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ABSTRACT
The mechanical properties of ten lesser known timber species were investigated. Four out
of the ten species with the best results in terms of their mechanical properties were
selected and further tested in bending, compression and tension. The species with the
overall best propertics was used to design and constructed a prototype pedestrian bridge

on KNUST campus to demonstrate its suitability in construction.

The results of the study showed that two out of the 10 species: Sterculia rhinopetala
(Wawabima) and Blighia sapida | ”\kw‘}l]ad outstanding Pyoperties which made suitable
to be used in construction. Wawabima was used imthe design of the main structural frame
and Akye was used as cladding members in'the design because of its relatively higher

natural durability.

The local wood technolop¥ in - thesregion of Kumasi was assessed to determine the
preparedness of the local wood industryin working with the specics. The Sawmills
visited proved their capacity todsaw and mill logs of (he.said specics. Carpentries
reviewed, though still usifig simple hand Yools. ‘are familiar with the/said species and

ready and have enough capaciy e worlewith them.

A pedestrian timber bridge has been constructed with the two species with outstanding

mechanical properties. demonstrating their svitability in construetion. The bridge is

. s e — 7 . . [ies '
designed with a characteristic live load of 4 kN/m”, The bridge is therefore designed to

accommedate 255 people each weighing about 70 kg at a time, However, the bridee can

il



accommodate 340 people each weighing 70 kg at a time (when loaded with a

characteristic live load of 5.5 kN/m’) beyond which the bridge will fail. The 340 people

weighing about 70 kg is therefore the loading limit which can cause the bridge to fail.

KNUST
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND TO THE STUDY

In Africa. south of the Sahara there are many rivers which on'the one hand make the land
quite fertile and on the other hand may be a traffic barrier for school children and the local
transport of goods. Many of these barrigrgscguldbg overcemeswith small bridges of only 5-
|0m span, which in Europe are often builtfin ¥mbes’ InGhana many of these short span
bridges are usual.ly built with concrete and reifférced concrete or steel. The bridges are
usually constructed in reinforced concrete, Since elinkerfor making cement is imported from
Europe, and the steel reinforcement is yery highl}{-_pﬂﬁ&d, bridge building m Ghana, is an
expensive undertakingy This has. liprited-the number of bridges that cansbe put up across
many of the rivers and strcams in Our eommunitics serving as teaffic barriers. With the
availability of several species of timber fn our forests, it should be possible to attain more
ccanomical solutions for the conStruetion of bridges espeeially for pedestrians and light
traffic.

The exploitation of timber in Ghiana andvindeed in manyparts OF AfTica is limited to a few of
the over 300 known species. Some of the popular-specics are Prerygota macrocarpa (Koto),
Milicia excelsa (Odum). Khaya ivorensis (Mahogany), Triplochiton scleroxylon (Wawa),
Terminalia  iverensis  (Emire), Aningeria altissima (Asanfina) and Nesogordonia
papm’nfr._:'fé‘ra"[[)_s!:nfai.ﬂT'he rational and the international demand for these species with

excellent (exceptional) properties in terms of their sirength and the quality of their finishes,
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has led to a dangerous overexploitation. Although there are many other timber species, they
are hardly ever touched because their material properties have not yet been fully classified.

The available data on the mechanical properties of such species has generally been attained
with tests on small clear specimens (either 2 x 2 x 30 inches or 1 x 1 x 16 inches as specified
by ASTM D 143-52). For structural use the properties of large size specimens, which are
generally quite different from those of small clear specimens because of the unavoidable

defects such as knots and shakes, have not yet been determined.

In this research work. ten lesser-known timber species have been selected for the study. The
species were Albizia ferruginea (Awicmfosamind)s  Sterculia rhinopetala (Wawabima),
Blighia sapida (Akye). Canarium schweinfurthii (Bediwonua), Petersianthus macrocarpus
(Esia), Sterculia oblopga (Ohaa), Cola gigantea (Watapuo), Celtis zenkeri (Fsa), Antiaris

toxicaria (Kyenkyen) and dmphimas plerocarpoides (Lati).

Timber is a structurally sound mmaterial .and comparcs favourably with concrete, steel. and
stone and a variety of gthermaterials in terms of strength per unit mass, Wood in its natural
state can be used for many forms ol construction (favapetti, 1998 ). As a construction
material, wood is strong, light, dirable jand-flexible-andican be easily worked with, In
contrast to the substitutes for wood in structural purposes such as brick, metal, concrete and
plastics, wood can be produced and transported with little energy consumed and the products

are renewable (K‘rfugh.* 1991).
e _Fr._'_,_,_---'-_-_'_

Within the framework of timber as a construction material, a distinction is made between

primary or commercially accepted species and lesser known or less accepted species. For



several reasons, the viability of timber in the context of construction is dependent on lesser
known timber species rather than commercially accepted species. Freezaillah (1990) defines
[_esser-known species (LKS) as a commercially less accepted species left in the forest after a
logging operation. Butl, as stated by [lansom (1983), a better definition is that it is a species
that is not being put to best advantage (although many commercﬁial species are not being put
to best advantage either). The list of usable species has lengthened to some extent because of
advances in technology and prometion and because of a growing scarcity of the more desiraed
species. There has been considerable {iimssiﬂﬁglﬁuyl the fuller utilization of tropical forests
with particular reference to the LKS, but the problem has remained intractable and little has
been done (Freezaillah. 1990). Eddowes (1980) In\discussing the technical aspects of
promoting the LKS in Papua New Guinea, identified inadequate data on physical and
mechanical properties; as one of the “main” preblems in promoting the LKS.
This problem, however, applies t6 LKS not"only in Papua New Guinea but in all closed

tropical forests.

It is important to stress that the temn lesser-known tumber-Species does not connote
inferiority; many lesser-known'imber speeics have as yet not been/characterized and may as
well be comparable to the cominereial species (Jayanewtiy, | 398). The definition of LKS is

dynamic and the status of a species may change-with-time.

There is a lack of secure knowledge on the material properties of these lesser-known timber

_ species. This research is therefare undertaken to determine the mechanical properties of the

selected lesser known species by testing with full-size structural members.



1.2 OBJECTIVES OF THE STUDY
The objective of the research is to develop and promote light bridges built with lesser known
timber species in Ghana. The research activities comprise the following:

« o establish the mechanical and physical properties of a selected number of lesser
known timber species necessary for the design of tim}:rcr structures, Mechanical
properties including bending strength, modulus of elasticity. tensile strength,
compression strength and shear modulus will be determined. Physical properties
including density and moisture codffeng (M@ ) willbedetegmined.

¢ To determine the local wood processing technology with regard to the standards of
Sawmills and carpentries in Kumasi and the technological improvements that are
necessary to undertake bridge construction,

» To desipn, andreenstruct prototype light timber bridge systems and connections
appropriate to thewlocal “eonditions with regard to sawmill production and

workmanship ol artisans.

1.3 JUSTIFICATION QESTUDY

Advanges in timber engineering has led to fimber being accepied.asta structural material

that can compete with the cnm-eniinnal matérials such a¥'steeland concrete for construction.
The rising cost of imported basic building materials such as clinker for the manufacture of
cement coupled with the increasing demand for housing in Ghana have created an incvitable

situation where one needs to SE_[iQJJSL}'—":ﬂ'kE‘ another look at developing the use of indigenous

materials, especially timber for structural purposes such as the construction of bridges and

o e
buildings. Prolonged and widespread experience elsewhere demonstrates that timber can

meet both the logistical and engineering requirements of the construction industry.
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Timber is one of Ghana’s most readily available natural resources. The natural forest
resources occupy an arca of some 81,306 square kilometers, approximately one-third of

the entire country and hold more than 400 indigenous hardwood species (Anon, 1996,

Usher and Ocloo, 1979). In spite of the abundance of this natural resource very little of it

is used structurally for construction in Ghana due 1o the unfuund::d prejudice against its use
and lack of technical data on its properties such as strength and durability of most of the
species, especially the lesser known ones. Lesser-known species (LKS) are species yet to be
exported, but are now being promoted Kthuch-thc promoted in the local
market. According to Oteng-Amoako (2006), the forest occurrence of LKS is variable,
usually from frequent to sparse, and data on thieir technological properties are limited, for
example, Berlinea grandifiora (Berlinea). The LKS are mostly lower-risk species which can

be exploited under normal forest harvest nwuu;_gf 3 ¥

,,,,,,

According to Brazier (1978). cormercial hardwood hiarvested for industrial use often

represents only three to ten percent of the timber volume in any given arca. This assertion is

supported by Youngs (1977)that 90% of log trade in Niger A has been-w only six primary
\= X,
species. Likewise, Ofori HQS?FW@&pumﬂm:mixabum 80 u:.;ggqﬂé‘sﬁul of approximately
600 species in West Africa, w hich rﬂc&ai‘zﬁgmgbﬁ;@f lumiber and plywood production,
are exploited. In an FAO (1988) inventory project classification of Ghana's high forest wree
species, only about 60 species were registered as having been exported from the country
between 1973 and 1988, Large numbers of wood species growing in the natural tropical
forests are excluded from the international timber market because they have been deemed

“undesirable™ for a number of reasons including the chemical constituents of their extractives

and lack of adequate data on their mechanical properties.



Lack of adequate data (mechanical properties) on the lesser utilized species in Ghana has led

to the over-exploitation of the few noble commercial species such as Odum. Mahogany,

[roka etc. whose properties are well known and cstablished (Allotey, 1992). Many of the

species such as the ten sclected for the research are not being exploited commercially

because their material properties have not yet been established. I:ﬁcal farmers have therelore
!

taken advantage of using them as charcoal and firewood, which serve as the main source of

fuel in the farming communities.

Some of the species have also been protected from exploitation by the Forestry Commission
of Ghana to prevent their depletion in the forest. Some of the protected species possess
poisonous and strange chemicals in their_gxtracts, which have not yet been researched. The
Commission has therefore banned the cxﬁlqitaﬁun.nf" such species since they may pose threat
ta users and to end the dangerows over-exploitation Which has led 1o the near depletion of
such species in the forest. This has led to limited specigs which’are being over-exploited.
Thete is thercfore the need to conduct tests on the-mechanical properties of the lesser known
specics so Lhat their propertics can be established lor usage. The need.to rescarch on these
lesser known timber species is- because they are foeal feSaurces and ate in abundant supply

(Allottey, 1991). They are also uncxp loited compared 10 the gverexploited few noble species.

Prior to 1970, the characteristics of timber were assessed on the basis of the characteristics of

small clear picc‘éﬁ" of wood. However, following the extraordinary pioneering work by
e F._.___,_..—-—'-_-_'_

Madsen (Madsen 1992). it was realized that this could be quite misleading. This is because

e f
the strength of structural size timber is heavily influenced by the presence of natural features

such as knots, pith, etc. Alik and Nakai (1997a) noted in their work that using the results



from full size structural timber was considered to be more reliable to allocate design stresses

50 as to eliminate the risk of stress assumptions. In addition, the values will reflect more on

the actual strength of timber in use. So far, there is lack of information on strength properties

of [ull size structural timber hence engineers. architects, designers and builders tend to use

other materials such as concrete and steel for building and construction. The proper and
i

effective utilization of timber as a construction material very much depend on the experience

and understanding of their technical data and also their structural behaviour with regards to

each particular timber species.

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 most commonly measured and represented as
strength properties for designiinclude bending stress parallel to grain, modulus of elasticity in
bending, compressive stress perpendicular 10 grain. and shear strength parallel to grain.
Additional measurements are often_made to evaluate work to maximum load in bending,
impact bending strength, tensile strength perpendieuldar to grain, and hardness. Strength
properties less commonly nieasured in. clear wood include torsiens toughness, rolling shear,
and fracture toughness. Other properties <hvolwing time under load include creep, creep

rupture or duration of load and fatigue (Forest Products General Technical Report, 1999).



1.4 SCOPL OF THESIS

Chapter two of the thesis deals with the review of related literature on the work. Information

on existing timber bridges in and around Kumasi were gathered and reviewed. Research

trends in the field of timber and wood science were also discussed in the chapter, Topics

discussed in the chapter also include the physical structure of wood, stress grading and the
/

various grading systems used for classifying timber. and the structural use of limber.

Literature on the selected lesser known species for the study has also been reviewed.

In Chapter Three, laboratory lests conducted on the ten species and results are presented.
Analysis of the results was done with the aid ofgraphsi(curves), tables of summary of results
and observations obtained from the testings The chapter also describes the various tests
conducted and how the various mechanical properties sugh:as bending stress perpendicular to
the grain. compressive siress. tensile stress and shear modulus were'determined. Comparison
of results of the ten species was made urnd four-species with the overall best results were
selected for further test for a more detailed analysis. The species with the overall best
structural properties whichymakes it suitable” lor construetion was elassified under the

European standard for classification of timber, EN-33%:

Chapter four deals with the assessment of the local wood processing technology and the

preparedness of the local industry to process and use lumber for the construction of bridges.

Existing timber 'E:’t"-idges constructed in the region of Kumasi were researched into.
M FF'_'-._._'__.—--—-—

Information on the state of the existing bridges and measures to improve their durability have

e
been outlined in the chapter. Questionnaires were sent 10 ascertain the technologies of

existing sawmills and carpentries in Kumasi. Results and analysis of the data gathered from
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the questionnaire have been presented. The chapter sought to assess the capacity of sawmills
1o process other secondary species for the local market for their use in the construction of
bridges: and the capacity and/or preparedness of local carpentries or carpenters to work with
these species in the construction of bridges.

/ 3
The design and construction of a prototype pedestrian timber bridge on KNUST is presented
in Chapter five. The bridge was constructed with two of the species selected for the study, o

demonstrate their suitability for constm%.N wgtEFs the design criteria, the

layout of the bridge, the structural form of the bridge, and the erection of the bridge.

Chapter six presents the conclusions drawn from the study and recommendations made for

further research.




CHAPTER TWO

LITERATURE REVIEW

2.0 INTRODUCTION

In this research, an investigation into lesser-known timber species for the construction of
]

light bridges is the topic under study. Therefore an extensive literature on research trends in

the field of timber (wood science) and the engineering basis of analysis is paramount. The

physical structure of wood, the benefits qT uhi’@g Slress ‘meading and the various grading

systems used, structural use of timber and the evolution of timber design are discussed. In
addition, research trend on Ghanaian timber, 8peci€s, timber bridges, and the strength
properties of timber have also been reviewed, Litérature on the selected species for the study,

and the concept of natural durability of woad has bzen provided.

2.1 PHYSICAL STRUCTURE OF Wﬂ@h

Wood is a cellular organic material made up principally of cellulese, which comprises the
structural units (cells), and-renin, which ¢ements the structural units together. It also contains
hemicelluloses, extractives. and-ash-[orming minlarals;,. Woodecels are hellow, and they vary
from about (.04 to 0.33ins in lengthiandgfram0:0004 10-0.0035in in diameter (Halperin &
Bible, 1994). Most cells are elongated and are oriented vertically in the growing tree, but

some, called rays, are oriented horizontally and extend from the bark toward the centre or

-

—a—" o _'_'_,_,-—'—'_---_._

pitch of the tree. =
Wood 15 a versatile raw material and is widely used in construction, especially in countries

such as Canada, Sweden, Finland, Norway, Poland etc where there is an abundance of good
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quality timber. Timber can be used in a range of structural applications including marine
works: construction of wharves, piers; heavy civil works: bridges, piles, pylons; domestic

housing: roofs, floors, partitions; formwork for pre-cast and in-situ concrete etc.

Wood gells

Figure 2.1: Main parts or Stucture 6l a wood (Source: Adapied FoniOduro & Gotah, 2008)
Key to Figure

| = Outer bark - protects the tree ffom extreme temperatures, bad weather, insects and fungi.
2~ Phloem (inner bark) whichworiveys food tethic vatious parts of the tege)

3~ Cambium layer is a thin fayer ofeclts which produce phioGur Gaone side and sapwood on
the other. :

4 — Sapwood is the living wood in the tree Throwgh-which the raw sap rises from the roots to
the leaves.

5~ Heartwood consists of old cells. This is the dead part of tree that nevertheless provides
structural strength

6 — Pith is the Tentral core of The tree. He is often cut out in order to avoid cupping or
splitting of boards

-__--_._ i $ - P
7 - Annual rings are the new cells formed every year in the tree, arranged in concentric
circles. The annual rings show the growth or the amount of wood produced during one

growing season.



8 ~ Medullary rays also known as pith ray or wood ray, are located from the pith to the bark
and these are the radial transmission of sap to the parts of the tree

2.1.1 Hardwood and Softwood

There is an enormous variety of limber species. They are divided into softwoods and

hardwoods, a botanical distinction, not on the basis ﬂi'meuhaniclal strength.

Softwoods are derived from trees with needle-shaped leaves and are usually evergreen eg.

Fir, larch, pine, spruce ete. Hardwoods are derived from trees with broad leaves and are

usually deciduous eg. Iroko, Oak, Tealg ﬁlm‘a T\r_i.cé]u;gun.}r Gl

2.1.2 Heartwood and Sapwoaod

The cross-section of a tree shows several distinet Zones: the bark:; a light-coloured zone
called sapwood; an inner zone; generally of darker eolour, called heartwood; and at the
centre, the pith (Figure 2.1). A treg increases in diameter by adding new layers of cells from
the pith outward. For a time. this hew laver funetions.as living cells that conduct sap and
store food, but eventually, as the tree increases in diameter, cells toward the centre become
inactive and serve onlyassupport for the tree: The inacﬁ\fé inner layeris the heartwood and
the outer layer containing,theliving-cells is the-sapwodd.»There is no consistent difference

between the weight and strength properties-of heartWood ‘@nd sapwood. In some species,

heartwood is significantly more resistant to decay fungi than sapwood.

2.1.3 Annual Growth Rings

In climates where temperature limits the growing season of a tree, each annual increment of
gﬁﬁﬂsual]y is readily distinguishable. Such an increment is known as the annual growth

ring which is noticed on the cross-section of a log.

12



2.1.4 Grain and Texture

Girain and texture are used in many ways to describe the characteristics of wood. Grain often
refers 1o the width of the annual rings. as in “close-grained™ or “coarse-grained”. Sometimes
it indicates whether the fibres are parallel to or at an angle with the sides of the pieces, as in
“straight-grained™ or “cross-grained”. Texture usually refers to l!ie fineness of wood structure

rather than to the annual rings.

2.1.5 Growth Characteristics K [a\! , J SWE
u i

Wood contains certain natural growth characteristics such as knots, slope of grain,
compression wood and shakes, which may depending on their size, number, and location in a
structural member, adversely affect the Strength propertics of that member. These growth

characteristics are known as defects. - 7

' ..
* . L

- o 1 r . ’ . >

2.1.5.1 Some Common Defects i WQDH "

Defects may be naturally o¢curping or can be man-made. Natural defects can be due to

many reasons such as enyvirgnmenial factors. growth patterns. soil Caiiposition, ete. An

&

example of a natural dct’é“mf f&akmt Man-made defects Can m:ﬂﬂru’t many points from
the felling of the tree. transport. storagé: aawiﬁg.érymgﬂ.cls. An example of a man-made
defect is a twist.

Although you can work around some defects such as knots, or cut off defects such as

splits, boards .mazqarc"heavil};_mds&edrbumd, cupped, or crooked usually are not usable.

A piece of wood with a straight grain without knots, holes, or cracks has the highest
e [
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strength possible for its species. Below is a table of common defects which affect the
strength of lumber.

Table 2.1: Some Common Defects in lumber

Bow A curve along the face of a board that
usually runs from end to end.

Checking A crack in the wood structure of a piece,
usually running lengthwise. Checks are
usually restricted to the end of a board
and do not peneffatd\as far hd, the
opposite side of a pigejof sawa timber)

Crook Warping along the edge fromjone end to
the other. This is most common.in wood
that was cut from the centre of the tree
near the pith.

Cupping Warping along the ‘face of a board across
the width-.of thé-board. This. defect is
most common of plain-sawn lumber.

Split A longitudinal separation of the"fibres
which extends to the opposite face of a
piece of sawn timber.

Twist Warping, in lumber where the ends twist
in oppesite-directions.

Wane The presence of bark orabsence 6f wood
on corners of a piece of lumber.

Blue Stain | A discoloration that penetrates the wood
fibre. It can he-any-eolour other than the
natural colour of the piece in which it is
found. It is classed as light, medium or
S heavy and is generally blue or brown.

14



Machine
Burn

A darkening of the wood due to
overheating by the machine knives or
rolls when pieces are stopped in a
machine.

Pitch

An accumulation of resinous material on
the surface or in pockets below the
surface of wood. Also called gum or sap.

Loose Knot

~ A knot that cannot be relied upon to

remain in place in the piece. Caused by a
dead branch that was not fully integrated

into the tree beforg ilwas -:Et duwp

Tight Knot

A knot fixed by g’t‘nw‘tﬁ’ or ﬁos’?ﬁﬁn !rr’ﬂ'u:
wood structure so that it firmly retains its
place in the surrounding wood.

Wormholes

Small holes in the wood caused by
insects and beetles,

Source of Pictures: Odure & Gotah, 2008

2.1.6 Moisture Content

The amount of moisture in a living tree varies among m, in individual trees within the

same species, in different parts of the same tree; and between heartwood and sapwood.

Moisture content (MC) is the weight uf- ﬁl’é water contained in wood, expressed as a
percentage of the weight of the oven-dry wood. An oven-dry condition is reached when no
further loss of weight is experienced on subsequent oven drying. Green wood has moisture
both within the cell wall and in the cell cavity itself. As wood dries, the moisture leaves the
cell eavity before leaving the cell wall. The point where the cell cavity is empty but the cell

walls are full is known as the fibre saturation point. The fibre saturation point is quite
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variable between specics but averages about 30% MC for most species (Halperin & Bible,
1994). Change in moisture content above the fibre saturation point has no effect on the
wood’s properties: all shrinkage occurs as the wood dries from 30% to a lower MC value.
The increase in strength of lumber also occurs in this range as the wood dries i.e. decreasing
moisture content below 30% MC increases the strength ol a piegc of lumber. Alik and Nakai
(1997b) in their study also showed that above fibre saturation point, the strength values of
timber appeared to be constant as the moisture content increased. In this case, within the
green condition of a timber, an increase or l_rai_:_s o imoistoee hag no effect on the strength of a
timber.

Wood shrinks at different rates, dependingfon the direction relative to grain. The most
shrinkage is tangential to the grain: shrinkage radial to grain is somewhat less; and shrinkage

parallel to grain is so small as to be negleeted. Figtire 2.2 identifies these directions.

radial direction
tangential direction

=+ longituginal diréclion

Figure 2.2: Radial, tangential and [Gneitudingl difectionsof wood

Woud in use gives off or takes on moisture from the surrounding atmosphere with changes in
temperature and -relative humidiy—mmtil it attains a balance relative to the atmospheric

conditions. The moisture content at this point of balance is the equilibrium moisture content
e g

(EMC}).
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2.2 BENEFITS OF TIMBER
Timber is the original sustainable construction material as it can be replaced by replanting
aller it has been harvested. It is carbon neutral if it is burnt as it only returns the carbon
dioxide to the atmosphere that it extracted during growth. Even better. if il is used in a
structure, it locks carbon on the ground. ;
Timber has an acceptable public face. People like to see it and it is easy to make it look
attractive. Linfortunately it is not regarded as a major structural element because it is edible
(it rots) and is seen as inferior to steel cﬂiﬂtml'fﬁ,[ﬁﬂtf.-
Structural designers as well as the general public share this view, which is why much effort
and money is currently being spent to raise its‘profile: Timber is not as strong in tension and
compression as steel and reinforced conerete but is versatile, with some duetility and can
easily be combined with other material§ in a composite construction to compensate for its
relative weakness.
In stress lamination, steel bars hold the :tiﬁlhtr seetions tegetheito help them perform better
but the steel does not act as a major load-rosisting element of the structure. As a direct stress
comparison, timber is better,in compression and end bearing than in-tension and bending so
an arch structure would ba, on _1Ije [ace of 1t the best use of 1hu«mrc_u},eri’-al structurally.
In countries where an established glue-laminated-indlstry ‘€xists, laminated-veneer lumber
and pulverized-strand lumber are sometimes used as the basic structural elements in place of
solid timber sections, These materials are only available as imports in the UK at present so
Ecunum.i::ﬂlly they-are not viable, The reason why such engineered timber products are used
ey e

is that larger sections can be made and at any length. This means spans can be greater and the

stress feduction for jointing is removed.
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2.3 STRUCTURAL USE OF TIMBER

The structural use of timber is as old, or older, than civilization. Long before the invention of
mathematical sciences, early man was building rude shelters which, over the ages. by trial
and no doubt considerable error, lead to patterns of timber construction which left their
permanent imprints on the stone and marble temples of classical Greece (Chudnoff &

I
Youngs. 1980},

In spite of its antiquity, timber has su [Ik:‘_‘_rcd soE fe glgﬁhﬂt}thﬂ‘: hands of general practitioners
in materials science and engineering, with the results that most engineering text books tend to
sive the impression that the application of structural theory is limited to steel or other man
made materials. Yet. weight for weight, timberis asstrong as or stronger than steel and much
stronger than most of its structural competitors.

With the onset of industrial reyolution, “rot iron and steels seetitng’ became increasingly
available and engineers devised ellective-way of fastenihgthem together because the method
of joining was easily available, Welding eiabled effective and predictable fastening systems
to develop for iron bridges and tall steel |1‘.Ll_.ll'.|-ddl:llg5 QFRADA 1985)..They were also able to
use reinforced concreteas a predietable material for @enstruclion so they tended to move
away from wood as a structucal material-becauseof the following reasons: (1) wood
hehaviour was not predictable and you can only predict the behaviour of wood if sawn into
standard size free from defects which are strength reducing and at an agreed moisture content

and (2) fastening systems for wood did not keep pace with those available for steel. It was
— ,--"""'_.--_--__

not until the 1950s that finger-jointing technology developed and also improved glue systems

_,_-—-'-.-'_
were developed.
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The net result of structural research and development in the last 70 vears has been the virtual
abandonment of the structural techniques established so slowly and painfully in the preceding
millennia (TRADA. 1985). The break with the past is nearly complete, the contemporary
timber structure being different from its predecessor in both kind and degree. The raw
material is the same but our understanding and control of its stJ,rengths and weaknesses are

very different.

From purely structural point of view. if one hdd to pick nul;a single factor, which, more than
it ggipicnseins,

any other is responsible for the Lhmﬁfe* aﬁkzﬁ 1& hu! L]Nm!dopm-.m of efficient tension

joints. The pre-scientific age of timber construction had no effective means of utilizing the

very high tensile strength of timber. Traditional E;ari:é‘_ntry aimed therefore at putting all joints

into compression, which meant that the missing tensile forces had to be compensated with

heavy masonry wallsy buitresses und.__ﬂ;uﬁﬂhﬁqgg?_t

The development of modem g1ues and timber connectors has enabled a wide range of

structures o contain both tensile and compression forces within themscelves, with consequent

economy in their supporting elements (Hasheimi &:Smith. 2006): The introduction of tension
. > " i 4

b

joints has made a radical differenéetaitimber structurgSemaking them lighter and apparently
more fragile. Except in very short lengths, att metals and timber are stronger in tension than

in compression and in comparing modern structures with the massive buildings of the past it

is perhaps salutary to give some thought to all the temples, churches and cathedrals which

fell down to pay the price fomng.



The selection of lumber for structural use depends greatly on the grade of lumber; the
presence of defects and strength properties. Lumber is therefore classified into grades

aceording to their stress properties,

2.4 STRESS GRADING |
Lumber, as it is sawn from a log, is guite variable in its mechanical properties. Individual
picces may differ in strength by as much as 100% (American Institute of Timber
Construction, 1994). For simplicity add écondmy in tse. pieces of lumber of similar
mechanical properties (such as bending strength, density and modulus of elasticity) can be

placed in a single class known as a grade. The ‘properties of a particular grade depend on the

sorting criteria.

The strength of a timber'is a funetionof several parameters inétuding the moisture content,
density, size of specimen and the presence-of various strengih-réducing charaeteristics such
as knots. slope of grain. fissures and wane. Prior to the intreduction of BS 5268, 1984
(British Standard for Serwetwgal Use of Timber), the strength of timber was delermined by
carrying out short-term ]naﬂi'ﬂg tests on small timber specimens fice from all defects. The
data were used to estimate the minifum steengrth-whithowas faken as the value below which
not more than 1% of the test results fell. These strengths were multiplied by a reduction

factor to give basic stresses. The reduction factor made an allowance for the reduction in

strength duc to duration of loading, size of specimen and other effects normally associated

“with accidental overload, simplifying assumptions madc during design and design

inaccfacies, together with poor workmanship. Basic Stress was defined as the stress which



could safely be permanently sustained by timber free from any strength-reducing

characteristics (Arya, 2003)

Basig stress, however, was not directly applicable to structural size timber since structural
size timber invariably contains defects, which further reduces ilsr_strf:ngth. To take account of
this, timber was visually classified into one of four grades. namely 75, 65, 50, and 40, which
indicated the percentage free from defects (Arya. 2003). The grade stress for structural
timber was [inally obtained by multiplying Qia_.giadc desfenatigns expressed as a percentage

(e.g. 75%, 65% etc.) by the basic stress for the timber.

With the introduction of BS 5268, the concept of basic stress was largely abandoned and a
revised procedure for assessing the strength of timbec adopted. From then on, the first stage
involved grading structital size timiber, Grading was still carried oot visually, although it was

a cornmon practice o do this mechanicatly:

2.4.1 Visual Grading
Visual grading is the oldest timber grading method. It _is based on the premise that
mechanical properties of timber differfroimmeehanical properties of clear wood because of
naturally occurring characteristics that can be seen and judged by eye (Kretschmann and
Green, 1999). It is done based on both appearance strength factors (Chen et al, 2006). These
visual characteristics are used to sort the timber into grades and include, but are not limited
. st e

to. density, slope of grain, size and location of knots, checks and splits. When BS 5268 was

puEﬁEﬁ'é'ﬂr_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).
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Ihe SS grade timber was used as the basis for strength and modulus of elasticity
determinations by subjecting a large number of structural sized specimens 1o short-term load
tests. The results were used to obtain the f{ifth percentile stresses, defined as the value below
which not more than 5% of test results fell (Figure 2.3). The fifth percentile values for other
grades of the same species were derived using grade relativity factors established from the

same series of Lests.

Frequancy of & | Mean strength
ocCurrence

= Flaxural strength

5% test results  Fifth pereeniile siress

Figure 2.3: Fifth percentile stress lmmamndmri'ﬁmumdiw :

o

2.4.2 Mechanical Stress Grading =

Mechanical stress grndilwg"i;;iEM ‘on.the fact that there s agﬁl}c lationship between the
modulus of elasticity measured over-a-refatively Wﬂnﬂ ;ﬁun. Le. stiffness, and bending
strength. The E value of a imber is thus a major sorting criterion for this method of grading.
The stiffness is assessed non-destructively by feeding .individual pieces of timber through a
series of rollers _g;L: machine which-sstomatically applies small transverse loads over short

successive lengths and measures the deflections. These are compared with permitied
_—-——--_



deflections appropriate to given stress grades and the machine assesses the grade of the

timber over its entire length.

2.4.3 Strength Classes

In the latest version of BS 5268 published in 2002, machine graded timber is now graded
directly to one of sixteen strength classes defined in BS EN 519, principally on the basis of
bending stress, mean modulus of elasticity and characteristic density, and marked

accordingly,

The sixteen strength' classes include: C14, C164C18,'G22, C24. TR26, C27. C30, C35, C40,
D30, D33, D40, D50, D60 and D70, with €14 having the lowest strength characteristics aﬁd
D70 has the highest strength characteristics. The strength’ class designations indicate the
bending strength of the tmber. Strengthiclasses €14 to G40 and TR26 aré for softwoods and
D30 to D70 are for hardwoods. The-lettefs- € and - D> denote-<oitwood (Coniferous) and
hardwood (Deciduous) respectively and the values 14, 16, up to 70 denote the bending
strengl-h in N/mm?, TR26-is-seftwood and'is intended for use in the design of trussed rafters

("TR™ denotes “Trussed Raler™)

25 EVOLUTION OF TIMBER DESIGN
Man's earliest form of habitation was provided by nature. As time went on he was forced to

construct habitations for_himself and not rely on what was provided for him. His first
e _‘_._,_,_,--'-'-_'_

building materials were branches of trees, broken off by the wind laid against each other and

tied mﬁ'é":&:. with supple twigs to form a free-standing tent-like structure, covered by turf,



leaves or skin. Gradually this gave way to the circular hut, which spread out, to a rectangular
building on plan with the branches sloping up to a ridge from either long side.

More recently. however, engineers and architects have leamed to design wood structures in
ways that are based on engineering principles. Thus today’s designers. using more rigorous
design procédures, are able to ensure that a particular design wilIﬂ. achieve the desired level of
structural safety and stiffness. as well as economy. Much progress has been made in moving
from rule of thumb to modern day enginsered designs. For example, in New South Wales,
timber truss road bridges evolved oMer atNeast five “distingt stages culminating in the
impressive trimmer, more efficient and unique composite designs of the carly 1900s (Grant,
2006). To design effectively, a structural deésigner must be familiar with the properties and

behaviour ol the material to be used

Unfortunately, the properties:and behaviour of wood are unlike those for other building
materials and much more compléx. Woed.is a natural material— onc over which, as yet, we
have little control. Through ferest. management, Wc areqbeginning to control certan
characteristics of the lumber.a forest will produce, Hawever, we'stll €annot lorce a tree to
produce a particular quality-Of Inatérial, nor compel.diffcent irecs in a lorest to produce

exactly the same quality of material.

Timber has a number of advantages. This includes. its versatility - can be finished in a

number of different ways to different products (roofs, bridges, doors, windows, panels,
- TS | .,--"‘":'-.-_._— : : o 5

furniture, etc.); beauty; cost effectiveness and environmentally friendly. Timber is easy to

warkHght but strong, available in a wide range of species, sizes and tinishes. Timber is an
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excellent insulator and uses less energy in its production than any other building material. It

is a natural resource, and sustainable.

For most structural applications, fortunately, wood's advantages far outweigh its
disadvantages. However, structural designers must learn to cope with (1) wood's variability
in its mechanical properties and (2) its response to environmental conditions. Variability is
the more serious of these, Wood properties vary from species to xlyecics. from one position to
another in the tree, from one tree to anowhef ghowA inthe Same locality, and between trees
grown in one locality and those grown in another, Strides are being made to control the
quality of wood a trec produces by means of seleetivetcge farming. It is hoped that by such
means straighter and fast growing tregs ma}f be developed with more nearly uniform

properties than found in-tiees from naturalforesis (Stalnaker and Harris, 1989).

The moisture content of wood installed in a strueture may change with time, eventually
reaching equilibrium moisture contentthat depends on-the average rclative humidity of the
surroundings. However, as‘thewcelative lumidityawithin a building may not be constant, the
equilibrium moisture content may-vary with time. Withwany change of meisture content,
wood will either shrink or swell and warp. Diménsion and shape change due to moisiure
change can be reduced or avoided by proper seasening and by proper attention to details of

design (Stalnaker am_:j__Harris, 1989).
e ,.,--"""'-._-.-_.__

Wum be described as an orthotropic material that is it has unique and independent

mechanical properties in the directions of three mutually perpendicular axes: longitudinal,
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radial and tangential (Halperin & Bible, 1994). Mechanical properties most commonly
measured and represented as strength properties for design include modulus of rupture in
bending, compressive stress perpendicular o grain, and shear strength parallel to grain. Other
praperties involving time under load include creep, creep rupture or duration of load and

fatigue. (Forest Products Research Laboratory, 1998)

2.6 RESEARCH TRENDS ON GHANAILANWUIMBER SPECIES

Timber trade in Ghana, as is the casc in most developing countries, is export oriented:
consequently, research into wood microbiology 88 with all research in the sector has been
geared towards improving the trade (Moor, 1940: Freas et al, 1973). Since Ghana was notad
ds being among countries with relatively few speciesin the timber trade (Freas et al 1973), a
lot of research into someyof the sécondary species has been done by the Forest Research
Institute of Ghana in Kumasi. Some of«thie works: Concern. mechanical wood properties
(Ashiabor, 1967; Bentum. [969. Bentumn, 1970} wood seasoning characteristics (Ofori
1985), electrical resistivity of woed species in relation to moisture (Okoh, 1977h),
anatomical properties (A yenswand Bentumt, 1974: Ocloo and Laing; 19913 Work on the uses
of the species was done by (BolZa and.Keating, 151?'2:- Avensu and Bentum, 1974);
weathering performance (Bentum and Addo-Ashong, 1977) and corrosion resistance (Ofori,
I987). These tests have so far looked mainly at the traditional commercial species. Lately,

there have been a number of researches on lesser-used species. A number of the researches

on lesser known timber species have been conducted at the Forestry Research Institute of

Ghana (-ORIG). Most of the works or researches conducted centred on durability and the
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extractives of the lesser known species. Works done on their bending and other mechanical
properties were performed with clear small size specimens.

Anatomical properties of the lesser used species have been conducted by (Oteng-Amoako et
al, 1998). natural decay resistance by (Kumi-Woode, 1996), decay tests using white rot fungi
and brown rot fungi (Huang, 2004). Addae-Mensah, 1998, i}wf.sl'tgaltd the industrial

utilization and marketing of some Ghanaian lesser-used timber species.

Kumi-Woode (1996) did some work jdn Id\Idsssutilized, species; including Amphimas
plerocarpoides (Yaya), Antiaris toxicaria (Kyenkyen) and Canarium schweinfurihii
(Bediwonua). He found out that Amphimas piérecarpoides (Yaya) was not durable when
subjected to fungal attack. Nyarko ( I@QQ}_-glsc-subje;:ﬁgdﬂ mphimas pterocarpoides {Yay.a}
to termite artack and found out that, its durabilityWas highly increased when treated with
creosote and moderately high when untreated. Huang (2004}, also working on some lesser-
utilized Ghanaian tropical hardwoods, ana‘iysing decay by white rot and brown rot fungi,
published that Sierculia rhinoperala (Wawabima) is very durable afier 12 weeks exposure to

various fungi.

2,7 RESEARCH TRENDS ON TIMBER BRIDGES

In Ghana bridges are usually constructed by using conerete and reinforced concrete, steel,
and the composition of steel, timber or concrete. Major bridges linking highways over rivers
and miiws;ys were made of steel e.g. the Adomi Bridge spanning about 242m (805 ft) and has
a width of al:rm;t__?m (22 1), which crosses the Volta Lake at Atimpoku, 10km from

Akosoribo, is made of steel. Smaller streams are crossed by the construction of concrete

culverts. Timber in bridges is usually used in composition with other materials either as the
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walking surface or guardrail. An example is the pedestrian walkway at Railways near Asafo,
Kumasi crossing the railway to Adum in Kumasi (Figure 2.4). Its structural frame is made of

stee] trusses and the walking surface is made of timber (Milicia excelsa - Odum) beams,

Figure 2.4: Pedestrian walkway at Railways near Asafo, Kumasi

2.7.1 Non-Engineered Bridges

Local people in communities with waler barriers have fried to put up timber bridges to aid
movement from one part to another. These bridges which are non-engineered are constructed
easily and deteriorate in no time. There are however several pedestrian timber bridges across
the country in mmg;r.-.:-:ﬂnununitipsrmmmed by local people who have no technical know
how. This puts the lives of people in danger for using bridges in such deplorable states. Since

e

these bridges are not designed and constructed by technicians and carpenters specialised in
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timber structures, it leads to expensive, unsafe and low durability timber bridges. The actual
state of degradation of these bridges shows a very negative picture of the use of wood as a

structural material,

There are many streams in towns and village, farm roads whi::fh need bridges. Properly
engineered bridges made of lesser known timber species which have been researched can
provide safe and economic solutions to these numerous transportation problems. It is
therefore important to research into woodiechindlogylin the tenstfuction and rehabilitation of

timber bridges.

2.7.2 Engineered Bridges

In 1990, Dr. Allotey, a Principal Researeh” Offiger af the Building and Road Research
Institute (BRRI) of the CSIR, worked on ihe Use of timber for bridges by introducing a new
timber plate girder built out of timbes and bolts. Aceording 1o Allotey, the reasons for the
selection of this type of girder for his desigin Were: (1) Lo minimize the use of steel gusset
plates which are imported:(2) to continue the traditional wse of beam girders for bridge
construction which Ghanafan Gentractors are familiar with; (3)..60 imcrcase the options
available for design in timber [or river crossings;and (4} to sclect a unit that could be easily
fabricated in a workshop before being sent to the construction site. Minimizing the use of
steel gusset plates by Allotey increases the use of too much timber in the design. This in turn

increases the cost of timber for constructing such bridges. The first prototype was built in
= _H_._._,_.-—--'-_'_

1991 at Kaasi near the Ahodwo Roundabout in Kumasi. The substructure of the bridge was
constrmmg 22 timber end bearing piles which continue to act as abutment columns.

The spacing of the piles is 1.83m and Dahoma pile caps support the bridge girders. The
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pirders are 7.62m spans from bearing to bearing with an overall length of 8.23m. The height
of each girder is 1.143m. The bridge floor deck is built from 50mm x 150mm sawn timber
brought together by nails. There is a wide spectrum of timber species in Ghana’s forests.

However, three different species were used in Allotey’s design: Strombosia glaucescens

(Afina) was used for the piles; Piptadeniastrum africana {Dahoma{) was used for the pile cap_

and floor deck: and Nawclea diderrichii (Kusia) was used for the retaining wall. Afina is a
durable and strong wood which was being used as poles, posts and as sleepers. It does not
grow big in diameter, usually up o ?j@gm,r}i’i}ii}:k}_.]ﬂﬁ;ké’hf Wl sitable to be used as piles.
Dahoma and Kusia were used for the decking and retaining walls respectively because they
are all very durable and strong wood. with midimum felling diameter of 70em and 110cm
respectively (Oteng-Amoako et al, 2006). Kusia was more durable than Dahoma so was used
as protective (cladding) members, Dahoma was also-more available in the market and so
could be obtained easily in large quantities for the pile eapping and deeking (which needed
more wood). The use of many species of timber in & construction makes material selection

cumbersome and can increase considerably the construction time.

30



End of girder unit? End of girder unit 2

Jeint in flange

TL

'-""1‘- —

SHEIEC NN

AR (RSN IS
oS s e s e
SRS S

RS I
e TS Mﬁﬁ
PILIT AR INA S I RIZVES AR MF NN

Elevation of girder at Lap Joints

Extended tabrication bolts : 1
for lapping flang Saw timber for lapping flanges

; l l i
+ o | T L T i
AT R Lin LI, — A i
T o
i R AV "YU
-n—n—EZ —t— T L <
\-Eirrder' Girder
Tep Plan Vi : Lap Joint - °° e

Figure 2.5: Elevation ahd Plan.yicws ofAllotey's Bridge (Source: Allotey; 1991)

Allotey's theoretical analysis for the design was madge by eonsidering every bolt position in
the beam as a joint and the material between bolts as'a beam anember. In this way finite
element solution may be gpplied to the beam to.obtaill strains and beam Siresses in the beam.

Such an analysis has two defeefsi Phese-are:

i. the process is cumbersome and does not-lend fiself casily 1o office design.

ii. due to the number of bolts, friction forces arise between members and produces results

different from what the above may predict.

S
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Figure 2.6: Displacement geometry in girflarofaliptdy’ Bridge (Source: Allotey, 1991)
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The researcher therefore derived equations for the, structure based on the laboratory
observations on the beam behavior. He ‘made an assumption with respect to the beam
behavior that, plane sections in the girder before bending, remain plane after bending.

Based upon these assumptions, and-ihe displacement geometry (Figure 2.6), the general

strain-displacement equation for the webdamination may bé derived as

du oy
By = chszy = E-;silwcnsp ‘ (2.3)

where &, is the strain in Websand », v.are horizontal and vertical displacements. This
displacement equation was first derived by Ghaboussi (1986).and u is the angle the

orientation of web members makes with the position of bolts (bolt line) in the members.
Stresses due to moments were determined using equation 2.3 and the above assumption, the

effective moment of inertia of the section was derived as:

e fﬂ_—_
I, = ml costy + Iy (2.4)

e

YNYHO 1S¥ROT !
AB0 A HOIL BW 3:1&31’:1"“
44 ALISHIAIAN RYNNE D

ruvuell

-
-

oLl

- —

-



where [y is the moment of inertia of the web. Iris the moment of inertia of the flange and m
is the ratio of the moduli of elasticity of the web and flange members. The resulting stresses

in the flange Of; and the web 0y, ;, due to moment, M were then evaluated / given as:

Ofm = My 2.5
1, S
M :
Ty = —Ilm cos? u (2.6)
e

where y is the vertical distance from the pewtral axas

Allotey’s work has shown that. for a i."ievﬁl}:ping cenfhiry whith abounds with wood, the
utilization of wood for bridges is cost effective than to import cement and steel.

The use of the structural equations (somesstated above), @nables the structural proportioning
for moment, shear and deflection to be effected in-the design. However, the researcher could
have considered usingipractical-situations-instead of basing analysis on only laboratory
observations of beam behaviobe. Fricion forces arising between the members due to the
bolting of the members could produce results different from whatthe above may predict.

By making use of the geometrical relationship developed in the design, the girder can be

correctly setout which makes.iteasy to be constiucted by local artisans.

Lecomte (2006) worked on the use of ewcafypris timber log species for construction to }

supplement the use of tropical sawn timber in Brazil. According to the paper, high or

inaccessible p1ri1::-:5l and lack of regu lar supply of tropical sawn lumber by the lumber industry IP;
necessitated the_re_s_,;:-a.r.:-:l:-j. into m:: exolic species (eucalyptus) which is fast growing i:

|
and_adapted excellently to their climate and soil conditions. This new species, which was 15
introduced by the paper and cellulose industry. with time were then consolidated as a viable !!-'
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alternative for wood supply in Brazil. The researcher demonstrated the use of the eucalyptus
logs in the construction of two prototype houses in Brasilia (one in a rural dwelling and the
other in an urban dwelling) in combination with sawn lumber. This greatly reduced the cost
of buitqing and enabled the construction of medium cost houses and bridges in central Brazil,
Euwcalyptus logs are being patronized by Architects, Engineers, amlj Builders and accepted as

an appropriate material in the building industry of Brazil.

In 2001, a Timber Bridge Program wasi@tarted at Sao Paelo University in Brazil with the
objectives of developing new technologies for timber bridge construction, the analysis and
improvement of existing structural systems, and the adaptation of international technologies
to local conditions (Calil, 2006). The aim of the program therefore, was to have technology
to be able to construct safe and ecomemic timber bridees, with simple and medem
techniques, and with poed durability<like other sifuctural materials. According to Calil
(2006), most timber bridges in Brazil are not designed and construeted by technical personnel
Engineers and Contractors) specialized in limber structures. This led to expensive. unsafe and
low durability timber bridges. The state ol degradation of these bridges shows a very
negative picture of the use'el Wobd asstructural material- It therefore hécame very important
to develop wood technology in thelConstruction and rehabilitation of timber bridges in the
country. The same can be said of Ghana, where many non-engineered Limber bridges are in
deplorable state (Allottey, 1991). Afier four years of the Sao Paolo program, eleven

demonstration timber bridges were in the state of Sao Paolo. The bridges were vehicular

bridges with spans ranging between 6m — 23m. The 6-7m span bridges were designed with

SGmésign live loads and the 8 — 23m span bridges were designed with 45KN/m’

design live loads.
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2.8 RESEARCH TREND ON STRENGTH PROPERTIES OF TIMBER

Alik and Badorul (2006) worked on the strength performance of structural-size timber of six
species in Malaysia. Their objective was to evaluate the strength performance of full size
structural timber of the species. The species worked on include Dryobalanops beccarii,
Dryobalanops fusca, Dryobalanops oblongifolia, Dryobalanops Ir!ancem’aa‘a, Dryobalanops
rappa and Dryobalanops sumatrensis which are all found in Sarawak, Malaysia. The
Dryobalanops species are all softwoods which are lesser utilized and their properties needed
to be established for commercial utilizatign. rﬁh@‘;_ﬁEE@]'ﬁS -haii_gnt yet been classified under the
European standards for the classification of timber, EN338, Samples with nominal

dimensions of 50mm by 100mm were used for the tests.

Timber beams of dimensions 50mm by 100mm by 3000mm were used for static bending test,
Strength values were determined based on British_Standards BS 5820:1979 and BS
373:1957. Forty (40) samples of each speeics were used forthc mechanical tests. Alik and
Badorul (2006) also tried to determing the correlation between small clear and structural size
timber in terms of their modulus of rupture {bending strength). Table.2.2 below summarizes
the results obtained by the authors.. The moisture contents of the samples were high because

the test was conducted at the green gondition-ef ihe-speties (i.€. the samples were not dried

before the test).
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Table 2.2: Results of Alik and Badorul’s test on Dryobalanops species (2006)

Structural size dimension

| Structural Size Small Clear Size
) { Modulus
Timber No.of | Modulus | Bending | Tensile Density | Moisture | Bending | of
Species samples | of elastic. | strength | strength content | strength | clasticity
tested | MOE MOR | TS (gfem’) | (%) MOR | MOE
. (GPa) | (MPa) | (MPa) (MPa) | (GPa)
| D. becearii | 40 19.21 74.2 69.38 0.7 56.61 106.58 | 14.9
D. fusca 40 17.76 65.14 | 5788 063 |6523 89.9 12.7
D.
oblongifolia | 40 18.68 67.58 6515 0.67 |52.16 | 9371 13.56
D. | " =g
lanceolata | 40 19.44 693 7 61451 068 =ps4.62 9619 | 13.68
D.rappa |40 | 16.83 161.30 FXB51 pow [ 5328 81.76 | 13.28
D. !
sumatrensis | 40 19.57 71.28 | 61.97 0.68 4236 | 9549 13.96

S0mm x [00mm x 3000mm (for bending test)

S50mm x 1 00mmX 2000mm (for iensile test)
Small clear size dimensions = 20mm x 20mm x 300mm

The results obviously showed 1 weak correlation between small clear and structural size

timber in terms of their modulus efrupture.“The conelusion that eould be deduced from this

study is that the strength values obtained from-small clear woad speeimens did not work well

ta be used to correlate the strength of full size structural timbers This (s because the structural

size members contain possible defects such'as Kfiots, ehecks and cpacks which reduce their

strength. Small clear sample tend Lo have higher strenpthevalucs-because of the lack of

defects which is not the case in structural timber=ltwas Calculated that the strength ratios of

almost defect-free structural size 1o small clear specimens of the species were (.75 and 0.77

at green and air-dried conditions of the wood respectively. Their finding was consistent with

the study conducted Ey Alik anmgﬁ?a}, who used Dipterocarp species. Based on

their density, the species could be classified under medium hardwood species.
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The moisture content of the species ranged from 42.36% to 65.25% (Table 2.2) with a mean
value of 54%. This range of moisture content is considered as green condition since the
moisture content had far exceeded the fibre saturation point, Alik and Nakai (1997b) in their
study showed that above fibre saturation point, the strength values appeared to be constant as
the moisture content increased. In this case, within the green condition, there was no effect

.'
on the strength of the timber with an increase or loss of moisture content.

Vries et al (2006) investigated the sh€npth\chafaciérisiics of round wood and the
establishment of a grading svstem to classify them in the Netherlands. The investigation dealt
with the determination of the modulus of elagticity and the bending strength. The wood
species cancerned was larch (Larix kaempfert), grown in The Netherlands with diameters
between 80mm and 140mm. The reasons why round iimber is not used in construction in The
Netherlands which necessitated- the nvestigation included the unavailability of strength
values of the species and also connections for cngineers; and lack of standards with regard to
strength and test methods.

Two Europeans standards;-EN 14251:2003 (which deals with test methods for structural
timber of round cross-section) apd-prEN"14544:2005 {which.dcals with the requirements on
strength of round timber) were adapted i theic inxestigations. Tor the design of the test
arrangement, the standard EN 408 for sawn Limber was used, This could aflect the results
obtained by Vries et al since EN408 is specifically for sawn timber.

About 50 specimens were tested under 4 sample groups of ditferent diameters: 100mm,
. o """-Hd_----_.__

120mm, 140mm and tapered 140mm (Table 2.3). The authors also tried to compare their

resulls with EN 338 in their analysis and obtained the strength class of larch round timber
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grown in The Netherlands as C40 (where C denotes Softwood: and 40 denotes the bending

strength in N/mm?). Table 2.3 below presents the results obtained by the authors.

Table 2.3: Characteristic values for larch round timber and strength class according to EN338

(Results of Vries et al work)

!

Sample 1 | Sample 2 | Sample 3 | Sample 4 | 1otal
Tapered
d=100mm | d=120mm | d=140mm | (140mm) | Sample
No. of samples | |
| tested 44 54 | 3 AN B EE 205
Fote (NJm') 43 48 BN 507 40
Etll,rmzsn. .
(N/imm®) 14600 15860 15300 16175 | 15463
Eoos (NMmm®) [ 9747 [ 11337 10096 10686 | 10460
Prcan (Kg/m) | 575 583 78 572 | 577
Strength Class | C35 C45 | C3f 0235 | C40

The results in Table 2.3 Indicatc that.ihe overall strength class far the larch papulation grown
in the Netherlands is C40. Since'ihe charaeteristic bending strength of' “Sample 3° is lower
than that of the “Total Sample’. the population criteria has to be adjusted according to EN
384 otherwise the ‘Total sample” has to-be assigned €35 strengthielass. The researchers also
noted that the characteristic values of other.strength properties {lensigna, eompression, etc.)
which are derived trom the key values inBN 338 have to beseconsidered and established for

round timber.

Round wood poles normally have some curvature which may force the positioning of a pole

in the test arrangement to cham loading. This means that, it is not possible to

measure the correct cross section dimensions for the calculation of the moment of inertia

until after the pole is placed in the test set up. If this is not taken into consideration, results
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can be greatly affected. However, the researchers took their measurements after the poles had

been sceurely fixed in the set up, which was a good practice and makes their results genuine.

Chen et al (2006) investigated the bending strength and modulus of elasticity of British
Columbia coastal Douglas-fir and Hem-fir timber in Canada. Douglas-fir and Hem-fir
species are softwoods which belong to the strength class of C16 for General Structural (GS)
and C24 for Special Structural (SS) according to BS 5268:1984. The species were sampled in
two sizes, i.e. 105Smm x 210mm and 105meh x Eﬂjlym in £rosg segtion for both species. The
specimens were also graded into Select Structural (5S), No.l and No.2 grades according to

the Canadian Lumber Grades Authority Standafd grading rules. SS is the highest grade,

followed by No.l and No.2 is the least grade.

The bending strength and modulus of elasticitywere measured 1 a proof Joading test which
was conducted in accordance with the requiremenis of ASTM Dr4761 and Japancse test
protocol requirement (the researcher being a Japanesestudent). Their research was conducted
1o obtain accurate material-property information for the development.of refined design
procedures which will benefit their consifaction industry, especially in North America where
timber is widely used for residenialyand-Jight office, and industrial buildings. The
characteristic mean modulus of elasticity and the characteristic 5" percentile bending
strength were derived as a function of member size, species and grade. The results obtained
for the 85 and No.1 grades were similar so the table below summarizes the results of S8 and

—_ .F"'-'-._.----_
No.2 grades of the samples for the two species.

e
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Table 2.4: Summary results of Chen et al test on Hem-fir and Douglas-fir

| Hem-fir Douglas-fir
105 x| 105 x| 105 x| 15 X
21 0mm 305mm 2 10mm 305mm
| 08 4 : 58 SS 55 S8
| Mean MOE (GPa) 12.27 12.14 13.51 12.27
Bending strength, MOR j
(MPa) 30.08 26.8 24.13 23.39
No.2 No.2 No.2 No.2 _.
Mean MOE (GPa) [ 12.07 12.07 11.24 11.52
Bending strength, MOR 1
| (MPa) 12577 |31 1SR 15.24

The authors did not specify the sample size for thegest which makes evaluating the results
difficult but is evident from the table that the strength values of the No.2 grade samples are
lower than those of the SS grade samples. This is hecanse lower grades of lumber have more

defects in them than in higher grades which'reduce their strength.

Solli, 1999 investigated the differences between the'localand global modulus of elasticity
(MOE) in bending of structural timber. The European test method for the determination of

the MOE in bending of stftictiiral timbher  EN 408:1995 was used i hisavorks

According to Solli, there have been several disétssiung whiether the local or the global value
is the most represcntative value of the bending stiffness. A number of arguments have been
raised in the discussions. Some researchers believe that since the local MOE is the current

system being used a’_ﬁﬂ wiorks uﬂ._llle_r_us no need to welcome a new system of global

MOE, whose possible consequences are unknown. The local MOE is well known in the

e : . ' -
European strength class system (EN 338:1995), so with new system of values, designing

engineers might be confused. The rescarcher also argued that the limits of deflection given in

40



the European building regulations are based on design by local MOE. Some researchers, on

the other hand argued that the local MOE is not the correct value when the deflection of a

floor shall be calculated. The argument is that the local value as described in EN 408:1995 is

based on the critical section and therefore cannot be representative for a whole span. They

also believe that the test procedure of global MOE is easier and timesaving compared with
!

the corresponding local MOE test procedure. The weight of this argument is obviously

dependent on what kind of test equipment is used.

On this background. the Norwegian Institute of Wood Technology (NTI) carried out a project
where both the local and the global MOE in bending were measured on 200 pieces of
Norway Spruce (Picea abies). In addition to the two MOE values the bending strength,
density and moisture content were also measured. The dimensions of the pieces were 48mm

x 123mm (100 pieces) and'48mm x-448mm (100 pieces).

All 200 pieces were tested in bending (MOE and bending stréngth). MOE was determined
according to EN 408:19935 (local MOE) and prEN 4081995 rews(clobal MOLE). Both the
local and global deflections Were recorded gontinuously ata mid-span‘bending stress interval

from 5 to 10 N/mm?®. The resultsgobtained by Solli are shownn Table 25 below:
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Table 2.5; Results from the bending test of Solli

- Bending | MOE 3ca1 MOE 2iopal Density | Moisture
strc;nglh | (N/mm?) (N/mm?) (kg/m™) Content (%)
(N/mm?*) |
Maximum 79.1 17359 15822 613.2 14.3
Minimum 13.0 4958 5510 338.3 [11.5
| Mean 404 10708 9780 458.9 13.4
Std. Dev. 12,6 242] 193] 503 0.4
COV (%) 31.1 22.6 9.3 110 32

The results indicate a good correlation between the'logal and global MOE in bending. Based

on Solli’s results, the relation can be expressed by the equation:

MOE;pcqr = 1.18 MOE; 0p4; — 856 R?=0.89 2.1)
The researcher further determined.the refution between. the bending strength, f,, and the

MOE .a; and the relation betwzeh the bending stréngthy £, and the MOFE ., as follows:

b
[
e

Ju=442 X 107 MOEoc. — 5.3 RE=0.65 (2

Ju=539% 107 MOEGonn—9.8, R =058 .3

o o 5 : i, . iy
where R is the coefficient of determination(sec section 3:2:3,)

Solli concluded that the MOEg pz1 15 not as sensitive to inaccurate measurements as MOE ca
since the global deflection is about ten times the local. The MOEjq is in principle based on
pure bending deflection whilsf“m; is also influenced by shear deflection. A
measurement of the MOE 5 contains a higher number of possible sources of error such as

the initial twisting of test pieces during testing. If the intended use of MOE is to estimate the



comresponding bending strength of a piece of timber MOE,,,; is the unrivalled alternative of
the two methods. From equations 2.2 and 2.3, it easier to agree with Solli that the local
modulus is a better alternative of the two methods because, equation 2.2 gives a better

correlation between f,, and MOE gcy, of 0.65 compared to equation 2.3 with a correlation of

(.58 between f,, and MOF i opar

2.9 LITERATURE ABOUT SELECTEDSPECIES FORTHE RESEARCH

F'en tropical timber species belonging to the lesser-known ones were studied. These are:
Albizia ferruginea (Awiemfosamina), Amphimag ptereearpoides(Yaya), Antiaris toxicaria
(Kyenkyen), Blighia sapida (Akye), Canarium schwienfurthii (Bediwonua), Celtis zenkeri
(Esa).Cola gigantea (Watapuo), Peiersianthus macrocarpus (Lsia),  Sterculia oblonga
(Ohaa),and Sterculia rhinapetela (Wawgbmma), The speeies were selccied based on their
availability and distribution in the forgst. Pﬁysical features like growth diameter, and length
of bole were also considered. Literature on properties of lesser known species in Ghana,
including natural durability..density and exploitation status alse guided in the selection of the

above species for the study.

Albizia ferruginea (Awiemfosamina) belongs to the family of the Mimosaceae. lhe tree

grows to a height of 37 m or more, diameter about 3.0m, with a clear, straight bole of length

= _,..--""'_'_--_-_._

attractive appearance, Its |eaflets are softly hairy, with long ginger hairs especially around

20 m. The heartwoed cu_lcuur is wvariable from mid-brown to dark red-brown, with an

petiole—and a tiny thickened acumen. lts bark is thick, rough and scaly (Hawthorne, 1990).

SaPWUudlcu[uur is distinct from heartwood, pale yellow or straw-coloured, about 50 mm
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wide. It has interlocked grain. which is sometime variable in direction and has a coarse
texture. Its density ranges from 580 to 820 kg/m’, when scasoned averages about 700 kg/m’.
Iis bending strength is reported to be generally lower than European beech but varies with
density. Limited tests indicate that it dries with little degrade but very slowly in big sizes. It
is extremely resistant to preservative treatment though sapwood if permeable. Sapwood is
liable to attack by powder post beetles and the British Building Research Establishment ;
(BBRE) reports heartwood to be highly resistant to termites and very durable. Machining
properties are satisfactory but with a lcigén-%}kug hh..u.ﬁ!,q um'-ﬁen machined across the
grain, nailing is satisfactory when pr;.:-l';nrud. mlt is :gc;'gralli used for crates, boxes,

mouldings, flooring, light structural work, exiérior joincry and wooden houses (Abbiw,

1990). : - :

Amphimas prerocarpoides (Y aya) belongs 1o the family of the Papilionaceac. The tree grows
1o a height of about 50 m and altains dgll'lh of up to 3-4 m, tt has a straight bole which is
eylindrical up to about 25 m with'small blunt buttresses. The bark is usually about Smm thick
for a matured tree and ibis dark-grey to Blackish'in colour (Hawthorng, 1990). Irvine (1961)
indicated that the dislrihutiﬂﬂ'i}f-h'uyu‘-"raﬂgé_:_i' feom- Guinea, 1o L’m_uﬁunn Hall and Swane

(1981) have found the species abundant in-ihe semi-deciduous and evergreen forests of

Ghana. It is a light coloured interior species of attractive appearance. It has a density of 770

kg/m® at 12-15% moisture content. It is generally used for mouldings, doors, plywood,

—
"';"-t A

veneer, furniture, trim. paneling, and interior joinery. It is reported, by the British Building

S

Research Establishment (BBRE), to have medium strength with a low natural durability.

e
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Antiaris toxicaria (Kyenkyen) belongs to the family of the Moraceae. It grows to a height of
40 to 50 m with a clear, straight, cylindrical bole up to 21m and diameter of about 5 m. It is
found in West, Central and East Africa. Its colour is white or light yellow-brown with
sapwood. which is not visually distinguishable from the heartwood, but may be up to 150
mm thick. It has interlocked grain with a texture of medium to cuars:?. Its density ranges from
370 to 530 kg/m’ at 12 % moisture content. It tends to dry rapidly but tends to distort. Twist
may be a serious defect and thick material tends to end split. Antiaris taxicaria machines
well but cutting edges must be kept :.h.w ltﬁﬁc:ﬁ::ﬁt I&IM J}ing machining operations
across the end grain. Nailing is satisfactory with poor hcndi;ug properties. Both heartwood
and sapwood are reported to be very perishable but permeable for preservative treatment. The
sapwood is very susceptible to sapstain When green and logs liable to severe attack by
ambrosia beetles and may extend to the heartwood. Sueeessful utilization depends on rapid
extraction from the forest'and prolection from-degrades by nsect.and-fungal attack including
blue stains. It is mainly used for mﬁ,_she{ving. boxes, tool handle% carving, trim, interior

joinery, plywood. sliced and rotary veneer.

Blighia sapida (Akye) is ofthe family efthe Sapindaceac. The tree gmius to a height of 25 m

tall and 3 m in girth with short and crooked.-bole. up-to [S.m with heavy crown. Leaves

alternate. pinnate often with more than three pairs of dark-green, obviate-oblong leaflets

(Hawthorne, 1990). Ripe fruits are pear-shaped, red or yellow-tinged red, splitting into three

parts ’Eﬂ‘-’.‘|:l with one-stiinning white, fleshy aril at the base. The arils are edible when fresh and
Sl e

ripe but the unripe or fallen fruit contain poisonous hypoglycin compound. [t is native to

West ATrica but has spread to other parts of tropical America. No data and documentation
have been found on it strength properties and durability. However, another species Blighia
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buttresses, It has leaves with strongly

unijugata of the same family has been noted to be durable and used for pestles and as

building material (Abbiw, 1990).

Canarium schwienfurthii (Bediwonua), belongs to the family of the Burseraceae. The tree
grows to a height of 50 m with a straight, cylindrical bole of length 27 m and a diameter of
!
about 4 m. It has very small buttresses. It is widely distributed in East, Central and West
Africa. Its colour is pale pinkish-brown. The sapwood is white or straw coloured with
thickness up to 100 mm. lts grain is intefdgtkddhsdmetimesiproducing a very attractive stripe
o roe figure when cut on the quarter. Texture is coarse, It has a density of about 530 kg/m' at
12 9% moisture content. Sometimes brittleheartis found in large logs. The {reshly cut timber
has a pleasant scent. It dries rather slowly and fairly well. Tendency to end split and for
original shakes to extend. To give a good finish on/inteplocked faces, cutters should be kept
sharp otherwise, a wooly finish-is-obrai ned. [thas a very paot bending-strength. The sapwood
is liable to attack by powder-post betlles'and reported Lo be non=résistant 1o termites in West
Africa. Its heartwood is non-durable and extremely cesistant to preservative treatment though
sapwood is permeable. Because of ‘its severe blunting effeet on cutting cdges, its uses are
restricted. It is, though, suitable fer cores of plywood and can be sﬁ_c-.ejd (o produce decorative

paneling, as it has an attractive figure and may.readily-besiated:.

Celtis zenkeri (Fsa) is of the family of the Ulmaceae. [tis a lesser-utilised species with a tree
which grows to a héight of 27 to 36 m. It has a clear bole with a diameter of 3 m with long

e | _,_,..—l'"._.---_._
scalariform venation and dense hairs. Bark is often

}’Cms widely distributed in tropical Africa. The heartwood and sapwoud is not easily

distinguishable. Whitish or clear light yellow when freshly cut, becoming grayish-white on
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exposure. It has straight grain but frequently irregular with fairly fine and uniform texture. It
has a density of 780 kg/m’ when seasoned. 1t has high strength properties with medium
movement in scrvice. It dries rapidly with little degrade but with slight end-splitting and
distortion. It machines well with moderate blunting effect on cutting edges and very
susceptible to fungal staining and longhorn beetles, Sapwood is liable to attack by powder-
post beetles. Heartwood is perishable and moderately resistant to preservative treatment.

Celtis zenkeri is a heavy timber having good strength properties except for wood bending

properties. And it’s useful for floorings.

Cola gigantea (Watapuo) belongs to the family of the Sterculiaceae. The tree grows to a
height of 50 m and 5 m in girth with a long straight bole with high buttresses. Irvine (1961)
indicated that the species has distribution from Cote"de’lveire to Nigeria, With a thick bark,
rather smooth, ashy grey. toming eff instrips-and slightly fissured, ivexudes gum. The fleshy
aril of the seed and the soft fruit-pulp hardeiting later are both'edible. The light grey-brown
heartwood is soft, porous. coarse-prained, perishable, and liable to blue stain discolouration.

The sapwood is whitishovelaw. It s sometimes used for domestic utensils, and makes good

fuel (Irvine, 1961).

Petersianthus macrocarpus (Esia) is of the family of the Lecythidaceae. The tree grows 1o a

height of 40 m or more and with a diameter of 2.5 m. It has a straight, clear, cylindrical bole

but sometimes with basal thickening. It is native 1o Wesl Africa. Its heartwood is reddish-
e el _,..--"'"_----_'__

brown, often of plain appearance. Sapwood is wide and pale in colour. It has interlocked

-'_---._._ i - =l 1) . R -
grain with coarse texture. It has a density of 800 kg;m} at 12 % moisture content. The freshly

cut timber has a powerful unpleasant odour, which does not persist after drying. 1t had high
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strength properties with large movement in service. It dries slowly with a very pronounced
endency to check and split. [L machines well with moderate blunting effect on cutting edges.
It has been reported by the British Building Research Establishment (BBRE) to be
moderately resistant 1o termites in West Africa. The heartwood is durable and extremely
resistant to preservative treatment but the sapwood is permeable. Although it is locally
abundant in West Africa, and with a good stem form, it has not been extensively utilized
mainly because of the degrade that oceurs during drying. It may be suitable for heavy, rough

construction work or railway slecpers.

Sterculia oblonga (Ohaa) belong tothe family oaight, cléar and cylindrical bole up to 15 10 21
m with a diameter of 2.5 m_ It is widely distributed in West Africa. It is creamy-white to light
yellowish-brown. The numerous high rays give the timber a striking fleck figure on
gecurately quarter-sawn stack. ‘Fhe-sapwood is, pale in calour, not cleatly-distinet from the
heartwood extending in width to about 10040 200 mm. Its grain isanterlocked with a coarse
texture, It has a density from 690 to 830 kg'm’, Freshly sawn timber has a strong,
disagreeable odour but this.does not persist alter the tumber has been thoroughly dried. It has
good strength properties with medium afovement ti-seiviee. It drics slowly with a marked
tendency for surface checking. end-splitiing; cupping-and shakes. [t machines satisfactorily
but with a fibrous finish. It has moderate wood bending properties, The heartwood 1s non-
durable but extremely resistant Lo preservative treatment though sapwood is permeable. Itis a
timber witﬁ good strength properties, but difficult to season and lacking in natural durability.
e e——— :
Stercatia hinopetela (Wawabima) belongs to the family of the Sterculiaceae. The tree has a

height of about 40 m with narrow buttresses, extending up the bole to about 3 m. The bole is

48



straight and cylindrical with length about 21 m. It is mostly found in West Africa. It is
variable in colour from pale to deep reddish-brown. The sapwood has a straw-coloured with
clearly demarcated heartwood, The grain is sometimes straight but usually interlocked with
coarse texture. [ts density varies widely from 530 to 1020 kg/m®. It has high strength
properties with large movement in service. It dries very slowly with severe cupping,
i

appreciable checking and end-splitting. It machines satisfactory but with a fibrous finish on
end grain, It has moderate wood bending properties. The sapwood is liable to attack by
powder-post beetles but heartwood is mOdegatgly durables, Theé heartwood is extremely
resistant to preservative treatment and the sapwood is moderately resistant. It is mainly used
for plywood. veneer-rotary, exterior structures, fleoring, fittings and joinery.

The features of the selected species discussed above have been summarized in Table 2.6

below:
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2.10 NATURAL DURABILITY OF WOOD

The natural durability of wood is its ability to resist the attacks of foreign organisms
including fungi, insects and marine borers (Panshin and De Zeeuw, 1980). A number of
factors account for this such as the presence of extractives, and a moisture content outside of

the natural moisture limits of the agent of destruction. !

Waood consists of sapwood and heartwood. The sapwood is ponstituted by a part of living
cells and conducts water and mineral salfs, It is 'frcquumlj: artagcked by insects due to the
presence of soluble reserve substances in the paredehyma cells, These stored carbohydrates
which serve as nutrient sources can be a fagtor promoting attack by fungi and insects. The
sapwood undergoes a number of changes (o be transtormed progressively into the heartwood.
Some of these changes €onsistin increase ofacidigy, dormation of extractives Such as tannins,
which gives it a specific colour, and farmation of pums, resins. tylesesénd usually decrease
in moisture content. These transformations and processes therefore make the heartwood often
more durable than the sapwood and sometimes slightly harderr The presence of these
extractives in sufficient amounts prevents or minimizes the severity of attack by destructive

organisms because of their to®icith

An indication of the effect of extractives on the durability of heartwood in some species is
the early decomposition of the extractive-free sapwood from a piece of lumber. In some
instances, the Inw:r_:;e.simancc of sapweod may be due to its preater permeability (Kollman
and Cote, 1984). Moisture content clearly below fibre saturation point prevents or minimizes

e
the attack by these organisms, particularly the decay fungi, because they need sufficient and
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casily available moisture to facilitate metabolism. Furthermore, the heartwood's lower rate of
diffusion, the blocking of cell cavities by gums, resins, tyloses in the vessels and tylosoids in
the resin canais adversely affect the balance between air and water necessary for the growth
of fungi (Kollman and Cote, 1984).
/

The natural resistance of wood to deterioration that can be ascribed to reasons othet than the
toxicity of its impregnating substances. are the woody cell walls. These consist of highly
complex, insoluble polymers of high mole€ularweight: these subktances must be altered by
enzymes produced by the attacking organisms into simpler products before they can be
assimilated. Wood lignification creates a phygical ‘barrier to enzymatic attack on the
polysaccharides. Therefore only those organisms that possess enzymes capable of destroving
the lignin or at least of altering its protective association with the polysaccharides are capable
of decaying wood. The Structure of eellulosewwith erystalline and amorphous regions also
restricts the action of depolymerizing enzyimes. They cafi initially only affect the non-
crystalline portions. Therefore, cellulose can sometimes provide some resistance to fungal

and bacterial degradation.

Durability of wood also varies within and-between trecs. Although no known wood is
entirely immune o the attack by degrading organisms. a number of wood species possess
superior resistance. It must be kept in mind: however, that timber resistant to fungal attack
may or may not be durable when subjected to attack by insects or marine borers.

— __,..--—""-_-_-_ :
Furthermore. the durability of a given wood species may fluctuate between wide extremes

(Kollmamrand Cote, 1984),
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2.11 CONCLUSION
The review of related literature on the topic above gave a lot of insight into timber and
granted the rescarcher a lot of knowledge on how to carry out the research activities. [lelpful

information on research works conducted on various timber species both in Ghana and

abroad especially those of lesser known species aided in the selection of the ten (10) species

for the research.

The review of research papers on strength properties of timber and previous laboratory tests
conducted in similar topics guided in dct'irxrmiﬁ'fng the type B test§ that were conducted on the
len (10) species in order to achieve the objectives of the study. 'I't;st procedures, methods and
analysis of results to be employed in chapter, 3 of this thesis were based on approved test
standards as used in researches reviewed above. Shortcomings and limitations of previous

works also helped in the selection of methods used i this rescarch.

It was observed that the use of smatl ¢ledesize speciinen (#g.20mm'x 20mm X 300mm) gave
higher mechanical properties than structural size specimen (eg. 50mm x 100mm x 3000mm).

This is as a result of the-presence of defeets that weaken and subsequently cause variability in

the strength properties of tunber.
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CHAPTER THREE

LABORATORY TESTS AND RESULTS

3.1 INTRODUCTION

Laboratory tests have been conducted to determine the mechanical properties of the selected
timber species. The results obtained were analysed and used to grade species in terms of their

strengths. The species include Albizia ferruginea (Awiemfosamina). Sterculia rhinopetala

(Wawabima), Blighia supida (Akye), ( K;NMﬁgﬁdm onua), Petersianthus

macrocarpus (Esia), Sterculia oblonga (Ohaa), Gela gigantea (Watapuo), Celtis zenkeri

*  Compressive strength
*  Shear Modulus

*  Moisture content

*  Density __:. : e

The tensile strength test was conducted at the Bern University of Applied Sciences (BFH)
—

Laboratory in Switzerland.
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The code adopted for the tests was the European standard EN 408. The European Standard
specifies test methods for determining the above properties of structural timber. In addition,

the determination of dimensions, moisture content, and density of test pieces are specified.

3.1.1 Modulus of Elasticity (MOE)
|

Elasticity is the ability of a material 10 return to its previous shape after stress is released. In
many malerials. the relation between applied stress and the resulting strain is directly
proportional (up to a certain limit), and a'graph tepresentingthose two quantities is a straight
line. The slope of this line is known as Young's Modulus or the Modulus of Elasticity
(Timoshenko, 1976). The EN 408 specifies two methods or forms of determining modulus of
elasticity; the local and global. The local modulus of elasticity is in principle based on pure
bending deflection whilst the global modulus of ciasﬂcit}g 18 influenced by shear deflection
(Selli, 1999). When measuring the global modulus of ¢lasticity, the total deflection will be a
combination of bending and shear deflection. The contributory effeet of the shear deflection

makes a fundamental difference between the global and local modulus of elasticity (Bostrom

and Holmquist, 1999; Solli 1999).

The global modulus is not as sensitive to inaecurate.measurements as the local modulus since

the global deflection is about ten times the local. A measurement of the global medulus

contains a higher number of possible sources of error. Because of the size of the total

dcﬂectinn-lhe conseguences of an error will normally be relatively small. If the intended use
e .,--"'"'._._-_-_-_'__

of MOE is to estimate the corresponding bending strength of a piece of timber, the local

modatosTis the unrivalled alternative of the two methods. This is of special importance

concerning bending type strength grading machines.

el
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3.1.1.1 Determination of local modulus of elasticity (EN 408)

The local modulus of elasticity is determined with a test piece having a minimum length of
19 times the depth of the section. The test piece is symmetrically loaded in bending at two
points over a span of 18 times the depth as shown in Figure 3.1. If the test piece and
equipment do not permit these conditions to be achieved exactly, Ithe distance between the
load points and the supports may be changed by an amount not greater than 1.5 times the
piece depth, and the span and the test pigge length miay e ehanged by an amount not greater
than three times the piece depth, while maintaining the symmetry of the test, The test piece is
set up simply supported. Small steel plates of length net greater than one-hall of the depth of
the test piece are inserted between the piece and the loading heads to minimize local
indentations. Lateral restraints provided at the suppﬁﬁsﬁa--ﬂiﬂévcm buckling. The restraints are
provided such that they permitthe prece to deflect withoutsignificant frictional resistance.
Load is applied at constant rate, Th¢ rat¢-of movement of the loadifg piston is ensured to be

not greater than 0.003/7 mm/s. The maximum load appl ied does not exceed 0.4 Fipax
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Figure 3.1a: Test arrangement for measuring local modulus of elasticity in bending

Figure 3.1b; Test arrangement for measuring local modulus of elasticity in bending
S -H_'_'_._,_-—-—-_-_'_ -
The deformation w is the average of measurements on both faces of the neutral axis, and is

e p—

measured at the centre of a central gauge length of five times the depth of the section.
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The data is used to plot a load/deformation graph. A section of the graph between 0.1F .,
and 0.4F 5 15 used for a regression analysis. The longest portion of this section that gives a
correlation coefficient of 0.99 or better is then found, provided that this portion covers at
least the range 0.2F,, to 0.3F,,. The local modulus of elasticity can then be calculated
from the following expression:

j
Eai = ali’(F2- F)) (3.1)

16/ (wa —w))
where K N U ST
F3 - F) is an increment of load in newtons on the regression line
ws - w, is the increment of deformation in millimeters corresponding to 3~ F (Figure 3.2)
a is the distance between a loading positionand the nearest support in a bending test;

[, is the gauge length for the detenninaliﬁt@ﬁﬁd@hﬁ%licit}'

/s the second moment of area in‘mitlimete: to the fourth power =7
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| Figure 3.2: Load-deformation graph within the range of elastic deformation
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3.1.1.2 Determination of global modulus of elasticity (EN 408)
The global modulus of elasticity is determined with a test piece having a minimum length of
19 times the depth of the section. The test picce is symmetrically loaded in bending at two

points over a span of 18 times the depth as shown in Figure 3.3. If the test piece and

equipment do not permit these conditions to be achieved exactly, the distance between the
Il' .

load points and the supports may be changed by an amount not greater than 1.5 times the
piece depth, and the span and the test piece length may be changed by an amount not greater

than three times the piece depth, while mﬁ.irh"luﬁh]_g{ttm symmgtry Ei‘ the test.

The test piece is set up simply supported. Small steel plates of length not greater than half of
the depth of the test piece are inserted between the pieee and the loading heads to minimize
local indentations. Lateral restraints prayided at th¢ supports to prevent buckling. The
restraints are provided sueh that they permit the piece to deflect without significant frictional
resistance. Load is applied at constant rate. 'The rate of movement of the loading piston is

ensured to be not greater than 0.003k mm/s. The maximum load applied does not exceed 0.4

F‘I'Ilil.:'\.'
. 6 e, 6. <%
F f
':l F]
) 1

|

Figure 3.3a; Test arrangement for measuring global modulus of elasticity in bending
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Figure 3.3b: Test arrangement for measuring global modulus of clasticity n bending

The deformation, w, is measured at the centre of ie span. The global modulus of elasticity

can then be calculated from the following expression:

F.:I'I'I.l = i‘m1 LF-: = .F"'|} r:'d | !a ]q
|

rF= .~
= 1 - 1— S — [.*I i J
3 , ~4
b (wy-wy) A Y
where
F; — F, is an increment of load in newtofis on {he stemrehl portion of the load deformation

curve (see Figure 3.2);
wa — w is the increment of deformation in millimeters corresponding to F>— Fy (Figure 1.2)
h is the depth of the test beam: hisThe width of the beam; a is the distance between a loading

position and the nearest support in a bending test; and £ is the effective span of the beam



3.1.2 Shear Modulus

The shear modulus is the clastic modulus used for the deformation which takes place when a
force is applied parallel to one face of the object while the opposite face is held fixed by
another equal force. It is a measure of the ability of a material to resist transverse
deformations and is a valid index of elastic behaviour only for 5?13_” deformations. after

which the material is able to return o its original configuration.

When an object, like a piece of timber (Figuré 3.4) lof h‘eiggit L and cross section A
experiences a force F parallel to one face, the sheared face will move a distance Ax. The
shear stress is defined as the magnitude of the farce pér unit cross-sectional area of the face
being sheared (F/A). The shear strain is defined as Ax/L.

The shear Modulus G is defined as the ratio of the stress to the strain.

G = shear stress = F/A "= Flo : (3.3)
shear strain Ax/L Alx

Figure 3.4: A piece of timber undergoing shear deformation
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The bigger the shear modulus the more rigid the material. since for the same change in
horizontal distance (strain) you will need a bigger force (stress). This is why the shear

modulus is sometimes called the modulus of rigidity.

3.1.2.1 Determination of Shear Modulus — Single span Method {EE.N 408)

This method involves the determination of the local modulus of elasticity in bending, En,
and the apparent modulus of elasticity. £, ., for the same length of test piece.

The local modulus of elasticity in bending i\ determincduthe kame way as described in

section 3.1.1.1

For the determination of the apparent modulus of elasticity, the same test piece used for the
determination of the modulus of elasticity in bending (s used. The test piece is loaded in the
centre bending over a span equal to-the gauge length used in the local moadulus of elasticity
determination set up as shown in Figure 3.k
The test piece is set up simply supported. Small steel plates of length not greater than one-
half of the depth of the test picce are inserted between the piece and the loading heads to
minimize local indentations. Latesal restraints provided arthe suppeits fo prevent buckling.
Ihe restraints are provided such that hey-permit. the-piece to deflect without significant
frictional resistance.
Load is applied at constant rate. The rate of movement of the loading piston is ensured to be
not grcatcf than 0.002/# mm/s. The maximum load applied does not exceed 0.4 Finy,

S AL J_'_,_...-—-—"_'-_.ﬁ_
The deformations are measured at the centre of the span. The apparent modulus of elasticity

Exnuppcan then be calculated from the following expression:
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Enape— &1 0z~ F3) (3.4)
Il
A8T (wa—wy) %1
|
Fy- Fy is an increment of load in newtons on the straight line portion of the load deformation i
Il
i -
L curveg H
F: wz — w; is the increment of deformation in millimeters corresponding to F; — F| (Figure 3.2) '|i
|
{,is the gauge length for the determinatign of modulas of clastiei ; l
I< N | I
|
Calculation of Shear modulus, G H
d |
The shear modulus G is given by the equatiol ‘
: :
1
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Figure 3.5: Determination of Shear Modulus

3.1.3 Determination of bending strength
The bending strength of a material refers to the material’s ability to withstand an applied

stress which subjects it to bending without failure.

The bending strength is determined-with a.test piece havingwa-mifiimum length of 19 times
the depth of the section. The test piece is symmetrically loaded in bending at two points over
a span of 18 times the depth as shown in Figure 3.1. If the test piece and equipment do not

permit these conditions to be achieved exactly, the distance between the load points and the

supports may I:re.c-hanged by an amount not greater than 1.5 times the piece depth. and the

span asethe Test piece length may be changed by an amount not greater than three times the

piece depth, while maintaining the symmetry of the test.
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The test piece is set up simply supported. Small steel plates of length not greater than one-
half of the depth of the test piece are inserted between the piece and the loading heads to
minimize local indentations. Lateral restraints provided at the supports to prevent buckling.
The restraints are provided such that they permit the piece to deflect without significant
frictional resistance.

{
Load is applied at constant loading-head movement so adjusted that maximum load is

reached within 300 (+ 120) 5. The mode of fracture and the growth characteristics at the

fracture section of each test piece is recotdéd.

The bending strength f., is given by the equationg

fir = ot Frnue { 2W) (3.6)

Where I is the section modulus

3.1.5 Determination of tensile strength parallel to the grain

Tensile stress is the stress state caused by an applied load that tends to clongate the material
in the axis of the applied load, in other words thestress caused by pulling the material.

The test is conducted withatestpicce having sufficient-length to‘proyide a test length clear

of the testing machine’s grips of at feaSt e Lumes the largergross-sectional dimension.

The test picce is loaded using gripping devices which will permit as far as possible the
application of a tensile load without inducing bending. Load is applied at a constant loading-

=70 —"".-r-._._-_-_-_'_ " - .
head movement so adjusted that maximum load is reached within 300 (+ 120] s.

e e

The tensile stren gth iy is given by the equation;
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fio= Frnax [ A 3.7

Where Faux is the failure load, and A is the cross sectional area in square millimetres

3.1.6 Determination of compressive strength parallel to grain
Compressive stress (or compression) is the stress state caused by an applied load that acts o
{ .

reduce the length of the material in the axis of the applied load, in other words the stress state

) caused by squeezing the material.

The test is conducted with a test piece &aﬂné% IEn l|"|. ﬁ‘mi the smaller cross-sectional

| | W
dimension. The end surfaces are prepared to ensure that they are plane and parallel to one

another and perpendicular to the axis of the piece.

The test piece is loaded concentrically uﬂﬁgﬁﬁrﬁédﬁﬁ}&:med loading-heads, which permit
the application of a compressive load. without indueing bending. ‘Adter-an initial load has
been applied, the loading-heads are’Jocked to-prevent angatar moyement. Load is applied at

a constant loading-head movement so adjusied that maximum load is reached within 300 (+

120) 5. The compressive strength Igaisgi-ven by the gquation;

fl:' = FITI:I‘L > [‘33} .

Where £, is the failure load, and# isihe-cross sc;uqaaj_sreﬁfih square millimeters
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Load, F

Figpre 3.6: Piece of wood under compressive load, F, applied parallel to the direction of
grain

3.2 STATISTICAL TERMS USED IN ANALYSIS

Statistics is a mathematical science pertaining to the colleetion, analysis, interpretation, and
presentation of data (Lincoln, 1986). Statistical methods werc used tordeseribe or summarize
the data collected. Descriptive statistics which is-the statiStieal method used to summarize
data, either numerically or graphically, to deseribe 4 sample was used in the analysis. The

basic numerical descriptors-include the mean, standard deviation and cocfficient of variation.

3.2.1 The Mean (Average)

The mean is the arithmetic average of a set of values, or distribution; however, the mean is

not necessarily the same as the middle value (median), or the most likely (mode). For a data

set. the mean is the sim of the observations divided by the number of observations.

— _,.rr"'.--—--_._—
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3.2.2 Standard Deviation

Standard deviation is a measure of the variability or dispersion of a population, a data set, or
a probability distribution. A low standard deviation indicates that the data points tend to be
very close to the same value (the mean). while a high standard deviation indicates that the

data are *spread out” over a large range of values.

0.4

3.

0.1

0.0

Figure 3.7: A plot of a nnrmamﬁm curve sach colored band has a width of
one standard deviation , e

3.2.3 Coefficient of variation

The coefficient of variatit

distribution. It is defined as the

CoV=g
u

This is only defined for non-zero mean, and is most useful for variables that are always

positive. The cocfTicient of variatior 15 computed only for data measured on a ratio scale. As
an example. if a group of temperatures are analyzed, the standard deviation does not depend

on whether the Kelvin or Celsius scale is used. However, the mean temperature of the data
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set would be different in each scale and thus the coefficient of variation would be different.

So the coefficient of variation does not have any meaning for data on an interval. The

coefficient of variation is useful because the standard deviation of data must always be

understood in the context of the mean of the data. The coefficient of variation is a

dimensionless number, so when comparing between data sets with different units, or wildly
/

different means, the coefficient of variation is used for comparison instead of the standard

deviation.

3.2.4 Coefficient of correlation, R

The linear correlation coefficient, R measures, the strencth and the direction of a linear

relationship between two variables, The value of R issuch that -1 <R < +1. ITx and y have a

strong positive linear correlation, R is clase to + 1. “An R value of cxactly +1 indicates a
perfect positive fit. Positive values indicate a relationship between x-and'y variables such
that as values for x increase, valués«fGr v also increase. Ifx and y-have a strong negative
linear correlation. & is close to -1. An R value of exactly -1 indicates a perfect negative fit.
Negative values indicate a.relationship beiween.x and y such that as_values for x increase,
values for y decrease. If there'is.no. lineaf corielation-or a weak linearitorrelation, R is close
to 0. A value near zero means thal thére is-arandom, ngmlin&ar'"relalimship. A correlation
greater than 0.8 is generally described as strong, whereas a correlation less than 0.5 is

genetally described as weak.,

e

3.2.5 Coefficient of determination, R

In statistics, the coefficient of determination, P? is used in the context of statistical models

whose main purpuse is the prediction of future outcomes on the basis of other related
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information. It is the proportion of variability in a data set that is accounted for by the

statistical model. It provides a measure of how well future outcomes are likely to be

predicted by the model.

There are several different definitions of £ which are only sometimes equivalent. One class

of such cases includes that of linear regression. In this case. R is simply the square of the
sample correlation coefficient, R, between the outcomes and their predicted values, or in the
case of simple linear regression, betweep the oulgame andethe values being used for
prediction. In such cases, the values vary fom (ho LA R af 1.0 indicates that the
regression line perfectly fits the data. For example iR = 0.922. then #° = 0.850, which
means that 85% of the total variation in y can be explained by the lincar relationship between
x and y (as described by the regression equation): The other 15% of the total variation in y

remains unexplained.

3.2.6 Characteristic strength

The characteristic strength is the value below which the strength lies in only.a small number
of cases, It is determined fromi'the lest rgsults Uising: statistieal principlés, and is normally
defined as the value below which not mere than 5% of the test results fall. This is also known
as the 3™ percentile value and it is the value upon which design is based. The characteristic

values are determined as follows:

fi=f — 1.64 x S = (3.10)

— _,_..--"'"'_-_-_-_'_
Where f, = characteristic strength

fi—=trean strength

S = standard deviation
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3.3 BENDING STRENGTIL TEST
3.3.1 Test Material
Specimen from all the 10 different species were taken and tested in bending. The species

with the least number of beams tested was Alb. ferruginea (Awiemfosamina) with only seven
I

(7) beams tested. The species with the highest number of samples tested is Celtis zenkeri
(Esa) with 16 beams tested. Logs of the species had an average diameter of 60mm especially
for Sterculia rhinopetala and Blighia sapida. Specied like Celtis zenkeri and Cola gigantea
had average diameter of 120mm and 130mm respectively. Albizia ferruginea logs had an
average diameter of 40mm which was relatively small and so many beams could not be

obtained for the test.

The beams were all testediwith-ihe same dimensions. The dimensions of the beams initially

were 50 x 150 mm in cross section with afeeffective span of 3000mm. Due to the experience

of lateral torsional buckling during the tesiing.asa result of the small transverse width of

50mm relative to the depihi.of 150mm, the depthiol (he beams were reduced to 120mm and

the support system was alse changed {rom-a rotind metal supportto.a wooden frame which

restrained the beam from falling off'th€ slipport and also-from buekling. The new dimensions

thus were 50 x 120 mm in cross section with an effective span of 2500mm (Table 3.1). The

span of the beams, 3000mm was also reduced to 2500mm in order to conform to the EN 408

specification of a minimum span of 18 times the depth of test beams (Figure 3.1a).
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Table 3.1: Number of Beams Tested and their dimensions for the 10 species

Species _ Number of Test Dimension

 Botanical Name [.ocal Name Beams tested (mm)

Athizia ferruginea | Awiemfosamina 7 50 x 120 x 2500

| Blighia sgpida | Akye 11 50 x 120 x 2500
Canarium Bediwonua 12 S0 x 120 x 2500
sehweinfurthii

| Celtis zenkeri Esa 16 50 x 120 x 2500
Petersianthis Esia g 50 x 120 x 2500
MECroCarpis

Sterculia oblonga Ohaa 10 150 x 120 x 2500
Sterculia rhinopetala | Wawabima 0 ' SO 120 x 2500 |
Cola gigantean Watapuo N1 | st x 120 x 2500
Antiaris toxicaria Kyenkyen F1 g 500 x 120 x 2500 |
Amphimas Lati 12 50x 120 x 2500
plerocarpoides esal]

3.3.2 Apparatus

The apparatus for the testing included the [oading machme (which comprises the hydraulic
pump, loading piston, pressure gauge-and hose). dial gauges, 2 metal picces and fittings for
measuring the relative deflection of the beam at the centroid, digital camera, weighing

balance, moisture meter and an oven [or determining moisture content.

3.3.3 Test Standard
The code adopted for the test was the  Edfépsaii standard EN 408, The temperature within

which the tests were done ranged from 28 — 31"C. The relative humidity was about 80%.

3..‘:.!.4 Loading Cri?ﬁ[@g =

Cyelic loading, which is the repeated application of loads, was used in the test procedure.

L — : = .
This is because many structures, including bridges arc usually subjected to repeated loading

due 1o their usage. It has been found that structural components subjected to repeated loads
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may fail even though the associated stress levels are well below the yield strength (Bedford
and Liechti, 2004). Basically, a small amount of damage is produced each time a repeated
load is applied. Although the amount of damage done in each repetition, or cycle, is
insufficient to cause failure, damage can accumulate and eventually result in failure. The
resistance of material to such failures is therefore determined by subjecting them to cyclic
loading in bending experiments. lf

-y

3.3.5 Procedure

The test beam was fitted with two straight metal pieces to measure the relative deflection of
the beam by means of dial gauges. The dial gauges were fitted on both sides of the beam to
measure the local modulus of elasticity in hw:ﬁdiﬁ_g; The specimen was then simply supported
in the set-up (Figure 3.3:\. A dial gauge to measure the deflections for the global modulus of
elasticity was placed at the boitom (iid-span) of the beam ie. the point of maximum
deflection. Lateral restraints were rm;rﬁded hy lhE,-%UPEF"FS' to- prevent lateral torsional
buckling. The restraint permitted Ithﬂrxpﬁc.i'll]mn' 10 deflect "mthdmt significant frictional
=

resistance. ; : . >l -

Z g /=)

The test beam was symmetfically foaded in-bending at two points.overan effective span of
. t\;"

2500mm as shown in Figure 3.8a. The/load-was applied ﬁf'ﬁeﬁi&'"uii‘a hydraulic pump at a

C AR :',, T ’ -
constant rate. Dial gauge readings were taken for both the local and the global modulus
determination after every 2 KN load. The load was increased at multiples of 2 KN up to 6 or
8 KN (about 0.4 of maximum expected failure load) and then reduced back to zero. This is
repeated and the beam is loaded to failure at the third time of loading.

The faiTare Toad and dial gauge readings were recorded for the computation of the bending

strength and deflections.
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[ | Spreader beam

- L
Beam

Dial gaugﬂs/jﬁ

Steel stand

=]

Figure 3.8a: Test set up
,‘ 890 ,l‘ 720 __'__-"-W—'r__'i [ .nad Positions

[ ®) o9 _I
L 2500mm = 'Jl St pport Positions

Figure 3.8b: Load and support pesitiens

Figure 3.9: The test set up
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3.4 THEORETICAL DEFLECTIONS

The conjugate-beam method was used in the analysis of the flexural behaviour and the
determination of the theoretical central deflection. The conjugate-beam method of structural
analysis is based on two theorems in determining a beam'’s slope or detlection.

Theorem 1: The slope at a point in the real beam is equal to the shear at the corresponding
point in the conjugate beam. |

Theorem 2; The displacement (deflection) of a point in the real beam is equal to the moment

at the corresponding point in the conjugate btan.

The test beam (real beam) is set up as below:

P.."E ]- !."Iz

Ll

Figure 3.10: Test beam loaded

The bending moment. M diagram is drawn for the beart

Pl

.
2

P

2

M — Diagram

2913
]

Figurﬁ?ﬁ‘:_ﬁcnding Moment Diagram for the beam being loaded in Figure 3.9
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M/ EI — Diagram

A ' " /
Figure 3.12: M/E] — Diagram for the beam

Conjugate Beam

) b
i_»j L] A
Lo
1
R
Ly
A
:/
Figure 3.13: The conjugate beam loaded with the M/EI - Diagram
The beam can be analyzed by taking.moements about point B,
From Figure 3.13,
LMB=10
R|L:- %IL] + LE-l *E......i*l::'_.r =ﬂ
= 2B 2
: ——— : _'_,_,_.---""--_.__
= Lot .
R Lz—:@ﬁ 5 s+ La]
Ri =PLifi,+1,] = e (3.11)



T ¢ Rl e T R S SRR ST e,

d /
rom the 2™ theorem of the conjugate beam method, the deflection. 8. at mid-span of the real

cam = the bending moment at mid-span, C. of the conjugate beam.

L PLi% Ly, Ly PL, 2
=L 5 ==L =) . Aldlgy .2
el ap s ) e b
= PL 2 z :
=Rl = [(Lf+ Lilay+ L
A [ ?1 5_1} f 1 (3.124
‘rom the test set up, L. Ly and L; have the following dimensions:
1 =0.89m
.3:2.51""
.;={].?2m

— G.EJI o
{ — Y P U. 2 2.5

1| = U.ESEEP KN - pies ; - S 13. |3}
El
substituting equation (3.13) into equation (3.12)
s PLy Yohr g o
=% TE Pla-gp (Mg rgdeg )
1, 03582X25P 0.89P 0.89° ( 08INT2 . 092
=% =g TN T . - s
b=Ye A . D22NGpen0 wBI304-071295]
6= 04478P - 0.2225P
El El
6= (02889 x 10°P (mm)
El
-  P=_1 —EIS
pastox 10—
P =3.4613 EIS (3.14)
== e ¥

Where E is the local modulus of elasticity
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3.5 RESULTS AND INTERPRETATION

3.5.1 Results

The results of the bending tests have been determined and the table that follows gives the
summary of the results. The details of the laboratory readings and the calculated modulus of

elasticity (both local and global) and the bending strength of each of the heams can be found
j

in Appendix A,

There are also the results of other material properties of the beams. These include the density

and moisture content of the beams.

3.5.2 Discussion of typical load-deflection curve

Figure 3.14 shows the load-deflection behaviour of Albizia ferruginea (Awiemfosamina) —
AF10 (Figure 3.14). The beam is loaded initially from 0 to 6KN at intervals of 2KN. “L17
denotes the first loading Woad-defofifiation)-path and L1 denotes-the path taken (on the
load deformation curve) as the beamyis uftloaded atthe same2KNrate from 6KN to 0, It was
ohserved that the first unloading “U1™ does mot follow the original loading path “L1" ie.
even though the load on the-beam had been complciely removed. the beam does not return to
its original horizontal position thercby leaving o permafient_deformation of 0.08mm in the
case of AF10 (local modulus). Thebeam 15 loaded agam from 0 to 6KN at the rate of 2KN
for a second time to study the behaviour of the beams under repetitive loads which is the case
in the service of bridge. The behaviour indicates that the material is partially elastic with

permanent strain sinee the beams returns partially to its original shape during unloading.

“L.2” denotes the path taken in the 2™ |pading. The beam is then unloaded at the same rate

from &N To 0. The unloading path is denoted by “U2" and this time the beam returns to the

position before the 2™ loading (i.e. 0.08mm deflection), The beam is then loaded to failure in
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a third time of loading denoted by the path “L3". Load-deflection curves of the other species

have ﬁampmsented at Appendix C. they show similar behaviour as described above and

4 Load Deflection curve for AF10 (local modulus)

——L1
-1

-.h...u.a
——L3
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Load Deflection curve for AF10 (Global medulus)

16

Fig. 3.14b: Load Deflection curv

Please note on all graphs:
L1 - First cycle loading
U1 - First cycle unloading
L2 — Second cycle loading
U2 — Second cycle unloadin
L3 - Loading to failure
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3.6 Summary of Results

3.6.1 Summary of Results for Afbizia ferruginea (AF)

Sample Modulus of elasticity Bending moisture density
. local global strength content
Nr. N/mm~ N/mm’ N/mm’* % kgmi
AFIL1 [8125 12419 61.9 -’-H]'_?I 729
AFI12 11403 13082 40.6 58.8 870
AF21 13930 11350 44 629
AF22 12325 {0014 542 35.7 762
AF20 [ 2233 9144 47.4 61.5 T28
AF23 12346 o190 /" I\| 4ol 154.2 774
AF10 16566 13468 609 W EE 690
average 13847 11238 499 50.98 740
siandard dev. 2544 1819 9.11 10.63 75
coeff. of variation 0.18 0.16 018 | 0.21 0.10
5%-fractile 3.7 |

Albizia ferruginea had a minimum bending strength of40.6 N/mm’ and a maximum strength
value of 61.9 N/mm?® with an avepagesol 499 Nifmm It dlso-Has a 5" percentile bending
strength of 31.7 N/fmm". This is dug to the small number uf'sampics tested and the difference
in the range of values obiained. It has an average density of 740 Kg/ii® and an average local
and global modulus of elasticityeof 13847 N/mm® and_11238 N/mm’ respectively. These
values compare very well with EN 338 sfreneth class P30 and so Albizia ferruginea is

predicted to belong to EN 338 strength class D30,
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- 3.6.1.1 Mode of Failure
All the beams failed in tension with a break in the centre of the beams. The breaks were
usually small cracks or in some cascs small splits in the centre. In the case of AF23 there was

a big split at the tension zone.

The load-deformation curve shows a permanent deformation of 0.08mm and 0.8mm in AF10

(local modulus) and AF10 (global modulus) respectively.

Figure 3.15: AF23 after failure



3.6.2 Summary of Results for Amphimas pterocarpoides(AP)

"Sample

Modulus of elasticity | Bending moisture | density

local ] glohal strength content
N, N/mm’ Nimm? N/mm® % keg/m’
AP24 19248 15887 69.3 - 762
AP110 16339 14468 77 v, 771
AP1Y 16096 13185 68.1 - 731
AP11 18079 15279 69.3 - 780
AP17 1342 13586 454 15.1 744
API12 11273 13796 61.6 17.6 829
AP16 15194 13419 68.1 . 758
AP14 15470 14394 A5 7.9 800
APIB 16465 | 4500 64.4 15.7 775
API111 7692 |5383 384 15.4 13
API13 | 14870 13141 64.4 16 762
AP15 | 13075 13607 45.4 7.1 744
average | 15595 14220 63.6 16.4 772
standard dev. | 2397 917 9.73 )12 29
coell. of variation | (L13 0.06 .13 0.07 0.04
5%-fractile | 46. 1

Amphimas pterocarpoides obtained maximom bending strength-of 77 N/mm? and a minimum

bending strength of 45.4 N/mm’” with an average of 63.6 N/mm®. 1t however obtained a 5

percentile bending strength of 46,1 Nimn™. 1t has an average density of 772 Kg/m® at

moisture content of 16%. It €ampares well with"'EN 338 strength ¢lase D40. It is therefore

predicted to belong to EN 338 strengih class D40,

3.6.2.1 Mode of Failure

The beams failed in tension. The load-deflection curve shows an elastic deformation with

permanent dt:formaliﬁ;r'_if_-.i:.-f.-ﬂ.DTrnT_ij’Alj'_lﬁ,(]uual madulus) and 0.9mm in AP16 (global

modulus).

S e
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3.6.3 Summary of Results for Antiaris toxicaria (AT)

F'Samplc

Modulus of elasticity Bending moisture | density

local - global strength content
NI, N/mm’ N/mm® | N/'mm® o kg/m’
AT23 10954 UE36 385 - 430
ATIT 10116 9027 38.5 - 401
AT27 8550 9786 38.5 &l 430
AT26 8680 8663 36.5 16 452
AT21 10428 5249 44.5 16.9 457
AT24 11540 8834 429 15.2 44
ATI2 9172 8080 436 - 421
ATI19 9604 8286 429 - 419
AT22 10199 9439 36.5 16.8 455
ATIS 7817 681 1 3 15.9 442
ATI14 9370 G0O8E 292 15.8 439
average 9675 8827 384 16.1 436
standard dev. | LOS 268 497 (.64 17
coeff. of variation 0.11 0.10 013 | 0.04 0.04
S%-fractile 200y

Antiaris toxicaria had a maximum-bending strength of 44.5N/mm®and a minimum bending
strength of 29.2 N/mm® with an ayerage of 38.4 N/mm®. It however obtained a 5™ percentile
bending strength of 29.0 N/m m*. It has af average density of 436 K_gfm3 al moisture content
of 16%. It is the species with'the lowest-density and compares wellwith EN 338 softwoods
of strength class €30 due to its density, tis-bending sttcngth does not measure up to the

minimum bending strength ot 30 N/mm- for hardwoods. It is therefore predicted to belong to

EN 338 strength class C30.

™

—

3.6.3.1 Mode of Fﬁm_l_r-'e

All the beams-failed in tension with some of them breaking completely into two at the centre.

From the |¢ad;de"cgtjgn curve for ATI12 {glcha] I‘I'lﬂdl]ltlﬁ}, a PEI’I’I'IE’LI'[EI'II deformation of lmm

_F-""""-_._-_-_._




was recorded at the initial loading and an elastic deformation occurred upon subsequent

loading. The AT12 (local modulus) curve showed an elastic deformation with a permanent

| deformation of 0.23mm.

Figure 3.16: Failure of AT21

3.6.4 Summary of Results for Blighia sapida (BS)

Sample Modulus of elasticity” _ | Bending moisture density
local global strength content
Nr. N/mm’ | Nmm® | Nimm® % kg/m’
BS12 13549 11467 74.5 278 870
BS24 14323 2063 677 262 896
BS11 12530 12520 47.4 1263 869
BS21 10788 | 1564 ‘ 62.1 33.1 887
BS22 21081 13205 67.7 338 992
BS23 11530 12387 67.7 49.2 909
BS25 0888 10817 422 26.5 791
BS26 10655 10103 50.1 18.1 851
BS27 0834 11494 64.4 30.4 927
BS28 12100 63.3 20 954
BS29 4+ 4237 | 67.9 18.5 946
average 12686 12078 61.4 28.5 899
standard dev. 3517 1161 10.2 9.7 55
coeff, of variation | 0.28 0.10 0.17 0.34 0.06
5%-fractile 42.0
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Blighia sapida had 3 maximum bending strength of 74.5 N/mm’ and a minimum bending
strength of 42.2 N/mm’ with an average of 61.4 N/mm”. It however obtained a 5* percentile
bending strength of 42.0 N/mm’. It has an average density of 899 Kg/m' at moisture content
of 28%. It compares well with EN 338 strength class D40, It is therefore predicted to belong

to EN 338 strength class D40,

31.6.4.1 Mode of Failure
This species had defects like knots in thé JTP@{go?cL&‘ was greatly affected by the
J

knot positions. The beams failed by breaking or Lm.kmg at the position of the knots.

Most of the beams failed in tension with cracks oteurring along the grains of the beams.




3.6.5 Summary of Results for Cola gigantea (CG)

Sample Modulus of elasticity Bending moisture | density
local olobal strength content
Nr. N/mm’ ' N/mm* Nimm® %o kg/m’
CGl3 10175 10426 42.9 16.8 698
CGl4 9209 8897 56.3 17.6 669
CGl5 8503 7916 29.7 " |ere
CG2l 9724 9600 50.1 21.5 584
CG23 7425 8431 35.8 16.8 800
CG26 11264 9366 50.1 17.3 775
CG22 7344 8364 37.1 15.5 679
CG12 11176 10987 150.9 86 575
CGll 11183 10502 50,9, 33.1 613
CGl6 16093 12337 52.8 ‘ 1932 644
average 10219 0679 45.7 19.4 671
standard dev. 2526 1375 8.8 ‘ 5.4 74
coeff. of variation | 0.25 0.14 0.19 0.28 0.11
5%-fractile 25.0 |

Cola gigant

bending strength of 29.0,Ndmim’.

bending strength of 30 N/mm?* for

strength ¢lass C30,

hardwoods. 1t is therefore predicted to belong to EN 333

strength of 29.7 N/mm® with an ayerage of 45.7 N/mm’®

of 19%. It has a relatively low density-and compares we

87

class €30 due to its density. lts bending stredgthfalso does not measure

ea had a maximum bending strengthot 56.3 Nr’u{;mﬁ and a minimum bending
. It however obtained a gt percentile
[t has an averaué density of 671 K@/’ at moisture content
1L with EN' 338 softwoods of strength

up to the minimum




3.6.5.1 Mode of Failure
The beams failed generally in tension during bending. For some of the beams, there was a
- split away of some section of the beam within the tension zone. For CG26, there was a

. : - .
bearing failure in the compression zone and the beam continued to split or deform under

sustained loading after failure. Compression failure occurred in CG12. |
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1.6.6 Summary of Results for Canarium schweinfurthii (CS)

| Semple | Modulus of elasticity | Bending | moisture

| focal | global | strength | content
I S W Nmm | N/mm® ' N/mm’ % kgm’
csi2 8777 8269 40.7 448
Ccsi4 1004 9637|418 382 529
csi6 10340  |9506  |417 27! 34
sl 11468 0514 412 5058
Cs13 9839 11685 | 46.1 27.5 451
Cs1s 13248 | 9569 | 475 297 510
mlin 10023 “;”‘H .|{, ) | 27 | 498
csii 8562 K poe
Ccs10 9902 2 465
cs17 10021 frnw u 5 496
csi9 10287 B98O ﬁ‘) . |q 458
CShie ' Al 43 f 505
average 488
standard dev. 30
coef!. of variation 0.06
Lm&

Canarium schweinfurthii had a maaimum mmﬁﬂf" N'mm’ and a minimum
bending strength of 40.4 mm with & nmgeoiu#ﬂ“’mm K Wnﬂ obtained a §*
percentile bending strength ﬂ(ﬂ?& Napm-. It has an W‘ﬂ-ﬁms of 488 Kg'm' at
moisture content of 30%. lts density 5 10w nfd-Eonipiires well with EN 338 softwoods of

strength class C35. It is therefore predicted to belong to EN 338 strength class C35.

3.66.1 Mode of Failure SEL i
The beams were very ductile. They generally buckled during loading before breaking in the

_.___...—-'—_

tension zone. Some of the beams ¢.g. CS12 and CSI1 could not break in tension but rather



!

;
%deﬂectad excessively with buckling and suddenly flew off the supports. The curve shows an

clastic deformation with permanent deformations of 0.18mm and 1mm for CS17 (Global
.

modulus and CS17 (local modulus) respectively.

2

]

Figure 3.19: CS110 at failure
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3.6.7 Summary of Results for Celtis zenkeri (CZ)

Sample Modulus of elasticity | Bending | moisture | density
local global strength content
Nr. N/mm® | N/mm? N/mm’ % kg/m’
CZ11 17455 | 15537 75.9 828
CZ12 18043 13730 a9 14.9 B15
CZ13 17740 15282 d1.4 24.6 B40
C7Z14 17512 | 14032 422 353|816
CZ21 23716 | 5649 422 40.2 859
CZ22 |7 180 [3811 414 35.7 815
CZ15 17682 15961 71.8 157 860
CZ16 18924 | 14515, 72.9 29,3 826
| €217 19550 | 14165 572 34.5 813
CZ18 14949 | 13172 47 2§ 308
CZ19 15068 14726 T3 391 R84
CZ110 17135 15314 T8 220 28y
CZ111 | 8358 | 4484 774 38.5 41
e i 16515 12488 774 30.3 779
CZ113 13825 12780 774 32.5 204
CZ114 | 5092 [ 2524 77.4 26.6 791
average 17422 14273 65.8 29.0 829
standard dev. 2292 1143 (32 7.9 31
coeff. of variation | 0.13 0.08 0:23 0:27 0.04
S%-fractile 39.9

Celtis zenkeri had a maximum bending strength of 78.7 N.fmmj and a minimum bending

strength

hending strength of 39.9 Nt .The. low
average value 1
bending strength (standard deviation).

content of 29%. Its density and bending strengt

5™ percentile-bending strength relative to the

D35, Itis [herefnrc;._]j}-a.:dicted to hwmﬁ 338 strength class D33.

of 41.4 N/mm’ with an awerage"pfﬁﬁ_.g'anml. It however pbtained a 5™ percentile

s due to the wide range~of Jihies betwetn the minimum and maximum
It has an average density of 829 Kg/m’ at moisture

h compares well with EN 388 strength class




3.6.7.1 Mode of Failure

Most of the beams failed in tension with splitting along the grain of the beam after breaking.
A few exhibited failure in bearing. CZ414 and CZ112 for example failed in tension with the
beam splitting along the grains of the beam from the tension zone. The splitting usually
occurred with a loud noise. There was also a sign of compression I'aiiu;;.: in CZ15

The load-deflection curves show an elastic behaviour of the specimen. Permanent

deformations of 0.1mm in CZ16 (local modulus) and 1 2mm in CZ16 (global modulus) were

recorded.




3.6.8 Summary of Results for Petersianthus macrocarpus (PM)

_SampIe

| Modulus of elasticity | Bending moisture | density
local : global siress content

NE. N/mm~ N/mm” N/mm® % kg;’rn}
PM25 10164 12843 74.4 18.4 784
PM24 14016 12075 71.8 20.5 B10
PMI 1 1666 9663 58.6 257 ;| 88S
PMI14 10310 8118 65.9 37.2 972

| PM22 10458 19549 50.1 27.2 787
PM23 13340 10923 | 644 35 876
PMI12 16071 9949 51.3 35 883
PM 13 10146 10831 51 3 872
,q\rerage 1202 ] 1045 I 6.9 -13:}3 Bau
standard dev. | 2223 1504 9.6 6.98 63
coeft. of variation 0.18 0.14 (.16 0.24 0.07
3%-fractile | 4L7

S————

Petersianthus maerocarpus had a maximum bending strength of 74.4 N/mm® and a minimum
bending strength of 50. - Nimm® with an average.6f 60.9 N/mm’. It however obtained a 5%
percentile bending strength of 417 N/m The low 5% percentile bending strength relative
to the average value is due to the wide range 6f values betweenthe minimum and maximum
bending strengths (standard deviation). Tt has an average densily of 829 Ka/m® at moisture

content of 28%. Its densityand, bending stréngth compares well with EN 388 strength class

D40, It is therefore predicted to.belongte EN 338 strengih.elass, Eﬁlﬁ.

3.6.8.1 Mode of Failure

Some of the beams looked weak in compression during loading and so failed in compression.
PM?22 failed at a knot in the tension zone. There were irregularities or defects like knots in
some of the beams which aﬁhcred’ﬁﬁde of failure depending on the position of the

knots. The Jdead-deflection curves show an elastic deformation in the specimen with

93




3.6.10: Summary of Results for Sterculia rhinopetala (SR)

Sample | Modulus of elasticity | Bending moisture | density
local | global strength content

| Ne. Nimm® | N'mm® | N/mm® % kg/m’
SRI1Z 18082 13614 | 79.6 38.8 956
SR11 16194 13772 72.4 47 992
SR13 13179 L1973 79.6 52.6, 1024
SR14 11282 |10797 |57.9 45.8 816
SRIs 14382 14554 101.3 53.9 1111
SR16 21151 12928 78.1 38.8 953
SR17 15767 | 13702 91.5 32.6 1030
SRI8 16509 12608 70.3 SUL7 1017
SRI19 17009 15462/ %3 56 1079
SRI10 14413 93 1198 1092
Average 15973 | 3382 &1.7 43.6 1007
standard dev. 2839 1356 13.1 11.3 86
coeff. Of variation | 0.18 0,10 016 0.26 0.09
5%-fractile , 56.8

Sterculia rhinopetala had & maximum bending strength-of J01.2 Nffmm”® and a minimum
bending strength of 57.9 N/mm” withian average of 81.0 Njmi™. It however obtained a 5"
percentile bending strength of 36.8 N/mm?®. The 5" percentile bending strength was lower
than the minimum bendig strength value-due- 1o the few number of beams tested, and the
wide range of values betwecn the “minimum and ma;si-rnmp bending strengths (standard
deviation). Tt has an average density of rob7 Kbfm’ atamoisture content of 43%. Its density

and bending strength compares very well with EN 388 strength class D30. It is therefore

predicted to belong to EN 338 strength class D30.

T

The bears generally failed in compression. This particular species had a lot of moisture in

them o it was observed that moisture (liquid) drained down from some of the beams at the
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permanent deformations of 0.lmm in PM23 (local modulus) and 1.5mm in PM23 (global

| modulus).

Figure 3.21: PM22 at failure

3.6.9: Summary of Resuits for Sterculia oblonga (SO)

Sample Modulus of elasticity failure stress. | moisture | density
local global content
Nr. N/mm® _+me111: N/mm® % kg/m’

- | son 16370 14120 83 26.7 887
S012 14216 10954 55.1 354 745
S023 14377 60.9 427 851
S024 15008 10374 677 22.2 737
S021 19800 15556 74.5 35.9 907
S022 14441 12750 74.5 32.4 875
S025 12865 11574 70.3 39 795
5026 21742 15113 187 16.7 813
SO13 . 16823 12859 65.7 38.8 814

| S014 12362 64.4 35.8 787

- o _'_.__.._.—-—-—-_'_'_

. | Average 16408 13004 70.0 325 821
standard dev. 3008 1756 9.4 8.20 58
coeff-of variation | 0.18 0.14 0.13 0.25 0.07

! 5%-fractile 52.1




 Sterculia oblonga had a maximum bending strength of 88 N/mm® and a minimum bending
strength of 55.1 N mm’ with an average of 70.0 N'mm". It however obtained a 5" percentile
, bending strength of 52.1 N/mm’. The low 5* percentile bending strength relative 1o the
average value is duc to the number of beams tested and the wide range of values between the
minimum and maximum bending strengths (standard deviation). It has hn average density of

" 3 . - F
£21 Kg/m” at moisture content of 32%. lts density and bending strength compares very well

with EN 388 strength class D30. It is there fore predicted 1o be 18 strength class

D50.

3.6.9.1 Mode of Failure

Most of the beams failed in tension. For SOI2, beaging failure occurred at the point of
application of the load before breaking in the lenston 2une. There was an excessive deflection
in SO21. It could not break Tt theretore failed through deficClion. The foad-deflection curve
shows an elastic deformation for SO2Y. Permanent deformations ag4). 09mm and 0.8mm were

recorded for SO21 (local modulus) and SO21 (global modulus) respectively

Figure 3.22: SO21 at failure

Q5 r,“‘r_‘l



 point of application of the loads suggesting bearing failure as shown in the picture. Load-

deflection curve shows an elastic behaviour of specimen. Permanent deformations of

r 0.05mm and 0.9mm were recorded in SR17 (local modulus) and SR17 (global) respectively.

Figure 3.23: SR33 at failure with water dripping from the specimen

Table 3.2: Predominant failure modes of the 10 species

| Species Predominant failure mode

AF Tension failure with cracks and splitting-in centre =
‘| BS Tension failure with eracks occurring aleng grains

CS Tension failure with-buckling of bcamis

Tension failure with splitting along grains. Splitting
occurred with loud noise.

CZ
PM Compression and tension failure
' Tension failure with excessive deflection in some beams
= .
SR Bearing failure and tension failure in some beams
CG | Tension failure with cracks and splitting
AT Tension failure ]
. | AP Tension failure with cracks and splitting in centre
| = 9? LTq'ﬂ_-P T i '“
st 32 ual
i wE ‘*nqht”"*‘
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3.6.11 Discussion

(Generally, the global modulus of clasticity of the species were found to be lower than the
local modulus of elasticity e.g. AF has a local modulus of 13847 N/mm® but a global
modulus of 11238 N/mm®. This was also evident in the deflection of beams. The global
deflections of the beams were about 10 times more than the local deflections (see modes of
failure of species). This is as a result of the effect of shear deformalim: in the global modulus
test, CZ was the species with the highest elastic modulus, 1 7422N/mrm’ and 14273N/mm” for

local and global modulus respectively. AT was the Bpegigs™with the least elastic modulus of

9675N/mm” and 8827N/mm” for local and gidbal modtludrespettively.

The bending strength ol the species corfelated with their densities. The species with high
densities had high bending strength e.z. SR with the highest density of 1007 Kg/m® had the
highest average bending strength.of 81.67 N/mm?®, SO with & density of 821Kg/m’ had an
average bending strength of 69.98 N/mme . AT which had‘the-lowest density of 435 Kg/m’®

had the least average bending strength af 3845 Nimm®,

The experimental, theorctical’and permissible-deflections havc heen compared, Both the
experimental and theoretical deflections Jdetermined-fot-the 'species were less than the design
permissible deflections. The theoretical deflections were however twice the experimental
deflections. The experimental deflections obtained were about 45% of the theoretical

deflections and about-25% of the permissible design deflections. The theoretical deflections

were about 56% of the permissible design deflections.

e
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SR was found to be the species with the best strength properties with the bending strength
and elastic modulus being paramount in rating the species. The rating of the results,
durability characteristics and the availability of the species in the forest were used to select

the best 4 species out of the 10 for further bending test.

3.7 FURTHER BENDING TEST

From the results above four species have been selected for further bending tests. The further
bending test was conducted to study the beHayiour of the jpecies under unfavourable
conditions such as the presence of defects such as kaots and shakes which are likely to be the
situation in the use of timber for construction. To ensuré this the dimensions of the specimen
were increased from 50 x 120 x 2500mm to 100.%.2008.% 3000mm. It was also done to obtain
mote data on the mechanieal.properties of theselecied species so that-a relatively more
credible classification of the Speeies ¢ap be made in terins of the tests conducted. The species
were Canarium schweinfurthii (Bediwonua), Stercubia vhinopetala (Wawabima), Albizia
ferruginea (Awiemfosamina) and Blighia sapida (Akyc)

These species were selected not_only.on the basis of«thé above-results but also on their

durability characteristics and availability tn—the-forest. Quartey et al (2008) conducted

durability tests on the same species in a celated research at the Faculty of Renewable Natural

Resources. KNUST. From the results, Albizia ferruginea was found to be the most durable

species. Both Stereulia rhinopetalo—amd-Blighia sapida were found to have good natural

durability characteristics. Canarium schweinfurthii was found in a later analysis of Quartey's
e

work to have peor natural durability. It however showed good structural properties in terms
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of bending strength in the first series of tests. It therefore became necessary to conduct the

' further tests on the three species with good durability properties.

b

3.7.1: Summary of Results for Albizia ferruginea (AF)

Modulus of | Bending Shear- ,
Sample clasticity strength Modulus | moisture | density
| local | global content
(N, Ni/mm® | Nimm® | N/mm’® N/mm® % k@j
¥
AF41 13655 10024 |232 155 93 981
AF42 14763 (8816 (283 144 1543 972
AF43 12460 |10221 |28 | 184 74.3 845
AF45 9879 9725 |21.4 129 557 907
AF31 14010 [11539 |43.3 36 91.5 823
AF32 11466 9603 £2.1 153 50.6 821
AF33 134235 11153 |38 146 922
| AF34 11295 (9168 |3%0 163 442  |779
Average 12619110031 [29:2 154 66:2 881
Standard dev. 16420193 T B2 15 200 75
| |Coefi. of variation |0.13 (009 4028 A0 10.30 0.09

Due to the increase in the dimensions of the specimen from 50 X 120mm (in the first series of

Loy e ]

test) to 100 x 200mm cross sections in the-further bending tcsr,ﬁ,fit was realized that the
average bending strength of “Awienifosamina’ reduced [rom 4-9‘? Nimm® to 29.2 N/mm?®,
This means that the previous classificationaf D30 from-the first scries ol test does not hold.
It is predicted to belong to C14 class. This can be accounted for by the presence of defects
such as knots and shakes in the beams during the test. The beams used for the first series of
test were clear of _;Eg'ﬁrkm-rts and ﬂ}ilg_s_s_i_uc-: they were smaller in dimension. It is also
evident in the results of the modulus of elasticity. The local modulus of elasticity reduced

I 2
from 13847 N/mm? (in the first series of test) to 12619 N/mm®.



—

3.7.1.1 Mode of Failure

All the beams failed in tension with a break in the centre of the beams. Some of the breaks
were associated with noise. Some of the failure occurred along existing cracks along the
gminsuf_theb&mns. Some failures occurred at or near areas of recognized weaknesses and
defects such as knots, spots, holes, etc. The load-deflection curve Iindiml:ﬁts a permanent

deformation of 0.58mm and 1.8mmn in AF42 (local modulus) and AF42 (global modulus)

respectively.

Figure 3.25: AF32 at failure
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Load-Deflection curve for AF42 (local modulus)

-=

—a—U1
—=—[3

global Modulus)

Y — &=

&~ <

10 14

= __—Deflection, mm

- Fig. 3.26b: Load Deflection curve for AF42 (Global modulus)
_._,——l-'-_'_
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of Results for Blighia sapida (BS)

Modulus of elasticity Bending —TShes: _ |
local global strength | Modulus m"““‘ Densaty
N/mm° N/mm* N/'mm? N 2l Py :
“‘*—Eﬂﬁi
11385 196 247 37 1087 i
10515 30.3 196 313 958 |
12486 61.5 280 31 1093 1
106773 219 2 ,; I3 1027 |
11476 422 180 919
9958 32.1 213 3 1062
l 8472 288 122 1090
8410 334 219
10601 429 ﬁ,h po it
2 223 1040
o (N6 S T .
10282 3317 182 16 1026 .
10718 ARER 190 40
: 50,0 220 44
;:ﬁ’;__ 246 4
BS43 5 1208 18
B4 %

37.2.1 Mode of Failure

‘l’hm failed in tension. F cfb;"rﬁ)rmwlhn occurred with knots present in
the shear regions. Generally the failures occurred at points of weakness or defects. A couple
‘of beams had their grains diagonally oriented and failure occurred along such grains. Some
W‘Wﬂh a splii_i;trhe tension_zone-gssociated with loud noise. The load-deflection curve

- lus curve shows a
shows an elastic deformation in BS31 (local modulus). The global modulus






473 Summary of Results for Sterculia rhinopetala (SR)

“Sumple Modulus of elasticity | Bending Sh -
lozal alobel ok ear-modulus | moisture Density
Eir N/mm?* Nimm? N 5 content
*T"_ by N/mm 0% k&n’m’
Sr31 15018 12257 67.3 171
SR 16349 |13045  |66.7 154 < 1033.5
KRB 15976 |13607 62,9 166 it b 990.2
R34 11955 10179 496 190 s B
SRS 14549  |13135  |84.6 171 43 o
$R36 12067  |12892  |63.4 175 45 it
SR3T 10399 12479 63.4 | 190 48 et
SR38 16378 12494 T0es I66 48 Lo
R 18642 | 14506 ({63 s “ o
SR310 12771 11574 © [B89 %3 50 ,{,3}1'5
SR4l 14328  |11419  [47.0 170 58 904.8
SR42 18068 | 154356 | 64.4 179 A1 1075
§R43 15880 [12376  |382 157 55 949.1
(B 22083 (14203 f632 154 56 9776
SR45 18070 13599 55.3 167 56 1019.2
Average 15562 —h288% 632 172 52 1038
| |Standard dev. 2966 1316 8.9 12 7 64
Coeff. Of variation | 0.19 0.10 0.14 0.07 0.13 0.06

3.7.3.1 Mode of Failure

Some of the beams failed

the sap (water) from the wood

-

failure. Some of the beams had béaring

3.27). The load-deflection curve shows a

iti the Compression. | here was EXCEssive deflection

of the beams at

failuresat the'sypports, Moisture content was high so

was seen dripping from some of

0.09mm in SR31 'Im;al modulus) and 0.9mm in SR31
_ -'-Fr'_._._,_.-——--_
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(global modulus).

the beams at failure (Fig.

n elastic eurve with a permanent deformation




Fig. 3.28: SR33 at failure with moisture dripping off

Load-Deflection eurve for. SR31 (loeal modulus)

.
S

|
+I'HE

[Deflection, mm

. 31 lus)
Fig. 3.29a: Load Deflection curve for SR31 (Local modu
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Load-Deflection curve for SR31 (global modulus)

110

5': .
1 e
w w
j===La |
Fig. 3.29b: Load Deflection curve forS =
3.7.4: Summary of Résulis fq
Sample Modulu city 8 Shear moisture | density
loca ‘-"'& | strength r_ﬁodulus content
Nr. LN/mm : r = %
CS3l 3
€32 |
m , "
CS35 9613 1002 28.8 187 42 534
| €836 10454 8779 34.6 158 45 505
(841 7203 8249 12.5 136 48 451
C843 - 8873 9382 34.0 128 38 510
Csas -~ 13605 10794 | 20.1 109 47 495
O S
Averrge 9209 9103 25.2 153 41 497
Standard dev. 1987 1286 7.2 27 4 30
| Coeff, Of variation | 0.22 014 1029 008 __lot1 1006




3.7.4.1 Mode of failure
The beams were very ductile. They generally buckled during loading before breaking in the
(ension zone. Some of the beams could not break in tension but rather deflected excessively

with buckling. The curve shows an elastic deformation with permanent deformations of

(.1 1mm and 1.83mm for CS34 (Global modulus) and CS34 (local m{udulus‘,l respectively.

Load Deflection mwgaﬁﬂl modulus)

18 i
164 3
14 4 —— 11
E ::ﬁ —I—LI1|
g ; 12
B ue
s} | =13
28 |
0 & gt= e a —, -
o\ Deflectiommm ;=7
-\::7.\"} : = L ":"'_:.‘_"A‘_' ‘l = = _;"fg /
\Go ' s

Fig. 3.30a: Load Deflection cﬂﬁ?ﬁ’ﬁ%ﬁ%ﬁ%ﬁﬂlﬁ@ o
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Load Deflection curve for CS34 (Global modulus)

12

——11

Fig. 3.30b: Load Deflection curve fo 34 (elobal modulus)
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3.6.2 Interpretation

From the results above Sterculia rhinopetala (Wawabima) has been found 10 be the species
with the overall best material properties suitable for consideration in the design of structural
m. Wawabima has a 5" percentile bending strength of 476 N'mm’ and a local
modulus of elasticity of 15,562 N/mm”. Blighia sapida (Akye) was also found to be the 2™
best in terms of material properties. It has a 5% percentile b-:mclirru;J strength of 19.5 N'mm’

and a local modulus of elasticity of 13,274 N/mm’. It can also be used as a structural member

for construction. Alhizia h*rm::mu.:! yt%m!upmr$Tni some good results such as

| % §
very good compressive stress of :;F:,th IF‘R a high in durability. However it
cannot be recommended for construction a8 @ structural member because it has low g

percentile bending strength of 14 N mm® from the resufts

Canariwm mwemmmﬁ: (Beditwonua). is: the—specits with—retatively poor structural
properties. It has a 5" pereentile hhmama af s N;Mm‘: and a local modulus of
clasticity of 9209 N/mm”. The results of ‘Bediwonua in the first serics of test showed better
properties with a 5% Ecrc:.nnle Mng strength of 374 'N'm;u._u,uh a local modulus of
elasticity of 10316 ‘\Tﬁmru“ Fhe variation in-the twe ;m otmull-. is as result of the
difference in moisture content and the HImWiufthc ws! spccmwn used for cach series of
testing. The specimens used for the first series of testing had a lower average moisture

content of 30% and a smaller cross section (size) of 50mm x 120mm. The specimens used for

the 2 ;erics of test-had an average moisture content of 41% and cross section of 100mm x

O = = -F._._.---’-_-_._ :
00mm. the increase in dimension introduced defects such as cracks and knots in the

speermen which in turn affected the cesults of the 2™ series of testing.
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length of six times the smaller cross

The load-deflection curves of all the species show elastic deformation behaviour in all the

species with permanent deformations. This means the species are not perfectly elastic i.e. the

beams do not return to their original positions after loading and unloading during the test. An

exception was BS31 (Blighia sapida) whose load-deflection curve for local modulus showed

a perfectly elastic deformation. The results also indicate that. the deflection values for local
!

modulus were lower compared to the global modulus deflections. This was due to the effect

of shear deformation in the beams that occurred during the testing of the specimen which

affected the global modulus deflectipng” In mbst cageg” th&T8cal modulus deflections were

about 10% of the global modulus deflections.

Figure 3.31 demonstrates the differences in the values of the 5" percentile and average
hending strengths of the species. The 5 percentile values depend on the number of specimen
tested and the standard deviation of the values obtained in the-test. The differences are
therefore due to the different number of specimen tested for each species and the deviation of
their strength values. It is therefore important that 5" percentile values are used in design

instead of average values-since some specimen’svalues fall below.the average.

3.8 COMPRESSIVE STRENGTHTEST

3.8.1 Material and Apparatus for the test
Specimens of the wood species of dimension 30 x 50 x 300mm were used for the test. This is
the test. EN 408 specifies that the test piece should have a

_sectional dimension and the end surfaces should be

because the code adepted for

prepased-toensure thal they are plane and parallel to one another, and perpendicular to the

1 i



axis of the piece. The testing machine used allows specimen height of 300mm and hence

cross-section of S0mm.

The apparatus used include a compressive test Pressing Machine with a gauge which reads

the load at failure. and a moisture meter to check moisture content,

3.8.2 Test Procedure

The specimens were marked for idengifieation. [The spa€iméfiiwas then placed and mounted
in the Pressing machine set up ishmwr"i% Figuré™3.337. Care is taken to make sure the
specimen is placed at the central axis of the point oLapplication of the compressive load. One
end of the specimen acts as a base and'is Seated on a plate fixed in the machine, When the
machine is set and turned on. a loading piston was releascd from the top which gradually
touched the top end ofthe speciifien. The intensity of the Ioad applied increased with time.
The pauge read the load applied at any*time. This contintied until failure was reached, where
the gauge of the machine stops reading even with continual loading. The [ailure load is then
recorded. The compressive stress was then determined using the faduse load and the cross
sectional area of the spceimen, i.¢, 6. = F/A~where,“ozs the compressive stress, F is the

tailure load and A is the cross sectional areg of the specimen.
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Figure 3.33: Test set up for compression test

Table 3.5: Compressive Stress Results far 40 samples per species for the 4 species

Species

BS SR AF [cs
No.ofsamples [ 40 40 40 |40 |
Average Compressive
stress (N/mm”°) 46.54 39.36 31.49 3541
Standard Dev. 4.62 5.21 3.76 5.49
Coeff. of Variation | 0.10 0.13 012 0.16
5" Percentile Comp. _
stress (N/mm*) 3878 £ 13060 25.17 | 26.17

S _'__,_.---'_'_'_ =
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3.9.1 Test Material

Specimens of dimension 25 % 25 x 500 mm of the species were sent to Switzerland for the

e Bpﬂciiqﬁi’lgﬁam{hqn machined into the form as required by the test Slﬂl'ld_ﬂd (shown

]
| il'i. ﬂjﬁ -'ﬁ-gum )
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A
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Figure 3.35: Test specimen machined to test standard dimensions

3.9.2 Test Apparatus and Procedure
Tensile Strength Test\Machine with its-computer-and printer/setcup. Electronic outside

Caliper, and a weighing balance.

The dimensions of the test specimen are taken including its weight for their density
determination. The specimen is then put in the machine which is anchored rightly at the top
and bottom within :ﬂ;:__set up,flrllfg_rm__al[nn_ on the species is then fed into an attached
computer unit of the machine. The dimensions of the specimen are also input into the

- -~ : . I
computer, When the load is applied, the pistons of the machine (which acts as the anchors of
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the specimen) pulls the specimen apart at both ends. This continues until a sharp noise is
heard signifying failure of the specimen in tension. The monitor of the computer unit
displays the results with a graph of force in Newton against strain in mm plotted.
‘l‘_ﬁamgui__l_’s.'i__s then printed and also saved into the system.

The tensile stress was then determined by dividing the force by the cross sectional area of the

specimen. Sample result sheets are presented in Appendix V.
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3.10 Comparison of Results to EN 338

from the results of all the tests conducted on the various species, Sterculia rhinopetala
(Wawabima) and Blighia sapida (Akye) were found to be the best in term of their mechanical
properties. Wawabima was found to be the overall best with its outstanding bending stress
values. Albizia ferruginea (Awiemlosamina) was found to be the ber:.::t in terms of durability
properties because of the components of its extracts (Quartey, 2008), However, its bending
strength was very low. Wawabima was therefore recommended to be used for construction as
main structural elements and Akyve was fecdirifgentidd tofbg USSAES supporting elements such
as cladding because of its high natural durability. THe sifféngth values of wawabima have
therefore been compared with strength values of ENG38 Classes D40 and D50 hardwoods

(shown in the Table 3.6 below).

Table 3.6: Table comparing the-lesizniValues of ENI 53 Classes D40 and D50 to Wawabima

EN338 Wawabima
_ | pag_{D50 | (5th Percentile)
Bending, fmd {mem ) 40 50 47.6
Tension parallel to grain. fi0 ui”\hn'un ) 24 30 | 27.0
Compression parallel to grain. fco.d (Nfmm”) 26 29 -30.6
Tension perpendicular to graimy frsod (N ) 0.6 06 = 0.6 i
Compression pcrpendmutar tograin, fesag (N/mm % 8.8 9.3
Shear {N.fmm R 5.3 4.2
E-Modulus parallel to grain (N/mm®) ————111000 | 14000 12880.0
| E-Modulus pemendlcular to grain (N/mm o 750 | 930 | 840.0 |l
Shear Modulus (N/mm”) 700 | 880 | 790.0
Density (Kg/m”) PP A 500 | 650 | 926.0

The characteristic values of the Tension perpendicular 10 grain, fisod, and Compression

perpendicutar to the grain, foond, were obtained by the following relation according 10 EN

384:2004. which is used in the determination of characteristic values of mechanical

properties and density:

124




fisod= min { 0.0010 50,

fes0d= 0.015m

where p, is the characteristic density of test species

from EN338 Classification of hardwoods, Sterculia rhinopetala (Wawabima) is found 10
& " :.

have design values above Class D40. It has values close to EN338 Class D50. From Table

1 6 above. Sterculia rhinopetala (Wawabima) can be said 1o belong 10 EN338 Class D40

3.11 Conclusion g{ i\! LJ S T

Bending. compression and tensile strength tests were conducted on all the ten (10) selected
species to determine their mechanical propertieS. Resulis obtained were used to classify the-
various species in to their proposed ntrungﬁ;hmmw;ﬁ ng to the EN 338. Results of the
first series of tests were-used 10 sn:lm;t_i"-q;cgi;;__ﬁ'iiﬁ'cﬁyihﬂ strength properties (together
with other factors such a;‘ therr dufahﬂlty pn_r-ﬁédics and axmfaﬁﬁﬂa%ihc species in the
forest) for further strength tests for mare dﬁlaﬁtd study. . =

The results indicated that Srerc ulia thflnt‘.-ﬁéf&fé ( Wﬁwﬁhlml}wﬂa;ha species with the overall
best properties and mmnﬁﬁ:a well with' U’i EXT) ntas# Dm "I the téTEﬂt"’h longs to strength
class D40 and qualifies Lo hl.uﬁed _aSh’q;glrULIur.il umhu: tg %ﬁ, funﬂ ruction of bridges.
The species with the least strength pm'ptﬁies'%m’;ﬁfﬁkﬁr n-.u'-.-urm (Kyenkyen). It had the
lowest density of 436 Kg/m’ and a 5™ percentile bending strength of 29 N/mm’. It therefore
belongs iﬂ the class of C30 which is a class of softwoods according 10 the EN 338
Wawabima-was recommended to be used for the construction of prototype pedestrian bridge

1o demonstrate its use in construction.
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CHAPTER FOUR

LOCAL WOOD PROCESSING TECHNOLOGY

4.1 INTRODUCTION

The practical realization of light bridges built with lesser-utilized timber species will be
successful if the bridges are built out of local materials and also by local artisans (Wuethrich,
2008). The use of local materials such as connectors and the capacity of the existing
technology of local carpentries and sawpnills heve becp=assessed in this aspect of the

research.

Baiden et al (2005) examined the key bartiers inhibiting the use and potential of timber for
housing construction, where questionndire were 1ssued o, timber processing firms. The
suthors found out that though the raw niatcrials (limber) are available, a significant
proportion is processed for the export market and those delivergd to the local market are
inadequate or largely unsuitable for construction. The authors also cited technical barriers
sich as ineffective treatment-of timber and the absepee of skilled tradesmen as part of the key

barriers inhibiting the use of limber-forhousmg constructions

The aim of this aspect of the rescarch is to enable the local wood processing industry to

improve their existing technologies in supporl of an increasing construction of timber

-

bridges. The capacity of sawmills—te-process timber into appropriate structural sizes for

bridge construction were assessed. The skills of carpenters and carpentries readiness and

e ——

capacity to work with lesser known species in the construction bridges were also assessed.
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The following areas were therefore researched in the chapter:
o Existing timber bridges in the region of Kumasi
« Technologies of existing sawmills in the region of Kumasi

« Technologies of existing carpentries in the region of Kumasi

4.1 EXISTING TIMBER BRIDGES AND THEIR STATE
The tesults are based on the research of seven bridges in the region of Kumasi. The
superstructures of three of the bridges| wWedt, made of €ompasite steel-timber structural
members, Four of the bridges had their superstructure made entirely of timber. The four
timber bridees have been researched and recorded sysiematically.
Those four have been researched according to the following methodology:
I. General information to the bridge: where the'name, location, ycar of construction and
the institution responsible for repair and maintcnanee of the bridge'is recorded.
2. Illustration of the bridge
3. Technical deseription of the bridge: This is where technieal data on the bridge are
recorded. The data-include the type of bridge, span of bridges width of bridge, height
of bridge, nature of river bed and banks, foundaliens.asupersiructure, road bed,
fastenings, preservation and painting ofthe bridge.
Measures that may improve durability and reduce maintenance. Based on the information
and obsetvations made, measures that may improve the durability of the bridge and hence

_reduce the rate of maintenance recommended.

127



42.1 The “Kaase” Timber Bridge

Bridge Name: Kaase
Location: Kaase, Kumasi

Year of Construction: 1991

!

Institution responsible for repair and maintenance: Kumasi Metropolitan Assembly

Technical description of the bridge

Usage type Heavy traffic

Span 7.9m

Width 8.0m

Height 1.3m

Banks Concrete

Foundation Cangrete

Superstructure Fimber: Afina (Strombosia glauceseens), Dahoma,, Kusia
Roadbed Asphalt

Fastenings Thread bolts and-nuts, nails

Abutments Good None

Piers / Piles Good - None

Wing wall Good Painting of wing wall

Main beams Good None

Cross beams Good None

Deck Good None

Handrails / Posts Good Painting of handrails / posts
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Preservative Good | .
. - i :zpr:t:mml of decayed braces
Foundations Good | None
“River bed Good ! None
Banks Concreted, Good Naone
Wh pdlﬂlj Asphalted. Good None

{

4.2.1.1 Measures to improve durability and reduce maintenance of the bridge

The timber members used to brace the Afina (Strombosia glaucescens) piles showed signs of
decay - to prevent further decay, the timber members need o be preserved.

The asphalt on the road has deteriorated -\t nq.e:is Mmmmb iu prevent direct impact on
timber decking from heavy duty trucks that ply thé toad. This can cause the decking to fail.
In addition, exposure to periodic sunshine and rainfall will lead to expansion and contraction
of the decking due to the continual intake@nd loss of moistuie (water) in the wood members.
If this is not done it can lead to gradual deterioration of the decking and hence the failure of

the timber members.

Bridge Name: Anloga-Sobolo

Location: Anloga. Kumasi

Year of Construction: 2005

e

Institution Resﬁiﬁiibié”for repaiTand maintenance: Community
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Figure 4.2a: Anloga-Sobolo bridge 1

Technical description of the bridge

Figure 4.2b: Anloga-Sobolo bridge 2

Usage type Pedestrian =

Span Z26m

Width 1.3m i =
Height 1.25m

Banks Natural

Foundation Concrete ] =
Superstructure "_T_imber (dimensions 2x4 inches; 2x6 inc hes, 4x6 inches)
Load Capacity 2.97KN on 2" % 4" joist members (Minimum predicted loading on

bridge is3:.9KN)
Roadbed Timber planks
Fastenings Thread balts-and nuts, nails ¥
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M:ﬂlents
Piers/Piles Goud N
Wing wall None Nore
Main beams Good Naone. r
Cross beams Severe deflection Preservation of lumber <=
and warping =)
Deck Safe None @)
Handrails/Posts Good Provide more midrails N
Preservative None No information
Paintwork TNone—— None )
Foundations Good ___N'.:'E - - _| o
River bed Good Excavate silt and refuse
Banks Siltation,erosions, Plastering with concrete
refuse erosion ,
L"*F[‘ml:h paths Refuse dump Stop dumping refuse




4.2.2.1 Measures to improve durability and reduce maintenance of the Bridee

it was found that unseasoned timber members were used in the construction— it is therefore
recommended that wood used in bridge construction be seasoned and preservatives applied to
ansure durability of the bridge.

Loads were not assessed in the design of the bridge so it appeared the "Ihridge had exceeded its
load limit hence an excessive deflection was evident. The loading capacity of the 2" x 47
joist members is cstimated to be 2.97KN but the members are predicted to be carrying a
mintmum load of 3.9KN. This means thatAh&\brifige’s logd tapaTtity has been exceeded by
[ 0KN. Therefore before construction, proper assessment OF loads should he done to enable
the selection appropriate size of members and connectars to be used.

Additional guardrails should be provided to reduce the risk of pedestrians (especially
children) falling off the bridge into the river.

Nails were not galvanized so hadwusted. The use of galvartized bolts instead of nails could
bring an improvement.

Rafuse were being dumped at the bridge site; Refuse dumps serve as incubations for bio-
deteriorators, which may atiagk timber members of the bridge. The dumping of refuse in the
surroundings of the bridge should be avorded.

Desilting should also be done to AotV the fiee flowacf the river to prevent stagnation of

water which causes the water level to rise and can cause flooding of the banks.

» 4 _,.r"r'-.-.-._--_-_'_
4.2.3 The “Susuankyi” Timber Bridge

e

Bridge Name: Susuankyi

Loeation: Susuanso, Kumasi



year of Construction: 2004

[astitution Responsible for repair and maintenance: Community

i

Figure 4.3a: Susuankyi bridge |

Technical description of the bridge
Usage type Pedestrian e —
Span ~ [ 159m | y P — [
Width | 4m e [ |
Height |.8m \ g T
Banks T Naturalm 4
Foundation Concrete - L
Superstructure T"mben\duneﬁﬁmns !x#incﬁm. \LLHLHE 78 inches) .
2. 76KN on 2y 4" joist mermbers tﬁnumum ;mdu;ted Io.ndmg on |
bridge is'2.9KN) o 2 i
Timber planks Y = =
Nails ' ——
None None
None Nome 0
None - None




e :
Main beams Fairly safe None
Cross beams . A lot defl
55 0 ' '
ross. it detlection and | Preservation of lumber
warping
=
Deck Poor None
p——— =
Handrails/Posts Good Provide more midrails
e H :
Preservative None Non information
Paintwork None None
Foundations None None
River bed Siltation, 'Er@ﬁl;}lgﬁ.? ExXclyate 911t and refuse
refuse 1 { ) |
Banks overtaken by refuse, | Plastering with concrete
Erosion
Approach paths | heavily ~dump pavith |Stop dumping refuse
refuse

42.3.1 Measures that may. improve durability and reduce maintenance

The timber members used were mostly made of Wawa species and therefore not durable. It is
recommended that the Wawa members in ihe bridgebe seaisutied'_ahd preservatives applied to
ensure the bridges safety and durability.

Loads were not assessed, $o it appeared the bridge had exceeded ffs=lgad capacity hence
excessive deflections. The loadifg capacity of the 2° x 47 jotStariembers is estimated to be
2.76KN but the members arc predicted to-be catryifig & minimum load of 2 9KN. This means

that the bridge’s load capacity has been exceeded by 1.2KN. Therefore, before construction

proper assessment of loads must be done to commensurate the size of members to be used.

e _,.--"'"'-._._--_._

Only.naits~were used and they were not galvanized so had rusted. Galvanized bolts should

have been used where nails were used, The use of bolts instead of nails will bring an

improvement.
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The approaches of the bridge are used as refuse dump so the soil at the embankment is
jargely humus and so cannot render any formidable foundation for the bridge. For the proper

functioning of the bridge the soil should be engineered.

4.2.4 The “Atonso-Ahinsan” Timber Bridge
Bridge Name: Atonso- Ahinsan

Location: Atonso, Kumasi

Year of Construction: 2004

Institution Responsible for repair and maintenamee: Kumasi Metropolitan Assembly

Figure 4.4a: Atonso- Ahinsan bridge| Figure 4.4b: Alonso= Ahinsan bridge 2

Technical description of the bridge
Usage type Pedestrian
Span - 33.6m
Width SEEE U e
Height i 1.3m |
Banks _ Natural -
Foundation Concrete '
Superstructure Steel and timber (dimensions 2x6 inches, 2x8 inches, 4x4 inches)
Load Capacity G4KN on 2” X 6” joist members (Minimum predicted loading on

bridge is 4.05KN)
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Roadbed Timber planks
Fastenings Thread bolts and nuts, nails, metal plates

[ Condition
f -.Eouﬂ.:-.: g
Prers/Piles Good Nors
Wing wall | None | None
Main beams Good | None
Cross beams _ Good & I\ INoke
Deck | Goad None
Handrails/Posts | Good - None :
Preservative | Not known : None
Paintwork i Goad | Nane
Foundations Good None
River bed | Siltation, erosions, | Excavate silt and rcfuse
reflise
Banks avertaken by refilse, ; Plastering with conerete
erpsian D -
Approach paths heavily. ~dump  with- Stop dumping'reitise
refuse

4.2.4.1 Measures that may improve durability and reduce maintenance

S

Refuse had heen dumped at the bridge site and also in the river. Refuse dumps serve as
e = A . __,--"'"._'_--_'_'_ a
incubations for hio-deteriorators, which may attack timber members of the bridge - refuse_

dumnmImundings of a wooden bridge should be avoided.
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The approaches Lo the bridge are always muddy any time it rained. The drainage at the site

should be improved to avoid stagnation of water,

The loading capacity of the 27 x 67 joist members is estimated to be 6.4KN but the members
icted to he carrving a mini - e :
are predicte YIg nimum load of 4.05KN, This mcanﬁll.that the bridge’s load

capacity exceeds the minimum predicted load currently on being sustained by the bridge

4.2.5 Conclusion on overview of non-engineered bridges

It was found that the existing timber bridges lin\thel region 9f Kumasi had a little or no
engineering design in their construction. It was always a group of carpenters in a community
who come together to put up a structure which will enable the people to cross the river from
one point to another. This was clearly cvident in the'nature of the bridges.

There were excessive deflections.and inthe case ofithe Susapkyi Bridge; the bridge was
almost collapsing. However, the-builders demonstrated that they had some ideas in bridge
design which was evident in the design of the Anloga-Sobolo Bridge, built as a truss. This
means that local builders can build properly-engincered bridges with supervision from
engineers. The loading capagityedt.the members was [8ss than the agtugFloads on the bridges
which makes it dangerous for usage, oads expected on-therbridges should be assessed
hefore the selection of bridge members in order te choose the right member sizes. The
“Anloga-Sobolo” and the “Susuankyi” Bridges were constructed with 27 x 47 (S0mm x

100mm) joist members which were inadequate. The Ahinsan-Atonsu Bridge was constructed
el it

with 2 x 6” (50mm x 150mm) members so its loading capacity exceeded the expected load
on il.ﬁﬂrefare recommended that such bridges are constructed with 2% x 67 joists

instead of 27 x 4" joists.



The dumping of refuse near streams and bridge sites was a usual practice, Almost all bridge
sites visited were refuse dumps. The continual deposition has resulted in a heap of rubbish
which makes it difficult to even construct foundations of these bridges on firm soil, The

bridge foundations were hanging in the decomposed refuse (humus). If is therefore advisable

that excavation of the garbage (refuse) be done before the foundations of future engineered

hridges are constructed on such bridge sites.

43 TECHNOLOGY OF EXISTING SAWMILLS

The technology of existing sawmills were ascerfainedsto determine the readiness of the
Sawmills to process other secondary (lesser known) timber species into required structural
sizes for the construction of bridges. Reviving the timber gonstruction industry in the use of
lesser known species for cansiruetion require an assessment of the"state of the Sawmill
industries and their readiness to prepare these species.into lumbei The research sought to
look at the capacity of the Sawmills in termsoF their machinery. labour, production levels,
type of species currently working with, ete. Twelve swmills in Kumasizwere visited out of
which four had closed down dbe to operational diffrculties. Eight 0fthe-Sawmills responded
to the questionnaire administered and also granted interviews. The Sawmills include Kumi
and Company Limited, Modern Wood Technology Lim ited, Naja David Veneer & Plywood
Limited, Logs and Lumber Limited. Sunstex Company Limited, Logwood Industries
Limited, AG Timb‘e‘r'-Limiled and-Ridge Timber Company Limited. Most of them produce

lumber and other products mainly for export.
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hills" operation and pricing are largely regulated by the Timber Industry
ment Division of the Forestry Commission of Ghana. The norms and regulstions for
peration in Ghana and the states of the Sawmiills have been outlined below.

rms and Regulations for Sawmill Operation /

Development Division (TIDD) of the Forestry commission has norms
_ ns for sawmill operation (TIDD, 1998) and these are basically as follows:

& have the necessary mhithN trgmru 4 permit 1o operate a

ad finished products.

| ‘ «can either apply for a working area 1o obtiin the logs from or buy from

——————

ry rs or do both.

el

: which the loggers

.r..'l -:1 -. ]I min -’i- ; w e 1 T I )

‘ -.I .71' . . ; : 7 .
community in which the co || s
people in the community. w

‘When sawmill is in operation, the forestry division:
: : i to the finished
o all work done on timber from felling of the trees
L] M;
. s

Hﬂchmkpoinumv:impﬁmmdﬂkmndMHW

being transported and 1o arrest illegal transporiers:
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* Have officials visiting sawmills to inspect production procedures and

finished products.

* Have officials prepare certificates for buyers who are exporting the

products.

Ensures royalties are paid on the concessions given. A greater portion goes
to the stool lands and the rest goes to government,

(vii) Smaller mills produce timber for the local market but sawmills which produce largely

for export are required to produce 20%forfthe loBal matket ;;ﬂd are expected to submit

documents to prove this.

The grades of timber produced in the Sawmills are the FAS (ie. First and Second), No.l C &
§ (i.e. No.| Common & Select) and No.2 Ci& §'(1e. No.2 Common & Select). This grading
is based on the general appearance, nature ol staing, wormholes, pim-knots.and cracks in the

limber,

The FAS grade is a combination of the first and second.scleetion after the lumber is sawn.
These are usually straight mentbers without defects, The No. Leoinmorl & select is the next
arade after FAS, made up of straight members with-minimal defects. They are selected after
the first and second sorting. The No.2 common & select is the third grade made up of straight

boards with visible defects. Their sclection comes after the No.| common & select had been

e

sarted, s S



Jutcome of Survey

mills were visited in the Kumasi Metropolis. Eight of the Sawmills were

__ four had closed down. The outcome of the survey is based on the response of

b

sawmills who granted interview and responded to the questionnaire which were sent
' j

Dryer.
ets. The lack of Kiln

uills have a Kiln

et " P el



2ate of Breakdown of Machinery

T

]

[ - R Frequency | Percent

’F oW mlﬂﬁﬁ (%)

“Very often (daily/weekly) | 1 12.5

l i

| ofter 1 12.5

Noto months) 1 12.5 j
H rly or more) 5 62.5

I 8 100

had used their machinery hctKNi t:l : of the Sawmills visited
ing machine purchased withirl the fast five's ?S::[z:.l}. The Sawmills also
hat most of their machines were purchased brand new except for some brands

only used ones. Five of the ills (62.5%) indicated that their machines

akdown (yearly or over) and one ndicated that their machines

very often (daily'or weekl w%l d ’rrr} sontracts(T able 4.3). This
most of the machines ; 'j'n.'u oyer A€ ._7_5 without replacement
o Loxls
T L S : . - ..al-
: Availability of Spaz,’ yToel irs !e’p_‘\m
s Frequency =
locally) 7 87.5
imported) 1 2.5
0 0
e i~ |

B = H‘.-_______,_.————"
1e Sawmills (87.5%) indicated that spare parts for repairs and main
snlmmmﬁmwddmﬁwy'hneu

nes. The routine

tenance of their
y are available locally. All the Sawmil
nce department who are constantly checking on the machi

—
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T! :

mmmﬁn{:c and the availability ol spare parts keep the machines iating Dl ;
' : severe an

often breakdowns.

Table 4.5 Processing of lumber for local market

Lumber  for local | Frequency | Percent
market (%)

yes 8 100

No 0 0

Total 8 100
Reasons | Frequency | P@ueentage |
E 0.9 B
Fasy transport ] 0
nexpensive handling 2 25

TIDD regulation 5 625 o
Ready market L 12,3

Total 8 104

All the eight Sawmills (100%) responded that they producequmber for the local market.
They gave reasons as indicated above. 62.5% of them.said they product for the local market

because it is regulation from the Timber industry Development, Division of the Forestry

Commission. Twenty-five percent (25%) said they process for the local market because it

easy and inexpensive in handling products 1o'the local market compared to the export market.

One Sawmill indicated that the locatumarket is.a readily available market even if there are no

foreign contracts. The results above indicate that the Sawmills are sending lumber to the

local market becausc it is a regulation by the Government (TIDD). It is a regulation by the

' r'._‘_‘_,.r"
TIDD that at least 20% of prﬂdg@ﬂnﬂ_ﬂw’-ﬂd be sent to the local market

export up to 80% of their produce).

e

(the Sawmills can
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oo oo
=

Frequency | out of §

» make profit.

* - Treatment of wood for local market

Jocal wood | Frequency | Percentage |
' 1 125 |

-?f-- 1
8 T100

_' mmﬂufﬂwshmmllsmdﬂd that they do not
fmummum-’muwm

mum-nu
narket. No preservation of any
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This is because of the cost of preservation or drying since the local clients (Carpe
arpenters) are

mttﬁﬂj"'m'l“’y for the cost of treatment.

Table 4.8: Sizes of lumber produced for the local market

g

Sizes No. of firms Percentage /
(mm x mm) producing size

50 x_50 8 100

50 x 100 8 100 N
50 x 150 7 87.5

50 x 300 6 75

5% 15 7 875

75 x 100 6 75

75 x 150 5 62.5

100 x 100 |2 25

X 150 |1 | 125

50 x 150 |0 [0 j
150 x 200 | O 0 !

1 Structural sizes for con struction of bridges up to [3n1Spans

All the sawmills (100%) indicated thal they produce 50mim x 0mm and S0mm X 100mm
sizes of lumber for the local market. Only one.company (12.5%) produce 100mm x 150mm
lumber size for the local market and none of the fipus currentlv produce |50mm x 150mm

and 150mm x 200mm lumber sizes-forthe tocal market. The Sawmills attributed this to the

demand of the local market. There isno demand for-strieturalsize lumber such as 100mm x

[80mm, 150mm x 150mm and 150mm X 200mm so the Sawmills do not produce them.
N ‘f—-
All the Sawmills visited produce atthe 3 grades of lumber in the m

d the surplus from their sorting is what they

arket (FAS, No. | C&S,

No. 2 C&S). The least grade, No. 2 C&S an

usually send to the local market through retailers because that is what the local carpenter can

alford. The FAS and No.1 C&S are expensive and are always exported.
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. dicated their interest in processing other secondary or lesser known species
“ ate structural sizes (such as 100mm x 150mm, 150mm x 150mm. and
m) if the demand is available and customers are ready to pay. The Sawmills
Bive the capacity to produce for the construction industry But patronage by local

 market is low because of the cost.

planes '. in their workshops while 40% of the respe e s e

- C-
.ﬁw tools and machines such as Planners, Cross cut saws, Table saws, Circular

—=~
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Rate of repairs or replacement of tools and machines

Replacement Frequency | Percent :
' (%)
0 0
| I3 79
y 3-6 months) | 23 51
ly or more) 9 20

“ KNUST

=l i 1 are
yo Carpenters (93%) inmparﬂ parts for the repairs of machinery

bic i ave maintenance
pte-im the local market. All the carpenters also said that they do not h |

i i at Suame
\ts in their workshops but usually employ the services of Engineers

‘Kumasi when breakdowns occur.
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Percent (%)

[Frequency

51

49

100

[AndN

3y 45

Frequency

Percent (%)

|0

0

39

14

61

23

100

I t (51%) of the CarpenteKnNH\eSadi 1o and different grades of

not know anything about the various

‘the respondents, representing 49% do

13a: Obtain lumber from

Lumber

mill

- 9
. 36

e =
= = .

v .-__.______,_.-—

1

Frequency

&
e

T
|
|
|
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Table 4.1 3h: Reasons for using Sawmill lumber

oy -
Mﬂ I'requency | Percentage
(Guarantee of wood
y & grade 4 44.4
w_ugﬂ ijs easy to work
with 0.0
(lient's preference 2 223
(Others  sources  are
llegal 3 333
Proximity to Sawmill 0.0
Total 9 B

Table 4.13c: Reasons for not using SawmilFlugiger

 Reasons If No Frequency | Percentage |
Too expensive 29 80.6 \
"Sawmills are far 2 5.6
Bureaucracy & Security

checks I, ST Y
Difficulty in transport | 2.8

Total 36 100 q

Tables 4.13a, b and ¢ shows whether the carperitries.obtain their wogd from Sawmills or not
and the reasons behind their choice. Eighty percent (80%) of the carpenters do not obtain

their wood from sawmillwhile 9 (20%) of them obtain theif wood [rom sawmill (Table

4.13a).

Out of the 9 respondents who obtain their-umbgr_from vl 44% choose to pay for the

sawmill wood because of the guarantee of the wood grade and quality. This gives them good

finish and so they are able to sell their products at higher Fﬁrices. 33% of the 9 said it is illegal

f.rr- .
o obtain lumber from other SDUWEhﬂiﬂ saw operators (bush cuts) and 22% obtain

ients prefer sawmill wood. The clients

their wood from sawmill because some of their ¢l

ingist that they use only wood from sawmill and such clients are prepared 0 pay for higher

cost.
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.nine (80.6%) out of the 36 respondents who do not obtain their wood from the
! rﬂywood from sawmill is too expensive so they cannot buy them (Table 4.13¢).
 percent (11%) of the respondents do not buy wood from sawmills because of the
cies at the Sawmill and several security checks. Before you obtain wood from a
will have to place an order and make an advanced payment and provide proof
_ on of your firm. The procedure is cumbersome and so carpenters get discouraged
ng wood from sawmills,

4 KNUST

Table 4.14: Construction of timber bridges

Frequency
4

41

45

Freq
ave skills | 20

inity 19

1.0 -1.5m in width.

bri es they constructed were between 3-5m in span and
said they had never constructed a timber bridge. Twenty

ges. Nineteen (46.3%) of the respondents
have the skills to construct

Out of the 41 respondents who
(48.8%) do not have the skiliﬁm brid

ty to construct timber bridges. They do

never—got The opportuni
idges but they never got an offer to construct bridges. This means that there

are a number

 of carpenters who can build bridges with supervision from engineers.
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of lumber used by carpenten

| No.of Carpenters  Percemtage
with size .
b 14 100 |
45 |
30 67 ]
32 71
13 N j [
| 2 ]
0 0
i 24
L i

....m.......m‘i.,m WUST

{IM'W%M\W“*‘A? | O seres of iy o e

mmuuﬁuﬂmwm-h#dw

Pl S e
-manqn-:!ILiﬂ-'- |
ies | __.,%.l}L__._-.

41 1
4 b -l
45 [ —




-one percent (91%) of the carpenters indicated their readiness to work with other
- known timber species in the construction of bridges. Only 4 out of the 45 respondents
_,‘,;;'-r' dy to work with other secondary species in the construction of bridges because it is

f ::_:'-F'.Il L= ﬂf Inmﬂr

E

e 4.17a; Educational background of Carpenters

Frequency | Percent (%)
21 47

S ZNUST

Frequency | Percent (%)
85.7

i |

‘ percent (53%) of the carpenters have had no education of any form while 47% of

¢ carpenters indicated that they have had education of some form (Table 4.17a). Eighteen

o) of the M;wearpmtg;_md-edamﬁm up to the JHS level. Two (2) carpenters had
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[

aiority of the carpent %) who di
Majority rpenters (79.2%) who did not have any education attributed it 10 lack of

’ i L] (4] 1 y a
funding while 12.5% said they had ready apprenticeship from childhood so did not see the

need to attend school.

45 CONCLUSIONS ,

The timber bridges in the region of Kumasi had a little or no engineering design in their
construction. It was always a group of carpenters in a community who come together to put
up a structure which will enable the peoflefoferass the diver friffone point 1o another. This
was clearly evident in the nature of the hr'id"i'_';_es. " HOWever” the  builders demonstrated that
they had some ideas in bridge design which wa_s--eﬁiclant in the design of the Anloga-Sobolo
Bridge for an example, built as a truss. This means that Jocal builders can build pmpcr’lyl

engineered bridges with supervision from engineers

The sawmills in the Kumasi Metrdpolis have the needed machinery to process lesser known
species for bridge construction. The sawmills indicated their readiness to process for the local
construction industry if the local customers-arc ready to pay for lh"-:'. cost of the sawmill
lumber. In Table 4.5, 62.5% 0l the Sawmills said-that’they produce’ lumber for the local

market only because it is regulation (ot b TDR: Tliey, dOwol make profit out ofit.

The carpentries do not purchase lumber from the sawmills because it is too expensive for

them. The carpenters cely on-chain saw lumber which is of inferior quality which in tum

v wood for construction services like the construction of

affects.the-quality of work. Qualit

d in the local market in the right sizes. Customers of local

bridges can not be obtaine

carpentries do not complain because they are not ready to pay for such quality wood from

1 _ 152



qwmills. The general public. engineers and builders should be advised to embrac d
‘e W00

ﬁwn from sawmills as the required for usage and be ready to pay for its processing cost. This

will make the local markets readily available and deter the sawmills from sending all the best

grades of the lumber for the export market.

Ninety-one percent (91%) of the Carpenters indicated their readiness to work with structural
sizes of lesser known species in the construction bridges (Table 4.15). They are therefore
ready to learn, even for those wha do nof havdhanyfsKills indffidEeTonstruction. Forty-seven
(47%) of the carpenters indicated that they had education (o at least the JHS level (Table
4 16a.b). This means that with little training, somé ef the carpenters can be equipped with the
necessary skills and guide on the use of timber for construgtion. Practical technical lrainingl
in construction carpentry and joinery such as those offered by some Technical Institutes in
G]iana, who train non-formal students —for- National Vecational and Technical Institute
(NVT1) examinations. Participants. who . pass such _practical examinations are given

certificates for practice.
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CHAPTER FIVE

DESIGN AND CONSTRUCTION OF PEDESTRIAN BRIDGE

5l Intr-nductiﬂn

'fhg preceding chaplE_rﬁ dealt with relevant literature that helped in I"ui‘mulating a basis for the
choice of experimental methods and documentation of work done on other relatively new
imber species. Laboratory tests were performed on selected lesser known species specimen
1o enable their characterization in termg<of théir méchanieal fnrirpcrtiu.». Studies were then
undertaken to assess the compelency of existing carpentries and the capacity of sawmills in

the Ashanti region to construct engineered timber bridges.

In this chapter, the design.and constguction of aspedestrian bridge is undertaken using the
information gathered in chapiers 2 =4 Discussions argron the design criteria, structural form
of bridee, load transfer system and design Toad considerations. The maximum theoretical
design forces in the elements of the hridge were calculated for the case of applied design
loads. Furthermore, the theoretical failure forces and-leads were caléulaied to give an idea of
the_briegCaFinally the bridge erection

the inherent structural over-strefigth pogsessed by

procedure is discussed

5.2 Design Criteria

E—

The timber members of the bridge were designed to the Swiss standard SIA 261/265 and the

substructure is designed Lo the British Standard BS 81 10 as well as the earth pressure against

the retaining wall.

«NTHD (sYWNE

I.ﬁ'{" 1 h.i'lQ
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v

j_],"he distance between the river banks at the bridge crossing is 14.0m. The elevations at the
1ops of the banks at both ends of the stream were almost the same from the surveying
conducted on site, The site is liable to flooding during the rainy season and this necessitated
the foundations to be built in concrete. The river bed needed de-silting and the heavy
presence of weeds impeded the flow of water. This made it necessary to omit middle piers or
ghutments in the design considerations in order to allow for free flow and future de-silting of
the stream. The Bridge was built adjacent to an existing 12.0m concrete bridge currently
being used by the large number of studdh”afiending legtur®s frgm their halls of residence.
The bridge span was taken as 14.20m to match up witlrthe B¥isting concrete to promote easy
diversion to the new bridge. The width of the bridge.is 3.6m with clear walking space of
3.0m as against the 1.2m width of the existing bridge which was seen inadequate. Trafﬂi::
counts were conducted and students were found sharing the carriageway of the road with
vehicles during the peak hours of the day: This necessitated efear span of 3.0m to be designed
10 allow enough students cross the stream withoul competinig withvehicles on the roadway

which constantly posed threat to students’ safety on the road.

The loads that were considered tn the design were live loads, dead laads of the materials, and

wind loads.

5.3 Bridge Layout

. Several variantsof the design forthesite were made. In conjunction with KNUST Architects

and Deyelopment Officials, the project team in KNUST settled on the ‘trough’ bridge which

is two trusses connected by cress beams with decking on Cross beams. The loads from the

trusses are transmitted axially through concrete columns joined o the abutments at both ends
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the trusses. The truss spans 14.20m and the 180mm x 80mm cross beams are spaced at

401 mres The height of the bridge is 1.8m and is about 0.9m above the highest flood

¢l of the stream .The trusses were fabricated in three units and joined by means of
sropriately designed steel plates and nails.

. substructure of the bridge was constructed with concrete and reinforced concrete. The
ions are made of concrete and the abutments on which the timber girders are

ositioned are made of reinforced concrete walls. The abutments also serve as retaining walls

for the backfill of Jaterite in constructing KNWS“‘T’HEE-

__Wiwi Stre

New Timber Bridge ——

!
-" .
P Al ek

"

- From Administration== isting Read

- —
o e e

Existing Concrete bridg
{on bath sides of road)

‘means of steel plates and nails, and are supported at their ends by concrete columns
==

_"'tml:nls. IE'#?QEQ&MSMW
s and transmil them to the trusses.
rds, web) and transferred to the supports

ing which is the walkway of the bridge. The

crosshgams- receive the load The forces are distributed

ey

: cross the truss members (top and bottom ¢ho

*
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fhrough the ends. The trusses also serve as guardrails for the bridge and so take up pedestrian
and wind loads.

Bottom chord
Cross beams

Figure 5.2: Structural form of bridge

5.5 Structural Design and Analysis

In this section, the output of siructural design and failure load analysis of the timber bridge is

reported.
The unit weights of the various materials used in. the design for calculating dead loads are

listed in Table 5.1 below.

Table 5.1: Density of materials used in the design

| Material Assumption —_for—amatysis
(Density) o

Wawabima | 10.18 KN/m’

Steel 80 KN/m® ol

Akye 987 KN/m’ _pia, -

 Rubber 15 KN/m’
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characteristic live load for pedestrian bridges, wind loading and the horizontal effect of

~edestrian movements considered i s -
jﬂ&e ed in the design are also listed below.

cteristic live load for q, = 4KN/m? 1

estrians horizontal load | q, = 1.6 KN/m

d loading | 9« =09KN/m*

Load combinations:
1.35 * dead load + 1.5 * live load / pedestrian horizontal

1.35 * dead load + 1.5 * live load / ptdesl’jﬁn Imﬁ;&nml 0.0 wjnd

The design code, SIA 261/265 predicts in Tablg?3.2 below, the design life of the bridge

gomponents based on the characteristic values of the choice of wood species, the dimensions

of members used as a resull of the design loads.

Table 5.2: Duration of usage of bridge components

Designation | Material Proposed duration of usage
Structural system (lruss) Wawabima |50 vears X

Steel connections Stec! welded 50 years

(Cladding ; hAkye N2 NWears J.

Walking surface “PAakye — s S
Guardrail covering | Akye or | [0EAS

The ultimate design load was analysed for the truss shown below:
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. r L - -+ 3
.I . 15.4KN 15.4KN 15.4KN L5.4KN 15.4KM 15.4KN IE.F'N{H 1.51:““ L'?M i

10 @ L4lEm = 142m

TLIKN

sure 5.3: Design load analysis of timber truss

¢ maximum internal force calculated in the elements of the bridge and the selected

nember sizes based on the above design %thinst,q;j below,

ble 5.3: Internal forces in members and load to cause failure in members :
ember type | Size (mm) 2de stresses | Internal fi Capacity of
[ : member
_ .4 sad _LkN)
Bottom chord | 140 x - 21 < 445.2
Top chord T TR e o ey | 2596
. Y - Compressio al
Diagonal 20 x 200 18 L | \ 148.3
1 \ — | (Compression)
Vertical {9mmi §teel rods. 1250 Sy 70.9
i 2 tnsion) /=
“Zo ~ ) == --t\q"

D o - ;
Since the dead load (self-weight) M’ tof the ¢ esign [oad is constant for the bridge, the

critical load required to cause the failure of the bridge will be dependent on how much live

load is available on the bridge. A characteristic live load of 4kN/m? used in calculating the

design loads Sm,—gﬁ'{.;’yigumm—pﬁms that the bridge can accommodate 6 people

weighine70kg each occupying a square metre of the bridge deck.
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are compared with their capacities in Table 7 4iheldw]

Table 5.4: Internal forces due to 5 5kN/m” live load and capacities of members

ﬁw.ﬁlpaﬂit}* of each member type is also given in Table 5.3. This implies that any increase
:ﬁi:_.ﬂ&e bridge loading such that the internal force of any member type exceeds the given
gapacity. the bridge is assumed to have failed. Consequently, an incremental loading analysis
showed that the first member type to exceed its capacity is the vertical steel rods at four
ﬁEffcrenL positions when a live load of 5.5kN/m” is applied to the bridge. In this case, about 8
people of mass 70kg each are deemed to have occupied a square metre of the bridge deck for

gollapse to occur. The internal forces generated by such a load for the various member types

Flgiire 5.4 Failure load analysis of truss

160

._E{ember type Size (mm) _Intem#l force at | Capacity (kN)
5.5kNfm” live load
(kN) _
Bottom chord 1407 %200 1253 445.2
| Top chord 140 x 200 243.5 2596 =i
Diagonal 80x200 4 129.2 1483
Vertical 19mm stee! rods: 70.9 70.95
s - | £ ==
| /| ‘/| | " T\w T
/'r; 4 \ / \ i Laln
\/ V . L
b | 1 L AKN 203N
E':Ira‘KN ._.E&SKH---- Eﬂ-3ﬁﬂ,,-?-‘1:m’ 20.3KM e IKM 21.3EN £0,3KN "
i 10 @ L4l6n = l4.2n
e T e 93.7KN
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5.6 Description of structural elements

5,6.1 Trusses

A howe type of truss with a flat top chord was designed. The web systems were selected for
gonvenience of connection and economy. Three beams, 4.74m in length with the dimensions
of 200mm x 140mm were connected by steel plates to obtain each of the 14.20m top and
pottom chords of the truss. The vertical web members were connected with holes drilled in
them to hold steel rods from the top chord through to the bottom chord reaching down to
hold the crossbeams. The vertical membérs“again tohneét 0 tHEEfoss beam by steel plates
(gussets). The diagonal members are locked in place BY the zeometry of cut at the joints of
the truss when the steel rods through the vertical posts are tightened at the bottom of the

crossbeams.

5.6.2 Crossbeams

Crossbeams of dimensions 180mm % 80mm were designed and placed at 1.4m centres along
the bridge span. They were placed below the bottom chords connecting the two trusses. They
are held in place by the steel rods from the top of the top chord and also by the steel plates

nailed to it and the vertical posts (Figure 5.5). Members of 80mm x40mm dimensions were

placed across the crossbeams to support the decking for the watking surface of the bridge.

m—
NIy —

(a - : =
Figure 5.5: Picture showing crossbeam connected by

turned upside down)
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ye Members of dimensions 100mm x 30mm were connected 1o form panels by means of
wing onto connector members. These panels were then designed 1o be screwed 10 the
“ bers on the crossbeams. The panels were fabricated in the workshop.

!

7 Bridge Erection

7.1 Pre-Assembly of the Bridge

14.20m span trusses had 1o be manuNn{il}lS ;Fc there were no interior

s or walls to support the assembling and connegtions on site. The truss members were

it connected with the steel plates and gussets. Whe trusses were turned upside down and the-

beams were fixed. The steel rods th ".:’._;.._.' mical members of the truss were

.-_T:‘_-_.. with nuts aftersthe crossheams, s T & main structural _‘r: nework of the

S =
Stie# Trom the site. The

A1 ﬁ}'"rr' f e

- .rhe mmbﬁng wa {nj_u‘__j'-:lqﬁﬁf' nard .. i is RIS

. —

ssembling took 4 days to complete. @

7.2 Structural Frame Freeti

Al the site. two 10 ton cranes had the span in order 10

istall it on the abutments/supports. 1 done within one day. After the

stallation. all connections were further tightened before the decking began. e

of panels which were screwed onto planks across the crossheams.




573 Cladding

The cladding members were also formed into panels. 70mm x 25mm planks were screwed
Wmmmnnﬁ:tm‘sm form 1.44m x 1.55m panels. The pancls were then screwed on
ihe trusses. This ensured casy construction of the cladding members. A scaffold was made in
{he river to provide platform for the fixing of the outer cladding. The inner cladding panels

mmiﬂtﬂﬁxbmuscﬂmdmkinghadbeenmadewhichwnsm@hplntlhrmfnrthc

Figure 5.6: The almost completed bridge

5.8 Conclusion
The bridge was constructed as part of the tosearch-objectives. The aim of the project is to
develop and promote light bridges built with locally available lesser Known species. This has

been necessitated by the high cost of bridge construction due to the overdependence on

~ foreign technology and materials—forconstruction; and the overexploitation of few noble
timber species in the forests.

The pedestrian Bridge in KNUST campus will case the movement of students from their

halls of residence to the faculty for lectures. It will also reduce the congestion on the roadway
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ely known and used noble timber species, thus contributing to the national and *
al efforts to conserve the tropical mixed forest; and conserving scarce foreign

by using local timber instead of imported cement and steel.

e bridge is designed with a charact:risli$ imadu §n:|- This means that the bridge

ng about 70 kg at a time. However, the

ed to accommodate 255 people each we

164




CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

: : . . /
Ten lesser known timber species were investigated in terms of mechanical properties to

determine their suitability for the construction of light bridges. The species are Albizia
ferruginea (Awiemfosamina), Sterculia rhinopetala (Wawabima), Blighia sapida (Akye),
Canarium schweinfurthii (Bediwonua), Pérersiouhus FiIﬂE?‘ﬂ{;‘Hi.‘:{m.‘i (Esia), Sterculia oblonga
(Ohaa), Coola gigantea (Watapuo), Celtis zenkeri (Esa). Antiaris toxicaria (Kyenkyen) and
Amphimas pterocarpoides (Lati). Four out of the fen species were selected for further tests
after the first series of tests. The selection of the four species was based on the performance
of the species in the figst-series of tests and the availability of the species in the forest. The
species with the best fouriresulistwere Canatium sehweinfurthii (Bediwonua), Sterculia
rhinopetala (Wawabima), Albizia Jerrugined (Awiemfosamina) and Petersianthus
macrocarpus (Esia). At the end-of the second series of testing, Sterculia rhinopetala
(Wawabima) was found to'be the species with'the averdl] best materialproperties suitable for

consideration in the design Of Strciral, members. Blighia-safida*(AKye) was also found to

be the 2™ best in terms of material properties. 1t ean also be used as a structural member for

construction. Albizia ferruginea (Awiemfosamina) produced some good results such as very

good compressive-stress. [t is also very high in durability. However it cannot be

e

_,..--"'"".--_ - .
recommended for construction as a structural member because It had a low bending strength

fromthe further test results.
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.

ﬁ;gmuiia thinopetala (Wawabima) was therefore used in the design of a prototype timb
pe timber

bridge 2s the clements of the main strustural frame. Blighia sapida (Akye) was used in the
design of the bridge as cladding clements due to its good durability properties aside its

siructural suitability.

The local wood technology was assessed. The Sawmills in Kumasi have the capacity to saw
the species. All the Sawmills have at least one band mill which is able to saw all the tropical

hardwoods (redwood). Species with similaf séwing propedict T conditions as Wawabima

-
1]

and Akye are being sawn in the Sawmills. Three {3) Gt of Seven (7) Sawmills visited have
Kiln Dryers for seasoning wood. Modern Wopd Technology, located at Kaasi, for example,
has 10 chamber kiln drying system fueled by sawdust gengrated from their operations. Thi.s
system saves energy and eliminates the environmental hazard of burning sawdust. Most of
the carpentries visited usé simple-hand tools, The carpenters were gonversant with working
with hardwoods (redwood). The Arlaga‘vand wotking village-has all the basic machines for
culting, sawing and planning wood menbers for-all sorts of construction and moulding.

Carpentry Workshops visited possessed the basic hand tools to work with the species.

A prototype pedestrian timber bridge"was designed {with the species and constructed on

KNUST campus to demonstrate the usc of the species in construction. The bridge

demonstrates the suitability of Wawabima and Akye in use as a construction material. The

=

 bridge is designed with a charecteTTStC five load of 4 kN/m?. This means that the bridge is

designed 10 accommodate 255 people each weighing about 70 kg at a time. However, the

bridge can accommodate 340 people each weighing 70 kg at a time (when loaded with a
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bers of test beams were few. From the Ist series of testing, Albizia ferruginea

iemfosamina) was found to havKrNjitijtngs therefore recommended
further bending test be conducted 'to ascertain the” irregularities in their bending
G "
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Load Deflection curve for AT12 (local modulus)
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Load Deflection curve for BS11 (Logal modulus)
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Load Deflection curve for €628 (Local modulus)
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Load deflection curve for C217 (Local modulus)
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Load Deflection curve for €218 (Local modulus)
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Load Deflection curve for PM23 {Local modulus)
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Load Deflection curve for 5021 (Local modulus)
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Load Deflection curve for SR17 (Local modulus)
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APPENDIX II

KWAME NKRUMAH UNIVERSITY OF SCIENCE
E AN o
DEPARTMENT OF CIVIL ENGINEERING pR SRR

UESTIONNAIRE ON EXI : - .
gEmUN STING TIMBER BRIDGES IN KUMASI AND ASHANTI

PART I

R OER TNRIIIC. & . o vovnioaiive s in v s o e i i s g g

2. (a) Bridge Location.................. A e (b) Geographical position........covevee
(C] TEITi:.’lit'I ............................. '1!‘1"1..||1.‘"¢l' r#l‘l-.'l-- [d} -J‘I-Tr' |'I.utl’]'ld1t}'... B R R R

3. Please tick as apply. the utilization of the bridge.
Pedestrians [ |
Light traffic| |
Heavy traffic | |
Other [ | Please specify.......... g, -

4. Span of bridge. ST Width of bridge....."%". ... Height of bridge...........
5. What is the expected water quanitity of the strear/riyer by volume'in the;

i. Dry season............

ii. Rainy season......... ...

6. What is the water level of the stpeam/river in the:
i. Dry season.... 5%
ii. Rainy season .. ...

7. What type of material was used far the constructien 0T the-bridge foundation?.......

B P T L A

..................................................
----------------------------------------------------

. S e T i

10, What type of material was used for the FOAABEAT ... eeossibersoss s esisissssiessanss sty mssaess

1 1. What type of bearings and connections were used in the cONStruction? ...
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12. (a) Was there any preservation o i '
St ] 1on of the materials used in the construction?

(b) If yes, state the type of material or chemical used in the preservation

Ed b AT Rd RS bAaRd b RE G RR i RA b AR R AR EF

. _ :

13. Has the bridge any security fi e A )
y features like v

Please specify........coiiiiin i, guardrails, sidewalks ete?

s eEEE CROCE NN o - . Thaw LR o LS L] =
BEdn WammE e BEESE A ER RAEs b En b Ea
R AN ] am R R R ECE -
o FEa am e a e e e

14, What t}'pﬂ of eqm pmems was usedK Netmjngfﬁrc'mdge?

j __meﬂf

15. In which year was the bridge constructed? B ot NI

_20. What type of mea
MAINTENANCET .. v

.................................................................................................

----------------------------------------------------------------

.........................................
R T ey e LR TRER _,_...,,,,....4....,..,.,-..u--...---.“u-.-.-..----..4+| R s T T T L R SRt
................

..................................................................................................



APPENDIX III

KWAME NKRUMAH UNIVERSITY OF SCIEN
- 5 | C 4 -
DEPARTMENT OF CIVIL ENGINEERING E AND TECHNOLOGY

QUESTIONNAIRE FOR WORK ON EXIS ;
ASHANTI REGION STING SAWMILLS IN KUMASI AND
j
2, Sawmill Name/ldentification...............

T L BT T e

4. a. List of machinery used

i +

Response
Machine New | Used

Band Mill

Wood Mizer

Cross cut saw

Planner

Kiln Dryer

Edger

Ripper

b. How long have you been using them® .. ool i v ivecirsnsn e
c. How often do they breakedownTaiei il ittt . o ievnnmenanansonn
d. How available are the spare parts forrepaitsla: o

W s B E

e. Do you have nminh:n'an:r:—;‘dﬂr.{grlmenﬂ . - R
4a. Do you process lumber for the local markel? YES[ ] NO[ |

4b. If you answered YES to question 4a. please give reason?
Reason | Response
Easy to transport to local market |
Not expensive in handling '
It is a regulation by TIDD i -
—T1s a ready market : vl

4¢. If you answered NO 10 question 4a, please give reason’?
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.-

Reason

Response |

Low patronage from local users

Production cost is expensive for
local market

High demand from exports

Difficulty in transport from sawmill
10 markets

| Local market is not readily available

Sa. Do you process lumber for export? YES[ | NO[ ]

5b. If vou answered YES to question 5a, please give reason

Reason

Foreign exchange

A lot of profit
Production cost is expensive for
local market

Response J

1

| Local market is not re: 1d1h available |

5¢, If you answered NO to question 5a.-please give reason

Reason ke Response- |

Difficulty in ebiaining —grades

required

Difficulty in obtaining logs fn:m"r.

forest i

Low processing capacity to meel

deadlines
6. What volume (%) do-you produce for the-focal LT L S S SRR
7. What volume (%) do you produce for prcrrt? T

8. Do you treat (preserve)

.1..----....-,.a....-........-.n...-..a...-.-..----...=‘!---a """"""""""""""""""""""""

9, Product quality

the wood produced for th. Jnaca! rr,'nar'hn..l‘j

a. Do you know about the grading (grades) of lumber?

b. If Yes, what type ofgrades do you make?

Grade Response I
== | FAS
No.| C&? | S S
NQ_Z‘C&S e bt
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¢. How do vou measure those grades? .........

d. Where and how do you store your finished 1[5 E S S

Bd ki wans

U T T T I T S ey

e. Al what moisture content do you saw andstorcyﬂur products
PRIV i i s eI ) L MOSHR  o

R e R R I T T e R e

10. What is the maximum size of round wood for cross cut (length and diameter)?

EEFERFPEAA iR ER P ET AT RS R AT P A B E AR

| 1a. What are your standard products?] 7. v .01 8 E o e

| |b. What lumber sizes do you normally prodece opprocess

Sizes Response
(27 x 27
2" x 47
2!‘1 x 6'.!" 3
| 3% 3"
3" x4
4" x 47
47 % 6"
6" x 6"
ﬁ!'.- x E‘.I‘.l

i i 2 3 e ——— gl OO RN e
12. What is the cutting BOSEWREI-ML7 . ..oooocimrries sy Do v AR Tt

13. How much round wood do you have in SI0CKY ......cvveiiern

14. What species are they...cocivimmmiimimmmnesses s

15. Are }amj EEé;j}r to pmceﬁ;’mﬁ- species for the construction of bridges in the local

THAUBLEYT ithta v iahon s sty arsmehesane segn FEE0S

e —— . v :
16. Any comment on the use of timber for bridge CONSIUCHONT. ... .ccoovivereerrresse
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KWAME NKRUMAH UNIVERSITY OF SCIENCE AND TE
DEPARTMENT OF CIVIL ENGINEERING CHNOLOGY

General Information
|. Carpentry Name/ldentification

2. Carpentry Location..................

Response
Machine New sed
Spirit levels
Portable Drills
Cross cut saw
Planner
Chisels
Hand saws
Builder’s square

c. How often do you ;aﬁiaﬂ;-- o repair if
d. How available arethe spare pars [oricpan

4, Product quality _
a. Do you know about the grading (grades) of lumber?

b. 1f Yes, what type of grades do you work with?
T

—

Grade ~ = | Response
FAS
= [ No.] C&S
No.2 C&S .
c. How do you determine those Brades? ........oocorsesassmmsrinsisassssnssens
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3. a. List of machinery/tools used KN I l ST

b. How long have you been/using them?.. o GERRRR - - -ecorconeooe

....................



........................

____________________________________________________________

Too expensive s *k
Sawmills are too far from uanin:i'i““
Bureaucracy and security checks at
sawmill

F— ...--"""--._d-_
constructs of a timber bndge”
10a. Have mwlﬂu‘ 0oh
o YES| ] NO[ |
— 1 -
10b. If you answered NO 1o question 10a, please give feasan:
Don't have the skills I'u:




: construction
'Bm"t have the required t1ool
| bridge construction s

mg If you answered YES to question 10a, please indicate the type (span and width)

SIIII Response | Width Response

< S5m < Im /

MSM Im - 1.5m

Sm -~ 10m 1.5 -2m

15m - 20m 2.5m - 3m

> 20m 1>3m 7
~ 11. What species do you work with usually?.............ccooooiiiiiiiiiiiiimminnsnnsrnecsesmn
12, Are you ready 10 work with otheg fecondary spetics in the construetion of timber

bridges? YES [ | NO[ |

13, Do you have the,skills to construct timb rbridpes2YES | | NO|

14a. Have you had an echnical trainipg? YEST | NO[ |
=
14b. If you answered YES 10 quest on | 4, please indicatS your level of education
Educational level | Response & ]
S.H.S/S.T.S \=\ [ : %
NVTI N =
Tertiary s P

14c. If you answered NO 10 questiol

Reason Response.
Lack of funding
Ready apprenticeship
Family trade =
Have natural skill in carpentry

..........................

...........................................................................

-----------------------------------------------------------------------------------------------------
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PENDIX V
ILE STRENGTH TEST RESULTS SHEETS

L

Parametertabeile:
Fnde - Ghana-Srojekt
Prifer : Emmanue] Appiah-Kubi e
Prifnorm - DINSZ188

Natarial CRF1=3

Kraftaufnehmer K N | ' S |
Wegaufriehmer

Frotentalier

iiasehlinendalan: 1454030 WALDTI43E

Trehmar Wikl T TAdER

O R AR G el

Ergebnisse:

Probanbraite b0

Seriengrafik:

10000 J[

U_ T 2 ; 5
length in mm
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Zwick!
Standardprotokoll 22.01.2007

Statistik:
Senia | Probenbreite b0 | Probendicke 80| Rm  |eFmax |- S
n= 4 mm | mm N | mm |
* 202 ] 8075 B534.97| 380 foe -’J.' BT-E
s 0.08185 | 0.05 1084.07 | 0.40 1
v D.40 ; 082 1270 10.22

Mch ROBH Standardprotokoll

Statistik:
Serie | Probenbreite b0 | Probendicke a0 | Rm  [e-Fmax & - 4 - & gheir
n=4 mm mm I N Tt i W) |
X 2047, | NERN _[O3404 RRES” i el
s 04788 | 01434 2335021075
v 0.85 N 228 | 25.02! 17.28
— d_,,_F--"'"-_-_._
B
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Parametertabelie:

Standardprotokoll zz.u"htﬂﬂ?

. Gh

: Emmanuel Appiah-Bubd rrd1

: DINSZ188

Maschinandstan: 135400 WNoT3428

P BS1 14

Traversenwspatebmer WH-073438
Krafeonaey 104 YWMEOAE 108 20k

Ergebnisse:
Probanbralta b0

mim

[N
Pack

204

202

S

Prokendicke at |

20.1

Seriengrafik:

b

L

Force in N

bl B

o
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