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PREFACE 

The United Nations Industrial Development Organization (~NIDO) 

was established in 1967 to assist developing countries in their 

efforts towards industrialization. Wood is a virtually univ~rsal 

material which is familiar to people world-wid~, whether grown in 

their country or not. Wood is used for a great variety of purposes 

but principally for construction, furniture, packaging and other 

speci~lized uses such as transmission poles, railway sl~~pers, matches 

and household woodenware. UNIDO has the responsibility ~ithin the 

United Nations' system for assisting in the development of secondary 

woodworking ind•Jstries, and has done so since its inception, at 

national, regional and interregional levels through projects both 

large and small. UNIDO also assists through the preparation of a 

range of manuals dealing with specific t~pics of widespreaJ interest 

h • h • I d k" l/ w ic are common to most cpuntr1es woo wor ing sectors.-

• 
The lectures comprising this set of documents are part of UNIDO's 

continuing efforts to help engineers and specifiers appr~ciate the 

role that wood can play as a structural material. Part 3 consists 

of 2 out of the 36 lectures prepared for the Timber Engineering 

Workshop (TEW) held 2 - 20 Hay 1983 in Melbourne, Australia. The TEW 

was organized by UNI~ with the co-operation of the Commonwealth 

Scientific and Industrial Research Organization (CSIRO) and funded by 

a contribution made under.the Australian Government's aid vote to the 

United Nations Industrial Development Fund. Administrative support 

was provided by the Australian Government's Department of Industry and 

Commerce. The remaining :~ctures are reproduced as Parts 1, 2, 4 and 5 

covering a wide range of subjects, including c~se studies, as shown in 

the list of contents. 

!IA fuller summary of these activities is available in a brochure 
entitled "UNIDO for Industrialization, Wood Processing and Wood 
Products", Pl/78. 
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These lectures were complemente~ by site and factory visits, 

discussion sessions and assignment work done in small groups by the 

participants following the pattern used in other specialized technical 

training courses in this sector - notably in ~urniture and joinery 

d . l/ d i . f h 1 . f d k" h" 21 pro uct1on- an on er ter1a or t e se ect1on o woo wor ing mac inery- • 

It is hoped that publication of these lectures will c~ntribute to 

greater use of timber as a structural material co help satisfy the tre­

mendous need for buildings: domestic, agritultural, industrial and 

commercial as ~ell as for particular structures, such as bridges, in 

the developing countries. It is also hoped that this material will be 

of use to teachers in training institutes as well as to engineers and 

architects in both public and private practice. 

Readers should note that examples cited are often of Australian 

ccnditions and may not be wholly applicable co d~veloping countries 

despite the wi~espread use of the Australian ti~her srr~~~ gradi~g a~d 

strength grouping systems and the range of conditions encountered in the 

Australian subcontinent. Readers should alsc note that the lectures 

were usually accompanied by slides and other visual aids, together with 

informal comrr.e~ts by the lecturer, for added d~pth of coverage. 

Th~ views exprassed are those of tte individual authors and do ~ot 

necessarily reflect the views of UNIDO. 

!'Lettures reproduced as JD/108/Rev.1. 

!1L~tlures reproduced as JD/247/Rev.1. 

• 

• 

• 

• 
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INTRODUCTION 

Many developing countries are ~ortunate in having good 

resources cf timber but virtu1J.lly e.l i countries make considerable 

use of vood and vood products. vhether home-r.rovn or i!!lpOrted, for 

housing and other builcin~s in both structural and non-structural 

e.nplications, as vell as for furniture ann cabinet vork and 

specialized uses. It is a ~a.~iliar material, but one that is 

all too of'ten misunderstood or not fully appreciated since vood 

exists in a great variety o! t~rnes &nd ~ue.lities. 

There are certain ve~l-knovn species that almost everyone 

knows of, such as teak, oar. and nine, vhile some such as beech, 

eucalyntus, acd.cia, rnaho~anV' and rosevood are knovn nrimarily in 

certain regions. Others have been introduced to videsnread use 

more recently, notably the merantis, lauans and keruing from 

Southeast Asia. Plantations also ~rovide an increasing volume 

of vood. Very many more snecies exist and a.re knovn locally and 

usually used ·~o ~ood purpose by those in the business. 

The use of timber for construction is not nev and, in fa:t, has 

a very long tradition. This tradition has unfortunately given way 

in many countries to the ~se of other materials whose large industries 

have successfully sunnorted the develonment of desi~n information and 

teaching of engineerin~ design methods for their meterials - notdbly 

concrete, steel and brick. This has not been so much the case for 

timber despite considerable efforts by certain research and develop-

ment institutions in countries vhere timber and timber-framed construction 

has maintained a stronr. position. Usually their buildin~ methods are 

based on the use of only e. fev vell-knovn coniferous (so:rtvood) species 

and a limited number of standard sizes and ~rades. Amnle desi~n aids 

exist and relatively fe~ ~roblems are encountere1 by the very many 

builders involved. 
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Recently, com~uter-aided design has been develoned alon~ vith 

factory-made com"DOnents and fully ~refabricated houses vith the 

accom?an.virur: imnrovement in quality control and decreased risk or 

site probler.is. Other r.odern timber engineerinv. developments hav~ 

enabled timber to be used vith increasing confidence for an ever 

vider range of structures. This has been esnecially so in North 

America, Western Eurone , Australia and Nev Z!:aland. 

UNIDO feels that an important means of transferrin,. this 

technology is through the organization ot specialized training 

courses aimed at introducing engineers, architects and specifiers 

to the subject and esoecially draving to their attention the 

advant~es or vood (as vell as disac!vant~es and potential problem 

areas) and reference sources so that for particular nrojects or 

structures, vood may be fairly considered in comnetition vith other 

materials and used vhen anpro~riate. Cost comt>arisons, aesthetic 

and traditional considerations must naturally be made in the context 

of each country and project but it is honed that the publication of 

these lectures vill lead those involved to a rational ap~roach to 

the use of vood in construction and reJ!lOve some of the misunder­

standings and misapnrehensions all too otten associated vith this 

ancient yet mcdern material. 

Material in this publication may be freely quoted or reprinted, 

but acknowledgement is requested together with two copies of the 

publication containing the quotation or reprint. 
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1. 0 INTRODUCTION 

Wood preservation is the art of extending the useful life of tilllber in 
the ~rvice of mankird, with a time-scale measured in decades rather 
lhan in seasons or years. Althouqh wood will not deteriorate with the 

passing of time, some changes will take place in timber in service. 
Further. timber in service will be exposed to a variety of detrimental 
hazards which may operate continuously or intellllitently, consecutively 
or concurrently. These forces may be consistent or they may change in 

both nature ard severity during the service life of the timber. 

By classifying these hazards, and defining the various para11eters which 
limit their effect or extension, it is possible to estimate the probable 

useful life of untreated timber ard to assess the relative merits of 

substituting preservative-treated timber for untreated timber, in new 

structures. In the case of existing buildinqs, this knowledqe will be 
useful in assessing ard anticipatinq the costs and consequences of 

takinq no action, institutinq remedial treatments. with minor repairs 
ard replacements or of urdertakinq a major reconstruction. 

Mechanical Deterioration 

Tir.iber which has split, shattered, or broken, or has been abraded and 
wr·:-n, is sufferinq from mechanical deterioration. If failure is due 

entirely to mechanical causes. and has not been initiated or aqgravated 

by other causes, the remedy is simple. Repair or replace with a harder, 
heavier, stronger piece of wood - or use a facing to protect the piece 

from further wear. Do not overlook the possibility of poorly-desiqned 

fasteninqs inducing splitting. 

Chemical Deterioration 

Wood is relati~ely resistant to the action of most chemicals and, in 
fact, is frequently used in a wide range of ind~1atries in which chemical 
t"eactions are a" integral pan of the process. As a rule wood is more 
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resistant to the action of strong acids than strorig alkalis. Chemical 
deterioration is uncommon in the structure of most buildings. 

The first cemedy. when che11ical deterioration is suspected. is to 
Hxamine the possibility of eliminating the source of the trouble. If 

this is not practical. it may be possible to protect the wood by some 

sort of barrier or coating. 

Physical Deteric~ation 

This is best defined as deterioration due to the action of heat or 
moisture. 

Wood is a poor conductor of heat but can be ignited and will burn when 
exposed to an ignition source. However. even when the wood is burning, 

the depth charred may not be very great <during the early stages of 

combustion> and the loss of strength \n a structural-sized member will 

be small. Prolonged ~xposure to high temperature <above the boiling 

point of water> will =ause embrittlement and loss of strength but 5uch 

conditions would not be common in dwellings. Under most normal 

conditions, it is possible to protect structural timbers from undue 

exposure to excessive heat either by removing or modifying the heat­

source or el3e by inserting a suitable insulating material between the 

heat-source and the timber. 

Wood is hygroscooic and will absorb moisture from the atmosphere. Dry 
wood swells when wetted and wet wood shrinks when it dries. When, on the 

average, wood neither absorbs water from the atmosphere, nor loses 

moisture to it, it is said to be in equilibrium with the atmosphere Cof 

that environment>. For example, in Helbourne, the equilibrium moisture 
content for most timbers is about 14% oven-dry weight basis, for winter 

and about 11% for sunmer - depending upon the summer. 

Shrinkage is not uniform either within a species or between species. In 
general longitudinal shrinkage is least and tangential shrinkage is 

greatest, with radial shrinkage usually nearer the tangential than the 

longitudinal shrinkage. Hence the problem of differential movement where 

two components meet at riqht-anlges to one another as, for example, with 

the stile and bottom rail of window joinery Clea 1981>. 
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Kost joinery ard furniture is Mde up £ran seasoned~. If allowed to 
become vet, swelling will occur: this My cause joints to split. Glues 

are not always water-resistant and any significant increase in moisture 
content is almost sure to adversely affect surface finishes of paint. 

polish or varnish. 

Prolonged exposure to conditions of hiqh hunidity could result in the 
qrowth of moulds ard decay fungi. 

Weathering 

Wood which is freely exposed to the weather deteriorates. This 
deterioration is characterised by 'silvering' of the surface, which 

ofte·n also becomes eroded ard irregular am ma;r split. Weatherinq is a 

complex phenomenon attributed to a combination of the effects of 
exposure to ultra-violet liqht, heatirlq am cooling, wetting am drying, 

erosion by wini-blown dust am other processes which, in time, result in 

the bleaching ard leaching of the surface fibres am the developnent of 

surface checks. In some timbers, this surface checking fonns the foci 
from which further weathering occurs. 

Paint, well-maintained, provides the best protection against weathering. 
Pigmented, water-repellent preservative stains are a cheaper and 

slightly less effective alternative. Unpiqmented coatings Cclear 

finishes> usually fail to filter out the ultra-violet liqht which causes 

bleaching am may fail to protect aqainst water-entry after a few 

months. That is to say, unpigmented coatings can be expected to break 

down, at the coating-timber interface, after a few months service. 

Biological Deterioration 

The deterioration of tilllber attributed to living orqanillllUI is called 
bioloqical deterioration ard is the form of unwanted deterioration lll08t 
often encountered Card insufficiently understood> in practice. In 

nature, bioloqical agencies are responsible for re-cycling 110st living· 

materials - nature intended it this we.y. It is only when 11an's need• 

conflict with what nature intended that problems arise. 
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Timber is an important buildinq material. Before man learned to make use 
of it as a buildinq material. the trees grew in the forest. 11atured ard 
died there. Throughout their life-cycle they were subjected to various 
foI'lllS of attack by insects and invasion and infection by fungi. Now. 

when timber may be required as a buildinq material. it is still subject 

to the Miiie hazards f["CJll insects and funqi ard these invasions which 
occur durinq the growinq period of the tree may affect the strength. 

quality or appearance of the timber obtained from the tree and exercise 
some restraint on the uses to which it can be put. 

Fortunately. much is already known about the insects and fungi which 
affect the utilisation of timber as a building material. The notes which 
follow d~scribe the various fo['llS of funqal deterioration which can 
occur in timber and describe the remedial measures whi .... h may be taken to 

prevent. inhibit or reduce the extent of this deterioration by both 

natural and artificial •thods. The success of such measures will 
ultimately. deperd upon a thorouqh understandinq of the conditions 

conducive to decay. the properties of the timbers themselves and the 

choic1! and uvailabi lity of wood preservatives and preservative 

proceisses. 

Heasures which effectively control insect attack in buildinq timbers in 
one country are likely to be equally effective in another, provided the 

insect pest has been correctly identified and something is known about 
its habits. This information is also set o;Jt in the following notes -

with particular reference to Australian conditions. For example. in 
Australia, the connon powderpost borer, Lyctua btunneus Steph •• is 

readily controlled by sodil.Mll fluoride or boron-based preservatives. 

These treatments will be just as efficacious elsewhere. as in Australia 

for- this purpose, What first needs to be done is to ascertain the 

lyctid-susceptibility of the local timbers and then to decide upon which 

of the several alterative treatments is the most applicable, under the 

prevailing circllftStancea. 
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2.0 THE FUNGAL DETERIORATION OF WOOO AND ITS CONTROL 

2.1 Natural Durability and Funqal Attack 

Timbers vary enormously in their natural resistance to insect and decay 
or other fungal attack. Some species. like ironbark. teak and redwood 

<Sequoia spp> are very resistant to both decay and insect attack. and 

are known as 'durable' species. others. like radiata pine. coachwood and 

mountain ash. t-.ave very little natural resistance and are reqarded as 

being non-durable - or even perishable. Also. it is inieed rare to fini 

that the sapwood of a timber has any appreciable resistance to fungal 

attack and. for all pr~ctical purposes. sapwood must be reqareed as 

perishable - unless it is properly treated with a wood preservative. 

Therefore. the natural durability of a timber species is always rated by 

the resistance of its mature heartwood to insect ani funqal attack. 

Because timbers vary so widely in the natural durability of their heart­
wood. it is necessary to have S0111e form of classification for natural 
durability. The system most widely used throughout Australia. which was 

developed by CSIRO, ani has been adopted by the Standards Association of 

Australia, recoqnizes four durability classes: 

Durability Class 1 - Species of the highest natural durability Ce.g. 
qrey box and yellow box. grey ironbark and red 

ironbark, wandoo and cypress pine>; 

Durability Class 2 - Durable species. but not as qood as Class 1 species 
Ce.q. red gun, jarrah, yellow strinqybark, western 

red cedar>: 

Durability Class 3 - Moderately durable species Ce.g. southern blue qun. 

messmate strinqybark, karri>; 

Durability Class 4 - Non-durable species or species of low natural 
resistance to fungal attack Ce.g. mountain ash, 

manna gl.ln, cOAchwood and sassafrass, radiata pine 

and mer anti > • 
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This classification syste11 is limited to the relative durability values 
of different timbers. It \IOuld be misleading to quantify the expected 

service life because of the infinite variety of conditions to which wood 

can be exposed in service. Umer severe conditions the service life 

achieved by the most durable species may not be much longer than that 

achieved by a species of moderate natural durability under conditions 

where the hazard is both mild am in~ermittent. However, under the S4111e 

conditions of exposure, the higher tne natural dural-ility of a species 
the longer is its service life likely to be. 

Unless otherwise stated, this system of classification refers to both 
decay resist<rnce and resistance to attack by subterranean termites. 

Generally, resistance to decay Cthe most damaging form of fungal attack> 

parallels resistance to termite attack, but some Australian species. 

such as brush box, exhibit much higher resistance to termite attack than 

to decay. It should be noted too that where a parcel of timber contains 

mixed species, or the species is unknown, it is usually safest to regard 

the timbers as being of d:irability class 4. Also. some timbers. such as 

Douglas fir, which are rated at durability class 4 perform remarkably 

well when exposed to the weather. but without ground contact. It should 

be recognized, therefore, that the CSIRO system of durability classific­

ation refers to ground contact conditions where both decay and 

subterranean termite attack form a combined hazard. 

The decay resistance of a timber is due mainly to the deposition of 
complex substances - the heartwood extractives - in the newly formed 

heartwood. Hany of these are more or less toxic to fungi and insects and 

act as natural preservatives. Amongst the eucalypts. these substances 

appear to be polyphenolic compounds, which are related to thP. tannins. 

The precise chemical nature of many of these compourds has not yet been 

detennined. 

The decay resistance of timbers varies very widely, not only between 
different species, and between different ~rees of the same species, but 

also within individual trees. The within-tree variation is mainly in the 

radial direction with the other <most newly-formed> heartwoud being the 
most durable part of the tree, and the car~ or pith, being relatively 

non-durable. The relatively low durability of this cor~ is believed to 

be due in part to the lower resistance of the t1eertwood of a young tree 
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am in part to the aqeing of the toxic extrdctivea in the standing tree. 
This core, or 'trittie heart'. which exists in llOSt eucalypta, tends to 
becme larger aa the tree grows older. am affects the recovery of 

useful timber from the log. 

2.2 facts About funqi 

Funqi are plants. but not green plants. Funqi lack chlorophyll, the 
substance which qives green plants their colour am enables them to 

synthesize suqars and starch from the carbon dioxide of the air ard 
water from the soil - in the presence of liqht. Since funqi do not have 

the capacity of synthesizing their own nourishllent from air ard water 
they derive their food by the diqestion of organic matter. living aa 

parasites Con living matter> or as sairophytes Clivinq on dead organic 
material>. Thus. the fungi which cause decay in timber, live on the deed 

wood cells of the plant. 

The fungal plant body consists of microscopic, branchi1¥1 thread-like 
tubes - called byphae - with ra11ify throuqh the nutrient source. 

Sonletimes these hyphae spread over the surf ace of the host material to 
form a dense mat, which 11ay be characteristic of the particular decay 

fungus present. This mat may also give rise to the 'fruiting body'. the 

means by which these fuf¥1i sexually reproduce. With other fuf¥1i, 
including many wood-destroying funqi, the fruiting body may be fleshy, 

leathery or corky. Wheth9r the fruiti1¥1 body is a massive tracket or 

mushroom, or a Microscopic one borne on the myceli&l mat, it is capable 
of releasi1¥1 myc-iads of •icroscopic spores, each of which can develop 

into a new plant. 

In broad terms, fungal attack on wood can take the form of surface MOUld 
which can develop within two or three days. It i• more likely to affect 

sapwood than heartwood but doea not penetrate the timber. It MY taktt 

the for111 of staining or diacolouration which can penetrate deeply into 

sapwood within few twurs of the falli1¥1 of a tree. This may affect the 

heertwood, but it aeldoll has .uch effect on the strength properties of 

the sapwood although it.a appearance may be seriously degraded. When 
fllnlJal attack on wood takes the form of decay, or rot, there ia a 

siqnif icant loaa of strength. SoM rota de"alop in the standing tree 
while others affect tillber in service. 
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In broad tenns, all fungi which attack wood have the same basic require­
nients. whether they are IMlulds, stains or rots (fungi which produce 

decay, or loss of strenqth, in wood>. Staining fungi can infect the 

living tree, as well a~ freshly felled timber. fk>th moulds and stains 

can develop on susceptible timber in a very short time, while decay 
develops rather more slowly. If conditions favourable to fungal develop­

ment are allowed to persist for an extended period of time, the timber 

can be expected to decay. The presence of surface moulds or staining is 

indicative of conditions which are. or have been, conducive to the 

developnent of decay. However, under suitable conditions, decay can 

developed without any evidence of moulding or staining. 

2.3 Conditions Necessary for Funqal Developnent 

In general. five conditions must be satisfied before fungal development 
will occur and the absence of any one of these may be sufficient to 

prevent it. Severe staining and moulding can develop within three or 
four days under favourable conditions. but for severe decay to develop, 

suitable conditions must persist for a period of several weeks or 

longer. 

Ca> The oresence of a source of infection 
Houlds, stains and decay-producing fungi spread by releasing millions of 

microscopic spores (fungal 'seeds'> into the air. Fungal spores contam­

inate lllOSt of the air and nearly all unprotected nurfaces. Even in 

almlst completely enclosed cavities in a structure, there will be some 

air exchange and, sooner or later, fungal spores will enter. 

The spores of moulds and dec6y-producing fungi are so widespread that 
susceptible materials are almost certain to be affected whenever condit-

ions suitable for fungal developnent occur. Further, once wood has 

started to decay, the rotted wood absorbs moisture more readily, and 

retains it longer than does similar undecayed wood. 

Cb> A supply of nutrients 
Unlike qreen plants, which contain chlorophyll to enable them to synthe­

size sugars and starch from air and water in the presence of liqht, 

fungi lack chlorophyll and require an organic substrate upon which they 
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qrow throuqh the action of enzyEs auc:h as cellulases. uylase. hemi­
cullulase and ligninase. Moulds and stains derive their nourist.ent fro111 
cell contents. and not the cell walls. ord therefore have little effect 

on strength properties. Rota. or decoys. on the other hand derive their 
nourishment by dissolving the CQlllp()nents of the cell wall ard have o 

marked effect on mechanical properties. Their developaent con be accel­
erated by the presence of additional nutrients. especially nitroqenous 

fertilizers. Hence. decay con be usually rapid in livestock transports. 
fertilizer plants and in contact with fertilized soil. 

<c> A supnly of oir 
Since oxygen diffuses only very slowly through water. wood which is 

COllpletely submerqed in water or in waterloqqed soil Cas with fountf~tion 

piles driven to the water table> decays ot on extremely slow rate and 
needs no other protection aqainst decay. Also, loqs or chips may be 

stored under water in loq JX>nds or under continuous water sprays ond 

will remain sound for long periods. The moisture content of many types 

of freshly ft!lled wood is so hiqh <especially in the sapwood> that 

fungal attack is confined to the surface by lack of oxygen further in. 

due partly to the conaunption of oxygen by surface-growing fungi. The 
wood must therefore dry out to some extent before any appreciable decay 

or fungal staining con develop. 

It might be thought that wood could be preserved by enclosing it 
completely in paint, f itce-qlass or plastic to exclude oxygen, but many 

of these materials are relatively pervious to oxyqen. It is also very 

difficult to ensure that no even a pinprick can develop to admit oxyqen 

or water, and consequently this method cannot be relied on. 

Cd) Suitable temperotyre 
Atmospheric tnperoturea are rarely major factors in decoy since fungi 

can operate over o wide ronqe of a.bient temperatures. The optimun 
t8'1p8roture for decay fungi is usually between 20•c ond JO•c so that 

decoy is llUCh more rapid in warMer localities, but most con still 
progress down to s•c ond con couse slow decoy even in cool stores. Host 

f unqi can tolerate short exposures to even the hiqhest ot110spheric 
temperatures but ore killed fairly rapidly if exposed to temperotl.;res of 

40•c to so•c. Thus it is possible to arrest decay by heating "1'..>oden 
articles <for instance in a kiln> long enough for the inrv:r1110at parts of 
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the wood to come to these temperat1.Jres. This will kill the fungi 
present. but does not protect the wood from further infection. 

Ce> A SUDPlY of moistyre 
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All fungi need a supply of moisture. Without it. they die. It is well 

known that permanently dry wood never rots and. in fact. almost all 

funqi need both some free water in the cell cavity. and the 'bound' 

water in the cell wall. Decay nocnally occcurs only at moisture contents 

above the 'fibr· saturation point• which is between 30 to 35 per cent 

for most timbers. There may be slow decay by some fungi <especially soft 

rot fungi> at lower moisture contents. so it is usually considered that 

any wood with a moisture content of over 25 per cent is liable to decay. 

The fungus itself can produce a considerable amount of water from the 
chemical decomposition of the wood ard this may help to keep the 

moisture content of the wood at a level favourable to its developnent. 

The distribution of moisture within a piece of wood in service. or in 
storage. is usually very uneven. A moisture content of less than 25 per 

cent near the surface, or even a mean moisture content of below 25 per 

cent. may still leave parts of the wood quite moist enough for decay. 

Horeover, most decay-producing fungi will remain alive. though quite 

inactive, for months in air-dry "10od, ard will continue to grow 

sporadically in wood which is intermittently wet. 

It is important to realize that by far the most effective means of 
protectirs wood from fungal attack is to keep it drv. The great bulk of 

the timber used in buildings is never exposed to a decay hazard because 

it is too dry, and almost all the decay occurring in timber not in 

ground contact can be traced to wetting of the timber in ways which 

could have been easily and inexpensively avoided by thoughtful design 

ard careful construction and maintenance. 

2.4 Hould Growth 

This type of fungal attack does not penetrate into the timber, but forms 
a powdery or cottony qrowth on the surf ace where the fungi have grown on 

the food reserves that the tree has stored in the ray cells. Like blue 

stain, mould tends to be most severe on 88P'Jood, and especially on 
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sap.iood with a high starch content. Its developnent depends not c-nly 
upon the moisture content of the wood but also on ablospheric ht11idity. 

Hence. it is most prevalent in wann. hmid climates. on block-stacked 

timber or on 110iat tillber held in a closed space. auch u in a ahip'a 
hold. Mould does not penetrate through the cell walls ard ao naa no 

effect on the strength of the wood. Since it is reed!ly r..oved by 

brushing or. alternatively, by dressing the tilftber, its effect on 

appearance is not as serious as that of staining furqi. 

Mould growth often OCCU["S in combination with furqal stain and its 
presence indicates that the wood is being, or has been. kept under 

undesirably moist conditions. It may interfere with drying and gluing of 
timber and especially of veneers. Where control is desirable it 11ay 

usually be achieved with the same type of solution that ia used for sap 
stain. perhaps at a higher concentration Ce.g. 1 per cent sodhn 

pentachlorophenate plus 1 per cent borax>. 

2.5 Fungal Staining 

Fungal staining is a cOlllOn cause of degrade in timber. Discolouration 
which is usually qrey or blue qrey. and sometimes brown. yellow or 

orange, occurs as wide longitudinal bands, usually confined to the 

sapwood of the timber. Discolouration is associated with the presence of 

hyphae within the wood. The colour is due to the colour of the hyphae, 
to the excretion of coloured material from them, or to the production of 

abnormal colourations by the living cells of the tree under the sti11Ulus 

of fungal attack. Although these fungi ramify through susceptible vood 

<as do decay fungi> they do not dissolve the wood subatance but live 
mainly on the cell contents, especially starch. Like decay fungi, 

staining funqi are unable to develop in dry wood and possibly are 

inhibited by the lack of oxyqen in water-soaked wood. 

Staininq is not accanpanied by any pronounced lou of strength. Degrade 
consists almost entirely on the leas attractive appearance of the wood. 
The discolouration caused by blue stain funqi is extrenMtly difficult to 

remove by bleaching, and becomes much more conspicuous when tillber is 
qiven a clear f iniah, Scllle staininq fungi can caU1Nt an appreciable loaa 

in impact resistance, ao wood required to have hiqh i!lpl!ct strenqth 
should be free frOll blue stain. Moreover, since the conditions required 
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by the staining fungi are very si1tilar to those favouring decay fungi, 
staining indicates a possibility that incipient decay inay also be 

presen': and be causing loss of strenqth. Stained wood my be much more 

absorbent than sound \IOod and this My be detrimental in wood 

preservation and perhetY"JS in gluing. Staining fungi may also affect the 

pltint-holding qunlities of the wood. 

Infection of a loq by staining fungi usually starts throuqh cut ends, 
areas where bark has been removed, and from insect borer holes 

<especially those of 'pin hole borers' and of bark beetles>. It also 

starts in sawn boards illllE!diately after sawing. Infection is rapid urrler 

warm conditions and surface treatments applied more than 24 to 48 hours 

after felling or after sawing may be too late. 

Protection of sawn boards is achieved by dipping the board illlllediately 
after sawing in an anti-sap stain dip, which usually contains 0.5 per 

cent of soidun pentachlorophenate and 1.5 per cent of borax. Recently 

the fungicide difclotan has becOlle popular. Dipping can be done either 

by hand, or by passing the board on moving chains through a dipping 

trouqh. This should qive sufficient protection to all°" the boards to be 
air-seasoned without degrade. Protection of logs is more difficult. so 

it is important to extract and convert the loqs as soon as possible 
after felling. A stronger anti-stain solution such as 2 per cent 

pentachlorophenol in liqht oil Ctoqether with an insecticide if borers 

are present>. 111ay be effective if it is applied to cut ends and barked 

areas within a few hours of felling. Another qood method is to store the 

loqs under water sprays pending conversion. CSee 'Water Sprays Prevent 

Losses in Softwood Log ~pa·. Forest Products Newsletter No. 304, 
t 964). 

2.6 Decay 

The ter-m ~ is used to describe any type of fungal attack which, if 
allowed to continue unchecked, will eventually cause severe losa of 

strength in the infected wood. The fungi which cause decay qrowth 

through lftOist wood as a branchinq network of microscopic tubes, known as 

hyphae which S0111eWhat re88111.ble the root systetn of a plant. Within 

decayinq wood, the irdividual hyphae are too small to be seen without 
the aid of a microscope .but, with one, are readily identifiable. As the 
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decay proqresses. the hyphae often fort1 wefts or fans of white cottony 
or fine silky material on the surface of the wood that is typical of 

that particular fungus species. The fruit ixxiy is the orqan of the 

fungus that produces millions of microscopic spores and releases them 

into the atmosphere to be diSSellinated by air currents. ard so spread 
the species. 

Chemically. wood consists of a mixture of celluloses. hemicelluloses ard 

liqnin. all of which are insoluble. When attacked by the fungi-that . 

cause decay. each hyphal tip within the wood secretes enzymes which 

dissolve the wood substance to fora simpler, soluble products which can 
be absorbed and utilized by the fungus. Brown rot funqi attack the 

cellulose ard heinicellulose of the cell wall but are unable to destroy 

the liqnin which for11S a 111ajor part of the wall substances. This i•parts 

a dark brown colour to the wood. Since most of the strength of wood 

rests in the cellulose fibrils, a brown rot fungus will still destroy 

the wood. In fact, by the time wood has lost about one-half its oriqinal 

weight throuqh decay by a brown rot fungus, it can usually be reduced to 

a fine powder by rubbing between the fingers. White rot fungi are able 

to attack the liqnin as well as the celluloses and hemicelluloses. The 

removal of the liqnin accounts for the bleached appearance of the 

decoyed wood. Some white rot fungi are able to destroy wood almost 

completely. reducing its original weiqht by about 98 per cent. The 

mechanica! strength of wood may be seriously reduced by incioient decoy, 

with little visible siqn of fungal ottark. Resistance to impact is 

likely to be affected first so that timber required to have o high 

impact strength should be carefully inspected for incipi~nt decoy - or 

pre-tested. Decoyed wood also absorbs water for more rea~ily than 

similar sound wood. This fact should not be overlooked when timber is 

subjected to intermittent wetting for. once decoy has started, this wood 
will progressively take up more water with each wetting. 

2.7 Type of Decoy - Detection and Appearance 

Decay, especially beneath paint is often detected only at a relotivel_y 
late stage, usually as a result of pronounced shrinkage or mechanical 
breaking of the affected wood. Where the wood surface is exposed, decay 
may often be detected from a localized darkening in colour, or from the 
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developaent of checks in the wood on drying. Where a timber struct~re is 

being systematically examined for the occurrence or distribution of 

decay. the most effective procedure is to drive a blunt-pointed 
instrunent. such as a thir.-bladed screw-driver. into the wood. when the 

d-:!eayed portion is readily detected by the lower resistance to 

penetration. 

Decay may occur in the interior of a piece of wood leaving an intact 

shell. Such internal decay may S011etimes be detected by sourrling. but 

the best method is to drill the wood <using, for example. a 6 mm bit in 

a small electric drill> and detect the dt:M:ayed wad by its much lower 

resistance to drilling. Host decay causes the wood to break with a short 

brash or car.:-otty fracture. and may ~~ testei. especially when in its 

early stages. by levering up splinters with a knife blade. 

Some of the terms most frequently used in describing major types of 

decay are as follows: 

Ca> Brown cubical rot 
The wood has become d~rkened and soft and breaks with a definite brash 

or carrotty fracture: on drying, it shrinks abnormally and checks both 

along and across the grain to form cUbical pieces, which can eventually 

be powdered in the hands. Bro\o"n cubical rot is caused by higher 

fungiknown as basidiomycetea such as Serpula <Herulius>, Conioohora. and 

some species of Peria. It is a conunon form of decay found in flooring, 

weatherboards and poles. and also occurs in heart rots. 

Cb> White Btringy rot 
The wa<'d may not change much in colur at first, but it becomes yellowish 

or whitish in the later stages of decay. It becomes soft but does not 

shrink greatly in drying and the highly decayed wood can be reduced to 

short stringy particles rather than to powder. It is caused by 

basidiomycetes such as Puscocoria, fQmu and Trametes, and is found in 

window joinery, weatherboards, house stl.nps, and heart rots, 

particularly in hardwocxls. 
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<cl White pocket rot 
The wood shows &11all distinct whitish pockets separated by narrow bards 
of sound wood arrl does not change qreatly in dryinq. It is caused by 

basidiOll)'Ceter such aa fmla and Hnenocbaete ard is usually a heart 
rot. though it •Y alao occur as a rot in pole& or other larqe tillbers. 

Cd> Soft rot 
The wood is usually darkened ard shows a trash fracture but •Y be quite 
hard ard show little change on drying out. Surface soft rot usually 
dries out to show cubical checking like brown cubical rot but on a lllUCh 

smaller scale. with 'cubes' 0.8 to 3 • a1:ross. It ia caused by fungi 

such as ChoetomilJI, lcD11Qniello ard DQr.4tonwc1s. Surface soft rot is 
cm.on in coolir.g towers, on badly veathered fence rails, etc •• and on 

durable timbers in qround contact. It is llUCh 110re severe in hardwods 

than in sof twooda. 

These are the most readily recognized forms of decay but there are other 
intermediate or leas definite foru. A Olllber of other tenu often used 

in discussing decoy are: 

Ce> Drv rot 
In Europe this term is used specifically to describe the decay caused by 

the funcrJS Serwlo Ctcerulius> locruons which now, also. occurs in 
Australia. The ten 'dry rot• is •ialeading since it i111plies rotting of 
dry tillber, which cannot occur, and should be called decay instead. In 

Australia, 'dry rot' ia conaonly used to describe decay which has 

occurred without on obvious source of 11aisture - uaually condensation. 

Cf> Vet rot 
This term which should alao be avoided, is SOMti•• used for rot in 
very wet situations to distinguish it from 'dry rot'. It usually relatea 

to decay by Coniopbpro app. 

Cq> Heart rot 
This refers to decay occurring in the standing tree, usually as a narrow 

central colunn. Heart rota my be brovn cubical rots, white pocket rota 
or white stringy rota. Whilst they reduce the strength of the material 

Cthia reduction ir.ay extend well beyond the visible mrqin of the rot> 
they do not neceaaorily indicate that f\rther trouble will occur in 
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service. Host sawn timber is used in corditions that are too dry for 
decay hazard. ard even where moisture is present ard the conditions 
appear suitable. 11any heart rot funqi do not appear to be able to 

continue attack in sawn timber. Wood showing h~ rots usually absorbs 

woter much more readily than sound wood and this may increase the decay 
hazard in some corditiona. 

2.8 Occurrence and Control of Decay 

Ca> Decoy of timbers in qroU!d contoct 
All tilllber in contact with ll'IOist soil is subject to severe decay hazard. 

Decay usually commences at. or sliqhtly below. qrourd level, but may 
occur at any depth up to 2 metres or more, especially in sardy soils. 

When inspecting for decay, it is therefore desirable to excavate ard 
probe well below qrourd level, and it may also be desirable to drill the 

timber since in mny cases a shell of sourd tilllber surrourds rotted 
wood. 

The most effective means of preventing decay in timbers in qround 
contact is the use of hiqhly durable or preservative-impreqnated timber. 
However, even with preservative salt retentions in excess of 20 kq/mJ, 

soft rot attack of sapwood can occur urder certain conditions. Coating 

of new timber with creosote, etc •• has only a very short-term protective 

effect. Where decay is occurring in existing posts or stl.lllps and 
replacement is difficult, use of a water-soluble diffusing preservative 
111ay be valuable. This could be applied arourd the post as a bandage 
below soil level with an orqanic or inorqanic diffusing preservative on 

the inside ard an impervious plastic film on the outside to prevent 
diffusion into the soil. Such bandaqes are now commercially available 

for in situ treatllent. 

Cb> Decoy in buildirs timblrs ot>ove ground 
Siqnif icant loaaes are caused each year by decoy in above-qround 

timbers. ard this has led to a reluctance to use wood for some 
applications. Such decay can almost always be avoided by correct 

4 
buildinq practice, but conaidernle use of remedial measures is required 

A 
in existinq buildinqs. The decay usually occurs either in external 
joinery, fascias and weatherb:>arda or in floorinq. 
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Ci l Externol woodwork. External woodwork is subject to intenuttent 
wetting and decay is likely to occur when wetting is frequent or 
of long ~uration. when the timber is rel~tively absorbent. or when 

the wood is unable to dry out rapidly after wetting. All three 
factors are iMpOrtant. It is very imporl~nt to reduce the 

frequency and duration of the periods in which water is in contact 
with the wocx:l. This cannot be done by normal paiPting alone. since 

inovement at the joints will crack the paint film am allow water 

to seep in. With weatherooards. important means are provision of 

adequate roof overhang. repair of leak."nq or blocked gutterinq; 
am keepinq shrubs and creepers away frOlll the wall so that surface 

water dries off rapidly. Since water absQrption is particularly 
rapid in the em grain. the use of cover strips over the ems of 

the ~therboarda. or of end priminq. is particularly effective. 

With window joinery. the design should be such that water drains 

of£ completely and does not collect in tiny pools. The top faces 
of all sills. horizontal sashes. rails, ~tc., should be sloped, 

and all joints should be inspected to ensur.e that water drains 
away from th811. Excessive condensatio'!'l on the inner side of the 

windows. for exmaple, in sun rooms and bathrooms, can collect on 
the inner sills and sashes am lead to decay. Adequate ventilation 

' can of ten prevent this. 

Reduction of water absorption durinq the wettinq period is also 
important. The use of hiqhly absorbent timbers such as ramin. 
84S84fraa or pine sapwood can lead to very rapid decay in painted 

window joinery, its development beinq assisted by the fact that 

once decay has coanenced the wood becomes even more absorbent. A 
most effective ineans of reducing water absorption is the use of 
water-repellent preservatives. A nll'ftber of these 'liqht orqanic 

solvent preservatives• are now onthe market and they greatly 

improve the performnce of external joinery and weatherboarda, not 

only by reducing the likPlihood of decay, but also by reducing 

paint failure near the ends of the boards. They are also effective 
in preserving the appearance of unpainted external woodwork in 

'natural finish' construction. Although 'lest applied by dippinq 

the completely prefabricated assembly, they are also valuable for 

'on-site' treatlnent of cut enda, etc., and even for remedial 
treatment of the joints in existing woodwork. For this last 
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application, the preservative is brushed on liberally and allowed 
to seep into the joints when the woodwork is in a very dry 
condition, 

Fill8lly, provision for drying out of the timber after wetting is 
equally necessary. This is often completely neglected. It is 

difficult to prevent w~ter uptake completely, so if water is 

absorbed, for example, by a piece of wood painted on all sides 
except the end throuqh which the water is coming, drying out is 

extremely slow and the wood may remain wet enough for sufficient 
time to decay. If one face is unpatnted, drying out will be much 

more rapid. Priminq of the back face of weatherboa.rc:ls, though it 
may improve dimensional stability, slows dO\.-n drying, enables 

water to penetrate further from the wetted ends, and so favours 

decay, Placing impervious sarking or reflective insulation 

directly under weatherboards also greatly reduces drying and is an 

important contributing factor to decay. In many types of external 

joinery such as 'window walls', it may be desirable to leave one 

face of each member - the underside of a horizontal rail. 

unpainted, or pdinted liqhtly with a 'breathing' paint to reduce 

decay hazards. 

<ii) flooring. Some floorings may be exposed to abnormal decay hazards 
due to 'wetting', Such circumstances arise in the case of 

verandahs or open porches exposed to rain. and wit•l bathroom or 

laundry floors subjected to plumbing leaks and condensation. 

Porch floors should be of highly dura.1le timber spaced slightly 
apart to prevent the accumulation of water or dirt between the 

boards. Water repellent preservatives should be used lo protect 

the end qrain. Bathroom floors should be of durable or pr.eserv­

ative treated timber with provision for qood thorough ventilation. 

The major cause of decay in flooring is condensation of water 
vapour from the sub-floor space and it is important to realize 

just how this process occurs. The soil below a building, even if 

dry on top, is always moist at lower levels and there is a contin­

uous release of water vapour into the sub-floor space. If the 

f loorinq above this is at a much lower temperature than that of 
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the soil <aa it usually is in winter> some of this water vapour 
will condense on the flooring and may wet it sufficiently to allow 
decay. If there is adequate ventilation of the sub-floor space. 

the water vapour .ay be swept out before condensation t3kes place. 

and condensate formed in exceptionally cold, still weather can 

readily dry out. Similarly. if the floor is bare or covered only 
with carpet. water vapour can readily escape through the floor to 

the dries roo11 air. but if the floor is covered with vinyl tiles. 
rubber <which inhxies underlays> linole\.111 or other impervious 

materials. this escape is impossible. 

The usual method of preventing floor decay. therefore. is the 
provision of adequate sub-floor ventilation. This varies a qreat 

deal with cli111ate and other factors, but as an example it is 
suqqested that in Victoria the ventilation system should sr<JYide 

vents with a ainimun free air space of 110 cm1 for every 1.5 m run 

of external wall and at least that amount in every internal sub­

floor walls. <Most 23 x 15 cm pressed metal wall vents now sold 
have around 40 per cent free air space and are llUCh more effective 

than some of the older-type terracotta 'air tricks' which had less 
than about 6 per cent free air space.) This requirement may need 

to be exceeded where the minim.n distance between opposite walls 
is over 10 11. It is also important that the free 110vement of air 

through the ventilators should not be obstructed by joists or 
mortar drippings, or by shrubs, qarden plantings or soil. 

Provision of adequate ventilation is usually easy in residences 
but may be difficult in shops, where the sides may have party 
walls with adjoining buildings and where the floor is at pav8118nt 

level. In these cases noI'llllll croas-ventilation is impossible and 
floor vents appear to have little value. Use of vertical flues tS 

to 20 cm in diameter from belou the floor to above roof level at 
the 'closed' end of the building, with liberal provision for air 

intake throuqh sub-floor ventilators or floor vents at the 
opposite end, appears to be a prOllising method. Blowing wann air 

into the sub-floor space, e.9. frDll store heGting systetlS, is 
often suggested but has many drawbacks. Apart from the cost of 

continuous operation and maintenance for many years, careful 
desiqn would be necessary to ensure that the warm air does not 
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absorb moisture from one part of the space ard depos.Lt it in some 
colder area further on. In new buildings where concrete terraces 

or bathroom floors on solid fill would block normal ventilation it 

may be desirable to lay 10 to 15 cm diameter ventilating pipes 
through the obstruction. 

In all cases where difficulty arises in providing sub-floor vent­
ilation, full use should be made of the ~rican system of soil 

cover. This involves laying over the soil below the floor a sheet 

of polyethylene film, bitl.lftinous felt or other impervious ard 

durable material, so that the movement of the water vapour from 

the soil to th& sub-floor space is greatly reduced or practically 
eliminated. Such aoil cover can easily and cheaply be installed in 

new constructions. In existing buildings, it should often be 

possible to roll the sheet out, even under a lou floor. CThere is 

no need for COllplete sealing of joints or edges in the cover ard 

it is often of value if only a part of the soil is covered.> The 

reduced amounts of water vapour C011inq through can then be coped 
with by a lesser amount of ventilation. 

Wooden floors on concrete slab1 may also present game decay 
hazards. Even if the concrete has been 'waterproofed' water vapour 
will move up through it and even if the concrete contains or over­

lies an impervious plastic film, moisture can often seep in the 

edges, ard the slab itself will release water vapour for many 

months. Such floors should always be givn some ventilation, ard it 

may be necessary to cover the concrete with plastic film. bitumen 

or vapour-impermeable paint between joists or nailing strips. CAny 

nailing strips set ir1 the concrete should be of preservative­

treated wood.> 

These requirements for ventilation or soil cover where wooden 
floors are used over either soil or concrete should be carefully 

followed. Although use of treated floor will eliminate the decay 

hazard, some measures may still be necessary to reduce undesirable 

cupping or movement of the floor boards. 

<iii> Miscellaneous byilding timb@rs. Decay can, of course, occur in 
parts of buildinqa other than external woodwork and flooring. 
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Decay in be4."IS and joists may occur because of cordensation as 
described for flooring. Hore usually it is caused by seepaqe of 
water fran llaSOnry due to the failure or omission r-: a damp-proof 

course. or fro11 rain penetration through solid masonry walls or 

old buildings. In new structures. this can be prevented by water­

proofing walls, by installing complet.e am peillldnent dampcourses. 

and by isolating timber fro11 MSOnry by plastic sheet. galvanized 

iron or bitunen. In existing b.Jildings, it may be possible to 
restrict water ingress by waterproofing, or to insert a moisture 

barrier between timber ard 11aSOnry. Helping the joists to dry out -
by improved ventilation or by removing Jl'lint from them may be 

helpful. Where decay is sufficiently adv~nced to cause risk of 

failure, strengthening with treated ti~r or metal plates may be 

preferable to removal. 

Decay in cold stores is often a serious problem ard is usually due 
to water vapour coming from warm moist outside air ard condensing 

within the insulated walls. It can often be prevented by placing a 

vapour barrier on the outside of the wall. On no account should 

vapour barriers be placed near the inside face of the wall. This 
would prevent evaporation of water vapour into the drier air of 

the cold room, which usually has a low absolute water vapour 
content even if the relative humidity is high. 

Decay in wood used as decking under flat membrane roofs may be 
caused either by leakage or by cordensation within the roof 

structure, especially where the use of the room involves humid 

conditions. Because of the high costs of repairs in such a 
position. it is desirable to use treated timber, although 

incorporation of a va:;x>ur barrier between room ard dc~king, plus 

ventilation within the roof may qiveadequate protection. 

<c> Decay in .boots 
Decay in wooden boats has become an increasingly serious problem in 
recent years. There has been a spectacular increase in the use of power 

boats for pleasure and many of these are now used on inland rivers, 

lakes and reservoirs, rather than in salt water. This tends to increase 

decay hazards partly because sea water acts as a mild preservative and 

inhibits many fungi, and partly because inland waters, being small and 
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landlocked. are prone to still. dllllp days which render ventilation and 
drying out of boats difficult. 

Decay may occur in any part of the craft - in the outer planking or 
plywood skin. in inajor structural members such as ribs or stern posts. 

and in cabin linings. It is caused by dampness due to rainwater seepage. 

condensation. shipping of <fresh) uater. or by seepaqe from the bilqes. 

Preventative measures include the use of preservative-impregnated timber 
and plywood wherever possible <especially for ~tructural members where 

replacement costs would be high>. the liberal use of water-repellent 

light organic solvent preservatives. especially on end grain of wocxl and 

edges of plywood. adequate ventilation of all cavities within the boat. 

and desiqning of decks. wheel-houses. etc .• so that rainwater drains off 
completely ~nd cannot seep into joints. It is important to assist wood 

to dry out by refrainir.q from painting any interior timber unless it is 

essential to do so. Timber or plywood coated on all exposed faces with 

red lead or marine varnish can scarcely be expected to dry out. 

An important control measure is the regular and systematic inspection of 
all parts of the boat for the first siqns of decay, using a thin-bladed 

screwdriver as a probe. If decay is detected early it can usually be 

remedied without much trouble. Remedial measures inclu::le the replacement 

of decayed wood, preventing rainuater seF lg~, improving ventilation, 
['emovinq paint, linings, etc., to provide better drying conditions. and 

in fresh water, using some diffusing preservatives, e.g. borax. in the 

bilges. 

<d> Decay in cooling towers 
Irduatrial development ard the progress of air corditioninq is leading 

t.o a qreat inc['ease in the use of cooling towers, but many wooden 

cooling towers have been wve['ely affected by decay, and there is a 

tendency to use other methc.."'d~ of cooling. Decay is usually in the form 

of surface soft ['Ot, especially in the f illinq slats, but also in other 

parts of the tower. However, brown rots can still occur. Pre-treatment 

of the timber with a hiqhly fixed copper-chrome-arsenic preservative is 
the method now preferred for prolonging the life of cooling tower 

timbers in Australia. Where soft rot has occurred in larqe existing 

towers, there are commercially available in-situ treatments which 
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deposit insoluble salts in the wood and appear to qive a consider.able 
increese in service life. 
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3.0 WOOD DESTROYING INSECTS - WOOD BORERS 

3.1 General Characteristics 

Various tillbers urder certain conditions iaay be attacked by wood borers 
or different types, and vhen dealing uith timbers, it is i11portant to be 

awere of the existence and habits of these pests. With some species of 
wood borer, an infestation can result in serious dalnaqe necessitating 

treetllent am repair or replacement. With other species, little weaken­
ing is likely to occur am, unless a qood appearance 11USt be maintained, 

remedial action is unncessary. 

Host YOOd borers are beetles which at some stage of their developrent 
bore into YOOd for food or shelter. Beetles have complete metamorphosis, 

paaaing throUJh four distinct staqes of development: eqq, larva, pupa 

and 8dult. The larvae of the majority of wood borers actively tunnel in 

wood and derive their nourishment fran it. With SOiie exceptions, the 

only da.age they cause as o4ult b@eltes is the f liqht hole made throuqh 

the surface of the infested ti•ber as they emerge. After emergence and 
11ating, the female 11ay lay eqqs in the timber from which they emerged. 

Usually, the adults live for only a few ueeks • 

. Solle borers lay their eqqs beneath the surface of the wood, others lay 
theta in cracks and crevices or where one piece of timber abuts another. 

Solle borers introduce the spores of a wood-rotting or wood-softening 

fungus with their eqqs, others do not. Sale species attack only qreen 

tilftber, although they can often complete their life cycle and emerge 
after the tillber has dried out. other species attack only seasoned 

timber. A knowledge of these characteristics and habits can assist in 
recognition of the type of borer re.aponaible for duaqe. When necessary, 

aPJl('opriate action can then be taken. 

Siqnificant differences in a nUlll.ber of COlllOn borers and in their habits 
are ahown in Table 3.1. For si1111>licity, a division has been made between 

those species attacking standing trees and green timber, and those which 
attack dry wood. In~orlllltion is alao qiven on 111ethoda of control, 

including a discuasion of quarantine requirements in Australia. 
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TABLE l.1 CHARACTERISTICS OF THE KORE <ntttON BORERS 
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3.2 Borers Attacking Standinq Trees and Green Timber 

<"> Ihe cinhole borers 
Pin hole bor-er-a are foreat insects belonqing to the fuilies Platypod­
idae. Scolytidae or Lymexylonidae. They are capable of attacking both 

standinq trees and freshly felled logs. but they do not and cannot 
initiate attack in dry tiaber. Attack 11ay occw: in a tree which has 

suffer-ed external dallaqe, but it is more likely to occur in felled logs. 

often shortly after felling. Kost pinhole attacks occur in hardwocxls, 

but softwods are not i~ froM attack. 

The lllelllbers of the families Platypodidae and Scolytidae are often known 
as allbroaia beetles. Their attack is initiated by adult beetles borinq 

into the timber. excavatinq tunnels, and placinq eqgs within the timber 

at the teraination of the various .tranches of the tunnels. These pinhole 

borers my thus be regarded as a distinct group amonq the wood-boring 

beetles, as it is the adult beetle, ard not the larva. or grub, which 

causes damage to infested tillber. After hatchinq from the eggs, larvae 

live arxl qrow in the galleries constructed by the parent, until they 

reach maturity, in frOll one to four mnths. They feed not on wood, but 

on a fungal or mould growth, termed 'O!ftbrosia' which is introduced into 

the galleries by the parents prior to egq-layinq. Because this ambrosia 

requires moisture for its developaent, it will die out as the timber 

dries, arxl consequently the larvae will not survive. This is why pinhole 

borers at.tack only qreen timber and will not infest or re-infest once 

the wood has dried. With these species, the 'frass' or borer dust takes 

the form of a loose powder which is ejected on the surf ace of the loq 

where it may lie in piles before falling off. 

The larvae of the third family, Lymeylonidae, do not appear to depend on 
funqal material for nourishment, although their galleries are often 

discoloured. These larvae actively bore into the timber, ejecting 

compacted strands of frass. Lymexylids are not commonly found in Eastern 

States, but are of considerable importance in Western Australia. 

The qalleries made in timber by species of Platypodidae arxl some species 
of Scolytidae are discoloured by the growth of the ambrosia f unqus, and 

this dark staining may extend alonq the grain in the vicinity of the 

qallery or hole. For this reason, pinhole attack can affect the 
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merchantable value of tillber. If the oriqinal attack occurred in the 
stardinq tree through a surface scar or wourd, it will probably cease as 
the wourd heels over. but when the apparently 'clean' loq is peeled for 

veneers, the stained punctures will be revealed. Sale loss of quality 
must be expected in all ti.t>er infested by pinl\ole borers. However, 

where the tillber is to be used as ordinary building scantltnq, pinho~e 

attack is unlikely to cause siqnificant deqrade or loss of strength ard 

may be equated vi th a aiailar m.llber of &11all nail holes. In a load ::>f 
scantlinq tilftber, very heavily infested pieces my have to be culled 

out, but the reniairder will be quite satisfactory for ordinary buildinq­
purposes. A piece of scantlinq tillber attacked by pinhole borers will 

not constitute a hazard to other tillbers in the structure as these will 
be at least partially dry, ard therefore imune froa pinhole borer 

attack. 

c b > The lomicorn borers 
The Cerambycidae is a family of beetles widely distributed throughout 

the world, ard popularly known as the lonqicorna or longhorns because of 

the length of their antennae (feelers>. Although certain species of 

loqicorn occur in sufficient nllftbers in various parts of the world to be 

of economic importance, they are essentially a forest pest, since all• 
but a few species can initiate attack other than on living trees and 
green timber. Because of this, they can affect the a.cunt of merchant­

able tilnber obtained from the tree, but they do not qree.tly detract frm 

the performance of building timbers. 

The actual wood boring is done during the larval period, which is 
usually from one to three years in the living tree. Adult beetles 
occasionally emerge from structural timbers or furniture. This may be 

explained by the fact that although 110St longicorna attack only qreen 
timber, they are able to complete their devolopment in dry wood. In 

seasoned timber, vhere moisture contents are necessarily lover, and the 
amount of starch present may be much less than in green wood, larvae 

obtain less nouristunent ard thus the life cycle may be exterded greatly. 

Periods in excess of 20 years have been recorded. However, if tilllber 

which has been attacked when green ia subsequently kiln dried, no larvae 

wi 11 emerqe frOlll it, u the temperatures normally uaed in kiln-drying 

scheduleH are sufficiently high to kill all atagea. Moat adult lonqi­
corns are med h.111 to larqe .beetle• C 20 to SO 11111 1 n lenqth > , and are 
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characterized by the antennae which are generally as long as or longer 
than the body. 

Although many hundreda of species regularly lreed in Australia. only a 

limited nunher of specie• occur in sufficient quantities to be of any 

importance to tillber users. In Australia, the 1114jority of longicorn 
attacks occur in green hardwoods although in other countries. S0111e 

species readily infest softwoods. Attack is not necessarily confined to 

sapwood, as larvae my tunnel deep into the heortwood as they prepare to 

pupate. 

The structural weakening of £ruing tillbers by longicorn borers is 
unlikely. Host longicorns do not excavate timber extensively and 
although the galleries are large, they do not 'honeyccnb' the wood. As 

it: is unusual to find more than one or two larvae in a piece of framing­

sized timber, emergence is unlikely to be any more than sparse. Except 

for a very few species, longicorna cannot re-infest the dry timber fro. 

W"aich they have Herged and thus further duaqe is improbable. In ernerg­

i ng frOlll studs or other framing timbers, longicorns may cut through 

lining materials such as plaster or fil:re walls. This does not mean that 
they are attacking the wll, but merely that the lining was impeding 

their eqress. The flight hole disfigures the timber, but it can be 

filled ard the surface finish restored. Emergence holes are usually 

isolated and scattered and are an oval shape 6 to 10 nm in diameter, and 
the margins are unstained. The qalleries are usually across the grain 

and the frass is often coarse and stringy. 

Cc> The Bostrychid b9rers 
Auqer beetles which belong to the family Boatrychidae do not initiate 

Gttack in living trees, but can and do attack freshly felled logs and 

green timber. Timber is frequently attacked by Bostrychids during 

seasoning, but usually not after the wood approaches Fibre Saturation 

Point C i.e. about JO per cent moisture content>. These borers do not 

attack dry timber and because of this, it is unusual for more than one 
generation to b~eed in any one piece of c0111mercial tilllber. Like the 

longicorn borers, Bostrychids can complete their life-cycle in, and 
subsequently emerge fro.a, dry wood. only the sapwood of hardwoods is 

susceptible to Bostrychid attack. The eqqs are laid by the female beetle 

at the enda of short tunNtls bored into susceptible sapwood, and after 
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hatching, the larvae tunnel in the sapwood, obtaining nourishment frolll 
the starch in the timber and subsequently esnerqing as adult beetles. The 

frass produced by the larvae is coarse qrained ard often ltmpy. 

There are a larqe m.mber of species of Bostrychids. The adults range in 

size from J to 20 • in length. Apart from one species. Bostrvchomis 
jesuita uhich is up to 20 11111 in length, llOSt cQINIOn Bostrychids such as 

Hesoxylion colloris are smll beetles ui> to 6 • long. The rourd 

emerqence hole made by these amre cOlllllOn species is uaually alx>Ut 2 • 

in diameter. but fliqht holes mede by other Boatrychids vary fI'Olft t to 6 

nwn in diameter accordinq to the species. It is not unusual to fird ~ 

collaris emerginq frOll scantlinqs durinq the first sumner after a house 
has been constructed. In ordinary acantlinq ti•r they do not 

constitute a serious hazard. as they can infest only sapwood, and cannot 

re-infest dry timber. Hovever. they cause considerable deqrade to 

decorative timber and their presence is nearly always indicative of 

timber susceptible to attack by Lyctidae Cthe powder post beetle> which 

attacks similar timber, but at a lower moisture content. 

Cd> The Sirex wood wasn 
Sirex is not a beetle, but a wQod wasp belonqinq to the family 

Siricidae. It was oriqinally a European timber pest, but has been 
introduced into many other countries. 

Sirex attack is limited to softwoods, predominantly pine. All trees 
attacked by the Siricid wasps in Europe are conf iers, and include the 

pines, the firs and spruces. In North America there are several species 

of Siricid each attackinq a ranqe of pines and scae attacking firs, 

includinc:J oreqon. Since Siricid wood wasps only attack living trees, 

freshly felled loqs and green timber, they are essentially a forest pest 
and as such, their attacks often result in the killing of trees in the 

forest. As with other green timber pests, it is illJ)088ible for Siricid 

to comlete its life cycle in dry timber and subsequently emerge. Experi­

ence has indicated that the most serious attack occurs nn suppressed, 

damaged or burnt trees, but once infestation has become well estab­

lished, the population build-up may result in attack to apparently 

healthy trees. 
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Although Sirex is a wasp its life-cycle resembles that of the Yood­

boring beetles. The female wasp lays her eqgs in the tree by inserting 

her ·ovipositor· or egg-laying apparatus which operates like a thin 

tubular drill through the bark and into the wood. At the same time. she 

introduces the spores of a wood-rotting fungus. probably to soften the 

l.IOCld around the egq. It is believed that these fungal spores are always 

injected whenever the ovipositor is inserted into the tree, and it is 

this fungus which kills the tree after it is to.ken up irto the sap. 

After about two weeks. the eqgs hatch into larvae which initially feed 

near: the surface and then bore into the tree towards the heart. The 

tunnels may be as much as 450 mm in length and increase in thickness as 

the larvae grow. Larvel galleries are circular and mearviering and 

usually tightly packed with rather coarse frass. Towards the end of the 

larval period, the larvae return to a point near the surface and after 

pupation, the adult wasp chews its way out of the timber leaving a round 

emergence hole up to 6 mm in diameter. It is interesting to record that 

Siricid females are capable of parthenogenesis. In other words, females 

can lay unfertilized eqqs which subsequently hatch out, although always 

into males. The eqqs of a fertilized female, however, will usually 

produce about equal nunbers of males a.rd females. 

Although limited degrade is caused by Siricid attack, the insect can be 
responsible for enormous economic loss by killing living trees. In 

Auatralia, strict quarantine control is exercised on the movement of 

timber from areas where Siricids are known to be active. The restrict­

ions require that if any pine timber leaves the area to be milled, it 

must be either fumigated under quarantine supervision or kiln-dried. The 

only exception to this rule is timber to be milled to a thickness of 

t m111 or less, as it is unlikely that any larvae would survive this 

milling process. 

<e> other borers 
Althouqh there are many other borers capable of attacking standing trees 

and green timber, they are unlikely to have the commercial significance 

of the four types described above. The majority of the other groups of 

borers are exclusively forest insects whose damage does not greatly 

affect the merchantable value of the timber or erd product. Certain bark 

beetles and weevils sometimes attack the sapwood or the wood immediately 

urder the bark of the tree and weevils often attack decayed wood. There 
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are species of jewel beetles and wood-boring moths which occo.siono.lly 
bore through into heertwood. None of theN insects are very co1•cm. 
houever. aro althouqh evidence of their work i~ S0111etimes apparent. a 

detailed knowledge of their habits ia net considered essential for 
people other than foresters. 

3.3 Borers Attackinq Dry Wood 

<a> The oowder oost bor8rs 
The powder post borers o.re cJassified in the order Coleoptera aid th.? 

fa11ilies Lyctidae and in SOll'e rare cases. Bostrychidae. The Lyctida are 

the most com•.m borers attacki!!9 seasoned hardwocl in Victoria. so 11UCh 
so that the 111ajority of unprotected susceptible tillber is attacked in 
the first two or three years of service. 

The most important fact to remember concerning these borers is that they 
attack only the sapwood of certain hardwoods. Because heartwood is never 

attacked. their attack can only cause serious structural weakeninq in 

timbers which have a large sapwood content. Two factors detentine the 

susceptibility of sapwood of the various species of hardwood to Lyctid 
attack. These are the diameter of the pores of the tilllher and its starch 

content. Attack is initiated by the fe~le beetle laying her eggs in the 

pores of susceptible sapwood. Therefore if the texture of any speci~s is 

such that the pores are too small to acconnodate the ovipositor. then 
that species will be innune from attack. One or two weeks after ovipos­

ition. the eggs hatch into tiny larvae which bore into and throuqh the 

sapwood, usually parallel with the grain of the timber. extracting 

starch for nourishlaent. If the timber contains inauf f icient atarch. 

there will be no larval development and such timber could be regarded as 

i-.me. The larvae qrow aa they tunnel, and the galleries becOll8 packed 
with flour-like powdery frass. In hot climates and artificially heated 
buildings, the larval period may be as ahort as three or four 110ntha, 
but in southern States the normal period of develop119nt ia nine to 12 
months. At the erd of this time. the fully developed larvae pupate ard 
subsequently emerqe from the wood as adult beetles. In einerging, the 

beetles cut their way out of the wood, leaving a round unstained eMrg­

ence hole from 1 to 3 ""' in diaMter. This niay be the first indication 

of Lyctid infestation, u the naked eye cannot aee where ecJCJS have been 
laid in the pores, and all damage ia done by the larvae boring below the 
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surfoce. The powdery frass is often ejected through emergence holes dnd 
it may then collect in small piles on underlying surfaces. In house 

framing. frass may continue to be vibrated from old flight holes long 

after Lyctid attack haa died out. 

If infested timber has been used in house framing. an adult emerging 
fI"Olll a stud or nogqing is quite likely to puncture lining materials. 

while doing so. Thus. plaster. hardboard. wallboard or timber lining 
placed hard against the sapwood of a stud may have small holes made in 

them by adult Lyctid borers emerging from the framing beneath. This does 
not mean. of course. that these linings are susceptible to these or any 

other borer. but merely that being hard against the sapwood of a stud. 
they block the path of emerqence unless they are cut through by the 

adult beetle. As emerqence holes in lining materials may be unsightly it 

is good building practice to install studs. noggings and ceiling joists 

with the sapwood edge away from the lining. 

Adults are small, dark brown beetles about 2 to 6 11111 in length. 
Susceptible sapwood may be attacked by Lyctid borers once the timber 

dries out to a moisture content of about 25 to 20 per cent. The attack 
thus of ten ocurrs at about the moisture content where that of the 

Bostrychid HesoxYlion ceases <see 2.2Cc>>. 

Jn Queensland and New South Wales, where rain forest timbers, often with 
very wide sapwoods. are commonly used, State legislation regulates the 

sale of timber susceptible to attack by the Lyctid borer, and controls 
the type of treatment which may be used to i11111unize such timber from 

attack. However, the sale of untreated Lyctid susceptible scantling 
timber is permitted by the Timber Users' Protection Act in Queensland 

ond the Timber Marketing Act in New South Wales provided not more than 
one-quarter of the perimeter of the piece is in susceptible sapwood. 

Destruction of this fraction of cross-section is not likely to cause any 

serious weakening in structural timbers. 

Victorian hardwoods have a comparatively narrow sapwood band and it is 
rare for scantlings of Victorian hardwood to contain more than this 
amount of Bapwood. Lyctid attack in framing timbers in Victoria is 

therefore unlikely to cause structural weakening of any practical 
i~1portance in a building, and thus leqislation similar to that operating 
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in New South Wales ard Oueenslard is not currently prescribed in 
Victoria. 
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Because l.yctid eggs are laid in the poreil of the tillber and not in 
•7rocks, crevices, etc., timber which has been sealed on exposed suriaces 

and erds by paint, varnish, polish or waxes cannot be attacked, because 

the pores will be blocked. However, if the timber is already infested 

prior to the application of the finish, adult borers will have no diff i­

culty in emerging through the coating. Once this has occurred, subseq­

uent infestation may occur by re-entry through old emergence holes. 

In common with many other borers, Lyctids cannot survive the temperat­
ures used in kiln-drying processes. However, this should not be taken to 

irdicate that kiln-dried hardwod is i•une from Lyctid attack as this 

is not the case. Kiln-drying will not alter the pore size or the sterch­

content of the timber and therefore it cannot affect its susceptibility. 

<b> The Anobiid borers 
There are many different species of Anobiid borer, but only four are 

important enouqh to warrant some details being provided. As their habits 
vary considerably, they will be described separately. 

Anobium punctoturn - Although this beetle is commonly known in its native 
England as the Furniture Borer, it attacks not only furniture, but also 

flooring, structural timbers and decorative woodwork. It shows a 

preference for old, well-seasoned timber and in Australia, its attack is 

most common is softwoods such as Baltic pine or New Zealand white pine. 

It is known that A. runctatun will also attack some hardwoods such as 

blackwocxl, and particular imported hardwoods such as English oak. 

Australion eucalypts appear to be virtually invnune from this destructive 

insect. Old furniture is frequently attacked, particulary pieces such as 

pianos, large cupboards, etc. Althouqh a high moisture content is not 

essential for this borer, it does show a preference for rather damp, 

humid conditions and flooring attack is often fourd to be most severe in 
those areas of a house where the sub-floor ventilation is inadequate. 

Probably the most c0111nOn incidence of dOl'llestic A. QUDCtotun attack in 

Australia iH Baltic pine flooring in older houses with poor sub-floor 

ventilation and in cupboards and shelving of New Zealand white pine. 



- 37 - TEW/17 

Eggs are laid by the female beetle in cracks and crevices in susceptible 
timber and also on the rough surface of unprotected end-grain. After 
some two to five weeks. the eggs hatch into larvae, which bore into the 

timber in a fairly random manner. not necessarily along the grain, 

attacking both sapwood and heartwood. They produce a granular f rass of 

similar consistency to table salt, althouqh the granules tend to be a 

flattened oval shape. 

In Australia. the larval period lasts about 1 to 3 years. After pupat­
ion, the adult beetle emerges from the timber, leaving a round unstained 

emerqence hole similar to that caused by the Lyctid borer. It can be 

appreciated. that Anobiid infestation, which often results in structural 

weakening, can be far more serious than Lyctid altack. Once attack is 

initiated it is unlikely to cease or die out of its own accord without 

some sort of eradicative treatment. Old furniture that has been in store 

or has been obtained from auction rooms may be inf~sted, and if taken to 

a house where there is susceptible softwood timber. the infestation may 

well spread. However, because it spreads slowly, it can be controlled in 

furniture before damaqe is too serious. 

The adult is a small, dark brown to charcoal coloured beetle usually 

about 3 to 5 mm in length. 

caJymmaderus incisus - The Queensland pine bettle, as this insect is 
commonly known, is an Anobiid which is frequently found in Queensland 

attacking softwood timbers, predominantly Hoop pine and less frequently 

Bunya pine and New Zealand wnite pine. It has not been recorded as 

occurring in other States but this may be because it has very similar 

habits to A. punctaturn, has a similar life-cycle, causes similar damage 

t1nd both larvae and adults are very similar in appearance to those of 

the furniture beetle. Experience in Queensland has found that C. incisus 

attack ie generally initiated in the darker sub-floor areas and that it 

subsequently spreads by the re-infestation of later generations. 

Ernobius mollis - This species of Anobiid is a cambium borer of 
softwoods and as such, its damaqe is rarely of any siqnif icant 

importance. However, it is often mistaken for the furniture beetle~ 

puoctotym and therefore some details of its habits and pecularities may 

help to avoid confusion, 
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The female beetle lays her eggs in the bark of softwoods. The larvae can 
hreed only if bark ia present although dm1a9e inay spread into the out•r 

sapwood. Because E. mllia does not attack livtng trees and grHn 

timber. is not a foreat insect and because it can only attack dry tillbar 

which still has bark on it, the borer is not a particularly ccmmon pest. 

In localities where softwood building scantlinga are in general use, the 
possibility of dry softwood with SOiie bark present is very real and this 

tillber is susceptible to £. mollis attack. The frass produced by this 
borer is gritty but because the insect attacks both bark and calllbi\91, 

the frass is usually speckled, aa sonie grains are frOlll the bark am 
others from the liqhter clllllbiua or sapwood. 

A more common source of E. !!Ollis attack is the bark around knots in 
softwood. The insect can be present am subsequently 8118rge from wood 

surrounding the knot. 

Eradicative treatment is not usually necessary apart frOll stripping the 
bark from the timber, after vhich attack will cease. If nothing is done 
at all, attack will often die out within a few years either because the 

food supply has run out or because bark haa si111ply fallen off. 

Anobi\,111 australiense - A. Autralienae attacks both softwoods and 
hardwoods, only when conditions are corrlucive to decay. The adult beetle 

is similar in form to the furniture beetle Anobiln DUDCtat\J!!, but is 
about twice the size <about 7 to 8 •> and rather darker, being almst 

black. The emergence holes are round and unstained like those of the 
furniture borer, but are appreciably larger. Attack is often confined to 

sapwood, but when heartuood has been softened by decay, attack will 
spread to it also.The frass produced by the larvae is powdery with the 

appearance of being dirty, ard tends to be packed in the tunnels by the 
moisture which is usually associated with the decay. Once the 1110ist 

conditions conducive to decay have been removed ard the decay arrested, 

the attack will cease. 

<c> The dry. wood lonqicorns CCerombycida> 
Normally, longicorn or cerambycid beetles initiate attack in qreen 
timber and, althouqh they may caaplete their life-cycle in, and -rqe 

from timber which has been allowed to dry naturally, they cannot re­
infest drv timb@r. There are, however, a very few beetles of this fuily 
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uhich are able to initiate attack in dry ~ood and to cause serious 

dmlaqe t.o it. Fort.lftltely. none of these exceptions occur naturally in 

Australia although there have been instances of theta being i11pOCted into 

Australia in tillber frc:. abroad. 

Hylotrupes bojulua - This Cerubycid beetle is very cannon in many parts 
of Europe. the USA. and South Africa. In Britain it is kllPYn as the 

'House Longhorn Beetle•. in Ger.any the •t1ausbock·. in France 

'Capricorne des .eiaona·. in the USA the ·old House Borer·. and 

qenerally throughout the world as the •European House Borer•. All these 

nMeB i1tply that housing tiinbera are frequently attacked by this pest. 

and indeed this is ao. Because it can attack and infest seuoned 

softwood. it has t.cme a peat of .ajor importe.nce in those countries 

where it has su:cesafully bee~ established. It attacks softwoods such 

as pine. fir and spruce and so thorou;hly excavates the tiinber that it 

causes aevere structural dallaqe. Hardvooda cSre not attacked by ~ 

bojylua. 

AlthOUl)h the averaqe life-cycle in Europe is frcm three to six years, it 

can be aa long as ten years or .are. SOiie softwood tillbers. infested in 

Eur<>p9 ard subsequently iinport.ed into Australia. have had adult H..s. 

b!liulua ..erqe fro11 thell .ore than ten years after their arrival here. 

Many hundreds of pre-fabricated houses i•port.ed by various govenwent 

depart•nta shortly after the war have been thorouqhly inspected ard, 

"here necessary. fuaiqated with 11ethyl tro.ide. As far as Ye know, this 

has prevented thia llPat daRJeroua of all lon;iicorna frOll bec0111ing 

established in luetralia. 

The adult beetle 11ay vary in size frOlll 6 to 25 mm in lenqth. Its overall 
colour is qreyiah-trown to black. uith liqht patches on the winq covers. 

Mbeodontya triatia - The Tua-Toothed Lon;iicorn. as this beetle is 
frequently called, it a native of New Zealord. It attacks dry New 

Iealard rimu ard 80"'6 pines. Like the European House Borer, it has been 
!ound in imported tillber in Australia but it haa not becOlle established 

here. 

n1e adult beetle MY vary in size fron1 6 to 25 mm in lenqth and is a 

uniform br<Xnl colour. 
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J.4 Methods of Control 

<a> Predators and mruites 
In nature. most insects pests are li•ited in nuaber either by birds or 

by other insects. and wood borers are no exception to this. Adults of 

forest borers such as those attacking standing trees and qreen tiiaber 
are frequently eaten by birds and aometi11es the larvae 11111y be extracted 

from the tree by birds pecking through bark to reach theta. However. 

there are other insects whose prillaI'f function is to parasitise various 

stages of certain wood-boring species. 

In Australia. the most COllllOn and active predators of wood-boriRJ 
beetles are those of the fa11ily Cleridae. The various Clerid species are 

predatory in both larval ard adult foI'118 and so.e of them attack 110St of 

the borers previously 11entioned in this chapter, incl1ilinq Pinholes, 

Longicorns and Bostrychids in the forest, ard Lyctids in dry wood. A 

very c0111ROn species, Paratillus caru.s. lays its egqs in the sapwood of 

hardwood that h4s already been infested by Lyctids. After hatching. the 

long, thin larvae move around in the wood, using galleries made by 

Lyctid larvae ard when one of these is encountered, it is killed ard 

devoured. The adults of P. carus are larqer than th:>se of Lyctids being 

up to 8 mm in length ard are easily distinguished by a white bard across 

the winq covers, giving this species the cannon rmie of the White-Barded 

Clerid. These adults are predacious on the adults of Lyctid beetles ard 

of ten decapitate them. 

Another familiar predator is the Yellow Horned Clerid - Troqoden4ron 
f asciculat\Jft adult of which my be seen flying during daytime or resting 

on trees or tillber in the open. Thia species is sredacious on both the 

larvae and adults of mny species of longicorn, larvae killing longicorn 

larvae and adults killing longicorn adults. The adult Troqodendron is 

often up to 25 • or more in length and vill fearieaaly attack longicorn 

t.1dults much larqer than itself. If picked up in the hard, it my alao 

bite the finger and be rather hard to dislodge. 

In addition to the Clerida there are a nullber of weapa vhich are 
predators of wood borers at the larval stage. Two auch vaapa have 

recently been imported into Victoria, Rbv114 aw. ard ibolio &DP •• 

because they are predators upor. the larvae of the Sirex wood waap. 
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Other parasites of the Sirex spp. include the Nematodes which can breed 
in the qut. ard therefore parasitise larvae and adults. Also. various 

species of mites Cparticularly the hay-itch mite Pyeaptes ventriculosis> 
obtain their nourishlM!nt £ran the larvae of both Lyctid and Anobiid 
borers in dry wood. 

While predatory parasites do have sonie control over the wood-boring 
population. they are not sufficiently lll.IDerous to prevent borer 

infestation in susceptible timbers. It is therefore necessary to use 

other methods of control. either by chemical means or by the selection 

of non-susceptible tiaber species. 

Cb> Treabnent before use 
N\lllerous insecticidal for11Ulations have been used to protect loqs and 

qreen savn tillber fraa borer attack - "ith various degrees of success 
and persistence. Seeaoned tinlber may be •imunized• CpeI'Mnently 

protected> against borer attack by fully impregnating the susceptible 

wood vith a preservative which "ill not deteriorate. or be lost frOll the 

wood, during its service life. 

It is often economical to prevent Lye' id attack by rellOVing susceptible 
sapwood from the timber. 

Cc> TreoUient of Lvctid borerA 
For building tiaabers, either pre88Ure i!lpE'egnation or, more frequently. 

either hot i11111ersion or stemn an::l cold quench treat.ents are used. The 

boron or fluorine cmpounda "hich are c0111110nly used in these treatlnents 
are very effective in preventi119 Lyctid attack, but do not 'fix' in the 

vood like the •tal-chrolle-araenic waterborne preservatives and can 
therefore be leached out if aubject9d to vetti119. 

Sprayi119 harduood houae fruea aqainst Lyctid attack is of no value. In 
qeneral, all unprotected 8U9Cept.ible sapwood is likely to become 
infested with Lyctid borer "ithin the f irat few s\.lllNtrs of service and 
any timbers not attacked after about five years are, in all probability, 

inwnune frOlll attack. Sprayil"ICJ ia a .surface treatment only and will have 

little or no effect on any larvae inside the wood an::l, once the house is 
completed. effective retreatment of all timbers is virtually impoasible. 
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The fact that woodwork has been attacked by borers is usually not 

apparent until after the building is caapleted. Where only limited 

saP'Jood is present. treatment aqainst Lyctid attack is rarely necessary 

for stroct-ural reasons. but unless trealllent is given as soon as the 

holes first appear. attack in finishing tilftbers may mar a decorative 

appearance. 

c d > Treatllent of Anobiid borers 
Anobiid attack does require treatment. Insecticides. such as aldrin. 

dieldrin. chlordane. heptachlor. DDT. etc •• in a light oil solvent such 
as mineral terpentine or kerosene can be used oqainst borers in seasoned 

tinlber. It 11ay be applied by syringe through finished surfaces into 

emerqence holes ard forced in until the tilllber is saturated. Penetration 

is inqroved by r8llOVing loose frass froa galleries with a vacU\11 cleaner 

before treatlnent. Once the insecticide has dried, the holes my be 

plugged and the surface finish restored. Gn tillbers with unfinished 

surfaces. the insecticide should be liberally applied with a brush so as 

to get as 11UCh into the tiinber as possible. This applies particularly to 

the urderside of softwood flooring which has been infested with 

Anobiids. 

Ce> Fuaiqation 
fllligation is a treatment used only in special cases. usually for irdiv­

idual packages of timber or pieces of furniture. It involves placing the 

items in an air-tight conapartment, e.g. a cylinder, a special room or 

urder polythene tarpaulins. and pmping a liquid ft.Rigant into the area. 

The funigant - often 11ethyl bromide - vapourizes and the resultant gas 

has the property of permeating through timber and destroying any adults, 

pupae, larvae or egqs which may be present. Although fuaigation kills 

any pest in the tillber at the time of fU111igation, it cannot be described 

as a preservative treat11ent, as it confers no immunity fr011 subsequent 

attack. It is cc:mK>nly used for treat.ent of iaaported timber known to 

contain foreign peats, for treatlllent of irdividual pieces of infested 

furniture ard occasionally for entire houses where they are known to 
contain tinlber infested with borers which are subject to quarantine 

regulations. Thia operatfon, however, is a very expensive one and is 

used only in exceptional cirCU111Stances. 
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<f > Quarantine control 
The COlllllOT\\lealth Department of Health administers Plant Quarantine in 
Australia and its duties are carried out in the various States by 

special officers of the local Department of Agriculture. 

A Jl t illlber 1>111 ~ring Austt·a lift 1 ~ subject to quaninti rw i uspecti on and 
control. This timber arrives in the form of green logs, sawn timber. 

furniture and other manufactured <Xticles as well as packaging timbers 
arxl dunnage. Quarantine regulations are such that if any evidence of 

borer attack is present in imported timber, such timber is either 

compulsorily funiqated at the expense of the consignee or else it is 

destroyed. Importation of bark or timber containing bark is prohibited. 

The more quarantine-conscious timber importers and tillher users become. 

the more successful will be the task of keeping the country free frc.t 

overseas pests and the more sound will be the future of the Australian 

timber trade. 

It may be argued that except where absolute prohibitions are rigidly 
enforced. or \lhere there is climatic control. a quarantine system cannot 

expect to succeed irdefinitely, and that gradually many of its barriers 

must be penetrated. This may be partly true, but it does not alter the 

fact that as long as there are diseases or pests which can be excluded. 
a quarantine service is of immens... value. and that it is the obligation 

of every person to abide by its regulations. 

As a matter of strict principle. it must also be realized by the timber 
trade and timber-using industries that no quarantine system can function 

effectively if avoidable risks are taken. Vested interests must not be 

allowed to affect policy or influence the setting of standards of 

safety. The need for an uncompromising attib.de in quarantine matters is 

not always appreciated. though on reflection it should be obvious that a 

risk taken only once or a single mistake made, may cause irreparable 

harm on a national level and nullify all the vigilance of the past. 

Because of this there are good reasons - technical, economic and 

psychological - why regulations and decisions, which, if regarded 

irxlividually, may seem unduly stringent or arbitrary, in some cases may 

be invoked on suspicion alone. 
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4.0 WOOD DESTROYING INSECTS - TERMITES 

4.1 Occurrence and Diatribution 

Termites and 'white ants' are to be found in most tropical countries and 
are quite widely distributed in temperate regions. Australia contains 

its fair share of these insects and, with over JOO different species 
recognized ard described, few parts of the continent or surrourdinq 

islands are without the11. 

Termites are a110ng the few insects capable of utilizing cellulose as a 
source of food. Since cellulose is the 11ajor constituent of 110st plant 
tissues it follows that th• 11ajority of plants and plant products are 
likely to be susceptible to termite dallaqe. Under natural conditions 

tennites of one sort or another feed upon the roots of qraasea. living 
trees. dry wood or decayinq veqetable matter. However. when qiven the 

opportunity, they may also damaqe or destroy paper, buildinq boards, 

linolelllS, leather and bone. Even buried telephone cables. plastic 

waterpipes and the laqqing around steu pipes have been known to suffer 
from t&rmite attack. Thus, whenever they occur. some tenaite species are 

likely to damage or destroy articles useful to man, and precautions must 
be taken to minimize the losses they miqht cause. 

The old adsqe that 'prevention ia better Cand cheapter> than cure' 
applies to termite attack as much u to anything el•. Nev buildinqs can 
be qiven permanent protection against tenaite attack by the inclusion of 

suitable barriers into the structure durinq conatnx:tion while tillbera 
of low natural reaistance can be given i~ity frm attack by 11Hna of 

preaervative treatments. The cost of auch pr-ecautiona generally repres­
ents only a very aniall fraction of the total coat of the stnx:tures 

which they protect. To take p:·acautiona is 9ood insurance; to ignont 
thet11 in areas of unknown or hiqh hazard is aeldaa wise. 
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Ants - Hymenootero and termites, or 'white ants' as they are commonly 
called - Jsoptera are two groups of insects which have many 

characteristics in c0111110n. Both contain a larqe nunber of species and 
live in colonies or orqanized communities whose lftelftbers are divided into 

a number of castes of more or less specialized individuals. The 

differences between the two groups of insects are n1.111erous, obvious ard 

fairly consistent but, because of variations due to species or castes 
within a species, it may be necessary to examine and compare several 

individuals before making an identification. In the generalized diagram 

<Fig. J.1> and notes CTable 4.1>, the differences between ants ord 

soldier caste termites have been eaphaaized. 

4.3 Ter11ite Classification 

Correct identification of the different species of termites requires 
considerable skill and experience. Fortunately, such a detailed identif­

ication is seldom necessary when dealing with species of economic 
importance to wood-uaing industries, Within broad limits and with the 
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clear urderstanding that some specias aight be correctly placed in 1110re 
than one class. Table 4.2 is a si111>le classification based upon habits. 
This system of classification serves to segregate the different classes 

or groups of species which are of economic im}Xlrlance and defines the 

characteristics of the few species which are of direct concern to the 

timber user. 

Of these several different classes. only the t[§e-dwellinq species and 
the subterranean tennites are of major economic importance to the timber 

industry, 

Rate li ff e. Gay and Greaves C 1952 > sugqest that the ten subterranea.-, 
termite should be reserved for those f OI'llS which nest underground or 

near qrourd level in a tree sti.ap. loq or post should not inchxie those 

forms "1hich construct an exposed nest or IDOUnd. For the purposes of this 

discussion the difference is i..aterial and the tenn subterranean will 

be used to include both forms. 

4.4 Important Termite Species 

Cal Damp-wood species 
Always associated with rotting wood - usually in the form of fallen loqs 

in the forest but may S0111etimes be found in decayed wood in buildings, 

fences etc. Usually the decay precedes the termite attack, 

Ci> Stolotermes victoriensis. A termite of variable size which is 
sometimes mistaken for Heotermes insularis or Porotermes adomsoni 
because of its size. 

Recognition - The soldiers which are fairly nlllerous in the 
colonies are 6 to 11 mm long and are easily recoqnized by their 

extremely flattened heads and their P.Ointed leaf-like mandibles 

which show neither a marked upward nor a downward curve when seen 

in profile. The pronob.111 is very much narrower than the head. 

Small but distinct eyes are usually present in the soldiers. 



- 47 - TEW/17 

TABLE 4.1 

An ANT h•s: A n:R.'llTE h•s: 
~£1~.- rar&t se~nt always -lo..,. AntennA Never elbo....,d; ll to lS s~nt" lon9 
•bout as lo~ •• he.Mi. like a stranq of ~•ds. 

TeraiMte& &ft •cuttlft9 '!«199.• never 
llAndible lf VlSiblo: 0 tera1n•tes an • point. 

punted. 

Alva ya pre&ent. obvious Coapound M>sent - exe9pt in v1n9ed forms. 
eye 

_::.... 
(Sumple oce! li - eyes - so-t •-s present. 

01st11x.t and thin. Heck Not obvious. 

Dastanct, lar9e. often equal to or Inconspicuous: three distinct seqiaents: 
l•rqer than abdomen. Thorax selctoa bi~~·r than the head. never 50 

lar9e ~s abdo-n. 

Lon<i. llaUAlly able to reach past he•d 
IA9s 

Short - incapable of reachinq to end 
and tall. of a~n. 

Alvays present: l, 2 or l se<pmnta Petiole Never preHnt. 
foraan9 •waist.• 

Often .... 11. comop.ct and 9lobular: l.ar9e. usually 11Dre than half tOtAl 
carraed well off qround. Cenerally 

Abc:o-n 
lenqth of body: soft. usually rests on 

J to S indastinct seqmients. qround. Always seven or aore se~nt.s, 
fairly distinct. 

Always ends in a point - -y have stin9. An.l end Blunr or obtuse. Never !\As a stinq. 

usually heavily p1qaented dark. red- Alv1tys liqht, creamy or 1M=ar l y but 
d•$h-~rowr. to black; so•ti•s 1 iqht- st~ch contents ... y 91ve sane species 
er, or•nCJY thor•x. Head usu•lly Colour a s1110ky colour. Head iuy be •- as 
about as dark as body. body or, in solder C•ste, piqNnted 

yellow, oranqe to dark brovn v1th 
darker a.nd1bles. 

suon9-bodu1d, well .adapted to fora91n9 Tou9hnesa 
Soft-bodied, easily squashed, ill-

1n open. adapted to survive an tne open. 

arui.. often run faster than l.S •· Speed in Coaparat1vely slu99ish, do not run -
per ainuta. the open approxi .. te speed O.S •· par ••nute. 

~ 
!'lay follow trails an the open - do TERMITES 
not build covered shelter-t~s but Runways 

Never found foraqinq freely outude 
.. y invade and occupy tunnels excavated or their q•ller1es or runw•y syste115 but 
by other insects. Co..:inly found trails do 111>ve freely vithan the enclosed 
fora9in9 freely in the open. qalleries of the system. 

Scurry frantic•lly in all directions, lllllll!diately •tteapt to escape •nd find 
-k•nq no atteapt to hide. Many When shelter •w•y fro• bright llqhts, heat 
apacias bite or stinq viciously. 

disturbed 
or drauqhta. Do not stinq - bite 
(if anyJ is barely perceptabl• on the 
thin skin betveen fingers. 

C..nerally have stron9 punqent odour 
Odour Practic•lly odourless when crushed. 

when crushed. 

Maver eject •ailky fluid• frOll head Soldiers of c•rtaui species .. y •)•ct 
b11t -y haw pouon qland associated •Poimon" drople: of •a11ky fluid• fro• head. 
with stinq in the tail. 

Du not attack -4. May establish 
DAMAGE 

Attack aay not be detected until 
t•ooporary neats in wall cavities, be• 

CAUSED 
extensive daiaaqa has occ"1'red. In 

tween pairs of stud• or in other in later st•qes of attack, intauor of 
n.rrow tpacei;. 

wood 
wood is eaten •vay to leave only a 
p.per-thin surface veneer. 
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TABLE 4.2 

I TERMITES I 
I 

I I 
Specie• vhoae Species which 4o 
principal diet llM>t uually feed 
is wood. upon 'tllD04 • 
WOOD-EATX.. termites Graaa Feeders 

I 
I I 

Feed upon decayinq I Attack sound wood I 
and decayed wood. 
DAMP-WOOD tend.tea 

. 
I I 

Initiate attack in Attack trees and 
sound seasoned vood. 9rowinq tilllber. 

TREE-DWELLING termites 

I I 

Nest in the aoil Have no contact with 
either under9round the .oil - obtain 
or in the form of neceaaary moisture 
a mound rai8ed from the atlloaphere 
above the CJl'Ound. or the wood. 
SUBTERRMEAN DRY-WOOD terai.tea 
tend tea 
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Cii> Porotermes adamsoni. This termite is most commonly found as a 
forest pest. It causes considerable damage to standing trees. 

particularly in cooler localities. Found in fallen logs in an 

advanced stete of decay, it is probable that the attack originated 

in the standing tree indicating that the colony and. perhaps, some 

of the individuals of the colony, are very long-lived. Porotennes. 

although primarily a forest pest, does attack timber in service 

and has .been foUTXi in a variety of situations attacking hardwood 

timbers of many species, including some of the more durable 

species used for house stumps but, in all such cases. the termite 

attack can .be traced back to decayed wood. 

Cb) Tree-dwelling species 
Attack by tree-dwelling termites may .be of considerable concern to the 

forester, the timber-getter or the sawmiller but is seldom of much 

importance to the timber-user. In general. timber damaged by tree­

dwelling termites is discarded during conversion and very little 

evidence of the damage caused should reach the consumer. Occasionally 

small pockets of termite-damaged wood containing a few live insects 

might be present in freshly sawn scantlings. These few insects will soon 

die without causing further damage because they are isolated from their 

supply of moisture and their parent colony. 

Neotermes insularis. Essentially a forest pest which shows a marked 
tendency to attack growing trees through wounds at SOllle distance above 

ground. It may then work downward through the centre of the log. Attack 

may continue in the sound wood of fallen logs but it is believed that 

this would have been initiated when the tree was standing. 

Recognition - On the basis of the soldier ca~te it is the largest 
termite, with soldiers from 9 mm to 15 nvn long. Soldiers of N. insularis 

may be distinguished from those of Poroterrnes by the following 

charact<~!"ist ics: 

1. The pronotum is as wide as the head; 
2. The head is not noticeably flattened; and 

3. The mandibles are long and, seen in profile. have an upward curve. 
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Soldiers of N. insule,ris vary very greatly in aize and in the size and 
profile of their mandibles. 

<c> SubteITADHD IDICits 
In addition to the obvioua damaqe to timber w ~rvice. subternmean 

species may alao attack growing trees and cause a significant reduction 
in the volune of millable wood which can be recovered from their trunks. 

They are both a forest pest and a pest of seasQned timber. 

Ci> Coototermes - Three species, C. acinacifQO!!is. C, frenchi and 
C. lacteus, are connon. Since it is not easy to distinquish 

between these species and since they hAve similar habits, they may 
be treated collectively as the most ecollQlllically important group 

of termites in the country. 

Coptotermes attack both trees and seasoned tinaber. Their nests may 
be completely underground, in an old stllftp or a livinq tree or in 

the form of a domed or rounded conical mound, which may rise 

several feet above ground. 

Recognition - Soldiers smallish, up to about 6 nun lonq with 
rounded, rather pear-shaped yellowish heads and dark slender 

tapering mandibles without visible teeth. Their habit of exuding a 

drop of milky fluid from the frontal gland when disturbed or 

annoyed offers a sure means of identifying them in life. Soldiers 

are relatively nunerous in the colonies and when the galleries are 

broken open will usually appear after a short interval. 

Cii> Hasutiterrnes exitiosus. It attacks seasoned timber, poles, posts 
and sawn timber. It is a mould-building species which adopts its 
nestinq habits to local conditions. Under natural conditions its 

mound may be built around or over a stunp or piece of wood in 

which, presllllably, the colony was originally fourded. When it 

attacks buildinqs, the nest is likely to conform to the shape of 
the cavity of the wall, or the sub-floor space available. 
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4.5 Termite Biology 

Ca> Ancestrv 
Fossil records show that the progenitors of modern termites date back 

more than 50 million years am that termites ard cockroaches have a 

COlllllOn ancestry. In fact. the wing structure of the most primitive 

living termite. "4stotermes darwiniensis - the qiant termite of tropical 
Australia - is similar to that of the roaches and its eqq mass resembles 

the eqq-capsule of the roaches. As further evidence of a cotrr.10n ancestry 
of roaches and termites. one roach burrows into the sounder wood of 

~ecaying logs for food and shelter and like Hai,totermes and many other 

qroups of termites. has a rich protozoan or bacterial fauna in its qut 

to aid in the diqestion of its food. 

Cb> Biological limitations 
The bioloqy of the termites is interestinq and complex; but only those 

aspects of termite biology which are relevant to the control of attack 

by subterranean termites will be discussed here. Althouqh the 

observations will be in qeneral terms. this limitation should not be 

overlooked. 

Ci) Life span. The life span of the individuals of a termite colony 
is believed to be as much as 25 years for the reproductive castes 

but considerably less for the other castes. Cert\inly, there is no 

difficulty in.maintaining a laboratory colony of sterile workers 

and soldiers for a period of four years or so. 

The life span of the colony varies with the species assuming, in 
each case. no untoward accident to interrupt its developnent. With 

some species it is believed that the oriqinal pair of reproduct­

tves which founded the colony are never replaced or supplanted. If 

this is so, the life span of the colony is limited to that of the 

founding pair. plus the limited period for which the remaining 

members of the colony will survive without further replacements. 

With those species capable of producing supplementary reproduct­

ives which either supplement the oriqinal queen or, if she suffe~s 

an accident or dies, replace her, the life of the colony is 
indefinite and miqht well exceed a century or two. 
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C ii> Industry. Teniitea are irdustrious. It is virtually i11possibl111 
to observe th8111 under natural conditions without disturb1nq or 

disrupting the colony. In laboratory colonies the constant 

f¥;tivity of th•• insects is aazing and there is no reason to 
support that they are less active under natural conditions. It 
should be recognized. however. that activity tends to be reduced 

in cold weather and that foraging my CE!.1.se altoqether during 
spells of hot dry weather. 

Ciii> Hoisture and light. There is a c0111110n believe that subterranean 
tennites 11USt return to water once in every 24 hours. It is 
podSible that this is tn.ie for SOiie spectes but it is certainly 
not universally so. 

Apart from the reproductive castes when making their 'colonizing 
flight'. subterranean termites spend the whole of their existence 

in the galleries and tunnels associated with their nest. 

Conditions in these galleries and tunnels, and the nest, are 
uniform and fairly constant. Total darkness prevails at all ti11es, 

hunidities are high and diurnal temperature fluctuations are 
minimized. Termites have becOll8 so specialized that these are 

virtually the only conditions they can now tolerate. Since their 
activities are confined to a gallery system in which the relative 

hunidity is al"4ys hiqh, their integunent <outer coverinq or 
'skin'> does not need to be a qood moisture barrier. In fact, it 

is very permeeble, so that vhen teI'lllites are exposed to a dry 

atmosphere they lose moisture and soon die fr0111 desiccation. Also, 

the surface of their .txxiies is normally moist; consequently any 
dry dust particles with which they might come in contact adhere 

only to be removed when the insects clean or 'groom' each other. 

Living in total darkness, they have largely lost the faculty o( 
sight and mat termites are either blind or alinoat so. Being 

perpetually sheltered from normal light and radiation, terniites 
have little need of pigmentation u a fi.lter aqainat ultra-violet 

light. Hence, their intequnent is either translucent or very 
poorly piginented, except for the head and jaws of the soldier 
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caste which tern to be hard and horny with a correspondrng amount 
of pigmentation. 

<iv> Protein conservation. The plant tissues upon which tenntes feed 
contoin very little irotein. Hence it is reasonable to asslmle that 

a termite colony needs SOiie 11eehaniS11 for the conservation of 
protein. It has been sugqested that tennttes conserve their 

protein by Ci> cannibalism ard <ii> ·grooming'. 

There is a considerable amount of evidence to support the content­
ion that termites dispose of deed and diseased members of the 

colony by cannibalism and some evidence to suggest that surplus or 

unwanted members my suffer a si11ilar fate. Certainly such a 

procedure would be a convenient and efficient method of protein 

conservation. 

It is well kl'lmln that termites •qrcxn• one another. This may be 

because their bodies lack the flexibility necessary for them to be 
able to clean themselves and this duty must be delegated to other 

members of the colony, but it is quite evident that their body 

secretions are attractive to other llembers of the colony and are 

eagerly sought after. Ibis habit of grooming is of prime 

imoortance in temite control work. If a poison dust, such as 

finely divided white arsenic powder, is blown into occupied 

termite galleries it will be fairly widely distributed by the 

initial blast: it will also adhere ta the rather 110ist bodies of 

any insects which come in contact with it. This will aid and 

extend its distribution. Since termites habitually qroom each 

other, the particles of poison will be ingested along with other 

body secretions with the inevitable result. The poison remains 

active in the dead bodies and, if these are eaten, continues to 

kill. 

<v> Digestion and food preferences. Termites show considerble 
preference in their choice of food, If subterranean tennites, 

which normally feed upon wood, ore qiven a free choice between two 
timbers, they will consune the 110re susceptible of the two for 

preference. several tillbers ore seldom attacked by termites under 

natural condition&, but in c01apulaion tests, where the termites 
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have the choice between eatinq the resistant species or starving. 
few timbers are totally imune frOll\ their attack. 

In Victoria.. subterranean termites nonnally feed upon hardwoods. 
The Nasut.iterws species found in this State practically never 

attack softwoods. but the Coototeanes spaciea show no such 
discriaination. 

Cc> Social organization 
Termites a.re social insects which usually live in larqe. populous 

colonies which may contain over a •illion irdividuals. Activities within 

the colony appear to be divided between qroups of specialized members. 

ref ered to as cptes. The population of a mature colony of subterranean 

tenaites will consist of three principal castes and juvenile for'llS. The 

three major castes a.re the reproductives. the soldiers ard the workers. 

for various reasons. classification of the various species is based upon 

the morpholoqy of the soldier caste. 

Ci> Reorociuctives. The only mellbers of the colony to be cQ11Plete with 
appendaqes <inch.ding eyes ard winqs> ard functional reproductive 

parts. Once their colonizing f liqht is completed these shed their 

wings ard as •first foI111 reproductives• - or first fonn kings ard 
queens - set about- f oundinq a nev colony. First form queens can 

practically always be recoqnized by their wing-stubs and their 

distended abd0111en o1hich. in Nasutitemes. for example, may become 

so enlarged that tht• queen ia several hundred times the size of a 

soldier or a worker. 

Some species produce additional reproductives to help populate the 
colony a.rd to replace the oriqinal queen. if she is injured. These 

remain permanently in the 11e>ther colony, though not necessarily in 

the central nest. In fact, they may found a new colony by a 
process of 'budding off'. As the strenqth of the dauqhter colony 

increases connunication with the parent colony my be lost and the 

new colony becOlle independent. 

As a colony matures, it produces reproductives which. when weather 
conditions are suitable, leave the parent colony in swarms in an 
attempt to found neY ones. These swarms of 'flying ants' usually 
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H&rqe from close to the parent colony ani may btt SOllE" h~lp in 

f irding the site of the nest. 

tew/17 

The reproductives are the only tennites which leave the shelter of 
the gallery system: this happens only during their brief coloniz­

ing £light, after which they seek a suitable site in vhich tc 

fourd new colony. Fortunately. of the millions which set out. only 

an occo.ssional pair suc:c~-ds. 

The jlNenile reproductives or n)'llphs my be recognized by the 
presence of wing buds and, S011eti11es, their larqer size. 

Cii> Soldiers. Apparently their Min function is to deferd the colony 
against ants - one of the tenaites• principal ene11ies. 

The soldiers are 110st useful in tsI'lllite cla.ssif ication ard should 
always be procured if a species is to be identified. Soldiers may 

be recognized by their dark-coloured heads ard, if closely 

exa•ined, well-developed mardibles - except in Na.sutitennes which 

has a pear-shaped head. 

Ciii> Workers. In nearly all species, workers constitute the great 
11ajority of the inhabitants of a colony. They are unifonnly pale­

coloured, with rourded heads ard soft bodies, ard are blind and 
sterile. 

4.6 Prevention of Termite Attack 

Whenever doubt exists as to the adequacy of the precautions proposed for 

the pr-evention of termite attack in buildings or other structures in 

whih wood has been used, the proposals should be checked by specialists 

before any YOrk coanencea so that modifications can be made with a 

•ini11U11 of inconvenience. 

It should be noted that the precautions described apply to Victorian 
conditions, where subterranean teI'lllitea are responsible for practically 

all the damage of econ011ic consequence to tillber in service. In other 

States, alternative •thods 11ay be more acceptable. 



- 56 - TEW/17 

<a> 1illlber in the ground 

When timber is used in the grounj. as p:>les. posts. railway sleepers or 
house foundations. soil-dwelling teniites have direct access to it. 

Connonly. their foraging qalleries lie frm 100 to 200 m below the 

surface of the soil ard attck is usually initiated at about this level. 

However. in dry soils it is by no Mana rare for attack to be initiated 
at a much qreater depth. 

Ci> Resistant tillbers. The heartwood of a nullber of eucalypt tilllbers 
is very resistant to teniite attack without any form of 

pr-eservative treetllent. Resistant tillbers in Victoria. Australia. 

include: 

TABLE 4.3 

-

Durability Standard Trade Botanical Halle 
Class Colmon .._ 

l Box, qrey E. microcarpa (Haid.) 

Box, qrey, coast E. bosistoana F. Husll. 

Ironbark, red E. sidsn:Jzylon A. Cunn. 

2 Gum, red forest E. tereticornis Sm. 

Gua, red, river E. cmmldullmsis Dehnh. 

Gum, yellow E. leucozylon F. Huell. 

Strinqybark, vhi te E. eugenioidss Sieb. 

Strin9Ybark, yellow E. muellel'iana H01Jitt. 

Cii> Impregnated tiP!ber. Only the sapwood of 1110St hardwood tilftbers can 

be illPI'eqnatecl with uood pt"eservatives by conventional 11ethoda. 

Therefore, unless the species is one of thoae listed as resistant, 

the benefi ta of pt"eservati .. m wil 1 be lost unleaa all the sapwood 
is intact. With softwood tillbera, particularly P. radiata, which 

normally hd·1e a cmparatively wide sapwood band, at least 80 per 
cent of the cross-section should be fully and unifonaly 

penetrated. 
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The Australian Stardard AS 1604-1974: Preservative-treated savn 
tillber. veneer and plywood. and AS 2209-1979: Tilllber poles for 

overheed lines. both deal with the preservative treetinemt of 
tillber used in grcu.d contact. 

AS 1604. relates the penetration and retention of wood JX'eservat­
ive to the natural durability of the timber species and to the 

anticipated hazards of service. Appendices to this Standard deal 

with the COllposition of c~rcial vood pc-eservatives available in 

Australia. the SallJ>linq and testinq of sreservatives and 
preservative-tretad wood. the natural durability ~f Australian 

conaercial timbers and similar matters. 'nlis Standard should be 
consulted for the rec011111ended retentions of COllmlercial preservat­

ives in various classes of tillber for any particular end-use. 

C iii> Soil IJlddlinq. Sawn heartwood and other illJ)erwble timbers can 
be given a useful .asure of irotection aqainst subterranean term­

ite attack by surrounding thell with an anoolus or 'collar' of soil 

thorouqhly mixed with a persistent insecticide. To be effective 

this collar 11USt be in direct contact with the timber to be 
protected, not less than SO • wide <measured radially from the 

surface of the wood> and extendinq for at least 0.5 111 below 
groundline. In dry soils it 11ay be necessary to carry the collar 

down deeper. 

The persistent insecticides allowed in the Australian Standard, 
AS 2057-1977 will also be found effective for protecting timber in 

ground contact against termite attack - but not aqainst decay. 

They are usually pruchased as emulsif iable concentrates and 

applied as diluted emulsions at the rate of about t 50 l/mJ of 

soil. 

Cb> Ti!lber in .buildings 
With .buildings, it is neceaaary to protect the contents of a .building 

from dalaage by tennites as 11uch as to preserve the structure itself. In 

fact, the contents of a shop or warehouse often exceed the value of the 

building. Therefore, protection aqainst termite attack is just as 

necessary in a building in which all the niaterials of construction are 

illlllUne frOlll termite dalta9e as in one built entirely of timber. Normally 



- 58 - TEW/17 

termites foraqe in concealed tunnels beneath th• aurface of the soil. or 

in gallerie8 in the tillber they attack. However, they will build mud­
covered shelter tubea over 111aterials they cannot penetrate in order to 

reach susceptible tillber ot some distance above ground. It is by means 

of these shelter tbea that they gain access to the superstructure of o 

building or its contents. 

Buildings are usually protected against ter111ite attack by mecbanicol 
barriers Ctermite shields, ant cops> placed on top of the foundations or 

by barriers of cbetlicolly tretted soil ot grourd level. In either case 
the barriers 11USt be continuous ond cQ11Plete ao that all possible routes 

of entry to the building from the soil ore intercepted by a barrier. 
Even then. under SOlll8 circunstances, termites will raise a mound or o 

free-standing shelter tube to by-poss the barriers. Hence, in oreos of 
established termite hazo.rd. periodic sub-floor inspections ore a 

necessary part of termite nrotection. 

Ci) Mechanical te[Jl!ite .bQrriers. When set into continoous foundations 
these ore known as 'strip shields' bJt when set over stl.lftPS or 

piers. as 'cops' or 'ont-copa'. Collectively they moy be referred 

to as either 'copping' or 'shielding'. Both ore made from 

galvanized iron of heavier gouge than 26-qouge or from copper. 

Correctly mode, they should project beyond the foundation they 
protect before 'urning dovnwerda. All joint• ahould be carefully 
mitred and well soldered or spot-welded ot close intervals. 
Detailed instructions for the correct method of fitting shields to 

buildings ore set out ond illustrated in Australian Standard 

AS 1694-1974. Because of the need for periodic inspections and 

because it is very rare to find all the joints and corners 
properly mede, shields ore practically never recOftlNtnded for use 

in buildinqa with continuous foundation walls. Hence, their use is 
more or leas restricted to the 'copping' of atunps or piers in 

timber-framed houses under which inspection presents no dif f ic-
ul ty. For ease of inspection the edqea of the shields should stand 

clear of all o.batructiona by at least 50 nm, 

Cii> Treated 19-il boqiera. These MY be referred to as 'chemical 
L»rriera.' The Australian Standard AS 2057-1977 is a code of 
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practice for forminq barriers of chemically-treated soil as a 
protection for buildings against subterranean tennite attack. This 

code describes the correct method of forming these barriers. 

nominates chemicals and concentrations and suggests building 

modi f ic.otions which can sin1pl if y and rf'duce the C'ost. of tenni te 

pr~vention. The common chemicals rec0111nencled for these harriers 

are aldrin. dieldrin. chlordane and heptachlor. They are usually 

used in the form of water e~ulsions. The treating solution should 

be applied to the whole of the sub-floor area. after it has been 

cleared of all debris and reasonably levelled. Special attention 

must be given to areas of fill urder concrete slabs raised to the 

same level as susperded timber floors. 

Treated soil barriers are the preferred treatment for concrete 
raft <slab-on-ground> construction. 

4.7 Eradication of Termite Attack 

<See Australian Standard AS 2178-1978: The Treatment of Subterranean 
Termite Infestation in Existinq Buildinqs>. 

In the event of active termite attack being discovered in an existing 
building, THE INSECTS SHOULD BE LEFT UNDISTURBED UNTIL ALL THE MATERIALS 

NECESSARY FOR TREATMENT HAVE BEEN ASSEMBLED OR ARRANGEMENTS HAVE BEEN 

COMPLETED FOR TREATMENT BY A SPECIALIST. 

One of the most effective treatments for an active termite infestation 
is dusting with arsenic dust. Government regulations make it difficult 

for ordinary householders to obtain this pcison so it is now usual to 

employ professionals who are licensed to hardle poisons. The success of 

this method depends upon the termites continuing to occupy treated 

qalleries after the dust has been blown in. It is for this reason that u 
warning is given against disturbing the termites until arrangements for 

treatment have been completed. 

As an alternative to the poison dust treatment as :-ec....ended in the 
Standard, the superstructure of the building can be isolated by a 

barrier of treated soil. If it is formed correctly, and it completely 

surrounds all the foundations, it will protect the building from further 
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attack but may not be e~iective in eliminating the nest or colony from 
which the attack oriqinated. Care must also be taken to avoid encircling 

the termite colony within the treated soil barrier and isolating it froa 

alternative sourC'ea of food. This is 110st likely to happen when the 

treated soil barrier is formed arourd a concrete slab which is part of 
the house. 

LITERATURE FOR REFE8£NCE 

Ratcliffe. P.H •• Gay, f.J •• ard Greaves. T. <1~52>. Australian TeI'111it~s.· 
CSIRO. Melbourne. 

CSIRO Division of Building Reseerch. 

INFORMATION SHEETS 

10-66 Prevention ard Control of Termite Attack 
10-69 Porotermes adamsoni Cfroqqatt> - A Dampwocxi Termite 

10-71 The Troublesome Termite <White ant> 

Information Sheet No. 10-66 outlines the contents of the following 
Australian Stndarda. which are quoted <variously> in the texts: 

STANDARDS ASSOCIATION OF AUSTRALIA. 

Australian Technical Standards Nos: 
AS 1694-1974: Physical barriers used in the protection of 

buildings aqainst subterranean termites 
AS 2057-1977: Soil treatment for the protection of buildings 

aqainst subterranean termites 

AS 2178-1978: Th£ treatment of subterranean termite infestation 

in existing buildings 

**AS 1604-1974: Preservative-treated sawn tilftber. veneer ard plywood 
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5.0 WOOD PRESERVATIVES 

INTRODUCTION 

Wood he.a 111any advantaqes over competinq 111aterials for both structural 
and oil\lUlental uses. Tilllber does not deteriorate as a result of aqeinq 

alone: any failure is invariably the result of attack by some external 

agency and if adequately protected against dampness. insects. fungal 

infection and fire. it will <unless exposed to severe mechanical wet&r) 

last allll08t indefinitely. 

To some extent the reputation of timber has suffered due to deterior­
ation resulting from attack by funqi or insects. Such bioloqical attack 

can now be almost entirely prevented. but the preservative measures 
require a clear understandinq of the nature of the orqanisms concerned; 

the factors governing their development; the different properties of 

various timber species and the principles upon which scientific control 

is based. 

Conventionally. timbers have been classified into four durability 
classes according to the relative natural resistance of their. heartwood 
to bioloqical attack when the service conditions involve contact with 

the qround. It will be realized however. that in countless uses of 

timber which do not involve contact with the qround. for example 

~eatherboards, joinery and furniture. these ratinqs have much less 

significance. There are nunerous instances where tilftber, in favourable, 

protected situations, haa remained sound and serviceable for generations 

without any special preservative treatment. However, to ensure long life 

under conditions of high hazard, it is necessary to use either the more 

highly durable species or timber of lower natural durability which haa 

been qiven the recomanended preservative treatment. 

Decay increases the susc:eptibility of wood to attack by termites and 
other wood-boring insects. Indeed, there are many insects which cannot 

initiate attack in sound, seasoned wood but which can be very destruct~ 

ive to wood in which some decay is present. The damage caused by insects 

which initiate attack in sound, seasoned wood can be controlled, or 

entirely prevented, by the use of appropriate preservative treatments or 

other suitable precautions. 
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Alinost invariably. the sapwood of a timber is less resistdnt to decay 
anl insect attack than the heartwood. Conversely. the sapwood is nearly 
always more amenable to preservative treatment than the heartwood. 

Species vary widely in the natural resistance of their timbe~ to funqal 
and insect attack. With appropriate preservative treatment. sapwood <of 

practically all species) ard the heartwood of permeable species can be 

rendered highly resistant to both insect and flJl¥Jal attack. Thus, with 

proper preservative treatment. species of 10\I natural resistance 11ay be 

substituted for timbers of the hiqhest natural durability and may even 

out-perform them. 

The prime purpose of any wood preservation process is to extend the 
useful life of tilftber in service. This ~Y be achieved by increasinq its 
resistance to damaqe by invadinq orqaniSIRS Cfung'i, insects or marine 

animals> or by increasinq its resistance to deterioration caused by 

·weathering' and other physical forces. 

To be effective. preservation processes need to place an adequate 
quantity of an appropriate preservative far enough into the timber to 

ensure that no unprotected <or any insufficiently-treated wood) becomes 
accessible lo the invadinq orqaniSll or is exposed to other destructive 

forces. 

NtJnerous methods of treatment have been developed to protect timber 
against unwanted deterioration. The simplest have required only the 

application of surface barriers Ce.q. paint. coatinqs of other mater­

ials, metal sheathing, etc.> which are intended to deny moisture, and 

other destructive aqencies, access to the wood. other, more sophistic­

ated methods of treatlldnt are desiqned to distribute through the wood 
preservative chemicals which are toxic to wood-destroyinq organisas. 
Current worldwide research aims at refining these treatment methoda and 
improving the environmental acceptability and other properties of the 

preservatives to the point where there is a satisfactory preservative 

and treatment proceas for practically every normal requirement. 

Numerous chemicals, and 11ixtures of chemicals can be used a& wood pre­
servatives. Some, like creosote oil, and the copper-chrome-arsenic CCCA> 

salts are general purpose preaervativea. Others, such as boric acid, and 

sodillll fluoride, have specific, limited uses. Hence the choice of 
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preservative will depend upon the aqencies of deterioration <biological. 
111echanical. etc.> aqainst which protection is required, and the condit­
ions to which the timber will be exposed in service. In choosing a 

preservative. consideration should be qiven to the possibility that the 

nature or level of the hazard miqht change, in the course of time. 

5 .1 General Requirements 

The biodeterioration of wood <i.e. the deterioration of wood caused by 
living organisms> and some forms of mechanical breakdown can be greatiy 
reduced or retarded by the correct use of certain oils and toxic chem­

icals that. collectively, can be called 'wood preservatives'. These pre­

servatives may be applied to the qreen loq to prevent fungal or insect 

da.a9e for a few weeks before conversion: to veneer or sawn timber for 
short-term protection during dryinq, shippinq or storage; or to the 

final product to confer resistance for many years to decay, termites. 

borers. marine organisms and such mechanical agencies as weathering, 

splitting, or water absorption. Fire-retardant compourds are sometimes 

grouped with wood preservatives and some proprietary products contain a 

mixture of fire-retardant and wood-preserving chemicals. Because of 

these varied uses there are many different preservative formulations, 

though in general, all comply with the following main requirements. 

Ca> Toxicity 
The first requirement is toxicity or repellency to the orqanism<s> to be 

controlled. Few chemical compounds are equally effective against both 

fungi and insects and within any qroup there are often some organisms 

which have unusual tolerance. In most cases, therefore, preservatives 
based on a sinqle toxic compound are best restricted to specific uses, 

such as borax for Lyctid and Anobiid control, while mixtures a~e 

preferably used as general purpose preservatives. 

< b > Permanence 
Although a high deqree of perlll!lnence is not essential for all uses, 

premature failure can be expected if a preservative does not withstand 

the conditions of service for the period required. ~'hen selectinq a 

preservative the conditions of service muat always be considered in 

con)unction with the required period of service. The more volatile 

preae.--vativ~s a::e unsuitable Jhere lonq-term protection is required, 
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particularly if the rate of evaporation ia increased by ex~ure to hiqh 
teniperatures. Preservatives which can be leached easily from the wood 

are unsuitable for UR umer wet conditions though they may qive 

protection for a lifeti..e if ~e tiaber is kept dry. 

cc > Penetration 
However toxic or per11anent a preservative may be. its effectiveness over 

any long period is dependent to an i11POrtant eitent on the type of pene­

tration obtained in the wood. Superficial coatings or s.'lallow or erratic 
penetration cannot be expected to give protecUon for a.s long as deep 

unifo[11 treat.lent. Such treatment is dependent on the 11ethod of applic­

ation. the penetration properties of the preservative. and the perM­
ability <or 'treetability'> of the tillber. The latter is of Rll!ljor 

importance althouqh when sufficiently dry the .apwood of most tilllbera is 
fairly readily penetrated. The heartwood is lllUch 110re difficult to treat 

and many timbers including the eucalypta, are in the 'very difficult' 

class. In practical ter11.s this meens that to obtain deep, unifort1 penet­

ration in sawn timber, it is neceaaary to select the tilftbe[' apecies, the 
preservative and the treatment method with considerable care. 

Cd) otber reauire!leDta 
There are various other properties of a preservative which are either 

essential or desirable dependinq on the particular use. These include: 

safety in use: 
low toxicity to people: 

low fire hazard: 
cleanliness and a.baence of objectionable or persistent odour and 

colour: 
envi['onmental acceptability (for both the treated wood and wastes>: 

negligible corrosive action on ca.non 11etals 
readily identifiable c~ detectable in treated wood: 
minimal interference with qluinq, painting or other finishing: 
cheapness and ready availability. 

As there is no ideal preservative it is neceaaary to select one which 
meets essential requirements and then to adjust the methods of treatinq 
and handling the tillber to minimize any inherent disadvantages. 
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5.2 Classification of Preservatives 

There is no univer~lly accepted system of classifying wood 

p1·eservaliVf·!S hut fable 5.1 dn\w~ the main prac-tical d1stinct1ons. 

TABLE 5.1 TYPES OF WOOD PRESERVATIVES 

Type Usual Tr~ataent Methods Examples of each type 

A. Permanent oils Pressure or open-tank Creosote oils, mixtures 
(thermal process) of creosote with tar or 

mineral oils, oil 
solutions of pentachlo-
rophenol, creosote-
pe:itachlorophenol mix-
t.ures. 

e. Fixed waterbone Pressure, sap replace- Metal-chrome-arsenic 
preservatives (CCA) ment mixtures such as 

"Boliden," "Celcure" 
and "Tanalith" salts. 

c. Unfixed diffusion Steeping, dip- Boron compounds, sodium 
preservatives diffusion, pressure- fluoride, multisalt 

diffu,ion diffusion mixtures. 

D. Aqueous dippinq Spraying or dipping Loq sprays, anti-satin 
and sprayinq to give superficial or dips, timber stack 
preservatives envelope treatments sprays, termite soil 

poisons, etc. 

E. Light organic Brushing, spraying or Water repellent 
solvent preserva- dipping to give dipping preservatives, 
tives (LOSP) superficial or metallic naphthenates, 

envelope treatments various organic 
fungicides and insect-
icides. 

F. Glue line additives For addition to glues Arsenic, chlorinated 
for plywood used for bonding hydrocarbon insect-

plywood icides, etc. 

5 . 3 Fixed Oil Preservati v~s 

Cai Creosote oil 

Creosote oil is probably the best known and most widely used preservat­

ive in the world. It is generally regarded as setting the standard of 
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permanence and reliability foil- a general-purpose wood preservative for 

outdoor construction timbers such as sleepers, poles, marine piling, 

etc. Almost all the creosote oil currently used in Australia for wood 

preservation conforms to the Australian Standard AS 1143-1973. It is 

produced by blending distillate fractions from coke-oven tar. The pro­

duction closely follows the specification used in Anterica for the 

production of high temperature creosotes but, due to subtle differences 

in composition, the Australian creosote produces an undesirable deposit 

('crud'> on the surface of treated wood. Transmission-line poles, when 

so treated require a long period of 'weatherirq' before becoming accept­

able to linesmen who must work on them. In an effort to overcome this 

objection, Government and industry are working together to develop an 

emulsified pigmented creosote CPECC). Test results so far obtained with 

this material are promising but additional field and laboratory testing 

is still necessary to confirm the preservative effectiveness of treat­

ments made with this modified product and to ensure the acceptability of 

the treated timber to the work force. 

Cb> Creosote mixtures 

Hixtures of creosote oil withtar or mineral oil have been used to a 

considerable extent in the US mainly for sleeper treatments. They have 

not been used conwnercially in Australia althouqh, in experimental tests 

of pressure-treated radiata pine sleepers in South ~ustralia, a mixture 

of creosote and furnace oil C60:40> has shown a slight superiority over 

creosote alone because of a small improvement in the mechanical life of 

the sleepers. This result, due to better weather protection, is common 

with heavy mineral oils and must be set against their tendency to cause 

formation of troublesome sludge when mixed with creosote. 

<b> Tar 
Tar used alone is not a good wood preservative because it is less toxic 

than creosote and usually is less able to penetrate wood. Its use as a 

surface coating to improve service life of timber in qround contact is 

of doubtful value. 

<d> Pentachloroohenol and arunic in creosote 
The addition of about two per cent pentachlorophenol to creosote oil to 

increase its toxicity to fungi has gained favour in the US for some pole 

treatments. It is not commercially used in Auatralie but it may be an 
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advantage for some round eucalypt timbers where it is difficult to 
obtain the desired minimun creosote retention. 
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Addition of arsenic trioxoide to creosote to improve termite resistance 
is also possible and 11ay in the future find application in areas of hiqh 

termite hazard. 

Ce) Pentachlorophenol in mineral oil 
A five per cent Cby weight> solution of pentachlorophenol in a non­

volatile mineral oil such as furnace oil may be considered as 

approkimately equivalent to creosote oil for the treatment of sleepers, 

poles. etc. Compared to creosote oil, this solution is: 

- more resistant to weathering; 
ineffective against marine borers; 

- often dirtier to handle, and more likely to cause skin irritation. 

<Because of this problem, its use is restricted in some countries.> 

Although a five per cent solution of penetachlorophenol in heavy oil 

tias qiven good results under a wide variety of conditions, it is not a 

good insecticide and needs to be reinforced with a persistent 

insecticide if required for use where there is a hazard from both 

decay and insects - particularly termites. 

~.4 Fixed Waterborne Preservatives 

<a> Hetal chrome-arsenic salts 
There have been many attempts to devise mixtures of inorganic compounds 

which will dissolve in water to produce stable solutions but which will 

react or 'fix' in the wood after treatment to form more or less insol­

uble toxic compounds. Probably the most successful of these fixed 

~aterb9rne preservatives have been the metal-chrorne-arsenic salts which 

are now widely used as general-purpose preservatives. As used 

commercially in Australia today these are all products of the copper­

chrome-arsenic CCCA> type. These preservatives should be referred to by 

their trade names in specifications so that equivalent retentions can be 

SH. 

Preservatives of unkown or confidential composition can rarely be 

recommenaed. The user should not be asked to trust secret formulations 
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which may vary in composition without his knowledge and uhich he c3nnot 
assess by an quick practical test. Premature failure of treated wcod is 

often disastrous but. as it nay not occur for several years. it is more 

likely to damage the reputation of the wooden pc-oduct than that of the 

preservative which is easily chanqed in name ard composition. 

The composition of the majority of the CCA preservatives currently 
available connercially in Australia is listed in an Apperdix to AS 1604. 

A summary of their elemental compositin is presented in Table 5.2 

TABLE 5.2 COPPER-CllROKE-ARSENIC PRESERVATIVE 

Type of 
Eleonental COllPOsition (per cent) 

Preaervative Fontulation Copper Chromiua Arsenic Zinc Phosphorous 
(CU) (Cr) (As) (Zn) (P) 

Boliden lt.33 oxide 11.e 13.8 22.3 • • 

Cel::ure A } ult 8.1 14.l 14.8 • • 
Celcure AP 

Tanalith C ult 8.9 15.9 11.l • • 

sarmix 3 aalt 8.9 15.9 11.3 • • 

Tanalith CA ult 8.9 15.5 21.0 * • 

CS I RO JS aalt 7.3 10.9 10.3 3.9 4.6 

CS I RO 30 oxide. 10.4 15.S 14.6 5.6 6.5 

Some of th.ase preservatives CZ1'6 now being produced L1ith loJJer wter content 
by using some anhydrous 11alts. Ths above is. houever. stilt thsir nominal 
elenMntai composition. 

The toxicity of these preservatives to insects is dependent almost 
entirely on the arsenic content while both co~per and arsenic are toxic 
components for funqi. The chromium is relatively non-toxic, its function 

beinq mainly to control solubility and fixation and to prevent corrosion 

of metals. 

It should be noted that differences in the toxic content of these 
preservatives do not indicate that one is superior to another, but only 
that different amounts <or 'retentions'> in the wood may be necessary to 

secure the same result. 
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The difference between oxide and salt type fonnulatio~ should be ~nder­

stood. In the latter. some sodium or potassium sulphate is fanned as a 

by-product of the fixation reaction and this may crystalli=e on the 

surface of the wood as a faint "1hite bloom during drying of the treated 

timber. Il is not poisonous or deleterious to the preservativ~ and it 

readily \lashes off. In oxide formulations this by-product is not fanned. 

It is claimed that, for this reason. "100d treated "1ith an oxide formul­

ation has higher practical importance even in electric transmission 

poles. is controversial. 

Cb> Zinc or copper oentachloroohenate 

These compounds. "1hich have 10"1 solubility in "1ater and high toxicity to 

fungi, are used to a limited extent in "1ood preservation. Zinc penta­

chlorophenate has been used commercially in Australia for treatment of 

plywood by dipping the veneer in t"1o different aqueous solutions to fonn 

the insoluble toxic compourrl in the "1ood. Copper pentachlorophenate is 

generally more toxic to fungi but being strongly coloured has more 

limited use. The addition of arsenic or other insecticides to both these 

preservatives seems desirable where there is a termite hazard. 

<c> Other fixed preservatives 
There are several other well-known preservatives which fonn more or less 

insoluble compounds in the wood. These include -

Celcure non-arsenical 

- acid copper chromate 

f,hemonite 
- Ammoniacal copper arsenate 

·- Ammoniacal copper caprylate 

Ammoniacal copper pentachlorophenate 

- Solubilized organo-tin compounds 

Several Wolman salts 
- f ! uor--chrome 

- f luor-chrome-arsenic 

- chromE:-arsenic 

·· copper-chrome-boron 
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Some of these preservatives confer high resistance to both decay arid 
insects. llnd are well fixed. Others are relati\'ely infenor in one or 
other aspect or have other diSt'dvantages. All. however. are potentially 
usable under some conditions. 

~.5 Non-Fixed Diffusion Preservatives 

<a> Penetrability 
With fixed waterborne preservatives such as copper-chrome-arsenic salts, 

which are usually applied by pressure treatment, initial penetration 

occurs only where the solution can be forced into the wood. Fixation 

within the wood is usually rapid and truise preservatives soon become 

insoluble and incapable of further movement. The penetration pattern is 

thus fairly sharply defined and any areas which resisted treatment 

during the pressure injection remain untreated. 

Diffusion preservatives are also water soluble but differ from fixed 

salts because they do not form insobble compounds in the wood, or at 
most, do so only very slowly. They thus retain their ability to move <or 

diffuse> in the wood over lonq periods if conditions are suitable. This 
diffusion is not a quick mass movement of solution as occurs durinq 

pressure treatment but is the slO\I passage of molecules or ions of the 
preservative from cell to cell through the water in the wood. Provided 

the wood is green or semi-green, this movement will continue in both 

sapwoo~ and heartwood irrespective of whether the latter can be 

penetrated in pressure treatments. It will also continue in wood which 

has been previously dried but which has become wet again. Although 

diffusion is a relatively slow process, considerable penetration in 

green wood can generally be obtained from a concentrated surface 

application of preservative, provided the wood is prevented from drying 

out for a few weeks after treatment. 

<b> Aoplication 
Where more rapid treatment is required, the methods commonly used for 
Lyctid immunization of sawn timber in Australia may be used. These are 

hot treatments in which the timber is either steamed or is heated in the 
solution and is then allowed to cool down for several hours Yhile still 

immersed. Since the timber is usually either qreen or semi-green when 
treated, these methods combine open-tank method Yith diffusion 
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treatment. i.e. the volune of solution in ~he tank decreases because of 
!Wlution absorption and its cooc.:mtrdtion also decreases bec~use of 

diffusion of preservative into the wood. As relatively weak soluti•)f\S 

ltre used end as the open-tank etfect is considerable. the sap.rll<Xi is 

usually much more heavily tredtt'd than the hea1-tlol00Cl. In Lyclld 

illlllUnization this is a desirable ~conomy. 

It should be clearly understood that most diffusion preservatives will 
leach out of wood used in ground contact or exposed to wetting for any 

considerable period. Diffusion preservatives are therefore suitable 

Minly for timber or plywood and used irdoors or protected from \letting 

by a well-maintained paint system. 

As there are large differences in the rates of diffusion of different 
preservatives. those used in diffusion treatinents should be selected as 

far as possible from compounds in which the toxic ions are relatively 

fast inoving. 

Cc> Diffusion preservatives 
Ttae main diffusion preservatives used or available in Australia are 

Boron Compounds, the effectiveness of which, in preventing Lyctid borer 

attack, has been demonstrated for more than 30 years. These compnurds 

have found wide use in Australia fo1 this purpose ard more recently in 

New Zealand for prevention of both Lyctid and Anobiid borer damage. 

Also, it is now known that boron compounds have considerble toxicity to 

most wood-destroying fungi and useful toxicity to termites. Because of 

fast diffusion rate, low chemical cost and clean, colourless treatment, 

t.hey are particularly suitable for diffusion treatments of building 

timbers. 

Cd> Boron comooundg 
Ttae main boron compounds of value in wood preservation are listed below. 

The toxic content has been expressed as per cent boron <B> in the pure 

c:ompound. 

Ci> Qoric acid CH,80 3 > - 17.48% CB>. Boric acid is usually more costly 
per toxic unit then borax. It also has the disadvant~ge that 

solutions used for treating wood should be kept from contact with 

iron which causes inky discolouration due to formation of iron 
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tanno.te. Solubility at ~o·c is a.bout 4.6\ mass/mass (4.c g Boric 
Acid in 100 g water>. 

<iil Borax decahydrate <Na,B,Oz.lOH,Q) - 11.31\ <B>. Because of high 
water content <about 47%> and bulk. this compound is usually less 

economical to use than borax pentahydrate. though otherwise it is 

quite suitable. Solubility at 2o•c is about 4.9% m/m. Unlike boric 

acid. it does not react with ferrous metals in a treatment plant. 

<iii) Borax pentahydrate <Na,B,01.5Hz0) - 14.85% CB). This is widely 
used in Australia for Lvctid inwnunization of sawn timber and 

veneer. Because of lower water content Ca.bout 31%) and less bulk 
than borax decahydrate, its price per toxic unit is generally 

lower. In common with other borate solutions for treating wood, it 

can be used in iron tanks without causing danger of discolouration 

from formation of iron tannate. 

<iv> Borax anhydrous <Na,B,Oz> - 21.49% <B>. Contains no water of 
crystallization and is more difficult to dissolve than the 

hydrated forms. 

(v) Sodium 1:5 borate CNaaBaa0.,.10H?0) - 18.32% CB>. The compound. 
often called sodium pentaborate, is much more soluble in cold or 

warm water than boric acid or borax and is hence suitable for dip­

diffusion treatments where a cold or warm, concentrated solution 

is required. It can be purchased as pentaborate or can be made by 

mixinq 100 parts <by mass> of boric acid CH3803) with 78.5 parts 

of borax pentahydrate <Na28401.5H20), This mixture contains about 

16.32% B. 

<vi> So<iiurn 1:4 b9rate Capprox. HAzB,Q, 3 .4Hz0) - 20.97% <B>. This 
compound, sometimes called sodium octaborate, is higly soluble in 
warm water and is commonly usedin dip-diffusion treatments of sawn 

timber in New Zealand. Up to about 2o•c it is not highly soluble 

but thereafter its solubility increases more rapidly until it 

becomes suitable for dip-diffusion treatments requiring 

concentrated solutios at temperatures of about 30 to ss•c. It can 

be made by mixinq 100 parts Cby mass) of boric acid (H3803) with 

117.5 parts of borax pentahydrate <Na2B.o,.SH20>. This mixture 
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contains about 16.06~ B. Its solubility at 2o•c is approximately 
10% m/m. 

Cvii> Sodillll borofluorides. A highly soluble complex is fanned when 
boric acid CHJBOJ> and sodillll fluoride CNaF> are dissolved 

together in the ratio of four parts Cby rnass> of H3 BO-. to one part 
NaF. This mixture contains a.bout 13.99% CB> and 9.05% CF> and is 

more soluble in cold water than the boron compounds previously 

described. Its solubility at 20•c is app~oximately 27% m/m and it 

is particularly suitable for cold dip-diffusion treatments. 

Ce> Fluorine compounds 
Sodi1.111 Fluoride CNaf) - Sodiln fluoride is used as an alternative to 

boron compounds for Lyctid in111unization of plY\lood by dip-diffusion 
treatment of the qreen veneer. Unlike boron c0111pounds, which do affect 

the water resistance of some phenolic glues, sodiln fluoride does not 

seem to cause any gluinq probletr.s. However, as a lycticide its cost is 

higher per toxic unit and more care is necessary to avoid health 

hazards. It is not a good termiticide. 

<f > eomolex diffysion preservatives 

Ci> BLUE 7 diffusion oreseryative. This preservative is particularly 
suitable for the in situ treatment of any partially decayed wooden 
member which still reteins sufficient mechanical strenqth to be 

useful. Applied .as a brush coatinq or surface spray <with slight 

dilution> it will penetrate damp and/or decayed wood and prevent 

further decay. When used in the repair of window sills, and 

similar building timbers, pockets of badly decayed wood should be 

scraped reasonably clean prior to the application of the BLUE 7. 

BLUE 7 was developed for the treatment of centre rots in power 
poles but it has proved to have much wider application. Recently, 

it has been released for general use and is now available in small 

lots for domestic purposes and in larqer lots for industrial uses. 

It is supplied as a concentrate, consisting almost entirely of 
toxic components ard, aa supplied, contains 10.4% copper, 13.1% 

fluoride, 6.8% boron and some ammonia. It is safe to handle and 
presents minimal pollution problems either in service Cwhen it llldY 
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be covered with paint> or in the subeequent disposal of ~ny 
unwanted treated wood. The recommended rate of USdge is about 8 to 
10 kg/ml. 

BLUE 7 ~ould not be used where direct and continuous leaching is 
likely to occur. It is not intended for use in grourn contact arrl. 
above ground. may need replenishment every 5 to 7 years unless 

protected by paint. 

Cii> pie-diffusion creservative. Variously known as CSJRO·s oatent 
preservative. BFCA Cborofluoride-chrome-arsenic>, am dry-mix, the 

components of this preservative can be prepared in several forms 
including a dry powder <hence 'dry-mix'>, as a one-pack mix, a 

Lwo-pack mix or as separate components. All fo['IQS are highly 

soluble in cold water and will readily form solutions in excess of 

30% Cm/m) concentration. According to the actual formulation use, 

the preservative will contain 10 to 13% elemental boron, 6 to 8% 

elemental fluorine, 3 to 4% elemental chranil.111 and between 6% arrl 
8% elemental arsenic. 

Among its many advantages, the dip-diffusion process requires no 
monitoring of treatment solution concentrations or composition -

provided that the several components are supplied and used in 

their correct proportions. Immersion in the treating solution is 
only momentary and contact between the green wood and the treat­

ment solution is too brief for any differential absorption to 
occur. Penetration of the preservative takes place away from the 

treatment solution in diJfusion stocks Cor sweat boxes>. 

The preservative treatment has been successfully used in Papua New 
Guinea for over 20 years for the control of insect attack and 

decay in building timbers, including exterior joinery. In spite of 

this satisfactory service record in tropical climates, and 

although some fixation may occur, this preservative is regarded as 
being leachable and is not recommended for use in ground contact. 

Best results will be obtained when it is protected from the 

weather by pointing or when used indoors. 
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Cg> Aqueous diooim am sorayinq preservatives 
Wood preservatives in this category are used mainly in superficial 

treatments such as spraying of logs, anti-stain dipping or sawn timber. 

etc •• where long term protection is usually not required. However, some 

are used as termite soil poisons arrl in this case much highe&.- pennanence 

can be expected provided the application is not superficial. 

Some of the main compourrls arrl their uses are: 

Ci> SOdillll oentachlorophenate. This compound has very high toxicity-to 
almost all fungi including conunon moulds many of which are not 

deterred by treatments effective against wood-destroying fungi. It 

is water soluble while the solution remains alkaline, but will 

precipitate out as the water insoluble pentachlorophenol if the 

solution becomes even faintly acid <i.e. when the pH falls below 

7>. For this reason solutions used for dipping timbers often 

contain borax to supply an alkaline reserve or 'buffer' against 

the acidity of the wood. 

As sodium pentachlorophenate is a much better fungicide than 
insecticide, its use in log sprays is almost always in mixture 

with an insecticide interrled to control borers. 

Typical formulations for a log spray or an anti-stain dip for sawn 

timber are: 

Log spray <% mlm> 
- Sodium pentachlorophenate 
- Emulsif iable insecticide <as pure lirrlane, 

dialdrin, etc.> 

- Water 

CA colour may be added if required>. 

Anti-strain dip or spray Csawn timber> 
·- Sodillll pentachlorophenate* 

2.0% 

0.8% 

97.2% 

0.5% 

- Borax Penta.hydrate <Na2B.01.SH20> 1.5% 

- Water 98.0% 

C• Under difficult corrlitions 1% sodium pentachlorophenate may be 

necessary> • 
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<ii> Scxiium orthophenylDheno.te. As an alternative to sodium penta­
chlorophenate this water soluble compound is 110re pleasant to use 
and is less toxic to people. In general. somewhat higher concen­

trations are desirable. 

Ciii> SQQium salicylonilide. As the toxicity to people is very low for 
this odourless compound, it can be used for mould control in food 

stores or near foodstuffs where most other preservatives would be 

objectionable. 

Civ> Copoer-8-auinolinate. Water-soluble formulations of copper-8-
quinolinate <Coooer-8> have been tested et the New Zealand Forest 
Research Institute and have been shown to be suitable for 
application by spray or dip. Adequate control of moulds, stains 
and decay has been achieved with concentrations as low as 0.025% 

active ingredient. Copper-8 is not compatible with boron salts but 

may be used in conjunction with emulsif iable concentrates of the 

chlorinated hydrocarbon insecticides. It is somewhat corrosive to 
iron treatment vessels and solutions of this preservative tend to 

be unstable. 

Ch> eNlsions and suspensions 
Host modern insecticides are orqanic compounds which will not dissolve 

in water but which are widely available as emulsif iable concentrates or 
as water dispersible powders. Purchased in the2e fornis they can be 

readily diluted with water to form emulsions or suspensions. Many 

organic fungicides can be similarly prepared if required. Some current 

uses are: 

Ci> Termite soil pgiSQDS. Emulsifiable concentrates of aldrin, 
chlordane, dieldrin, heptachlor, etc. may be diluted with water 

and used as termite soil poisons. SOme of these c0111pounda are 
widely used in Australia for this purpose and if applied in 

accordance with the provisions of AS 20S7 are effective for many 

years. 

Cii> Iilftber stock 1proy1, The above insecticides, either as enrulaifi­
able concentrates or as wettable powders, may be uaed for te11POr­
ary in.ect pc-otection of aticka of sawn timber. Spraying with 
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lirdane or dieldrin at a concentration of 0.5% Cm/m calculated as 
pure active compourd> would be a typical application. It should be 
noted that, with pinhole borers, this type of treatment may not 

prevent damage entirely in freshly sawn qreen timber as the 

beetles can drill holes for eqq-laying so rapidly that some 

disf iqurement may occur before the insecticide can take effect. 

Ciii> House frame timber spraying. The most persistent insecticides, 
both oil solutions and emul-sions, have been used apparently for 

the control of powderpost beetle attack in newly erected eucalypt 

hardwood house frames. 

Applied as an overall spray coating, to the completed timber 
frame, such treatments may retard the rate at which these borers 

destroy susceptible sapwood but there is no evidence to indicate 

that the erd result is any different from what happens in houses 
which are not sprayed - it just takes a little longer. Such 

treatments are not reconunended by CSIRO. 

S.6 Liqht Orqanic Solvent Preservatives 

Light orqanic solvent preservatives CLOSP> are solutions of fungicides 
and insecticides either singly or in combination in non-swelling <non­

aqueous> solvents. These solutions may also contain wax and resin addit­

ives intended to repel water or impede its absorption thus contributing 

to the dimensional stability of the treated wood. Oriqinally, they were 

intended to give short-term protection to exterior joinery during the 

period .between delivery to a building site and completion of the struct­
ure. In more recent times, there has been a tendency to expect longer­

term protection from them. 

<a> Penetration 
These preservatives were once mainly applied by spraying, brushing or 

short-term dipping but, more recently have been used in increasing 

amounts in vacut111/pres&•Jre systems. With most timbers the penetrations 

obtained from surface ~pplicatio~o or short-term dipping is only super­
f ici41 and, on the side qrain, the protective envelope can be very thin 

indeed. End-grain penetration is usually deeper but varies greatly with 

the timber species and with the presence of sapwood. With relatively 
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impermeable timbers. such as eucalypt heartwood. the end-grain penetrat­
ion obtained from a J minute dip may amount to only a few millimetres 

~hile. with absorbent timbers or sapwood. it may exceed 250 nun. With the 

modern vacuum/pressure cycles sometimes used. the penetration is depend­

ent upon both the treatment schedule and the permeability of the wood. 

In any case. and for best results. liqht organic solvent preservatives 
should be applied only to seasoned wood after all machining and fitting 

has been completed. 

Cb> Application 
As a qeneral rule. superficial treatments do not give effective protect­

ion to timber used in qroun:l contact or fully exposed to the weather. 

Their main use is for timbers in service above qroum. where the hazard 

is moderate anci intermittent and where they are given some additional 

protection by painting or are otherwise sheltered. as by a roof over­

hang. Typically. they are used to protect exterior joinery by inhibiting 

water absorption at the joints and by providing protective envelope 

aqainst decay and insect attack. When timber so treated is cut or 

machined subsequent to treatment. the freshly expos~d surfaces should be 

given a saturating applicati~n of the preservative solution to restoce 

the protective envelope. 

Light organic solvent preservatives are now being offered for many 
purposes for which they were not oriqinally intended and some of these 

uses may involve hiqh hazards, or even soil contact. Under such condit­

ions of exposure, they cannot be expected to give as much protection as 

conventional pressure impreqnation treatments with fixed preservatives 

or with creosote oil and other preservatives in a heavy, non-volatile 

oil. 

<c> lcOSP Comoonents 

<i> Copper naDhthenote. A solution of copper napthenate in mineral 
turpentine or white spirit, containing at least 2% metallic 
copper, has been used as a coating or dippinq preservative for 

many yeats. It is durable, has a reasonable measure of water 
repellency and is quite effective aqainst both decay and insects. 

It has also been used on wooden boats, inside for protection 
against decay and outside for protection against marine borers, 
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prior to painting. After the solvent has evaporated, it has low 
toxicity to green plants and can, therefore, be used for the 
treatment of seed boxes. 

Copper naphthenate has a persistent and rather unpleasant odour 

and is usually slow to dry, but if allm1ed to dry for long enough, 

can be painted over. It has a strong, persistent green colour. 

<ii> Pentachloroohenol. Pentach1.orophenol <PCP> is very toxic to fungi 
but it is not particulary uf fective against insects. When used in 

modern, general purpose preservative fonnulations, it is usually 

reinforced by the addition of a persistent insecticide such as 

aldrin, chlordane, dieldrin or heplachlor. It may also be fort­

ified with tributyl tin oxide CTBTO) in some of the formulations 

used in vacuun and/or pressure treatment of joinery, etc. The 

formulations may also contain timber stabilizing and water repell­

ent compounds. If treated timber is cut, the protective envelope 

should be restored by saturating the freshly exposed surfaces with 
preservative. 

Pentachlorophenol is toxic to people and is liable to cause 

dermatitis, It has been banned in some countries. In spite of its 
disadvantages, it has been widely used and, no doubt, will 

continue to be used for some time but with considerbly more care 
and attention to sensible precautions. 

Ciii> Tributyl tin oxide, Tr-ibutyl tin oxide <TBTO> is the principal 

toxicant in many solvent-based preservatives and, particularly, in 

those used for the vacuum/pressure impregnation of exterior 
joinery, 

Although TBTO has insecticidftl properties, most proprietary form­
ulations contain insecticides as well as resins and waxes. TBTO is 

particularly effective against brown rots and, when used in 

conj\mction with other fungicides, such as pentachlorophenol, or 

quaternary ammonium compounds, can be a very effective 
preservative, 
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5.7 Glue Line Additives 

Borer and termite attack on plywood can be controlled effectively by the 
arldition of suitable insecticides to the glue. This simple treetment can 

be used with most qlues but has special application to phenolic resins 

used for exterior and marine qrad~ plywoods. ~ith these qrades of ply­

wood neither .boron compounds nor sodiun fluoride • .both of which are 

readily leacha.ble. can be recommenied for a prQduct that is sold as 

waterproof. Insecticides which are not readily leached and which qive 

good control of .borers and termites when incorporated into the glue are, 

therefore, attractive. The reconnerded qlue-line additives are amply 

described ard provided for in AS 1604. 

So far, the addition of preservatives to the qlue line has not been 
accepted by Australian research \KJrkers as a suitable process for 

increasinq the decay resistance of plywood. 
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6.0 EXTENDING THE SERVICE LIFE OF TIHBER CTIHBER PRESERVATION> 

INTRODUCTION 

Having chosen a preservative suitable to the anticipated ha~ard and 

service condition. the quantity or retention of the preservative and its 

distribution or penetration into the wood can be greatly affected by the 

treatment proces3. The choice of process will depend upon many factors. 

including the condition of the wood at the time of treatment <e.g. its 

moisture content>; the timber species <some species are more permeable 

than others>; whether the sectic.ns to be treated are natural rounds. or 

sawn (sapwood is always more permeble than heartwood of the same 

species>; the hazard and degree of exposure to which the treated timber 

will be subjected in service Ce.q. the hazard to building timber 

protected from the weather is generally lower than that to which 

exterior joinery is exposed and timber used in ground contact ~s at 

higher risk than timber used under qroud. etc.>. 

A wide range of treatment processes is available to the modern practit­
ioner of wocxi preservation. These range from simple surface applications 

and diffusion treatments requiring little capital expenditure to sophis­

ticated commercial operations using high autoclaves Cor cylinders> with 

automatic control of treatment variables such as vacuum and preesure. 

time and temperature, coupled to capacious storage tanks and backed up 

by modern lliboratory facilities for quality assurar.ce. In commercial 

ventures the scale of the operatior will be related to the capitalis­

ation of the treatment plant. 

The Australian Standard AS 1604 attempts to equate preservative penetra­
tion and retentions to the natural durability of the heartwood of the 

treated wood and the severity of the hazard to which it is likely to be 

exposed in service. It also lists the major commercial preservatives 

available in Australia. It does not place any restriction on treatment 

process but indicates results to be attained. 

6.1 Pressure Treatment 

When pressure is applied to the liquid in which permeable timber is 
immersed, the rate and depth of penetration are increased. This is the 
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basis of all pressure treatment. Vacuum pressure is a tenn used to cover 
most f orm.s of such ca.ercial treatments as these employ a vacUUR in the 
treabnent cycles. 
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Figure 6.1 Basic pressure treatment plant design 

The first requirement for the process is a steel pressure vessel or 
autoclave, with a pressure-tight door. The door can be held by bolts, 
but quick locking doors with hydraulic seals have obvious advantaqes. 

The basic plant, represented diaqrammatically above, requires a workinq 
tank with a contents qauqe: a pressure pump for applying pressure to the 
liquid in the pressure cylinder: and a vacUllll punp to fill it and to 

remove surplus preseivative from the surface of the timber and the 

necessary ancilliary pipinq and valves. In addition, a circulating Pll"P 
may be provided for punping preservative between cylinder and tank or 

for mixing by re-circulation. 

The pressure cyclinder must be protected by safety valves. A pressure or 
presaure/vacuun qauqe is essential. Plants usinq heat have a pressure/ 
temperature recorder on the cylinder and a thermo111eter on the workinq 

tank. A stora9e tank for reserve supplies is necesaary in a plant usinq 
oil and a mixinq tank with MChanical stirrer or other •ans of 



- 83 - TEW/17 

aqitation for a plant using wateroorne salts. Pressure vessels are 
usually required to withstard vacUllD ard hydraulic pressure of 140 kPa 

Cqauge> for low pressure treatment ard up to 7000 kPa Cgauge) for high 

pressure. 

To facilit~te manipulation, some types of preservative require heAting 
to reduce viscosity before they are punped into the pressure cylirder. 

This is accomplished usually by heating with steam coils or by e111ploying 

a heat exchanger. although in small plants electrical heAters can be · 

used. When heat is applied, both the cylinder and the tank must be 

cdequately insulated. 

Cylinder sizes vary from 1.8 metres long x 1 meter diameter Cfor the 
treatment of fence posts> to more than 25 met::es long <for poles>. Some 

cylinders are made larqe enough to accept packs of sawn timber alrecdy 

stripped for drying to avoid the extra handling costs, but such large 

cylinders require much more liquid to £ill them and, in some instances, 
it is cheaper to treat more charges in a smaller cylirder, in spite of 

the extra handling costs. 

Timber is loaded on steel boqies which run into the cylinder on rails 
over a movable bridqe which is removed to operate the door. These rails 

can connect with tracks to other parts of the plant. Liqht timbers must 

be restrained and the bogies held down to prevent them floating off the 

rails when the cylinder is flooded. 

6.2 Types of Pressure Treatment 

Different sequences of cycles of vacuum, air pressure and liquid 
pressure are used to obtain treatment retentions with various timbers 

end preservatives. The different types of treatment and their purpose 

ar':i as follows: 

Ca> full-cell treatment CBethell process> 
As its name implies, this treatment leaves the cells in permeable tilftber 
full of liquid. Vac~ is f irat applied to the cylinder to re1110Ve as 

•uch air as poe1ible from the timber c ... Fiq. 2>. The sue vacuun is 
111aintained while the cylinder ia filled with preservative aolution and 
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pressure is then applied until refusal* is reached. The pressure is 
related ard the cylinder emptied after which a short final vacutm is 
applied to recover 'drip' or we.ste that would otherwise occur: finally 

the vacUlD is relHMd. 
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Ca.nonly, two or three hours of treatment Card this includes initial and 
final \""acuum of 30 minutes each> are required for a permeable timber 
such as Pious rodiata sapwood. Kuch longer vacU\.111 and pressure periods 
may be needed with semi-permeable timbers <such as the heartwood of 

Western hemlock, Ill.RO heteroDbyllo> to obtain sufficient retention ard 
penetration of the preservative. Total treatment times of 12 hours or 

even longer are costly, but may be inexpensive when compared with the 

cost of premature failure in service of imperfectly treated material. 

Full-cell treatment is also used for the treatment of semi-permeable or 
refractory heartwood with preservative oils. Hardwood rail sleepers are 
usually treated in this way to obtain inaximun retentions. 

* Refuel may be defined aa the atage in the treat111ent when the quantity 

of preaervative at.orbed in any two cOnMCutive 15 •in.it• perioda will 
not exceed 1\ of the MOUnt already amorbld. 
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<b> E!notv-cell treatments 
These treatments depend on the expansion of air trapped in the ti•ber 

during treatment to expel excess preservative frOll the cells after 

pc-essure has been released. Their use ia essential when .axiiaum pene­

tration without excessive retention of preservotive oils is requirtC!d in 

110re permeable t.illbera. 

Ci> The Lowry process CFiq.J> is the simplest and most commonly used 

form of empty-cell treatment. In it the preservative 1s adaitted 

to the cylinder without drawinq an initial vacuua and at110Spheric 

air is released from the top of the cylirder as it fills with 

liquid. When pressure is applied the air in the tilllber is c011-
pressed as the liquid is forced into the timber. After the desired 

qross absorption of liquid has been achieved, preferably at 
refusal, the pressure is released and a short final vacuun is 

applied during which time a proportion of the liquid, known as the 

kick-back, is forced out by expansion of the air compressed in the 

cell cavities. 
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Figure 6.3 Lowry 'Empty Cell' treatment 
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<ii> In the Ruepinq orocess <Fig. 4>, the charge is sealed in the 

cylinder which ia then filled with compressed air to a i;redeteI"lll­

ined pressure. Preservative is then p..lllped in against this 

pressure which is prevented froa rising by bleeding air fro11 the 
top of the cylirder as the cylirder fills. When the cylirder is 

full hydraulic pressure is applied followed by a final vac\J\Mft. 

Kick-back is qreater with this process than with the Lowry cycle 

and it is mainly used for every permeable liqhtweiqht timbers. In 

Australia it has been used for treating radiata pine with creosote 

for poles, posts and rail sleepers where control of final retent­

ion is essential for economy ard to prevent bleeding. 
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<c> Oscillotinq creuure croc•u 
The 011eillating pressure method CFiq. S> is a variation of the full-cell 

process for the treatment of softwoods of hi9h moisture content with 
waterborne preservatives. By the uae of rapidly alternating cycles of 
vacuun and hydraulic pr'!saure it replaces some of the free water C'sap') 
in the timber with preservative solution. An automatic controller is 
used to apply vacUlm preuure cycle• to the preuure cylinder. 
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Research in New Zeeland has shown that Pinus r~diata can be successfully 
treated by this method provided that it is partly air dned first .snd 

that the repeated application and release of pressure is sufficient 

without the use of vacU\.11. the process in use in New Zealand uses boron 
compounds as the preservative. With CCA preservdtives th~ process 

requires careful control of solution strength and chemi~al balance as 
theM may alter durinq treatment. 
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This process depends primarily on creating a vacuu~ inside the timber 
and then using this to draw preservative fluid into the timber; the 

impregnation period is usually at atmospheric pressure, although in some 

variations it may still be under vacuum. W~th semi-permeable timbers, or 

to obtain i'1iqh preservative loading, a positive pressure may also be 

used when it js necessary. 

A final vacuum serves to remove excess preservative from within the 
wood. Complete penetration of permeable sapwood is achieved, but retent­

ions are controlled at a low level since the double vacuum technique is 

used with organic solvent preservatives for treatment of window frames 
and other buildinq timbers which are to be painted. 

<e> Liguified gos process 
This process utilises a gas such as Butane which can be liqu1f ied by 

cooling or by compression and used as a solvent for or-ganic preserv-
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atives. The treatment is a pressure process which has the advantage that 
nearly all excess solvent evaporates from the tJOOd at the conclusion of 

the treatment cycle, and renders the wood ready for innediate use. 

The wood is placed in a treatment cylinder and an initial vacuum 
applied. The cylinder ia then purged with an inert gas until safe con­

mitions have been achieved and a second vacuun is applied. The preserv­

ative solution is then run into the cylinder ard the pressure is 

increased by applying heat. At the conclu.qion of the pressure P'lase.­

excess liquid is returned to sloraqe and the pressure in the treatment 

cylinder slowly reduced down to vac\Jllll conditions. A second inert qas 

purge is then applied and when safe conditions have been achieved the 
wood may be removed from the cylinder. 

The process possesses the advantage that penetration into some se11i­
permeable species can be achieved and the wood is innediately ready for 

finishing due to the absence of solvent. 

6.3 Non-Pressure Treatment 

Althouqh pressure treatment is qenerally reqarded as the basis of 
r.ommercial preservation, the method described below are important for 
particular purposes and in ,p,ome instances are the only means of treating 

a particular type of timber or of treating timber in situ. 

6. 3. 1 Surface treAtments 

Ca> Surface coatings 

<i> Brushing. Brushing is the simplest and most readily available 
method of applying a wood preservative. and is particularly useful 

to the general public and for on-site treatments in building, 
particularly where working of pre-treated timber exposes a fresh 

surface. It is mostly associated with orqanic solvent type wood 

preservatives or with lower viscosity qrade of creosote. 

Preservatives should be brushed on to clean and dry timber in 
flood coats, with the second and any subsequent coats being 
applied after the previous coat has soaked in but before it has 
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dried. The preservative should not be brushed out to cover a large 
area. but eufficient flood application must be given to achieve 

the dpplication rate recommended for the preserv.stivP being used: 

this usually nel·esa.itat~s two or thl·ee 5pplications. 

The p1·eservative should be applied at the appropriate rate to all 
sides of the wocxl and must be flocxled on to the end grain. When 

treating made-up components Ce.g. furniture>, the preservative 

should be flooded into joints. When used for woodworm eradication, 

it is beneficial to flood into old flight holes. 

The life of superstructures, such as fencing and huts and sheds, 
will be extended by several years by brush application of a suit-

able preservative and may be prolonged almost indefinitely by 

applications of wood preservative at intervals of three or four 

years. care must be taken to ensure the preservative enters all 

joints where water might lcxlge. 

<ii> Soroyinq. Spray application of wocxl preservatives is generally 
comparable in its results to brush application, and can be carried 

out as an alternative to brush treatment under appropriate circum­

stances. Spray treatment is the most common and widely-used method 

of application of wood preservatives in the in situ erdication of 

wocxlworm. 

The preservative should be f locxled on to the surface until a 
slight run-off occurs. If the resultant absorption is less than 

that recommended for the preservative being used, further applic­

ations should be made after the initial treatment has soaked in 

but before it has dried. 

For pre-treatment, the preservative should be applied to all sides 
of the timber, and for in situ eradication to all accessible 

aides. Particular reqard should be paid to end qrain and joints 

which should be thoroughly flooded. 

Ci1i) Delug!nq. In deluging, the timber is passed through an enclosed 
tunnel in which preservative is applied to it from various types 

of jet: in different makes of del~e tunnels these vary from spray 
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jets similar to those used in normal spray application to a number 
of small jets or a single jet from a large diameter pipe. 

Deluging is mostly used for application or organic solvent pre­
servatives. but tar oila. creosote ard certain types of Yaterborne 

preservatives may also be applied by this method. 

Deluge treatments can be used for the pre-treatment of timber in 
situations where a brush or spray treatment could also be consid-

ered. but they offer qreater through-put ard 1110re uniform applic­
ation for irdustrial use. 

Cb> Bardaqe aoolications 
Bardage treatments are useful in prolonging the life of pole which are 

partly decayed. A porous medil.111 or an emulsion containilYJ a diffusable 

preservative is applied to the surface of the pole at the qroundline. 

Diffusion of the preservative outwards into the soil at, ard below. the 

groundline is prevented by a Yateqroof lllE!IUrane. 

CSIRO has developed a bardage syste111 in which polyurethane foaa has been 
pre-imprec;natt::d with dif fusable funqitoxic chemicals contained within an 

outer protective sheat~ of polyethylene. The bardage is applied to the 

pole at qroundline and is heat-shrunk into place to ensure a close fit. 

Cc> The oxy-cbor nroceu 
This process is an effective maintenance treat.Ment used on standing 

desa:pped durabl~ poles showing partial decay. Checks and d.~cay pockets 

at groundline are scraped free of soil and scoured with a very hot flame 

which bur'i's all the decayed wood and sterilizes that adjacent to it. The 

surface of the pole is then charred and while still hot is sprayed with 

creosote. The disadvantage of the treatment is the 811511 loss of cross­

section that occurs each t.i• it ia repeated, usually every J to 6 

years. 

6.3.2 Cold sgokinq 
The ef fectiveneas of this treatment is related to the ti11e for which the 

timber is immersed. With many of the pre .. rvativea prepared for theae 

treatments, recommended immersion ti•• raBJe from three minutes Cdip 
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treatment> for many building timbers to several hours for fence prJsts in 
ground contact or other hazardous situations. 

The clean and dry tiiiibers are totally immersed in a tank of preservative 
fluid. Immersion t~eatment is used for all types of wood preservatives 

but it is most usual with organic solvent preservatives or low viscosity 
creosote. The treatment is normally carried out in ambient temperatures. 

An exception to total inmersion is the butt treatment of fence and other 
posts where an effective economical treatment can be given by soakini;J 

the butt-end only. to about 300 nun above qrounci level, in preservative 

for several hours and treating the remainder by a much shorter immersion 
or by brush or spray. 

6.3.3 The hot and cold bath process 
This process involves heating the dry timber in steam, hot water or 

liquid preservative to drive out most cf the air, followed by coolirq in 

preservative, when atmospheric pressure assists capillary forces in 

moving the liquid to replace the air d~iven out. Heating is best done 

close to boiling point <too•c> or hiqher if oil or steam are used. 

Heating time is approximately proportional to thickness. As a general 

rule one hour at the maximum temperature is required for each 25 nvn of 

thickness, but where poles or round timbers require treatment of a 

narrow sapwood only, this time may be reduced. Where time is not 
critical, e.g. in an overniqht tr~atment, it may be expedient to reheal 

the preservative next day to drive off surplus liquid and improve 

surface cleanliness: this is known as an expansion bath. 

Hot and cold bath treatment can be done very simply in a drum over an 
open fire but for effective control and safety the preservative is 
usually heated by steam coils or low-temperature electric elements in an 

insulated tank. Poles and peats can be treated full length in the 

horizontal position or butt treated in the vertical position, to save 

heat and preservative where protection of the sapwood above ground is 

not essential. In either case, adequate lifting 9aar is needed. Hot and 

cold bath treatment is not used with the 'fixed' CCA preservatives, as 

solutions are not stable at hiqh temperatures. It is a very satisfactory 
method of treatment if using creosote and other oily preservatives, or 
oolutions of single waterborne salts. 
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6.3.4 Sapwood replocement metboda 
This term covers a variety of similar treablents of green round timber 

in which SOiie of the free water or sap is relllOVed fr011 the sap,IOOd ard 
replaced by a wterborne preservative solution. One method, the 

Boucherie process, in which solution under pressure is applied to one 
end of the freshly cut log or pole. has been in use in Europe for over 

100 years. Modern variations of this include the application of vac\J\m 

to one erd of the log or even imersing the log in liquid under pc-essure 

at the same ti•. 

A si11Ple fora of sap-replacement can be used to treat round hardvood 
fence posts ard smll poles. Freshly cut green posts are barked ard 

their butts imaersed in a 3.5~ concentration of copper-chr0111e-arsenic 

solution. As the sap evaporates fro9 the exposed surfaces. solution is 

drawn up to replace it. Before .111 the aolution is ueed, the posts are 
inverted to treat the top ends. In qood drying weather, posts can be 

treated in about one week. llthoul)h the distribution of pc-eservative in 
the sapwood is not miform the trMt.ant has proved both cheap and 

effective. In re110te areea uhere i-sregnation facilities are lacking, 
for those venting a fev posts for their own use. this proceaa is very 

cheap ard si111>le. 

The aap replaceMnt iroceaa is rec~nded for trHting sound, green 
hardwood posts with waterborne preservatives. The hot and cold bath 

method is uaed to treat dry tilllber with oils ard oily preMrvatives. 

e.9. creosote. CSIRO however, experi•ntally treated aa.e Victorian 

green pine post• ming a variation of this proceaa. Freshly cut poaU 

were substantially. but not ca.pletely. i ... raed (vertically or 

inclined> in hot cremote for about aix houra at CJD to tOO•c and vece 
then allowed to cool to !>O•c Cuaually overnight>. l very thorouJh 

treablent of the aoftvood pasta reaulted. 

6.J.5 Diffuaion grpc;tllf• 
These proceaaea are bued on the fact that chetlical• in aolution will 

MOve f rOlft zones of hiqh concentration into zonea of low concentration 
throU!Jh a petrmable Mterial auch u wood. Thia principle operate• when 

treatinq green tillber witn chetllcal sr••rvativea in aqueous solution. 
The 110leculea or ions of the diuolved ice•rvetive llOVe frOlt the zone 
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of hiqh concentration in the solution to the ~one of lower concentration 
in the uood. 

The rate of movement of checaical~ into vet wood is qoverned by factors 
such as the density of the tilllber. solution concentration and te11perat­
ure. It has been established that: 

<i> Concentration of preservative at a qiven depth in the timber after 
a qiven time, is proportional to the solution concentration. 

<ii> Depth of penetration of a required concentration is directly 
proportional to the square root of the time of immersion for any 
solution concentration. 

Ciii> The rate of diffusion is approximately doubled for each 2o•c rise 
in teinperature. 

These relationships are used to determine approxi.ate treatment 
schedules with different forllS of diffusion treatment. but because of 

variation between and within species they must be checked by frequent 

che11ical analyses. 

Ca> Si!IQle diffusion 
Sia.pie diffusion involves water-soluble single S4lts dissolved in water. 
Green tillber is i1M1ersed in the solution for hours or days, deperd:.ng on 

species, size, concentration and temperature of the solution. to allow 
sufficient salt to .ave into the tillber. This process is pcincipally 

used for i11111uniaation of sapwood. The preservative in the wood is not 
'fixed', and will leech out. 

Cb> Dip-diffusion 
Dip-diffusion il4S developed by CSIRO. After sawing, the green tiMher is 
i1111eraed in a strong aolution of a 111.1lti-salt diffusion preservative, 

e.9. a c0111bination of boron, fluorine, chre111i\.11 and arsenic canpounda 
(8fCA) whicn is a patented preaervative. After 110111entary i.araion, the 

tilllber i• then cloae-piled under cover to restrict drying for several 

wek• while the pr-e .. rvative diffuse• into the wood. The pr-oceu is 

widely used in Papua New Guinea for the treatment of .building timber of 

11ixed species. 
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Timber treated by the above tw processes is unsuitable for use under 
wet conditions such as qround contact or for external use unless 

protected by paint, as the preservative salts remain water-soluble. 

<c> Double diffusion 
The purpose of the double-diffusion method is to for11 a preservative 

salt which is resistant to leochinq within the wood. by reaction between 

suitable chemicals. This con be accomplished. for example. by first 

soakinq qreen posts in a solution of copper sulphate lonq enough for 

sufficient chemical to diffuse into the wood. $rd then by immersing them 

in a secord solution containinq sodiUR chromate with or without sodiun 
arsenate. As the secord solution diffuses into the uood a precipitate is 

formed. which is toxic to funqi ard very resistant to leachinq. The 
solution concentrations must be carefully checked before each treatlllent 

to ensure satisfactory fixation of the chemicals. Full-length treatment 

by this procedure has given excellent results with fence posts, and the 

method is also used for treatment Cin place) of the wood in water 
coolinq towers, usually by aprayinq the first solL1:ion on the wood and, 

after a suitable interval, sprayinq on the second solution. 

6.4 factor Affecting Preservative Treatment 

6.4.1 Inherent factors 

<a> Timber species 
While some treatment plants deal with only one species, such as e.i.nY§ 

raciioto, most must treat a variety of timbers. Plants treatinq sawn 
timber wi 11 have very mixed results if impermeable timber is included in 

lots of treatment. Proper identification and seqreqation of s~ies is 
essential if consistently satisfactory treatments are to be obtained. 

Problems con occur at commercial pressure plants which treat eucalypt 
poles if the speci.es are not properly identified by the pole cutter. 
Many species are difficult to tell apart ofter they have been barked, so 

there is always a risk of including refractory species in a charqe of 
mixed species. 
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nen»ity is d ir.ajor factor in d~tPrmining the d~pth 0f '""nPlr~tion and 
amount of liquid preserv1ttive tht.t any timber ui 11 absorb. In general. 

lighter timbers can be penetrated more readily and will absorb more 
liquid than denser ones. but for anatomical and structu:cal reasons there 

are many exceptions to this rule. for example. Douglas fir. Baltic 
spruce and balsa. Pit aspiration and blockage of vessels in heartwood by 

tyloses are typi~al anatomical factors which can affect penetration. 

The user or timber treater must be aware of the maximllll preservative 
retention that can be obtained in a timber of any given density. Knowing 

that he can decide what type of treatment and what concentration of 

solution to use. 

6.4.2 Factors which can be controlled or modified 

Ca> Hoisture content 
The most irnpo1tant factor. after inherent treatability, which affects 
preservative penetration and retention is moisture content. Hany tech­

niques, mainly non-pressure processes, are .beinq developed to treat 
timber with waterborne and oil preservatives. at moisture contents above 

fibre saturation <25 to JO per cent>. General practice in Australia is 

to dry all treatable timber to a point below this figure for pressure 

treatment. Retention and penetration are further improved in the sapwood 

of eycalypt poles if these are fully dried to equilibrium moisture 

content <12 to 15 per cent in southern Australia> before treatment. 

Timber can be dried in the treatment cylinder by boultonizing Cbo1ling 
under vac\Jllll in creosote or preservative oil before ~p~lying a pressure 

treatment process>. The technique is well established in Australia as a 

comsr.ercial treatment for hardwood railway sleepers. 

(b) ere-fabrication 
As a general rule it is desirable that all machining be done on timber 
before treatment. This is particularly important with refractory 

timbers. in whch end-grain penetration is usually all that is obtained. 

In fact, most pre-fabrication or machining is done before treatment 

because it is more convenient. For example, rail sleepers are adzed and 

bored, poles are machined for cross arms and caps. bolt holes are 
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drilled. cross aI111S are bored for bolts and il'l3ulation pines. dOO tilllber 
for log cabins and cooling tower cmponents are fully 11achined. 

<i> Incising is a fo['lll of pre-fabrication specifically designed to 
improve penetration particularly into refractory heartwocd through 

aide-qrain surface•. Machines for this purpose Mke a reqular 
pattern of incisions with sharp knives at intervals of about 50 • 

alonq the qrain and 25 • across, usually to a depth of 18 •· 
lncisinq is used overseas on rail sleepers and poles of refractory 

timbers such as Douglas fir, and, in Australia, for the impreqnat­
ion of eucalypt rail sleepers vith creosote or oily preservatives. 

lncisinq 11ay also give more unifora dryinq when done on green 
111aterial so reducing the risk of aplittiP.J. 

Cii> Bark 111ust be re110ved as it will retard dryinq and, in softwoods. 
it will prevent radial penetration. Any bark is a nuisance in a 
treatment plant vhere it can come loose and obstruct valves or 
strainers. 

6.5 Preservative Penetration and Retention 

No matter how qood the preservative, a treat11ent will oot be effective 
unless the retention or amount of preservative iresent in the treated 

wood is sufficient to repel or destroy the invading organisms and the 

oenetrotion or distribution of preservative in the treated wood i• 3uch 

that no improperly treated wood is acceaaible to invadinq orqani9118. 

Usually, shallow penetrations will be indicative of low retentiona and 
deep penetration will result in high retentiona. However, when retent­

ions are expressed in teIWS of voh .. a of treated wood - as oppoaed to 

total volune of wood treated - preservative retention need not be 

related to depth of penetration. 

Current Australian Standards and specifications tend to require treated 
timbers to satisfy penetration requirements before beinq tested for . 
compliance with retention requiren1enta. Fortunately, with most preserv-
atives, penetraticn is more readily determined than is retention. 
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6.5.1 Penetration 
Penetration is usually checked by boring treated wood at the conclusion 
of the treatment. 

With poles ard other round timber an increment borer <hollm,,-core borer> 
is COllllOnly used to extract a radial plug from the side of the pale or 

post - usually at about mid-length. Such a plug or core can be split. 

penetration can be accurately measured ani. if necessary. retained for 

reference. 

With waterborne preservatives. colour of the ti-eated wood may be 
irriicative of preservative penetration but most commercial operators 
rely upon specific chemical indicators. For exemple. tuneric is used 

todetect boron c0111pounis. while chrome-asural S ani rubeanic acid are 
indicators for CCA-type preservatives. 

With creosote ard other oily preservatives, chilling the plug before 
splitting will retard the 'bleeding' Ccreepinq or smearing> of the oil 

ard so allow more time for an accurate measurement. 

6.5.2 Preservative retention 
Accordinq to the type of comiaodity beinq treated, preservative 

retentions will be based on averaqe or cbarge* retentions or on the 

re~ention of preservative in individual pieces. furthermore. a 

distinction must be made between retentions expressed in terms of total 

volune and those referrinq only to treated wood volune. 

for exaniple, with fence posts of P. radioto, which has a wide, permeable 
sapwood, practically the whole of the post will be treatable and there 

will be little difference between 'treated volllle' and 'total voll.llle'. 
With eucalypt hardwood posts, only a narrow, outer annulus of sapwood 

will be treatable and the treated volune is likely to be much less thon 
on.•-third of the total volune. 

--------------- ---·---------------
• One chorqe is o ainqle load of timber in a pressure cylirder. 
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Waterborne preservative salts retentions are expressed dS either 

1. the amount of active ingredient as a percentage of the oven-dry . 
weight of the wood. or 

2. net dry salt retention CNDSR> which is measured in kilograms of dry 
salt per cubic metre Ckq/m3 ). 

With these preservatives, the solution concentration can be varied to 
control uptake - a small vohne of concentrated solution delivers as 

much chemical as a larqer volune of a dilute solution. 

The retention of creosote aoo oil-borne i:reservatives is generally 
expressed as total ireservative uptake <e.g. kg/m3 of 5% solution of 

preservative in oil>. 

Retentions determined from charqe vol\.lles apply to the charge as a 
whole. Where the variation or scatter of retentions between pieces in a 
charqe is reqJired, individual retentions can be found by weiqh in the 

pieces before aoo after treatement. Analysis of samples such as borings 

taken from iooividual pieces, by chemical or other means can be used but 

because of variations in loading which can occur within the piece 
itself, this method does not necessarily give the same result. However. 

it is usually all that is practicable. 

In the case cf round timbers with a relatively narrow band of treatable 
sapwood, such as the eucalypts, the volt.ane of treatable timber in a 

charge must be estimated, before treatment, from measurements of mean 

girth and mean sapwood thickness for each pole. This in turn depends on 

a clear d~f inition of the sapwood-heartwood boundary which often 
requires the use of a chemical indicator. Di-meth1l-yellow in alcohol 

and water is effective with r..any eucalypta. 

Accurate determination of the averaqe charge retention requires: 

1. Measurement of voll.Mle of liquid preservative used from th~ differ­
ence between initial and final tank qauqe readings with Jiroper 

allowance for drip, leacla, evaporation ard corrections for changes 
in volume due to chanqes in temperature. 
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Determination of the volume of timber tredted. With round timbers 

this may be calculated from the girth. length and saP'JOOd thickness 

of the individual ro'Jnds - but penetration should be checked 

against sap.rood thickness for a representative sample. 

J. That the concentration of salt in aqueous preservatives be checked 
by chemical analyses or by measurement of specific gravity. Water­

.borne pr~servatives can vary in concentration as a resu!t of 

imperfect mixinq. precipitation. or selective absorption by the 

timber of individual components from a mixture. 

The determination of preservative retention is unreliable with those 
treatment processes in which green wood is used and vher~ the timber can 

I 

lose water durinq treatment. This applies to certain types of diffusion 

treatment and to processes where green <unseasoned> timber is stronqly 

heated. 

6.6 After Treatment 

Removal of timber from the treatment plant does not necessarily complete 
the treatment process. 

Oil treatments may require a period of air drying to make the timber 
dean enough to handle. Heavy petrolellll oils and coal tar rarely dry out 

completely and are therefore reserved for purposes where resistance to 

weathering or ~eachinq is more important than a clean surface such as 

rail sleepe~s and marine piling. Creosote and the liqhter oils require 

different drying ti~o.s depending on the timher, retention and weather 

conditiCJrs. 

With appropriate protective clothinq, timber impregnated with water.borne 
i:ireservative may be handled soo .. after treatment. However, as it is to 

be 1Jsec! for mouldings or for any other purpose where properly dried 

t.1mber is essential. Surface drying is not enough and the cost of 

complete re-dryinq must be allowed for. 

In spite of their poisonous nature, preservative oils and waterborne 
preservatives arf' qenerally safe to handle if normal precautions are 

observed. 
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Host preservative oils have irritant properties with distinctiv~ odours 
which combine to ensure that they are handled carefully. Copper-chrcne­

arsenic preservatives. once impregnated into the tiinber. are insoluble. 

which minimises hazard to health. 

Skin irritations can occur when plant operator» handle either type of 
preservative. but they are more likely if hardlers are careless about 

c.1ashinq or c.1earinq gloves and aprons. 

The disposal of waste from tree~ment plants requires some care. Creosote 
and preservative oils will contaminate streams so that plant effluent 

should have some form of trap to retain as llUCh as possible. CCA water­
borne preservatives are toxic in solution am should ~ be released 

into streams. Discharges are subject to &trict EPA controls. 

SmalJ. quantities of waste timber treated with CCA preservatives may be 

burnt in an open space. Wt should ~ be used for cookinq, or in a 

barbecue. The remaininq ash will contain some soluble arsenic and should 
be buried in a safe place away fro11 streus ard ground water. It has 

been found to kill garden plants. 

6.7 Quality Control of Treated Timber 

At the present time no single authority is responsible for specifying 
the maintaininq standards of preservative treatment in Australia. 

The Forest Departments of Queensland and New South Wales control preser­

vative treatment by State leqislation. In Victoria the Forests Commiss­

ion has been given similar authority, but does not exercise it. The 

Standards Association of Australia haa produced standard specifications 

covering ite~s such as preservative treated transmisaion poles and 

building timbers. Various electricity supply authorities and Telecosa 
Australia have their own specifications for treated poles ard cross 

arms, ~nd maintain their own inspection services at treatment plants. 

The Timber Preservers' Association of Australia is concerned with 

maintaining hiqh standards of treatMnt within the imustry. 

Defective treatments of timber may be caused by one. or a combination 
of, the followinq factors - insufficient dryinq: poor plant control: 
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poor quality and inrnrrP.Ct ronr.entratinn of prP.se1·v.1t1ve~: insufficient 
trealMnt time. pcessure or telllperature; tr·eating mixed charqc-s; rncot-r­

ect processes. etc. When faulty treatment is detectt!d its c.suse should 

be traced nnd eli11inated w1 lh the heip of pre.se>rvative suppliers. State 

Forest Oe111.trt m•~nt.l-l and other 1tulhol"ities. 

Major items such as transmission poles are usually labelled with inform­
ation such as the timber species. treater's name arrl date of treatment. 

Sawn timber and plywood can only be identified as treated by branding or 

colour coding each piece. Despite some objections to extra cost and com­

plications in production. branding must eventually be accepted. Without 

it there is considerable risk that ur.treated timber may be sold as 

treated or timber treated for a low exposure ratin9 may be sold or used 

for situations where much more severe hazards exist. In New Zealand this 

risk has been recognized and all treated timber is required to be 

branded arrl colourless preservatives identified by a dye. Branding of 

immunized timber is required by law in Queensland and New South Wales. 

t.8 Plywood, Particleboard and Hardboard Preservation 

While the same processes can be used to treat plywood as are used to 

treat solid timber, there are some important differences. 

Unless plywood is specifically made wholly of sapwood or permeable 
heartwood veneers, it cannot be effectively pressure-tr~~ted in made-up 

form if complete penetration is required. Also re-drying of plywood 

pressure··treated with waterborne preservatives becomes increasingly 

difficult as the thickness increases. 

In spite of this, large amounts of waterproof plywood, pre-cut to 
finished eize. are treated with high loadings of CCA salts for use in 

cooling towers, where it is proving very satisfactory and re-drying is 

not needed. The simplest way to preserve plywood is by pre-treatment of 

the veneers. This can be done by dip-diffusion of green veneers and 

pressure treatment of dry veneers. 

A large proportion of Australian plywood production is alredy immunized 
against lyctid attack, usually by momentary dip-diffusion treatment of 

veneers, but some is immunized by addinq insecticide to the qlue line. 
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The latter method is very effective against tennites and offers some 
possibilities for protec·~ion against decay uhen thin veneers are used. 

RP.constituted buards can be treated by adding preservatives or insectic­
ides durinq manufacture or in special cases by soaking the finished 

tioard in preservative oils. Treatment is rarely specified but some 
hardboards are treated to prevent termite attack. 
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AUSTRALIAN STANDARD SPECIFICATIONS concerned with uood preservation 
include: 

AS K55-tq64: Creosote oil for the preservation of timber. 

AS 1143-1973: High temperature creosote oil for the preservation of 
timber. 

AS 1144-1973: Arsenical creosote for the preservation of timber. 

AS 1604-1974: Preservative-treated sawn timber. veneer and pl}'\locxi. 

AS 1605-1974: Samplinq and 3nalysis of woodlpreservatives and 
preservatives-treated "100d. 

AS 1606- and 1607-1974: 

Water-repellent treatment of timber and joinery. 

AS 1608-1974: Preservative-treated farm fencing timber. 

AS 1694-1974: Physical barriers used in the protection of buildings 
against subterrane~n termites. 

AS 2057-1977: Soil treatment for the protection of buildings against 
subterranean te!'lllites. 

AS 2178-1978: The treatment of subterranean termite infestation in 
existing buildinqs. 

AS 2209-1979: Timber poles for o'lerhead lines. 

CSIRO DIVISION OF BUILDING RESEARCH: Information sheets, various. 
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FIRE RESISTANCE OF TIMBER 

PART 1 - PERFORMANCE OF TIMBER STRUCTURES IN A FIRE 

1 • INTRODUCTION 

Because fire resistance is frequently and 11isleadingly associated with 

non-cOllbustibility, the excellent potential of tillber as a fire resist­

ant structural mteriol is seldom anreciated. 

All buildir¥J materials under suitable conditions are combustible. The 
siqnificant aspect is the degree to vhich these materials spread fire 

and contribute to the total fuel load of a building. Typically, timber 

structures contribute less than 20 per cent of the fuel load available 
in a building, am thus the use of these structures does not siqnific­
antly edd to the fire hazard. 

furthennore. in a fully developed fire situation. structural timber 

exhibits remarkable fire resistance. Althouqh the tilllher chars at a rate 

of JO to 40 1111 per hour, the low thermal diffusivity of lx>th the timber 
and the char protects the unburnt wood which thereby retains most of its 

oriqinal strength. By contrast many incombustible structural materials 

do not perfon1 as well. For example, at a temperature of 800°c. a 

sitU5tion reached within half an hour in a fully involved fire. steel 

structures have leas than 10 per cent of their initial strength. 

The characteristics of building fires. and the behaviour of structures 
therein, are the results of very complex processes. Because of this, 

111uch of the current desiqn procedures for fire resistance is related to 

the meaaur8118nt of index properties. The following is o discussion on 

the basic processes involved, the index properties currently used in 

fire resistant desiqn, and the basis of a rational fire resistant desiqn 

appr-oach. Part 2 of this report will give a model for o code of fire 

resistant structural desiqn in timber. 
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The following references provide a useful source of information for an 

overview on the fire resistance of tillber structures: 

ProceediJ!IS of Syaposiun No. J. fire ord Structural Use of Iu•ber 
in Buildinas. Fire P.esearch Station, Borehall Wood, Herts., UK, 

1967. 

Ashton, L.A. fire ord tillber in Modern Building Design. TRADA, Hiqh 
Wycombe, UK, 1970. 

Wood ord Fiber. Vol. 9. No. 2. 19n. 

8ehoviour of Wood Prociucts in fire. Proc. of Sellinar, Timber 
CoMittee, UN Econoaic eo.aission for EuropP, Oxford, UK. !>erguon 

Press, 19n. 

Pearson, R.G. The fire Resistance of Tillber. Parts I, II, III, IV. 

v. CSIRO forgt Products Newsletter. No.280, Nov. 1961: No.281, 

Dec. 1961: No. l82, Jan.-feb. 1962: No.283, Karch 1962; No.284, 

April 1962. 

2. NOTATION 

A
1 

~ lolcll n~ surf ace oreo 

"w :: ar·ea of windov opening 

b = wit.Ith of beaa 

cp : specific heat. 

c
1 

~ he3t transfer coefficient 

d = depth of beu 
F =- \Jltimate atresa capacity of unburnt tillber 

h = charred depth 

hclad = thickness of protective cladding 
hef f = effective depth of charring 
t'w = wirdow depth 

k = thenial conductivity 
L = total fire load 
K = 1111188 rate of cOlllbuation 
Qc = rate of heet lou through convection 
Qe = rate of heat loaa throuqh radiation via openinqs 
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OF = rate of heat generated through cmbustion 
o5 = rate of beet loaa through radiation to roe. surfaces 
r = radiation 
r 8 = black body radiation 

t = time 

t.clad = time for penetration of cladding mterial 
t 0 = duration of fully developed £ire 

tFS = fire severity 
T = t•perature 

TMX = temperature at base of char 

T = rem te11P9rature C2J0c> 
0 

v = dh/dT = charring rate 

w0 = dead load 

WL = live load 
x.y = cartesian coordinates 
a = therml diffusivity 
( = distance from edqe of char 

p = air-dry denaity 

of = ulti11ate stress capacity of burning wood 

oi = ulti11ate stress capacity of unburnt wood 

I =Aw ffwo.s,Ay =opening factor 

3. CHARACTERISTICS OP BUILDING PIRES 

J.1 The Fire Scenario 

TEW/21 

The scenario of building fires has been discussed in detail in nllleroua 
papers and texts. Some exuplea are those referenced herein by the 

M&rican Iron and Steel Institute C1979>, Gross C19n>, Hanlathy C1977>, 

and Lie <1972, 1974>. 

Piqure 1 ahowa the atagea of develoi-ent in a tyical building fire. 

ICJTiition usually occurs in a very localised area and if this should 

qrow, an 'incipient' fire situation is reached. During this staqe, hot 

S110key 9aaea acc\a.llate near the ceiling and radiate heat downwarda on 

the furnishings to encourage further and 110re vigorous fire qrowth. Thia 

i• illuatrated acheMtically in Figure 2. When this radiation reaches 
appr"oxi.ately 20 kw/•2, the te11P9rature of the gases will be rouqhly 

!>00°c and they will ignite, creating a condition known as 'flosho·1er'. 
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PiC)\re 1 Staqea of a typical fire 

time 

Figure 2 Incipient ataqe of a roe. fire 

TEW/21 

After f lashover occurs, the fire develops rapidly and soon involves all 

furnishings in the rr:x:.. When mat of the fuel is conslllSd, a decay 

period with reducinq t•peratures aeta in, sustained to 80lle extant by 
the residual heat in the wells and ceilinq of the room. 

The ti11e to flashover is typically S to 20 •inutes after the ignition 

of a large furnishinq object. Thia ti• is i111JJOrtant as it is the ti• 
available for the eacape of the buildinq occupanta. In fact, the primary 

purpose of a sprinkler ayat• is to extend this period of incipient 
qrowth and if poaaible to irevent the occUETence of a flaahover. After 
the fluhover, the growth period is auociated with the release of both 
MOke and toxic quea. Moat deetha that occur in buildinq f irea are due 
to the inhaling of toxic quea rather than due to the effects of heat. 

The toxic 9aa 1110at reapcmaible for deeth is carbon llOnOXide, although 
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there are indications that hydroqen cyanide. hydrogen chloride. n~trogen 
dioxide ard sulphur dioxide 11ay also cause deaths. 

The fin in the fully developed ataqe repr-eaenta the llOBt serious hazl\Id 

to building structuraa. Accordingly it will be discussed in some detail 

in the following section. 

3.2 The Fully Developed Pire 

A useful review of the literature on this topic has been given by Gross 

C1977). The characteristics of a fully developed fire are the result of 

a coaplex interaction of many factors such as the quantity and disposit­

ion of the fuel available. the qeCJlll8try of the roa..1' and ventilation 

openings, and tha thenal properties of the enclosing surfaces. 

The fuel load of the furnishings in a roan is usually stated in terms of 

the weigtat of wood that would have the same calorific value, the calor­

ific value of wood being taken ta be 4,700 kcal/kg. An example of data 

obtained in fire load surveys ia qiven in Table 1. The large differences 

obeerved between countries is to be noted. 

TABLE 1 
FIRE LOADS 

CAfter Gross 1977> 

I I 
I Fire load Ckg/m 2 > I 
I ______ I 
I Building type I 
I 50 percentile I 80 percentile 

'-------- ------------------ --·------'-------
Office b.Jildinqs 
Holland 
UK 
Sweden 
USA 
W. Ger1nan} 

Swedish Buildings 
Hut.el a 
Schools 
Office• 
Hoapitala 
Reaide!k!ea 

10 
20 
28 
35 
43 

18 
22 
28 
JJ 
40 

----------- ---

24 
J2 
JS 
50 
60 

22 
26 
J8 
35 
45 

-------
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Once the ram furniahinqa ignite there are basically two types of fires 
that can develop. For the case of lOY fuel loads ard larqe openinqs, 
adequate air will be available for rapid combustion and hence the devel-
01119nt of the fire will be determined larqely by the characteristics of 

the cmbuatible contenta, auch as their surface area. 9emetrical 
disposition ard .aterial type. The characteristics of such a fire are 

highly variable and difficult to predict. However. most structural 
desiqn situations are concerned with heavy fire loads ard rooll8 with 

li•ited openinqa: for this cas~ the characteristics of the fire are con­

trolled by ventilation conditions, ard SOiie useful pc-edictions on the 

effects of the fire can be llelde. 

In di8CU8Bing fire characteristics it will be useful to llake use of the 
two reference conditions. The first is the temperature-time relationship 
that is specified for irdex tests of structural elements. The current 
proposal by ISO, vhich also is to be used in Australia, ia the 

f ollOYing: 

T = To + 345 loqto C8t + 1) Ct> 

where T is the furnace temperature c0c>, T
0 

is the initial room t911P8r­

ature <usually taken to be 2f'c> and t is the ti111e frm the ca...encement 

of the tests <•in.>. Equation Ct> is intended to be representative of 

the situation in a fully developed ventilation-controlled fire where 

there is considerable fuel. Some typical time-talperature values shown 

qraphically in Figure 3 are as follows: 

Ii• ~1in. > Tenme[lture co~> 

0 23 

5 579 

20 784 

60 948 

180 1113 

The aecond reference condition is the relationship between tet1P9rature 

and radiation for ideal black bodies. For thift case the radiation 

intensity r 8 is given by the equation 

r 8 = 57 CCT + 273)/1000> 4 <2> 
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.mere r8 is in kv/•2 units. Some values qiven by equation <2> are as 
:allows: 

-\.J 
0 

TIP'lft[fture C°C> 
Radiation 2 intensity Ckv/m > 

1500 

500 

1000 

1500 

equation (7) 
-=0·1, fD=80 

/ 
I 

I 

~" 
-­,,,,,.-

20 
150 

560 

0 ~~~___;"'--~~--IL-~~__. 
0 50 100 150 

TIME (min) 

(a) Theoretical temperature 
1500 

\SO __ _ ---------,,, 

50 100 150 
TIME (min) 

Cb) Experimentally measured temperature (after Gross 1977) 

Figure J TiMe-t811perature relationahipa 
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For the case of ventilation controlled fires, Kawagoe and Sekine C1963> 
have derived the followinq simple expression for the rate of combustion 

durinq a fully developed fire in an idealised room such as that shown in 

Figure 4Ca> 

K =- ~.S Aw ~.5 (J) 

where K is the mass rate of combustion of the fire load Ckq/min>. Aw is 

the total area of all window openinqs cm2>. and HW is the height of the 

windows Cm>. Equation CJ> is derived frolll a simple theory in whch the 

room is taken to be at a temperature of 800 to 1000°c. the fuel is 

assURed to be equivalent to wood which burns incompletely and is there­

fore only 60 per cent efficient. and the coefficient of contraction of 

the window openinqs is taken to be 0.7. 

From equation lJ>. the duration of active combustion. denoted by t 0 
<min>. can be estimated by 

~ = L/H 

where L is the total fuel load Ckq> in the compartment. 

(4) 

The estimate of the time-temperature relationship requires the solution 

of a set of dynamic equations related by the heat-balance equation 

illustrated in Figure 4Cb> 

(5) 

where OF is the rate of heat qenerated by combustion of the compartment 

contents, O is the nett rate of heat lost by radfotion to the surface 
s 

of the compartment, O is the nett rate of heat tadiated out throUc;Jh the 
e 

open windows, and Oc is the heat loss through convection processes. 
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Cb> Diai:-raion of heat generated 

Figure 4 Notations used in describinc; a developed fire 
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Obviously an i11POrtant factor in the rate of temperat.ure rise is the 

ratio of the rate of heet generation to the total room surface area. 
Thia ratio ia proportional to an openinq factor ' which will be defined 
by 

<6> 

where Ar is the total area of the internal surface, i.e. walls, ceilinq 
and floor. 
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T911p9rature-time curves for walls having typical values of thermal 

conductivity have been cQllPUted by n\.lilerous researchers such as Kawaqoe 
and Sekine <1963>. and Lie C1974J. For typical situatiol'\S the solutions 

of Kaveqoe and Sekine can be fitted to the following ntodification of the 
atandard ti•-t811p8rature curve 

T = T
0 

+ ; 345 loq10 {8t '" 1) <7> 

where 

; = 1.0 + 1.1 {~ - 0.03}o.s (8) 

in which the opening factor I is stated in mo.s units. 

After the compartllent temperature baa reached its peak value at a time 

~given by equation C4>. the temperature T can be assuned to decay at a 
rate defined by 

artat = -10 

for t 0 < 60 minutes, and 

arnt = -1 

for t 0 ~ 60 minutes. The term at/at is the rate of decay stated in 
0 ctmin. un)ts. 

C9a> 

C9b> 

The application of equations CJ>. <4> and <7> is illustrated in Fiqure 

JC a>. 

In the above, the ffre behaviour has been characterised by the use of a 
single temperature that is representative of conditions at the hottest 

part of the room. Throuqh the use of more sophisticated analyses it is 

poasible to estimate the spatial characteristics of a fire, ard thus to 

design fire resistance in a more realistic ..anner. An excunple of this is 
qiven in the deaiqn quide prepared by the American Iron and Steel 

Institute <1979>. 
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In order to use a single figure to define the effect of a r1re. the te~m 
fire averitv is smeti•s used. Thia concept. illustrated in Fiqure 5. 
is baaed on a definition related to the effective duration of a fire; 
this duration is the duration on the standard t.ime-temperature curve 

defined by equation Ct>, for which the areo between the time-temperature 

curve and some specified dab.n such as T = J00°c. is the SMe as that of 

the real fire. 

1500 

1000 

0 ....__ ________ .....__ ___ _, 

0 50 100 150 

(a) Theoretical fire 
1500 

...---fire severity tFs 

1000 

500 

0'------------------.----~ 
0 50 100 150 

(b) Idealised fire 

PiCJU['e 5 Definition of fire severity 
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4. EFFECTS Of FIR! ON TIMBER 

4.1 eo.buatibility 

COllbuatibility ia e relative term. For example. 11any building 11aterial• 
auch u all911f'h• which are normally c:orisidered inc"mbuatible. will burn 

easily if finely powrlered and a&aisted by an adequate supply of oxyqen. 

In addition. cOllbuatibilit1• is not by itself a relevant paru.ieter for 

defining the fire resistance of structures. However. the permission to 
use particular building materials in particulAr situations is saaetimea 

related to their cCllbuatibility, and for this ~ea30n tt.e factor of cca­
bustibility must be conaidered. 

Host apecif ied teata for the cOllbustibility of building 11ateriala are 
ai111ilar to one given in the Australian Standard AS 1530, Part t CStand­

arda Aaaociation of Australia 1976>: this standard specifies a teat in 

which a 45 mm diameter cylinder of the test material \a subjected to a 

l811lp8rature of 8S0°c for 20 minutes. The material is deemed to be c011-

buatible if it f 141118& or if its te11perature rises above 900°c. Under 

these criteria all tilllber is calbustible, and there is no chemical 
treat..nt that will render it otherwise. 

4.2 Iqnition and Flue Spread 

Like combustibility, ignition ani flame spread are relative terms and 

are not directly related to structural fire resistance. However. again 
like cOlllbustibility, these properties are relevant bec~l.188 they 11ay be 

used aa criteria for the acceptance of tilllber as a builriing material. 

In theory wood can decmpou at a t.perature as low u 20°c Cat the 
rate of about one per cent per century>. At 9J0c, the wood will becme 

charred in five years. The ti11e to ignition of heated wood is given in 

Figure 6. Spontaneoua iqnition will occur if wood is subjected to a 

radiant h~at level of 25 kw/•2, and ignition by pilot fla111e will occur 
for half this level of radiation. Mention should also be made of the 

fact that a ball of uwduat with di&.."18ter in exceaa of 50 111 can develop 
ignition t•peraturea internally d~ to the heat of dec0111po&ition. 
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PiCJU["e 6 Ti• to iqnition for heated wood Cafter Odeen 1967> 

Once ignited, tiMber cannot ~ontinue to burn vithout aid from an 

external source of heat unless it ia ir1 a size less than 70 ""' thick. 
Vertical aurfacea burn 110re easily than horizonlsl ones. 

For purposes of material classification, an index test is used to 
111easure various properties related to the early fire hazard. A typical 

exuple of such a teat is the Australian Standard AS 1530 CStandards 
Aasociation of Australia 1982>. In this teat, illustrated in Figure 7, a 

JOO x JOO • heat panel radiatilllJ at a rate of 240 kv/•2 is moved 
towards a 600 x 600 • panel of the teat material located 15 nun behind a 
pilot flame. The radiant panel is llOVed from a distance of 850 m frona 

the test panel to a distance of 175 • over a period of 20 minutes. The 

moveflent is stopped if the panel ignites. Then the heat radiation and 

optical density of the 111110ke fro11 the teat panel is 110nitored. From this 

infonnation the followinq four indicea are derived: 

- iqnition index CO to 20> 

- flame spread index CO to 10> 

- heat evolved index CO to 10> 

- ..eke developed index CO to 10> 

The n..-bera in brackets indicate the pouible range of each index, with 

larger value• denotinq a .are Mrioua ha2ard. 
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I I pilot tesn:I ~ flame radiant panel 

E[Y 
+-

Figure 7 The test for early fire hazard properties 

The early hazard JrQperties of a larqe lllmber of tillber species havE: 
been evaluated by Koulen ard Grubits <1980>. A liner regression r:ith 

respect to density has been fitted to this data ard the values fl•r 

densities of 400 and 900 kqla3 are qiven in Table 2. For cmparison 

purposes, Table 2 also ab~s early fire hazard properties of SOiie other 
materials to be found in hlildinqs. It is seen that untreated tillber 
lies within the range of valt.ms relevant to theae other materials. 

TABLE 2 
EARLY FIRE HAZARD PROPERTIES 

I I 
I Hazard irdex• I 
I_ I 

Hate:i..-ial I I I 
I I Flame Heat I Smoke I 
I Ignition I spreed I evolved jdevelopedl 
I I 1 ___ 1 I 
I I I I 

Ii!!!ber** I I I 
I I I 

Density = 900 kq/m3 I 13 I s s I 2 • 
Density = 400 kq/m3 14 I 9 9 I 4 

_I I_ 
I I 

la!ildiD!I mata[iAl* I I 
I I 

Asbestos cellulose I I 
board 0 I 0 0 I 0 

Plasterboard 12 I 0 2 I J 
Wool carpet 16 I 0 0 I 4 
Acrylic sheet 14 I 7 8 I 4 
Linolel.111 16 I 8 9 I 6 
Aery lie carpet . 16 I 8 9 I 6 1 ______ I 

I 
I * Standard• Auociation of Auatralia <1982> 
I ** Houlen and Grubits <1980> 
1 __ -----
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4.3 Pyrolysis of Tillber 

The brning of tillber bu been described in mny papers such as ::hose by 

Browne <t 958 > • Va.. rd la ct 966 > • ard Schaff er C 1973 > • In fact t ~llber itself 
doea not bum unleu subjected to heat radiation of an intensity consid­
erably higher than "'?r"Mlly occurs in building fires. The usual process 

ia for it to decmpoae, or nyrolvae, under the influence of heat. The 

decmpoaition JX"Oducta incluie qaaea. tar ard charcoal which will burn 

if auf ficient beet ard OJCYC)en is supplied. Once a l~yer of char has 

fonied. the char protects the unburnt wood. 

Due to the excellent insulating iropertiea of the wood and the char. 

pyrolysis develops in narrow bards parallel to the tillber surface as 

irdicated in Pi~ 8. The following is a rough clasaif ication of these 
bards: 

Zone A - 9S°C to 200°c 
becmea charred. 

water vapour is qiven off ard wood eventually 

Zone B - 200°c to 280°c ••• water vapour, for11ic and acetic acids and 

qlyoxal qiven off, iqnition is possible but difficult. 

Zone c - 2aouc to soo0c ... cOlllbustible gases <carbon monoxide. 11ethane, 

fonaaldehyde, fonic ard acetic acids, methanol. hydroqen> 

diluted with carbon dioxide and water vapour. Residue is black 
fibrous char. Norllally viqorous flaming occurs. If however the 

taperab.re is held below soo0c a thick layer of char .builds up 

and becallfl& the thermal conductivity of char is only 0.25 that 

of wood. 1t retard& the penetration of heat and thus reduces 

the fluinq. 

Zone D - soo0c to tooo0c ... in this zone the char develops the 

crystalline strocture of graphite, qlowinq occurs and the char 
is qradually coNIUNd. 

ione E - above tooo0c ••• at the• t.Mperaturea the char ia conauaed as 
fut aa it is foned. 
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290° Normal Wood 

Piqure 8 Deqredation zones during hJrning 

Wood c<11prisea essentially the three ~a.ponents cellulose, helaicelluloae 
and liqnin, bound toqether in a complex network. The effect of heat on 
the structural properties of these constituents can be -...arised aa 
follova: 

60°c ••• helaicelluloaes soften 
120°c liqnina 110ften 

140°c bound vater is freed 

160°c liqnin has 11elted and c~ncea to reharden 

2t0°c ••• liqnin ia hard and celluloaes soften 

The varied behaviour of the wood constituents leeda to very c01tplex 
relationships between te11perature and the physical characteristics of 
wood CP.illis and Rozaa 1978>. 

4.4 The Charring Rate of Wood 

Various scientists, auch as Schaffer <1967>, have studied theoretical 

lllOdel3 to Jredict the charring rate of wood. However the• .adela are 
usually too cOllJ)lex for pr-actical application, and only e11pirical 
relationships will be preaented herein. 
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Unb.rnt wood exp:med to radiation can char at a fut rate. FrOll! a survey 
by Butcher ct976> of the available data. this rate of char is given by 

dh/dt = 0.022 r 

uhere 
dh/dt = rate of char <..t•in> 

r = radiation 

(10> 

In teru of black body radiation. equations c2: and <10> lead to the . 
f olloviDJ char ratea: 

T"""J't\lre 

soo0c 
tooo0c 

Radiation 

20 kvt•2 

150 kv/•2 

Oior rate 

0.4 •/•in. 
J.J •/11in. 

Thia rapid char rate ia conaiderably reduced once a layer of char 

roughly 5 • thick bu for.cl to insulate the unburnt wood. The 'dvell 

ti•' phenomenon illuatrated by the exuple shown in Fiqure 9, irdicates 

the iTillUlatil'llJ chancter of a wll developed char layer. 

300 
u 
0 

L&J 200 ~ 
::> 
ti 
~ dwell L&J 100 0.. 
x: 
L&J ..... 

00 50 100 
EXPOSlRE TIME (min) 

Pi'JUE"• 9 T~ture for a thenoc:ouple located in burnil'llJ wood 

<After Schaffer 1967> 

Figure 10 ahowa •uur••nta of the char depth for Douqlu fir subjected 
to conatant t.Mperature conditiona, and to the ISO time-temperatur curve 

qiven by equation Ct>. It i• of intereat to note that for the standard 
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ti .. -t .... ratur:e conditions the rate of charring ia eaaent1ally a 

conatant. Thia conatant charring rate ia related to density and aa a 
rough guide •Y be taken to be qiven by 

dh/dt = 360/p 

Mhere 

dh/dt = charriRJ rate Cm/ain.> 

p = density Ckq/a3> 

One further aapect of note is that corners terd to bum to rounded 

ari•• aa ahoun in Piqure 11. 

(11) 

Hore detailed infm:mtion on charrinq rates has been qiven by Schaffer 
<1976>. 

40 -E 
E -
~30 
a. 
L&J 
0 

fl 20 
a: a: 
ct 
0 10 

o-----~ ......... ~--~.___..____._~--~-----.__-
o ~ m 

EXPOSlRE TIME (min) 

fiCJUE'• 10 Heuured charred depth for Dou;lu fir 

<After SChaffer 1967> 
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char depth h 

I"'-- initial 
I section 

I 

Figure 11 Di•naiona of a rounded arria 

4.5 Internal T1111>9rabrea of &ming Wood 

Krulaon and Schnievinl <1975> have deacribecl a 8QJiliaticated •tholl of 
cmputinq the internal t..peraturea of burning vood. !uentially the 

•thod la baaed on a ~ical eolution of the haet diffusion equation 

iT/it = a TJ2 T + Qlp <;> 

where 

a = kip cp = ther11al diffusivity 

k = ther111al conductivity 

<;, = apecif ic heat 

p = density 

0 = heat qeneration rate i:-r unit voll.118 

(12) 

The paruetera U88d by Krut.on anl Schnievinl for unburnt wood my be 

-.-ariaecl as f ollowa: 

k = 0.15 CJ/Caec. •· 0 c>l 
C., = 1700 CJ/Ckq. °C>l 
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The char ia taken to be 20 per cent the density of unburnt wood with the 

fol lowing iropertiea 

k = 0.15 CJ/Caec. a. 0c>l 
Cp = 700 CJ/Ckq. 0c>l 

In addition. the exotheraic beet developed at the boundary of the solid 

wood and char is taken to be 200 J/kq, and the heat transfer coefficient 

at the external surface is taken to be given by 

Cy = 350 CT/1000>1•5 

where 
CT = heat transfer coefficient. CJ/Caec •• 2 0 c>l 
T = temperature of the wood surface. c0 cl 

Ctl> 

The one di•nsional fOI'll of equation ct2> ia useful for providing a 

qualitative picture of the temperature distribution. The heat dif fuaion 

equation for thia cue ia 

2 2 ar1at = a a T/ax CU> 

If it is a88\ll8d that the internal edqe of the char boundary moves 

inwards at a constant velocity v = dh/dt. then a coordinate f 11easured 
from the char edqe aa ahovn in Piqure 12 is given by 

original : 
I 

edge ~ 
I 
I 
I 

~x 
I 
I 
I 
I 
I 
I 
I 
I 

f = • - vt 

~f /;=t \ . ; i I 11 I (' I ; 
~ •.· . ·. I I . =···'· I 

-~ ~\i I \ooburnt wrodr 
·:· :.~ . . . I \ I \ 1 
>.:::··.::~ 5 I I ., .. 
\! ~:: ' I \ I ~ I 

. . . . . I J I I ...... 
:~f.:% t=T.. • T=T0 .-:. 'llll ~ .. ·.\. ba f ho .t.: .... ~ se o c r 
·:: :: : ·: I I I I I I I I I I I I 

~=x-vt 

Pip-a 12 Coardinate ayat. for tuning woad 

C15> 

• 
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Uainq equation <tS> to tranafor. the reference coordinate from x to f 
leeda to the follovinr.iJ fora cf equation C14> 

CH» 

A quasi-stationary solution of equation C16> is 

T = T + CT - T > exp {- Cvf/a)} 
0 0 lll!lJ[ 

<17> 

where 

T
0 

= initial t8111J9rature of the tillber 

Tmx = t.perature of the tillber at the char edge. 

As an exaaple, for the cue of a tillber with density 500 kgtm3• rough 

eati•tea from data given eorlier lead to the follovinq. 

p 

v 

= 500 kgtm3 

= 1.2 x 10-S •/sec 

= 1700 J/(kq. 0c> 
0 = 0.15 J/Caec. a. C> 

= 23°C 

Subatitution of the• value• into equation C17> leads to 

T = 23 + 267 exp <-70f> 

A graph of equation ct&> ia ahown in Figure 13. 

(18> 

Schaffer C196S> bu demnatrat.4KI that equation C17> ia a qood predictor 

of the tellperature diatril:aJtion within the unburnt wood. The rapid 

attenuation of the t.perature with distance fraa the char edqe is to be 

noted. 
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DISTANCE FROM EDGE OF CHAR (mm) 

Figure 13 Computed t911P9rature distribution in a 
buminq wood Mllber 

4.6 Strenqth of Tilllber 

The effect of heat on the strenqth of clear wood has been exMined by 

Sulzberqer < 1953 >, Schaf fer < 1973 >, Knudson and Schniewind < 1975 >, ard 

Beall ct 982) • 

The characteristics of clear wood, after heatinq at various teniperatures 
for a period of one hour are shown in Piqure 14Ca>. The correspondinq 
characteristics after the wood has been reconditioned to roo111 temperat­
ure are shown in Piqure 14<b>. By cOllbininq this informtion with the 

temperature distribution shown in Figure 13, it is poaaible to esti11ate 

the structural characteristics of timber members during a fully devel­

oped fire and also when reconditioned to r00nt t911perature. This is shown 

in Figure 15. 
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The relationahip betueen the initial streaa capacity o1 ard the strength 

during a fire of can be vritt..n 

C19> 

where the peraNter I ia a £unction of R.118roua factors such as the 
apeci•n CJeoMlry, fire hiatory and ta.perature-strength relationships. 
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From the analysis of data obtained in Tl\merou& fire tests CDorn and 
P.gner 1961. Lavaon et al. 1952. Lie 19n. Malhotra ard Roqowski 1970. 
Odeen 1970. Schaffer 19n. Wardle 1966. Woeste ard Schaffer 1979. 1981>. 

it uould appear that 6 at failure is typically about 0.8 for larqe 

structural llellbera ard about 0.6 for small sections. An examination of 
the strength distribution shown in Figure 15Ca> indicates that the loss 
of strength during fully developed fire corditions is equivalent to a 

loss of about 10 • froa each face of the timber section. Thus equation 
<11> •Y be modified to produce the following estimate of the effective 

final depth of the char as follows. 

heff = <360 ~5tp> + 1.5 ~trs 
but not greeter than 

heff = <360 ty5tp> + 10 
where 

heff = effective final depth of char Cm> 
tFS = duration of fire above J00°c <min> 

p = timber dry denait.y Ck9/113> 

C20al 

C20b> 

The residual section obtained after the effective char depth heff has 

been removed is asa\118d to have the same strenqth as that which it had 

before the fire. FiCJUre 16 llhowa an exaR1ple of the effect of fire sever­

ity on the atrength of a qlulu beM computed with these aaalllptiona. 

1·0 

400 
! =500kg/m3 

150 

0 ..._~--~~--~--~~------~-
0 20 40 60 80 100 

TIME (min.) 

Pivur• 16 lxallpl• of effect of fir• duration on strength 
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Sale further matters that have been noted in the analysis of the teat 
data are the f ollowinq: 

<a> Suriril.ingly the veriability of atrel'l!Jth in fire conditions is less 
than the initial value CWoeate and Schaffer 1981>. 

Cb> The effect of a fire does not appear to be related to the defect 

size associated with the apecif ic stress grade of timber tested 
CKalhotra ani Roqowaki 1967>. 

Cc) The b.lrnilllJ of a member fraquently leads to a challlJe in shape of 
the crosa-section, ani the JX'SSible effect of this chaD}e on buc:k­
linq atrell!Jth 11USt be considered. 

Cd> If a 111811ber of solid timber contains deep checks or kino veins, 

theu will be penetrated rapidly by the heat and the I"esultant 
charrinq 11ay leed to a siqnif icant increase in the loss of 

atrell!Jth. 

4.7 Performance of Gluelines 

In qeneral qluelinea have little effect on the overall charrinq rate, 
althouqh the '=har does teni to penetrate the 9lueUnes more deeply than 
the wood. However, qluelioos fabricated with urea glue 11ay have adverse 

effects when heated: for exuple the outermost laainate of a qlulu beam 

may delaminate, or a finger joint in solid timber member may fail pre­
maturely. Both phenolic ani reaorcinal adhesives have excellent 

stability in hiqh tellperature conditions. 

4.8 Effect of Additives 

Th1ber can be impr"egMted with nlll8rous additives, ani these may have an 

effect on both strength and fire characteristics. Their effect on 

strength is usually 811811 and will not be considered herein. 

Nt.mroua che11icals are uaed as fire retardants: these include monoamon­
iun phosphate, diuonim phosphate, uoniua sulphate, borax, boric acid 

ard zinc chloride. They operate in m ... roua ways such as by raisinq the 
iqnition taperature, srovidinq a barrier to either oxygen or flue, or 

• 
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by modifyirq the fmw of the char. In genero"l they reduce the early fire 
hazard properties of the tillber <Table J>. They can also cause o slight 
reduction in the charrin; rate. but the total effect on structural fire 

reaiatance is neqligibl• <Malhotra and Rogovaki 1967>. 

The preservative CCA Ccopper-chrome-arsenic> has a slightly benef iciol 

effect on the early fini hazard properties as shown in Table 3, rut can 

encouraqe an aft.er-glow behaviour, wherein the timber will continue to 

bum ater the external source of heat has been r8llOVed <Beesley et al. 

1974>. However. the uae of zinc ani phosphorus additives to CCA to form 

the patented ireaervative JS <Mccarthy et al. 1972> has been found 

effective in controlling after-qlov, vith a negligible effect on the 

eerly fire hazard u 8howr'l in Table J CBeealey et al. 1974>. 

TABLE J 
EFFECT OF ADDITIVES ON THE EARLY FIRE HAZARD OF RADIATA PINE 

<After Beesley et al. 1974> 

Hazard index• 

Additive 
Flue Heat I Slloke 

I 
I 
I 
I 
I 

Iqnition spread evolved !developed I 
I I 
I I 

Untreeted 15 7 6 I J I 
Fire retardant 0 0 0 I 2 I 
CCA 14 6 5 I J I 
JS 15 7 6 I 3 I 

I I 

Tillber illllJr'eqnated with creoeote tenda to ignite euily ard initiallly 

it will ..,ke heavily, part.icularly if the treatment is fresh. Hovever 

the dense 8110ke and the thick char reduces the acceuability of oxygen 
to the unburnt tillber, and hence the wood will self-extinguish if the 

exposure to fire ia li•ited. Under prolonqed expoaure to fire, tillber 

illJJE'&gnated with cremote srobably hu the _.. fire reaiatance aa 

untreated tilllber. 
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4.9 Surface Coatings and Claddin} 

Timber structures my be protected by the application of surface coatings 

or claddirgs. These incredae fir~ resistance by delayirg the onset of 

heating of the structural member. 

Intunescent coatings are usually proprietary products; some delay the 

heat by only a few minutes. while others c.t.!ln delay the arrival of heat 

for several hours. 

The f ollowin} data on the protection provided by claddin}a has been 

collated by Schltffer Ct9n>; 

For solid timbeL panels 

C21a> 

For f"'\rticleboard ard plywood Cpresl8ably softwood plywood> 

- 2 tclad - 0.06 hclad 

For qypsun plasterboards with glass fibre additive 

where 

2 
tclad = 0.15 hclad 

tclad = time for penetration of the claddin} when one side 
to the ISO standard time-temperature curve Cmin> 

p = timber density Ckqtm3> 

hclad = thickness of cladding material c .. >. 

C2tb> 

C21c> 

is subjected 

<Note that there appears to be some discrepancy between the dat~ for 

solid timber and for plywood.> 
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S. EPPECTS OP FIRE ON METAL CONNECTORS 

figure 17 ahova a aet of joints investigated by Leicester et al. 

C 1979 > • These joi nta were lOlldad t.o their desiqn loed <about 0. 25 of 

their ahort terw ulti•te strength> and then subjected to a stardMd 

fire accordir¥J to equation ct>. The performance of these joint is shown 

in Fiqure 18. 

4·5nvn dia. nail 
E 
E 

~ 
'- 630nvn 

(i) Naied Spliced Plate 

:rI !' 
[;. 2"YJ x 75 rrrn plate 

I i 
(ii)Toothed Plate Comee.tor 

~[{ I 0 i 
S 12 mm oo. bolts 

0 0 • \ • I } 
1. .1 • 

624 mm 
(i) Bolted Joilt 

!r~ I 
"S.64 nm dia split ring 

t"il i ® I 3' ... 'I 

1. 600mm .1 
(iv) Split Ring Umec:tcr Joint 

Figure 17 Di•naiona of joints teated 
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joi\t extw '5ion 1500 

~ -----
split u 

-~ 
0 

f\l'Rlte ~t\f'e 1000s 
---~----- !c{ --- a: 

~ ,,,,..,..-- w , .... 
,""'toothed naie<I SOOw 

I plate joint ':ii 
1connector ~ joint IL. 

0 10 20 30 40 50 
ELAPSED T1£ (nirlltesl 

Figure 18 Perfarance of •tal connector joints in a 
standard fire Clfter Leicester et ol. 1979> 
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Except for the nailed joint, the perfarance of these joints were all 
poorer than my have been anticipated. 

fiqure 20 illuatratea an aapect of joint defaration that is critical to 

fire reaiatance. Split rinqa are rigid relative to the wood: therefore 
they rotate urder load, cauainq the enda of the splice plates to 

separate frm the min .-,.r and thereby per11ittinq the acceas of heat 

to the aplit ring and adjacent tillber. By contraat nails yield urder 

load: this couua the interface between the splice platea and the •in 

llHber to close tight urder load, thereby protecting the highly atreued 
wood at the interface. The characteristics of bolts lies &OMWhere 
between thoae of nail• and split ring connectors. 
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----

Ca> Split ring connector 

• 

- ---=- .. - --

Cb> Nailed joint 

Figure 20 Schellatic illustration of distortion of 

joints under load 
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The unleratandinq of the failure 118Chani• outlined above has led to the 

develop1ent by CSIRO of a fire resistant connector. This connector. 

llhown achallatically in Fiqure 21, is uaecl by aandvichinq it between the 

two pieces of tillber to be connected, and then usinq an hydraulic jack 

to ireu the nails into the vood. Teats to date have shown that this 

connectcr perform wll with aoftuooda. 

111111111111 
I I I I I I 

I I I 1
1 

1
1 

I 
I I I I 

asbestos cement sheet 
-- containing numerous 

double ended nails 

Fi(j\re 21 A fire resistant connector 
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6. DESIQf FOR FIRE RESISTANCE 

6.1 Buildinq Requlationa 

ttoat buildinq regulations do not encouraqe rational desiqn for the fire 
resistance of timber structures. At the least sophisticated level, the 

regulations cateqoriae structures into those that are constructed wih 

cmbuatible and uith no!l-cmbust.ible materials. Structures of combust­
ible 11aterials. such 48 tillber, are li•ited in application to particular 
classes of b.Jildinqs, and for these classes no required fire resistance 
i• apecified. 

In the follouinq, two further types of b.Jildinq regulations will be 

diacusaed. 

6.2 Desiqn by Fire Resistance Ratinq 

A .. i-rational approach to the desiqn of tilllber structures is possible 

where buildinq regulations waive the requirement of non-caabustibility 

and focua on the specification of fire resistance in teI'llS of a perform­

ance criterion. 

For this pJrpOse the definition of fire resistance is specified in stan­

dards auch 48 the Australian Stal'd4rd AS 1530, Part 4 (Standards Assoc­

iation of Australia 1975>. In this standard the ter11 fire resistance is 

defined essentially 48 the ti• that a structure will carry its desiqn 

load, while beinq subjected to the standard time-temperature reqi• 

described by equation Ct>. 

The rationale of specifyinq fire resistance ratinqs relates to the 

strateqy of compan..entation. Fire risk areas are divided into cmpart­

Nnts which MY be roou. buildinqa or even city zones: the b.Jildinq 

regulations are then frallad so that the effects of any severe fire uil! 
be contained c0111pletely in its cawparblent. In this scenario, the 
requireMnt of a at.nacture is to continue to function and survive the 
cmplete burn-out of the content. of the ca.partrnent. 
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The required fire reaialtance ratinqa are USU11lly specified in the 

aPIJlopriate buildi111J regulations. and tend to vary considerably frcm one 
location to another. A typical set of required ratin;a ia ahoun Table 4. 

TABLE 4 
TYPICAL FIRE RESISTANCE REQUIREM!NTS 

Building 
type 

House 
Flat 
Hotel 
Office 
Shop 
~ 

Required fire 
rating <•in. > 

0 
90 
90 

120 
360 
480 

Because of the conaiderable ti• and expense involved in undertaking 
fire teats to demnatrate fire reaiatace. de.ad-to-ca.ply criteria are 
Ull8d wherever poaaible. la an exuple, the Nev Zealand tlodel Buildirq 

Bylav <Wardle 1966> accepts the follouing as •ini .. sizes that vill 

qualify for a 30 •in.Jle fire rating: 

For roof loads, 
baus ••• 150 x 100 ... 

cob.. • •• 200 x 150 • 

truu ..t>era ••• 150 x 100 • 

and for floor loada, 
beua ••• 250 x 150 -

••• 200 x 200 .. 

6.3 Oeaiqn for Reliability 

Deaiqn for structural reliability ia now vell accepted in pr-incipal and 
ia of ten UMd u a buia for deriviTIIJ deaiqn reca..endationa for struc­
tural codes. There have been aoM att.Mpta auch u those by Woeste and 
SChaffer C197CJ, 1981 > to do thi• for the fire reaiatance of tillber 
atructt.rea, but the ruulta have not been cmplet8ly aatiafac:tory. 

.. 

.. 
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Structural reliability is related to the pcoba.bility of failure in -
service. As an exuple of the theory presented herein, the probability 
of failure during a fire of the beaJI shown in Figure 16 can be written 

where 

hef f = f <L. Aw· Ai-· hw· r> 
and where 

F = ulti11ate streaa capacity of the timber where there is no f ira 
involvement 

WL = live load effect 
w0 = dead load effect 

f<> = function of the para111eters in brackets 

Similarly the desiqn criterion for the beaJll is 

Cb - 2h!ff>Cd - h:ff >2 
CF•/6) = Wf + wg 

where h:ff is qiven by the leaser of the following 

h:ff = CJ60tp> tJ5 + 1.s ~t's 
h:ff = (360/p) t'5 + 10 

C2J> 

C24a> 

C24b> 

and lJs is the effective fire duration defined as shown in Figure 5 and 
computed fre111 the use of equations <7> and C9>. The asterisks are used 

to denote the deaiqn values of the associated psra11eter. The relation­

ship between the desiqn values and the canponents of uncertainty are 

illustrated scha.atically in Figure 22. 

It is outside the scope of this paper tc discuss the details of the 
uncertainties and the canputation of the probability of failure. The 

second Part of this paper will contain a model desiqn code for which the 

recanmendations have been derived through an analysis of the type des­

cribed here. The analysis used also took into consideration the fact 

that during a fire the floor live loads are arbitrary-point-in-time 
rather than peak lifeti111e values, that the probability of occurrence of 
a fire is small, and that the socially acceptable risk of structural 

failure in a fire ia greater than for normal loads. 
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h.,,_ 

PiCJUr• 22 ec.ponenta of uncertainty in the reliability analyaia 

6. 4 Detail a of DeaiCJn 

DeaiCJn and conatruction details are important in fire reaiatant con­

atruction. Fire rMdily attacks sharp corners, and thin uctiona, and 

fl&Ma readily enter any cracks and qape. Points of hiqh local atreaa 

auch u can occur at aupporta and load points ahould be well prot.cted 

aa tillber in the• areu will tend to pluticiae on heatinq: the uae of 

•tal plat.a to apply the• localiud loeda will lead to a lou of fir• 
resiatance. U•ful de•iCJI\ details are given in the papen by the 

Canadian Wood Council (undated> and wardle <1966>. 
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FIRE RESISTANCE OF TIMBER 

PART 2 - A CODE FOR FIRE RESISTANT DESIGN 
• 

based on 

DRAFT No. 1 AUSTRALIAN STANDARD (December 1982) 

RULES FOR 

USE OF TIMBER IN STRUCTURES 

known as the 

SSA TIMBER ENGINEERING CODE 

PART 4 - FIRE RESISTANCE OF TIMBER STRUCTURES 

AS 1720, Part 4-1983 
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1. 

1.1 SCOPE 

This Part of the code gives methods of assessing the fire resistance of 

flexural, tension and coaireasion -.hers of solid and of glued luin­

ated timber, and also of the resistance of their joints. The methods are 

intended to provide uaesmants that are in accord vith the requirements 

of the Australian Stardard AS 1530, Part 4, Fire-Resistance Tests of 

Structures. 

1.2 

For solid and glued laminated timber, the aueS1111ent •thod is based on 

computing the strength of the residual section after an allowance has 

been made for the loss of tillber due to charring. 

For joints fabricated with metal fasteners, the criterion for failure is 

related to a rise in taperature at the tilllber-to-111etal load-beering 

interface. 

2. DEFINITIONS 

StAMonJ fire. Standard fire conditions refer to the furnace corditions 

specified in AS 1530, Part 4-1975 for fire-resistance tests of struct­

ures or structural eleMnt.e. These conditions are interded to si11Ulate 

the t8111)'Jerature and radiation of fully develoi;ed fires. 

fire Beaiatance. Pirt resistance is stated in tenu of a duration which 

corresponds to t.he ti• Eor vhicn the ..t>ar can perf onn its required 

£unction when subjectlld to .tandard fire conditions. For structural 

11181ftbera, the required function ia to carry the deaiqn load. 

.. 
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fire Retiatant Clos!dim. Thia refers to claddinq which will irotect a 

structural element frm the effects of the atardard fire conditions for 

a stated duration. 

fire frogf Berrier. Thia is a barrier that has a fire resistance in 

excess of that of the buildinq ele11ent that it is protectinq. 

Notionol Qwrrim Bate. This is a theoretical charrinq rate that is 

used in the asse8M8nt of fire resistance. It is intended to correspond 

roughly to the charrinq rate that is obeerved in standard fire 

conditions. 

J. SOLID TillB!R 

J.1 OIMRING 

J.1.1 General 

The aaaeasment of the fire resistance of solid tillber is baaed on the 

concept of a lou in tillber section due to an idealised or notionol 

charring of any wood surf aces that are expoaed to fire as shown in 

Piqure 1. The notional charring rate in a standard fire situation my be 

taken to be qiven by 

c = 360/8 

where 

c = charring rate, .. /•in 

J a =dry tinaber density, kql• • 

CJ.1> 

Note. Dry tillber density refers to a density meuured at a moisture 

content of 12 per cant. 
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The notional charring rate defined by equation Cl.t> ia applicable to 

dry, untreated tillber. If the tillber is treated with a pnaervative or 

fire retardant. then due account mall be taken of the effect of thia 

treat.ant on the charring rate. 

Note. Sa. preservatives not only mdify the charring rate. but alao 

cauae an 'after-qlow' effect. Thia after-qlow effect refers to the 

phena'8non wherein the burning of timber persists after the external 

source of heat baa been r&llOVed; uaually this t.Jrninq continues until 

al 1 the treated tillber bu been coruM med. 

r·-·-·-·-·1 
;. ::· .· .. · ....... • · .. ~ -: .. i · Cakulatlcl 

·.:- charring liN 

Calculated 
depth of charring d

6 

Fiq. 1 Lou of Section di» to Olan"ing 

J.1.l Depth of a.. 

The total depth of the notional c:harrinq for expc>Md flat ..-facea of 

tillber ahall be cOllpUUd frm 

(J.2) 

where 

c • charrinl) rat.a defined by equation <J.t>, •/•in. 

de = depth of charriRJ, • 

t = deaiqn fire reaiatance ti• that the tillber i• conaider.S to be 

expoud to a atandard fire, •· 

• 

.• 
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For tillber aurlacea that are protected by a fire reaiatant cladding. the 

ti• t ahall refer to the ti• for which the tillber arface is expoaed 

to tellperaturea above 280°c. Further.ore. it shall be aaamed that once 

the cladding is treached by the fire. the charring rate c shall be 1.1 

ti- the value given in equation <J.t>. 

!xpoaed arrisea will bum to a rounded srofile as ahoun in Figure t. 

Details of the 9eo111ttry of thia profile are given in Figure 2. The 

radiua of an an-ia. denoted by ra• 11ay be taken to be equal to de• the 

depth of char. 

J.t.S Barrier Jwctiona 

If the tillber -.ber ia built into a fire iroof barrier, then the detail 

of the notional charring that occura at the junction of the llellber with 

the barrier 11ay be taken to be aa &hmm in Figure J. 

l.2 DESIGN CRITERU 

J.2.1 Strength 

In order to uaeaa the strength capacity of a structural ti.tier llellber 

during fire, a residual uction shall be obtained by subtracting frm 

the original section an aree that is notionally charred aa described in 

Rule J.t. Then a check ia to be Mde to ensure that the residual section 

has adequate design atren;th for an applied load defined by 

CJ.J> 

where 

w0 = dud load 

WL s floor and/or roof live loada u apecified in AS tt70, Part 1. 
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Fig. J Details of ChGrring at Junction with Pire Proof Barrier 

• 



• 

- 151 - TEW/21 

The design strength of the residual section is to be derived according 

to the Australian Standard AS 1720. Part t; in this check the effect of 

the fire on the residual section is ignored and all the norml require-

111ents such as bucklinl) strength are considered. 

Note. The rec~ndationa for the design check have been derived 

throuqh a consideration of Mny factors such as the loss of section. the 

fact that the lOl!ld will not be at its peak desiqn value. the loss in 

strenqth due to heat and the lov probability of occurrence of a fully 

developed fire. 

l.2.2 Stiffneaa 

The desiqn criteria for stiffness •Y be chosen at the discretion of the 

desiqn enl)ineer. However, in no case shall the stiffness of beams be 

such that the notional application of a load W as defined by equation 

CJ.J) to the residual section leeds to deflections greater than span/SO. 

J.2.l Deaiqn Detail• 

The details of construction .ust be such as to ensure that the asslftPl­

ions uaed in the uaeaaent of fire resistance are valid. For example 

protective fire iroof barriers, lateral restraints aqainst buckling and 

erd supports lllUSt all have a fire resistance at leeat equal to that of 

the structural llellber aaaeased: fire resistant cladding 11ust be fixed so 

that it re111ains in place when subjected to the combined effects of heat 

and structural llellber defor11ation. In addition. the tillber must not 

aplit when subjected to fire. If there is a poaaibility that the tillber 

will split, then due allowance shall be made for the increased charring 

rate and loaa of atructural atability in assessing fire resistance. 

Note. One c01111110n cause of splitting is the occurrence of larqe kino 

veins in hardwood species. 
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4. GLUED UKINATfl> TlttBER 

The fire resistance of qlued laainated tillber. fatricated in accordance 

with the Australian Standard AS 1328 my be assessed accocding to the 

procedoce reca.ended in Rule 3 for solid tillber. The effect of qlue­

lines on the notional charring rate my be naqlected. 

Note. If qluelines are inadequately bonded. then they Yill open up 

under fire conditions and the caution given in Rule 3.2.J concerning 

splitting should be applied. 

S. FINGER JOINTS 

Finger jointed softwood tillber. fabricated vith cuein and phenolic 

qlues. my be considered equivalent to aolid tillber in assessing its 

fire resistance. For other types of finger jointed •terial. the fire 

resistance •ust be established in accordance with the Australian 

Standard AS 1530. Part 4. 

6. METAL CONNECTORS 

6.t UNPROTECTED CONMNECTORS 

The fire resistance of joints fabricated vith unpn>tected 11etal connect­

ors should be established in accordance with the requiraents of the 

Australian Standard AS 1530, Part 4. A CJUide to the likely perforMnce 

of such joints is qiven in Appendix B. In the abMnce of adequate teat 

infonwation, it should be assl.118d that the fire resistance of joint• 

fabricated with unprotected faatenera ia neqli9ible. 



• 

• 
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6.2 PROTECTED CONNECTORS 

Metal connectors may be protected by embedding them uithin a structural 

member to a depth equal to the notional charring depth as illustrated in 

Figure 4. The residual holes resulting from such a fabcication are to 

be plugqed by timber qlued into place. 

Fiq. 4 A Method of Protecting Metal Connectors 

Note. In such a construction, care must be taken to ensure that the 

contacts between the interfaces of the timber members remain tiqht on 

appliction of the load. When rigid connector systems such as shear 

plates are used, the joint opens up under load and the metal connectors 

are then directly exposed to the heat of any fire that occurs. 
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An alternative method of obtaining a fire resistance for for joints 

fabricated with 11etal connectors is to protect the connectors by fire 

resistant claddings such as board material or subliming coatings. 

St~tural failure of such joints will be deemed to occur when the 

temperature of the tillber-to-metal load-bearinq interface ree.ches 120°c. 

Note. At a temperature of t20°c wood softens and loses bearing 

strength. 

Note. Protective cladding must be fixed to joints in such a manner that 

they do not separate of£ due under the caabined effects of joint defona­

ation and fire. 

APPENDIX A 

STANDARDS AND OTHER SPECIFICATIONS RELEVANT 

TO THE FIRE RESISTANCE OF TIHBER STRUCTURES 

1328-1972 Glued-Laminated Structural Timber 

1720, Part 1-1983 SAA Timber Engineering Code. Part 1 - Desiqn Methods 

1720, Part 3-1985 SAA Timber Engineering Code. Part 3 - Desiqn Loads 

for Non-Standard Fasteners 

1170, Part 1-1971 SAA Loeding Code. Part 1 - Deed and Live Loads 

1530, Part 4-1975 Fire Tests on Building Materials and Structures. 

Pert 4 - Fire-Resistance Test of Structures 

.. 



• 
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APPENDIX 8 

FIRE RESISTANCE OF METAL CONNECTORS 

The fire resistance of joints de}Jends on the joint geometry, the species 

of timber and the applied load. In the absence of reliable test 

information, the values shown in Table Bl may be used as a rough quide 

to estimate the fire resistance of unprotected joints fabricated with 

metal connectors ard load with the desiqn loads as specified in AS 1720, 

Parts t ard 3. As noted in Section 6, the failure of unprotected joints 

occurs when the temperature of the timber-to-metal load-bearing 

interface reaches 120°c. 

TABLE Bl 
TYPICAL FIRE RESISTANCE VALUES FOR 
UNPROTECTED METAL CONNECTOR JOINTS 

Type of connector 

I I 
I Typical fire I 
I resistance I 
I Cmin.> I 

---·-·------ ·-------'--- ------' 
Toothed plate 
Split ring and shear plate 
Bolts 
Nails• 

I I 
I S I 
I 10 I 
I 20 I 
I 30 I 

·-------------' --' 
* Except when thin wood Mllbers are used, nailed 

joints have the 881118 fire resistance as solid wood 

I 
I 
I 
I 
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