed according to ASTM D143 (ASTM
2014) standard test methods for small clear specimens of timber, ASTM D2555 (ASTM 2017a)
standard practice for establishing clear wood strength values, and ASTM D2915 (ASTM 2017b)
standard practice for sampling and data analysis for structural wood and wood-based products.
All the specimens were dried in dry air to reach an approximate constant weight before testing,
and when testing the temperature of the specimens was 20°C + 3°C. All the tested specimens had
a moisture content of approximately 20%; some specimens needed to be dried in an oven to
ensure they did not exceed the limit of 20% which was measured using a moisture meter.

3.3

Factors affecting finger joints
There are several factors that affect the strength of finger joints. These factors can be

categorized in to two major categorizes. Natural factors which are related to the type of wood
and its properties and the second category is the manufacturing process. The manufacturing
process factors range from the type of glue used or the length of the joint which can have a
significant effect on the strength of the wood. The difference between natural and manufacturing
factors are important to consider as natural elements are easier to check and control.
Manufacturing factors are more costly in both the control of the manufacturing element, time
element and the labor practices.
The main factors that affect the strength and durability of the wood then can be classified
into the level of their impact to the wood from low impact, medium impact, and high impact.
From finding out which factor affect the strength and durability we can determine the factor that
has the highest impact and therefore turn these results into more practical real-word values in
terms of cost time and additional processing of the lumber.
These two main factors are then classified into a controlled status or tested status. The
controlled status is when the factor will be controlled into one category. For example, the type of
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wood that will be tested is only one eucalyptus Camaldulensis. Therefore, the type of wood
factor is a controlled factor. The other classification which is tested where there are two variables
being tested; This will be able to give us a relationship in which to assess the correlation between
the factors as well as give insight into which factor affect which strength or durability of the
wood. This can also be correlated to the manufacturability and if one factor should be isolated or
only provides a small addition in terms of properties, but a far greater cost.
The way the factors are evaluated, chosen and tested is crucial to provide a well-rounded
approach to the way the experiment pans out. This means actually testing the most suitable
variable to consider the testing of Eucalyptus Camaldulensis in order to determine if this wood
can have mechanical properties to be ventured out into more practical applications.

Table 3: Main factors affecting finger joints and their level of impact
Factor
Wood
Joint
Length Of Joint
Glue
Moisture Content
Direction Of
Grain
Humidity Cycle
Joints Accuracy
Knots
Crooked

Category
Natural
Manufacturing
Manufacturing
Manufacturing
Natural/
Manufacturing
Natural

Level
High
High
Medium
Medium
Medium

Status
Controlled
Controlled
Tested
Tested
Controlled

High

Controlled

Natural
Manufacturing
Natural
Natural

Medium
Medium
Low
Low

Tested
Tested
Controlled
Controlled

The types of variables affecting the finger joints and the test to consider in the wood are
listed out in and include everything from their level of impact based on general assessments of
wood in the literature. A breakdown of the category if they are a manufactured or natural factor,
and the level of impact it has on the joints if they are low, medium or high. Finally, whether a
component is tested or controlled to measure the relationship between the variables to determine
the factors that will de studied.
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3.4

Factorial design

Factorial design is a testing method in which to assess all factors’ impact on the
experimental outcome in terms of values. These factors can be considered as the variables to
which the experiment will be measured and they are selected through random selection. In terms
of a full factor design, also dubbed a ‘fully crossed design’, these experiments allow for the
testing of the effects of each factor as well as the correlation between them.
From the factors each factor is added to create a platform in which all possible
combinations are set to measure against one another, this is a combination of natural,
manufactured, low, medium and high impact. They are combined for each to take a level in the
which each factor has a positive or negative level and when combined with other factors this
provides a summation in which each 2 levels of each factors is assessed again each of those of
the three other factors. This will look like the form of 2x2x2x2 in this experiment, but this can be
conditioned into adding as many factors as need be, but this will be the format for this
experiment into considering the application of four factors.

3.5

Half Factorial experimental design

There are structures that evaluate one factor at a time (OFAT) and this creates the direct
correlation between one variable and the controlling variable. Factorial designs however
can combine the utilization of several OFAT experiments in a more pragmatic and
efficient structure. This means factors can be combined without adding another process
or cost to them. This allows for correlations to be made, and to discover the level of
impact on factor has on the results and determine the response more so than the structure
of an OFAT experiment, as well as considering the various levels of other levels against
one another.
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Figure 4: 3 variable factorial design representations

In table 4 the four different factors and their levels are identified and have been given a sign for
each level. These levels will be then the variable where the research will study.

Table 4: Factors chosen to be tested and their levels
Code

Factor

levels

sign

A

Glue

B

Finger length

C

Joint accuracy and wood
quality
Humidity cycle

MUF
Polyvinyl Acetate
10 mm
12 mm
High
Low
Off
On

+
+
+
+

D

From the full factorial design an established half factor design can be assessed in which a
correlation of half the listed variations can be assessed based on the selection of the different
variations and then a representative sized sample can be selected for each variation. This allows
for reliable results in presenting representative samples that can create correlations between the
factors.
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Table 5: List of all Configurations possibilities and 8 Configurations for half factorial
design

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

A

B

C

D

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

Half factorial
design
1
2
3
4

5
6
7

8

In table number 5, all 16 different combinations of the factors are being listed and through half
factorial designs only half of these are chosen to be tested. That will give all the relevant data
needed to compare each factor and its effect on the strength of finger joints.

Selected Configuration
Table 6: All selected Configurations
Configuration
No.
1

Glue

Finger Length

Cycle

10 mm

Joint Accuracy And Wood
Quality
high

Polyvinyl

2

MUF

12mm

high

off

3

MUF

10mm

low

on

4

MUF

12mm

high

on

5

Polyvinyl

10mm

low

off

6

MUF

12mm

low

off

7

MUF

10mm

high

on

8

Polyvinyl

10mm

low

on

off
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In this experiment there are four factors that will be assessed and having 2 levels in each
factor gives a summation of 8 total factors. The factors considered will be the type of glue or
adhesive for the finger joints, the finger length, the joint accuracy and wood quality in
manufacturing and if the wood will go through a humidity cycle. The two levels for the adhesive
will be one of two types of adhesive, and those are either MUF or Polyvinyl Acetate. The two
levels of the finger joint length will either be 10mm or 12mm. The levels for the join accuracy
and wood quality will be either high or low quality in manufacturing. The final factor assessed
will be the humidity cycle of the wood and if went through a humidity cycle or not. These are
the tested factors chosen to evaluate the effect on finger joints, and based on this they are chosen.
There are other factors such as the direction of the grain, the wood and the moisture
content that will not be evaluated, but kept as controlled factors to assess the tested factors based
upon it as well as keeping the experiment consistent and reliable.

3.6

Sampling procedures

The choice of sample size which is identifying the number of replicates runs, in any experimental
design is a very critical decision. In a matter of fact, if the number of replicates increases
detecting small effects becomes easier and more accurate. However, increasing the number of
replicates can be very challenging in both economical and time aspects. Therefore, it is very
critical to calculate the minimum number of replicas that gives the accurate results and to detect
the small effects needed in the study.
Calculating the number of samples is based on the operating characteristic curve which is a plot
error probability of a statistical test for a particular sample size versus a parameter that reﬂects
the extent to which the null hypothesis is false.
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Figure 5: operating characteristic curve (Douglas c Montgomery, 2012)



The desired percentage of accuracy was 95 % thus Assuming that α=0.05



The null hypothesis should be rejected with a high probability if the difference in mean
compressive strength between any two tests is as great as 20 KN Thus a difference of D=
20 have engineering signiﬁcance.



If we assume that the standard deviation of breaking point is approximately 5 KN

These assumptions have been calculated through the study of past research done on
Eucalyptus Camaldulensis. The 95% accuracy will be a very compelling percentage of
accuracy as the material of wood is natural material that has quite significant variations in
the mechanical properties itself. Therefore, 95% will be enough to highlight the
correlations needed to do this research.
Based on the basic information stated ϕ can be calculated where
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Using equation

𝛟𝟐 =

𝒏𝑫𝟐
𝟐𝒂𝝈𝟐

(1)

D = difference in mean
σ = standard deviation
n= number of replicates
a = degrees of freedom (n-1)

Therefore, this equation has to be repeated for each different number of replicates. Based on the
number of replicates and calculated in the equation 𝛟 parameter is calculated and if the
percentage of accuracy is not achieved the number of trials increased by one and the equation is
recalculated until the desired accuracy of 95% is achieved,

𝟐

𝛟 =

𝒏𝑫𝟐
𝟐𝒂𝝈𝟐

(1)

𝐧(𝟐𝟎)𝟐
=
𝟐(𝟑)(𝟓)𝟐
𝛟𝟐 = 𝟖 𝒏
𝛟 = 𝟐. 𝟖𝟐 𝒏

By using operating characteristics chart in figure 5 to construct the following table with
95 % accuracy.
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Table 7: List of trials to callculate desired number of trials

n

𝛟𝟐

ɸ

2
3
4
5
6
7
8

16
24
32
40
48
56
64

4
4.89
5.65
6.32
6.92
7.48
8

(V1)
Numerator
degree of
freedom
1
2
3
4
5
6
7

(V2) error
degrees of
freedom

β

6
7
7
8
8
9
10

0.3
0.15
0.7
0.3
0.1
0.05
0.02

Therefore n= 8 replicates give a β risk of 0.05 or 95% percent chance of rejecting the null
hypothesis if the difference in mean compressive strength value is larger than 20 KN .
Therefore, it is concluded that 8 replicates are enough to provide the tests with desired precision
as long as the standard deviation is in close range to the collected samples.

Therefore the minimum number of samples produced was 128 to have 8 replicates for each test
in each different sample. , and the sample size was checked. If the sample size was not sufficient,
the number of additional samples required was calculated and they were tested, then the sample
size rechecked according to the same equation. The parameter used in determining the number of
samples in all the tests was the modulus of elasticity (E). Generally, the wood samples for all
tests were taken from farmed trees, not forest trees that were delivered from more than one tree,
then cut and shaped according to the ASTM requirements for every test.

3.7

Cycle design

The use of wooden products can be seen innumerous applications both inside and outside
a home, and these applications include floor decking, exterior siding, roof and wall and floor
sheathing. This means that the wood being used for these applications are exposed to a wide
array of environmental stresses from both temperature and the weather if it comes in the forms of
rain or humidity. This means that the wood goes through a large variation of inert stresses in the
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forms of expansion and contraction because of temperature, as well as exposure to various levels
of humidity throughout a year as the seasons fluctuate and change. This has an effect on the
general strength and stiffness of the wood as it encounters this cyclic exposure, and in essence
largely affects the wood. This cyclic exposure also affects the adhesive that has been applied to
joints in the wood, and therefore also dictates aspects such as the quantity of adhesive applied
and how long the product will last in the form needed.
For this experiment we wanted to represent the cyclic effect of the weather and therefore
exposed the wood to a cycle that was determined to represent that cyclic exposure. The length of
each cycle was 4 hours inside an oven with heat temperature of 60 degrees Celsius. Then, 8
hours in cold water temperature, and after that the wood was sent into the oven for another 4
hours for a second time. Then the wood was left to dry for 8 hours and the cycle was repeated on
the same samples for 3 consecutive days. This is an extreme cycle to give the necessary
representation needed for the cyclic exposure of the wood and create a reliable control for the
samples.

Temperature

60 °

60 °

20 °

27 °

27 °
20 °

Room
temperature

Repeat for 3
times
4

12

16

24

Hours
Figure 6: illustration of temperature differences in humidity cycle
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Table 8: Humidity cycle steps

The oven is turned on and set the temperature meter on
60 degrees Celsius after The samples are put in the oven
for 4 hours inside the oven.

The samples are then placed in cold water of
approximately 20 degrees Celsius for 8 hours

The sampled are then put into the oven with a
temperature of 60 degrees Celsius for 4 hours

The specimen were then left to dry in room
temperature for 8 hours
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3.8 Static Bending test
The nature of bending tests are set by placing a sample on several points of contact and
then applying a force perpendicularly to the sample until the point of failure, and this is where
the sample fracture beyond returning to original form. The information that is extracted from
bending tests is the elastic modulus of the material and the sample itself through establishing an
understanding of flexural stress and strain.
There are several types of bending tests and this is related to how many points of force
are being applied to the sample. Each sample already includes 2 points of support being
supported from the end of the sample, and from the point of pressure an additional third and
fourth point of force are applied. 3-point bending includes the application of force in the
midpoint of the sample and applying perpendicular force to those of the other two supports. 4point bending tests are also applied in the same direction as the 3-point bending test, but the
difference is that there are two points of force, in comparison to the single point of force applied
in the midpoint of the sample. The 2 points of force in the 4-point bending test are separated with
a specific distance from the midpoint of the sample. The addition that this considers is that more
of the sample and material is being tested in comparison to the 3-point bending test.

Figure 7: representation of 3 point bending test
(Yusuf Khan, 2019)

Figure 8: representation of 4 point bending test
(Yusuf Khan, 2019)
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This test is very similar to the three-point bending flexural test. The major difference is
that with the addition of a fourth bearing load the portion of the beam between the two loading
points is put under maximum stress, in contrast with only the material beneath the central bearing
in the case of three point bending.
The difference of the area of the bearing load between the three-point test being only the
material beneath the central bearing and the four-point test the are under the two upper baring
loads is of great importance in studying brittle materials, where the severity of flaws exposed to
the maximum stress is directly related to the flexural strength. Compared to the three-point
bending flexural test, there are no shear forces in the four-point bending flexural test in the area
between the two loading pins. Therefore, the four-point bending test is suitable for brittle
materials that cannot endure shear stresses very well.
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CHAPTER 4:
METHODS AND MATERIALS
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4.1Introduction
This chapter describes the methods and materials adopted in order to accomplish the testing
requirements of this research. The experimental design is initially outlined consisting of the type
of wood to be tested and the process of manufacturing it and the manufacturing apparatus used.
Then the two different types of glues are being explained .Then, the different process of
manufacturing finger joints and then the apparatus and the type of equipment needed to do the
tests for 3 point and 4 point bending tests

4.2 Wood processing
Eucalyptus Camaldulensis is obtained from local growers in the status and the form shown in the
figure number 9. It is not processed and it has many defects and needs further processing to be
able to attain a base to test for all samples. This means that they needed further manufacturing
and to have the necessary control size in order to establish a point zero to apply the various
variables on the wood. Wood after being processed and cut in desired dimensions Wood samples
needed to be further processed and their edges to be straightened to receive a uniform dimension
for all samples then cut in halves to create correct dimension and to begin creating joints for
them

Figure 9: Wood in raw form after being
purchased from local suppliers

Figure 11: wood sample after being cut up and
straightened edges

Figure 10: wood cut up into dimensions
required for testing

Figure 12: wood being cut into further halves
for further correcting dimensions
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4.3 Machines and Tools
4.3.1 CNC MACHINE
The CNC machine is used to shape wood in the way it is needed, the difference between this and
other shaping tools is that this process is automated as a drawing is provided and the shape is
created layer by layer. This means that the shaping point removes a set depth into the wood each
time, and is proceeds with each layer it provides more of the shape until it is completed. The
perks of using the CNC machine is that is not used manually and can provide a consisted shape
for each sample as the shape is dictated by the drawing provided and uploaded to the machine.
This gives a more consistent shape and gives a standard layout to the shape of the wood.
However the CNC Machine does not provide other processes and that is why the cut presented
after the cut is usually a low quality cut in comparison to other manual machinery.

Figure 13: CNC machine used for cutting wood
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4.3.2 Universal Woodworking Machine
The universal wood working machine was used in this experiment to shape the joints in the wood and to
give them the necessary dimensions for the test. The UWM provided a better quality joint, and this was
used for the samples that had a higher quality joint in comparison to the CNC machine that provided a
lower quality joint. The UWM is a manual machine that allows for the wood to be shaped and
manufactured in a specific shape as the sample can be moved around the machine to acquire the needed
cut and finish. This means that they can be cut, sanded, molded, toned and any other shaping of wooden
samples.

Figure 14: Working space of UWM

Figure 15: UWM control system

4.3 Glue type
4.3.1

MUF

MUF is one of the two adhesives that we have presented to test in this experiment. These
adhesives will be applied to the joints in the samples in order to maintain the bond between them.
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The nature of MUF is that is mixed in water as it is a powdery substance that is largely used for
wood applications. MUF stands for melamine urea formaldehyde, and it comes in resin form and
it sets as a polymer when hardened, and this gives it the ability to resist environmental and
weather changes as well as exposure to water which makes it suitable for both indoor and
outdoor applications (Melamine urea formaldehyde, 2020)
Table 9: MUF Specs (Melamine urea formaldehyde, 2020)
Parameter

Value

Unit

White free flowing powder

Appearance
pH (1:1) at 20 0C

8.0 – 9.0

pH units

Humidity

1.5 max

%

Free formaldehyde

0.5 max

%

Gel time (1:1) at 1000C

50 – 70

sec

1500 max

cps

Using 3 % NH4CL (20%)
Viscosity (2:1) at 200C

Table 10: Adhesive formula quantity for formation (Melamine urea formaldehyde, 2020)

Type

Quantity

MUF

100 Parts by weight.

Water

100 Parts by weight.

Hardener

2.5 Parts by weight.
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The way to form this adhesive is to mix the necessary quantity of water and MUF until the
solution is homogeneous. After that a Hardener is added to expedite the adhesive properties.
The hardener quantity should consider aspects such as timing and the temperature in which
the application of the adhesive will be presented upon, as well as the fact that the water
should be maintained at room temperature as this allows for more time for mixing. The
mixing can be done both mechanically and manually, but with higher speeds of mixing this
allows for the MUF resin to be applied while mixing, however at lower speeds the mixture
can be made by applying water at a steadier pace and not all at once (Melamine urea
formaldehyde, 2020)
4.3.2

Polyvinyl acetate

Polyvinyl acetate also known as PVA is a type of adhesive that can be applied to numerous
types of material. This includes fiber, wood, ceramics, glass and several other non-metallic
materials. One of its main consideration for applications are applications in the range of 40
°C as the applications cannot be largely outdoor and do not have structural reliance on the
PVA. This means it is applied more for indoor applications such as flooring and wallpaper. It
does not have high resistance to water as well as fall susceptible to creep stress (Polyvinyl
Acetate,2020).
Polyvinyl Acetate is an active polymer and is created by mixing water dispersing agents, and
vinyl acetate monomers in polymerization process to acquire the adhesive PVA. It is a
relatively cheap adhesive and has a rubbery texture and falls under the thermoplastic
polymers (Polyvinyl Acetate,2020).
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Figure 16: Polyvinyl Acetate glue available in the Egyptian market

4.4 Finger Joints

For the finger joints in this experiment the two variables chosen for the length of the joint were
10 mm and 12 mm. these were manufactured by wither using a CNC machine or a Universal
Wood Machine. The elements that dictate the join size and number was the thickness of the
sample of the wood, as it was 4 cm for all wood samples, as well as the cutting heads and blades
of the machines available to use.

The joints were chosen to be horizontal for ease of manufacturing for further applications, as
well as the abilities of the heads available for manufacturing. The bending tests being applied
also dictated that the direction of the force aligns better with horizontal joints. Finger joints are
manufactured through a series of steps where the wood is processed into a sharp and straight
standard dimensions then these wood go through a series of steps depending on the finger
jointing technique. There two techniques are based on the machine being used either a CNC
machine or a Universal woodworking machine.

Figure 17: Schematic of sample size

The manufacturing process for the joints included that the appropriate blade be chosen to
manufacture the finger joints. Once, chosen it will be attached to the rotating head to begin
cutting the wood. After the formation of the joints the adhesive is then added to both sides of the
sample.
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4.5 Manufacturing of Joints: Universal Woodworking Machine
The method of manufacturing the joints on the UWM is standard and is represented in figure 1823, and show the process needed to manufacture the joints on the Universal Woodworking
Machine.

Figure 18: Chosen plate with dimension needed

Figure 20: plates assembled to commence cutting

Figure 19: number of plates needed for cutting
sample

Figure 21: placing rotating head to attach to UWM
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Figure 22: sample on belt to commence cutting

Figure 23: adding adhesive to joints and aligning
samples

`
4.6 Manufacturing of Joints: CNC Machine
Manufacturing steps using a CNC machine is similar to the UWM, but is more automated in the
way it established in terms that it is an automated process and does not need any manual
application during the cutting process. Once device is set up and sample fixed, the device begins
cutting without any human application. Figure 24-25 and table 11 show the steps for
manufacturing using the CNC machine

Figure 24: Rotating head chosen for CNC
machine joint manufacturing

Figure 25: Rotating head aligned on the CNC
machine
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Table 11: list of remaining steps to manufacture joints with CNC machine

Sample fixed to supports to commence cutting
without motion of sample. Where there are
three pieces of wood fixed to each other and
then fixed into the cutting board

Software used to upload cutting drawing to be
applied to the CNC machine . where the cutting
speed and the cutting drawing has to be tried for
several times until the aspired results is
achieved

Rotating head starts cutting through the wood
and after cutting through the whole length of the
wood specimen the procedure is repeated
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4.7 Compression Machine
The compression machine is the necessary machine that is used to apply force on any material
until failure. From the compressive force, things such as compressive stress and strain can be
measured in a material to evaluate how compressive strength a material can handle. The
placement of the compressive force is strategic and the alignment of the material is also
important as it can also provide the basis for bending stress as presented in this experiment. The
perpendicular force applied to the wood in both the 3–point and 4-point bending tests is the basis
on which this experiment was evaluated. The 3 point bending tests meant that we applied a
singular point of force through the compression machine and the 4-point test mean applying two
points of force through the machine. When applied in both tests this provided the force necessary
for the sample failure and gave us the values in which we can evaluate the mechanical properties
of the samples.

Figure 26: compression machine with samples being tested
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Figure 27: Schematic of 3-point bending test with dimensions

Figure 28: Schematic of 4-point bending test with dimensions

From the compression machine we were able to design the necessary bending test for experiment as from
the contact points we were able to acquire both the 3-point and 4 point bending test as shown in Figure 27
and 28. The sample size length was taken to be 40 cm with a thickness of 4cm; this was the necessary size
for all samples as they were connected in the joints. In both the 3 point and 4 point test the samples were
supported 5cm from their edge. In the 3-point bending test the force applied in the center of the sample
where the joints were connected and in the 4-point bending test each of the two forces were applied at 5
cm from the center of the sample.
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CHAPTER 5:
TESTS RESULTS AND DISCUSSION
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5.1 Introduction
Mechanical properties of the wood can be obtained from destructive or nondestructive testing.
Non-destructive tests are mostly based on propagation speed using ultrasonic waves or acoustic
spectral analysis in which dynamic elastic properties can be estimated. Destructive tests are
based on the application of a force on the specimen until it fails. Mechanical properties, such as
strength and stiffness, can be calculated using a range of test methods. In most cases 3-point
bend and 4-point bend are very useful for calculating of flexural properties of the materials
(Kumar and Murthy 2012). These bending tests simulate tensile and compression stress on a
wood specimen and its physical response behavior is monitored. According to (Chitchumnong et
al., 1989) the main differences are the area of the maximum bending moment and maximum
axial fiber stresses: the maximum stress occurs directly below the loading point in three-point
loading, but is spread out over the area between the loading points in the four-point test.
For the 3-point bending test, the span between lower supports was 300 mm. The central loading
point was fixed. The roller bearing diameter was 30 mm. The test was conducted at a rate of 0,
08 mm/s. ultimate load, and the MOR for the 3 point test was calculated as follows

𝛔=

𝟑𝑭𝑳
𝟐𝒃𝒅𝟐

(2)

σ = Modulus of rapture, (N/mm2)
F = force, (N)
L= support span, (mm)
b = width of test beam, (mm)
d= depth of test beam, (mm)
Regarding the 4-point bending test, the lower support span was 300 mm. The distance between
the two loading points was 100 mm. The roller bearing diameter was 20 mm. The test was
conducted at a rate of 0, 08 mm/s.
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The MOR was calculated as follows.

𝛔=

𝑭𝑳
𝒃𝒅𝟐

(3)

The test begins by applying center loading on a bearing steel plate placed on the center of the
specimen so that the load is transmitted to the surface of the specimen through the plate. The test
is continued until the specimen fails to withstand and breaks. The nature of the experiment took
one variation of a sample and had 16 trials, 8 applied for the 3-point bending test and 8 for the 4point bending test. There were two bearing steel plates one for each test. The load leading to
deflection and failure for each sample was plotted and classified the failure type for each sample
according to the shape of the fractured surface. The results are represented in the breaking point
of the sample piece and are measure in Kilo Newton as represented by the compression machine.
According to ASTM D143, the test requires primary specimens with dimensions of 50 × 50 ×
760 mm, but due to the span limitations of the machine used, the secondary specimens with
dimensions of 40 × 50 × 400 mm were used. It was observed through the experimental studies
that the effect of the radius of loading nose was small when the specimen had a low depth/span
ratio. Therefore, this effect can be neglected for radii between 15 mm and 30 mm for a
depth/span ratio of 1/12, 8.
According to ASTM D143, the failure expected shapes from static bending test are simple
tension, cross-grain section, splintering tension, bash tension, compression and horizontal shear.

Figure 29: bending test failures in wood (Flexure of torsion specimen by Paul Jensen)
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From the manufacturing and testing of the wood we have obtained the results and data that we
can use to analyze the samples further and to assess the mechanical properties of the samples and
if they have provided the reliable basis to evaluate the controlled and tested variables in the
factorial designed experiment.

It is important to determine whether the samples tested are sufficient or if the variance is large
and more samples need to be tested. This is determined according to ASTM D2915 using
equation 2
𝒕

𝒏 = ( 𝑪𝑶𝑽)𝟐
𝜶

(4)

Where
n = sample size;
COV = coefficient of variation
α = estimate of precision = 0.05 assuming a confidence interval of 95
t = value of t statistic from Table 1 in ASTM D2915 (ASTM 2017b).

5.2 Static bending test for solid wood
It was essential to determine the benchmark to compare to the results of the finger joints different
configurations to assess their percentage of success. Based on the literature review of the past
experiments on the strength of Eucalyptus Camaldulensis, there was a wide discrepancy between
the results of some mechanical properties such as Flexural Strength (Modulus of rapture). Such
differences are a result of many factors that could affect the strength of wood such as , the
species of the wood, density , duration of loading, and defects. Therefore, 12 samples from the
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same patch of wood were tested to determine the strength of solid wood that the different
configurations will be compared to.
Table 12: solid wood results for 3 and 4 point bending tests, all 12 trials
solid wood (without finger joints) test
Four point test results
Three point test results
breaking Strength
breaking Strength
Sample
Sample
point
MPa
point
MPa
no.
no.
(KN)
(N/mm2)
(KN)
(N/mm2)
1

19.2

72

1

20.8

117

2

20.3

76.125

2

18.4

103.5

3

18

67.5

3

17.6

99

4

24.1

90.375

4

23.3

131.06

5

20.3

76.125

5

24.2

136.13

6

14.3

53.625

6

14.3

80.43

Average

14.525

72.6

15.438

111.19

After testing the 12 samples of solid eucalyptus beams of dimensions 400*40*50, the average
bending strength (modulus of rupture) where the wood breaks was 111.1 N/mm2 in the 4 point
test. Whereas average bending strength of 92.32N/mm2 in the 3 point test. Standard deviation for
the four points was 22.49 and three point tests was 11.74
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5.3 Static Bending test results: Configuration 1
After testing the 16 samples of configuration 1 finger joints, the average bending strength
(modulus of rupture) where the wood breaks was 22.17 N/mm2 in the 4 point test. Whereas
average bending strength of 26.227 N/mm2 in the 3 point test. The results for configuration 1 in
the static bending test with 3 point test and 4 point test are summarized in table 14. Standard
deviation for the four points was 1.87 and three point tests was 1.81 which was then calculated in
equation 2 and showed low variations in the results.

Table 13: configuration 1 factorial levels
Configuration 1
Glue

Polyvinyl acetate

Finger length
Joint accuracy

10 mm
high

Humidity cycle

Off

Table 14: Configuration 1 results for 3 and 4 point bending tests, all 16 trials
Configuration 1
Four point test results
Three point test results
sample breaking Strength sample breaking Strength
number
point
MPa
number
point
MPa
(KN)
(N/mm2)
(KN)
(N/mm2)
1
7
26.25
1
4.9
27.563
2
8
30
2
5.2
29.25
3
4.9
18.375
3
5.5
30.938
4
6.5
24.375
4
4
22.5
5
4.2
15.75
5
4
22.5
6
3.7
13.875
6
3.4
19.125
7
7
26.25
7
4
22.5
8
6
22.5
8
6.3
35.438
Average 5.9125
22.172
4.6625
26.227
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Four point test
Min 13.8

Average 22.172
Max 30
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Figure 30: Configuration 1 4-point bending test results

Three point test
Min 19.1

8

Average 26.22

Max 35.4
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Figure 31: Configuration 1 3-point bending test results

Configuration 1 had the variations represented in table 13 and it shows that the numbers are
relatively low with an average of 22.1 for the 4-point bending test and 26.22 for the 3-point
bending test. Samples 1, 2 and 7 in the 4- point bending test show relatively higher numbers than
that of the average. The results of the trials in the 3-point bending test fell around the average.
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Figure 32: Configuration 1 sample 1

Figure 33: Configuration 1 sample 2

The types of failure of configuration 1 were either compression (Fig. 32) or wedge splitting (Fig.
33) .which was the most common failure type for configuration 1.
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5.4 Static Bending test results: Configuration 2
After testing the 17 samples (one sample showed no results) of Configuration 2, the average
bending strength (modulus of rupture) where the wood breaks was 45.4 N/mm2 in the 4 point
test. Whereas average bending strength of 75.3 N/mm2 in the 3 point test. The results for
configuration 2 in the static bending test with 3 point test and 4 point test are summarized in
table 16. Standard deviation for the four points was 2.7 and three point tests were 2.8 which
show high variations in the results.
Table 15: Configuration 2 factorial levels

Configuration 2
Glue
Finger length
Joint accuracy and wood quality
Humidity cycle

MUF
12 mm
high
Off

Table 16: Configuration 2 results for 3 and 4 point bending tests, all 16 samples
Configuration 2
Four point test results
Three point test results
Sample breaking Strength
Trial
breaking Strength
No.
point
number
point
MPa
MPa
(KN)
(KN)
(N/mm2)
(N/mm2)
1
2
3
4
5
6
7
8
Average

10
9.5
15
17.33
11.4
11.21
12.23
10.19
12.108

37.5
35.625
56.25
64.988
42.75
42.038
45.863
38.213
45.403

1
2
3
4
5
6
7
8

14.5
14.3
11.6
13.4
16.3
14.4
12.4
10.3
13.4

81.563
80.438
65.25
75.375
91.688
81
69.75
57.938
75.375
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Figure 34: Configuration 2 4-point bending test results

Three point test

Average 75.37

Min 57.9

Max 91.6
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Figure 35: Sample 2 3-point bending test results

Configuration 2 showed a greater average as a breaking point force for both the 3-point and 4point bending test, and also showed a greater average for the 3-point bending test in comparison
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to the average of the 4-point bending test. Sample 3 and 4 in the 4-point bending test showed
significantly large values than the average set.

Figure 36: Configuration 2 sample 5

Figure 37: Configuration 2 sample 8

The types of failure for configuration 2 showed a cross grain tension failure of the wood without
having a failure in all the fingers connection which gives an indication that the wood braked first
before the joint breaks in (Fig. 36) or some of the finger joints breaking with having some fingers
still connected in (Fig. 37) which shows a high quality joints.
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5.5 Static Bending test results: Sample 3
After testing the 16 samples of configuration 2, the average bending strength (modulus of
rupture) where the wood breaks was 23.3 N/mm2 in the 4 point test. Whereas average bending
strength of 37.6 N/mm2 in the 3 point test. The results for configuration 3in the static bending
test with 3 point test and 4 point test are summarized in table 18. Standard deviation for the four
points was 1.5 and three point tests were 2.12 which show low variations in the results.

Table 17: Configuration 3 factorial levels

Configuration 3
Glue

MUF

Finger length
Joint accuracy and wood quality
Humidity cycle

10 mm
low
on

Table 18: Configuration 3 results for 3 and 4 point bending tests, all 16 trials
Configuration 3
Four point test results
Three point test results
Sample breaking Strength
Trial
breaking Strength
No.
point
MPa
number
point
MPa
(KN)
(N/mm2)
(KN)
(N/mm2)
1
6
22.5
1
9.4
52.875
2
9
33.75
2
8.2
46.125
3
4.2
15.75
3
5.3
29.813
4
6
22.5
4
5.1
28.688
5
7.5
28.125
5
6.3
35.438
6
6.7
25.125
6
5.2
29.25
7
5.5
20.625
7
6.7
37.688
8
4.9
18.375
8
7.3
41.063
Average 6.225
23.344
6.6875 37.617
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Figure 38: Configuration 3 4-point bending test results

3 point test
Average
37.61

Min 28.6
8

Max
52.8

7
6

5
4
3
2
1
0

10

20

30

40

50

60

Strength MPA (N/mm2)
Figure 39: Configuration 3 3-point bending test results
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Configuration 3 showed values for the samples found in table18, and the numbers show a
relatively low value for the average in both the 3-point and 4-pont test; with values of 37.6 MPa
and 23.34 MPa respectively. Trial 1 and 2 in the 3-point test had a larger value than the average
set.

Figure 40: Configuration 3 Trial 1

Figure 41: Configuration 3 Trial 2

The types of failure for configuration 3 showed splitting of the wood in (Fig. 40) or bond break
in (Fig. 41) which shows an average quality joints where the failure was in the joint itself.

57

5.6 Static bending test results: Configuration 4
After testing the 16 samples of Configuration 4 configuration finger joints, the average bending
strength where the wood breaks was 40.7 N/mm2 in the 4 point test. Whereas average bending
strength of 50.4 N/mm2 in the 3 point test. The results for configuration 4 in the static bending
test with 3 point test and 4 point test are summarized in table 20. Standard deviation for the four
points was 2.6 and three point tests were 3.02 which was then calculated in equation 2 and
showed high variations in the results.
Table 19: Configuration 4 factorial levels
Configuration 4

Glue

MUF

Finger length
Joint accuracy and wood quality
Humidity cycle

12 mm
high
on

Table 20: Configuration 4 results for 3 and 4 point bending tests, all 16 trials
Configuration 4
Four point test results
Three point test results
Sample breaking Strength
Trial
breaking Strength
No.
point
MPa
number
point
MPa
(KN)
(N/mm2)
(KN)
(N/mm2)
1
2
3
4
5
6
7
8
Average

9
6.3
13.5
14.5
9.03
10.6
11.4
12.6
10.866

33.75
23.625
50.625
54.375
33.863
39.75
42.75
47.25
40.748

1
2
3
4
5
6
7
8

9.3
13.2
10.3
8.3
7.6
8.5
6.5
8
8.9625

52.313
74.25
57.938
46.688
42.75
47.813
36.563
45
50.414
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Figure 42: Configuration 4 4-point bending test results

Three point test
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Figure 43: Configuration 4 3-point bending test results

Configuration 4 shows an average value of 40.74 MPa for the 4-point bending test and 50.41
MPa for the 3-point bending test. Trials 3 and 4 in the 4-point bending test show significant
increase in their value than the average presented. Same applies for trial 2 in the 3-point bending
test with a difference of 23.6 MPa than the average.
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Figure 44: Configuration 4 Trial 1

Figure 45: Configuration 4 sample 2

The types of failure for Configuration 4 were simple tension failure (Fig. 44) or wedge splitting
(Fig. 45). Configurations 4 showed one of the strongest bond in all configurations, which was
apparent not only in the high number of the average value but as well through the breaking forms
where the finger joints maintained a very strong bond and the failures was mainly found in the
wood itself.
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5.7 Static bending test results: Configuration 5
After testing the 16 samples of Configuration 5 configuration finger joints, the average bending
strength where the wood breaks was 20.9 N/mm2 in the 4 point test. Whereas average bending
strength of 32.14 N/mm2 in the 3 point test. The results for configuration 5 in the static bending
test with 3 point test and 4 point test are summarized in table 22. Standard deviation for the four
points was 1.36 and three points test Was 1.8 which shows relatively low variations in the
results.

Table 21: Configuration 5 factorial levels
Configuration 5

Glue

Polyvinyl
acetate

Finger length
Joint accuracy and wood quality
Humidity cycle

10 mm
low
off

Table 22: Configuration 5 results for 3 and 4 point bending tests, all 16 trials
Configuration 5
Four point test results
Three point test results
Sample breaking Strength
Trial
breaking Strength
No.
point
MPa
number
point
MPa
(KN)
(N/mm2)
(KN)
(N/mm2)
1
2
3
4
5
6
7
8
Average

6.2
6.4
3.2
4.3
5.2
7.6
6.4
5.3
5.575

23.25
24
12
16.125
19.5
28.5
24
19.875
20.906

1
2
3
4
5
6
7
8

5.9
7.14
7.6
5.1
4.3
4.08
5.3
6.3
5.715

33.188
40.163
42.75
28.688
24.188
22.95
29.813
35.438
32.147
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Figure 46: Configuration 5 4-point bending test results
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Figure 47: Configuration 5 3-point bending test results
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Configuration 5 shows lowest values in the average value for the 4-point test with a 20.9 MPa, as
well as a similar average for the 3-point test 32.1 MPa. Trial 3 in the 4-point test gave a largely
lower value than the average set.

Figure 48: Sample 5 Trial 1

Configuration 49: Sample 5 Trial 2

The types of failure for configuration 5 were simple tension failures (Fig.48) or joints failure
(Fig. 49) which was the most common failure type for configuration 5.
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5.8 Static bending test results: Configuration 6
16 samples of Configuration 6 were tested; the average bending strength was 40.2 N/mm2 in the
4 point test. Whereas average bending strength of 63.7 N/mm2 in the 3 point test. The results for
configuration 6 in the static bending test with 3 point test and 4 point test are summarized in
table 24. Standard deviation for the four points was 2.79 and three points test Was 3.25 which
shows relatively low variations in the results.

Table 23: Configuration 6 factorial levels

Configuration 6
Glue

MUF

Finger length

12 mm

Joint accuracy and wood quality

low

Humidity cycle

off

Table 24: Configuration 6 results for 3 and 4 point bending tests, all 16 trials

Configuration 6
Four point test results
Three point test results
Sample breaking Strength
Trial
breaking Strength
No.
point
MPa
number
point
MPa
(KN)
(N/mm2)
(KN)
(N/mm2)
1

10

37.5

1

11.21

63.056

2
3
4
5
6
7
8
Average

6
15
13
8.15
11.21
12.23
10.19
10.723

22.5
56.25
48.75
30.563
42.038
45.863
38.213
40.209

2
3
4
5
6
7
8

7.14
9.6
11.4
13.2
14.2
12.4
11.5
11.331

40.163
54
64.125
74.25
79.875
69.75
64.688
63.738
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Figure 50: Configuration 6 4-point bending test results
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Figure 51: Configuration 6 3-point bending test results

Configuration 6 shows relatively high numbers for averages in the both tests, with the 4-point
being 40.2 MPa and 3-point being 63.73 MPa. Trial 2 and 5 in the 4-point bending test and trial 2
in the 3-point bending test show lower figures than average of the rest of the trials.
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Figure 52: Configuration 6 Trial 1

Figure 53: Configuration 6 Trial 2

The types of failure for Configuration 6 were splitting of the wood at the finger joints (Fig.52) or
joints breaks (Fig. 53) with also having we simple tensions failure the wood in other trials.
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5.9 Static bending tests results Configuration 7
After testing the 16 samples of sample 7 configuration, the average bending strength where the
wood breaks was 28.1 N/mm2 in the 4 point test. Whereas average bending strength of 33.4
N/mm2 in the 3 point test. The results for configuration 7 in the static bending test with 3 point
test and 4 point test are summarized in table 26. Standard deviation for the four points was 1.27
and three point tests were 1.99 which shows low variations in the results.
Table 25: Configuration 7 factorial levels

Configuration 7
Glue

MUF

Finger length
Joint accuracy and wood quality

10 mm
high

Humidity cycle

on

Table 26: Configuration 7 results for 3 and 4 point bending tests, all 16 trials
Configuration 7
Four point test results
Three point test results
Sample breaking Strength
Trial
breaking Strength
No.
point
MPa
number
point
MPa
(KN)
(N/mm2)
(KN)
(N/mm2)
1
2
3
4
5
6
7
8
Average

7.2
6
8.2
9.4
8.15
7.6
5.4
8
7.4938

27
22.5
30.75
35.25
30.563
28.5
20.25
30
28.102

1
2
3
4
5
6
7
8

5.6
7.7
5.2
5.1
6.4
4
5.5
8.1
5.95

31.5
43.313
29.25
28.688
36
22.5
30.938
45.563
33.469
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Figure 54: Configuration 7 4-point bending test results
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Figure 55: Configuration 7 3-point bending test results

Configuration 7 has a relatively higher average for the 3-point bending test than that of the 4point test, and they are 33.46 MPa and 28.1 MPa respectively. Sample 4 in the 4-point test shows
significant values more than the average of the remaining trials.
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Figure 56: Configuration 7 Trial 2

Figure 57: Configuration 7 Trial 3

The types of failure for Configuration 7 were simple tension failure (Fig. 56) or cross grain
tension failure (Fig. 57) with also having finger joints failures as common failure type.
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5.10 Static bending test results: Configuration 8
After testing the 16 samples of Configuration 8, the average bending strength where the wood
breaks was 16.9 N/mm2 in the 4 point test. Whereas average bending strength of 27.6 N/mm2 in
the 3 point test. The results for configuration 8 in the static bending test with 3 point test and 4
point test are summarized in table 28. Standard deviation for the four points was 1.47 and three
point tests were 1.63 which shows low variance in the results

Table 27: Configuration 8 factorial levels

Configuration 8

Glue

MUF

Finger length
Joint accuracy and wood quality

10mm
low

Humidity cycle

on

Table 28: Configuration 8 results for 3 and 4 point bending tests, all 16 trials
Configuration 8
Four point test results
Three point test results
Sample breaking Strength
Trial
breaking Strength
no.
point
MPa
number
point
MPa
(KN)
(N/mm2)
(KN)
(N/mm2)
1
2
3
4
5
6
7
8
Average

6.2
5.1
3.4
5
3.4
5.2
4
3.8
4.5125

23.25
19.125
12.75
18.75
12.75
19.5
15
14.25
16.922

1
2
3
4
5
6
7
8

4
6.3
4.2
5
3.9
5.2
4
6.7
4.9125

22.5
35.438
23.625
28.125
21.938
29.25
22.5
37.688
27.633
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Figure 58: Configuration 8 4-point bending test results
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Figure 59: Configuration 8 3-point bending test results

Configuration 8 shows the lowest average in the breaking point values in the 4- point bending
test with 16.9 MPa as the value and its 3- point bending test also shows a low value of 27.63
MPa, only 5 MPa higher than the lowest value found in Configuration 1.
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Figure 60: Configuration 8 Trial 1

Figure 61: Configuration 8 Trial 2

The types of failure for Configuration 8 were simple tension failure (Fig. 60) and (Fig. 61)
which was the most common failure type in Configuration 8.
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CHAPTER 6:
CONCLUSION AND RECOMENDATIONS
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6.1 Finger joint Assessment
The key results of this study showed that the wood resistance measured in MOR with wood
fingered jointed maintained a very significant percentage of the strength of the original wood
without finger joints. This strength can be enhanced through the proper manifesting and
understanding of finger joints. In figure (62, 63) it is clear that there was a wide variation among
the finger jointed wood based on the factors used. However it’s shown that when comparing
solid wood to the best performing configuration it is clear that solid wood had higher mechanical
strength but in a matter of fact in some trials, finger jointed wood achieved very close results to
solid wood.
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Figure 62: Results of all samples and all of the trials in 4 point test
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160
140
Configuration 1
MOR (N/mm2)

120

Configuration 2

100

Configuratione 3

80

Configuration 4

60

Configuration 5
Configuration 6

40

Configuration 7
20

Configuration 8

0

unfingered wood
1

2

3

4

5

6

7

8

Test Trials

Figure 63: Results of all samples and all of the trials in 3 point test

6.2

Finger joint factors Assessment

From the results shown we can see that the 3 Configuration that have had the highest values were
Configuration 2, 4 and 6. The values that are represented from the results show that
Configuration 2 has had the highest average in both the 3 and 4-point bending tests.
On the counter end the 3 Configuration that we see that have shared the lowest values for
breaking force are Configuration 1, 5 and 8 in both the 3-point and 4-point bending tests.
There has been no clear difference between the summation of results between the 3 point and 4
point tests, and this highlights that there is no relationship to extract from the texts
comparatively. However Configuration 1, 4 and 7 have all shown lower averages in the 3-point
test and higher in the 4 point test, and they all share is that they all had higher quality wood and
joint accuracy.
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Table 29: : All 8 Configurations and their representative levels

Configuration

Glue

Finger Length

Joint Accuracy And
Wood Quality

Cycle

1

Polyvinyl

10 mm

high

off

2
3
4
5
6
7
8

MUF
MUF
MUF
Polyvinyl
MUF
MUF
Polyvinyl

12mm
10mm
12mm
10mm
12mm
10mm
10mm

high
low
high
low
low
high
low

off
on
on
off
off
on
on

Table 30: Highest, lowest and average point of failure for all 8 Configuration in the 3-point bending
test

Three point test
test results

high
MPa

low
MPa

Mean
MPa

Configuration 1

35.44

19.13

26.21

Configuration 2

91.69

57.94

75.38

Configuration 3

52.88

28.69

37.62

Configuration 4

74.25

36.56

50.40

Configuration 5

40.16

22.95

32.16

Configuration 6

79.88

54.00

63.73

Configuration 7

45.56

22.50

33.47

Configuration 8

37.69

21.94

27.63
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Figure 64: Graphical representation of average values and the variation of highest
an lowest failure points for the 3-point bending test

Table 31: Highest, lowest and everage point of failure for all 8 samples in the 4-point bending test

Four point test
Test results

High
MPa

Low
MPa

Mean
MPa

Configuration 1

30

22.17

17.48

Configuration 2

64.9875

45.38

50.25

Configuration 3

33.75

23.33

25.05

Configuration 4

54.375

40.73

33.60

Configuration 5

28.5

20.91

21.43

Configuration 6

45.8625

40.21

42.49

Configuration 7

35.25

28.09

22.31

Configuration 8

23.25

12.75

16.90
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Figure 65: Graphical representation of average values and the variation of highest
and lowest failure points for the 4-point bending test
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6.2.1 Glue type Assessment
What we can see from the levels presented in the three highest valued Configurations of
2, 4 and 6 is that all of them share the levels of having MUF as an adhesive and that the joint
length was 12mm. The fact that this is the shared element amongst the highest three
configurations signifies largely that MUF as an adhesive has a large role to play in maintaining
the strength of the joints in the specimen and that the nature of MUF in comparison to the other
level Polyvinyl acetate. One of the comparisons in which this can be most apparent is between
Configuration 3 and configuration 8 in which the values of Configuration 3 are in the 50 MPa
range while Configuration 8 is in the 20 MPa for both tests. While the both have largely lower
values when compared to the highest values of 2, 4 and 6, these Configurations share the levels
of 10mm joints, low accuracy, and have been through a humidity cycle. From the indications of
other results this can be an indication that these levels lead to lower results as the humidity cycle
puts more stress on the wood, and the shorter joints give less opportunity for resistance. This
creates the difference in level in adhesive, which shows that MUF has a distinct advantage to the
use of polyvinyl acetate. This however may be due to the exposure to water in the humidity cycle
which polyvinyl acetate does not combine well with.

6.2.2 finger joint length
From the results we also see that the difference in joint length is a significant factor in
creating a higher point of failure. The Configuration which we can compare for this distinct
difference are those of Configuration 4 and 7 which share all levels of MUF for adhesive, high
quality wood joints and have gone through the humidity cycle. The average of Configuration 4 is
33.6 MPa and 50.4 MPa while Configuration 7 is 23.3 MPa and 23.47 MPa for the 3 and 4-point
bending test respectively. This shows that there is a difference of 10.3 and 27 in 3 and 4 point
bending test between Configuration 4 and 7. This gives large indication towards the fact that
longer finger joints have significant effect in facilitating the strength of the wood. This correlates
well with the detail that this gives more contact space for the adhesive to take hold, and from the
results we have seen that the adhesive is a major factor in strengthening the wood.
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6.2.3 Joint accuracy

Figure 66: joint accuracy illustration in finger joint type 1

Figure 67: joint accuracy illustration in finger joint type 2

To focus on the relationship on join accuracy and the effect it had on the configurations
results, we compare Configuration 1 and configuration 5 Which were similar in every element
except the joint accuracy and wood quality, and also compare Configuration 2 and 6 which also
shared every level except that of the wood quality. Configuration 1 and 5 were in the lowest pool
that had polyvinyl acetate as an adhesive, 10mm finger joint length and did not go through a
humidity cycle. The results in the in the 3 point test show a higher value for configuration 5 than
configuration 1, but the inverse in the 4 point bending test. The values are not largely different,
but from these results it hard to extrapolate if the wood quality truly had an effect. When adding
the results of configuration 2 and 6, we can see that the results show that configuration 2 had
higher values in both bending tests, as both samples shared MUF as an adhesive, 12mm joints
and no humidity cycle. The difference however presents itself in the fact that configuration 2 had
at least a 9 MPa difference in average values higher than configuration 6. This may indicate that
the effect of quality and joint accuracy is only triggered with higher length joints where we are
able to see more of a difference, as presented in configuration 1 and 5 which only had 10mm
joints in comparison to 2 and 6 that had 12mm joints. Configuration 3 and 7 also indicate a
similar correlation to that of configuration 1 and 5 in which each configuration is higher than the
other in either test. This also may indicate as configuration 3 and 7 also have 10mm joints, so the
effect may not largely be represented in that level of the of finger length. From the results
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however the configuration 1, 4 and 7 show lower average values in the 3 point test, in which they
all have high quality wood and joint accuracy and this, may show that they have there is more
resistance to a specific type of force with higher quality joints.

6.2.4 Humidity cycle
As mentioned in the literature that the humidity cycle plays an important role in that of
the strength of the wood. We can see that configuration 5 and 8 share all elements of PVA
adhesive, 10mm joints and low quality with the only difference being the level of the humidity
cycle. The configuration applies for configuration 2 and 4 that also share all levels of MUF
adhesive, 12mm joints and high quality wood and only have difference in the humidity cycle. In
both cases we can see that Configuration 2 and configuration 5 which have not experience a
humidity cycle, are higher than their comparative configuration 4 and 8 that have gone through
humidity cycles. Between configuration 2 and 4 the results show a 16.65 MPa and 24.6 MPa
difference for the 4 and 3-point bending tests respectively. As a percentage in both values this
presents the notion that the humidity cycle presents a considerable difference for the strength of
the wood.
Table 32: comparison showing Cycle effect on finger joint wood
Un-fingered (natural)

Fingered Before Cycle
Configuration
(1,2,5,6,7)

After Cycle
Configuration
(3,4,8)

MOR Flexural Strength (N/mm2)
Test

Four point

Three
point

Four point

Three
point

Four
point

Three
point

Average

54.46

83.39

31.35

46.19

27

38.5

minimum

53.62

80.43

12

22.5

14.25

22.5

maximum

90.37

136.13

64.9

91.6

54.3

57.93

standard
deviation

22.49

11.93

2.34

2.776

2.16

2.9
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6.3 Economic viability

The process of finger jointing Eucalyptus Camaldulensis is a turning point in the research and
further enhancing and manufacturing of Eucalyptus Camaldulensis. Despite the fact that,
Eucalyptus Camaldulensis has very promising mechanical properties that are similar or even
better in some aspects with oak and pine, it has no tangible presence in the Egyptian wood
market. It is merely used as wood fuel or as pallets and losing its value and untapped properties.
Therefore finger joints that can maintain a significant portion of the strength of the wood will be
a great catalyst for Eucalyptus to expand in more advanced applications and have a bigger foot in
the Egyptian market.

Table 33: Eucalyptus Camaldulensis economic Analysis in Egyptian market
raw wood

seasoned
wood

processed
wood

Finger-joined
wood

final stage of
wood processing

Head Rig

kiln drying

Edging/
Trimming

planing/ finger
joints

form

sawn pieces

sawn pieces

short wood that
varies in sizes

long wood with
variations in
sizes

waste percentage

low

low

high

low

applications

for manufacturing
purposes

wood fuel

pallet / Broom
stick

furniture/flooring
/pergolas

1200

3,000.00

5000-6000

12,000.00

200

800

1500

2500

100

200

400

500

price (LE)/m3
Production cost /
m3
Waste cost/m3

As described in table 29, the added value of finger jointing of Eucalyptus Camaldulensis
and producing wood in sizes suitable for different applications had tenfold the price of raw
wood. This level of advancement and economic profitability is quite astonishing and present a
very viable opportunity. By solving the main problems that hinders the vast usage of
Eucalyptus in market of informality and lack of bigger available sizes, Eucalyptus Camalednis
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will be a of great assets to the Egyptian Economy as it will be having both a new alternative to
imported wood and with a new aesthetic to the market thus enriching the construction market. it
is shown in the table 33, instead of the un expensive and not time consuming process of finger
jointing , it will double the price from process wood but with un-fingered joints and thus proves
to be an economic viable option of production for Eucalyptus Camaldulensis.

6.4 Summary
From the results we can see that the order of the levels and how it most affected the wood
is that of adhesive as first, finger joint length as second and humidity cycle as third. The quality
of the finger joint did not show distinct difference between its 3 sample pairs, but it did indicate
that it has more resistance to the type of force applied from the 4- point bending. The results
show that the adhesive gives the highest results in the 3 highest configurations of 2, 4 and 6
which all used MUF compared to the lowest of configuration 1, 5 and 8 which used polyvinyl
acetate. In light of this considerable addition of adhesive is something to look into when finding
a suitable adhesive to apply in real world applications.
The adhesive factor may also push the joint level difference as the greater contact in the
12mm versus the 10mm allows for more areas for the adhesive to be applied. As well as add
more resistance from the joints as they are longer and create a barrier before the sample can fully
break. This however is important to consider the manufacturing time needed between the 10mm
and 12mm and if there levels of joints to be tested into presenting which is most suitable joint
strength to manufacturing time and cost, and this is important to consider if they present a
parabolic relationship to find the most suitable zone for them.
Finally the humidity is a distinct factor in creating a difference in strength, but the other
levels helped facilitate the other factors which are the adhesives. The difference of indoor and
outdoor applications of the Eucalyptus Camaldulensis is important as this may have large enough
wear on the wood to make less pragmatic to use in outdoor applications for extended periods of
time.
The results show that there is potential in using Eucalyptus Camaldulensis in certain
wood application while applying the correct variables in order to maintain its strength as well as
the ability for it to be sustained in both indoor and outdoor applications. From the results we can
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see that through joints and adhesive we can present it as a valid product to be used in the
Egyptian market as it is both prolific and pragmatic in light of the test presented.
It was shown that with proper finger jointing Eucalyptus Camalednis can have its price be
doubled in the Egyptian market and can be used in a vast spectrum of applications that will be of
a great economic viability.

6.5 Limitations and Recommendations
One of the main elements to consider is to apply more trials in the testing of the
configurations as there were a number of configurations that have had a variation in comparison
to the average of the configuration. And increase sample size would allow for the variations to be
neglected amidst the large number of trials.
For the next point of experimentation with Eucalyptus Camaldulensis, a deeper
understanding of its reaction in adhesive and finger joint length need to be considered, to present
the ideal format for the wood as they presented the largest factors that have affected the wood.
This gives an opportunity to really assess the most suitable combination of adhesive and joint
length in order to broaden the potential uses of Eucalyptus Camaldulensis in the local Egyptian
market.
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