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ABSTRACT 

Approximately 680 tree species have been identified in Ghana‘s forest, but only a few 

of these have been put to commercial use. Of the 1999 timber production, some 60 

percent was derived from a small number of species. Actually, 66 species dominated 

felling in 1999. Since there is an increasing demand for tropical timbers, there is 

therefore the need to consider less well known but commonly found species such as 

Gmelina arborea which could be developed for commercial use. The lesser used 

species (LUS), offer a number of potential advantages to both Ghana and the 

international market. It was against this background that the physical and mechanical 

properties of fifteen (15) and thirty (30) years Gmelina arborea were determined to 

recommend the suitability of the species for furniture production and wood products. 

One (1) fifteen (15) and one(1) thirty30 years trees from a plantation in the Odomi 

Forest Reserve in the Ashanti Region were extracted. Logs from the trees were quarter 

sawn and further prepared according to the British Standard BS 373-1957. Test was 

conducted using Instron Universal testing machine and the results analyzed with origin 

9.0. There were significant difference among the MOE (15years: 8665 N/mm2, 30years: 

10875 N/mm2), MOR (15years:64.30N/mm2, 30years:69.16N/mm2). The mechanical 

strength properties increased from the top, middle to the butt same as the densities. To 

achieve maximum results in terms of the mechanical and physical strength it is 

recommended that species of 30 years and above should be considered, since the 

mechanical and physical strength properties improve as the tree ages. 
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CHAPTER ONE 

INTRODUCTION 

 

1.1 Background of the Study 

Upton and Attah (2003), stated that Ghana has one of the most carefully planned and 

monitored forest economies in Africa, hence, the country has made strong 

commitment to the sustainable management of the countries forests by becoming 

signatories to the International Tropical Timber Organization (ITTO) and the African 

Timber Organization (ATO). Ghana‘s natural forest resources are limited and the 

introduction of necessary constraints under sustainable forest management practices 

further reduces the availability of wood for harvesting. These constraints which 

restrict the amount of timber available for external commercial use include 

increasing domestic demand and growing population are putting great pressure on the 

country‘s timber supply (Upton and Attah, 2003). 

 

According to Forestry Commission of Ghana (FC) (1999), approximately 680 tree 

species have been identified in Ghana‘s forest, but only a few of these have been put to 

commercial use. Of the 1999 timber production, some 60 percent was derived from a 

small number of species. Actually, 66 species dominated felling in 1999. 

 

Twenty five percent of Ghana‘s productive forests are legally designated as Forest 

Reserves; therefore, government is responsible for all timber cutting activities both within 

and beyond these reserves (FC, 2003). 
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Many of the traditional species such as odum (Milicia excelsa), sapele (Etandrophragma 

cylindricum) and others are in great demand and very familiar to importers. However, 

this group of traditional species has been over exploited in the past and they a re  in 

need of protection. Since there is an increasing demand for tropical timbers, there is 

therefore the need to consider less known but commonly found species such as Gmelina 

arborea for commercial use. This group of timbers known as lesser used species (LUS), 

offer a number of potential advantages to both Ghana and the international buyer. 

 

Many of the LUS timber are available in abundant supply in the forests of Ghana and are 

readily sustainable within Ghana‘s forest management systems and many of them are 

highly suitable for industrial purposes. Additionally, due to their underutilization, they 

are likely to be at lower prices ( Upton and Attah, 2003). A wider promotion and usage 

of LUS will not only benefit all those dependent on the nation‘s forests but in addition 

Ghana can also enhance its forest economy by protecting its precious primary timbers. 

 

1.2 Statement of the Problem 

Ghana has long history of providing timbers for furniture manufacture. Some traditional 

timbers such as afromosia (Afromosia elata) with its teak-like appearance have long 

been regarded as suitable for manufacture of high quality furniture. However, this 

particular species of timber is now very scarce with supply strictly controlled to support 

regeneration, (Upton and Attah, 2003). The decreased in stock levels of traditional species 

calls for a shift towards the increased utilization of the LUS.  
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The timber industry has recently been one of the fastest growing sectors of the economy of 

Ghana. A recent study by the Forestry Commission (2000) into the performance of the 

wood industry estimated the total harvest for 1999 at about 3.7million m
3
, which is almost 

four times the annual allowable cuts, (Agyeman, V. K. et al, 2003) 

 

One of the biggest problems arising out of the uncontrolled expansion of the timber 

industry is the heavy reliance on the primary species resulting in the fast dwindling supply 

of the primary timber species, (Agyeman, V. K. et al, 2003). The wood industry is 

currently faced with technical problems in the areas of field identification, end-use 

categorization and processing efficiency of LUS. In spite of the problems associated with 

processing of LUS, the timber industry has increasingly been dependent on logs from LUS 

in recent years due to the increasing demand for wood resources. Another reason for the 

dependence on the timber industry on LUS is that of selective logging system being used 

concentrates on the extraction of primary species leaving behind the large proportion of 

LUS, (Agyeman, V. K. et al, 2003). 

 

According to Agyeman, V. K. et al, (2003), recognizing the importance of increased 

utilization of LUS and value addition on the growth of the timber industry and its effects 

on the prevention of habitat loss and reduced genetic and species diversity, the 

Government of Ghana in collaboration with the International Tropical Timber 

Organization (ITTO) designed a programme entitled ― industrial utilization and improved 

marketing of some Ghanaian less used timber species from sustainably managed forest – 

ITTO PD 179/91‖. 
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The supply situation for all species is increasingly governed by what can be harvested 

each year under sustainable forest management practices, (Upton and Attah, 2003). Some 

of the species that Ghana has been exporting for many years now face stricter limits on 

annual harvest volumes to ensure sustainability. As a result, more emphasis is being 

given to lesser used and lesser known species. Hence, a research on the potential of 

Gmelina arborea, a lesser used and known species. And by extension investigate into 

two different year group of the same species. 

 

1.3 Objectives of the Study 

The objective of study is to determine and promote Gmelina arborea as a source of 

timber material. The aim of the study will include; 

 To determine properties Modulus of Elasticity (MOE), Modulus of Rupture 

(MOR), Compression parallel to the Grain and Shear of the two different year 

(15 and 30) group of Gmelina arborea. 

 To determine the density and moisture content (MC) of two different year (15 

and 30) group of Gmelina arborea. 

 To compare the determined properties with an existing grades. And properties of 

three traditional wood species to its suitability furniture and other wood 

products. 
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1.4 Justification of the Study 

Timber is one of Ghana most really available natural resource. The natural forest resources 

occupy an area of 81,306 square kilometers approximately one third of the entire 

country and hold more than 400 indigenous hardwood spices (Anon, 1996, Usher and 

Ocloo 1979). 

 

According to Brazier (1978) and stated by Appiah-Kubi (2009), commercial hardwood 

harvested for industrial use often represent only three (3) to ten (10) percent of timber 

volume in any given area. This assertion is also supported by Young (1997) that 90% of 

log trade in Nigeria has been in only six (6) primary species. Likewise, Ofori (1985) 

reported that only about 80% tree species out of approximately 600 species in West 

Africa, which reach sizes suitable for timber and plywood production are exploited in 

an FAO (1988) inventory project classification of Ghana‘s high forest tree species, only 

60 species were registered as having between exported from the country between 

1973 and 1988. Large numbers of wood species growing in the natural tropical forest 

are excluded from the international timber market because they have been deemed 

‗undesirable‘ for a number of reasons including the chemical contents of their extractives 

and lack of adequate data on their mechanical properties (Appiah-Kubi, 2009). 

 

According to Allotey (1992) lack of adequate data (mechanical properties) on lesser 

known and used species in Ghana has led to the over-exploitation of the few noble 

commercial species such as Odum, Mahogany, Iroko etc. whose properties are known 

and established. 
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According to Upton and Attah (2003) and cited by Appiah-Kubi, (2009) some species 

of timber have been protected from exploitation by the Forestry Commission of Ghana 

to prevent their depletion in the forest, and has banned the exploitation of such species 

due to the fact that they (species) possess poisonous and strange chemicals in their 

extractives, which have not yet been researched. This has lead to the over- 

exploitation of limited species. 

 

There is therefore the need to explore and conduct test on the mechanical properties of 

a lesser known and used species such as Gmelina arborea so that its properties can be 

established for usage. This is because this material is a local resource and is in abundant 

supply and it is also unexploited compared to the over-exploited few hardwood species. 

According to Appiah-Kubi (2009), before 1970, the characteristics of timber were 

assessed on the basis of the characteristics of small cleared piece of wood, however, 

following the work of Madsen (Madsen, 1992) it was realized that this could be quit 

misleading. This is because the strength of structural size timber is heavily dependent on 

the presence of natural features such as knots, pith, etc. Alik and Nakai (1997) noted that 

results from full size structural timber were considered to be more reliable to allocate 

design stresses so as to eliminate the risk of stress assumptions. In addition the values will 

reflect more on the actual strength of timber in use (Appiah-Kubi, 2009). 

 

According to Appiah-Kubi (2009), wood may be described as an orthotropic material that 

is it has unique and independent mechanical properties in the directions of three 

mutually perpendicular axes; longitudinal, radial and tangential. Mechanical properties 
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most commonly measured and represented as strength properties for design include, 

bending stress parallel to the grain, molecules of elasticity in bending, compressive stress 

perpendicular to the grain and shear strength parallel to the grain. Other measurements 

are often used to evaluate work to maximum load in bending, impact bending strength, 

tensile strength perpendicular to the grain and hardness. 

 

1.5 Research Questions 

 Are there significant differences between the means of the fifteen (15) and the thirty 

(30) years Gmelina arborea, in terms of their Modulus of Elasticity, Modulus of 

Rupture, Compression parallel to the Grain and shear?  

 Are there significant differences between the means of the fifteen (15) and the thirty 

(30) years Gmelina arborea in terms of their moisture content and the density? 

 

1.6 Limitation 

The research should have used about three (3) trees of the fifteen (15) and three (3) trees 

of the thirty (30) years Gmelina arborea, however, due to financial constrains the 

research was limited to one (1) each of the two different year groups. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.0 Introduction 

The progress of mankind from the primitive state to the present day technologically 

highly advanced society has always been closely associated with man‘s dependence on 

wood. In prehistoric times man has relied on wood for survival, shelter, weapon and for 

fire to cook his food and warm himself, (Pushin and de Zeeuw, 1970). 

 

The uses of wood dates back in antiquity, however, not much knowledge have been 

accumulated on its uses. Even though, heavy reliance on timber is placed on tradition. 

Though some of the information may be factual, much of it is coloured with prejudice or 

distorted. As a result, its exception qualities have only been taken for granted or have 

remained unappreciated while its faults have been grossly exaggerated. (Pushin and de 

Zeeuw, 1970). 

 

According to Pushin and de Zeeuw (1970), a comprehensive knowledge of the 

characteristics of any material for that matter wood is essential, to its correct 

utilization, hence, the fundamental studies of wood must therefore, take into account; 

1. Properties that are common to all woods regardless of their botanical origin. 

2. Properties that are distinctive of certain species only and which frequently 

dictate the specific uses of those woods and 
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3. The degree of variability that may be present within a species because of 

environmental growth conditions and perhaps because of the influence of genetic 

factors. 

Hence, in this research, an investigation into the strength properties of two different 

years group to establish that their mechanical and physical properties are of no 

significant variance of gmelina arborea as a timber resource. There is an extensive 

literature on research trends in the field of timber and the engineering basis of analysis is 

paramount. The physical structures of wood, the benefits of timber, stress grading and 

various grading systems been used. In addition research trends on Ghanaian timber 

species and the strength properties of timber have been reviewed. 

 

2.1 Physical Structure of Wood 

Wood, in the strict sense, is yielded by trees, which increase in diameter by the formation 

between the existing wood and the inner bark, of new woody layers which envelop the 

entire stem, living branches, and roots. This process is known as secondary growth; it is 

the result of cell division in the vascular cambium, a lateral meristem, and subsequent 

expansion of the new cells. Where there are clear seasons, growth can occur in a 

discrete annual or seasonal pattern, leading to growth rings; these can usually be most 

clearly seen on the end of a log, but are also visible on the other surfaces. If these 

seasons are annual these growth rings are referred to as annual rings. Where there is no 

seasonal difference growth rings are likely to be indistinct or absent. 
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2.1.1 Hard and Soft Woods 

There is a strong relationship between the properties of wood and the properties of the 

particular tree that yielded it. The density of wood varies with species. The density of a 

wood correlates with its strength (mechanical properties). For example, mahogany is a 

medium-dense hardwood that is excellent for fine furniture crafting, whereas balsa is 

light, making it useful for model building. One of the densest woods is black ironwood. 

 

It is common to classify wood as either softwood or hardwood. The wood from conifers 

(e.g. pine) is called softwood, and the wood from dicotyledons (usually broad-leaved 

trees, e.g. oak) is called hardwood. These names are a bit misleading, as hardwoods are not 

necessarily hard, and softwoods are not necessarily soft. The well-known balsa (a 

hardwood) is actually softer than any commercial softwood. Conversely, some softwood 

(e.g. yew) is harder than many hardwoods. 

 

The weight of timber which in most cases is used to classify species into hard and 

softwoods varies with the amount of water it contains. Hence, it is necessary to state the 

moisture content at which the weight of the timber is determined. However, the weight 

of a timber at any other moisture content apart from moisture content of 12 per cent, 

within the range of 5 per cent to 25 per cent can be estimated by adding or subtracting 

0.5 per cent of the given weight for each 1 per cent moisture content above or below 

12 per cent (Handbook of Hardwood, 1972). 
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Gmelina arborea according to Upton and Attah (2003), is classified as a medium (450-

575kg/m3) weight timber, therefore, it could exhibit properties as compared to such 

timbers which fall into similar category; 

 

Table 2.1: Data from Canadian Department of Forestry as cited in Handbook of Hardwood 

Common Moisture Bending strength Modulus of  Compression parallel 

Name  content     elasticity  to grain 

             N/mm
2
     lbf/in

2
 N/mm

2
   1000lbf/in

2
 N/mm

2
   lbf/in

2
 

Afara  Green 

  12%  83   1200  10600     1530  37.9 5490 

African walnut Green  57   8200  7300     1060  29.8 4320  

   12%  82   11900  9200     1340  48.2 6990 

Canarium African Green 41   5900  6200     900  21.6 3130 

  12%  70   10100  8100     1180  42.5 6160 

Elm white Green  52   7600  7200     1040  20.8 3020 

  12%  85   12400  8600     1250  39.5 5730 

Maple soft Green  50   7200  8500     1240  21.0 3040 

  12%  86   12500  10500     1530  43.1 6250 

Crack willow Green  35   5100  5600     810  14.8 2150 

  12%  66   9500  7000     1010  28.1 4080 
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2.1.2 Heartwood and Sapwood 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Heartwood and Sapwood 

 

Heartwood is wood that as a result of a naturally occurring chemical transformation has 

become more resistant to decay. Heartwood formation occurs spontaneously (it is a 

genetically programmed process). Once heartwood formation is complete, the 

heartwood is dead. Some uncertainty still exists as to whether heartwood is truly 

dead, as it can still chemically react to decay organisms, but only once. 

 

Sapwood is the younger, outermost wood; in the growing tree it is living wood and its 

principal functions are to conduct water from the roots to the leaves and to store up and 

give back according to the season the reserves prepared in the leaves. However, by the 

time they become competent to conduct water, all xylem tracheids and vessels have lost 
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their cytoplasm and the cells are therefore functionally dead. All wood in a tree is first 

formed as sapwood. 

 

2.1.3 Moisture Content 

Perhaps the most important aspect of woodworking deals with the relationship between 

wood and moisture. A fundamental fact is that wood is hygroscopic. This means that 

wood, almost like a sponge, will gain or lose moisture from the air based upon the 

conditions of the surrounding environment. When a tree is first felled, it is considered 

to be in the green state, and contains a very large amount of moisture. This moisture 

exists in two different forms: as free water that is contained as liquid in the pores or 

vessels of the wood itself, and as bound water that is trapped within the cell walls. The 

amount of water in a given piece of wood is expressed as a percentage of the weight of 

the water as compared to its oven dry weight. Some species of trees, when they are 

initially felled, may contain more water by weight than actual wood fiber, resulting in 

moisture content (MC) over 100%. 

Moisture Content % = (weight of water / oven dry weight of wood) x 100 

 

2.1.4 Characteristics in wood which Influence Timber Strength and Stiffness 

Various abnormal conditions and features of wood which permanently reduce the 

economic value of wood are termed as defects. According to Dowse (2010), for 

structural grading systems it is necessary that the parameters used to grade the timber 

must have adequate relationship with the timber strength and stiffness as follows; 
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2.1.4.1 Knots 

The average knot volume in a stem is generally between 0.5 to 2%. The affected surface 

area of the timber, however, is up to 3 times greater than that of the knot itself, as the 

alignment of the axial tracheids around the knot is disturbed according to Walker,(1993), 

(as cited in Dowse, 2010, p.5). Walker also notes that knot volume is proportionally 

greater in young stands, especially with wide initial spacing and thinning, where the 

trees have larger branches. Large knots drastically reduce strength and are a major 

cause of downgrade in timber. Edge knots are knots that borders on the side or edge of 

the board, and are normally under tension or compression. They behave as if they are 

internal knots of approximately twice their actual size Walker, (1993), (as cited in 

Dowse 2010, p. 5). Both Johansson and Giudiccandrea and Verfurth (2006) as cited in 

Dowse, (2010) compared different studies and found degrees of determination (R2) of 0.20 

to 0.42 between various knot parameters and timber MOR and tension (see Tables 2 and 

3). When knot parameters were measured using a modern X-ray scanner an R2 of 0.5 

with MOR of some of the European pines were found (Bacher, 2010). In a study done 

by Johansson et al. (1998) it was found that in destructive bending or tension tests the 

failure is caused almost exclusively by knots, while Johansson et al. (in 

Thelandersson and Larsen, 2003), ( in Dowse, 2010,p. 5) found that knots account for 

up to 66% of downgrades during visual grading. Knuffel (1984), (as cited in Dowse, 

2010, p.6) found from laboratory data that visual grading could be improved by 

placing more emphasis on knot data than on density. 
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Degrees of determination (R2) from various investigations of the relationship between 

strength and other properties of Norway spruce timber (Picea abies) – the sources of the 

investigation are numbered from 1 to 6 (Hoffmeyer in Thelanderson and Larsen, 2003) 

(as cited in Dowse, 2010). 

 

Table 2.2: Relationship between Strength and other Properties 

Characteristics that can be Degree of determination R2
  

Measured destructively Modulus of rupture Tension 

  Source             [1]    [2]   [3]   [4]   [1]  [5]    [6] 

   
 

 

[1]. Johansson et al. (1992), [2].Hoffmeyer (1984), [3].Hoffmeyer (1990), 

[4]. Lackner et al. (1988), [5]. Glos et al. (1982), [6] Johanssen (1976) 

 

Degrees of determination (R2) for MOR predictions by different indicator properties 

(from Glos, 2004 as recreated by Giudiccandrea and Verfurth, 2006). (as cited in Dowse, 

2010). 

 

 

 
 

Knots 

 
 

0.27 
 
 

0.20 

 
 

0.16 

 
 

0.25 

 
 

0.36 

 
 

0.42 

 
 

    0.30 

Annual ring width 0.21 0.27 0.20 0.44 0.36 0.33     0.28 

Density 0.16 0.30 0.16 0.40 0.38 0.29     0.38 

MOE, bending and tension 0.72 0.53 0.55 0.56 0.70 0.69  

Knots + annual ring width 0.37 0.42 0.39  0.49   

Knots + density 0.38  0.38  0.55 0.61  

Knots + MOE 0.73 0.58 0.64  0.70 0.76  
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2.1.4.2 Density 

Density affects the amount of moisture that wood can hold, its shrinkage and swelling, 

and its mechanical and other properties. Density, therefore, is a measure of the quality 

of clear wood— that is, wood without defects (n.d.). According to Zobel and Van 

Buijtenen, (1989) density has traditionally been considered as the most important 

―quality property‖ in wood and its correlations with the strength of timber are generally 

regarded as poor, with Table 1 showing R2 values of 0.16 to 0.40 between density and 

bending or tensile strength. According to Wimmer, (1991) density in wood increases 

considerably from earlywood to latewood. A study done on ten 80-100 year-old Scots 

pine trees from Australia showed the latewood percentage to be an important criterion 

in assessing wood properties. Density is also affected by the silvicultural interventions 

typical of plantation forestry. Moschler et al. (1988) showed a decrease in earlywood 

density after thinning (425 kg/m3 to 408 kg/m3) and an increase in density for latewood 

(576 kg/m3 to 643 kg/m3) for 16 year-old Pinus taeda trees. 

 

Dinwoodie and Desch, (1996) have stressed that some strength properties show a very 

marked correlation with density, and compression strength parallel to grain, bending 

strength and hardness fall into this category. 

 

2.2 Orthotropic Nature of Wood 

Mechanical properties are obtained from tests of small pieces of ―clear‖ and ―straight 

grained‖ wood because they did not contain characteristics such as knots, cross grain, 

checks, and splits. Wood may be described as an orthotropic material; that is, it has 
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unique and independent mechanical properties in the directions of three mutually 

perpendicular axes: longitudinal, radial and tangential. The longitudinal axis L is parallel 

to the fiber (grain); the radial axis R is normal to the growth rings (perpendicular to the 

grain in the radial direction); and the tangential axis T is perpendicular to the grain but 

tangent to the growth rings. 

 

2.3 Elastic Properties of Wood 

According to Kretschman, D. E. & Green, D.W. (1999), twelve constants (nine are 

independent) are needed to describe the elastic behavior of wood: three moduli of 

elasticity E, three moduli of rigidity G, and six Poisson‘s ratios m. 

 

2.3.1 Modulus of Elasticity 

Elasticity implies that deformations produced by low stress are completely recoverable 

after loads are removed. When loaded to higher stress levels, plastic deformation or 

failure occurs. The three moduli of elasticity, which are denoted by EL, ER, and ET, 

respectively, are the elastic moduli along the longitudinal, radial, and tangential axes of 

wood.  These moduli are usually obtained from compression tests. The modulus of 

elasticity determined from bending, EL, rather than from an axial test, may be the only 

modulus of elasticity available for a species (Green et al., 1999). 
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2.3.2 Modulus of Rigidity 

The modulus of rigidity, also called shear modulus, indicates the resistance to 

deflection of a member caused by shear stresses. The three moduli of rigidity denoted 

by GLR, GLT, and GRT are the elastic constants in the LR, LT, and RT planes, respectively. 

For example, GLR is the modulus of rigidity based on shear strain in the LR plane and 

shear stresses in the LT and RT planes. 

 

2.4 Stress Grading 

According to American Institute of Timber Construction (1994), mechanical properties of 

timber even among its individual pieces may differ in strength by as much as 100%. 

For simplicity and economy in use, pieces of timber of similar mechanical properties 

such as bending strength, density and modulus of elasticity can be placed in single 

class known as grade (Appiah-Kubi, 2009). 

 

Before the introduction of BS 5268 in 1984, (British Standard for Structural Use of Timber), 

timber strength was calculated by carrying out short – term loading tests on small clear 

specimen free from all defects. The data were used to estimate the minimum strength 

which was taken as the value below which not more than 1% of the test results fail. 

These strengths were multiplied by a reduction factor to give basic stress. According to 

Appiah-Kubi (2009), the reduction factor made an allowance for the reduction in 

strength due to duration of load, size of specimen and other effects normally 

associated with accidental overloads. Appiah-Kubi (2009), agreed with Arya (2003), 

that basic stress could safely be permanently sustained by timber free from any strength 
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reducing characteristics. With the introduction of BS 5268, the concept of basic stress was 

largely abandoned and a revised procedure adopted (Appiah-Kubi, 2009). 

 

2.4.1 Visual Grading 

It is assumed that mechanical properties of timber differ from mechanical properties of 

clear wood because of naturally occurring characteristics that can be seen and judged by 

the eye (Kretschmann and Green, 1999). These visual characteristics are used to sort the 

timber into grades but are not limited to density, slope of grain, size and location of 

knots, checks and splits. When BS 5268 was published in 1984, the numbered grades i.e. 

75, 65, 50 and 40 were withdrawn and replaced by two visual grades: General Structural 

(GS) and Special Structural (SS) (Appiah-Kubi, 2009). The SS grade was used as the 

basis for strength and modulus of elasticity determination by subjecting a large 

number of structural sized specimens to short-term load test.  

 

2.4.2 Mechanical Stress Grading (MSG) 

The MSG is based on the fact that there is direct relation between the modulus of 

elasticity measured over a relatively short span. The elasticity value of a timber is 

however, significant sorting parameters for this way of grading. The stiffness is assessed 

non-destructively by feeding individual pieces of timber through series of rollers on a 

machine which automatically applies small transverse loads over short successive lengths 

and measures the deflections (Appiah-Kubi, 2009). 
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2.4.3 Strength Classes 

The current version of BS 5268 (2002), machine graded timber is now graded directly to 

one of the sixteen (16) strength classes define in BS EN 519, principally on the basis of 

bending stress, mean modulus of elasticity and characteristic density and marked 

accordingly. The sixteen (16) strength classes include C14, C16, C18, C22, C24, TR26, 

C27, C30, C35, C40, D30, D35, D40, D60 and D70. Meaning that C14 has the lowest 

strength characteristics and D70 has the highest strength characteristics. The strength 

classes C14 to C40 and TR26 are for softwoods (coniferous) and D30 to D70 are for 

hardwoods (deciduous) respectively and the values 14, 16 up to 70 denote the bending 

strength in N/mm2. TR is softwood and is intended for use in the design of trussed rafters 

(TR denotes ‗Trussed Rafter‘). 

 

2.5 Some Standards (grades) for Physical and Mechanical Test 

2.5.1 Ratio of dry to green grades, Ghana and USA.  

Table 2.3: Ratio of dry to green grades, Ghana and USA 

 

Ghanaian hardwood (mean) 1.20 – 1.61 1.13 – 1.39 1.4 – 1.75 1.39 – 1.71 
 

USA hardwood (mean) 1.20 – 2.10 1.11- 1.52 1.61 – 260 1.13 – 1.82 
 

 

Dry means 12% moisture content source: American Society for Testing and Materials 

(ASTM, 2008). 

 

2.5.2 TEDB (1994) has classified strength of species based on the MOE at 12% moisture 

Content as follows: Medium to very high classification indicate that the tree can be used 

for construction, flooring, stairs, furniture and cabinet works, boats, canoes, panelling and 

mouldings.  
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‗Very High‘ [19,000 N/mm2 and more] 

‗High‘  [14,000 N/mm2 – 19,000 N/mm2] 

 ‗Medium‘ [11,000 N/mm2 –14,000 N/mm2]  

‗Low‘  [below 9,000 N/mm2] 

 

2.5.3 Classification according to Based on Bolza and Keating (1972) 

Wood species that falls within the MOR ranges S2-S4 predicts the wood uses as carvings, 

artifacts, construction, bridges, sleepers, furniture, mouldings, and musical instruments. 

S2 [MOR of 134 N/mm2 and more] 

S3 [MOR of 114 N/mm2 - 134 N/mm2]  

S4 [MOR of 93.7 N/mm2 -114 N/mm2] 

 

2.5.4 TEDB (1994) Weight classification. The weight of a species is a broad guide to its 

performance. Lighter weight species are softer, less durable and less strong.  Heavy 

species can exhibit high level of strength, and toughness. 

 

To assist in gaining a general idea of the nature of a species, the descriptions provide the 

average weight of that species when dried to 12-15% moisture content. In practice there is 

always variation. Wood species with very high to light-medium classification predicts the 

tree uses as construction, furniture, panelling, moulding, frames, trims, sleepers, floorings, 

vehicle and truck bodies. 
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Weight (kg per m3) at 12-15% moisture content.  

Light 350 or less 

Light-Medium 350 – 450 

Medium 450 – 575 

Medium-Heavy 575 – 725 

Heavy 725 – 900 

Very Heavy 900 or higher 

 

2.6 Natural Durability of Wood 

According to Toole (1970), Eslyn and Highley (1976), wood is a natural polymer 

consisting primarily of cellulose, hemicellulose, and lignin in a matrix that provides 

structural support to the living tree and some resistance against microbial attack. 

Cellulose, because of its partial crystallinity, is somewhat resistant to microbial attack. 

Lignin is a heterogenous polymer of phenyl propane units and is extremely resistant to 

some decay fungi. Nevertheless, other organisms have developed the ability to attack 

one or more of the polymers in the wood cell wall. Some wood species have evolved 

to produce extractive compounds that can protect the wood; these are the principal 

source of decay resistance in all species. These compounds are produced as the living 

ray cells in the inner sapwood zone die, forming the non-living heartwood. As the 

sapwood dies in wood species with durable heartwood, a series of reactions in the 

storage or parenchyma cells of the wood rays converts the stored sugars and starch into a 

wide array of fungi toxic compounds that become a constituent of the new heartwood. 

Sapwood of nearly all species has no natural durability. Heartwood of some species has 
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a distinctive darker color, while in others it differs little in color from the sapwood. 

Scheffer and Cowling (1966) indicated that the decay resistance among woods may vary 

among tree species, among individual trees, and within individual trees. Variation in the 

inhibitory components of the heartwood is considered. 

 

2.7 Literature about the Species for the Research 

Gmelina arborea, according to Akachukwu (1990), is an exotic species from the Indo – 

Burma region of South – East Asia, is a potential source of several types of industrial raw   

materials, with density and strength properties. Gmelina arborea is an unarmed, 

moderately sized to large deciduous tree with a straight trunk. It is wide spreading with 

numerous branches forming a large shady crown, attains a height of 30 m or more and a 

diameter of up to 4.5 m. Bark smooth, pale ashy-grey or grey to yellow with black 

patches and conspicuous corky circular lenticels. When first cut, the wood is yellowish- to 

reddish-white, turning light russet or yellowish-brown with a density of 450-575 kg/m3. 

The wood seasons well without degrading, but it is slow to dry both in the open and in a 

kiln. Where it is indigenous, it is regarded as a valuable general-purpose wood because of 

its dimensional stability. Uses include the manufacture of furniture, plywood core 

stock, mine props, matches and timber for light construction. It is a highly light-

demanding species and regenerates naturally only in the open and on the edge of forests. 

It is an ideal choice for large-scale afforestation programmes. 
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2.8 Conclusion 

The review of the research works on strength properties of timber and previous works 

conducted in similar topics aided in finding the types of tests that were conducted on the 

two different years group of the species. Test procedures, methods and analysis of 

results to be employed in Chapter 3 of this thesis were based on approved test standards 

as used in research reviewed above. It was observed that the use of small clear size 

specimen e.g. 20mmx20mmx300mm gave higher mechanical properties than structural 

size specimen e.g. 50mmx100mmx3000mm. This is as a result of the presence of defects 

that weaken and subsequently cause variability in the strength properties of the timber. 
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CHAPTER THREE   

MATERIALS AND METHODS 

3.0 Introduction 

One (1) fifteen (15) and one (1)thirty (30) years Gmelina arborea were harvested from a 

plantation in the Odomi Forest Reserve in the Juaso District in the Ashanti Region. The 

compartment where the materials were procured lies between latitude 60 35‘‘ N and 

longitude 10 12‘‘ W. This plantation is located in the Semi-Deciduous Rainforest 

ecological zone of Ghana which has a bimodal rainfall with an annual rainfall of 

1400mm, Brammer, (1962) as cited by Adjei-Agyapong and Asiamah, (2000). 

According to Brammer (1962), the soil in this ecological zone is deep and highly 

weathered and has moderate to strong acid in the surface soil. The soil has high organic 

matter in the top horizon which contributes to Nitrogen levels in the soil. 

 

Figure 3.1: Map of the Study Area 
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3.1 Collection of Gmelina arborea Samples 

One (1) fifteen (15) and one (1) thirty (30) years Gmelina arborea trees were purposefully 

selected because of native knowledge of the ages of the trees from the plantation. The thirty 

(30) years tree measuring 20m in length and 0.30-0.45m in diameter was randomly 

selected from the plantation forest. The bole of the 30 year old was divided into three 

sections (base, middle and top) each measuring 0.4m. And the 15 years was cut into three 

sections (base, middle and top) measuring 0.4m.They were labeled and transported from 

the plantation in Konongo in the Ashanti region to the workshop of the Department of 

Wood Science and Technology, Kwame Nkrumah University of Science And 

Technology (KNUST) for air drying. 

 

3.2 Preparation of Test Samples for Experimentation 

The samples were prepared based on British Standards BS 373 (1957) for modulus of 

rupture, modulus of elasticity, compression parallel to grain, moisture content, oven-dry 

density and shear parallel to grain were prepared based on American Society for Testing 

and Materials (ASTM 1666) methods of testing small clear specimen of timber. It utilizes 

small, clear, straight-grained pieces of wood, which represent maximum quality that can 

be obtained. Samples were carefully selected from the prepared stakes of each board 

(sawn planks) free from defects such as knots, sloping grain and other deterioration 

caused by insects and fire as from literature these factors reduce some strength properties 

of wood. 
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The sections of Gmelina arborea were sawn into billets using the quarter sawing method. 

Desired samples sizes (Table 3.1, a and b) for the various tests (i.e. oven dry mass, 

density and moisture content, compression parallel to the grain, and static bending) were 

then obtained from defect free billets without differentiating between the heartwood and 

the sapwood. Thirty(30) samples each from the base, the middle and the crown of the 

thirty (30) years old and same quantities of samples obtained from the fifteen (15) years 

Gmelina arborea were used for the mechanical tests. After sawing, the boards were 

further planned and carefully examined for any visible defect. Two hundred and seventy 

(270) samples (made up of heart, sapwood portions and billet divisions) of each tree 

were prepared for dry compression parallel to the grain, shear strength, modulus of 

elasticity (MOE) and modulus of rupture (MOR) tests. Thirty(30) samples each from 

the base, the middle and the crown of the thirty (30) years old and same quantities of 

samples obtained from the fifteen (15) years Gmelina arborea were used for the 

oven-dry density and moisture content tests.  

 

Table 3.1a: Sample sizes and the number of replicates used for Physical and 

Mechanical Properties Tests for the 30 years Gmelina arborea.  

 

 Type of Test     Sample Size            Part of Stem Used                 Total 

 Base Middle Top  

Density 20×20×20 30 30 30 90 

Moisture Content 

Compression 

20×20×20 30 30 30 90 

Parallel to Grain 20×20×60 30 30 30 90 

MOE and MOR 20×20×300 30 30 30 90 
 

Shear Strength 
 

50×50×50 
 

30 
 

30 
 

30 
 

90 

Units (mm) 

University of Education,Winneba http://ir.uew.edu.gh



28 
 

 

 

Table 3.1b: Sample sizes and the number of replicates used for Physical and 

Mechanical Properties Tests for 15 years Gmelina arborea. 

Type of Test      Sample Size            Part of Stem Used                 Total 

 Base Middle Top  

Density 20×20×20 30 30 30 90 

Moisture Content 

Compression 

20×20×20 30 30 30 90 

Parallel to Grain 20×20×60 30 30 30 90 

MOE and MOR 20×20×300 30 30 30 90 
 

Shear Strength 
 

50×50×50 
 

30 
 

30 
 

30 
 

90 

Units (mm) 

 

3.3 Physical Test 

Physical properties investigated were moisture content (mc) and density. 

3.3.1 Moisture content of Gmelina arborea 

MC was determined using the oven-dry method. The samples were weighed and oven-

dried at 103±2°C until constant mass was attained at the Faculty of Renewable and 

Natural Resource (FRNR).  The moisture content (MC) was calculated using the 

formula: 

%MC = 
                          

             
                                   

 

3.3.2 Density of Gmelina arborea 

The test samples were cut into the dimensions of 20 × 20 × 20 mm according to 

(KIAEI et al., 2011). In all, 30 samples were prepared along the stem. Wood samples 

were soaked in water for 72 hours to ensure that their moisture content was above the fiber 

saturated point. Their dimensions were measured in all three principal directions (length, 

breadth and height) with a digital caliper to the nearest 0.001mm. The samples were 
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finally oven-dried at 103 ± 2º C to 0 % constant moisture content after which the 

oven-dried weights and volumes of the specimens were measured using the balance and 

the digital caliper respectively.  

 

3.4 Mechanical Properties of Gmelina arborea 

The determinations of mechanical properties of Gmelina arborea were carried out at the 

laboratory of the Forestry Research Institute of Ghana (FORIG) of the Council for 

Scientific and Industrial Research (CSIR) at Fumesua in Kumasi. All tests were carried 

out using BS 373 (1957). 

 

3.4.1 MOR and MOE of Gmelina arborea 

The test procedure for MOR and MOE involves the determination of the maximum load 

required to cause rupture using small clear wood specimens (BS 373, 1957). A 

laboratory table with two metal supports solidly mounted by means of screws was used 

for the experiment. A rectangular- shaped metal was hanged at the midpoint of the 

specimen and a hook with a circular base was hanged on the metal. The test specimen 

was placed on the supports, maintaining a length of 10mm at both ends of the support. 

Weights were placed on the specimen until failure and the maximum load that caused 

failure of the test samples were recorded. The MOR in three-point bending was  

calculated from the Equation: MOR = 
   

    
  (Haygreen and Bowyer, 1981). 

Where: MOR = Modulus of Rupture (N/mm²), P = maximum load (N), L = span in mm, 

b = the width of sample (mm), and d = depth of sample (mm). The ultimate strength  

[          will be computed at an adjustment of strength at 12% moisture content, 
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using the equation                         (Haygreen and Bowyer, 1981), 

where: W is the mc of the test specimen and   is a constant, 0.04.  

The modulus of elasticity (MOE) in three point bending was calculated using the formula 

MOE = 
  

    
   

  

  
: (Pashin, 1974; Bektas et al., 2002) where: MOE is Modulus of 

Elasticity (N/mm
2
), W = load (N), L = the length of span (mm), b = width of specimen 

(mm), d-depth or thickness of specimen (mm) and    deflection at mid-span.  The term 

  

  
 is the gradient of the elastic region of the load-deflection graph. 

 

3.4.2 Shear Strength Parallel to the Grain 

Wood samples were placed in a shear machine and a loads applied parallel to its grains 

until its failure. The maximum load that caused the failure was recorded (BS 373, 

1957). Shear strength (    was computed using the equation:     
    

   
 (Haygreen 

and Bowyer, 1981).  Where:      = the maximum load (N) and b = the thickness of the 

piece (mm) and l = the length. 

 

3.4.2 Compressive Strength Parallel to the Grain 

A crosshead load was applied at a rate of 0.01 mm/s through a ball contact 

plunger. The compressive strength parallel to the grain of each piece was calculated by 

dividing the maximum load (    ) recorded during test by the cross- sectional area (A) 

of the specimen. 
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CHAPTER FOUR   

RESULTS PRESENTATION 

4.0 Introduction 

According to Akachukwu (1990) Gmelina arborea is an unarmed, moderately sized to 

large deciduous tree with a straight trunk. It is wide spreading with numerous branches 

forming a large shady crown, attains a height of 30 m or more and a diameter of up to 

4.5 m. Bark smooth, pale ashy-grey or grey to yellow with black patches and conspicuous 

corky circular lenticels. When first cut, the wood is yellowish- to reddish-white, turning 

light russet or yellowish-brown with a density of 450-575 kg/m3. Gmelina arborea is 

widely distributed in the major rain forests in Ghana and it is a highly light-demanding 

species and regenerates naturally only in the open and on the edge of forests. 

Furthermore, it is an ideal choice for large-scale afforestation programmes. 

 

The density, the MOE, MOR, compression parallel to the grain and shear were tested for 

normality and homogeneity in mechanical strength using the Tukey mean comparison at 

a confidence level of 0.05 using the Origin Analysis Software version 9.0. The data 

obtained was processed and changed into Microsoft Excel formats before subjecting 

them to the ANOVA one way using the Origin.  

 

For null hypothesis the means of all levels are equal, alternative hypothesis the means of 

one or more levels are different and at 0.05 levels the population means are significantly 

different. Also Sig equals 1 indicates that the difference of the means is significant at the 

0.05 level and Sig equals 0 indicates that the difference of the means is not significant at 

the 0.05 level. (Appendix). 
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Results were obtained for the two year groups, that is, the 15 years and the 30 years and 

in each case for each test they were further grouped into top, middle and the base. The 

tables below shows the results obtained from the physical and mechanical properties. 

 

Table 4.1: 15 Years Gmelina arborea: Density, Moisture Content and Mechanical 

Properties 

Property Means  Sig Means  Sig Means  Sig 

 Mid Top  Base Top  Base Mid  

MC % 14.55 13.32 1 13.58 13.32 0 13.58 14.55 0 

Density(kgm-3) 403.31 426.12 0 433.56 426.12 0 433.56 403.31 1 

MOE (Nmm-2) 8703 8003 1 9287 8003 1 9287 8703 0 

MOR (Nmm-2) 64.61 59.97 0 68.88 59.97 1 68.88 64.61 0 

Comp.llg(Nmm-2) 31.57 29.65 0 37.09 29.65 1 37.09 31.57 1 

Shear (Nmm-2) 10.53 8.88 1 11.13 8.88 1 11.13 10.53 0 

N = 30 in each section for each property 

 

Table 4.1 considered the physical and mechanical properties of the various sections along 

the tree height of the 15 years, i e, the top, the mid and the base. From the table, the 

results show that there were  significant  differences  of  the  means  (1)  between  the  

mid  and  the  top,  no  significant differences of the means (0) between the base and the 

top and no significant difference (0) between the base and the mid for the moisture 

content. 

 

Observing from table, the mid and the top there were no significant difference of the 

means (0) as well as the base and the top in terms of the density, however there was a 

significant difference between the base and the top means (1). 

University of Education,Winneba http://ir.uew.edu.gh



33 
 

The results from the Table 4.1, show that there was a significant difference between the 

mid and the top means (1) as well as the base and the top means (1) but there was no 

significant difference between the means (0) of the base and the mid for the MOE.  The 

MOR results showed that there were no significant differences between the means (0) of 

the mid and the top, and the base and the mid. But it showed a significant difference 

between the base and the top means (1). 

 

From the Table 4.1, the results showed that there was no significant difference between 

the mid and the top means (0). While there were significant differences between the base 

and the top means and that of the base and the mid means (1) for the compression parallel 

to the grain. The differences between the mid and the top and that of the base and the 

top means (1) were significant for shear strength. Yet there was no significant difference 

between the means (0) of the base and the mid in terms of the shear strength. 

 

Table 4.2: 30 Years Gmelina arborea: Density, Moisture Content and Mechanical 

Properties. 

Property Means  Sig Means  Sig Means  Sig 

 Mid Top  Base Top  Base Mid  

MC % 13.60 13.00 0 12.10 13.00 1 12.10 13.60 1 

Density(kgm-3) 459.17 453.06 0 463.09 453.06 0 463.09 459.17 0 

MOE (Nmm-2) 10443 10222 0 11721 10222 1 11721 10443 1 

MOR (Nmm-2) 66.52 65.51 0 75.07 65.51 1 75.07 66.52 1 

Comp.llg (Nmm2) 32.35 29.84 0 38.58 29.84 1 38.58 32.35 1 

Shear (Nmm-2) 11.04 10.23 0 11.58 10.23 1 11.58 11.04 0 

N = 30 in each section for each property 
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Table 4.2 results show the physical and mechanical properties of the various sections 

along the tree height of the 30 years, i e, the top, the mid and the base. The results 

showed that there was no significant difference between the means (0) of the mid 

and the top. However, there were significant differences between the means (1) of the 

base and the top and that of the base and the mid for the moisture content.  It was 

observed that for the density of this tree there were no significant differences in the 

means (1) throughout the tree. 

 

There was no significant difference between the means (0) of the mid and the top with 

regards to the MOE. But there were significant differences between the means (1) of the 

base and the top and the base and the mid of the tree.  The results from the table show 

that there was no significant difference between the means (0) of the mid and the top for 

the MOR. However there were significant differences between the means of the base and 

the top and the base and the mid. 

 

Of the compression parallel to the grain of the wood, it was observed that between the mid 

and the top there was no significant difference in the means (0). With the base and the 

top and the base and the mid there were significant differences between the means (1). 

Results from the table show that there were no significant differences between the 

means (0) of the mid and the top and the base and the mid. But there was significant 

difference between the means (1) of the base and the mid concerning the shear. 
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Table 4.3: 15 and 30 Years Gmelina arborea: Density, Moisture Content and 

Mechanical Properties 

   Property 15 years                      30 years                  Sig 
 

 N Mean SD N Mean SD  

MC % 90 13.32 0.54 90 13.00 0.24 0 

Density(kgm-3) 90 403.31 19.56 90 473.06 19.57 1 

MOE (Nmm-2) 90 8665 1179.26 90 10875 1473.17 1 

MOR (Nmm-2) 90 64.30 10.56 90 69.16 10.04 1 

Comp.llg (Nmm-2) 90 33.03 4.97 90 33.33 5.88 0 

Shear (Nmm-2) 90 10.18 1.75 90 10.95 1.65 1 

 

Table 4.3 finds the physical and mechanical properties of the 15years to that of the 

30 years. Results from the table show that there are significant differences between the 

means (1) of moisture content, MOE, MOR and the shear strength of the two (2) different 

year groups. Notwithstanding there was no significant difference between the means of 

the compression parallel to the grain. 

 

Table 4.4: 15 and 30 Years Top Gmelina arborea: Density, Moisture Content and 

Mechanical Properties 

Property 15 years Top  30 years Top  Sig 

 N Mean SD N Mean SD  

MC % 30 12.56 0.49 30 13.58 0.32 0 

Density(kgm-3)
 30 433.56 32.01 30 463.09 24.56 1 

MOE (Nmm-2) 30 8003 759.88 30 10043 927.51 1 

MOR (Nmm-2) 30 59.97 9.40 30 65.51 7.68 1 

Comp.llg (Nmm-2)
 30 29.65 4.04 30 29.84 5.95 0 

Shear (Nmm-2) 30 8.87 1.50 30 10.23 1.36 1 
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Table 4.4 shows the tops of the two (2) different year groups in terms of their moisture 

content, density, MOE, MOR, compression parallel to the grain and shear strength. It 

was observed that comparing the two tops there were no significant differences between 

the means (0) of the moisture content and the compression parallel to the grain. Yet the 

results show significant differences in the means (1) of the following properties density. 

MOE, MOR and the shear strength. 

 

Table 4.5: 15 and 30 Years Mid Gmelina arborea: Density, Moisture Content and 

Mechanical Properties 

Property         15 years Mid   30 years Mid   Sig 

 N Mean SD N Mean SD  

MC % 30 13.60 0.28 30 14.55 0.40 0 

Density(kgm-3) 30 409.31 34.53 30 458.17 32.63 1 

MOE (Nmm-2) 30 8703.96 1283.19 30 10443.93 1218.49 1 

MOR (Nmm-2) 30 64.61 9.98 30 66.52 9.85 0 

Comp.llg (Nmm-2) 30 31.57 3.96 30 32.35 3.72 0 

Shear (Nmm-2) 30 10.53 1.22 30 11.04 1.56 0 

 

Table 4.5 results show the mid of the two (2) different year groups in terms of their 

moisture content, density, MOE, MOR, compression parallel to the grain and shear 

strength. Comparing the mid of the two trees, the result showed that there were 

significant differences between the means (1) of the properties density and MOE. 

However, there were no significant differences between the means (0) of the properties 

moisture content, MOR, compression parallel to the grain and shear strength. 
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Table 4.6: 15 and 30 Years Base Gmelina arborea: Density, Moisture Content and 

Mechanical Properties 

Property 15 years Base   30 years Base   Sig 

 N Mean SD N Mean SD  

MC % 30 13.43 0.53 30 13.33 0.26 0 

Density(kgm-3) 30 416.13 34.67 30 463.05 19.23 1 

MOE (Nmm-2) 30 9287 1090.26 30 11721 1119.12 1 

MOR (Nmm-2) 30 68.88 10.94 30 75.07 9.87 1 

Comp.llg (Nmm-2) 30 37.09 4.04 30 38.57 3.24 0 

Shear (Nmm-2) 30 11.13 1.67 30 11.58 1.77 0 

 

Table 4.6 the base of the two (2) different year groups in terms of their moisture content, 

density, MOE, MOR, compression parallel to the grain and shear strength. From the 

results the properties moisture content, compression parallel to the grain and shear 

strength had no significant differences between the means (0). But the properties 

density, MOE and MOR had significant differences between the means (1) of the base 

of the two trees. 
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CHAPTER FIVE 

DISCUSSION 

5.0 Introduction 

This chapter presents the discussion on the results, the summary of the findings from 

the data gathered. It also looks at the suggestions for further research. The focus of the 

discussion will be on the mechanical strength properties of the Gmelina arborea for ages 

fifteen (15) and thirty (30) with respect to the density and moisture content. Also the 

intra-comparison (longitudinal comparison) within the year groups shall be considered, 

that is, the top, middle and the base. Data of the mechanical properties has been collected 

and analyzed, including the Modulus of Elasticity, Modulus of Rupture, Compression 

parallel to the grain and Shear parallel to the grain. 

 

5.1 Research Findings 

5.1.1 Mechanical and Physical Properties of 15 years old Gmelina arborea 

According to the results obtained, the Modulus of Elasticity (MOE) and the Modulus of 

Rupture (MOR) for the Fifteen (15) years Gmelina arborea, were higher as the 

moisture content reduces and the density increases. This phenomena is in line with the 

general principles of mechanical strength properties of wood according to Panshin & de 

Zeeuw (1980),which states that wood increases in strength when the moisture content of 

the wood reduces and for density the higher the density the stronger the wood. From the 

results realized the MC for base and mid was not significantly different as there was no 

significant difference among the means of their MOEs.  
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In the case of the compression parallel (Comp.llg) to the grain there were significantly 

difference between the means of the base and top and that of the base and mid. And 

shear there were also significant difference in the means of the mid and top and the base 

and top. Regarding density, the base has the highest top and mid respectively with 

moisture content being the opposite. This explains why the base with the highest 

density and low moisture content had the highest compressive and shear strength 

followed by the base and the top.  

 

The strength of the fifteen (15) year Gmelina arborea at 12% moisture content is slightly 

higher than Rhodognaphalon brevicuspe (Agyeman, V. K. et al, 2003). The strength 

properties of the fifteen (15) years Gmelina arborea are: compressive strength parallel to 

the grain, 33.03Nmm
-2

, Modulus of Elasticity, 8,665Nmm
-2

 and modulus of Rupture, 

64.30Nmm
-2

. 

 

5.1.2 Mechanical and Physical Properties of 30 years old Gmelina arborea 

The Modulus of Elasticity and Modulus of Rupture, MOE and MOR respectively, 

increased in strength from the top to the base of the 30 years Gmelina arborea. 

Considering the mean moisture content of the samples, it reduced in percentages from the 

base to the top, and knowing that the strength of wood increase with decreases in MC, 

the base which recorded greater density although densities for top, mid and base were 

not significantly different, eventually became stronger on MOE and MOR. The 

compressive and shear strength recorded the highest strength from the top to the base 

with alternative moisture content. However, considering Table 4.2, the means for all the 
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properties for the mid and the top were not significantly different, meaning there is a 

possibility of Gmelina arborea growing to uniform properties along the tree as it ages 

beyond thirty years. Density at the age thirty (30) years was not significantly different as 

the case of the 15 years old. This means as Gmelina arborea ages, its densities become 

uniform along the tree under normal circumstances. 

 

The strength of the thirty (30) year Gmelina arborea at 12% of moisture content are: 

Modulus of elasticity, 10,875Nmm
-2

, Modulus of rupture, 69.16Nmm
-2

 and Compression 

parallel to the grain, 33.33Nmm
-2

 and according to Addae-Mensah et al, (1989) and cited 

by Agyeman, V. K. et al, (2003), these strength properties compare favourably with 

Canarium schweinfurthii. 

 

5.1.3 General Comparison between 15 and 30 years for Mechanical and Physical 

Properties 

Strength properties of wood samples are related to the moisture content of the wood, 

(Kollmann and Cote, 1968). From Table 4.3, the mean moisture content for the 15 years 

shows a higher value of 13.32% and 13.00% for the 30 years although they were not 

significantly different. However, there were also significant difference between the two 

year group as shown in Table 4.3, that is, 403.31kgm3 and 473.06 kgm3 for 15 and 30 

years respectively. (Kollmann & Cote, 1968). The result indicates that, increase in the age 

of Gmelina arborea increases the density, which is why mechanical properties of 30 

years old Gmelina arborea were significantly higher than that of the 15 years. With the 

exception of the compression parallel to the grain, which was not significantly different 
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among the two year groups, the MOE (15years: 8665 N/mm2, 30years: 10875 N/mm2), 

MOR (15years:64.30N/mm2, 30years:69.16N/mm2) and Shear were significantly 

different. This means age does not necessarily have influence on the compressive 

strength of Gmelina arborea. This conclusion was drawn from the variance (ANOVA) 

analysis of the two year groups where N=90 in each case. 

 

5.1.4 Longitudinal Comparison between fifteen (15) and thirty (30) years, 

Mechanical and Physical Properties 

Regarding the mechanical properties and the structural use of wood, moisture content is 

known to be one of the major influencing factors (Arnold, 2010). According to the results 

obtained in Tables 4.4, 4.5 and 4.6 there were no significant difference in the mean 

value of the moisture content of the tops, the middles and the bases of the two different 

year groups. However, the density showed significant difference among the tops, mid and 

the butt (base). The Modulus of elasticity for the top, middle and butt were significantly 

different for the two ages which can be attributed to the significant difference in 

their densities.  

 

The Modulus of elasticity is a measure of resistance to bending. The Modulus of elasticity 

of the two tops from Tables 4.4, 4.5 and 4.6  when they are at a moisture content of 12% 

were as follows: MOE (15) and (30) top 8,003 Nmm
-2

 – 10,043 Nmm
-2

, MOE (15) and 

(30) mid 8,703.96 Nmm
-2

 – 10,443.93 Nmm
-2

 and MOE (15) and (30) base 9,287 Nmm
-2

 

– 11,721 Nmm
-2

. It was observed among the Tables 4.4, 4.5 and 4.6 that, there was 

consistent variation among the MOEs of the various portions of the two trees.  When 
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compared to the three known species ,Aningeria altissima 11,100.00 Nmm
-2

 , Terminaria 

ivorensis 9300.00 Nmm
-2

 , Antiaris toxicaria 7200.00 Nmm
-2

, the various MOEs of the 

parts are closely related and predict that these parts of Gmelina arborea wood 

performance when used for furniture production. Among the parts (MOE) varies but the 

variations are not significant as the variation within the tree.  

 

Compressive strength properties of the two year groups remains insignificantly different 

among the top, middle and the butt, the results compared to three known species, 

Gmelina arborea gave lower values. Aningeria altissima had 52.00 - 57.00 Nmm
-2

, 

Terminaria ivorensis had 35.00 Nmm
-2

 and Antiaris toxicaria had 54.00 Nmm
-2

, there 

were no significant variations in the compressive strength along the longitudinal parts of 

the two trees, Tables 4.4, 4.5 and 4.6, however, they do not compare favorably in value 

with the three trees. Another observation was that with Gmelina arborea, the 

compressive strength is independent of the age of the tree.  

 

Considering the shear strength from Tables 4.4, 4.5 and 4.6 when they are at a moisture 

content of 12% were as follows: shear (15) and (30) tops 8.87 Nmm
-2

 and 10.23 Nmm
-2

, 

for mids 10.53 Nmm
-2

 and 11.04 Nmm
-2

 and bases 11.13 Nmm
-2

 and 11.58 Nmm
-2

 

respectively, it was observed that there were no significant differences among the 

means, however, shear strength in the top regions of the two trees showed a significant 

difference. Comparing the results to three known species, Aningeria altissima 9.50 Nmm
-2 

Terminaria ivorensis 12.10 Nmm
-2

 and Antiaris toxicaria 7.90 Nmm
-2

, the results showed 

higher values for shear strength, however, there were no significant variations along the 

two Gmelina arborea trees.  
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CHAPTER SIX 

SUMMARY OF FINDINGS, CONCLUSIONS AND RECOMMENDATIONS 

 

6.0 Conclusions 

The purpose of this research was to find the variation between the 15 and 30 years old 

Gmelina arborea in terms of their physical and mechanical strength properties which 

were extracted from a plantation in the Odomi Forest Reserve near Konongo in the 

Ashanti Region which happens to be a tropical forest zone of Ghana. After analyzing 

the results from the test conducted, the following conclusions were drawn. 

 

There were no significant difference in the moisture content between the 15 and 30 years 

Gmelina arborea with the means of 13.32% and 13.00% respectively. However, the use of 

wood for furniture, structural beams, mouldings and other artifacts depends on other factors 

either than moisture content. 

 

There were significant difference in the densities between the 15 and the 30 years years old 

Gmelina aborea. This adversely accounted for the significant difference in mechanical 

properties. Hence using the 30 year old Gmelina arborea for furniture and structural works 

will not compromise its integrity as that of the 15 year old. 

 

It was also established that the densities of the Gmelina arborea increased as the tree ages, 

therefore, Gmelina arborea will be structurally sound if it is allowed to grow beyond 

30years. 
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There were significant difference among the MOE (15years: 8665 N/mm2, 30years: 10875 

N/mm2), MOR (15years:64.30N/mm2, 30years:69.16N/mm2) and Shear (15years: 

10.18N/mm2, 30 years 10.95N/mm2) properties, however, the compressive strength (15 

years: 33.03N/mm2), 30 years: 33.33 N/mm2) of Gmelina arborea in this experiment did 

not matter, the age had no significant difference. However, according to TEDD (1994) 

classifications, the strength of the 15 years in service will be compromised in the shortest 

possible time, since the MOE falls below 9,000 N/mm2 

 

The mechanical strength properties increased from the top, middle to the butt same as the 

densities, indicating that the butt and the mid of trees will be able to withstand loads better 

than the top. 

 

6.1 Recommendations 

The following recommendations have been made based on the findings and conclusions. 

1. For use of Gmelina arborea in constructions with much compressive loads, the 

15 years old can be considered since there was no significant difference with that 

of the 30 years. 

2. The use of the specie in constructions to act as beams, the 30 years old is 

recommended since it is significantly better in terms of their MOE, MOR and 

even the shear. 

3. Considering Gmelina arborea for construction for their density, the 30 year old is 

recommended since it showed much significance to that of the 15 years. 
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4. To achieve maximum results from Gmelina arborea, it is recommended that 

species of 30 years and above should be considered. This is because, the 

mechanical strength properties improves as the tree ages. 

 

6.2 Suggestions for Future Research 

The following are being suggested for future research into Gmelina arborea   

1. Consider trees from different ecological zones of Ghana as climatic 

conditions of a particular location could adversely affect the current research 

findings. 

2. As this research focuses on top, mid and butt, considerations could be given to 

the hearts and the sap of the species. 

3. The anatomical aspect of the species should be considered as well as the fire 

safety test. 
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Means Plot (SD as Error) 
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ANOVAOneWay (212812017 22:39:58) 
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Mean;; P10e (S D lIS Error) 
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Means !>lot (SO as Error) 

Means Plot ( SE as Error) 
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