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ABSTRACT

Grevillea robustaalso called silky oak, is one of the most widespread and popular exotic softwood
tree species in Kenya today. For many years, it has successfully been intercropped with agricultural
crops in rural Kenyaprimarily acting as a shade plant to the crops and as aesoiuieel wood to

the farmers.

Despite the fact that the wood has admirable timber qualities and huge economic and environmental
potential as a structural timber material, these have hardlyrbakred due to its low natural

resistance against decay which leads to short durability in service. This has undermined its capacity
as a construction material leaving it only as a choice for minor and temporary wood work

applications.

The objective oftiis study waprimarily to useenvironmentally friendlyvood preservative and
most suitablenethodgo assess the treatabiliof Dry Grevilleawoodand determine whether this

can be a solution to its durability problem for use by the rural community

A field study was conducted to evaluate the current wood preserpagictices in Kenyaand

establish the appropriateness of the preservatives and meagextifor locahpplicationin the farm

The most environmentally friendly preservatives and most fabe meéhods of preservation for a
rural community were then adopted for the laboratory tests on the treatability of the veod.
effectiveness of its treatabilityasevaluated bgomparing its absorption and penetration to that of
Dry Cypresswhich isresistant to penetration and absorption of preservatives; and to that of green

Grevillea to investigate the effect of moisture on its treatability.

It was found out that the retentions and penetration measurements recdddgGnevilleawood,
generally were significantly higher than those recorded in Dry Cypress, which is resistant to
absorption and penetration of preservatives. The results of the tests also confirrbeg that
Grevilleahad significantly higher retention and penetration as compai@deten Grevillea wood,

which had higher moisture content.

Hence, Grevillea wood can be effectively preserved and therefore utilized in construction as an
affordable substitute to available expensive timber species normally preferred for construction. It
was also apparent that the treatability of Greallvas adversely affected by higloisture contents

and thewood preservatiomethods used
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1 INTRODUCTION

1.1 GENERAL BACKGROUND

1.1.1 Wood Resource in Kenya

Wood is widely used as a construction material in many parts of the world because of its physical
characteristics and engineering properties combined with its local availabiityst parts of the
world. It has adequate life when protected from decay and insect attacks making it usable for both

semipermanent and permanestructures [P

In Kenya, state forest plantations cover about 1 405 000 ha, or 2.4% of the total tarichase
forests are made up 45% Cypress31% pine, 10% eucalyptus and 14% of other species. Private
forests cover about 70 000 ha and consist mainly of acacia speci@seaitba robustathe latter

accounting for about 75% of the total a[#8).

About 15 years ago, the local supply of hilality tropical forest timbers came almost entirely

from Kenyan forests and reserves which were well distributed and populated in the country.

Increasing population pressure and industrial development hagdesuihcreased clearance of
natural vegetation and existing forest plantations for cultivation, pasture aratéh sé fuel wood.

This hasconsequentially led to to rapid depletion of natural and plantation forests since the year
2000 leading to a shadecline in the availability of wood construction raw materials in Kenya. This

necessitated the introduction of legislation banning all logging activities in forests in the country.

Local shortage of timber has led to high demand for this material atigrpiugged by available
high-valued imports from other East African Countries whose supply is also in constant decline due

to unsustainable logging practices and enactments of legislation in these countries.

This means the overall availability of higlalue forest timbers is likely to decline even more

substantially in the years to come.

The market dynamics surrounding the availability and constant demand for wood have moved the
consumers to seek for alternative sources and species for fuel, constandtioanufacturing. This

has led to an inevitable increase in the popularit@ravillearobustawhich has performed well as

an agroforestry crop, offered constant sources of fuel to farmers and even offered soraeatenall

solutions to construction amdanufacturing pulp industjig].



Engineering mechanical tests carried out on Grevillea as a substitute material have shown it has
medium to high strength, good workability and low shrinkage on drying. However, the material is
not durable as it is easilytacked in servicgl4] [15] [17].

This has greatly undermined the use of Grevillea as a timber material, making it a preferred material
for minor woodwork onlyCypressthough more expensive, less tolerant for intercropping as an
agroforestry crop andkas longer to mature has taken the preference in construction because of its

relatively high durability compared to GrevillgeO] [11].

Grevillea has a high economic and sustainability potential as a structural timber material in
developing nations of Suipopical and Tropical Africa where it has widely been used as an
agroforestry crop with much succg4s) [16].

Research in Australia has grouped it as one of the 22 Most Promising Tree Species of the Future in
the world today11].

Fulfilment of its pranise as a structural timber material will certainly be founded on the solution to

its durability problem in service.

1.1.2 Preservation of Wood: the ultimate solution to durability

In view of the limited availability of naturally durable species, it is impesahat supplies of less
durable timbers, such as Grevillea, which when suitably treated would give an increased life under

service conditions be improved to meemnsiuction needs of the future [18]

To protect wood from biological degradation, cherhpraservatives are applied to the wgag

These wood preservatives derive their function by being toxic to the biological organisms that attack
wood, hence i mproving the wood®é q18]nNeriliving er | dur a
physical agerg, including heat, abrasion, ultraviolet light, and strong chemicals, generally act slowly

to decrease wood strength and are majorly of no consequence to wood degradation.

Present day wood preservation techniques are able to extend the life span ofmastd al

indefinitely depending on the preservative and the method used. The efficacy of the preservative
treatment depends upon the correct choice of the preservative chemical and the treatment method
which ensures the required absorption and penetratidie gireservative. A number of chemicals

and treatment methods are available which give varying degrees of protection against deterioration

from biological attacks, each suitable for a given species of yagjd



Grevillea is one of the most popular agro&irg trees in Kenya, with a huge economic potential as a
construction material, but it is known for its poor natural durability against deterioration in
unprotected environments; with its sapwood highly perishable and its heartwood only moderately
resistam[15]. This condition has undermined it economically and preservative solution will be

required to make this popular species a material of choice.

On the other han@ypresss a popular source of construction timbeith relativelylesser strength
but moderatelymoreresistant to biological attacks, available in natural forests and whose quantities

have declined over the yedfg [10]. To prevent biological degradation, it is also preserved.

1.1.3 Preservation and Environment

It is not enough to treat wod and cause more environmental and health detriments.

BARNES and MURPHY (1990stated that the goals tife wood preservation researchehsuld be
to develop 1) new biocides with lower mammalian andtegity; 2) combination biocide systems
that incrase treatment effectiveness; and 3) innovative treatment technologies that reduce

environmental impact.

Research has found out that many preservative formulations, though effective against biological
wood deterioration agents, pose environmental andhheskis where they are used. This is

particularly in regard to Copper, Chromium and Ars€GiCA) formulations.

Environmental contamination from CGifeated timber can occur at many points along the life cycle

of the product, from manufacture, to handlany use, and to disposal. TAestralian Pesticide and
Veterinary Medicines AuthorityAPVMA,c oncl uded t hat there are o6un
environmental effectsé [such as] contaminatio
from treated timber nt o soil s or water, and d[@3l3phesal or
environmental impacts of heavy metal leaching into surrounding soil and water, and dioxins and
furans being released into the air when treated timber is burned, particularbyuafiéires, have

been the subject of a number of academic studies.

New wood preservation treatments that do not use heavy metals or solvents and that have few
environmental and health risks are being developed. Copper, Chromium and Arsenic (CCA)
formulatiors and preservatives have been banned in North America, Canada and EUripaas

a result of these concerns. However, these formulations are still in use in Kenya.



The future of wood preservation is tending towards safer alternatives to addressneeniedmnd

health impats. These include Bordmasedsystems which are candidates for the future rarfige
preservative formulationshérmal modification of wood which is a chemifade technologyhat

changes the sugars that support mold and fungusgmsisg wood to high heat and stedrhese

methods lead ttower environmental and health impacts. Boron compounds have been used for over

40 years in Australia and Eurof#8].

1.1.4 Affordability of preservatives

Due to health and environmental conce@sppe, Chromium and Arsenic (CCA) Preservatives,

which areone ofthe mosteffectivewood preservatives astowly being phased out for residential

and generalisesin many countries and slowly being replaced by alternatives such as ACQ (alkaline
copper quatmary) and CA (copper azole). While it is assumed that these new preservatives have
lower health and environmental impacts than CCA, relatively little work has been done to assess the
leaching characteristics and eoxicity effects of these preservativéss addition, these substitutes

are more expensive than CCA to the user and hence not very affordable as a local solution to the

farmer

However, Borates and creosote are widely available and affordable to the farmer. Whereas Creosote
is moderately unge, its adequacy for external use and its low costs makes it favourable for use with

safety procedures observed. Boratesafii@dableand also environmentally friendly formulations

[1] [4] [3].



1.2 BACKGROUND OF SPECIES

1.2.1 Grevillea

Scientific nameGrevllea robusta

Common nameGrevillea, Silky oak

Family: Proteaceae

Local namesMukima, Mubariti (Kikuyu, Mery Emby, Bolebolea (Luo), Wakhuisi (Luhya)

a. Origin
Grevillea robustg commonly known as the silky Oak has its native origin in Eastern Ausirbéa.
tree plant was introduced t@&t Africa as coffee and tea shade from India and Sri Lanka. Since
then, this exotic breed has become well established in Kenya, gained widespread popularity from
what was originally a shade crop to be the most favorgtdaestry crofo the farmer$l] [11]
[15].

b. Description of Species

Grevillea robustas a fast growing medium sized to large deciduous hard tree capable of growing to
a height of 125m and 0.3L.4 m in diameter at maturity in 28 years.
It has a dd¢ grey, rough, thick and vertically grooved bark lining its straight trunk which changes to

a smooth grey and thin bark on its angled branches and twigs. The inner bark is whitish to brownish,

fibrous and slightly bitter.
Plate 1.2.1below shows Grevillearood in full bloom.

It has distinctive leaves variably pinnate tepinate reminiscent of the fern in shape but with
smooth green upper surtaand hairy greyish undersideflowers into golderorange flowers

which mature into greyish beak shaped cigssthat split releasing flat greyish light fruits.

Grevillea is easily propagated and established from seed which can be done domestically in a

nursery or naturally in the wilfiL4] [15].

c. EcologicalRequirements
The tree does particularly well in areasviien 600 2500 m above sea level, with mean annual
rainfall of 600-1500mm and a mean annual temperature 8f 23°C explaining why it so well

thrives in Central Kenya, Central rift Valley and successfully being adopted in Western Kenya.



The specieperforms well on varied soils ranging from well drained fertile soils to moderately
textured and infertile soils with the exception of water logged soils. It is highly resistant to pest and
disease attacks during growt#] [15].

Plate 1.2.1: Grevillea in full bloom

1.2.2 CypressWood (Cupressusspp.)

Scientific nameCupressuspp.

Common nameCypress, Mexican cypress, East African Cypress

Family: Cupressaceae

Local namesMutarakwa (Kikuyu), Omobakora (Kisii), Obud@uo), Mudarakwa (Luhya)

a. Origin
Cypresss highly variable speciedjffering significantly in traits such as growtate;stem form,

branching characteristics and resistance to diseases.

In Kenya, three species Gfpresshave been identified, variously known@spressus lusitanica,
Cupressus lindleyandCupressusbenhamii. Native to Mexico and Guatemalupressus
lusitanica,normally called MexicailCypressalso the East African Cypress;the most common



and most adapted to the local conditions in Kenya. It was introduced in Kenya in 1910 and has since

become an imgrtant economical planian crop in Kenya [1] [15].

b. Description of Species
Cypresss a fairly slow growing tree compared@vevillea robustawhich is suited to similar
climates.Cypresggrows up to 280 m at maturity in 2510 years, with a broadly pgmidal crown.
Its male and female flowers arise at different pointshenctown (moneexual) and conegevelop

within 6 months after wind pollination and take 2 years to mature.

A cypress plantation is shovim plate 1.2.2below.The crophas a straighdtem and a thick, reddish

brown bark that develops longitudinal fissures.

Figure 1.22: Cypress Plantation

Cypresswood is highly valued due to its meditmgh natural durability and its aesthetic quast

It air dries quickly with little warping; it is easily worked and used for construction, cabinet making,

sculptures and also for a range of exterior purpidd45].



c. Ecological Requirements
In its native habitatCypressrefers mountainous slopesmedium altitude (1068000m above sea
level); with mean annual temperature range betwee30f2. It is found in seasonally moist to
permanently moist climates, with annual precipitation typically between 800 and 1500 mm and a dry
season lasting not methan 23 months. It can tolerate a mean annual rainfall of 600 mm, provided

the rain is well distributed.

It can also grow in very moist climates with annual precipitation up to 4000 moatibt
withstand water loggingCypresdlourishes in deep, mdiswell-drained, fertile loams of neutral to
slightly acidic pH.

Like Grevilleg Cypresss easily propagated and established from seed which is normally done

domestically in a nursery.

The tree, unlike Grevillea is highly susceptible to pest attacksasuaphids during grow{i] [10]
[15].

1.3 PROBLEM STATEMENT
The pressures imposed by expanding human populations on thecadpgical base in the sesaiid

tropics are almost certainly greater than in any other climatic [A@he

Presently, there is intge pressure in forests due to the scramble for more land and increased
demand for tree products tihe Kenyan growing economy. Laws and organizations meant to stop
logging of forests have been set up.

The remaining forest cover cannot sustain the econorgyms of construction material demand

and the traditional quality timber sources are in a critical state of over exploitation.

The available agroforestry trees do not provide quality timber compared to the traditional native or

plantation forest timberees. This is despite the fact that their populations are on the increase.

An obvious questiowould bewhether it would be possible to grow these traditional native and

plantation timber tree species in farms and restore the supply of timber in industry.

However, these traditional species are not easy to establish, adversely affect agricultural crops
surrounding them, take many years to mature and one tree requires a large area of land on its own.

Thesolutiontherefordies in addressing the quality stdards of the availablan-utilizedtree



sourcedo plug the gap in the construction industry as well as promote the economic viability of

these tree species in the country.

Grevillea is the most prominent agroforestry tree in Kenya adtinuctural timbematerial capacity

which can enable it act as a substitute to these traditional timber tree $§pgkies
1.4 OBJECTIVES OF THE STUDY

1.4.1 General Objectiveof the Study

The general objectesof this study wat determine the treatability @ry Grevilleawood usng

most appropriate methods and preservatsugsble for the wogdoy analyzingthe effectiveness

achievedn ters of retention and penetration as compared to that achieved in Green Grevillea wood

with a higher moisture conteahdDry Cypress wood, whh is resistant to wood preservative

treatments.

1.4.2 Specificobjectivesof the study

The speific objectives of this study we:

I.  To conduct a field study and determine the preference of Grevillea wood as a construction

material
ii.  To conduct a field research tme current methods being used for preservation in the timber

industryand their suitability for adoption in the farm

iii.  To conduct a field research to determine the current chemicals being adopted for preservation

in the timber industrand their approprianess for use in the farm

iv.  To compare the penetration and retention of the preservative cheatbadgedn Dry
Grevilleaand Dry Cypress samplesing themost appropriatenethods established

v. To compare the penetration and retention of the preserva@reicalsachieved in Green

Grevillea andDry Grevilleasamplesisingthe most appropriatemethodsestablished

1.4.3 Research Questions for specific objectives (ifii) and (iii)

i.  How does the utilitfdemandf Grevillea wood compare to other soft woods in
constuction?
ii.  Are the current methods being used for wood predienv suitable to theafmer$®

iii.  Are the chemical wood preservatives being used environmentally friendly?



1.4.4 Hypotheses for jectives (iv) and §)

Ho: There is no significant variation in retentiordgrenetration oéll chemical preservatives in Dry

Grevillea as compared tor{pCypress wood

H1: There is significant variation in retention and penetration of all chemical preservativass in
Grevillea as compared tor{pCypress wood

Ho: There is no sigficant variation in retention and penetration of all chemical preservativ@sy/in

Grevilleaas compared tGreenGrevillea wood

H1: There is significant variation in retention and penetration of all chemical preservativass in

Grevilleaas compared tGreenGrevillea wood
1.5 JUSTIFICATION OF THE STUDY

1.5.1 Present status of the crop in Kenya and prospects for the future

Despite the fact that tH@revillea robustas an exotic species in Kenya, it is very prominent in most
parts of the country; known for itsiwlatic tolerance and with an increasing popularity to farmers

compared with other available spedi&8].

It is successfully grown in farms, grows rapidly, is easy to propagate and establish, has high
resistance to pests and diseases during growth, raslda@m and produces economically viable

products including timber, poles, firewood and leaf m{idj.

It has been adopted in agroforestry as a shade plant in tea, coffee and maize producing areas and in
demarcating farms without much adverse effextsrop yields of the adjacent crofsis is because

it has special deep seated proteoid roots that help it grow even in low fertility soils and enable it to
harvest water in the deeper horizons beneath crop rooting zone. It also has rare toleraneg for hea
pruning and pollardingvhich is the complete removal of crowand it is for these reasons that it

does not compete for water, nutrients umlgyht with surrounding crog4.8].
It is clear that this is promisingwoodcrop in Kenya whosdull economigotential is not exploited

1.5.2 Grevillea robustaas a timber material: the need for preservation

As a structural material, the wood works well with hand and machine tools and has been rated highly

in all round machinability.
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It seasons well on drying shavg remarkably low shrinkage both tangentially and radially.

The timber has straight grains and it has medium to high strength on testing which makes it adequate
as a structural material. In this, it closely matches other timber species such as @gprassibut

with relatively superior strength properti&hown in Tables 3.11.1 and 3.11.2 of this repdiig].

However, the timber is not durable and its heartwood and sapwood are rated poorly to resistance
against decay and termites making the tree ialpasle material.

It is this reason that has made the tree undermined as a source of timber in the country making it
usable only for minor temporary wood work purposes (joinery, furniture, music instruments) and as

a source of fuel to homes despite itsremic potential.

The primary objective of the preservative treatment of wood is to increase the life of the material in
service, thus decreasing the ultimate cost of the product and avoiding the need for frequent
replacementdn addition, preservation haseen used to make available a large number of species
which previously have been considered inferior in the timber industry soleliodheir lack of

durability [38].

Preservation will make the difference between the traditional uses of Greviikrait is known as

a poorand unreliablegimbermateriatand future applications asustedsource of durable timber.

1.5.3 Economic and Environmental sustainability

The environment is in a critical state of overexploitation and the natural cover has steadilyedecrea
over the years. The use of Grevillea timber will work to plug the demand in construction hence
creating market for the wood in local farms and plantations. From economic theory, any increase in
demand of a commodity will inevitably increase the cobthat commodity, and as a result of better
earnings from suppliers, lead to increase in supply from farmers. This will mean more farmers will
engage in planting of this tree crop as a business, investing more resources to it, which, to an

environmentalis will be a way of making our environment better.

Preservation of woodlsocontributes to the reduction of the demand for replacement wood, thus

conserving the forests.

In addition, use of relatively safer preservatives and recycling of chemicatsrigythem tareat

wood reduces detrimental environmental and human health impacts that are of big concern with
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most conventionly used preservatives such asgper, Chromium and Arsenic (CCAprmulations

as well as dumping of used engine[@B] [31] [40].

Therefore, Grevillea agroforestry and preservation of its timber using environmentally friendly
preservative options will be good business as well as a good environmental solution to current
practices of deforestation and health risks if a means tcageies applications to an economical

level will be realized.

This will inevitably make Kenya richer, greener, more productive, safer, more beautiful and

healthier country.

1.6 LIMITATIONS OF THE P ROJECT
The samples were from a random population; wherehiityadue to environment, age and other

factors were not taken care tdfwas also difficult to map the actual sources of the test samples.

With the project time being about 6 months, theasa limit to whichthe effectiveness of the
preservativesvastested especially under natusairviceconditions.Whereas results for

experimental tests are more reliable when carried with full size test samples, this was not possible in
a laboratory set up, with the instruments designed for small size test sanipleftects of the

preservatives and preservation methodsherstrength of the samples weateo not evaluated

The project hinges on wood structure and anatomy which is not the specialty of and engineer as
such, but which he must understand to efietyi preseve his material. This requirdcequent

consultations wittwood scientists and supervisors.

In addition, contact with chemical wood preservatives could be unsafe to humanwle&hhcalbd

for extra investment in protective clothing and cdweng tests.

The costs of purchase of materials for use and travelling to the testing laboratories, which are

consderably far from the Universityyere also considerable.
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2 LITERATURE REVIEW

2.1 UNDERSTANDING WOOD AS A CONSTRUCTION MAT ERIAL

2.1.1 Introduction

For an engineer to understand any wood material problem, knowledge of the basic anatomy of wood
and its chemistry is important as it is this form of the tree and its components that will define its limit

of applications.

Despite the many human uses to whiahious woods are suited, at a fundamental level, wood is a
complex biological structure, itself a composite of many chemistries and cell types acting together to

serve the needs of the plant.

To the tree, wood is an essential component meant to sereek#y@nd basic functions from which

a plant derives its survival:

1. Conduction of water and mineral salts from the soil
2. Provide mechanical support to the plant body

3. Storage of food and other biochemical compounds

There is no property of wood, physical, macttal, chemical, biological, or technological, that is
not fundamentally derived from the fact that wood is formed to meet these needs of the living tree

and hence its basic structure and properties.

A scientist or an engineer with a robust understandirige interrelationships between form and

function of a given tree can predict the usefulness spiggific wood in a new context.

a. Wood

It is important to consider wood quality in terms of wood as part of the living plant floam vt is
derived [3]
A living, growing tree has two main domains, the shoot and the roots. The roots are the subterranean

structures responsible for water uptake, mechanical support of the shoot and storage of bio
chemicals. The shoot comprises the trunk or bole of thetiredranches, and the leay&g The

overall structure of the tree is as showfigire 2.1.1 overleaf.

It is with the trunk of the tree, which is the real concern of the engineer, that the remainder of the

chapter will be concerned.
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b. Transverse sectiorof the trunk

In transverse section, the trunk is composed of six distinct layers present in concentric bands and
functionally differentiated as ifigures 21.1 and 21.2below:

Trees increase each y ear in height
and spread of branches by adding

Light and heat are required by the leaves in the
on a new growth of twigs.

preparation of food obtaned from the air and soil.
The kaves give off moisture by transpirat ion,

Part of a keal
(vertical cross-section)

CROWN
! Cambium -
Heartwood (inactive) gives strength b 3 Innes bark—
_: ! Outer bark-
Sapwood (edem) carries sap from root to leaves —!E 2
i
Cambiu m (lyerof cells where growth in ! ’;
TRUNK diameter occurs) buikds tissues—wood SE— |
inside and bark outside lr :
< -? -
Inner bark (phloem) carries food made in 1
the kavesdown to the branches trunk, ———— i
and roots 13
'
Outer bark protects tree from injuries 5
Sapwood Heartwood Pith Pith rays
iS4 Sn .-"”_11.""'%‘“ XFIT T
e A
- = Q’Uﬁ& \
ROOTS |

Root hairs take up water

| B /
containing small quantity 'a P /
of minerak in solution g 4

Taproot

The buds root tips, and carbium layer are the growing pans The tree takes in oxygen over
its en tire surface through breathing pores on leaves, twigs, branc hes, trunk and roots

Figure 2.11: Parts of a Tree[8]
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The Outer bark (ob): Provides mechanical protection to the softer inner bark, and also helps
to limit evaporative water loss.

Inner bark/ phloem (ib): is the tissue through which organic materials (majorly sugars)
produced by photosynthesis arensiocated from the leaves to the roots or growing portions
of the tree.

The vascular cambium (vc) is the thin layer of cells sandwiched between the bark on its
exterior and wood (essentially sapwood and heartwood) in its interior and it is the tissue
regponsible for producing these tissues.

heartwood

.
"‘Iv

TRIRHS ‘u
‘*rn:-.'-?&)/f« e

Plate 2.1.2: Macroscopic View of a Transverse Section of a Truni2]

The sapwood and heartwoodSsapwoodi s t he act i ve  ,srefpbnsiblefargo wo
conducting the water and sap in the plant facilitating grobod changes from the
sapwood to the heartwood condition gradually, through a region of variable width known as
thetransition zone. With passage of time, more layers of sapdiare deposited, die and
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accumulate to form the oftesolored chemicals that set apart the4conductive darker
colouredheartwood found as a core wood in the middle of most trees.

A The pith (p) at the very center of the trunk is the remnanthefeary growth of the trunk,
before wood was formed. It is softer and in some cases not distinct.

c. Softwoods and Hardwoods
Wood can be broadly classified into two main groupsstifevoodshe hardwoodsThe differences
defining the two wood types are botani@aid physical characteristics alone cannot bedelgon

to classify most trees.

Hardwoods are the most diverse group; containing both the heaviest and lightest wood sources found
in nature. They belong to a botanical group calledtyledonous angiogppmscomprising flower

bearing plantsincluding vegetable and fruit plants, herbaceous flowering plants and weeds as well

as the tree plants. However, softwoodscngiferous plantscomprising a more primitive group of

plants calledyymnospermwhich ae nonflowering plants. This group is almost fully composed of

trees.

Physically, hardwoods are typically broadleaf, deciduous trees whereas softwoods are generally
needleleaved evergreen trees. However, the single most important distinction betweeadusrdw

and softwoods is in the individual structures of their wood apparent in their component cells.

Softwoods have a simpler basic structure than do hardwoods and their cells depict little variation.
The cells that serve to transport water and minertd, <allled tracheids, also provide the

mechanical support to the plant. Hardwoods have greater structural complexity because they have
both a greater nuber of basic cell types and a far greater degree of variability within the cell types.
Division of latour has evolved with some tracheary cells callessel elementspecializing in water
transport and others formirigpres that provide mechanical support. The tracheary elements in

hardwoods are perforated and largesize than those in softwoof#j [3] [6].

2.1.2 Wood Formation

During the initial development stage in a tree, vascular cambium is formed as a thin layer of cells
sandwiched between the inner bark and the wood and this layer defines the region of growth in a
tree. The cambium cells divide actiy¢o form wood (xylem) to the inside and bark (phloem) to the
outside, both of whiclare vascular conducting tissudkew growth is purely by the addition and

growth of new cells, not the further development of old ones. New wood cells are formed on the
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inside of the cambium and new bark cells on the outside. Formation of new wood layers over old
layers leads to increase in girth and height of the woody trunk, translating to growth. The existing
bark is pushed outward by the formation of new bark, anduter bark layers become stretched,
cracked and ridged and are finally sloughedbiff2] [3] [6] [8] [9].

a. Growth rings
Wood is produced by the vascular cambium one layer of cell divisions at a time for the various types
of cells required for the growthf the tree. These types of cells produced together over a discrete
time interval are known as growtthcrementsor growth rings The cells formed at the beginning of
the growth increment are calledrly-wood cellsand the cells formed in the latter portiof the

growth increment are callddte-wood cells

Where there is a distinct, regular seasonality, trees form their w@wthiral growth increments
where all the wood produced in one growing season is organized together into recognizable,
functional atities known asnnual ringsin temperate regions amggowth increments or growth

ringsin tropics.However, in many woods in the tropics, growth rings are not very evident.

Where growth rings occur, continuing research has uncovered several charetehsteby they

can be correlated with seasonality changésee fundamental patterns within growth rings have

been identified: no change in cell pattern across the ring, a gradual reduction of the inner diameter of
conducting elements from the eavlpodto the latewood, and a sudden and distinct change in the

inner diameter of the conducting elements across the ring .These patterns appear in both softwoods
and hardwoods, but differ in each due to the distinct anatomical structural differences beéween th

two. In hardwood trees, the rings are porous with pits while isdftevoods they are ngporous.

b. Cells and the wood structure
More detailed inquiry into the structure of wood shows discrete cells connected and interconnected
in an intricate and predible fashion to form an integrated system ihabntinuous from root to
twig. To understand the general wood structure in detail, it is essential to begin with an
understanding of the structure, function, and variability of the cells that compose tthe woo

A single plant cell consists of two primary domains: phetoplag and thecell wall. The protoplast
is the sum of the living contents that are bounded bgehenembraneThe cell wall is a non

living, largely carbohydrate matrix extruded by thetppdast to the exterior of the cell membrane.
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The plant cell wall protects the protoplast from osmotic lysis and can provide significant medchanica

support to the plant at large.

In most cases in wood, majority of the cell functions are borne solely logltheall. Many mature

wood cells do not require their protoplasts and indeed must completely remove their protoplasts
prior to achieving functional maturityn the case of a mature cell in wood in which there is no
protoplast, the open portion of thdlaghere the protoplast would have existed is known as the

lumen The lumen is a critical component of many cells, whether in the context of the amount of
space available for water conduction or in the context of a ratio between the width of the lumen and
the thickness of the cell wall. biry maturewood cells, it may be empty or partly filled with

deposits, such as gums and resins, or with tyloses.

The cell walls are highly regular in structure within and between all tree species with conspicuous
layersconsisting ottellulose, hemicellulosesd a matrix of encrusting material, typicdlbynin
andpectinwhich bind the cells together drng them to work as a unithe relative components of

the cell walls highly contribute to the overall strength oba.

To ensure communication between cells, which facilitates transport in the plarsarkich

interconnect all th cells in the wood. These pége a critical aspect of wood structure too often
overlooked in wood technological treatments. The typejber, size, and relative proportion of pits

can be characteristic of certain types of wood, and furthermore can directly affect how wood behaves

in a variety of situations, such as how waaigracts with surface coatings.

The majority of wood cells amonsiderably elongated and pointed at the ends; these cells are
customarily calledibersor tracheids The length of wood fibers is highly variable within a tree and
among species. Hardwood fibers average about 1 mm (1/25 in.) in length; softwoodafilgers r
from 3 to 8 mm (1/8 to 1/3 in.) in length.

In addition to fibers, hardwoods have cells of relatively large diameter knowessslor pores
These cells form the main conduits in the movement of sap. Softwoods do not contain vessels for

conducting ap longitudinally in the tree; this function is performed byttheheids

Hardwoods and softwoods also have cells cakgdwhich are oriented transversely, running from
the pith towards the bark. These cells aid in conduction of water and sap raclialy the grain.
The rays are most easily seen on eggened or quartesawn surfaces, and they vary greatly in size
in different species.
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In oaks and sycamores, the rays are conspicuous and add to the decorative features of the wood.
Rays also represt planes of weakness along which seasoning checks readily develop.

2.1.3 Sapwood and Heartwood: The Concern of the Engineer

In both hardwoods and softwoods, the wood in the trunk of the tree is typically divided into two
zones, calledapwood and heartwoodeah of which serves an important function distinct from the
other. These two parts of a trunk containghepertiesthat carsignificantlyinfluence its usefulness

to the end user of wood products; including the strength characteristics and naturalcestista
deterioration by by biotic organisms. Understanding the formation of sapwood and heartwood may
ultimately allow scientists to influence their formation processes by using various silvicultural
practices or even the genetists to enhance durabitaygh selection and/ or molecular biological
techniques(1] [2] [3] [5] [6] [7] [8] [41] .

a. Definitions
Sapwoodas that portion of the wood that in the living tree contains living cells responsible not only
for the conduction of sap but also for the storaige synthesis of biological reserve materials (The
International Association of Wil Anatomists, IAWA, 1964)t is formed just under the bark by the
thin layer of cambium cells, which produces bark cells to the outside and wood cells to the inside

2].

Heartwood is that portion of the inner layers of wood, which, in the growing tree, have ceased to
contain living cells, and in which the reserve materials like starch have been removed and converted
into heartwood substan¢AWA; 1964). Normally, heartwoods distinguished from sapwood by

darker colour, lower moisture content, lower permealdlitgt increased decay resistafitle

b. Functionsof Sapwood and Heartwood
The main role of sapwood is to conduct water and dissolved mineral salts from the roots to the
crown. It contains wood that is part of the transpiration stream of the tree and it generally has a high
moisture contentAccording to the pipe mod@t1], sufficient sapwood is required to supply the
foliage with water and its inclusions from the saitd theamount of foliag®n a tree is strongly
correlated to thamount of sapwoodts permiability is facilitated by the presence of unaspirited,
unencrusted pitsSapwood also serves as a storage site for water and easegya materials such
as stathand as a site for living cells that can respond to injury through production of more tissue or

defensive compoundk contains few toxic extractives and is generaligceptible to decay
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The living cells of the sapwood are also the agents of heartiwoodtion. The sapwood cells
nearest the center of the truae, die and become heartwood, undergoing a shift in structure and
function. This is facilitated by accumulation of residues of the -timirgy cells and additional
chemical compounds from elskere in the plant that slowly deposit in the heartwood making the
cells cease to transport water or store energy resénviethe cells become stiffer and stronger for
support These biochemicalompounds, called extractives (including resins, phenatsteapenes)
not only help to makbeartwood more resistat attack by insects and decay organisms but also
tend to give this inner portion of the stem a distinctive darker cdiotiractives therefore have a

direct influence on the natural durabilitycause of wood5] [6] [7].

c. Variation of heartwood and sapwood

Sapwood width, and consequently heartwood proportion varies greatly between species as well as

within species.

Different species differ widely in their relative amounts of heartwood, asagejlantity and
composition of the extractives, which has been of great interest to wood users.Many native tropical
species, but not all, are durable with respect to biodeterioration which is imparted by the different
extractives and theproportions witlin a speciesThese species can largely be attributed to genetics

making up these different species.

Most interest however has been generatedrmbers of the same species where slight variations in
guantity and quality of heartwood has been noted. \f@aniatithin species can be attributed to the
following factors[4] [41]:

A GeneticControl over heartwood formation
A review of literature relating to genetical control on heartwood formation noted reasonably strong
genetic control bhearwood area in matuteesThis is especially with regard to the content and

concentration of extractivess well as decay resistance.

Breeds from a progeny will often inherit the characteristics of their parent plants hence the need for

propagation control where great vaioas in a species are discovered.

A Environmental effects
Site differences can influence the growth rate of trees and can be associated with differences in

members of the same species.
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Poor sites may delay the initiation age of heartwood formationabealse its proportion.

This is amalgamated by recent studies concluding that climate is related to heartwood area, even
after accounting fovariations in early growthrateSheir models predict wider heartwood in drier
climate sites versus wet high altieisites. This is especially so by imparting the colours of the
heartwoods.

However it has been demonstrated in studies that site characteristics such as water balance and
exposure to winds related more strongly to sapwood width and diagneteth than tdheartwood
width.

Some studies have also shown that the mineral elements present in the heartwood and sapwood were
related to their abundance in the soil, making it possible to even observe chahges in

enevironment in the past by observing changes mei¢al concentration between growth srajf

trees.

A Treeage
The heartwood formation lags behind the growth of the pith and new sapwood layers by a time
mostly governed by genetilifferences between speci€nce heartwood formation begins,
heartwood is @ded on a more or less regular basis, gradually proggessi radially and up the
tree.Heartwood volumes are cumulative with time whereas the sapwood volumes are more or less
constant (they are the sum of new sapwood from the new annual incrementsheilogs in

heartwood). This means that the proportion @frtveood increases with tree age.

Also, the amount of extractives increase with distance from the pith. Thus, the age of the tree
influences heartwood exractive contdtiigher concentrations ok&actives have been observed in

the heartwoods of older trees than in younger trees, suggesting that wood from younger trees would
be less resistant to decay and attacks

A Tree vigour
The vigour seems to have less predictable effects on heartwods thaneticgyand age.Literature
reviewed demonstrates a positive relationship between early growthrate and heartwood proportion,
as well as that fast growgrtrees produced less heartwooccahtrasting study done on old stands
found that low vigour trees hadhigher heartwood volumes than did the high vigour trees.

However, the age of heartwood was simitathe high and low vigour treeBhese observations
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indicate that low vigour trees in this study had grown more quickly in the past (overall volumes were

similar) and the greater volumes produced in the past had since been transformed into heartwood.

Another study on concentration of extractives demonstrated decreased extractives in faster growing

trees in some species while in otherssuooh relationship as observed.

A Silvicultural treatments
As with site differences, silvicultural treatments can influence vigour and thus heartwood
formation.Overall, treatments do not appear to induce dramatic changes in heartwood quality
although dramatic effects have beetown in sapwood area, and therefore prapodf
heartwoodlt was found that pruning reduced sapwood growth but that severegmoiaased
heartwood diameter.

Studies into wider spacing, ploughing, weeding and insectcide application increassd tife
growth overall and resulted mgher proportion of heartwood.

A Extractives Content
The outer heartwood at the base of the tree in most species studied is the most decay resistant
heartwoodThis pattern has been associated with a decreas#ractve content up the tredhe
pattern of lower extractives near the pith may reflect the degradation of extractives ewsittim
age.

A Influence of foliage area
The concept of a dynamic relationship between sapwood area, sapwood permeability and foliage

area is not new

Much of the research into this hypothesis has been directed towards verifying the fact that the
amount of sapwood (and thus the proportion of heartwood) can be influenced by the leaf area. Tests
done ommatureplants assert that sapwood afaad hence heartwood area) is not easily modified by
adjustmerg on the leaf are®ther tests done on pruned yourigus sylvestrisrees observed
reductions in area in the conducting sapwood, though the reaction time was found to be too low,
greater tha four years. The authors were also careful to state that the sapwood that was no longer
conducting was immolized sapwood and not heartwood.
It has not been satisfactorily demonstrated tiz@twood volumes can be manipulated by alterations
in foliage area, especially to a level where it would be applied in modifying thieycurad quantity
of heartwood.
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2.2 CHEMICAL COMPONENTS OF WOOD

Wood is a fibrous substance primarily composed of threenatal elements, carbon, hydrogen and
oxygen, which together form the building blocks incorporated into a number of organic compounds,
i.e. cellulose, hemicellulose, lignin and extractives formed into a composite cellular structure. The
cellular structureand the characteristics and amounts of these comsowant from specie®t

species [1] [2] [4] [5].

Table2.2.1 and table 2.2providean overview of théasic chemical components amegakdown
of the organic compounds in softwoods and hardwoodsthHeisombination of these components
that determines the properties of waosbme woods are heavier, some lighter, some stiffer, some

more flexible, some harder, some softer, and some easier to work with tharjgjthers

Table 2.21:Basic Chemical Composition of Wood

ELEMENT IN WOOD PERCENTAGE ,%
Carbon(C) 49
Hydrogen(H) 6
Oxygen(O) 44
Nitrogen(N) Traces

Table 2.22: Organic Compounds in Softwoods and Hardwods

Organic Compound , % Softwood Hardwood
Cellulose 40-50 40-50
Hemi-celullose 20-30 2535
Lignin 2535 1525
Extractives 1-5 1-15
Ash <1 <1

2.2.1 Cellulose

Cellulose is the main structural element and the principal constituent of the cell wall of krees.
glucose (GH1206) units, produced during the process of photosynthesis, are bound together in the

cambial zone into long chains to form molecules of cellulosgif0s) n, wheren is the degree of

23



polymerization involved in the formation of the sgyaii chain polymer. Cellulose is the most
important chemical component because of its effect on the properties of wood; it makes up around

50% of the dry weight of wood.

2.2.2 Hemicelluloses

Hemicelluloses, the second important constituent of wood, are alsopagiaers. Unlike cellulose,
which is made only from glucose, hemicelluloses consist of glucose and several othaolaler
sugars produced during photosynthesis. In hemicelluloses, the degree of polymerizationiis lower
they are composed of shorteolecules than cellulose. They make up28% of the dry weight of
wood. There are many varieties of hemicelluloses and they markedly differ in composition in
softwoods and hardwoods. Generally, hemicelluloses are in a relatively greater proportion in

hardwoods than in softwoods.

2.2.3 Lignin

Lignin is a complex constituent that cements the wood (cellulose and hemicelluloses) together. It is a

threedimensional polymer without any sugar in it.

It deliversrigidity to the cells, crucial for thgrowthandsupportof the tree. Lignin is thermoplastic,
which means it becomes pliable at high temperatures and hard again when it cools. It makes up 15

35% of the dry weight of wood.

2.2.4 Extractives

Extractives are various organic and inorganic chemicals found in the cellawdltll lumens that

are not structural components of wood. These substances are called extractives because they can be
removed from wood through extraction with various solvents. Extractives contribute to such
properties of wood asolour, odour, tastejecay resistance, density, hygroscopicity (ability to

absorb water) and flammabilitysually, they make up aroundll0 % of t he wooddbés d

2.2.5 Ash

The inorganic materials, or ash as they are often referred to, generally cotegguten one
percentbf the overdry weight of the wood. The most common constituehtssh decreasing in

contentare calcium, potassium, magnesium, carbonates, phosphates, silicates and sulfates
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2.3 EFFECTS OF WOOD STRUCTURE/ CELLS ON GENERAL PROPERTIES OF

WOOD
Though it is mcessary to speak briefly of each kind of cell in isolation, the beauty and complexity of
wood are found in the interrelationship between many cells at a much larger scale. The macroscopic
properties of wood such germeability,density, hardness, strehgind durability among others, are
properties derived from the cells that compose wood. Such{scgkr properties are really the
product of a synergy in which the whole is indeed greater than the sum of its parts, but are
nonetheless based on chemigad anatomical details of wood struet [1] [2] [4] [7] [8] [23] [25].

2.3.1 Wood structure and Strength properties of wood

The source of strength in solid wood is the wood fiber. Wood is basically a series of tubular fibers or
cells cemented together. As dissedin section 2.1.2each fiber wall is composed the three

polymers: cellulose, hemicelluloses, and lignin.

Cellulose is the strongest polymer in wood and, thus, is highly responsible for strength in the wood
fiber because of its high degree of polymatian and linear orientation. The hemicelluloses act as a
matrix capable of linking the hydrophilic cellulose and the more amorphous lignin hence increasing

the packing density of the cell wall.

Lignin, a phenolic compound, not only holds the fibers togebut also acts as a stiffening agent

for the cellulose molecules within the fiber cell wall.

All three cell wall components contribute in different degrees to the strength of wood. Together the
tubular structure and the polymeric construction are resple for most of the physical and

chemical properties exhibited by wood.

The strength of wood can be altered by environmental agents. The changes in pH, moisture, and
temperature; the influence of decay, fire, arldViolet radiation; and the adsorph of chemicals

from the environment can have a significant effect on strength properties. Environmentally induced
changes must be considered in any discussion on the strength of treated or untreated wood. This
susceptibility of wood to strength loss, ahé magnitude of that degrade, is directly related to the

severity of its thermal/chemical/biochemical exposure.

The strength of wood can also be altered by preservative anétirelant compounds used to
prevent environmental degradation. In some ¢gdbedoss in mechanical properties caused by these

treatments may be large enough that the treated material can no longer be considered the same as th
25



untreated material. The treated wood may now resist environmental degradation but may be
structurally nferior to the untreated material. A lotgrm study of this problem has helped
engineers account for these potential alterations from untreated wit@dstructural design

process.

With preservativdreated wood, a large amount of work was undertakéine late 1980s and early
1990s to address treatmantated concerns in the structural design process. This work developed an
understanding of the thermochemical issues that primarily contra@rpedsverelated strength loss

and was then used to lintreatmeniprocessing levels in standards, especially-frestment kilA
dryingtemperatures.

2.3.2 Wood Structure and Moisture Relations in wood

The cell wall is largely made up of cellulose and hemicellulose, and the hydroxyl groups on these
chemicals make theell wall very hygroscopic. Lignin, the agent cementing cells together, is a
generally hydrophobic molecule. This means that the cell walls in wood have a great affinity for

water, but the ability of the walls to take up water is limited, in part byrésepce of lignin.

Water in wood has a great effect on wood properties, and-watet interactions greatly affect the
industrial use of wood in wood products. Often it is useful to know how much water is contained in a
tree or a piece of wood. This retatship is calleanoisture conteréind is the weight of water in the

cell walls and Lumen expressed as a percentage of the weight of wooadwittier (overdry

weight), i.e:Moisture content, MC = ap TP

Wherem; is the mass of sample before drying andsithe mass of sample after drying.
Water exists in wood in two forms, namelyfeee wateror bound water

Free water is the liquid water that exists within the lumen of the cellse Wwhind water is the water
that is adsorbed to the cellulose and hemicellulose in the cell wall. Free water is only found when all
sites for the adsorption of water in the cell wall are filled; this point is callefibéresaturation

point (FSP).All water added to wood after the FSP has been reached exists as free water.

Wood of a freshly cut tree is said to be green; the moisture content of green wood can be over 100%,
meaning that the weight of water in the wood is more than the weight of the disedrcel

softwoodsthe moisture content of the sapwood is much higher than that of the heartwood, but in
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hardwoods, the difference may not be as great and in a few cases the heartwood has higher moisture

content than the sapwood.

When drying from the greerondition to the FSP (approximatelyiZ®% moisture content), only

free water is lost, and thus no change in the cell wall volumes occurs. However, when the wood is
dried further, bound water is removed from the cell walls and shrinkage of the wood Begiesof

the shrinkage that occurs from green to dry is irreversible; no amount of rewetting can swell the
wood back to its original dimensions. After this process of irreversible shrinkage has occurred,
however, shrinkage and swelling is reversible aswetially linear from 0% moisture content up to

the FSP. Controlling the rate at which bound water is removed from green wood is the subject of
entire fields of research. By properly controlling the rate at which wood dries, drying defects such as

crackirg, checking, honeycombing, and collaps@& be minimized

2.3.3 Cells and Moisture cycles in wood

Drying and rewetting causes increases in both the rate and the extent of swelling in the wood. The
degradation and extraction of hemicelluloses and extractiveelbasassome degradation of the cell

wall structure during wetting, drying, and rewetting cycles results in more accessibility of water to
the cell wall. This is especially evident in hot or boiling water extraction/ hot preservative treatments
of wood, whee significant amounts of cell wall polymers/ sugars can be lost. A similar effect occurs
with wood that is exposed to high relative humidity in repeated cycles. Even though no cell wall
polymers are extracted, repeated humidity cycles result in a sigleaise in msture content with

each cycle.

2.3.4 Cell relationship with Grain and Texture of Wood

The termgyrain andtextureare commonly used rather loosely in connection with wood. Grain is

often used in reference to the relative sizes and distributiaredlsf as in fine grain and coarse

grain; this use of grain is roughly synonymous with texture. However, grain is also useidatein

the orientation of the cells of the axi al Sys

grain, spirdgrain, and interlocked grain, and thise of the term is pferred.

2.3.5 Cells and Natural Durability of Wood

The term 6énatur al durabilityd when applied to

deterioration, by virtue of its inherent properti€be natural durability, colour and smell of solid
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wood depend to a large extent upon the species, upon existence of certain extractives and on the

relative volumes of heartwood or sapwood.

Despite its highly integrated matrix of cellulose, hemicellulosglgnin, which gives wood

superior strength properties and a marked resistance to chemical and microbial attack, it is subject to
decay by a variety of organisms and processes. Decay may be considered as a reversal of the wood
growing process. During dayg, cellulose and starch are broken down by enzymes into sugars and
eventually into carbon dioxide and water. Once decay has started in a piece of wood, the rate and

extent of deterioration depend on the intensity and the duration of decaying conditions.

2.4 EFFECTS OF WOOD STRUCTURE ON TREATABILITY OF W OOD
Wood-Preservative interaction in wood is immensely affected by the structure of wood and the type
of preservative and method adopted [1] [7] [8] [23] [24] [25] [34] [36].

2.4.1 Effects of ell deposits on penetrabn of wood

During wood transitions from sapwood to heartwood, changes generally occur in the pores of hardwoods,
which may become patrtially or completely closed with+ikh growths, called tyloses, or with gum; while in
the conifers the openings in ttracheid walls may undergo changes that make them highly resistant to the
passage of liquidén most specieshe change from sapwood to heartwdlogreforegreatly ircreaseshe

resistance to penetration by preservatives

When the the movement of lig@dhrough vessels is obstructed, penetration must be obtained through the
other vertical elements surrounding the vessels. The cells of these tissues have closed ends, so that liquids in
passing from one cell wall to another must be absorbed through lleensome portions of them such as

through the pits or through checks in the fiber walls.

Such impedimentaffect the operation dfeating plants, the selectiafiwood, and the preparation of

specifications by purchasers.

2.4.2 Pits

Pits are the special pagges that facilitate fluid movements across thevealls in wood.They
materially assist in penetration and distribution of preservatives from the open vessels as well as in

cases of vessel blockage by deposits.

2.4.3 Density of wood

The denser the wood, theore compact is its structure and the less air space it contains, and consequently the

less preservative it can hold.
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This influences the maximum amount of preservative that may be absorbed in a wood material since the

preservative enters the air spaagethie wood.

Although water and water solutions are absorbed by the cell walls as well as in the cell cavities, preservative

oils such as codhr creosote are absorbed chiefly in the cavities and only to a slight extent in the cell walls.

2.4.4 Influence of structure on direction of penetration

Penetration may take place in wood in three directions, namely: Longitudinally, which is in the direction of
the length of the tree trunk; radially, which is in the direction of the radius of the tree; and tangentially or

circumferentially, which is in the direction of the annual rings.

All species are most easily penetrated longitudinally, since liquids can follow in the direction of the vessels
and tracheids in the hardwoods and softwoods respectively. Liquids pasaitrgrisverse direction, radial or
tangential, must generally pass through many cell walls in moving a relatively short distance, which is

normally the case in preserved timber.

However, acertain amount ofgnetratio in the direction of the fibres or vess (longitudinal
penetration)pccurs practically through all sawedhe@wed surfaces, since many of the vesseéthe
hardwoods or tracheids the softwoods lie at an gie with the cut faces and aid in conduction of
theliquids to varying depths. Whehe an¢e made by the fibers is larggjch as in timbers having a
marked crosgrained structure, penetratisusually deeper than in timbers that are fairly straight
grained.

2.4.5 Moisture content effects on penetration

Theamount of air space in wood isafigl in estimating the maximum amount of unoccupied space that is
available under the moisture conditions at which the wood is trégtedican assist inompuation ofthe

maximum absorptions that can be expected
2.5 DETERIORATION OF WOO D

2.5.1 Natural Durability

Some tree species have evolved to produce heartwood that is highly resistant to atsacuby
agents of deterioratioNatural durability may convey a competitive advantage to the wood of such
trees because attacks to heartwood will tend to progressstowly in durable woods than in
nondurable woodsFor ease of classification, timber species are categorized into one of four natural
durability classes depending on ground expoadrghown irtable 25.1below[1] [2][12] [15] [41]
[47]
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Table 2.51: Heartwood Durability Classes

NATURAL DURABILITY—PROBABLE LIFE EXPECTANCY*

Class Probable in-ground life expectancy | Probable above-ground life expectancy
(vears) (vears)
I Greater than 25 Greater than 40
2 15 to 25 15 to 40
3 5to 15 7to 15
1 Oto5 0to7

* The ratings in this Table are based on expert opinions and the performance of the
following test specimens:
In an unprotected natural environment, every timber becomes susceptible to attacks and progressive

deterioration is brought about by the following agents:

1. Deconposition caused by abiotic and physical agencies, such as through mechanical wear

prolonged heating, weatheringexposure to elements of weather;
2. Action of foreign biological agencies such as fungi, bacteria, insects and marine borers
3. Chemical demmposition

Nonliving or physical agents, including heat, abrasion, ultraviolet light, and strong chemicals,
generally act slowly to decrease wood strength. Although these physical agents may be significant in
some applications, the greatest hazard todinstructures results from living or biotic agents, such

as decay fungi, bacteria, insects, and marine borers hence warranting the greatest concern to an

engineer / wood scientist.

2.5.2 Biotic Deterioration of Wood

In the natural environment, wood is subjecatiack and degradation by a variety of organisms,
including fungi, bacteria, insects and marine borers. These organisms attack wood in a variety of

ways: some utilize it for food; some usedt Shelter; and others for both [1] [2] [19] [24] [34].

a. Bacteria
Bacteria, the early colonizers of wood, are sirgghed organisms that can slowly degrade wood

that is saturated with water over a long period of time. They are found in wood submerged in
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seawater and freshwater, above ground exposure, @rdund ®il contact. Logs held under water

for months may have a foul smell attributed to bacteria. Bacteria usually have little effect on the
properties of wood except over a long time period. Some bacteria can make the wood more
absorptive, which can make it neosusceptible to decay. The sapwood is more susceptible than the

heartwood and the earlywood more than the latewood.

b. Fungi
Fungi are among the most important wood degrading organisms and require a suitable combination
of moisture, temperature and air t@gr The optimum temperature conditions for fungi to grow in
wood range from 220 °C. Wood is virtually safe from fungi and other biotic elements at
temperatures below 0 °C and above 40 °C. Different species of fungi have slightly different moisture
requirements but, in general, wood is at risk of decay when the moisture content exceeds around
20% for a prolonged period of time. Fungi which deteriorate veaodbe divided in tdWood
staining fungi(Mold fungi sap staining fungiandWooddestroying fung{decay fungi).

A Mold and stain
Mold and stairfungi are shown implates 25.1and2.5.2overleaf andcan be broadly classified as
saprophytic organisms that utilize simple sugars and other carbohydrates derived from cell lumens of
the sapwood cells. Sincedy do not attack the wood cell wall structure, they do not cause
significant decreases in wood mechanical properties; rdtiegr cause damage to the surface of
wood hence degrading its appearaniuld and stain onlyliffer on their depttof penetraton and

discolorationin attacks.

Molds appear as fuzzy or powdery growth on the surface of wood and range in color from different
shades of green, to black or ligitlours On softwoods, the fungal hyphae penetrate into the wood,
but it can usually be bshed or planed off. On the other hand, on large pored hardwoods, staining
can penetrate too deeply to be removed.

The major types dftain fungi arecalledsapstainand bluestainfungi. They penetrate deeply into

the wood and cannot be removed by planifgey usually cause blue, black, or brown darkening of
the wood, but some can also produce red, purple, or yellow patches.

Though strength of wood is usually not altered by molds and stains (except for toughstesskor
resistance), the absorptivity can be increased, which makes the wood more susceptible to moisture

and then decay fungi.
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Plate 2.5.1: Stain fungi- deep penetration[1] Plate 2.5.2: Mold fungi-superficial attack [4]

Given moist and warm conditions, mold and stain fungi can establish on sapwood logs shortly after
they are cut. To control mold and stain, the wood should be dried th#s2Q percent moisture

content or treated with a fungicide.

A Decay fungi
Decay fungi are singleelled or multicellular filamentous organisms that use wood as echy is
the most destructive form of fungal attack on wood and occurs in three fornaselggnerally
described as brown, white and soft rots. The terminology relates to the physical appearance of the

wood after it has been exigvely attackedrigure 2.5.3overleafshows the decay cycle in wood:

The fungal spores spread by wind, inseatgromals. They germinate on moist, susceptible wood

and the hyphae spread throughout the wood. These hyphae secrete enzymes that attack the cells anc
cause wood to deteriorate. After serious decay, a new fruiting body may form.-Bwadvite-, and

softrot fungi all appear to have enzymatic systems that demethoxylate lignin, produce

endocellulases, and with some fungi from each group, use single electron oxidation systems to

modify lignin.

In the early or incipient stage of wood decay, serious strengteda@san occur before it is even

detected. Toughness or impact bending of wood is most sensitive to decay. With incipient decay, the
wood may become discolored on unseasoned wood, but it is harder to detect on dry wood. The
advanced stages of wood decayeasier to detect since decayed wet wood will break across the

grain, whereas sound wood will splinter.
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Figure 2.5.3: Decay Cycle in Wood1]

Decay fungi can be group&uto Brown rot, White rot, and Soft rot.

A Brown-Rot Fungi
Brown-rot fungi decompose the cellwall carbohydrates (i.e., the cellulose and hemicelluloses) from
wood, which leaves the lignin remaining, making the wood browner in color, hence the name.
Brown-rot fungi mainly colonize softwoods, but they can be found on hardwoods a3 kislls

shown inplate2.5.4overleaf

Because of the attack on the cellulose, the strength properties of-twbaaecayed wood decrease
quickly, even in the early stages. Wihextreme decay is attained, the wood changes to a very dark,

charred color. After the croggain cracking, the wood shrinks, collapses, and finally crumbles. Dry

33



rot (a particular form of brown rot) is so called because it is capable of colonizingoramg water
to and subsequently destroying sound, initially dry wood. The fungi can wet wood by transporting
water over considerable distances along macroscopuikedttructures formed by aggregations of

hyphae

Plate 2.5.4: infection with brown rot (A) eventually results in disintegration of wood (B) [2]

A White-Rot Fungi
White-rot fungi decompose all the structural components (the cellulose, élrrase, and ligm)

from wood as shown iplate 25.50overleaf.

As the wood decay# becomes bleached (in part from the lignin removal) or white with black zone
lines. Whiterot fungi occur mainly on hardwoods but can be found on softwoods as well. The
degraded wood does not crack across the graihitistseverely degraded. It keeps its outward
dimensions but feels spongy. The strength properties decrease gradually as decay progresses, excep

toughness. Whiteot fungi have a complete cellulase complex and also the ability to degrade lignin.
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Plate 2.5.5: White Rots [2]

A Soft-Rot Fungi
Soft-rot fungi are related to molds and occur usually in wood that is constantly wet, but they can also
appear on surfaces that encounter-argtcycles. The decayed wabdypically is shallow in growth
and soft when wet, but the «wlecayed wood underneath is still firm. Soft rot fungi characteristically
attack the surface of the wood, gradually eroding inward at the rate of a few millimetres per year.
Upon drying, the dexyed surface is fissured. The wood becomes darkerl{chin to bluegray)
when decayed by sefbt fungi. Softrot fungi have a system to free the lignin in the wood to then

allow the cellilases access to the substrate.

c. Insects
Wood destroying insectseanf major significance in most regions of the world, although the number
of speces involved is relatively smaBoth the immature insect and the adult form may cause wood
damageThere are a number of insects that attack wood, such as termites, be¢tlesid bees.

Some of these insects use wood as a source of food, while others use wood primarily for shelter.

Most insect pests of wood are either termites or beetles. Other insects such as wood wasps, moths,
carpenter antstc.are sometimes significalocally but by and large the termites (ortsaptera)

and beetles (orde&oleoptera)are the wood destroying insects of greatest importgréje

A Beetles
Bark beetlesmay damage the surface of the components of logs and other rustic structures from
which the bark has not been removed. These beetles are reddish brown to black and vary in length

from approximately 1.5 to 6.5 mm. They bore through the outer bark to the soft inner part, where
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they make tunnels in which they lay their eggs. In making tunbaik beetles push out fine
brownishwhite sawdustike particles. If many beetles are present, their extensive tunneling will

loosen the bark and permit it to fall off in large patches, making the structure unsightly.

To avoid bark beetle damage, logayibe debarked rapidly, sprayed with an approved insecticidal
solution, stored in water or under a water spray, or cut during the dormanih séaut during this

period, logs should immediately be piled off the ground and arranged for good air mot@ement
promote rapid drying of the inner bark. This should occur before the beetles begin to fly before rains.

Drying the bark will almost always prevent damage by insects that prefer freshly cut wood.

Plates 25.6and2.5.7 overleafshow the majotypes of Ambrosia beetlegpinhole borers) which

include theroundheadedandflatheadedbeetlesTheborers get into freshly cut timber and cause
considerable damage to wood in rustic structures and some manufactured products. These insects
tunnel through the bark tproduce extensive galleries in which they lay their eggs. At the same time
they introduce fungi which thrive on the high moisture, sugar and starch content of the freshly felled
wood, thus providing the larvae with food; the browsing of the larvae darlges accounts for the
name Ambrosia. Certain beetles may ptete development and emerge several years after the wood

is dry, often raising a question as to the origin of the infestation.

Proper cutting practices, rapid debarking, storing under watdrspraying with an approved

chemical solution, as recommended for bark beetles, will control these insects. In freshly sawn
timber, Ambrosia attacks can also be prevented by dipping the product in a chemical solution. The
addition of one of the sagtainpreventives approved for controlling molds, stains, and decay will
keep the timber bright.

Plate 2.5.7shows dlatheaded beetlecommonly known as th&ld house boreror longhorned

beetle The beetleauses damage to seasonedsawitivood building matgals. The larvae reduce

the sapwood to a powdery or gréamuconsistency and make a ticking sound while at work. When
mature the beetles make an oval h@deproximately 6.5 mm in diameter in the surface of the wood
and emerge. Infested wood should benghed with a solution of one of the currently recommended

insecticides in a highly penetrating solvent

Powder-post beetlesthis term is normally applied to theetles of families Lyctidaénobiidae (or
Furniture beetles) arBlostrichidae Powderpostbeetlesattack both hardwoods and softwoods and

both freshly cut and seasoned timber. Powxtest damage is indicated by holes made in the surface
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of the wood by the winged adults as they emerge and by the fine pthatdenay fall from the
wood.

'4

Plate 2.5.6:Round-head Beetle [2] Plate 2.5.7:Flat-head Beetle [2]

The powderpost beetles that cause most of the damage to dry hardwood lumber belong te the sub
family Lyctidae. They attack the sapwood of hardwoods as they begin to season. Eggs are laid in
pores of the wood, and the larvae burrow tiglothe wood, makg tunnels from 1.5 to 2 mm in

diameter, which they leave packed with a fine powder.

Susceptible hardwood timber used for manufacturing purposes should be protected from powder
post beetle &ick as soon as it is sawn and when it asrethe plant. An approved insecticide

applied in water emulsion to the green lumber will provide protection. Such treatment may be
effective even after the lumber is kiln dried, until it is surfaced. Heat sterilization is another way to

kill insects in geen lumber. To effectively kill insects in lumber or ltiens, heat sterilization

requires that the center of the wood be held at 56 °C (133 °F) for 30 min. The time required to reach
that temperature is highly variable and depends on thickness of baiardasion of timbers, and

moisture content of the wood. Proper sanitation measures can often eliminate the necessity for other
preventative steps. Damage to manufactured items frequently is traceable to infestation that occurred
before the products wepdaced on the market, particularly if a finish is not applied to thaseiof

the items until they are sold. Once wood is infested, the larvae will continue to develop, even though

37



the surface is subsequently painted, oiled, waxed, or varnished. Wéeimgehardwood timber for
building or manufaturing purposes, any evidence of powgest infestation should not be

overlooked, because the beetles may continue to be active long after the wood is put to use.

Powderpost beetles in thiamily Anobiidae, depending on the species, infest hardwoods and
softwoods. Anobiid powdepost beetles make holes 1.6 to 3.2 mm in diameter. Their life cycle takes
2 to 3 years, and they require wood moisture content around 15% or greater for viable infestation.
Therdore, in most modern buildings, the wood moisture content is generally too low for anobiids.
Susceptibility to anobiid infestation can be alleviated by lowering the moisture content of wood
through improved ventilation and the judicious use of insulatiornvapdr barriers. Insecticides
registered for use against these beetles are generally restricted for exterior applications to avoid
potential safety hazards indoors. Wood being reused or recycled from older structures often has
lyctid or anobiid larvae in itSuch wood should be fumigated or kiln driedbbe use in another

structure.

Powderpost beetles of familostrichidae andweevilsin thefamily Curculionidae are associated
with wood moisture contents favorable for waaéesting fungi because they snhenefit
nutritionally from the fungi. Thus, protection against these insects consists of the same procedures as

for protection against woodlecay fungi.

A Termites
Termites superficially resemble ants in size, general appeey and habit of living in éanies. All
termites feed on cellulosic materials. Tplate 25.8belowshows characteristic termite attack on

wood.

Plate 2.5.8: Termite Attack [24]
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Depending on their Bthods of attack on wood, termites cargbsuped into two main classes

groundinhabiting or subterranean termites amdod-inhabiting or norsubterranean termites.

Subterranean termites. Develop their colonies and maintahretr headquarters in the groyradten

creating moulds as shown plate 25.9above.They build their tunnels through earth and around
obstructions to rezn the wood they need for food. They also must have a constant source of
moisture, whether from the wood on which they areifegdr the soil where they nest. The worker
members of the colony cause destruction of wood. At certain seasons of the ye@a)lgspiny

seasons, male and female winged forms swarm from the colony, fly a short time, lose their wings,
mate, and i f successful i n |l ocating a suitabl
antso or their s hetdhtemitencglay may beaear andcdusingadriou® n  t h
damage. Not all Aflying antso are termites; t
investing in eradication. Subterranean termites normally do not establish themselves in buildings by
being carried there in timber; they primarily enter from ground nests after the building has been con
structed.
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Telltale signs of subtema&an termite presence are the earthen tubes or runways built by these insects
over the surfaces of the foundation thery exposed areas to reach the wood above. Another sign is
the swarming of winged adults early in rainfall season. In the wood itself, the termites make galleries
that generally fdbw the grain, leaving a shell of sound wood to conceal their activitiresbest

protection for wood in areas where subterranean termites are prevalent is to prevent the termites
from gaining hidden access to a building. The foundations should be of concrete, gressede

wood or other material through which the termitaanot penetrate. The principal method of

protecting buildings in high terite areas is to thoroughly treat the soil adjacent to the foundation

walls and piers beneath the building with a soil insecticide.

Non-subterranean Termites The nonsubterranearetmites, especially the dwyood type, do not

multiply as rapidly as the subterranean termites and haveendwndifferent colony life and

habits. Their scale of destruction is much less than that caused by subterranean termites. The ability
of dry-woodtermites to live in dry wood without aaitle moisture or contact with the ground,

however, makes them a definite menace in the regions where they occur. Their destruction is not
rapid, but they can thoroughly riddle timbers with their tunneling if allotweslork undisturbed for

many years. Nossubterranean termites are often moved from structure to structure in infested items
such as furniture. In constructing a building in localities where thevdod type of non

subterranean termite is prevalent, ig@d practice to inspect the timber carefully to see that it was

not infested before arrival at the building site. Because paint is a good protection against the entrance
of dry-wood termites, exposed wood (except that which is pretheevaeated) shdd be kept

covered with a paint film. Fine screen should be placed over any openings to the interior unpainted
parts of the building. As in the case of grourekting termites, dead trees, old stumps, posts, or

wood debris of any kind that could serve asrses of infestation should be removed from the

premises.
Buildings heavily infested with nonsubterranean terngtasbe successfully fumigat.

A Carpenter ants
Carpenter ants are black or brown. They usually occur in stumps, trees, or logs but sometimes
damage poles, striugal timbers, or buildings. One form is easily recognized by its giant size
relative to other ants. Carpenter ants use wood for shelter rather than for food, usually preferring
wood that is naturally soft or has been made soft byydddeey may enter a building directly by
crawling or may be carried there in firewood. If left undisturbed, they can, in a few years, enlarge
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their tunnels to the point where replacement ¢emsive repairs are necessary. The parts of

dwellings they fregent most often are porch columns, porch roofs, window sills, and sometimes the
wood plates in foundation walls. They often nest in holtmse doors. The logs of rustic ¢cab are

also attacked.

Precautions that prevent attack by decay and termitesaadlyueffective against carpenter ants.
Decaying or ifiested wood, such as logs, stumps, or retaining walls, should be removed from the
premises, and crevices present in the foundation or woodwork of the building should be sealed.
Particularly, leaks iporch roofs should be repaired because the decay that may result makes the
wood more desirable to the ants.

When carpenter ants are found in a structure, any badly damaged timbers should be replaced.
Because the carpenter ant needs high humidity in itsaioma stages, alterations in the construction
may also be required to eliminate moisture from rain or condensation. In wood not sufficiently
damaged to require replacement, the ants can be killed by injection of approved insecticide into the

nest galleries

A Carpenter Bees
Carpenter bees resemble large bumblebees, but the top of their abdomen is hairless, causing their
abdomens to shine, unlike bumblebees. The females make largertl@/2-in.-) diameter) tunnels
into unfinished soft wood for nests. Thegrfition the hole into cells; each cell is provided with
pollen and nectar for a single egg. Because carpenter bees reuse nesting sites for many years, a
nesting tunnel into a structural timber may be extended several feet and have multiple branches. In
thin wood, such as siding, the holes may extend the full thickness of the wood. They nest in wood
that has been finished with a stain or thin paint film, or light preservative salt treatments, as well as
in bare wood. A favorite nesting site is in unfinisteaderior wood not directly exposed to sunlight
(for example, the undersides of porch roofs). Control is aimed at discouraging the use of nesting sites
in and near buildings. The tunnel may be injected with an insecticide labeled for bee control and
pluggel with caulk. Treating the surface around the entry hole will discourage reuse of the tunnel
during the spring nesting period. A good paint film or pressure preservative treatment protects exte

rior wood surfaces from nesting damage
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d. Marine borers
Extensivedamage is done to submerged portions of marine pilings; wharf timbers, and wooden
boats by a group of animal organisms knawollectively as marine borers, as shown inglag¢e

2.5.10below.The most damaging marine boring organismsshipworms, pholads andgribbles.

Shipworms, i.e.BankiaandTeredospp., are molluscs. Their minute freeswimming larvae move
around until they lodge on the timber surface prior to gaining entry. Once within the timber they
proceed to elongate and grow as they tunnel thrdlg wood creating an extensive honeycombed
structure: superficially the timber appears sound. Treatment with creosote or with waterborne

preservatives containing copper and arsenic can protect wood from shipworm attack.

Pholadsare clamlike molluscs i.e Martesia oiXylophagathat create pearshaped cavities near the
surface of the wood. Pholads are limited to warmer weadascan cause severe problems in tropical

ports. Pholads also have some resistance to copper and arsenic based wood preservatives.

By contrasgribbles, i.e.Limnoriaspp., are small crustaceans that attack the surface of the wood,
and tunneling seldom extends far from the surface. The combined action of water movement, gribble
and microbial attack effectively wears away the wood. dnmvwaters a species of Limnoria

(Limnoriatripunctata)is ableto attack creosote treated wood.

Figure 2.5.10:Wood Damaged by Borers [24
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2.6 PRESERVATION OF WOOD

2.6.1 Introduction: Wood preservation and Preservatives

Wood preservation in its widest sense impliesdlprotection of wood against any factor,
whatsoever, that may damage and ultimately destroy it. However, timber preservation in a practical
sense refers to the improvement of woods' natural durability by treatment with chemicals that are

toxic to insectsfungi and other decaying agents [19]

The primaryobjectiveof the preservative treatment to wood is to increase the life of the material in
service, thus decreasing the ultimate cost of the product and avoiding the need for frequent
replacements. Presetixee treatments greatly increase the life of wood structures, thus reducing

replacement costs and allowing moreeéit use of forest resources.

To protect wood from biological degradation, chemical wood preservatives are applied to the wood

either by on-pressure or pressure treatments [22].

Wood preservativesare chemical substances which, when initially applied to wood, make it
resistant to attack by decaying agents. The protective effect is achieved by making the wood
poisonousor repellentto the oganisms that would otherwise attack it. Preservatives vary widely in

character, cosgffectivenessnd suitability for use under different conditions of service.

Among the requirements of an effective wood preservative, the following characteristtos are t
most importan{2] [19] [24] [27]:

high toxicity towards wood destroying organisms;
Permanence in the treated wood (@heachable);
Ability to penetrate deeply into the wood;
Harmless to wood;

Non corrosive to metals which come into contact with thetéxdwood;

> > > > > >

Easy to handle and use: Odourless, colourless, paintableglgkienorsmelling and
moisture repelling;

A Affordable and plentiful;

A Safe for the untargeted environment.

Theeffectivenesef each preservative can vary greatly depending arhé@sical composition

retention depth of penetratigrand ultimately thexposure conditiongf the final product.
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The chemical composition of a preservative determines its toxicity.

On the other hand, the nature of the species and amount of heartwoedl(ffircrlt to treat) or

sapwood (easier to treat) determine penetration and retention of chemical preservatives.

Based on the degree of resistance offered by the heartwood of the spea¢®twtiation of

preservative chemicals and hence treatalwlityood, varias species can be classified B3):

)l
)l
)l
1

Permeable (P) where heartwood is easily treatable;
Moderately Resistant (MR) where heartwood is only partially treatable;
Resistant (R) where heartwood is resistant to treatment and

Extremely Resistan(ER)where heartwood very resistant

Effectiveness is also affected by the exposure conditions in service, which define the risk level of

deterioration hazards. These hazards are:

A
A
A

Ground contact: high decay hazard; usually pressure treated,
Aboveground contact low decay hazard; not usually used for pressure treatment

Water / marine exposure high decay hazard; often needs a dual treatment

Preservative treated timber is chemically treateddetreach of these hazard levels.

These hazard levels aatherclassifiedinto the followingspecificclassesn many codes and

manualsranging from lav to high hazard risks in service [1] [15] [19] [47] [48] [50]:

A

Class 1(H1): situation in which the wood or wood based product is under cover, not
exposed tahe weather and wetting.

Class 2(H2): situation in which the wood or wodshsed product is under cover and not
exposed to the weather but where high environmental humidity can lead to occasional, but
not persistent wetting.

Class 3(H3): situation in wheh the wood or woothased product is above ground and
exposed to the weather (particularly rain).

Class 4(H4): situation in which the wood or wodshsed product is in contact with the

ground or fresh water and thus is permanently exposed to wetting.

Class5 (H5): situation in which the wood or wood based product is permanently exposed to

salt water.
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2.6.2 Wood preservatives

The degree of protection of a particular preservative and treatment process depends on four basic

requirements: its toxicity, permanencetention, and depth of penetration into the wood.

Toxicity refers to how effective the chemical is against biological organisms, such as decay fungi,

insects, and marine borers.
Permanencerefers to the resistance of the preservative to leaching, dtith, and breakdown.

Retention specifies the amount of preservative that must be impregnated into a specific volume of
wood to meet standards and ensure that the product will be effective against numerous biological

agents. It can also be affected pesure conditions of the final product

The depth of penetrationattainable by a wood preservative depends on the wood species, the
proportion of sapwood to heartwood and the treatment process used. The sapwood of most species is

fairly easily penetrated en weltdried and pressure treated.

Wood preservatives can be divided into three general classdagp®jlsuch as creosote and
petroleum solutions of pentachlorophenol, waterborne salts that are applied as water solutions and
organicsolvent type of preervatives [1] [2] [12] [19] [20] [22] [23] [24] [25] [27] [30]:

a. Oil type preservatives
These ar@il-borne preservatives such@sosoteand solutions with heavy, less volatile tar and
petroleum oilsCreosote and these tar and petroleum solutions gog praservatives in the wood
treating industry which have been widely used for over a century without evidence of adverse health
or environmental effects. r€osote is the most preferrent.

Creosote does not concentrate, persist or occur to levels ithataare likely to result in any
significant adverse effects, since in low concentrations it is readily biodegrdGattesote and its
biodegradation David A. Webb,1980; Fisher and Tallon, 1971) [22].

Provided that creosote and other oil mixtures aeplyeand evenly introduced into the wood in
sufficient quantity, there is an assurance of good protection from borers, termites, decay and marine
organisms. These preservatives are efficient to use in pressure apessure methods, and their

depths openetration can be clearly observed.
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Creosote is the most preferred, with other oil mixtures performance as preservatives varying below

that of creosote, but they have lesser environmental impacts, are affordable and readily available.

Advantages of oilyipe presrvatives

T

1
1

They are insoluble in water hence resistant to leaching. They can be dissolved in a range of
solvents as carriers

They generally have low volatility, with only a small fraction of volatiles as constituents
Insolubility and low volatilityimpart parmanence in these presrvatives in varied
environments.

They aretoxic to wooddestroying fungi, bacteria, insects, and marine borers

Impregnation with oils provides extra protection against moisture content changes, so that
treated wood is stabbnd very resistant to splitting

The oils are not normally corrosive to metals and have a high electrical resistance.

They are easy and relatively safe to handle

Disadvantagesil type preservatives

= =2 =4 A

They adversely affect cleanliness and colour of woocksiney are dark to black in colour
Have a strong odour during and after installation, which dies slowly

They affect paintbility of wood due to their colour

They are relatively flammable affecting the fire performance in wood

There are concerns about sogonstituents which could be carcinogenic and hence pose

health hazards to lorAgrm users

Creosote, tar and heavy petroleum oils as preservatives are theeeforenended for outdoases

and inextremeconditions under the soil or in water.

With normalprecautions to avoid direct skin contact with creosote and tar oils, there appears to be

no dangers to the health of workers handling or working near the treated wood. They are therefore

relatively safer to the environment provided minimum precautiontkea[20].

b. Water Borne Preservatives

Water borne preservatives are the soluble salts of some metallic salts. There are two types of water

borne preservatives
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A The Non-Fixed Water Soluble Type
Among the water soluble ndixed wood preservatives are boraxd boric acid (boron/borates),

sodium pentachlorophenate, copper sulphate, mercuric chloride, sodium fluoride and zinc sulphate.

However,most commonlysed are the boron compounds evhhave exceptional performance
characteristicsThey penetrate wooefficiently regardless of the wood heartwood resistance to
penetration of chemicals. They are highly effective against fungi and insects but have low
mammalian toxicity and environmental impadt$ood treated with borates has no added color, no
odor, and ca be finished as desired by the user. Theyale affordable compared to other

preservatives.

However, like other nofixed water soluble preservatives, boron preservatives are not fixed; hence
wood treated with boron salts cannot be used in contattiétground or in other wet conditions.
The preservatives are, however, well suited to the treatment of timber for use above ground in

buildings.

A The Fixed Water Soluble Type
The fixed water soluble type intended mainly for external use contains satts senvice to fix the
preservative chemicals in the wood and render thereamhable. The common water borne

preservatives are as follows:

Acid Copper Chromate (ACC) (Celcure)
Ammonical Copper Arsenate (ACA) (Chemonite) : This preservative is used omostanly
with refractory species such as Dougfias
Ammonical Copper Zinc Arsenate (ACZA).
Chromated Copper Arsenf€CA): (Type A, B, and C). Type A (Greensalt) is high in
chromium, type B (K33) is high in arsenic and Type C (Wolman) is intermediate.

1 Chromated Zinc Chloride (CZC)

The mosicommon prolonged and effective protection has been achieved by the use of carefully
balanced mixtures aopper,chromium and arsenic salts commonly calledCCA. Wood treated
with these salts is known to remain ueated by fungal decay or insect attack over long periods,

even under very severe conditions of exposure, such as slats in water cooling towers.

CCA salts are available in different forms as diytares of crystalline powders apastes of liquid

concentrges They ae diluted with water to make up to the required concentration.
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Advantages of Water Borne Preservatives

= =/ 4 4 -4 -2

These preservatives can be transported in solid or concentrated form.
They are to be used with the cheapest of all solveméger.

They ae very effective against both fungi and insects.

They leave the wood in a clean condition which is not unpleasant to handle
The treated wood can be painted and glued once the water has dried off.

They can readily be combined with fire retardant chemicals.

Disadvantages of Wat&orne Preservatives

T

Most of these salts are very poisonous though the dried treated wood is usually safe to
handle.

When applied to seasoned timber, #arets the wood, causes it to swell and has to be re
dried again.

Most are leacaible with time and can only be used for indoor applications

c. Organic Solvent Type

Solvent type preservatives consist of active chemicals which are toxic to decaying agents, dissolved

in an organic solvent such as a petroleum distillate e.g. pentachlorbphdrempper naphthenate.

These organic solvents have low viscosities and are able to penetrate rapidly into dry wood, so that

they are particularly suitable for use in preservative formulations that are designed for superficial

application by brush, spraand immersionThe preservative action depends solely upon the toxic

deposit and the solvent has no preservative action. As these solvents are rexpesibvethe use

of such solvents can be justified only when other types of preservative cheneocat@eaceptable.

Organic solvent type preservatives are applied by brush, spray, dipping or low pressure processes

such as double vacuum.

Advantages of Solvent Type Preservatives

= =4 4 A4 -

They leave the wood in a clean condition

They penetrate well into permeablbier

They do not leach out

Treated timber can be painted and glued soon after the solvent has evaporated

They do not cause swelling or distortion of the wood as they do not contain any water
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1 They are very useful in remedial treatment of wood in buildingsiwhave been attacked by
insects or fungi as they are easily absorbed by most building timbers when applied by brush

or spray.
Disadvantages of Solvent Type Preservatives

Solvent type preservatives are relatively very expensive
They increase the flammadiby of the wood for a short time after the preservative has been
applied.

1 They are relatively toxic and carcinogenic posing serious health concerns.

2.7 PREPARATION OF MATER IAL FOR PRESERVATION

If satisfactory results are to be obtained in the treatmenbofiyit is essential that the material be
suitably prepared for the subsequiempregnation of preservatives. Except for sap displacement
methods such as diffusion and Boucherie Pgasther treatment methods can only be effective if

the wood is corregtlprepared and it is extremely important that any cutting, boring or machining
operations should be carried out beforesgrvative treatment ggven. This avoids any cuts in the

wood after it has been treated, avoiding wood exposure to attacks, assaoiytmrings made

before treatment provide seep ways for the chemicals into the wood hence ensuring better absorption
[1] [19] [24] [34].

2.7.1 Debarking/ peeling

Removal of bark is a very essential step in the preparation of round timbers for treatmektjsas bar
virtually impermeable to liquidd?atches of bark left on during treatment usually fall off in time and
expose untreated wood, thus permitting decay to reach the interior of the mPetiamking is

recommended for all timbers except for sap displatgmrocesses such as the Boucherie method.

Whichever method is employed in debarking, it must be ensured that the sapwood, which is the most

treatable part of a tree, is preserved.

2.7.2 Seasoning of timber

Seasoning is the process of drying timber to suitadaisture content at controlled conditions
ensuring equilibrium with the prevailing atmospheric conditions in serigéng of wood before

treatment is necessary to prevent decay and stain, and to facilitate preservative penetration. Drying
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before treatrant opens up the checks before the preservative is applied, thus increasing penetration,

and reduces the risk of checks opening after treatment and exposing unpenetrated wood.

However, for treatment with waterborne preservatives by certain sap displaceetieodls, high

moisture content levels may be permitted.

Controlled conditions are necessary to avoid rapid drying which is responsible for developing
defects in woodSeasoning under controlled conditiongan be done by:

a. Air seasoning process
This involves stacking the timber in a clean and dry place under sti2ekpite the increased time,
labor, and storage space required, air drying is generally the most inexpensive and effective method,
even for pressure treatment. However, wet, warm climatic condititake it difficult to air dry
wood adequately without objectionable infection by stain, mold, and decay fungi hence the need to
synchronize the process with occurrence of dry climatic conditions.

During airdrying, sufficient air movement throughout tyerd and through individual stacks should
be maintained to ensure uniform drying. The stacking technique should ensure that degrade through

defects such as warping, twisting and checking are kept to a minimum.

How long the timber must be air dried befaeatment depends on the climate, location, and

condition of the seasoning yard, methods of piling, season of the year, timber size, and species

b. Kiln seasoning
In this case the drying process is increased by high temperatures, low relative humidity and fas
movement of air within the timber stack. This is achieved by having the timber stack in a chamber
designed so that the temperature, humidity and air movement can be controlled. Thus any kiln must
be provided with means of heating, humidifying and colmtigpthe flow of air.Kiln drying has the
important added advantage of quickly reducing moisture content, thereby reducing transportation

charges on timber.

c. Other methods
These includsteamvacuum (vapour) process and chemical seasonimghich are more eiient

but very expensive and not common.
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2.7.3 Incising

Heartwood of some softwood and hardwood speraesbe very difficult to treatVood that is

resistant to penetration by preservatives may be incised before treatment to permit deeper and more
uniform pengation. To incise, timbers are passed through rollers equipped with teeth that sink into
the wood to a predetermined depth. The teeth are spaced to give the desired distribution of
preservative with the minimum number of incisions. The effectivenessisirig depends on the

fact that preservatives usually penetrate into wood much farther in the longitudinal direction than in
a direction perpendicular to the faces of the timber. The incisions open cell lumens along the grain,

which greatly enhances peraton but may cause reduction in strength.

2.7.4 Cutting and Framing

All cutting and boring of holes should be done prior to preservative treatment. Cutting into the wood
in any way after treatment will frequently expose the untreated interior of the timbeeamnid
ready acess to decay fungi or insects.

2.8 WOOD PRESERVATION TR EATMENT METHODS

2.8.1 Nonchemical treatment methods

Non chemical treatments were common in traditional societies which included mud treatments,

soaking h warm or hot water and smoking [24].
However, these methods cannot be used at economic scaleeagfdrth will not be considered.

2.8.2 Chemical treatment methods

There are two general typesmeserving wood using chemical methopiessure processesd
nornpressure processellon pressure processare carried out without the use of artificial pressure
while in pressure processes the wood is placed in a treating cylinder and impregnated with
preservative by applying pressure or vacuum and preggdUeq [19] [23] [24] [30] [34] [36] [38].

a. Pressue Treatment Methods
The objectives of the pressure processes are to kill any fungi that may be growing in the wood and
ensure that a sufficient amount of preservative is delivered to the proper depth in the wood.In
commercial practice, wood is most oftieeated by irmersing it in a preservative in a highessure
apparatus and applying pressure to drive the preservative into the Weoftbllowing methods are

used:
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A Full cell Method
The full-cell (Bethel) process is used when the retention of a maxinuamtity of preservative is
desired. Watdiorne preservatives may be applied by thedall process if uniformity of
penetration and retention is the primary @am. The process can also be employed for creosote
application where high retentions argueed under very hazardous environments as is the case in

marine piles.

Steps in the fultell process are essentially the following:

1 The wood is sealed in the treating cylinder, and a preliminary vacuum is applied for a half
hour or more to remove th@& &rom the cylinder and as much as possible from the wood.

1 The preservative, at ambient or elevated temperature depending on the system, is admitted to
the cylinder without breaking the vacuum.

1 After the cylinder is filled, pressure is applied until theod will take no more preservative
or until the reuired retention of preservative is obtained.

1 When the pressure period is completed, the preservative is withdrawn from the cylinder.
1 A short final vacuum may be applied to free the wood from drippingprasve.

A Modified Full Cell
The modified fultcell process is basically the same as thedeill process except for the amount of
initial vacuum and the occasional use of an extended final vacuum. Thigeehddli-cell process
uses lower levels of indl vacuum; the actual amount is determined by the wood species, material
size, and final retention desired. The modified-édll pracess is commonly used for treatment of

timber with watelborne preservatives.

A Empty cell process
The objective of the epty-cell process is to obtain deep penetration with a relatively low net
retention of presertave. For treatment with oil preservatives, the ergail process should always

be used if it will provide the desired retention.

Two emptycell processes, tHeueping and the Lowry, are commonly employed; both use the
expansive force of compressed air to drive out part of the preservative absorbed during the pressure
period.

1 The Ruepingprocess:This is often called the emptell process with initial air. Air
pressure is forced into the treating cylinder, which contains the wood, and then the
preservative is forced into the cylinder. The air escapes into an equalizing or Rueping tank.
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The treating pressure is increased and maintained until desired reteatiamisd. The
preservative is drained and a final vacuum is applied to remove surplus preservative.

1 The Lowry process This is the same as the Rueping process except that there is no initial
air pressure or vacuum applied. Hence, it is often called theyeralb process without initial

air pressure.

b. Non-pressure treatment methods
The numerous nepressure processes differ widely in the penetration and retention levels of
preservative attained, and consequently in the degree of protection they provalgd¢atdd wood.

These methods include:

A Brushing
The simplest method of applying a preservative is brushing and is normally used for preserving
small individual items and also when it is required to apply to a timber already installed in a
building.

In order to have an appreciable effect, the preservative should be flooded on the surface by brushing
to get the maximum amount absorbed. An important factor is the timber to be treated should be dry.
Tar oils if they are too viscose, should be heated befolgiagpBrushing can be repeated at

regular intervals depending on the environment to which it is exposed.

A Spraying
This method is often employed when it is required to apply the preservative to large areas and also to

roof members which enables the preaéve to reach the timber which is inaccessible to brushing.

A Dipping and soaking
Dipping involves immersing the timber in the preservative for a short(§ewnds to several
minutes)and the same treatment is knowrsteseping or soakingvhen immersiorextends to
several hours or days. Immersion gives a better chance of the preservative reaching the holes, cracks

and splits.

The degree of penetration depends on the duration of immersion, the timber species and also on the
type of preservative. Absorptios rapid during the first few hours only and it takes a long time to
get an appreciable penetration. Steeping is important where other methods of treatment are not
available. In any case, it is more expensive than brushing as it requires large tankseand m
preservative.
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A Hot and Cold Method
This process is sometimes known as open tank process or thermal process. Next to the pressure
treatment this offers a very satisfactory method of impregnation. In this process seasoned timber is
immersed in a bath @reservative which is heated for few hours and allowed to cool while the
timber is still submerged in the liquid. Sometimes the cooling is done by transferring the timber

quickly from the hot bath to a cool bath of the preservative.

During the heating pesd the air in the cells expands and much of it is expelled as bubbles. During
the cooling period the remaining air in the cells contracts creating a vacuum and the preservative is
drawn into the wood. This process is effective for treating permeable Srabembers which are

moderately resistant to impregnation.

A Sap Displacement Method
Sap displacement method can only be applied to round timbers in green condition and uses the
hydrostatic pressure due to gravity to force the preservative from the dwf #re round timber.
The pole is held in an inclined position4&® angle and to the raised butt endtph flexible hose is
attached corected to preservative solutiptaced at a higher levdbue to hydrostatic pressure and

gravity, the preservatevdisplaces the sap in the timber which is then forced out at the thin end.

This method gives a greater concentration of the preservative at the butt end and this is important

especially in the case of poles going into the ground which are most vulnerdbleay.

Efficiency of the process depends on the amount of sapwood and the wood structure in hardwoods

since the preservagvranslocates through vessels.

A Diffusion process
Diffusion processes can only be applied to very green timber and normallyl@artiat sawmills
soon after the logs have been converted to sawn timber. The process involves dipping freshly sawn
timber in a concentrated treating solution which is heated. The timber just after immersion is closed
piled (block stacked) and completelyvered with a tarpaulin or polythene sheet so that drying is
prevented as much as possible. The time for the diffusion of the preservative into the wood to take
place is between 4 w&s for 25 mm thick material tth weeks for 75 mm thick material. The
duration varies with different species when the penetration is complete; the timber is removed and

restacked for normal seasoning. The main advantage of this method is that some timbers which are
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very resistant to impregnation can be treated this way. Fartner the costs of capital investment

as well as the cost of the preservatives are not so high.
The method can only be applied to freshly sown timber.

c. Modern Non-biocidal methods
It is possible to impart a degree of durability to wood without the usexaf tcomponents. Such
treatments use strategies that limit water movement into the wood and/or render the wood structure
unusable to degrading organisms. The simplest example is that of water repellents. Pressure
treatments with high concentrations of wgreatly extend the service life of wood, even in ground

contact,but the loadings required are uneconomic.

Instead, interest is largely focused in two areasod modification and heat treatment Both

approaches are more expensive than conventional pedssatments and historically their use has

been limited. Howevencreasing concerns about the environmental effects of biocidesnd the
increasing costs of the biocides themselves has made these alternative approaches more attractive.
Apart from Europegurrently they are limited to niehmarkets [1] [24] [33] [40].

A Wood modification
The idea of wood modification is to make the wood both more moisture resistant and less attractive
as a food source by replacing the cellulose and hemicellulosexyydroups with other moieties.
Various reactants have been considered, but the most common is acetylation. Acetylation, when
applied with weight gains of ¥30%, results in more dimensionally stable wood. The ability of the
wood to resist insect attack is les¢sar, and there is little or no protection against the growth of
mold fungi. Due to the high weight gain required wood modification has not proved to be
economically viable for broad scale usage, although in some niche markets such as flooring, it has

found some utility.

A Heat treatment
The goal of heat treatment is to both volatilize wood components that are used as food by fungi and

to alter the wood structure. Typically the wood is heated te2860C.

In one process the vessel is flooded with nitrogémle another uses vegetable oil for rapid heat

transfer. Decay resistance and dimensional stability are increased and the wood darkens to a

brownish colour, making it suitable for some abgveund applications where appearance is

important. Depending otine process, the wood suffers some loss in mechanical properties and so is
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not appropriate for critical structural applications. Heat treatments have gained popularity in Europe,
where some of the most common wood species such as spruce are diffieat vattr

preservatives. Research continues to optimize the-tfideetween an increase in durabilitydan

losses in strength properties.

2.9 QUALITY ASSURANCE IN WOOD TREATMENT

2.9.1 Standards onwood preservation

Specifications on the treatment of various woaadpicts by different methods using different
chemicals have been developed around the world, notably in Cahatia] States of America,
EuropearUnion, Australia and South Africa, to address quality, value and environmental concerns.
These include spectfations on methods of sampling, methods of testing, chemical qualities,
measures of effecteness (Penetration, Retention, Absorption aettiFests) and recommendations

on handling wood after treatment to provide quality products

In general, he minimumaspectshe standards should cover are (FAO, 1986) [19]:
1 methods of applying wood preservatives;

1 technical requirements of wood preservation plants;

1 health and safety requirements of manufacturing, transporting, storing and application of
different wood peservatives;

1 methods for estimation of the amount of preservative chemical in the treating solution and
treated timber;
methods for estimation of the distribution of the preservative chemical in the treated wood;
methods of testing natural durability afnber and efficacy of wood preservatives against
different decaying organisms.

In developing countries, it is suggested that initially a basic code of practice is implemented which

can be refined slowly as the industry develops and eventually standaius established

In Kenya, and East Africa in general, wood preservation standards are still beilupdédie suit
market conditions [43] [44] [45] [46] [47] [48] [49In Kenya, the following standards are currently

in operation:

A KS 02-94-1999 Specifiation for preservation of Timbepecifies the requirements for the

chemical composition of commonly used and locally available preservdtiatso specifies
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methods of applicatioand average retention levels for different species in various
environmetal conditions.

A KS EAS 325 Wood preservatives and treated timigeride to sampling and preparation of
wood preservatives and treated timber anahdie standard is about wood preservatives
and treated timber, acting as a guide to sampling and prepasitiamod preservative and
treated timber analysis.

A KS EAS 324: 2002Copper/ Chromium/ Arsenic compositions for the preservation of
timber: method for timber treatmernhe standard gives the recommended Copper/
Chromium/ Arsenic compositions for the pnesgion of timber

A KS EAS 328 Wood preservation by means of CCA composkiiSpecificationis a
standard on wood preservatiorethods and prodeiresby means of CCA compositionks
emphasizes on safety.

A KS 18031/2: Guidance on sampling for analysispreservative treated Woetle standard
gives the guidelines on procedures to be followed when sampling treated wood, which
depend on the chemicals used and the methioalso gives guidance on durability classes
of wood.

International standards of specétionsin treatment of woodhclude:

A AS 56052005 Timber Natural Durability RatingsAustralian Standard giving guidance on
classification of timber in accordance to their durability in service without treatment and in
varied hazard conditions

A AS 16041997 Specificationfor preservative treated timbefustralian standards guiding on
methods of specifying treated wood.

A BS 55891989 Code of Practice for Preservation of timb&ritish Standard on procedures
to be followed in preservation

A A3-91: Sandardmethods of determining penetration of preservatideserican Wood
Preserversod6 Association standard detailing
wood.

A IS 48732008 Methods of Laboratory Testing of Wood Preservatitredian Standard,

guidingon laboratory testing of effectiveness of preservatives in wood
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2.9.2 Preservativeeffectiveness: Concentration, Retention and éhetration

a. Solution concentration/ strength
In preservation, different concentrations of the preservatives are required for trezftdifatent
hazard levels as well as species. This is in particular with reference tebasés preservatives.
Solution strength is determined as:

Solution strength = X 100% [19]

b. Penetration and Retention
Retention and Penetration of Wood preservatives are determined by the permeability of wood, the

properties of the preservagisolution and the contact time.

Retention is the amount of salt/preservate@ined in a unit volume of wood expressed in kg per
cubic metre. This can be calculated for a charge (i.e. a parcel of timber which has been treated) or for
individual pieces.

Penetration is the depth to which the preservative hasaedidm the surfee of the wood.

The effectiveness of treatment depends on both the retention and depth of penetration of the wood
preservative. The net amount of preservative retained by the wood (net retention) cannot be taken
alone as a measure of effectiveness, ferelmay be considerable differences in penetration and

distribution of preservative in different timbers or in different charges having the same retention.

Incising tends to improve penetration of preservatinenany refratory species, but those high

resistant to penetration will not have deep or uniform penetration even when.incised

The penetration of preservatives into the timber can easily be determined on site by using colour
reagents. However, it could be done in a laboratory by chemicaisanaf the wood at different

depths to determine the concentration of the activeeprasve elementWhen colour reagents are

used to determine the depth of penetration, cross section samples are cut at least 500 mm away from
the end of the timbers. Tis to avoid the effect of longitudinal penetration. The other method is to

use a boring device such as a core borer sometimes called an incremerat &aract a small core

specimen
[1] [19] [24] [30] [34]
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2.9.3 Environmental Impacts of Preservatives

Human health and environmental concerns have restricted the treglitibnal wood preservatives.

In the past, users of treated wood were most concerned with performance, and there was less concert
about effects of treated wood on health and environrii@ettecent emphasis on environmental
sustainability and human health have changed this perspective and preservative chemicals are now
subject to much assessment, review and control with many health concerns and environmental

pollution being attributed to them

Plate 2.9.1belowshows preserved wood in an aquatic environment.

Plate 2.9.1: Treated Wood In Aquatic Environment

The preservative chemicals pose a potential riskaohho the environment throughdbe wood
preservation process anavironmental management practices must be employed by the Wood

Preservation Industry to address such risks arising from:

A Chemical transport, storage and use
A timber treatment processes

A Waste storage and disposal
A

Treated timber storage
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A Leaching of preservatives during service
Best management practices on wood preservation should address these risks.

Both Kenyan Wood Preservation Industry and regulators have worked to develop some guidance
material for wood preservation plant operators, issuing such standa¢&8sEasS 324: 2002the
standard on the recommended Copper/ Chromium/ Arsenic compositions for the preservation of

timberandKS EAS 326 standard on wood preservation by means of CQApositions

Much research has been done on the use of CCA formulations and in most western countries
including Canada, USA, EU and Australia, its use has been restricted or withdrawn all together. This
is because it contains Arsenic and chromium whiehkapwn carcinogens and copper which is a

pollutant in aquatic environments.

Research into creosote and other organic solvent preservatives such as pentachlorophenol has found
out traces of some carcinogenic components in these compounds and prechatilohtherefore be

taken in their applications.

However, research into borates is still ongoing but so far it is the most environmentally friendly

preservative recommended for use in most domestic applications.

[1] [19] [25] [26] [27] [28] [29] [31] [42] [44] [46]
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2.10 SUMMARY CHARACTERIST ICS OF CYPRESS WOOD AND GREVILLEA WOOD

2.10.1 Overview of known local timbers classified according to strengths and density

From table.10.1 and 2.10,2Grevillea is denser than cypress and pine and one class stronger. This

apparetly depicts it as an adequate wood material, better than cypress and in structural properties.

Table 2.101: Overview of Grevillea and Cypress Timber According to strengths

Group Latin name

Common name

1 Pinus radiata (12 years) Young pine
Polyscias kikuyuensis Mutati

2 Cordia abyssinica Muringa
Pinus patula (17 years)* Pine
Pinus radiata (17 years) Pine

Cupressus lusitanica**

East African cypress

3  Podocarpus
Juniperus procera
Octea usambarensis
Acacia melanoxylon
Grevillia robusta
Vitex keniensis*
Pterocarpus angolensis
Khay anthot heca
Eucalyptus regnans

Podo/musengera

African pencil cedar/mutarakwa
East African camphorwood/muzaiti
Australian blackwood
Grevillea/silky oak
Vitexmuhuru/meru oak

Muninga

African mahogany

Australian mountain ash

4 Cassipourea malosana
Dombeya goezenii
Eucalyptus saligna
Premna maxima*
Afzelia quanensis

Pillarwood/musaisi
Mueko
Saligna gum/Sydney blue gum

Afzelia

5 Olea hochstetteri

East African olive/musharagi

* One group lower in compression perpendicular to grain
** One group lower in joint shear

Table 2.10.yives the guid for the above strength classes derived from experimental strength tests
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Table 2.102: Guide to strenths in table 2.10.1

Guide to basic working-stress values and modulus of elasticity for timber

Maximum compression ~ Maximum shearing

Maximum
Strength Strength Density  Density bending strength  Modulus strength strength
group rating green 12% MC and tension. of elasticity  p.iaf Perpendicular :

parallel to grain to grain to grain Beams  Joints
kglm? kglm? Nimm? kNImm? Nimm? Nimm? Nimm?  Nimm?

1 Weak <520 <400 10 4.0 2.5 0.6 1.0 04

2 Fairly strong ~ 521-650  401-500 15 6.0 10.0 1.2 1.3 1.6

3 Strong 651-830  501-640 20 1.5 13.0 2.0 1.9 24

4 Very strong  831-1040 641-800 30 9.0 20.0 3.2 24 3.5

g Exceptionally .00 e 50 105 290 5.0 32 A

strong

SourcelCRAF (1999);Status of Grevillea robusta in forestry andréforestry [18]

2.10.2 Cypress wood: General Properties

CypresqCupressus lusitanigdaalso known as Mexica@ypresswith a production of about 2.5
million cubic metres per annum, is the most important industrial softwoatespgsed for timber

production.

The Cypress heartwood is yellash, pale brown, or pinkish, with occasional streaking or
variegation. The texture is fine and uniform, and the grain is usually straight. The wood iglfragran
scented with a density o6 kg/m® when airdried. This givestia characteristic low gight

compared to its high strength.

The wood is easy to work with hand and machine tools, and it nails, stains, and polishes well.

Mexican cypress air dries very rapidly with little or no eadsurfacechecking.

The heartwoodsi reported to beesistant to treatmerity conventional dipping processes and da
irregular response to pressure vacuum systems. Reports on durability to decay are conflicting with
classification ranging from neresistant to very resistarih east Afica, the species is clasd as

only moderately durable [1] [15] [18]

2.10.3 Grevillea wood: The Core of the Study

In the timber indatry, Grevillea is recognéd as one of the finest cabinet species as the timber has a
decorative figured grain which is alsseed for wall panels and plywoo@hough as a plari

growthit is relatively resistant to pest attacks, in young age it is susceptible to fungi attacks in highly
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humid areas. As wood material, the species is reserved for small joinery works and temporary

construction due to its low natural durability which is as a result of high susceptibility to attacks.

a. Structure and Properties of Grevillea Wood
Thewoodstructureof Grevilleais very porousvith large and widely spaced prominent rays and
vessels with tagential clusters filled with deposits.

In addition to the prominent rays and vessels, the wood has fairly distinct growth rings, in dark and
light colored bands which provide an attractive figure on plain and oisantar faces. The wood

also displays ratively straight grain with a coarse uniform texture.

Grevillea robustasapwood is up to 288 mm wide and cream in colour while the heartwood is
yellow-brown to deefbrown on dryinglt saws ananachineswvith ease and it preferred for its
excellent wokability. It planes, shapes, bores, and mortises nicely and is one of the best woods in
all-around machinability ever tested by the U.S. Forest Products Labor&terir-dry density of
heartwood is around 55600 kg/nt

b. Seasoning
The wood seasons well veell-conditioned environment3hicker stock requires slow airying

followed by a mild kiln scheduk® avoid honeycombing.

Shrinkage and moisture movemeintsirying are relatively small even in places with frequent
relative humidity changes, but &8s wood shrinks almost three times as much in the tangential
direction as in the radial, it stays in place best if quarter sawn.

Sapwood is highly susceptilie ambrosia beetle and powearst beetlattack during seasoning
and rapid conversion and presative dipping ofjreen lumber are recommended. Tiny pin knots are

common and would be a serious degrading factdassed as defects.

c. Durability
Grevillea sapwood is highly susceptible to attackbdmers, termites and fungi and hence highly
perishabé; and even the heartwd is only moderately durabli.is not suitable for use in
permanent engineering situations unless when treated with preservatives, given its favorable wood

structure. The wood can therefore be readily treated with preservatt/ésiahed well.

KEFRI classifies it in woodlurability class iv (table2.5.1 of this repor}, which is a group suitable

for structural purposes but only durable for less than 5 years in external conditions
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d. Contribution of Research
Research has shown thiatnatural conditionsjurability of Grevillea timber is majorly affected by

the age and climate under which it is established.

In the year 2012, H.C Nagavestial, [41] carried out tests tassess the natural durability of 5,10,15
and 20 year old treeBom Grevillea plant stocks grown in wet and dry regions (high and low rain
fall areas) These tests were done against brown and white rot fungi under laboratory conditions; and

against termites under soil burial exposures.

Between different age grougdsyear timber samples were not durable and they were easily attacked
by termites and fungi compared to other age groups. Timber of 20 year trees were more durable
than others showing 50 % of deterioration after 4 years.

The destruction was lesser in tierdrom older trees may be due to the accumulation of extractives
in heartwood.

With regard to climate, Low rainfalirea grown timber showed more durability when compared to
high rain fall area grown timber of the same age group. This may be due tetineuation of more
extractive content in low rain fed area as the growth will be under climatic duress because of low

moisture content in soil.

It has also been established that Grevillea timber has phenolic constituents like robustol which may
bethe reason for better, though moderate, durab[&y]. Domone and llIsto§1994)[36] reported
that the presence of more extractives in duressed timber results in more durability of the timber.

Tests done on effects béat treatmentshowed thathe amount ofugars other than glucose

decreased with treatment time and was near zero after 7 h, while lignin quantity increased gradually
These were accompanied by an increase in resistance to decay and decrease in strength mainly due
to the depolymerization reactis and changes in the amount of hemicelluloses which play an
important role in strength properties of waasllink agents between celluloses and ligActording

to these results and to previous work, it seems important to adapt the treatment coondaihies/e

lower degradation levels allowing to improve resistance to decay without decreasing the mechanical
propertieqMburu ,etal (1999) Effect of chemical modifications caused by heat treatment on
mechanical propeies of Grevillea robusta wo9d33].
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3 METHODOLOGY

To meet thebjectives of the studya comprehensive methodologyatving both apreliminary
field surveyon the current wood preservation practices inkdeyan Timberhdustry and

laboratory testingpf the treatability of Grevillea waesdopted.

The field methodology was carried out as a prelimisaryeyto inform the laboratory studigy

assessing the need for treatment of Grevillea and evaluating the methods and chemicals suitable for
its treatmentlt was thereforeonductedand theresults analyzed before the treatment tests were

carried outAppropriate laboratory preservation tests were then carried out using the
recommendations of the field survey to make a conclusive report on the treatability of Grevillea

wood.

3.1 FIELD SURVEY ON THE CURRENT WOOD PRESERVATION PRACTIC E IN THE
INDUSTRY

This was carried out to achieve the following specific objectives of the study:

i.  To conduct a field study and determine the preference of Grevillea wood as a construction
material
ii.  To conduct a field resarch on the current methods being used for preservation in the timber
industry and their suitability for adoption in the farm
iii.  To conduct a field research to determine the current chemicals being adopted for preservation

in the timber industry and their pgpriateness for use in the farm

3.1.1 Survey methodology

In carrying out the research, the questionnaire survey method was used. The research questionnaire
was carefully formulated with a view to capture all data relevant to the. study

The questionnaire wagsigned into four sections, namely A, B, C and D. Section A was meant for
general information about the timber firm and its services; section B was to capture information on
timber species preferred for construction materials, reasons for preferenceiasdutces; section

C was formulated to capture data on preservation practices and chemicals and section D was meant

to collect data related to use of Grevillea &ypbresgimber in the market.

The questions were both open ended and close ended tmafaabllection of data and analysis. The

administeredjuestionnairevasconfidential,short and explicit.
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[See samples attached in the appendik

For identification, each questionnaire was also accompanied by a college letter sanctioning the

research apart ofanundergraduate project.

Before the conduction of the actual survey, thorough research was done on prominent producers,
sellers and regulators in the timber industry. Their locations were then determined and mapped out

on a sketch to ensure eféacy during collection of data.

For each sampling area identified, sampling was done from 8.30 am to 12.30 pm. These were
Industrial Area8 stations)Githurai (5 stationsand Fly Over Magumu(8 stations) Visits were

also made to Kenya Bureau of Stard, KEBS (1station) and Kenya Forestry Reseach Institute,
KEFRI, in Karura(1 station)

The questionnaires were filled by the department heads, technicians or by the student as was
adequate. Visits were also made around the yards to identify thed¢rgatrathodschemicals used,

timber storage measures adopted and photographs taken.

23 sampling stations were visited in total.

Plate 3.11:Timber Yard showing stacked CCA-treated cypressTimber
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3.2 FIELD PRELIMINARY RESULTS AND ANALYSIS

3.2.1 SECTION A: General Information

Three survey locations were selected forrdsearch, namely Industrial area, Nairobi (8 stations);
Githurai, Nairobi (5stations) and Fly Over Magumu, Naivasha (8 stations). In total, 23 individual

survey stations were interviewed, all specializingvood and wood products.

Special researcimformationwas alsacolleciedat Kenya Forestry Research InstittlK&FRI; and
Kenya Bureau of Standards, KEBS.

3.2.2 SECTION B & SECTION D: Timber useinformation ; Status of Grevillea

Information on the demand of timber species was required to assess the statslleq as a
constructiormaterial in the current markéthe data collected was recordedgshewn intable 3.2.1

and analyedas shown in thégure 3.2.1

Table 3.21:Preference ofsoftwood Species as sources of Timber

Species Preferenceby no. of
respondents

Cypress 11

Pine 8

Grevillea 3

Others 1

Preference of species as timber
materials

m Cypress
H Pine
@ Grevillea

m Others

Figure 3.21:Preference ofsoftwood Species as timbematerial sources
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From theanalysis of the daj&ypress wood was the most preferred softwood as a timber material.

However, dued its relatively higher costs, most customers also prefer pine as an adequate

substitute, but the species is not as good in performance and durability.

Few customers prefer Grevillea as their construction material due to its durability problem.
However, itis preferred for minor wood work and furniture where it is used in protected
environmentsAs a resulof this low preferencats costsas a construction materiate low

compared to those of cypress and pine.

Other species preferred include eucalyptasg which are used for postst are not preferred as

construction materials

Due to shortage in timber sources, dealers in theaoityorced to import some timber supplies
especially Cypress, pine and hardwoddsn neighbouring countries such as Gorand Tanzania.
This in dfect makes them more expensive, while Grevillea supplies are adequate and sourced

locally.

3.2.3 SECTION C: Preservation of Timber

This section was meant tollect data on wood deterioration problems, preservatives used and

preservate methods preferred in the industry.

All timber dealers faced timber deterioration problems in their stocks, varying in magnitude and
extent depeding majorly on the species of timber. Cypress waes nost favoroublesoftwood with

minor attacks, while iRe and @evillea were rated as of poor resistance.

a. Survey on Preference of wood preservation gthods
The data collected on preservation methods preferred was as recaiadd B12.2and analyzed as

shown infigure 3.22

Table 3.22:Preference of preservation methods

Preservative Preferenceby no.
Methods used of respondents
Pressure Methods 12
Dipping Methods 8
Surface Methods 2
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No treatment 1

Preference of Preservation Methods
4%

m Pressure Methods
Dipping Methods
m Surface Methods

m No treatment

Figure 3.22:Preference of preservation methods

In the Kenyartimberindustry, most wood treatment works prefer pressure methods in their

treatment of timber. These methods were rated as effigiimthe quality of treated wood assured.

This was especially in Nairobi where wood is utilized for qualitystarction and industrial
purposesPressure treatment methods are also recommended where very toxic preservatives such as
CCA are being used to safeguard human health and prevent detrimental environmental impacts.
However, dealers were cautious that thehoeé is not favourable for highly absorptive woods as

they lead to immense losses in strength and stability of wood.

A significant number of timbedealers usaonpressure dipping methods to treat their timber

against degradation. This method was rateshtisfactory, unless client specifications specified

other method<Dipping methods are the most preferred in rural areas outside Nairobi. This could be
explained as a consequence of the low technical kmmwrequired in carrying out ngeressure

treatmats and the affordable equipment castguired

A few dealers however also said that brushing was commoegialp for domestic buyers who
required their timber nominally treated.
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In few cases, especially where wood is sold fresh from processingdteggddo not normally treat
their wood, though the respondents agreed tivageneed to preserve the wood against potential

attacks

b. Preferenceof preservative chemicals
Thiswas incorporated in the research to evaluate the preservatives adoptedduastrg,im regard
to current environmental friendly trends as concerns about environmental and health impacts of most
traditional wood preservatives rise. The results gathered alautated as shown in thable 3.2.3

and analyzed as shownfigure 3.23

Table 3.23:Preference of wood preservatives

PreservativeChemical Preferenceby no. of
respondents

CCA Formulations 14

Creosote and Oils 7

Boron 1

Others 0

Preference of preservatives
Others
Boron 0%

Creosote
and Oils
32%

CCA
Formulations
64%

Figure 3.2.3:Preference of Preservatives

The most peferred chemicals in the industry today are Copper, Chromium and Arsenic

formulations. They are rated as excellgeffective in wood protectiorglean to use and very toxic
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though the respondents were reluctant to talk about the health implicatioesettiemicald he
workershowever cautioned that the chemicals are lethal and maximum care is taken during

treatment and handling of the treated timber.

Theuse of creosotes and oflsspecially recycled engine olfasreduced over the yeadue to their
characteristic @lourationin woodwhich preventgfficient finishing on woodThey are viewed as
0 d i bytlignds and wood userBhey also have a strong odour preventing indoor uses. They are

therefore onlypreferredn treatment of polefr outdooruses and in local areas

Use of recent environmentally friendly preservatives such as Boron is in its infancy in Kenya, and
only the research institions such as Kenya Forestry Reseanstitute KEFRI, preferedthese
preservatives. Thiecalwood deales interviewedwere careful, saying these chemicals had not been
tested elsewhere; while others said they had not heard of itemever KEFRI has conductetield
tests on the Boron preservatives in Bamboo, confirming their environment friendly naek as

their effectiveness andermanenceagainst wood decay and attaeksenwood isprotected from

leaching as shown in th@ate 3.2.5elow:

oAy
"1

Plate 3.24: Boron Tests: Bamboo Shed treated with Boron aKEFRI headquarters, Karura. It has
been Standing intact since 2012 without a trace of any attack (PhotdEFRI )
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3.3 SUMMARY OF PRELIMINARY FIELD FINDINGS
The most preferred softwood used for timber production is cypress wood, followed by Pine wood.
Though Gevillea is used in few instances for construction, its major use is in minor construction,

minor wood work and furniture.
The sole biggegroblem affecting the use of&villea as a timber material is itew durability.

The most prefead methods of wabpreservation for intensi@nd highly toxiclndustrial
purposes arthe pressure wood treatment methddiswever, these methods require skill to operate
and high capital investments. They are also not suitable for highly permeable woods since they lead

to significant decline in strength and stability of the wood.

Non-pressure methods were however rated as the sutablefor domestic and rural set ups,

offering satisfactory protection to wood both for industrial and construction purposes. Thes effec
to the strength properties of higrabsorptive wood are also minimal compared to pressure methods.
Thus non-pressure wood treatmembethodswould be used to teslte treatability of Grevillea

since they are most appropriate for use in the farm éotréatment of Grevillea wood which has an

open and very permeable wood structure

Copper, Chromium and Arsenic formulations and their derivatives are the most common wood
preservatives adopted in the Kenyan markeis is despite the fact that thee ofCCA

formulations and derivatives is controlled, or withdrawn all together in many developeatsrsaih
as Canada, European dnj Australia and United Statdsses of Creosotes and Oils as

preservatives aren decline buthey are still preferred for ¢woor treatments of posts and timbers.

However, use of newer generation preservatueh as borgrwhich aresafer affordableand
environmentallyfriendly, is still at its infancy andesearchs still ongoing on their performance.

Locally, key reseanh institutions have proven that these preservatives are safer and offer acceptable
protection to wood against biodegradatidhe Kenyan timber industtyoweverhas not adopted

them, due to lack of knowledge that some o#redironmentally friendlieandmoreaffordable

wood preservativesxist and due to lack of confidence in their effectiveness since they have not

been used before.

In the laboratorytests,environmentally friendlierpreservativeswhich aremoreaffordable and

availablein the marketvould be adoptedwhich is the modern trend.
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The Boron preservative would be used for indoor treatsr&nce it is not fixed on exposure to
adverse water conditiong/hile recycled engine oil would hesed for outdoor treatments on

Grevillea and Cypress s®les.
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3.4 LABORATORY TESTING

3.4.1 Objectives of Study

Theobjective of theséestswasto determine the treatability &ry Grevilleawood usingnon
pressure treatment methods and environmentally friendly wood presenstiaealyzingthe
effectivenesschievel in terms of retention and penetratiaas compared to that achieveddreen

Grevillea andCypress wood, which is resistant to wood preservative treatments.
The laboratory tests were carried out to achieve specific objectwem( ) of the study:

Objective (iv): To compare the penetration and retention of the preservative chemibajs in

Grevilleaand DryCypresssamples

Objective (v): To compare the penetration and retentiothefpreservative chemicals irré&n

Grevillea andry Grevilleasample

3.4.2 Study area

Theexperiments werearried ouin Kenya Forestry Research InstitukEHFRI), Karura; and at

Kenya Bureau of Standards (KEBSamples were purchased in Kiambu Town.

3.4.3 General Preparation of Timber Sampleshefore Treatment [KS EAS-325]

GreenGrevillea(Moisture Content greater than 50®)y GrevilleaandDry Cypresssample

(Moisture content less than &) were used in the study.

The timber samples were checked against all signs of attacks by wood destroying fungi or insects. It
was ensurechaat surfaces of the timber were free from extraneous matter like water, mud, dirt, inner

and outer bark, as well as any surface finish such as paint and polish.

The timber samples were then planed using an automatic planning machine, removing the rough
woad surface before treatment. The smooth samples were split and cut into cubes measuring 30 mm

by 30 mm by 30 mm using an automatic panel saw.

Portions of sample$0 mm from ends were removed and disposed of.
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Plate 3.4.2: automatic Planing machine Plate 3.4.1: Automatic Panel Saw

Plate 3.4.3:Finished Labelled Samples, 30mmx30mmx30mm, ready for Testing
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3.4.4 Equipment and Materials

a. Equipment

The apparatus used in the tests were:

1 Automatic Planing 1 droppers
Machine 1 Thermometer
1 Automatic Panel Saw 1 Gloves
1 Measuring Tapes 1 Heating Pan
1 Digital Vernier Calipers 1 Fume Chamber
1 Oven 1 Sample bags
1 Digital weighingbalance 1000 ml and 500 ml beakers
1 Funnels 1 Measuring cylinders
1 Spatula
b. Preservatives and Other Materials
1 Boraxas part of boron, indoor preservative
1 Boric acid agart of boronan indoor preservative
1 Heavy recycled engine oil as outdoor preservative
1 Distilled water

3.4.5 Tests and Procedures

[In accordance withKS EAS 324:2@2; KS 1803 part 1 and 2KS EAS 325; BS 5589989 see
appendix A]

a. Method of Determining the Moisture Content of Timber Before Treatment
All the extracted samples were well mixed and 10 wdalasamples withdrawn for moisture content
determination. The 10 samples were weighed using a digital weighing balancejtibkmasses
before drying recorded as; in grams and the samples placed in the oven. The temperature was
adjusted to 103C. The samples were left to dry in the oven for 24 hours, reweighed and returned
for further drying. No further loss in mass was recorded for six hours and this wateckas the

constant dry massy, of samples.
Moisture content (MC) was calculated as:
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