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PREFACE 

The United Nations Industrial Developm~nt Organization (UNIDO) 

was established in 1967 to assist developing countries in their 

efforts towards industrialization. Wood is a virtually universal 
.. 

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

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

but principally for construction, furniture, packaging and other 

specialized uses such as transmission poles, railway sleepers, matches 

and household woodenware. UNIDO has the responsibility within the 

United Nations• system for assisting in the development of secondary 

woodworking in1ustries, and has done so since its inception, at 

national, regional and interregional levels through proj~cts both 

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

range of manuals dealing with specific topics of widEspread interest 

h • h • I d k• l/ w ic are common to most countries woo wor ing sectcrs.-

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

continuing efforts to help engineers and specifiers appreciate the 

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

of 12 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 UNIDO with the co-operation of the Commcnwealth 

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 lectures are reproduced as Parts 1 to 4 

coverine a wide range of subjects, including case studies, as sh~wn in 

the list of contents. 

!/A fuller summary of these activitie» is availAble in a crochure 
entitled ''UNIDO for lnriustrialization, Wood Pr::>cHsing and Wood 
Products", Pl/78. 
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These lectures were complemented by site and fact~~Y visits. 

discussion sessions and assignment work done in s..all grcup5 by the 

participants frllowing the pattern used in other specialized technical 

training cour:;es in this sector - notably in furniture and joinery 

production!/ and Gn criteria for the selection of woodworking ~achinery~1 • 

lt is hoped that publication of these lectures will contribute to 

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

mendous need for buildings: domestic, agricultural, industrial and 

commercial as well as for particular structures, such as bridges, in 

the developing countries. lt is also hoped that this reaterial will be 

of use to teacher~ 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 to developing c~untries 

despite the widespread use cf the Australian timb~r stre~s grading and 

strength grouping systems and the range of conditions encountered in the 

Australian subcontinent. Readers should also note that the lectures 

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

informal comments by the lecturer, for added depth of coverage. 

The views ex?ressed are those of the individual aYthors anJ do not 

necessarily reflect the views of UNlDO. 

!/Lectures reproduced as 10/108/Rev.1. 

!/Lectures reproduced as lD/247/Rtv.1. 
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INTRODUCTION 

Many developing countries are :fortunate in having good 

resources o:f timber but virtually all countries make considerable 

use ot wood and vood products, vhether hcme-groYD or imported, tor 

housing and other buildings in both structural and non-structural 

applications, as vell as tor furniture and cabinet work and 

specialized uses. It is a familiar material, but one that is 

all too often misunderstood or not tull.y appreciated since wood 

exists in a great variety ot types and qualities. 

There are certain vell-knovn species that almost everyone 

knows ot, such as teak, oak and pine, while some such as beech, 

eucalyptus, acacia, mahogany and rosewood are knovn primarily in 

certain regions. Others have been introduced to widespread use 

more recently, notably the merantis, lauans e.nd ke!'uing trom 

Southeast Asia. Plantations also provide an increasing volwae 

ot wood. Very ~Y more species exist and are knovn locally and 

usually used to good purpose by those in the business. 

The use ot timber for construction is not nev and, in :tact, has 

a very long tradition. This tradition has unfortunately given way 

in many countries to the use of other materials vhose large industries 

have successtully &UJ>J>Orted the develoJ111ent of design information and 

teaching of engineering design methods for their materials - notably 

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

timber despite considerable efforts by certain research and develop-

ment institutions in countries vhere timber and timber-trued construction 

has maintained a stronR :position. Usually their buildin~ methods are 

based on the use of only & fev vell-knovn coniferous (sot'tvood) species 

and a limited number ot standard sizes and fU"&des. Ample design aids 

exist ind relatively fev ~roblems are encountered by the very many 

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

factory-made components and fully prefabricated houses vith the 

accom~anyirur; imnrovement in quality control and decreased risk or 

site problems. Other modern tim~r engineerinv. develo'Pftlents have 

enabled timber to be used vith increasing confidence for an ever 

rider range or structures. This has been esnecially so in North 

America, Western Eurone, Australia and Nev Zealand. 

UNIOO reels that an important means ot transferrin~ this 

technology is through the organization or s~cialized training 

courses aimed at introducing engineers, architects and specifiers 

to the subject and especially ilraving to their attention the 

e.dvantap;es of vood (as vell as disadvant~es and !l()tential problem 

areas) and reference sources so that for particular t>rojects or 

structures, vood may be fairly considered in competition vith other 

materials and used vhen an~ropriate. Cost com'D&l"isons, aesthetic 

and traditional considerations must naturally be made in the context 

ot each colllltry and nroject but it is hot>ed that the publication of 

these lectures vill lead those involved to a rational apt>roach to 

the use of vood in constn:.ction and remove some of the misllllder­

standings and misap~rehensions all too orten associated vith this 

ancient yet modern 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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SPECIFICATION OF TIMBER FOR STRUCTURAL USE 

William G. Keating!/ 

TEW/24 

The value of tilftber as a structural material has been veri(ied by 

centuries of use. However. it could have established its rep·itation more 
ecol'lOIDically if the relationship between quality and usefulness had been 

R10re completely understood. NC>Yedays it is essential that costs. lx>th 

erection and maintenance. are contained within competitive limits which 

means. 

Ca> keeping material quantities to the minilllllll necessary; 
Cb> desiqning for adequate safety and perfonnance; and 

Cc> avoiding costly 11aintenance or premature replacement. 

Another concern for the camnunity as a whole is t~e depletion of the 
world's finite resources. In this reqard. timber has a definite advant­

age over other materials .because of its renewable nature. Still this is 

no excuse for wasteful practices. 

Obviously correct specification is one way of overcoming the above 
probletlS. To assist in this apprcach fjl()St countries have established 
mtional sets of standards to lay down rec011111ended methods of specifying 

materials and their correct use. Because of its importance, timber and 

its derived products are usually well catered for but lhis does not 

necessarily mean that such standards are always used or even well 

urrleratood. 

The de;relo~nt of standards generally, and in particular those relating 
to tillher, baa been a product of illlJ>l'OVed coamunications and closer 
international co-operation. Tilllber standards in the past were often pre­

pared, written and ~lqated by people with an eye to the sellinq of 

the local product without auf f icient attention to the long-term reputat­

ion of a vital raw material. Gradually standards around the world have 

tanded to .becOllle theuelves stardardised. This approach has succeeded to 

a much qreeter degree than many thought possible even a few years ago. 

It i• illlllediately obvious that through these developnents the technoloqy 

!/An officer of CSIRO, Division of Chemical and Wood Technology, 
Melbourne, Australia. 
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transfer process baa been enhanced considerably and any country, partic­
ularly a developing one, is able to take advantaqe of advances made in 

another. Engineers who saw this happening in the 'newer' materials such 

aa steel and concrete. looked for the sa111e with tillber and depending on 

the particular situation, either exerted their influence on the timber 

standards committees or turned to the other materials. 

To the specifier, staniards are particularly useful, even essential, but 

they may need to be added to or substracted from to IMke a complete 

specification. For timber this implies an undersl4nding of its 
characteristics particularly its limitations as well as its special 
properties. 

The following is an example of specification writing that was COlllllOn 
some years aqo and shows the completely unrealistic approach often 
present, 

'Scantling shall be the best of its kind cut frolft mature, 
hill-grown trees felled during the winter. It shall be 

perfectly atraiqht and out of winding, die-square, bone dry 

and free frOll heart, sap and all defects.' 

Modern day standards 11are closely match the needs of the user with the 
availability of the aaaterial. 

BASIC WORKING STRESSES 

Previous papers have shown how timber •Y be graded for structural 
purposes and how a basic working streaa may be derived. Aa this is the 

figure from which the engineer starts his deaiqn proceaa, it follows 
that the first requirement he apecif iea is the stray grade of the 

timber he wishes to use. In Australia atreaa grade is defined as - 'the 
claaaif ication of a piece of timber for structural purposes by means of 

either visual or mechanical grading to indicate the basic working 
atreaaes and stiffneuea to be uaed for structural desiqn purposes. The 

stress grade is designated in a fon auch as "P7" which indicates that 
for such a qrade of material the basic working streaa in bending is 

approxi11ately 7 HPa.' 

• 
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TIHBER IDENTIFICATION 

In llllny situations the engineer. provided he is satisfied as to the 
atreBB grade, ia not too concerned as to the identity of the ttmbt;-r. 

However. there are alao mny cases where positive species ident1ficdt­

ion, at least as far as a group classification. is essential. One such 

situation applies when there exists a biological hazard. Here. in order 

to re110ve the hazard, the engineer may need to specify one or more of 

the following~ 

Ca> The use of tilllbera treated with preservatives. The following are 
three possible approaches: 

Ci> the timber is surrounded by a cor41>lete envelope of preserved 
timber of such depth that provides for post treatment check­

ing and minor fal:rication damage and is carried out after all 
cutting, drilling, notching. machining, etc •• has been done; 

Cii> the timber is treated through the full depth with ad£.-quate 

retenti'lns of preservative; or 

C iii> the susceptible sapwood only is treated against Lyctus 
attack. 

Cb> The use of naturally durable heartwood species uhich can be 
identified on site, for protection against fungal attack only. 

Cc> The provision of adequate ventilation against funq6l Cdecay> 
attack. 

Cd) The use of soil poisoning and/or mechanical barriers such a3 'ant' 

capping against ter111ites. 

In <a> and Cb> above, species identification is essential. 

for the design of timber stnx:tures, it is often necessary to use 
unseasoned timber as the membe::- cross-sections are so large ·.;.hat it may 

be uneconomic to aptcify that they should be dry. This is not necessar­

ily a problem aa construct; Jn techniques are available to minimize the 
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effects of shrinkage but aqain species or species qroup id~ntif1cation 

is i111port:mt in order to pc-edict the likely performance. The U&! of 

hardwods tend9' to accentuate the situation for, as c'-"~pared to soft­

'-foods, their total vohnetric shrinkage is usually 11uch higher and the 

differential percentage shrinkaqe in the tangential and radial direct­

ions is also higher. In this field it may also be of some importance to 
know the identity of those pieces that could be subject to the abnormal 

forn· of shrinkage krown as collapse. Standard texts vill list those 

species that are known to be susceptible, but identification is 

necessary. 

DIHENSIONS AND TOLERANCES 

It is important that there is no cause for ambiguity when stating dimen­
sions and tolerances. In Australia lineal metres Cm> or cubic metres are 

the units of measurement for length and volune respectively and the 

cross-sections are referred to by millimetres Cmm>. nte convention that 

is being encouraged is to specify cross-section, nllllber of pieces ~nd 

lengths in that ocder, e.g. 100 x 50 60/2.4, vhere 100 x 50 indicates 

the required cross-section in millimetres and 60/2.4 indicates 60 pieces 

each 2.4 metres in length. For tolerances, the designer should make it 

clear to the supplier, usually by quoting the appropriate standard, that 

he understands for example, that a negative tolerance on cross-section 

is permissible. ~sually this applies only to unseasoned sa\IJl timber. For 

dressed or seasoned timber, there is normally no neqative tolerance. 

These points and the conditions relating to length tolerances are 

usually spelt out in the standard. 

STANDARDS 

The value of standards becomes obvious when ordering timber. By quoting 
the stress grade, the identity of the species <to the precision necess­
ary) and also quotirlq the nUlftber of the standard to which the timber is 

produced, a considerable arount of infoniation iH conveyed in a very 
,tqMll space. When that is combined with, say, a timber engineering codP, 

the intentions of the desiqner and the responsibilities of the supplier 

are quite clear. 

.. 
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If no standard exists, it is normal practice to examine standards from 
other countries and modify them where necessary to suit the local con­

ditions. As can be i11agined this is no~ very satisfactory. If even this 

is not possible and trained graders are not available. some simple rules 
combined with a minimun density clause may be satisfactory. Such an 

approach would need to be conservative hut it could allow timber to i:>e 

used. 

EQUILIBRIUM KOISTIJRE CONTENT 

When structures or elements are to~ fabricated with seasoned timber, 
the designer should ascertain the average equilibrium moisture content 
for the enviroTl!llent in which the structures or elements are to be 

erected. He should then specify that the timber used shall have a 

110isture content at the time of fabrication within 3 per cent of this 

average value. 

Wood exposed to an atmosphere containing moisture in the form of water 
vapour will come, in time, to a steady moisture content condition, 

called thP. equilibriun moisture content. This steady moisture state 

deperds on the relative humidity, the temperature of the surrounding air 

and the drying conditions which it has previously undergone. It fluctu­
ates with changes in one or both of these atmospheric conditions. Such 

changes produce correspording changes in the dimensions of wood. 

Obviously to minimize the extent of such movement it is desirable to 

install timber at a moisture content mid-way between the extremes it is 

likely to reach in service. Around 12 to 14% is about an average figure 

hut could be hiqher in tropical areas or considerably lower in locations 

such u central Australia or indoors in air-corditioned buildings. 

CORROSION 

Corrosion may occur in Metal connectors when used uroder moist conditions 
and under certain atmoapheric corditions such as might be encountered in 
marine envirorvnents, certain factories or near chlorinated water. Con­

densation in roofs of heated buildings will also encourage corrosion. 

Some preservatives of the waterborne type may, under moist conditions, 

cauae corrosion to unprotected metal work. The desiqner must ascertain 
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if such hazardous corditions are likely to be encountered and ~r.sure 

that th2 approi:riate irecautions are taken. 

On the other hard. vood itself does not corrode which Miles it a most 
useful material to specify for USE in a corrosive environ1ent. 

PRESERVATIVE TYPE 

It is not sufficient that the designer specifies that the tillber inellbers 
be preservatively treated should that be necessary. He 11USt specifically 
nominate the ireservative type. Oil. waterborne and light orqanic solv­

ent types each have their own advantaqes ard limitations so that in 

order to make the correct choice 80lle atte.pt to acquire the necessary 

backgroutd information is required. 

TRANSPORT AND ERECTION 

The overstressinq of timber mellbera durinq transport and erection should 
be carefully avoided. In the case of framed arches, trusses, portal 

frames and the like, special care is necessary to avoid distortion in 

hoistinq from the horizontal to the vertical position. For this reason 

the designer should indicate liftinq points or 11ethods of liftinq on the 

desiqn. 

BUILT-UP MEMBERS 

Often it is not possible to obtain solid timber ftlellbers of sufficiently 
larqe cross-section or lenqth to suit a particular need. This does not 

precluie the use of timber as larqe members may be famed from much 

smaller pieces. However, for engineered structures this is a specialised 
technique ard one that needs a first class quality control system. For 

this reason the deaiqner, should he wish to use meamera such as qlue­
laminated beams or nail J.aminated cQlllpOnents, 11\JBt seek guidance frOlll an 

appropriate standard ard order fraa a well-known and reputable firm. 

Simple members may be fabricated on-aite, but cloae supervision is 

usually necessary. 

.. 
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STORAGE ON SITE 

Unless specifically deaiC)118d for the J.lUil)OSe. timber components dnd 
structural elements should not be exposed to high h~idity. and :ill 

mate'C'ials and asselllblies in storage should be protected against e>-:posurc" 

to the weather, wetting, damaqe. decay and insect attack. Adt!qUate 
ventilation of the stock must be provided. 

INSPECTION ON SITE 

It is not sufficient for the designer to just W"C"ite the specification 
even if it does cover all the aspects mentioned previously. He must make 

provision for a systeni'of on-site check inspections to be 1118de on a 

reqular basis. Thia implies that there is some one present such as the 

site enqineer or foreman who is at least familiar ~ith the standards 

quoted in the contract, any special conditions and the Yay in which the 

checks should be made. 

For example, if dry timber has been specified, this would normally 

indicate that this is critical to the performance of the structure. In 
structural members if green timber is supplied in place of the specified 

dry, failure is possible, excessive deflection is probable and end 
splitting may occur rendering the jointing devices inoperative. For 

these reasons, it is good practice for a moisture meter to be on the 

site with some one available who kl'l()Y;how to use it. Similarly with 

preservative treatment and conformance to the grading rules. Branding is 

not always a cause for complete assurance, but it is a useful safequard 

and indicates the supplier will back his product which is often why it 

was specified in the first place. Por this reason checks are necessary 

to ensure that the agreed branding has been done in the correct manner 

and frequency. 

Tillber is a well pr-oven structural mat~rial but its familiarity often 
leada to its mia-use. Modern technoloqy has enabled us to specify timber 

in llUCh more econo11ic <i.e. anialler> sizes over a wider range of condit­

ions than in the put, b.rt. at the same time the need for close attention 

to apecif ication detail has been markedly increased. 
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PLYWOOD IN CONCRETE FORHWORK 

Kevin J. Lyngcoln!/ 

The above lecture was based upon a manual of the same title by 

Hr. Lyngcoln. The manual is not r~produced in this document. However, 

it may be obtained fro~ the Plywood Association of Australia Ltd.~/ at 

a cost of $A 4.50 plus postage per copy (price in March 1984). A copy 

of its cover page is shown below, and a copy of its list of contents 

and other relevant details are included. 

!/Engineer, Plywood Association of Australia Ltd. 

~/Plywood House, 3 Dunlop Street, Newstead, Brisbane, Queensland 4006. 
Postal address: P.O. Box 8, Newstead, Queensland 4006, Australia. 
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PLYWOOD IN CONCRETE FORMWORK 

r--------------- ----,----------
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FOREWORD 
Concrete In Australill over the pell few decades has developed into one 01111e most used ma1erial11n the budding 
industry. lls ability to be moulded into 1 gr111 v1rse1y of sh1pea. 11t 1bihty 10 1ccepl 1 wide r1nge of surf ate 
finlahet. ind ill inherent 11ren_9.lh Ind dureDrlily. provide dnignera with an extremely nrulile des111n mediurr .. 
Tiie onetopmenl of •off·lonn finithet in p1nic:ul1r hll given archilects yet another me1na of cr1111ng buildin' 
facades In economic and Hsthetcally pleasing forms. 
The auc:c:ess of conc191e II a visual materiel depends in no small "19Hure. however. on the quality of the 
lormwork that mould• ii into the deairecl ahlpe. and in p1rhcular on Ille qu1lity of the form lice. Plywood hal 
blc:Onie ntal:lllllled H 1 m11or me1eri1I for lhis purpose. 
PrOduction of "off.form" finislln lmPClffl much lighter limi11 on concrete lormwork In particular. w11er 
ll:laorptiOn of lhe form llCI. joint Hlling end dell1ct1on under IOld are critical. Whilal in moll CINI the 
atructu,.l 1trength ol formworll ayatem1 ta more than 10equa ... the control ol deflection end the Hellng of JOinta 
ere sometimes not given the 11me 1tten1i0n Ind the concrlle finish sullera 1ccordingly. 
Thia Manuel ta 1 Mlc:Ome 1ddilion to Australi1n pul:lliclliona on the sub1ec1 11 ii addreaaea 11ae11 10 lhnl 
problems. proYicles the building Industry with efficient desilln rnetl'IOdl and auggnta ellective det1ila to ensure 
that the blSI performance Is Obtained from concrete. Con11dlration it given 11ao. In the section on Formworll 
Prn1UJe. 10 tilt effectt on formworll delign ol mooern trenoa whieh involve more work1ble cone"'"· gr111er 
retn of concrlla plecement end emph11i1 on the overall speed ol construchon Each ol lhl•• tends to impose 
additional io.oa and p1911urn on the lormwork end demand more ecc:ur11e dnign1 10 enaure 111t111rength. 
clefilclion and ... ling requiremenll are met. 
Plywooc:l 1111111 lhe allributn to make It an excellent rr 11eri1l for lormwork. Th11 M1nu11 provides the building 
industry 1nd teaching lnllilulions with 1n uncompliceled. concise text deacnt11ng lffic:~nl Ind elleclive 
meltlodl of ullng 11 for lhia p11rpoae. 

K J C1v1nagh 
Director. Cement end Coner• .. 
A111oc:1111on of Aualrelia 

" 
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TIMBER STRUCTURES - DETAILING FO~ DURABILITY 

Leslie D. Armstrong!/ 

Extensive deterioration of b.lilding 11ateriala vill occur in the absence 
of good principlea of construction. use and •intenance of b.lildinqa and 
other structures. Where high rainfall. high tu.idity, extensive inaol­
ation and strong winds pr-evail. acne types of decay of •teriala can 
becme rapid without proper aaphaais on good sractice. 

The weathering factors of '-..he tropics are those operating in temperate 
regions. although the considerable variations in intensity make acme 
factors insiqnificant and others illpllrtar.t. SOiie iroceaaea of degrad­
ation. particularly attack by biological agencies. are likely to be 
hastened by unifor11 tellperatures at the opti-.. level as experienced 

towards the equator, rather than by widely fluctuating values. but the 

reverse applies for acne physical effects. such as disruption frOll 

diiaenaional change. which will be at a mxillUl in hot arid regions where 
lov 11inima also occur. 

Skilled desiqnera attempt to achieve the beat perfonance in b..tildinga 
throuqh the selection of durable materials. through the exercise of qood 
principles of conatructfon and workmanship and through proper treablenta 

and maintenance to increue durability. These important approaches are 
never fully achieved even in larqe cities where materials and skilled 
labour are abundant and usually only partially achieved in aaller 
cities and towns in ra.ote regions where mterials and llkillad trade-n 
are in short supply. 

The behaviour of tillber in service is affected by envirorwental and 
biological factors which vary in their influences depending upon the 

conditions of expoaure. Usually, the worst conditions are pE'U8nt urder 
outdoor exposure because cliinatic variationa are widest and of qreatut 

impact, but severe conditions may al.a OCC\r indoor• due to hazardoua. 
artificial enviro1'1118nta or due to poor technique• of conatnJCtion. 

!/Formerly an officer of CSIRO, Division of Building Research, 
Melbourne, Australia. 
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TIMBER USED INDOORS 

The .ajor pc-obleu of deterioration of structural timbers used indoors 
are uaually aaaociated vith excessive amounts of liquid \later in direct 

contact vith the tillbar, exceuive allOUnt.s of water vapour in the attlOS­

phere. excessive f'.~uationa in the 110isture content of the wood. 
extrelles of t911P&ratlre, or chemical f\lles. When the 110isture content of 

wood exceeds about 25 per cent, based on oven-dry weight. bioloqical 

decay, due to bacteria or funqi, may occur. The effects intensify with 

elevation of te11p9rature. Should the moisture content of the wood flutt­

uate aAJACiably vith chanqea in atllospheric corditions Cwhich may occur 

in induatrial buildinqa>, exceaaive amounts of avellinq ard shrinkaqe 
.ay ariae vhich can cauae severe atreasinq and degrade of the timber and 
aasociated joints. Checking or splittinq of the wood surface may also 

occur, vith the aubeequent develoJJMnt of bacteria or fungi in the 

checks-and aaaociated decay of the wood. In tropical climtes, high 

vgl;.;..~ of relative hlllidity ar& :1aintained for extensive periods and in 

oreer to inhibit biological attac:r: in timber there is usually a stronq 

need to apply preservative chellicals ard protective f il• to the sur­

faces of lllellbers and to ensure adequate ventilation of air spaces. In 
addition, a high hazard exist.a from water penetration and flooding of 

atru:tures. which requires sroper shielding ard drainage systems to shed 

water and prevent retention. 

Althou;h timber in aervke ia rarely affected by chealical fl.Illes, the 
11etal fasteners c~ly used in tillber joints may corrode unless they 

have been treated to withstand apecif ic chemicals. 

TlltBER USED OUTDOORS 

When UMd externally, tillber .ay be partially or fully exposed to the 

weather and it• .oiature content inay reach undesirable values or MY 
fluctuate vid.ly due to expoare to the aun, rain, anow or wind. In llOlll8 

cue• hanfu1 chellicala •Y contact the tillber and joints. At the plann­
ing ataqe, building orientation should be considered to reduce exposure 

of wlnerable ca.ponenta. Protective treatllents conaiatinq of durable 
surface coating• or penetrating chetlicala MY have to be used to help 

the tillber to reaiat damqing agents or to inhibit 110iature changes. 
'nle• treet111enta -iat in keeping avellinq atreaaes to a minilRl.R and 
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reduce the incidence of bioloqical decay. Consideration should be given 
to the method of assellbly of tillber ccmponents so that. as far as poss­

ible. water canrot porn on surfaces nor enter the joints ard any \later 
that does intrude can drain away. Koisture should also be pr-evented from 
diffusing into wood from porous media Csuch as soil or concrete> by 

avoiding direct contact. As vell as applying these initial treatments. 

continued observation and maintenance \lill be needed during the life of 

the structure. as is the case with all structures and materials. 

The methods of providing physical irotection for timber structures arrl 
components fall into two categories namely. shielding and structural 

detailing. 

SHIELDING METHODS 

Structural timber &xposed on the outside of buildings may be shielded 
f raa the weother by utilising natural and/or artificial systems of 

protection. By carefully selecting the type and location of trees and 

shrubs, timber walls and exposed structural timbers may be substantially 

protected £ran the wind and rain to inhibit the ingress of water and 

reduce excessive fluctuations in moisture content. Shielding from the 

sun is also provided with shri..ma, not only qiving irotection to exposed 

timber but also assisting the internal environwent of a building thrOUEJh 

shading of walls and windows. Careful selection of the species of trees 
and shrubs is essential so that an acceptable degree of shielding is 

p:esented to the building. 

The trees and shrubs must be of sufficient distance from the building 
and of adequate spacing so that the foliaqe does not provide a wet 

source nor inhibit the flow of air adjacent to the walls, otherwise the 

moisture content of exposed tillber ..ay reach detri111ental levels. The 

species of trees 11\JSt be selected ao that no danger is presented to the 

buildings during windstoru. Further, the root growth and moisture 

requirements of the trees 1MJSt also be considered so that no probleu 

will arise with the foundations of buildings due to excessive 110iature 

chanqes in the soil or intrusion of roots into the structure. Consult­

ation with botanists and experienced nursery11en is eaaential during tree 

selection, planting and landscaping. 
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Where it is not convenient to use trees for shielding, artificial 
systems may be installed to achieve a similar purpose. Roof overhangs, 

shading devices, ard.screun walls or fences can be constructed of decor­
ative ard durable materials to provide protection aqainst the elements. 

to assist indoor temperature control and to enhance the architecture. 
Practical experience throughout the \IOrld has demonstrated the extre111ely 

valuable contribution made by shielding systems in prolonging the life 
of exposed building materials. 
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other 11ethods of shielding consist of applyinq caps or f lashinq directly 
to the aurf aces of exposed tilllber ~rs to prevent veter lodging on 
surfaces ard to diveri:. the water away from the llelllbers. 

-

~ 
L) ...... ..i ,, , Wood 

I I CIP If CIP 

I I I ~ - -
, ... ,. c.,. . PfOIKt end ..... 

f ... 1f ....... • w .... ••r run-off Md dlcrl­
a.,._,,. of en:l ereln co"'" end rein. 

lllJICoperly designed shielding systems 11ay accentuate rather than allevi­
ate d8CJI'adation of tillber by trapping water that has leaked into the 

ahielda. A ahield or cap ahould only cover the exposed surface that 

requires protection, leaving adequate ventilation and drainage of the 
r81ftaining surfaces, especially the lower surfaces, so that moisture will 
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not be retained or. the timber to cause prolonged wetting ard subsequent 
bioloqical decay. 

The end-qrain surfacea of vood need special treat.ant with respect to 
shielding ard aealing. Moisture is qained am lost more readily through 

end-grain than through aide qrain surfaces. O\eckinq of em~in 

surfaces inay becCllle severe because of ciifferences in svellinq in the 

tangential and radial directio•as (relative to the growth rings) am 
bioloqical decay may develop in the open checks. Shields of the types 
already described may be formed to protect end-grain surfaces and a 

variety of Be4ling paints and f ilu can also be applied. Further bene­

ficial treatments that have JrQVed successful in inhibiting the deter­
ioration of end-grain consist of shaping the ends of lftelftbers to reduce 

exposure am encouraqe water nm off, machining a groove into the face 

or attaching a strip to provide a drip heed, Qr sub-dividing the larqe 

erd face of a llellber into a mnber of mall sections by means of deep 

saw kerfs in order to relieve swelling st-asses and reduce checking. 

it.rfl·ltolmmwlde 
20mmdlep 

.... , .... hftl ................. ._Md ....... 
dledllfte. 
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Timber that is totally immersed in water will not decay. However, when a 
structural member, such as a pile, is partially immersed in water and 
partially exposed to air, degradation of the wood may occur at the 

waterline unlesa protective methods are applied to reduce moisture 

content fluctuations and to inhibit checking Qrd subsequent decay. One 

method of treatment is to apply a bandage containing preservative to the 
section at the waterlir.e. 

STRUCTURAL DETAILING 

When timber components are join9d together or brought together into 
contact with other structural ~.cmtbers or materials, care must be taken 
to avoid the entry of water ard, moce importantly, to avoid trapping 

water in the joint. Shaping, caulking ard flashing of timber members can 

encourage drainage of water away from joints and albO inhibit the entry 

of water. Grooving and drilling the faces of members can encourage 

drainage of water from inside joints where leakage may be present. The 

transfer of moisture from another porous medil.111 <e.g. soil or concrete>, 

to timber should be prevented and the design of the joint should allow 

e11Sy access for the application of maintenance treatments, especially to 

end-grain surfaces. Where metal shoes or fittings are used to support 

the enda of members they should not enclose the member or encourage 
trapping of water. If initially green timbers are used in construction, 

the joints, fasteners ard support fittings must bP. selected to acc0111n­
odate the subsequent shrinkage of tha timber ard permit maintenance. 

Similarly, where excessive moisture content fluctuations are expected, 

provision must be made ior the inevitable dimensional changes that will 

result. Several examples of good structural detailing are shown in the 

figures. 
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USE OF GREEN TIMBER IN STRUCTURES 

Leslie D. Armstrong!/ 

Wood is a hyqra.copic •t•rial that gains and losea water with 
variations in the moisture content of the envirol'll8nt in which it ia 
used. Because diffi.mion of moisture in wood ia a rate process there ia a 
ti• laq in ttWt variation of the moiat·.re content of vood with respect 
to chanqes in at.capheric conditions. Moisture gradients develop below 
the surface of the wood and severe distortions •Y occur in SOiie· timber 
cmponents. 

In service. tillber •Y be fully imersed in water vith the result that 
its misture content re.ins constantly high. or it •Y be exposed to a 
variety of natural, controlled or widely variable artificial environ­
ments in which t.• moisture contents remain steady or fluctuate over a 
considerable range. The misture content of wood gradually varies in 

accordance with the aurroundinq conditions and, qiven sufficient ti•, 
it will equilibnte with a particular envirorment, i.e. the 110isture 
content of the vood will reach a steady value which will be related to 
the 110isture content of the surrounding air. In 110St countries. distinct 
moisture content levels occur in tillber correapondinq with the cli..atic 
aeuons. In Melbourne, Australia, the 11aisture content of wood used 
under shelter variea frm about 10 to 15 per cent, based on the ovefl-dry 

veiqht of the wood, over each year. 

Wood in the tree contains water in two forms, namely free water con­
tained in the hollow l\llen of the wood cell and che11ically bound water 
contained in the vood till8U8 in the cell wall. As wood dries, the free 
water is first rMOVed fro111 the cell l\118n to the surf ace of the wood 

where 1t evaporates. The moisture content of the wood follovinq rHOVal 
of the free veter ia aPJE"oxi111ately 30 per cent, hued on oven-dry 
weight, and ia ref•rred to aa the filre aaturation point, aa the cell 
wall reMina aturated with bound veter. As drying proceeds below thia 
.,iature content, the bound veter diffuses frm the cell wall to the 

external 8\rfacea of the wood and evaporates until the miature content 
of the wood ia in equilibrim with that of the 8'rr'OUR1ing air. Thia 
.,iature content level ia knoun u the equilitrim .,isture content of 
the auple, abtreviated to 'e.•.c.'. In Melbourne, the e.•.c. ranges 

!/Formerly an officer of CSIRO, Division of Building Research, 
Melbourne, Australia. 
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from about 10 to 15 per cent in timber exposed t'l ambient coooitions ard 
protected from direct rain and sun. 

During loss of free water from the cell ltmens of \IOOd there is little 
cf fect on the physical pr-operties. except that in SOiie species of hard­

wood a severe foni of abnormal lateral shrinkage, known as 'collapse•. 
can occur and cause extensive distortions and dimensional chanqes in the 

timber. Chanqes in cross-section of up to about 8 per cent of the 
oriqinal dimensions can occur with cell wll collapse in some species. 

Precautions must be exercised in using such timbers in construction. 

With loss of bound water from the cell wall durinq dryinq of timber 
below the fibre saturation point. the mechanical ard physical properties 

of wood are considerably affected. An import.ant phenCJ11enon that accom­
panies moisture change below £.s.p. is that of shrinkaqe ard swelling of 

the lateral di11ensions of wood with desorption and adsorption of 

moisture. Shrinkage parallel or tangential to the growth rings is much 

larger than that in the radial direction. It is often as much as 2 to 1. 
Shrinkaqe alonq the grain of wood is of little or no practical signific­

ance. In softwoods. deperding on species, shrinkaqe of up to about 6 per 

cent of the original lateral dimensions can occur during drying from the 

fibre saturation point down to a typical air-dry cordition of 12 per 
cent moisture content. In hardwoods. shrinkage of up to 10 per cent of 

the lateral dimensions a1ay occur under similar corditions. 

Apart from making allO\lances in some cases for the shrinkage ard swell­
ing, or ·working', of dry timber during limited amounts of moisture 

content fluctuation with climatic changes, the major changes in 
dimension that accompany drying of initially green timber in service 

need special attention. This is part.icularly importart w~th joints in 

timber components. 

Obviously furniture and joinery tillbera should be dried to a moisture 
content equal to the lllMn of the range anticipated in practice, whether 
exposed to natural allbient conditions or artificially generated condit­

ions. Structural tillbera installed in the dry state should be treated in 

a similar manner. Timbers used over a short duration in extreme condit­

ions, e.q. fonnwork, my need surface treabnent ard protection t.o 
inhibit moisture cMnges and associated dimension changes. 
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Structural tillher is frequently used in the qreen condition as cut from 

freahly felled treea because of the difficulties often encountered in 

aeeJ10ninq tillber of atructural aizea. the high coats and delays 

experienced in seuoning, ard problems concerned with nailing of dry_ . 
timber of mny apeciea. The probl8118 that can arise e.a a result of 
structure! timbers shrinking during extensive 1110isture content change 

are mny ard varied ard aometi•s give timber a bed na11e. Usually, how­

ever, any such troubles caused by shrinkage are the results of thought­
lessness o::::- carelessness on the part of the designer or wilder in 
failing to llake provision for the well established shrinkage behaviour 

of construction timbers. Some of the cmmon problems encountered in 
sractice and the irecautions needed in construction 11ethods to reduce 

the detri•ntal effects of ahrinkaqe will be described. 

When initially green structural timbers of si11ilar shrinkage character­
istics are lapped or spliced using nails. bolts or connector rings and 

t?le direction of the wood filres Cqrain of the wood> is disposed in the 
sue direction in all timber melllbers, e.a shown in Figure 1. no 

restraints or splitting of the wood can occur between parallel rows of 

fasteners. However. bolt holes in the qreen timber lllUSt be drilled 1 to 

2 •oversize. deperdinq upon the species ard bolt diameter, otherwise 
splitting will occur in the grain direction mijacent to holes e.a the 

hole dia111eter reduces across the grain ~ith shrinkage of the tilllber. In 

hardwoods, tangential shrinkage •Y amount to 15 per cent during drying 

fro11 the grHn to the air dry state and in softwoods the shrinkage 11ay 

reach 6 per cent. Bolts need re-tiqhteninq at intervals as the tillber 

shrinks in thickneaa and it ia euential to uee the correct size of 
washers urder bolt hMda and nuta to avoid crushing of the timber and to 

keep bearing streaaea within safe limits. 

When the shrinkage characteristics of lapped or spliced green timbers 
are widely different or wn.~n the relative directions of the grain in 

adjacent metlbera inay cause significantly different shrinkage effects 
across a joint. atagqerinq of fasteners in mijacent rows, aa shown in 

Figure 2, will often alleviate aplittinq durinq shrinkage. 
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Steel plates are often used to splice green timber members butted 
together at their end.a. When the joint ia foned using a single row of 
bolta or acreva along the lefllJlh of the 111811bera. as shown in FiC)Ure la. 

no restraints occur across the joint provided bolt holea are drilled 
overaize in the tillber. However, when tuo or .,re rows of fasteners are 

used in such an a•aembly. as ahoun in Figure Jb, alternate rcx.rs of holes 
in the steel plates must be slotted laterally to allow for displace.ent 

of the bolts or scram across the splice plates vith shrinkaqe of the 

green tillber -.hers. Si•ilar treatment may be needed vhen metal str.apa 

or alllJle trackets are used adjacent to qreen tillber Mllhers CFi9'4["e Jc>. 
Bolta or screva ahould be tightened regularly vhile shrinkaqe of the 

tillber is in JrOCJr888. 

Built up till.her beM8 and truues are often constructed of green 
hardwood lllellbers ard veba or quaaeta of plywood, hardboard or qalvanized 

iron. ec-,n pnctice is to use tw or aore rows of nails, staples or 
rivet.a, aa far apart as possible. 'nlis is satisfactory for saall bealll 

flanges or truss aellbers but not for llellbers to Cll or .,re in depth as 

the green lllellbers shrink ard the quueta do not. As a result the quaaet 

is duaqed, the fasteners are overstrained or the till.her members are 
split. Correct iractice is to use the mini .. runber of rovs of nails or 

rivets, to apace the rovs as close together aa permissible, to group the 

f aatenera alOlllJ the centre lines of the llellbers ard to stagger the 

fasteners in adjacent rows CPigure 4>. 
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Cir.., Timb9r members 

0 0 

Stiel spla ptote 
Drill holes in steel to suit bolts. 
Drill hola5 in tilnber 1-2- CMr5'1.t. 

TEW/19 

Figure 34 Timber/steel plate assetnbly with single row of bolts 

Alternate rows of holes 
- I 
I 

0 0 
j 

I 0 0 -
I -- -I,__ ____ I 
I 

in steel plate.slotted to 
allow for bait 
displacement with 
shrinkage cl tillblr 
members ocr05s thl 

·~ 
-- 0 0 I 0 0 
-- - . -

wain. 

Fiqure Jb Timber/steel plate assembly with two or inore rows 
of bolts or screws 

Ti,.._ 

Fiqure Jc Slotted holes should be provided in metal fittings 

to allow for shrinkage of adjacent timber 
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Stagg1r Fasteners 
close tot 
to reduce 5hrinkoge 
problems 

figure 4 Reducing shrinkage problems in built-up components 

When green hardwood purlins are attached to wooden cleats as shown in 

Piqure 5, ahrinkaqe trouble will occur in two places. The purlina and 

upJWtr chords will shrink in their depth whereas the cleats will not 

shrink in their length. When the purlina shrink, they will no longer 
rest on the top chord of the truss but will hang from the bolts 

attaching thell to the cleats. When the top chorl shrinks, the two 
fastenings, either bolts or nails will be forced closer toqether and 

this may cause the cleat to split or break the joint. Either way, the 
cleat is likely to become ineffective. Three more satisfactory purlin 
fixtures are shown in Piqure 6. 

The nails or bolts attaching the purlin should be placed as close as 
practicable to the lower aide of the p..irlin. If two bolts or nails are 

needed at each point of fixing of the purlin, these should not be placed 

in line acroas the depth of the purlin, aa this will probably cause it 

to aplit. Piqure 6 llhowa a simple strap hanger for the purlin. 
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~~I Upper Chord 
....._"'--"'W"N of truss (green) 

Figure 5 Poor fixing of green timber lllellbers 

Plrlin 

Rotter or 
upper chord of truss 

Figure 6 l!llPE"oved 11ethoda of fixing green timber members 
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Floora. decka and verandahs are S0111eti111es constructed of qreen t111ber 

joiata which are eupported on triekuork at one end ard a qreen tiwber 

beu at the other erd. the beui, in turh. beinq supported on steel or 

tillber posts. u 8houn in Figure 7a. Shrinkagtt in the depth of ~ green 

timber beaa •Y excffd 25 • in a typical caae using hardwood. caus1nq 

thia amunt of •iaaliqrment in the floor. The probl• may be solved by 

uainq si•ilar support hew at each end of the floor f ruinq so that 

equal changes in height occur vith ahrinkaqe of the hems (figure 7b>. 

Deck or floor 

.-Post 

A 

Beams matched for 
siz1,cut,H.C.ond 
shrinkage class 

B -
Figure 7 Prevention of differential aettl ... nt in a floor 

The mlution qiven to the prohl• illl.18trated in Figure 7 involves the 

additional expenu of providing a second beu. l cheaper alternative ia 

mlKJWn in figure 8. The joiata are butted aqairwt the inner face of the 

support heu and reat on a 75 x JS • ledger <or liqht trackets> nailed 
or bolted near the lower edge of the beu. The ahrinkaqe of the ledqer 

will only be a fraction of that of the Min beu and the alight lou of 
level would be barely noticeable. Incidentally, aquare notching of the 

joiata can cauae Mrioua lou of atrenqth but the 1 in J sloping cut 

below the notch will obviate thia. 
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Hain 
Beam 

1-:=:::::::::::::.-:::;~1al/.H+l..._ Ledger fixed 
near DiMr edge 
of beCMll 

Figure 8 Alternative solution to the problem in Fiqure 7 

TEW/19 

A similar problem is posed by the steel I-bemn arxl vooden joist 
construction shown in Figure 9. Here the joists rest on ledqers bolted 

to the web of the I-beam, arxl the flooril'¥} may be laid flush with the 

top of the steel beam or a packil'¥} block may be placed on the top flange 
to allow the flooring to be nailed down over the beam. As the h&."'dwood 

joists shrink, the level of the flooring attached to them falls. 
However, over the steel beam, the flooril'¥} cannot move, with the result 

that marked hunps appear in the floor at each beam. There are severaJ. 

ways of avoidil'¥} this trouble. In one method, a removable floor section 

above the steel beam may be adjusted in heiqht by suitable pecking 

stripa to correspond wit~ the changing level of the rest of the floor as 

the timber joists shrink. Another method is shown in Figure 10. Here the 

joists are simply notched out to take a piece of the saiae green hardwood 
ard this acts as a nailing strip for the floor above it. It is, however, 
essential that a qap equal to at leeat 10 per cent of the depth of the 

joists be ~ft between the under side of the nailing strip arxl the 
flanqe of the I-beaa. Then as the joiatsahrink, the floor as a whole 

will qo down with theta without interference fraa the steel beams. 
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Figure 9 Shrinkaqe problems in timber/steel floor systems 

~~m~·T __ , ____ .,._a 

-------.-__,J_ 

Figure 10 Solution to the problem illustrated in previous figure 

In trick veneer conatruction in hoU8inq the structural frame is often 
fabricated frm green tilllber ard the outer claddinq consists of fired­
clay trick• to pcovide protection aqainat the elements and also to 
i!lp&rt a pleuant aurface with low •intenance. The trickwork reMins at 
a constant height but the timber frame reduces in height as the qreen 

tillbera shrink on dryinq. The total depth of timber subject to shrinkaqe 
in the height of the frame a1110unts to about JOO an, which may yield a 

drop in hei9ht of frm S to 40 l'Jlft at various positions in the frame. 
Adequate clearance is required where window sills, soff it lininqs and 
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roof rafters project from the frame over the top of brickwork. As an 
example, the provision of necP.ssary clearance between the sof fit and the 

brickwork near the top of the wall is illustrated in Figure 11. Similar 

precautions must be applied elsewhere to prevent contact between timber 

and brick components. In two-storey buildinqs the problems become 

accentuated. 

Timber 
Frame 

Cllarante 

Figure 11 Provision of clearance between the soff it lininq 
and brickwork in brick veneer construction 

Hetal split-rinq connectors and shear plates are used in the joints of 
large timber structures to resist high forces. These components are 
adequately described in another paper. Precautions must be exerciSed 

when installing these fasteners in green timber otherwise severe 
splitting of the timber in contact with the fasteners can occur with 

shrinkage during drying. The circular groove for split rinqs must be of 
the recommended dimensions so that the qap in the ring will be of the 

correct clearance, when installed, to allow for anticipated shrinkage 

without offering restraint and possible aplittinq of the timber. When 
two or more rows of split rings are installed acroas intersecting green 
timber members having different shrinkage characteristics or grain 
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directions. splittiRJ between the rows can be minimized by makirg a saw 
cut between the rows <Fiqure 12>. 

Sheer plates in qreen tilftber ..mars can present serious splittinq 
problems. even with single plates. as the circular plates are of solid 

material ard do not cater for any edjuat.Jnent uider the lateral forcea 
imposed during shrinkaqe of qreen timber. In auch applications the 

recessed qrooves in the tilllber, uhich acconnodate the shear plates, need 
to be machined oversize to per11it shrinkage free of restraint. The 

mklitional slip in the joints, due to clearance in the qrooves, needs to 
be allowed for in desiqn. 

ll laj -

I 
Drille d hole 

I• ~ .. -
"! 

-~ 
~ 

I- "" ~~ 

Ill ~ 

'l 

' Sow cut 

Figure 12 Use of a saw-cut to reduce end-splitting in qreen 

members subjected to lateral restraint 

The variety of examples described should serve to indicate that the use 
of green timber need not present serious problems because of shrinkaqe. 

Entirely satisfactory structures of all types may he nuilt of this 

lil4terial. It is only necessary to visualize what is qoinq to happen to a 

structure or to a joint when green timber shrinks and, where necessary, 

make a simple provision for ahrinkaqe. 
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POLE STRUCTURES 

1/ 
G. 8. Walford-

TEW/29 

The most common use of poles in developed countries is tor the 

support of overhead transmission lines although in New Zealand this 

market has, over the past d~cade, been eclipsed by a demand for poles for 

house building. By using poles for the foundations as in pole platform 

type construction, or as part of the framework as well as in pole frame 

construction, previously unuseable land has been built on. This fact may 

be viewed with some amusement by residents of many tropical Pacific 

nations where for centuries houses have been built on pole foundations 

for reasons of safety from intruders, animals and earthquakes, and to 

improve ventilation. Substantial savi~gs in building costs are obtained 

by using poles as columns with the butt end embedded in the ground. This 

application is frequently seen in warehouses. Poies are also used for 

bridge stringers, shelter fences,retaining walls, wharf piles and lookout 

tower structures. With a little ingenuity in fabricating joints, poles 

have been used for beams and rafters in conjunction with pole columns. 

Poles have several inherent advantages over sawn timber: they are 

often the .1K>st readily available form oi structural timber, particularly 

in remote areas; the costs and waste of sawing are eliminated; a pole 

is always stronger than the laminated beam that can be made from it; and 

for reasons to be discussed, higher allowable stresses may be assigned to 

poles than to sawn timber. Also, trees such as those from plantation 

thinnings or left as waste in clearfelling operations because they are 

too small to be utilised economically as sawlogs may be used quite 

effectively in pole structures, even temporary ones such as the 

scaffolding seen in many Asian countries. 

Poles have two particular disadvantages: their shape and, for many 

species, poor durability in ground contact. The development of 

architectural and constructional techniques for handling the aesthetics 

and rourid shape or poles, and the development or a preservation industry 

that can supply treated pole timbers with a guaranteed life in excess of 

80 years even in ground contact, has done moch to overcoine these 

! 1scientist, Forest Research Institute, Rotorua, New Zealand. 
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dtrriculties. Probably the most outstanding_pole r~a11e building in the 

world is the indigenous perforllling arts centre in Nairobi, Kenya, which 

contains a pole frame dOlle spanning 120' (36.6 a). 

Useful information on the structural aspects or pole frame buildings 

is given in the AITC manual (1) and the report by Patterson and Kinney 

(2). Glidance on the design or siaple pole rraae buildings is available 

from Bournon and Keating (3), and NZTRADA. (q). Publications on 110re 

elaborate pole frame housing have been produced by Degenk~lb (5), Norton 

(6), and Blakey (7). An excellea,t dossier describing the design and cost 

of various pole structures has been produced by Lat~ey (8). 

DFSIGN STRESSES 

The structural characteristics of poles have been previously 

described to this workshop. The syste11 or assigning stress grades to 

round timbers adopted in AS1720 ia convenient and the comparison between 

these and the stress grades assigned to select grade sawn timber is 83 

shown in Table 1. 

TABLE 1. Stress grades for poles and 
round ti•bers 

Str1ss grade for green 
Strength timber 
group ----------------------

Pole Select grade 
sawn 

Sl r3q rn 
S2 F27 Fl7 
53 F22 Fl7 
sq n1 r1q 
S5 nq Fll 
S6 Fll F8/F7 
S7 F8 F7 

The poles are assigned one stress grade higher than the highest grade or 

sawn timber because the occurrence or natural detects is compensated by 

the rollowing: 
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CH) U!e tens I on :stren«lh of pole tiltber i ~ increased by the fact that 

fibres flow ~llOOthly around natural defects and are not terminated as 

sloping grain at sawn tacea, 

(b} many hardwood species have large tension growth stresses around their 

perimeters, and this assists in increasing the bending strength of 

the compression race or a pole in bending. (The detrimental effe~t 

or the growth stresses on the tension face is not important due to 

the large tension strength or pole timbers), 

Cc) in pine species there is usually an increase in wood density and 

hence strength properties fr<>11 the pith to the bark. Thus the highly 

stressed wood in a pole in bending is likely to be above the specie's 

average in its properties. 

The equivalence expressed in Table 1 is based on the assumption that 

poles or logs are frOll mature trees. If the tree is less than 25 years 

when felled, or the pole has less than 25 growth rings at the butt end, 
then an adjustment should be made for the effects or innaturity. This 

effect is shown in the data given in Table 2. 

TABLE 2. Effect of age on the strength of green 
radiata pine poles (after Boyd (9)) 

Age or tree Modulus of rupture 
years MP a 

12 39.3 
16 38.6 
20 116.2 
22 113.11 
29 52.11 
32 52.lf 

A factor predicting a similar effect or maturity on radiata pine 

poles waa deduced from the variation or density with age and its 

relationship to strength by Walford (10) as follows: 

No. of growth ringa: 

factor relative to age 15: 

10 

o.sa 
15 

1.00 

20 

1.09 

25 

l.15. 
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Another consideration for poles is the effect on strength of bark 

removal. Tf thP. hark is removed manually, e.g. using a spade, machete or 

dr:lwknife, then it is likely that little dUlilge will be done to the 

9well1ngs in the trunk around knots. If the bark is removed by machine, 

and the resulting pole has a smooth tapering profile then some strength 

loss will be incurred because the natural reinforcement around the knots 

will have b·?en removed and sloi:ing grain exposed. The degree of damage 

depends on the amount of swelling initially present. Table 3 gives the 

losses in modulus of rupture and modulus of elasticity in Corsican pine 

poles which had an average nodal swelling of 20 .. at each knot whorl and 

a mean diameter between nodes of 220 mn. 

TABLE 3. Percentage loss in strength and stiffness 
of poles due to wood removal from nodal swellings 

(after Walford (11)) 

Depth of 
wood removal (m) 

5.75 
15-5 

Percentage loss in 

HOR MOE 

6 
15 

Since any soil can pick up moisture, the design stresses chosen for 

embedded poles at the ground line must always be taken to be those of 

green timber whereas for dry poles, e.g. in a roof structure, 10 to 20S 

higher stresses are reasonable according to Boyd (9). 

DESIGN OF GROUND EHBEDHENT 

Poles embedded in the ground may be ·designed as cantilevers resisting 

lateral loads. The required depth or embedment lliii1 be calculated from 

Appendix K of AS1720 if the poles are relatively short. For larger poles 

the procedure developed by Rutlege is useful and is given in references 

(1) and (2). This procedure is based on the criterion of a limiting 

movement of 1/2" (12 nm) at ground level on application of design load. 

Figure 1 is reproduced from reference (2) and gives the required depth of 

embedment for a pole without rigid restraint at the groundline, e.g. by a 

concrete floor. It is based on the formula: 
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D = A (1 + (l + 2.18H/A)0"5) 

A = 2.311 P/SB 

ff = height above groundl1ne at which force P acts 

P = horizontal force acting on the pole 

S = soil pressure at depth 0.311 D below ground level 

B = diameter of pole, or or encasing reinforced 

concrete, or of hard backfill. 

TEW/29 

Cl) 

Ir rigid restraint is provided at ground level, the depth of 

eabedaent is given by: 

where S is the allowable lateral soil pressure at the 

depth D below ground level. 

(2) 

1be allowable soil pressure, S, at any specified depth, h, below the 

soil surface is the maximum soil passive pressure that can develop. For 

most soils that are suitable for foundations a value of S = 12 kPa (250 

psr) is conservative. For sand the passive pressure may be taken from 

Rankines fornJla: 

where 

and 

s = l + sin 8 19 h kPa 

l - sin e 

h is in Mtres 

e is the angle or friction of the sand. 

(3) 

For 110re general cases S may be taken to be the lesser or s1 ard s2 
given in Table 4. 
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TABLE II. Allowable lateral ·aoil preasure at 
depth h Crro. rer. 2) 

-------------------------
Class of material 

Good - Compact well graded sand and gravel, 
hard clay, well graded fine and coarse sand 
(all drained so water wil~ not stand) 

Average - Compact fine sand, mediua clay, 
compact sandy loam, loose coarse sand and 
gravel (all drained so water will not stand) 

Poor - Sort clay, clay loam, poorly compacted 
sand, clays containing large amounts or silt 
(water stands during wet season) 

POLE CONNECTIONS 

60 h 

30 h 

15 h 

TEW/19 

S2 
(kPa) 

380 

120 

70 

Connections are usually the most difficult aspect or the design or 

pcle structures. Some typical details are shown in Figure 2 while 

Figures 3 and 4 show less conventional but nevertheless effective 

connections using steel strapping or threadgd steel rods. In the case or 

the strapping the same result may be obtained using wire or some form or 

lashing. 

Poles treated with copper chrome arsenate preservatives have an 

additional proble• with corrosion or fasteners if .moisture is present. 

Three methods have been used to overcome this: 

(a) Use stainless steel strapping or bolts etc. 

{b) Use galvanised steel bolts protected by plastic tubing. 

(c) Use galvanised ateel bolts and hardware liberally coated in grease. 

• 



• 
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EXAMPLES 

Figure 5 gives schematic diagrams of various structures described in 

detail in references (3), (5) and (8), as follows: 

(a) Shows a simple monopitch frame which relies on the ~mbedment or ~he 

poles for its resistance to lateral l~ads. 

(b) The tied eaves portal design reduces the reliance on cantilev~r 

action of the pole columns. Steel rod or wire makes a satisfactory 

tie which needs provision for tightening e.g. a turnbuckle in the rod 

or Spanish windlass in the wire. 

(c) The two bay unbraced or tied portal could be extended to as many bays 

as desired. This design can be used to produce a round structure 

with a single central pole. 

(d) Tru.~ses on poles is a conunon design for haybarns in New Zealand. 

(e) Pole platform construction qu_ckly provides a level support for 

conventional light frame construction. 

(f) Pole frame construction results when the poles are carried through to 

~upport the roof and/or the building is on several levels down the 

slope. 

(g) A simple scissor truss can be made using slender poles and bolts. 
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CIV) 
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post dapped 

(If) 

(V) 

1in wide 
11 gauge 
atr~p 

sfeel / 
binding 
strap 
to limit 
splitting fVll> 

FIG. 2 · DETAIL OF TYPICAL ,POLE CONNECTION 

TEW/29 
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FIGURE 3. CONNECTIONS USING STEEL STRAPPING 

----
STRAP 
THROUGH 
HOLE l \ . 

I 
' . 

-----
STRAP TO 
PR(VENT 
SPLITTING 

COLUMN-BEAM CONNECTION 

BEAM-BEAM CONNECTION 

(.f : I . . . 

VEE SHAPE 
.,,,,,,... TO TOP OF 

COLUMN 

NOTCH IN RAFTER 

COLUMN-RAFTER 
CONNECTION 

AGURE 4. CONNECTIONS USING THREADED STEB.. ROD 

-· -- -~---..---- "Y,,1: .. _ . 
. - . . I . 1: . 

COLUMN-BEAM CONNECTION 
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FIG. 5 EXAMPLES OF POLE STRUCTURES 

(A) SIMPLE MONOPITCH FRAME 

' ' \ 

(8) TIED EAVES PORTAL FRAME 

TEW/29 

(C) TWO BAY UNBRACED OR 
TIED PORTAL FRAME 

(D) POLES SUPPOllTING TRUSSES 

;, .. 

(El POLE PLATFORM (f) POLE FRAME 

(Gf W TRUSS MADE FROM POLES AND SOL TS 
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TIMBER FRAMING FOR HOUSING 

Bernie T. Hawkins!/ 

1. INTRODUCTION 

In Australia about 80% of housing is constructed with a basic frame 
usually of timber, lined internally with some sort of plasterboard ard 

clad externally 110at often with a veneer of bricks. About 15% are clad 

externally with timber boards or cement sheet boards. 

House framing reiresents by far the largest use of structural timber in 
Australia. Australian Standard 1684 Tir'..ber Framing Code and its predec­
essor have been uaed for many years to ensure that safe, satisfactory 

houaea and other buildings are erected in the most economical manner 
pouible. 

In this paper the code is looked at in detail and other factors involved 
in the building and performance of house frames are considered. 

The terminology and method of construction used is illustrated in Fiq.1. 

2. HISTORY 

In 1941 the first edition of the CSIRO Division of Forest Products 
Pamphlet 112 appeared. Entitled 'Building Frames - Timber and Sizes', 

this docl.1118nt was very simple with very few variations for spacing or 

loadings, etc. Nevertheless, as at that staqe there was little variation 
in the type of house being built, it was in qreat demand from archit­
ects, b.Jilders, specifiers, etc. A revised and expanded edition was 

brought out in 1952 b.Jt by the late sixties it was obvious with the 
chanqea in strength qroupinq and stress qrades, toqether with the 

variety of houses being built, that a more comprehensive docl.1118nt was 

needed. This doc1.1Mtnt was CA 38, the Liqht Timber Framing Code, first 

published by the Standards Association of Australia in 1971. Since that 
time the code has been metricated and revised on four occasions, until 

today it is AS 1684-1979, Timber Framing Code. As an Australian Stand­
ard, this code wea written under the direction of a committee comprising 

mainly builders, timber suppliers, wood technoloqists and representat­

ives of timber and building associations and specifiers. 

!/An officer of CSIRO, Division of Building Research, Melbourne, Australia. 
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J. CONTENT 

The code itself is a 56 page docuaent divided into 6 sections as follows 
Section 1 - Scope ard General 
Section 2 - Substructure 

Section J - Timber Floor Framing and Flooring 
Section 4 - Timber Wall Framing 

Section 5 - Timber Roof Framing 

Section 6 - Nailinq and Anchoraqe. 

In addition, the main docunent contains four apperdices dealinq with the 
iroperties and qrades of Structural Timber, Site Preparation, Storaqe 
ard Hardlinq of Timber ard Precaution against wind effects. 

In Section t, as miqht be expected, terms are defined and general rules 
qiven for such thinqs as interpolation between values in the Tables and 

other infor11ation on the use of Tables. In addition, advice is given on 
storage and handlinq of timber. 

Section 2 gives details of the site preparation and foundation necessary 
for frame construction. It also gives information on such thinqs as sub­
floor ventilation and termite protection. 

Sections 4, 5 and 6 deal with the selection ard placement of the various 
members throuqhout the frame. Details are given on such things as brac­

inq requirements <both temporary and permanent>, drilling arx:l notching 

of metlbers, etc., ard other details of workmanship. This is a very 

important part of the code and will be discussed further. 

Section 6 givBs the nUllber and diameter of nails used in various parts 
of the fra1ne. It also discusses alternative methods of fixing in some 

situations. 

However, several other parts of the code are isaued as supplements. Each 
of these suppleMnta contains the details of spans, etc,, capable of 
beinq supported by various sizes of timber urder various spacings, etc., 
for tilftber of one stress qr6de and one moisture class. The varioua 

llMllllbers covered in eech aupple111ent are shown in Table 1. 
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TABLE 1 
LIST OF TABLES IN TIMBER FlWtING CODE SUPPLEMENTS 

Table tSCA> Bearers supportirq single-storey loadbearing walls -
Haxi .. spacirq of bearers parallel to wall 1. 8 m 

Table tSCB> Bearers supportirq single-storey loadbearing Yalls -
Haxi .. spacirq of bearers parallel to wall 3.6 IR 

Table 2S Bearers supportirq ·noor joists only 

Table JS Floor joists 

Table 4SCA> Studs for sinqle-storey loadbearing walls - Stuis spaced 
up to 450 11111 apart 

Table 4SCB> Studs for sinqle-storey loadbearing walls - Stuis spaced 
up to 600 • apart 

Table SS Studs aupportinq concentration of lodinq 

Table 6S Studs at aides of openings - Single-storey constructions 
or.upper storey of two-storey constructions 

Table 7S Top wall plates - Sinqle or upper storey 

Table 8S Botta. well plates - Single or upper storey 

Table 9S Lintels - Sinqle or upper storey 

Table 10S Ceiling joists· supporting ceilinq only 

Table ttS hanging beams for ceiling joists 

Table 12S Hanqing bealllS for ceiling joists 

Table 135CA> Rafters or roofing purlins - Supported at two points only 
Table 135(8) Rafters or roofing purlins - Continuous over two or aiore 

spans 

Table 145 Roof beams <principals> for non-trafficable roofs 

Table 155 Strutting beams for roof melftbers 

Table 165 Underpurlins 

Table 175 Roofing battens 

Table 18S Verandah posts 

Table 19SCA> Bearers supporting two-storey loadhMring walls - Haxi-..n 
spacing of bearers parallel to wall 1.8 • 

Table 19SC8> Bearers supporting two-storey loadbearing walls - Maxi-.. 
spacing of bearers parallel to wall J.6 • 

Table 20S Bearers cantilevered to support balconies 

Table 215 Joists for upper floors and per11iaaible cantilever to 
support balconies 



t .. 
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TABLE 1 (continued> 

Table 22SCA> Studs for upper storey loadbearing walls - Stoos spaced 
up to 450 ma apart 

Table 225C8> Stlds for upper storey loadbearing walls - Stoos spaced 
up to 600 • apart 

Table 235CA> StlXis for lower storey loadbearing walls - Stoos spaced 
up to 450 • apart 

Table 23SC8) Studs for lower storey loadbearing walls - Stoos spaced 
up to 600 • apart 

Table 24S 

Table 255 

Table 265 

Table 27S 

Studs at sides of openings in lower storey loadbearing 
walls 

Top wall plates for lower storey loadbearing walls 

Bottm wall plates for lower storey load.bearing walls 

Lintels in lower storey loadbearinq walls 

There are 22 supplements at present, ranging from unseasoned timber of 

F4 grade to seesoned hardwood of F27 grade. The titles of the various 

supplements are shown in Table 2. 
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TABLE 2 
LIST OF SUPPLEMENTS OF LIGHT TIMBER FRAKING SPAN TABLES 

Supp. No. 1 Unsee.Boned Timber - Stress Grade F4 

Supp. No. 2 Unseaaonad Tillber - Stress Grode FS 

Supp. ~- 3 

Supp. No. 4 Unseasoned Timber - Stress Grade F8 

Supp. No. 5 Unseuoned Timber - Stress Grade Ftl 

Supp. No. 6 

Supp. No. 7 

Supp. No. 8 Unseucned Timber - Stress Grade F22 

Supp. No. CJ Seesoned Softwood - Stress Grade F5 

Supp. No. 10 Seeaoned Softwood - stress Grade F7 

SUpp. No. 11 5eesoned Softwood - Stress Grade F8 

Supp. No. 12 Seesoned Softwood - Stress Grade F11 

Supp. No. 13 Seasoned Hardwood - Stress Grade F11 

Supp. No. 14 Seasoned Hardwood - Stress Grade F14 

Supp. No. 15 Seesoned Hardwood - Stress Grade F17 

Supp. No. 16 Seasoned Hardwood - Stress Grade F27 

Supp. No. 17 Unseasoned Timber <Alternative Sizes> - Stress Grade F4 

Supp. No. 18 Unseasoned Tillber <Alternative Sizes> - Stress Grode FS 

Supp. No. 1 CJ unseasoned Timber <Alternative Sizes> - Stress Grode F8 

Supp. No. 20 Unseasoned Tillber <Alternative Sizes> - Stress Grode F11 

Supp. No. 21 Seasoned Softwood - Stress Grade f 4 

Supp. No. 22 5eaaoned Softwood - Stress Grode F14 
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4. USE OP CODE 

To establish vevber sizes and/or spans for the various parts ot a framed 
structure. it is first neceS94I'}' to refer to the appropriate section of 
the main code. for exaaple. if we wish to find a suitable ceiling Joist 

to span 2.4 • in dry radiata pine of FS stress grade. we uould refer to 

section 5.2.2. Here, uiongst infor11ation on spacing, direction. splicing 

and Mthod of support, we are told that Table 105 is the table in the 

appropriate ~le.nt which will give us the size of material necessary 

to apan 2.4 •· However. on viewing Table 105 in Supple11ent No. 9 which 
is for F5 sesoned softwood. it can be seen that we 11USt first decide the 

spacing of the joists. If the joists are to be supported at two points 

only, then the table shoYs that if the spacing is 600 m it is necessary 

to use a 120 x JS joist. This table also shows us. however. that if ue 

wiah to pJt a hanqing beell halfway across the span. then we could use 70 

x 45 joists as these are capable of spanning 1.4 •and in this case we 

would only be looking to span 1/2 of 2.4 •. 

It is possible of course to start with a qiven timber size and use the 

table to fird the 11Ui .. span it can carry. 

Sme Rellbers. particularly wall lllelllbers. are not as easily defined as 

their size, etc •• are deteI'llined ..ainly by the amount of roof load they 

have to carry. Consequently it has becaae necessary to introduce a 

variable which will define the amount of coof load carried by a wall 

llletlber. Thia variable is called Effective Roof Lenqth or EL and is 

defined by FiC)Ure 7 in the code. It 11USt be stressed that although 

Figure 7 shows roofing iae.bers. it has nothing to do with the actual 

roof itself bJt ia •rely a nieana of defining how llUCh load qoes onto 

the wall llellbera fem the roof. An estiinate of the load on an external 

wall due to the roof weight is obtained by Cunit width of wall> x <half 

of EL plus length of eaves overhang> x (11488 of roof per unit areo>. 

OVerall, in using the code it can be aeen that the tables offer a wide 
range of optiona for the deaiqner and/or builder in sizes, spans and 

atreaa qradea, and that the min body of the code qives a standard of 
workllanahip which ia expected if the tables are to be used efficiently. 
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5. TEOINICAL BASIS OF THE CODE 

A reasonably detailed description of the technical matters involved in 
producing the tables in the code is contained in the publication 'Low­

Riae Dolllestic am Siailar Fraaed Structures - Part t•. \lhich is 

published by CSIRO Division of Building Reaeerch. Here I will give a 

trief ~ of soae of the major factors involved. 

Ca> Deed Loads. Deed loads are calculated froa the MSSes of various 
h.lilding aaterials qiven in AS 1170 - Part 1. SAA Lomling Code. 

However. soae lllOdifications are lllde to the self-weight factor to 

allou for the higher stress qrades usually coming froa more dense 

species. 

Cb> Live Loads. Live loads are those apacif ied by AS 1170 for various 

parts of the structure. 

Cc) Wioo Loads. The vim loading adopted for calculations in AS 1684 is 
that due to an effective vim velocity of 33 m/sec. The effective 

vim velocity is obtained by establishing the reqional basic vim 

velocity for a given return period am 11Ultiplying it by a factor 

knoun as the terrain cateqory factor dependent on the heiqht of the 

structure am the nature of the surrourdinqs. For Brisbane in the 

h.lilt-up Mtropolitan area. the relevant figures are 50 11/sec for a 
regional basic wim velocity with a SO year return period. and a 

11Ultiplying factor of 0.65 for a terrain cateqory 3, up to 5 m 

heiqht of h.liding. This represents the upper li•it of 33 in/sec used 

in the code. 

Cd> Desiqn Stresses. A further paper in this workshop on Tillber Engin­
eering explains how the basic working stresses are derived for each 

stress qrade front the known strength properties of the timber. 

However, before these allowable stresses are used. they can be 

llOdif ied to suit the particular situation in which the timber is to 

be used. The acidification factors are all discussed in the Tilllber 

Engineering Code AS 1720, but I will briefly 11ention SOiie of the 

more important ones occurring in the Tilllber Fruing Code. 
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Ci> Duration of load - many· loads involved in the code are of 
short. duraVon. e.q. a Mn carryinq a heavy Yeight. or a 
local denae crowd. In theae cases. the working stress may be 

56~ hiqher than for per11anent loads. In the case of the 

shortest load. i.e. wird load. the working stress is allO\led 

to be doubled. 

In the calculation of llellber deflections urder dead loads. 
the ahort-tel"ll defor11ation requires to be 11Ultiplied by a 
factor of 3 in the case of initially qreen tillber. or by 2 if 
the tillber ia aeuoned before use. 

Cii> ttoiature content - moat fruing tillbera used in the qreen or 
partly dry condition are of a size that drying to equilibriun 
moisture content occurs within a year. Teats have shown th4t 

harduood species in Auatralia qenerally increase in lotd 

carrying capacity by about 25' on drying. despite the reduct­

ion in size due to abrinkaqe. To take this into account. the 
working atreuea have been increesed by 15' for members up to 

38 • thick. 10' for Mllbers 50 • thick ard 5' for 75 na 
thick ...,.ra. Above this thickness it is considered dryinq 

would be too slow for any allowance to be Mcie to working 

at.re-•· 
Ciii) Te11P9rature - variations in allbient temperatures throughout 

mat of Australia is usually accanpanied by a compensating 

variation in the moisture content of the tillber. For this 

reeaon. althouqh tillber qets weaker with increasing temperat­

ure. it is only in the northern coastal reqions where hiqh 

te11P9ratures coincide with high huniditiea that it is necess­
ary to take 80lll8 action. Ir. this case. the basic working 

atr•-• are reduced by 1 O'. 

Civ> Load sharing - where a qroup of members act toqether as a 
syate.. two factors operate to assist the systetn. Firstly, if 
one llelllber of the qroup is '1eaker th4n the others ard reaches 
it.a ulti.ate load-carrying capacity, the system inay continue 

to auatain an increuing load because the adjacent Mmbers 

are stiffer and stronger. Allowance is made for this effect 
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by allowiBJ an increue of 15% in workiBJ stresses for mem­
bers spaced at 450 • diainishir¥J to no increase for lnellbers 
spa.cad at 1200 •or .,re apart. Secordly. where niembers of a 
ayatea cannot deflect indeperdently of other melllbers. such as 
in a 2 or J layer grid ayat•. localised loads are distrib­

uted laterally to 110re Mllbers than thoae directly under the 
load. The effective concentrated load which lllUSt be consid­

ered in these cases ia qiven in Clause 3.2.7 of AS 1720 
Timber Enqineerinq Code. 

<e> Kini- Tillher Di•nsions. nie •ini1U1 di•naions of timber allowed 

when the spans specified in the code are used are shown on each 

Table in the aupplMents. In qeneral, green tillber can be J or 4 ..a 

under the size nminated, hJt dry tillber cannot be below the 

noainated size. 

<£> Desiqn Criteria. Virtually all the ll&lllbers of a £rued structure, 
with the obvious exception of 11811bera such as stlllpa ard struts, 
act as beams. wall studs beiBJ treated as beu-coluans. The lllllXilllD 

allowable span ia determined u the 111inilllll value of the followir¥J: 

Ci> Kaximu1 span of adequate bendiBJ strenqth under dead loads 
alone, incluiing the self-weiqht of the Mllber, and urder the 

combined dead and live loedinq. 

Cii> Kaxi1m.11 span of adequate shear strenqth under the 84118 

loading conditions. 

Ciii> Kaxilllll span with acceptable 101¥}-ten deflection under live 
loads. 

Par roof mellbers: 

Civ> Kaxi_. span of adequate bendinq strength under cOllbined dead 

and wind loada·. 
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For the case of wall lftelllbers: 

Cv> Also mxian span of adequate herding strength urrler the com­
bined vertically applied deed and wind loads. together with 

the transversely applied win:i lOdd. 

The tables in Part 1 of Low-Rise Domestic and Similar Framed Structures 
give full detail of all these criteria. However. Table 3 gives a brief 
8'.lllll!lry of the deflection criteria for the major members in a house 

frmne. 

TABLE 3 
DEFLECTION CRITERIA 

-
I 
I 
I 
I 
I 
I_ 

Member 

Members subjected 
to foot traffic 

Rafters and 
purl ins 

Ceilinq joists ard 
hanqers 

Strutting beams 
supporting rafters 
arrl ceiling joists 

Wall plates 

Lintels 

Studs 

Haximun permissible deflection 

Dead load only Live load only 

span/JOO. span/360, 
max. 12 n111 max. 9 m 

span/JOO. span/300, 
max. 20 m max. 12 n111 

span/JOO. span/270, 
max. 12 n111 max • 15 11111 

span/300, span/JOO. 
max. 12 n111 max. 12 n111 

span/240, span/240, 
max. 6 111n max. 6 l1lll 

span/JOO, span/240, 
max. 9 nn max. 9 l1lll 

span/JOO, span/J60, 
max. 9 111n max. 9 11111 

Clive roof 
load> 

span/240, 
max. 12 m 
Cwirrl load> 
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6. FUTURE OF mE CODE 

The coda is being continuously revieved by a cCJ1111itt .. of the Standards 

Aaaociatlon. Thia COllllittee haa at present c01mtiaaioned a sub-c01111ittee 

to look at a major revision for two to three years hence. It is expected 

that some extra 111aterial which is now available in Part V of the CSIRO 
series on Low-Rise Domestic and Similar Framed Structures will be 

incorporated. 

7. WORKMANSHIP 

The Timber Framing Code ass\Des that workmanship is of such a standard 
that all lnellbers are capable of resisting the forces assunecl in the 

engineering calculations used in developing the span tables, etc. In 
qeneral, the standard of work of caIJ>enters involved in house framing is 

reasonable, however there are occasional exmaples of difficulties, part­

icularly where later trades modify structural members. In general, it is 

up to the building inspector to detect qross departures from qood build­
ing practice or good quality workmanship. The following examples are 

taken from a series of articles by Hr N H Kloot which appeared in the 
Forest Prcxiucts Newsletter No. 400, 1975, which used to be published by 

CSIRO Division of Building Research. It should be p:>inted out that, in 
the cases shown, the building inspector had not yet inspected the build­
ing and would de11ard that the faults be corrected when detected by him. 

7 .1 The Barap Tie 

The so-called Barap tie is now connonly employed as an effective means 
of increasing the strenqth and stiffness of a timber member such as a 
hip rafter when used over a rather larqe span. This tie is basically a 
steel rcxi fastened to each end of the tilftber member and propped away 

from it with a strut Cfiqure 2>. The pcinciple on which the Barap tie 

operates is by no means new and is well known to engineers as the kilY:I 

or queen s:v.>st truss. When the truss is under load, the tie is stressed 
in tension and t.he whole structural unit becomes equivalent to a beam 

lllUCh deeper than the actual timber llletlber used. 
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~~~p 

~~ 
figure 2 Use of the Barap tie to stiffen and strengthen a hip 

rafter. Trussed beam with kinq post <top) and Yith queen JX>St (below) 

figure J illustrates a Barap tie fitted to a hip rafter, the strut beinq 
comprised of t'1o small timber offcuts bearinq on two underpurlins which, 

in turn, are nailed to the hip rafter. For practical purposes, the tie, 

as applied in this case, is absolutely useless. Between the steel rcxl 

and the hip rafter there is approximately 200 nun of side grain qreen 

.timber. Even allowinq a conservative 5% for shrinkage, the intended 

strut will shrink.10 mm. This will have the effect of completely unload­

inq the steel tie so that the hip rafter itself will have to carry the 

full load. Obviously it is too small to do this for otherwise a Barap 

tie would not have been fitted in the first place, and so the rafter 

will eventually sag Yell beyhond the limits allowed for this type of 

member. 

Figure J Green timber used on its edge as a prop for a Barap tie 
means that the tie becomes useless as the timber shrinks 
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Fiqure 4 shows another such installation, only in this inqtance a steel 
prop has been used. 

Unfortunately, this prop is bearing on the side grain of a packing piece 
which, inturn, is bearinq on two underpurlins. Here again, shrinkage 

will tend to unload the steel tie, althouqh not quite to the same extent 

as in the previous example. 

For a Barap tie to be fully effective, the strut should be of steel as 
in Figure 4 or a piece of timber loaded on end grain. Moreover, the top 

end of the strut should bear directly on to the timber member to which 

the tie has been fitted. 

Figure 4 The steel prop qoes part of the way towards makinq the 

Barap tie effective. Shrinkage of the packing piece, however, 
will tend to reduce the tie's effectiveness. 

7.2 NuLching for Braces 

A stud, particularly in the outer wall, has to carry its share of the 
roof weiqht as well as resist horizontal wind forces even when the 
structure is clad with brick veneer. yet in spite of its importance, the 

stud is probably the most abused of all of the structural member:-s. 

Notches decrease the strength of studs and to some deqree their stiff­
ness, the decrease beinq qreatest when the notch is near the centre of 

the height of the stud. In preparing the tables for notched studs in the 

Timber Framing Code, an allownce was made for loss of strength in a stud 
when the notch was no more than S nvn deeper than the specif led thickness 

of the brace. 
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Figure 5 shows a notch cut into a pine stlli to a depth nearly t\lice the 
thickness of the brace. Furthermore, it can be seen that the stlli has 

actually broken at a knot cluster immediately at the back of the notch. 
As a load-carrying member, this stlli will be totally ineffective. The 

performance of the stu:l shown in fiqure 6 would be well belm1 that for 

which it has been designed after the plumber has provided himself with a 
n~tch immediately behind that carrying the timber brace. 

-· ; . 
1.<.1 • -· ··; 

figure 5 General notch in a stud. Note also failure 
of the atlli at the knot cluster. 
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figure 6 This miqht suit the plumber, but the stud's effectiveness 
e.s a roof support is almost neqligible. 

In Figure 7 the notch is lonqer than necessary and, although not clearly 

defined in the photoqraph, the initial sawcuts made to allow the timber 

to be removed for the notch are substantially deeper than required. 1'his 

latter example of bad workmanship is well illustrated in Figure 8. 
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Figure 7 This stud's strength and stiffness has been seriously 
reduced by excessive and unnecessary notching. 
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Figure 8 Another exampie of bad notchinq. 

If the overcuttinq or overnotching occurred once or twice by accident in 
a whole house frame. the overall effect would not be serious. However. 

it usually happens that if one stud is overcut or overnotched. practic­

ally all the studs are similarly abused. This is a clear case of bad 

workmanship. 

Zven with frames constructed in accordance with Pamphlet No. 112. bad 

wcrkmanship is critical. While this pamphlet reconunends larger sizes for 

some members than those allowed in AS 1684, this is no safeguard against 
poor workmanship. In fact. the larger sizes may give the ill-informed 

building a misplaced sense of security when he comes to cutting notches, 
drillinq holes. etc. in studs and other members. It is of interest to 
note that whereas P112 has no provisions to control quality of workman­
ship, AS 1684 has such provisions, includinq allowble depth of notches 

and sizes of drilled holes. 
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7.3 Overcuttinq 

The advent of the portable electric sa\I has certainly made the job much 
easier for the on-site framer. At: the same time, the overcuttinq of 
notches in studs, props ard other members appears far more prevalent 

than it SlaS. The tradesman with a hard saw was unlikely to overcut, 
except in error, because this took 1110re time and extra physical effort. 

\ 

Figure 9 shous the notch in a ridqe prop overcut badiy both horizontally 

and verticallly. With the subsequent dryinq of the prop, splitting from 
the erd of the vertical cut is likely, in which case the prop '1ill 

probably become largely ineffective. 

.-·:-t:-:;.: 

.' "·(-~ 

figure 9 Excessive overcutting of notch in a ridge prop. 

Figure 10 adds to the examples given in previously of qross overnotchinq 

of studs. 

Figure 10 Another example of overnotching of stud and top plate 
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7. 4 Hakinq Do 

Very frequently at a buildinq site a relatively large pile of timber 
of £-cuts acc:mulates and it is only reasonable that as llUCh as possible 
of this off-cut .aterial is put to sound pc-actical use. Ha..1ever, 

illJJ[l)per use of this 1111terial on the basis of 'making do' or 'near 

eoough is qood enough'. as illustrated in Figure tt. is definitely 
unsound b1ildinq pc-actice: Figure 12 shous an even worse example. Nogg­

inqs. particularly those at mid height of the sttds, serve an important 

structural function and are not there just to provide fixinq for the 
wall lininqs. They also provide restraint against hlcklinq of the studs 

in the plane of the uall. The nogginqs illustrated in Figures 11 and 12 

could not possibly perfor11 this duty. 

Figure 11 This stu:l is not going to get much help from the noqginqs. 

Fiqure 12 For all the good it can do this noqginq might as 
veil not be there! 
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Figure 13 is another example of making do. Here the two pieces of top 
plate have been joined with a piece of qalvanized iron plate. Such a 

joint, particularly with the nailing used, one nail on one side, two on 

the other, serves no useful purpose. Indeed it has not even helped to 

keep the plates in the same line. 

Figure 13 The qalvanized plate linking the pieces of top plate 
is no more than a token qesture. It is difficult to see it 

perfo:naing any useful function. 

A case of near enough being not qood enough is shown is Figure 14. The 

header has been cut too short; it is virtually t-.anging on the nails at 

its ends instead of sitting on the base of the notches cut in the studs 

to receive it. Any roof load which happens to fall on the top plate 

would probably be tr~msferred to ground through the architraves. 



Figure 14 
~ 

7.5 Props 

- 70 -

The header is more of a hanqinq beam -

hanqing on the nails. 

TEW/23 

Figure 15 shows an underpurlin prop at an anqle of 70• to the vertical. 
At this anqle it cannot do its job effectively. The builder seems to 

have had second thoughts as the end of the underpurlin has been packed 

up with mortar from the brickwork. When the mortar has set it will 
probably be much more effective than the timber prop. 

Figure 15 The mortar is doinq more to support this underpurlin 
than the carefully notched strut. 
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7.6 Party Walls 

The type of unit construction illustrated in Fiqure 16 is becoming 
incLeasinqly conman. Building requlations require a brick party wall 

between the units. The builder of these units has not only made sure 
that the units uere divided acccrdinq to requlations h.Jt were ~ to be 

divided! Because no all0"8.nce or certainly a totally inadequate 
allovance has been made for the roof members (whether rafters or 

trusses> saqqinq as they inevitably will do, the roof battens are now 

bearing on the party walls. The consequent effect which is accentuated 

by the long lenqth of unbroken roof is hardly pleasinq to the eye. A 

similar effect results when an extra rafter is placed each side of the 

party wall as in Fiqure 17. These extra rafters, at much closer centres 

than the commol'I rafters, make the roof much stiffer at the party wall 

because each of these rafters is more liqhtly loaded than the rest. They 

will therefore not saq as much and the roof will show a wave over the 

top of the party wall. A uniform spacing of all the rafters would avoid 

this problem. 

Fiqure 16 The whole appearance of these units has been spoilt 
because insufficient clearance was provided between the 

party walls and the roof system 
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. ··--- ?Y...,.......... 
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Figure 17 A wave in the roofline can be expected over the party wall 
because of the greater rigidity of the doubled-up rafters in this area · 

Kos~ of the sag in the roof members takes place in the first 12 months 
after the tiles have been laid. So in these examples. which are typical 

of many that cen be seen around Melbourne, the overall fresh and clean 

appearance of new building has been quickly depreciated by the poor 

appearance of the roofline. 

8. THERMAL CONSIDERATIONS 

The thermal requirements of a buildinq vary considerably for different 

climates and consequently thermal performance of any particula~ type of 
construction may be satisfactory in one location and completely hopeless 

in another. 

A recent document published by CSIRO Division of Buildinq Research 
entitled 'A Comparison of Thermal Performance of Heavyweight and Ligh-

tweight Construction in Australian Dwellings• by P J Walsh, I A Gurr and 

E R Ballantyne. gives details of the performance of various types of 
dwellings in a wide ranqe of climatic conditions. In general, it appears 
that the use of insulating material is of more siqnif icance than whether 

or not a wall is of cavity brick construction or brick veneer. 

9. ACOUSTIC CONSIDERATIONS 

In general, the acoustic performance of a domestic type of structure is 
determined by the number of doors, windows, etc. in the structure. How-

ever, Appendix A of AS 2021 Code of Practice for Buildinq Siting and 

Construction Against Aircraft Noise Intrusion, gives acoustic 
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performance information for several dif f e(ent types of construction. 
other information is available in Australian Experimental Bu1ldinq 
Station Technical Stldy 48 'Airbourne Souoo Trafl81111ssion Through 

Element~ of Buildinqa• by EI Weston.HA Rurqes..q and J A Wtutlfick. 

10. COST OF CONSTRUCTION 

On-site costs account for about 75% of the selling price for moderate 
sized A~tralian houses. Of this amount. about two-thirds is due to . 

materials am one-third due to labour. About 60% of the on-site cost is 
spent on the actual stI1JC:ture of the house. 

Hr W D Woodhead of CSIRO Division of Building Research discusses the 

productivity of varioue methods of building different parts of a frame 
in a paper entitled 'Achievable Improvements in Housebuildinq Productiv­

ity• which waa presented at the Hou.sinq Iooustry Association Twelfth 

National Convention in April t9n. Several tables from that paper, which 

are self-explanatory. are reproduced here. 

TABLE 4 
DISTRIBUTION OF HOUSING CONSTRUCTION COST 

I 
I 
I 

Foundations 
and floor 10-15% 

'~-~~~~~----~-~-~~ 
I 
I Walls 25-30% 

'~-~----~~--~-~~~~-

' I Roof 

) 

) 

) 

) 

) 

) 

) 

) 

Struc. ~.lire 60% 

'--~-~~~~~----~~--~----~------~----~----~ 
I 
I 
I 
I 

'--­' I 

Fixings, 
finishes 
and extras 

Services 

'--------

approx. 25% 

approx. 15' 

) 

) 

) 

) 

) 

) 

Fittinqs 
finishe2 
services 
extras 40% 
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TABLE 5 
PERCENTAGE OF ON-SITE TIME FOR ELEMENTS 

OF THE HOUSE CONSTRUCTION PROCESS 

Element 

Sub-floor and floor 
Walls 
Roof 
Total structures 

services: Phnbinq 
Electrical 

Finishes: Timber 
Paint 
Tiles. etc. 

Extras: Concretinq. 
fence, cleaninq 

Total house 

Percentaqe of on-site time 

I 
Brick veneer I Cavity brick 

house on I house on 
Timber sub-floor. I concrete slab, 
'economy• quality! 'niedilm' quality 

finishes finishes 

13\ 7\ 
24% 29\ 
13\ 16\ 

SO\ 52% 

10% 5% 
2% 3% 

12% 8% 

17% 10% 
14% 13% 

2% 9% 
33% 32% 

5% 

100% 100\ 

TEW/73 
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TABLE 6 
SITE PREPARATION FOR OOHESTIC CONCRETE SLABS 
Productivity on-site man hours with machine 

Site type 

Flat size slope < 1:25 

Hedil.111 slop 1:25 to 1.10 

Difficult sloping sites, substantial 
cut ard fill, perhaps rock 

TABLE 7 

Productivity 
Han hours/100 m2 

3-6 

6-12 

12-30+ 

PRODUCTIVITY FOR DOMESTIC SLAB CONSTRUCTION 

Slab type 

Liqht raft 

Liqht or medil.111 raft with 
internal beams 

Suspended raft 

TABLE 8 

Prcxiuctivity 
Han hours/100 m2 

40-55 

55-80 

80+ 

PRODUCTIVITY FOR CONCRETE SLABS AND 
CONVENTIONAL SUB-FLOORS AT GROUND LEVEL 

Site corditions 

'Easy' 
'Less easy' 
'Difficult' 

Prcxiuctivity 
Han hours per 100 m2 

Concrete slab 

40 to 60 
60 to 90 
90 to 130+ 

Conventional 
sub-floor 

60 to 70 
70 to 80 
80 to 100 
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TABLE CJ 
PRODUCTIVITY LEVELS FOR LAYING TIMBER STRIP AND SHEET FLOORS 

I 
I Product. I 

Locat.ion Type of house Flooring I man hours 
and floor !per 100 m2 

Vic Ground level, laid 
room by room 4" Hardwood 16 • 

Old Platform. part 
ground level J" Hard\IOOd 18 

Old Hiqh set. platform Ply\IOOd 16 

Vic Ground level. 
platform Plywood 10 

Vic Ground level. 
plateford Plywood 8 



~ 

TABLE 10 
PRODUCTIVITY FOR WALL F'RAK! CONSfRUCTION 

Location 

Vt.:toria 

Queensland 

New South Wales 

Ouee1island 

Aust. Gap. Terr. 

Victoria 

Victoria 

i 
I 
I 

Type 

Site-cut softwood 

.. hardwood 

" " 
<elevated house> 

Precut timbers: hardwood 

.. .. sottwood 

Preassembled frame: 
softwood 

System with n~inly s~eel 
studs, timber plates, and 
nogg1ngs <' > 

I Syst.e1TI welded steel 121 

I and timoer top plate 

·~-------'~--~----- ~-----

I 
I 
I 
I 

I 
I 
I 

I 
I 

I 

I 
I 
I Man hours per 100 lineal metre 
'~~~~~~-:---~~~~~:--~~~ 

Nl.IUDer· 
Factory<:t> 

1 Not applic. 

J " 

1 .. 
2 22 

1 Not avail. 

1 24 

3 Not applic,· 

3 26-35 

Site 

47 

40, 50, 52 

84 

23, 27 

40 

24 

23, 23, 24 

9, 12, 14 

Total 

47 

40-52 

84 

45-49 

48 

23 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

35··49 I 

----------' I 
Cl> !>teel stuas deliven!Cl to site con1plete with clips for- fi><ing; timber dressed but not cut to length I 
C2> Rolled steel channel delivered to fact.cry in set lengths I 
CJ> Factory tin~ does not include handling I 

--------------·------------- --·-··-------·- - I 

-...J 
-...J 

--! 
tTJ 
~ ....... 
N .._, 
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TABLE 11 
PRODUCTIVITY AND DISTRIBUTION OF TIME FOR 

THE SUB-ELEMENTS OF 12 ROOFS 
(excluding ceilings) 

Sub-element 

Roof frame 
Fascia 
Phnbing Cex. downpipes) 
Battens ard tiles 
Eaves (frame and lining> 
Gables Cfrue ard trim> 

Total roof 

Averaqe 
productivity 

man how:s 
per 100 m2 

covered area 

19 
4 
5 

18 
10 
10 

66 

TEW/23 

Per cent. 
of total 
roof time 

... 

29 
6 
8 

27 
15 
15 

100% 



No. 

1 
2 
3 
4 

5 
6 
7 

8 

9 

Location 

Vic 
" 
" 

Qld 

ACT 
SA 
Vic 

WA 

Old 

TABLE 12 
PRODUCTIVITY LEVELS FOR 12 ROOF FRAMES 

lexcludes the fra.e for the gable end where applicable> 

Method of construction 

Si te··cut hardwood 
" .. 
" " 

Site-cut hardwood 
<house raised 6 ft.. off the 
ground) 

Trusses< I> 

T'russes c 1 > c :s > 

Trusses + intermediate 
joists 
Trusses+ site-cut pieces<~> 

Roof typeC1 > 

3 hips .. 
" 

3 qambrel 
gables 

2 plain qables 
" " 

.. .. 
L-shape, 2 
qambr:'el qables 

Tnisses + ceiling battens 2 plain gables 

" 

Area to 
fascia m2 

Productivity 
man hours 
per 100 m2 
of covered 

area 

147 I 18 
165 I 23 
165 I 29 
177 I 25 

129 
130 

164 

Averaqe 24 

I 
I 
I 
I 
I 
I 

g 
15 

23 

240 I 10 

I Chiqh set house> !-------------------------
! I Average 14 

I I I ----------------- I I 
10 
11 
12 

NSW 
" 

Old 

I Precut hardwood timbers hips I 121 I 12 
I " " " " I 103 I 11 
I Precut doftwood timbers 2 hips I 174 I 22 
I 1-------------------------
I I Average 15 

I I '---· ·--__,....,~ 

<1> All roofs designed for tiles except No. 9 clad with corruqateo iron: fascia not included 
<2> Time for installation of ceiling battens estimated at 6 man-hours 
CJ> Fixed by complex brackets 
C4> 38% of time due to ceiling battens 
CS> This was an a-typical roof constructed by day labour and was not included in the averege 

---------------------------··-· ·------·---.. 

_, 
'° 

-I 
rrl 
:c ....... 
N 
~ 
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CASE STUDY OF TIMBER CONSTRUCTION - KENYA HOTEL 

1/ Peter A. Campbell-

INTRODUCTION 

TEW/30 

This case stu:iy is based upon works carried out on a 200 bed tourist 

hotel on a Kenya Coast completed in 1974. At the time the writer· was in 

practice as a consulting engineer and vas responsible for all tillber. 

reinforced concrete and steel structural works on site. The purpose of 

this note is to illustrate SOiie of the pc-oblet1S that can occur and 

solutions that may be found in the use of tim!:>er. 

The clients were a German tourist orqanisation and they wanted the hotel 
to have a strong architectural character and this was something that the 

architects and the writer had been able to achieve in several hotels. 

partly through a wider use of timber than was normally the case in 

Kenya. 

TECHNICAL BACKGROUND 

The hotel vas to be built on top of a low cliff a few metres from the 

sea and so was exposed to sea breezes all the year around. The 

equilibrillll moisture content ~ 16% to 18% and so was damp enough for 

the so-cailed 'drywood' termites, Cryptomeres spp. which were very 

active all along the coast.Subterranean termites were also present as 

the soils were predominantly sardy and in the prevailing moist 

conditions, were active throuqh the year. The marqins against decay were 

low and any minor leaks, etc. would dry out slowly and encourage decay. 

However the presence of salt in the air would to some extent counter 

this. This same salt and ambient temperatures of around JO•c made rust a 

very significant problem in the desiqn of both steel work and reinfor~cd 

concrete and stimulated the use of timber. 

The general construction was to be of reinforced concrete with walling 
of exposed site-cut coral blocks. The roof over the whole hotel complex 

!/Principal lecturer, Department of Civil and Aeronautical Engineering, 
Royal Melbourne Institute of Technology, Melbourne, Australia. 
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Yas of palm thatch on Mnqrove poles follou~ng traditional construction. 

Under this in t.l\e bedrocna and kitchen were concrete slabs <for fire 

reasonsl and elsewhere over the larger spans, a cc.bination of tillher 

and roncrete beau supported the roofs. The qeneral conatruction waa 

limited to three floora and the hotel with bungalova aax-awled ttll'QUl)h an 

open forest with many separate roofs. 

The main tilllbers available for construction were Cypress C~ 
lusitonica>. a locally CJrCMl exotic conifer. and 11angroves CCerions 

~ ord Rhizomoro 1UCronato> and for large poles, Euc:olmtus Mliqno. 

There were no seuoninq kilns and ao aavn tillber for all JlUill0888 was 

air seasoned and 111UCh of this, not very uell seesorwd. The probleu with 
on EMC of 16 to 18' were not too bad, but in the air-conditioned 

portions of the hotel with a llJCh lower EMC, SOM troubles were 

expected. Pressure tretment facilities were available for the cypress 

and saliqna which were treated up-country and shipped down 600 ka to the 

coast. But thia facility was far too expensive to consider for 

manqroves. The gradinq rules were very poor havinq been drawn up by the 
Forest Depeartment without reference to enqineerinq requir&11enta. This 

was by-passed by writing performance specifications which were inch.ded 
in the contract docllllents and so over-rode the qovernnent imposed 

specifir.ations CCaapbell 19710>. Strength values were available for 
cypress ard saliqna CCompbell &. Halde 1971b>. The aaliqna values vere 

not the saine os those in use in luatralia or South Africa where the aa11e 

species was grown AS an exotic, AS CJI'C)Vth conditions were different. 

Strenqt.h values for the 11anqrovea were not available in the year or so 
which was available between initial design brief and construction start. 
a nunber of polea were collected from alorq the coaat by the Poreat 

Departnwmt ard teated at the University of Nairobi by the writer 
CCupbell 1973>. Thia provided the neceMary strength data. 

ROOF COVF.RINGS 

Aa noted above. these were of mangrove pole-fruing under palm thtitch 
made locally. Ttutae roofs had a life of about ten yeera after which a 

maint.enance qanq wea aent thrOUJh to tie up the pole• and rethatch. 
Traditionally, the• poles were tied toqethlr with '•iaa', a atrin; lllde 
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from loc.ll dwarf palm. Sisal string was substituted to make rather 
stronger jointsend the writer spent sonie time teaching the traditional 
roof makers how to tie better knots. The mangrove poles in roofs. though 

rtescribed as 'perishable' in the 'durability• classification. had a 

r.-put nt 1 nn ovnr 1Mny gRner,"\ti ona. of long hf P in roof construction. Th~ 

on I y t "d 11r wtn ch had r.hnt-.JM had been th~ t ntC'Odoction of Crypt Qt s:nnes 

in about 1940 and which thirty years later had become widespread along 

the coast. All enquiries pointed to these 11angroves being resistant to 

this insect. They were known also to be resistant to subterranean 

termites when used above ground. 

As poles they came with sapwood, but traditional post-felling treatment 
included soaking in seawater for some weeks and there was no evidence of 

sapwood being attacked by anything. One minor innovation was the 

introduction of precaat concrete shoes which were set in concrete 

members for attaching 11angrove pole structures. 

HAJOR ROOF STRUCTURES 

There were several areas which were nruch too large to be covered "1ith 
m.1ngrove poles and some of these "1ere given primary support with treated 

saliqna poles up to 400 11111 diameter. These "1ere cut to length ~fore 

treatment at the plant some 800 km a"1ay. Erection of these poles was 
carriP.d out by a steel erector using gin poles. Cranes were not 

av3ilable and even had they been. the contractors organisation was not 

gP.ered to the rapid erection which would have been concommittant, The 

ends of the poles were cut to receive steel fixings in many cases and 

this. of rourse, went through the protective coating. In addition, there 

was snme Pnd splitting though not as much as there would have been in e 

dry climete and this was reduced to some extent by slotting and ring 

qroovi~ the ends of the poles. The ends were treated with protective 

chemicals which at the time appeared to be valid, but in retrospect, 

were probably a waste of time. 
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WOODEN DOWELS 

One of the major costs of trusses in East Africa bad been bolts and some 

work had been done looking at dowels as an alternative. On this project. 

rust on steelwork was inevitable. unless very heavily galvanised and 

well maintained. In early discussions with the architects. wooden dowels 
were suggested as likely to be •uch cheaper and 110re durable. This was 

accepted and incorporated into the idim of the architecture especially 

in handrails. Some 10 000 dowels. 11C>Stly hand made from mangrove cff 

cuts were used. In one structure about 13 • di81neter with a centre pole, 

the raftPrs were attached to the centre pole with uooden dowels or.ly and 

these were from proper dowels made from Iroko. 

SF.ASONING 

Bad seasoning was one of the main reasons why architects in Kenya 

disliked timber. The seasoning defects were irritating and expensive in 
replac·ament costs. The timber industry heel no building experience and so 

no understanning of the architects' proble11S. carpenters and joiners and 

technicians wece not tauqht seasoning because the English syllabuses did 

not. include t.his. The response to this was to qet buildet"s to sticket" -

stack timber on site early where theft wes not a problem. 25 mm 

structural timbers would partially season sufficiently so that careful 

rletniling could avoid warping problems. 

Structural members were made up from 25 mm hnards by vertic«"l 

J~miNltions with nails. This is not only solved virtually ~11 the 
seasoning warp that had previously been such an annoyance but also led 

to greater structural stability as continuous beams became possible. 
With joinery timbers the problem was more difficult. An attempt was marlP 

to get j'oiners to use· dowel led joints in pl~ce of mortice and t.enon 

Joints which are very sensitive to mov8118nt. Timbers with low shrinkaqe 

- less thnn 1% t..angential - were used where possible. Perhaps the main 
innovation wos the t"equirement that contractors hove on site a moisture 

meter and a require111&nt to this effect "81' put. into contrnrt document.A. 

This conr.~ntrftted attention on the need for proper seasoning and 

t""ontractnrA f P.d thi• hat"k to 8Uppliers with some i11J>roveinent in quality. 

rt wftA ,1\so found neceSMry to qive qentle bt"iefinqs to furnit.1Jre 
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designers and architects on how to detail for 111ovsment.. It was not 

rnn.qiderPd proper for engineers t.o instruct arrhitec-ts on their 

dPti~i l inq so SOiie tact VftS required and led t.o far fewer failures of 

t1tb 1 e tops. P.tc. and 110re confidence i n the u..qe of t i lllber. 

HANGROVF. CONCRETE SUB SUPPORTS 

Treditional upper storey floors were made of mangrove po)ps placed close 

together. packed with coral lllllpS and then topped with a lime plaster 

flonr finish. Such a ceiling certainly had character as did the 

inevitnhle nonplanar floor. It was decided to reproduce this effect and 

~o a stooy was mmie of the various interactions between mangrove poles 

:tnd reinforced concrete. The final design had mangrove poles placed 

tnuchinq each other ~ross the short span. These were propped during 

cnnstrur.t ion t.o avoid the characteristically large deflect ions of the 

traditioTll.ll floor. Over these. was laid polyethelene sheeting followed 

by reinfnrc~ment and ~oncrete. After casting. the plastic was burnt off 

nnd the .soffit oiled. The finished floor relied entirely on the steel 

rPinforrement as the stiffness of the poles was much lower than that of 

th~ rPinforrP.d concrete. The mode ~f failure of tradit.ionftl roofs was 

through necay of the pole ends where they were buried in the walls. In 

this prnjert the ends of the poles ware left exposed on a ledge. The 

rooms were air conditioned so the control of ~nsects, etc. whirh would 

hP. naturally attracted to holes around the exposed ends. could be 

control 1 P.d. 

TTHBER JOINERY 

ThP architectural profession has to cover a very wide variety of 

materials nnd is traditionally weak on basic science and so enqim-ers 

may often find themselveR advising architects on materials. In this case 

the ITlllin joinery timber was Hvule <Chlorochorg excelso, Iroko in West 

Afrka> and this was resistant to everything and an excP.llent joinery 

timher by international standards. This all came from Uganda and at the 

t. ilM there wen some sliqht political problems as a result of which the 

mvule was not COiiin; out. It wu realised eerly that siqnificant delays 

r.nuld be anticipated and so a start was Mde lookinq for an alternative. 
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SPveral species which appeared suitable were found by the writer through 
the litP.rature and samples obtained. The Foce~t Depart11ent told the 
architects that there \14S plenty available and so the architects 

rPlaxP.d. The writer checked up and found that there was indeed an 

nbundancP of the timber available as trees. It could not be extracted 

until after the next rainy season and after conversion and air seasoning 

it would he at least 9 months before the material could qet into the 

joinery shops and this was far too late. About this time the contractor 
solved the problem by transporting mvule in from Tanzania which did not 

have very much and had banned its export to soft currency countries such 

as Kenya. The point of this connent is that architect...s Card iaany 

engineers) on t..he one hand ard foresters on the other, Card millers> 

hnve very little idea of each others probl811lS ard connuni".'.ation 

difficulties nre to be anticipated. 

THE CONTRACTOR 

In some rount.ries there are very 110ny sub-contractors availaJle ard the 
skill of the main contractor is in Mnaging the inany 'subbies'. In less 

advancerl ArP.as, and this included Kenya, there were very few sub­

contract.or~ and so the main contractor wes engaqing ard responsible for 
1:n1pervising, in detail, a very llUCh wider range of trade skills than 

would his counterpart in, say, Australia. This ineont that the main 
r.ont.rAct.or may have to have more technical skills if working in a 

liPveloping country than in an industrialised country. Where special care 
or sit.e rraft skills are necessary to cope with variable produr.ts, such 

~s tim.bP.r in Kenya, this requires SG1ne thqught by designers. CSite craft. 
gkills arP those which cover labours and products which cannot be easily 

described in specifications as thire are no quality assurance 

~per.ifications available ard so supervision is mainly subjer.tive and not 

objective>. One approach to this is to put in more explicit. 

specifications and this may be more satisfying to the specificRt.ion 

writer thnn the contractor if the latter does not read English too well. 

What moy tvlppen in practice is that desiqners and quantity surveyor8 

qive much man~ assistance to the contractor even advising him when he 
puts in rirlir.ulously low coats. In return the contractor responded to 

comments on quality which were not explicitly covered in the 
spec if i cat. i onR because of a lack of Standnrda. Where there wa11 some 
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innovatian. this was explail"lf'd in detail to thP bui Ider vf!ry c."lr~ful ly 

1.1h i l st tP.nriPr i ng and aqa in before constnJCt 1 nn. 

In this projP.d. and a n~r of others \lhPrP there was ~ muc-h highP.r-

t imber content than was nnnnnlly thP rnse in F.ast Afric-~. murh time 1.1n~ 

:;;ir.ent 1.1ith contractors teaching them a.bout t imbe.r. i.e. ho1.1 to sticker 

stack and 6n innovat:ivP. designer in a developing country shn11ld expP.r.t 

to h.lvP to rlo t:his. 

CONC::l .UST ON 

Then• 1.1as nn traditional building culture 1.1hich related to thP functions 

nr sc1lP of rnode.m buildings in Kenya. Such is not. the case in S. E. Asi." 

uhP.rP there .·n·p very rich and ancient cul tun~s often expressed through 

builrlings. Today many of the materials originally used to construrt 

the.AA h11i ltiings llrP. becoming difficult to nbtein or very e.xpPnl'JiVf- l'nvt 

t.hP.re i~ 30llletimes a shift away from traditional building idioms c·n this 

account. One of the challenges for designP.r~ today is to find ways of 

uAirg morP P.r.onomical inaterials. such as new species nf timber. tc. 

ma i nt.n i n "rrl improve trad it i ona 1 cu 1 tures as expressed through 

bui 1rl i ngl'J. AnyonP. r..'\n jo1 n the concrete, corrugat.ed iron and rnke 

movement; it tBkes lllC'lr~ skill and dedicfttion to also be ahlP. tn dP~ign 
in timhPr. Tt. is also more Mtisfying. 
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CASE STUDY OF TIMBER CONSTRUCTION - NEW ZEALAND 

1/ 
G. B. Walford-

l. INTRODUCTION 

TEW/31 

It is the intention of these notes to describe three examples of 

timber constru~tion with the object to show that it is possible to build 

timber structures economically and achieve a result that is both 

functionally and aesthetically pleasing. It should be emphasised that a· 

structure is considered economical only in relation to the availability 

and cost of materials and skills at a certain place and time. Another 

factor that makes comparison difficult is the social or prestige value 

associated with a building. For instance in Auckland, New Zealand, in 

1982 the old Customhouse building of brick and timber construction was 

strengthened and refurbished at a cost or S3H, about the same amount 

necessary to replace the building with one with six to eight times the 

earthquake resistance, i.e. built to current structural standards. 

The examples presented ar~: 

(a) a farm building incorpora·~ing timber portal frames, 

(b) a single storey 4526 m2 v~rehouse or nailed plywood and sawn timber 

construction, 

(c) a four storey composite timber and reinforced concrete office buildino 

of 3900 m2 together with a single storey .trading building of 

4200 m
2

• 

2. FARM BUILDING 

2.1 Structural system 

The "HB system or timber construction" is described briefly in the 

"Timber Construction Manual" produced by the Canadian Institute of Timber 

Construction in 1959. It consists or structural beams and frames of I 

cross section built up by nailing and/or gluing timber flanges onto a web 

made of two layers or boards placed at right angles to each other and at 

45 degrees to the axis or the members. Figure 1 shows details or a frame 

!/scientist, Forest Research Institute, Rotorua, NPw Zraland. 
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and an indication of the variety of shapes that have been built in this 

system. Examples are also illustrated in the "Timber Engineering Design 

Handbook" hy Pearson, Kloot and Boyd, published in 1958. Examples have 

also appeared in reports originating from the Forest Research Institute 

in Dehra Dun. India. 

The system is by no means new but few examples are to be seen 

nowadays. The reasons for this are probably that plywood will provide a 

better web material, the system is labour intensive, and if the 

flange-to-web connection is nailed then creep deformations can be large. 

Nevertheless, the system has application-where sawn timber, nails and 

labour are the available resources. 

2.2 Woolshed design 

The farm building sho~n in Figure 2 was a two storey woolshed. This 

design allows for holding pens beneath and a loading stage which is a 

convenient height for loading bales of wool onto a truck. The frames 

were built entirely of 25 Diil thick timber and were nailed. Although the 
design specified 100 Diil nail~ at 100 mm centres elong the flanges and 

twice this density in the knee region, far fewer nails were actually 

driven. The construction procedure for the frames requires a flat 

working surface. In this case the framing for the woolshed floor was 

first erected and this served as a working surface. 

It was found much easier to pour the concrete footings at their 

correct positions but at whatev~r height the ground level dictated than 

to level the site first. The length and taper of the portal legs were 

varied to allow for the differing levels. The resulting differences in 

taper were not noticeable. 

An alternative design in this case would have used trusses spanning 

8.~ m from wall to wall and would have used less timber but would have 

required more attention to bracing against wind loads. The particular 

advantage of the portal was that roosting spaces for birds could be 

eliminated and 3 m headroom was available for operation of the woolpress. 
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Analysis and design of these frames is simple: 

(a) Assume a span to depth ratio or about 10:1. This determines the 

depth at midspan or a beam or at the knee or a portal. 

(b) Calculate flange sizes from the direct compression and tension 

stresses induced by bending 111<>11enta. 

(c) Resolve the shear forces at 'So to obtain forces in the web 

members. Usually these will be very lightly stressed. 

(d) Resolve the forces in the web members parallel to the flanges and 

calculate the number of nails required from the allowable nail loads. 

( e) Design the knee joint so that both flange members are not 

discontinuous at the same point. Note the details in steps l and ~ 

in Figure 2. 

The woolshed described is an extremely modest example or this 
system. Larger structures will require splices in the flange members. 

These can be achieved by making the flange members out or several 

thicknesses of timber and staggering the butt joints in the individual 

layers. 

3. WAREHOOSE eon.DING 

3.1 Description 

The warehouse structure consists of nailed plywood box beams, nailed 

laminated timber columns, and nailed plywood root diaphragms and shear 

walls. Figures 3 and - show a plan and cross section of the building 

which is used for a paper warehousing and diatribution operation. Paper 

is received in bulk tora, then guillotined into standard sizes pla.cild on 

pallet• and stored in a rack ayatem tor retrieval and despatch. The 
2 . 

incorporated office block has tw~ floors ot 600 • each with a timber 

fra .. and plywood shear wall system for resisting lateral loads. 
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111• design brier given atated that the building should be an 

econo•ical form or timber construction and the functions of the various 

areaa dictated the basic layout and roor shape. Walls divide the bulk 

storage area into two sections with a clear stacking height or 6 • and 

separate this area rro11 the r~cking area with storage to a height or 8.3 
a, and a further wall separates the cart dock and loading area. These 

internal valls, alang with the exterior walls, when lined both sides make 

an ideal layout for a shear wall system. 11le roofline, although broken 

into several large panels, still provides a reasonable roof diaphraga 

syatea. 

3.2 Alte"18tives 

Various components were considered: 

(a) Trusses - these were about lOS cheaper than equivalent nailed plywood 

box beams but were considered undesirable for this application 

because the accumulation or tire wood fibre would produce a fire 
hazard. 

(b) Glulartbeams =these were about SOS dearer than the plybox beams. 

(c) Steel teams - these were about 35S dearer than the plybox beams and 

nearer 50S dearer when the added cost or fixings to the roof and 

columns were included. 

3. Design Philosophy 

Wall and ceiling linings that can also act as shear diaphragms is an 

ideal application r~r plywood. The additional nailinga required costs 

little and allows the use or a pin jointed beam and coluan systea to 

support gravity loads. 

The selection or building modules had t.o cater tor: 

- the uae or whole sheets tor linings 

- adequate tolerances in titting together or components 

- proportioning the various units for economy and ease or handling. 



- 96 - TEW/31 

The first two criteria are easy to satisfy but the selection of 

~pacings to give the beat proportions requires ronslderable care - e.g. 

douhlinR lhe box beam spacing to 4820 would u~~ lh~ ~am~ amount of 

mrtterial in the beams but increase the purlin size from l?S x 50 to :xio 

or 250 x 50 and increasing the depth of the box beams would make them 

less stable. 

Readily available materials were specified throughout. This is 

important as it is no use calling for materials t~at are scarce or of 

unreasonably high quality. Timber lengths were limited to 4800, and 

timber thicknesses to 50 mn. The plywood was 7.5 and 12.5 DID DD grade 

internally and 12.5 Diii C-plugged D grade externally. Th~ columns, beams, 

and roof panels were all prefabricated. 

3. If Componerits and Joints 

The prefabricated components were all fully detailed in order to 

allow fabrication in a pre-cut factory directly from the drawings. 

Figures 5 and 6 s~ow typical details. 

The columns are assumed to be pin jointed top and bottom, and consist 

of up to six green gauged 250 x 50 mm pieces. Three rows of nails fix 

the laminations tightly together, and allow the transfer of gravity and 

wind uplift loads to the outer pie~es for transfer to the baseplates 

which are shown in Figure 7. The longer columns on the exterior walls 

were strengthened with steel flitch plates nailed to their sides to 

resist bending loads due to wind. The horizontal girts are also 250 x 50 

11111 members and the plywood lining is nailed directly to these on both 

sides to form a shear resisting diaphragm. 

The beams were of conventional plywood box beam construction with 

detail~ shown in Figure 5. A problem arose with splitting in the chord 

35 11111 thick members as the design required 3.55 x qo aan nails at 35 mm 

centres along both edges of each chord member. Thia was caused by the 

use of radiata of higher than normal density and was solved by using 

radiata from a different forest, increasing the chord thickness to 50 mna 

and spacing the nail• at qo 111. 
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The roof panels take advantage of the stressed ski~ principle, 

allowing 125 11111 deep purlins to span 4.8 m where noraally 200 11111 deep 

inembers would be required. 

Joints were designed to be very simple and use nails wherever 

~ossible. Figure 7 shows joint l details where a plywood end plate is 

nailed to the end of a beam and to the wall frame or longitudinal beam • 

1lle ceiling diaphragm connects the top of the beam to the top of the wall 

to avoid stressing the nails in withdrawal and pulling the joint apart. 

Further joint details are ahown in Figure 8 where the struts between 

the rooflights connect to the top of a beam or wall. Again, nails in 

shear provide the fixing. 

3.5 Problems 

The problem of splitting with nails at lOD spacing has already been 

mentioned. This was unusual because radiata pine can usually take nails 

down to 5D spacings without problems. 

Joint detail 2 shows a typical connection in a row of beam-column 

joints. The beam end fitted tightly against the column whereas it wou.d 

have been better to leave a tolerance of 10 1111 and provide a ledge to 

rest the end of the beam on. 

Green gauged timber was specified for the columns and wall girts. It 

would have been easier to use dry timber because the timber was actually 

partly dry with consequent variations in thickness and straightness. 

4. HULTISTOREY BUILDING 

4.1 Introduction 

A new office building has been constructed for the Odlins Group in 

Petone, New Zealand. This firm deals in timber and therefore it was 

desired that the building be a suitable advertisement for timber. Th• 
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result was a design that capitalizes on the advantages of timber, avoids 

its disadvantages and ws lOJ cheaper than the next most competitive 

alternative in reinforced concrete. This economy was achieved by a 

saving in earthquake resistant structure due to the low~r dead load of 

timber construction, a ~inimum of specification or the timber components 

(i.e. avoiding unnecessary treatment, grade etc.), and with the provision 

of complete sprinkler protection from fire in the timber design. A 

further benefit to the client was a saving of 8 months in construction 

time (12 months compared to 20 for concrete construction). 

4.2 Description 

Figure 9 shows an artist's sketch of the office building and trading 

complex. The octagonal office block has reinforced concrete piles, 

foundations, floor and lif't shaf'ts with a timber gravity load resisting 

system of floors, beams, columns, roof trusses and exterior walls. The 

trade block has a concrete floor with timber columns supporting timber 

trusses and is braced by plywood shear walls. Only recently (1978) has 

such construction become permissible due to an amendment to N.Z.'s 

Standr.rds on fi .. e resistant construction to allow the use or timber 

construction in buildings up to four storeys in height provided a 

sprinkler system is installed. This amendment has allowed a significant 

increase in the scope of heavy timber construction, which previously was 

restricted to construction of ~mall buildings with a maximum of two 

storeys, and brings the NZ code into line with the Canadian and United 

States codes. The building is also sited sufficiently clear of the sj.te 

boundaries that no fire rating is required to the external walls. 

Because the trade: block is or convent"ional construction only the 

office building will be described. This has three suspended floors of 
2 . 970 m each, and a plywood sheathed prefabricated timber trussed roof 

principally supported on heavy timber beams and columns, with lateral 

loads being resisted by two reinforced concrete shear cores which enclose 

the stairwell and liftwells to the building. The suspended floors are 

glulam slabs 65 11111 thick supported on glulam joists 405 x 144 or 405 x 

219 mm at 2.5 m centres spanning 6.5 m. The floor joists are supported 

on glulam beam and column frames located at the outer perimeter wall, the 
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inner perimeter wall and halfway between the two. Figure 10 shows 

typical beam, colusnn, .1o1st and floor dimensions. 

Tht~ pRrt 1rular syatem wa~ ftdopted for lhtt follc1wln~ rt·"~""~: 

- Rigid Silpport was preferred to plywood shear walls or steel frame 

for the lift well and lift!ng IDB~hinery. 

- The shear cores localised the lateral loading resisting elements 

requiring the floors to act as diaphragas and enabling the timber 

construction to be or simple post and beam design with simple 

connections. 

- The shear cores could be constructed in advance and provide support 

f~r the timber frame during erection. 

- Construction of the shear cores would provide continuity of work on 

site while the glulam members were being prepared. 

- The roof could be completed before the floor's were laid, allowing 

them to be kept dry (which was essential). 

~.3 Joint Details 

Figure 11 shows that the be8111-column joints are simple, giving easy 

construction and good fire resistance, with gravity loads being taken in 

direct bearing. Where timber to timber bearing connections were not 

possible, heavy (10 11111 thick) steel brackets were provided in accordance 

with AITC recommendations where the joint should not collapse should the 

steel yield at elevated temperatures in a fire. See Figure 12. 

All bolt heads were recessed and concealed by timber pl~gs to give 

them a fire resistance rating. 

The column base fixing was achieved with steel dowels screwed into 

the en1 grain or the columns and grouted into ducts in the ~oncrete after 

the frames had been erected and aligned. 
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FIG. 10 
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~-~ Specifications 

All elulam members were made from untreated radiata pine of 

Engineering, No. l Framing and No. 2 Fra•ing grades. These correspond 

approximately to F8, F5 and F~ grades respectively in the Australian 

system. The members were made predominantly of No. 2 Framing grade with 

a little No. l Framing and Engineering grade being use~ where design 

stressed dictated. The use of large quantities of low grade timber was 

possible because stiffness, not strength, was usually the governing 

criterion. 

~5 11111 thick laminations were used in all internal members while 19 DUI 

thick laminations were used for external members in an attempt to reduce 

possible splitting due to changes in surface moisture content. 

Melamine-urea adhesive was specified for internal members while 

rescorcinol was used in exterior members. 

The only preservative treatment given to internal numbers was to 
incorporate 0.5S of the insecticide Dieldrin in the water repellant 

sealer which was applied by brush before the members were erected. This 

was considered suffici~nt protection against borer attack; termites not 

being a problem in New Zealand. For exterior members, a retention of CCA 

preservative salts or 10 kg/m3 was required. This provides resistance 

to decay even in ground contact. This was probably an "overkill" 

specification as half this retention is sufficient to protect pine timber 

from decay if it ia exposed to the weather and out of contact with the 

ground. 

The ~urface finish to all internal members was a further coat of 

water repellant sealer then two coats of gloss varnish. External members 

were finished with primer, undercoat and finishing coats or paint. 

Particular attention was paid to the abutting surfaces of the main frame 

members where an intumescent paint was applied prior to assembly. This 

was a precaution against fluming should a fire occur. 

• 
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~.5 Comment on Glulam Costs 

In this job the quotations received revealed that various percentage 

savings could be made as follows: 

- Use or untreated timber in lieu of boron treated 6S 

- Use of melamine-urea instead of rescorcinol adhesive 8S 

- Use of No. 2 Fran:ing in lieu of No. 1 Framing 25S 

- Use of No. l Framing in lieu of Engineering grade 20S 

- Manufacture of large volume~ of glulam compared to 

one-off jobs 

5. CONCLUSIONS 

sos 

Both design and construction expertise in timber is growing in New 
Zealand to the point where economically competitive buildings can be 

erected. nie vast majority of these are single storey and serving in 

agricultural or horticultural enterprises but multi storey buildings are 

also appearing. To achieve economical construction and satisfactory 

performance it is important that the designer is aware of both the 

advantages and disadvantages of timber as a structural 111aterial. 
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CASE STUDY OF TIMB£R CONSTRUCTION - SOUTH-EAST ASIA 

John R. Tadich!/ 

TIHBER THE MATERIAL 

The use of timber as a structural material in larger buildings requires 
a greater effort on the behalf of the responsible engineers than ~ould 

structures using materials such as steel and reinforced concrete t.aving 

infrastnactur·es which are capable of supplying materials to an engin­

eer's specification. This is not the case with the timber industry. Even 

in Australia '1ith a timber industry which can be considered to be cohes­

ive by "orld standards, until recent years could not supply timber to 
engineering grades. 

The lack nf material standards for timber which in some developing 
countries extends beyond those required for durability and strength to 

the very basic property of sizes. 

I do not 1o1ish to dwell on this aspect as I am sure this has been adeq­
uately disclLCJsed in earlier papers, except to say that before attempting 

to design timber structures it is important to determine the possible 

sources of the material and ascertain the following details: 

<a> Fini.Rhed ,timber sizes and corresponding lengths. 
< b> Ou..1nt.i ties of relevant sizes. 
Cc) Species. 

Cd) Avail~bility of quality control and grading standards and ability 
of suppliers to conform. 

On Mny occnsions engineers have had to redesign timber structures 

because the local timber irdustry could not supply to specification. 

Avoid using 1o1herever possible, large sections of high grade material. 

Design structures to utilise common sizes and grades. Remember the 

larger the section the more difficult it is to achiPve the higher 
grades. 

!/Technical Director, Gang-Nail Australia Ltd., Mulgrave, 
Victoria, Australia. 

• 
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OF.SIGN l.ONCEPT 

ReforP. attempting to conceive the structure of the building, the engrn­

P.er should also detennine the skills and infrastructure available in 

fabrication of components and in the erection of the caaponents. Funda­

mental decisions such as the type of connectors available influence the 

conceptual design of timber buildings. 

Factors to consider when choosing connector types -

Ca) can C.omoonents be Pre-fabricated? 

If there is a timber pre-fabrication plant within economical transport: 
ation distance, many design and fabrication problems can be easily 

resolvP<i. 

There are many companies now being established in developing nations 

which are specialists in th& manufacture of pre-fabricated structural 
components for buildings. 

These plants invariably use multi-tooth connector systems which have the 
backing of specialist timber engineering services provided by the "'8nu­

fact1JrP-rs of the multi-tooth connectors. Before getting involved in 

detailed design, contact with one or two of these companies would be 

invaluable. Host would be able to prepare a feasibility design and cost­

ing on the project. Even thouqh there may not be a pre-fabrication plant 

in the immediate area, do not discount pre-fabrication as on many 

projects it has been proven economical to transport components many 

hundreds of lti lometres. On larger scale projects pre-fabricators have 

equipment which is transportable and may be established on the job site. 

<b> Archjtectwl Design 

Archi tec-t•m'l design sometimes wi 11 dictate the type of connector to be 

used. For example, in some public buildings where the structure i8 to be 

nn ~rchitectural feature of the building, it may require a large timber 

section to be used and connectors such as split rings or shear plates. 
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<r:-l Cost of Connectors 

ThP. r.ost nf r.onnectors and the installation nf ronnector~ ts~ very 

signifir.nnt coat in timbPr stnx:tures. ThP 1n place r:-nst nf ron~ec-tor!> 

c;in v.uy frOll 10% to 30% of the cost of the building elempnt. therefore. 

careful analysis of the cost of each type is essential before det~iled 

de~ign. The choice of connector can also influence the volume of ~1mber 

used in a structure. For example, the use of double top or bottom chords 

in a truss may be necessary to avoid large eccentrically loaded joint~. 

~hereas a single member may have been adequate. 

Cd> Environment 

Service envirorvnent. if corrosive, ma~ elimLiate naany types of connect­
ors, e.g. COlllllOn steel nails which will quickly corrode and fail. There 

ar& several connectors which are available which offer very good 

corrosion protection. 

•i> Cl!ramic connectors which are shear connectors manufactured from 

gteatite and if used with brass or stainless steel bolts, provide 

good protection. These connectors have been used extensively in 

cooling tower construction in large air-corditioning plants. 

<ii> Stainless steel multi-tooth connectors are available on special 
request through some manufacturers. These connectors are obviously 

much more expensive than the standard galvanised connector and 

should only be used in extreme circum~tances. The galvanised 

c~nnector would provide satisfactory service in most conditions. 

Ce) Connector Installation cost 

As the co~t of connector installation is a major cost in fabric~ting 
bui ldiriq components, it influences greatly the layout of the building 

~nrt. hence, the economy beyond that of the fabrication of the element. 

If installation cost is small and it is possible to desiqn lightweight 
elements, these elements can be placed at very close c~ntres and, hence, 

redUC'e the cost of secondary st['UCtural members dramatically. 

• 
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For example. multi-tooth trusses supi>orting large span heaV)'\leight tiled 
roofing "'ith a ceiling at bottom chord level. \IC>uld be placed at 600 mm 

or 900 111111 centres using stardard battens fixed directly to chords. The 

alternetive would be to use bolted or split-ring tt'\JSSE!s at 1800 na or 

2000 11111 centres with under pur~ins ard intermediate rafters and ceiling 

joists which adds considerably to material am on-site labour costs. 

IMPORTANT FEATI.JRES OF CONNECTORS 

As connector :performance has been covered in an earlier paper, I do not 
propose to reiterate this info~tion. but to outline pitfalls in the 

use of some connectors. 

Ca> Split Rings 

Split rings are so named because they are in fact rings which havP a 
split Csee Figure 1>. The function of the split is to accommodate timber 

shrinkage. Therefore, in the installation the grooves should be formed 

so that the connector is exparded when placed into the groove, suffici­

ently to prevent the ring completely closing when the timber has shrunk. 

A common practice amongst some contractors is to use sections of pipe in 
lieu of split rings. This will of course restrain timber shrinkage ard 

induce splitting which could cause major problems. 

This practice also increases the joint slipping as the parallel sides of 
pipe do not take up the groove tolerance as does the tapered section of 

the split ring. 

<b> Hulti-eonnector Joints 

Extreme care should be taken to avoid joint details which restrain 
timber shrinkage, e.g. using bolts spaced across the grain is inviting 

disaster Csee Figure 2>. 
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SPLIT RING 
FIG 1 

TRUSS CHORD 

FIG 2 

I 
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Tl"8ER SHRINKAGE OF 
CHORD IN THIS AREA 
Will CAUSE SPLITTING. 

AS TIMBER SHRINKS IN SIZE ACROSS THE GRAIN 
AND NOT LONGITUDINALLY WHEN TIMBER DRIES 
INTERNAL STRESSES ARE INDUCED WHICH CAN 
CAUSE SEVERE SPLITTING. 

MULTI-TOOTH CONNECTOR TO PREVENT 
SPLITTING DUE TO PR~SENCE OF 
TENSION PERPENDICULAR TO GRAIN. 

• 
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<c> Load Peroerdicular to Grain of Ii!!!ber 

Connections should never be designed so a.a to develop tension perpendic­
ular to the grain without sane pn_-caution aqainst splitting occ-urnnq. A 

common case is the support of standard truasea by qirder trusses in com­

plex roof designs. 

The girder bracket connection here is alUdys reinforced by a multi-tooth 
connector placed either side of the bracket to distribute tension ~r­

pendicular forces across the face of the girder bottom chord.<see Figure 
3). 

Cd> Installation of Hulti-Tooth Connectors 

Host multi-tooth connectors are designed lo be pressed into the timber 
usinq substantial hydraulic or impact presses. These connectors are 

readily recognisable as the teeth protnde perperdicular to the plate 

<see figure 4>. It is possible to drive this type into soft timber on 

site with special harlllers, however, they may not be capable of develop­

inq the published design loads. Therefore this practice should be 

avoided. 

Ho;.revar, there are multi-tooth connectors that are designed to be 

installed with a hammer, e,q, Nail-on-Plates and Tylok Connectors <see 

Fiqure 5 >. 

Ce> Design of Hulti-T09th eonnectors/Joints 

Multi-tooth connector joints should alweys be desiqned so that compress­
ion loads are always taken by timber to timber bearinq <see Figure €>>. 

The joints should always be arranqed so that timber shrinkage will not 

cause compression loads to be shed to connectors Csee Fiqure 7> and 

possibly cause bucklinq of plates and siqnif icant reduction in strength. 
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FACTORY FIXED MULTI-TOOTHED CONNECTOR 

FIG + 

0 0 
0 0 0 

0 • 
TYLOK PLATE • • • • • • • • 0 

0 • 0 

• 0 • 0 

• • • • 0 • • • • • 0 • • 0 

TECO NAIL-ON-PLATE 

SITE FIXED MULTI-TOOTH CONNECTORS 

FIG 5. 

TEW/32 
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TYPICAL JOINT ARRANGEMENT.TO RESTRAIN COMPRESSION LOAD 
VIA END BEARING. 

FIG 6 

THllGfl fOICE 

SHRINKAGE OF WEB 1 WILL CAUSE BUCKLING OF MULTI-TOOTH 
CONNECTOR AND WILL REDUCE STRENGTH OF JOINT. 

FIG 7 
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ERECTION AND BRACING 

Jn my P.xperience as a timber engineer. the majority of problems in 
t imbPr : .. t.nrt.ures occur during the erection staqe or dUP to poorly 

installed temporary or pernianent bracing. 

Ca> Erection 

Erection problf!llB on larqer structures like factory buildings seem to 
evolve around the lack of expertise in erection of tilllher structures. 

The rigging crews around have had plenty of experience with steel and 

tend to handle tilllber in the same manner. Large span timber members are 

much more flexible than si•ilar steel lletlbers and hence. require consid­

erably more care. Our company has adopted the policy of always detailing 

erection pr;.:~edurea as part of the design documents. These instructions 

inch.de: 

Ci> Instructions on lifting 
C ii> Teinporary bracing. 

The usual technique is to stand up qroups of trusses on the qround and 

to temporarily brace these toqether and lift as a group. Alternate pur­

lins may be fixed reducing the nunber of man hours fixing ancillaries in 

the elevated position and also cut significantly the cost of crane hire. 

Cb> Bradner 

A nllllber of different techniques can be used, the choice larqely depends 
on truss spacing. 

Ci> For small structures <i.e. less than 13,000> where trusses are 
placed at relatively close centres, diaqonal bracing in the plane 

of the top chord is generally adopted Caee FiC}Ure 8>. 

Cii> For larqe spans and wider spaced trusses, special pre-fabricated 
bracinq trusses or on-site bracing bays are used Csee AppendiJ( Bl. 

On lonq buildinqs it is 9ocxt practice to include intenr.ediete 

braced panels, even though the panels at each end may carry the 

required load. As with lonq buildings, it is possible to have 
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sufficient slip at joints of ll&llbers which tie each end together 
to allow larqe buckles to develop between traced bays. 

fj 

8rKll'g .. JO" IO ... - ...... ................ 

TYPICAL BRACING FOR CLOSELY SPACED TRUSSES 
UP TO 13M SPAN 

FIG 8. 

ECONOMICAL BUILDING LAYOUT 

A little design tinie spent on determining the 110St eco11011ical layout of 
a building can save a considerable a1110unt of building costs. For 

exuple, for an open industrial or agricultural building, the purhns 

are a major coat it.8111. Therefore, space tnisses at centres to allow the 

uae of a c01111110n size and at its 111axi11U1 Spin, preferably allowing them 

to span continuously over three supports. In turn, look at spacinq of 

the purlins thetaaelvea, as wide apacinqa increase top chcJrd size. Con­

sider varying p.rlin apacing in critical to~ chord ~·•la. 

Truss spacings for aulti-tooth truaus are generally as follows: 

Roofing Ceilina Soocinq 

Steel aheet Nil 2000 - 4000 

CAC sheet Nil 2000 - 3600 

Steel sheet Yea 900 - 1800 

CAC sheet Yea 900 - 1800 

Concrete tiles Yea 600 - 1200 
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HOWE TRUSS 
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~ ~-" 
A-TYPE TllUSS 
. (4-12 •> 

~ 
B-TTPE TllUSS 

(6-20 •> 

/~ 
CANTILEVERED TRUSS 

(4-11 •> 

HALF TllUSS 
(l-7 •) 
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~ 
BOWSTRING TRUSS 

( 10-25 •> * 

~~ 
GlllDEll TRUSS. 

(5-30 •> * 

~ 
SPECIAL GIRDER 

(5- 15•)* 

f'SZSZs/'i 
WARREN GIRDER 

\5-15 •>* 

-~ 

... 

SCISSORS TllUSS 
(5-25 •)* 

COllDOn tru•• conf igurationa 

TRUSS 
(7-20 •>* 

HIP TRUSS AND 
PIGGY-BACK TRUSS 

(5-20 •)* 

and their approximate apan range. 

* Number of bay• can be varied 
according to tru•• apan. 

PIGUU 9 
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Ae the labour cost in the manufacture of multi-tooth trusses is 11iniinal. 
compared to other types. it is not economiC'al to use larqe llellbers and 

space the trusses at wide centres. It is Mare ecoTlOllical to use two 

trusses at closer centres and reduce ancilliary llellber sizes. 

Fiqure 9 qives approxi..ate ecol'lOlllical spans for COlllllOn truss shapes and 
spacings. 

EXAMPLES OF TIHBER STRUCTIJRES 

Aoperxhx A - Lee Sang Lon Truss Plant 

This building is an 18.000 • arch structure utilising apace col\m\S. 

NOTES 

Ca> Very 1111all tilllher sizes 125 x SO top ard bott011 chords. 

Cb> ·r· stiffener or bottom chord to qive additional lateral stiffness. 

Cc> Staggered bolts at footinq to colunn connection to reduce tendency 
to split. Possibly Gang-Nail connector should have been used here 
to prevent gplitting. 

Cd> Pole type R.C. footing. 

Apperdix B - Open shed at Temerloch 

Thia building is a 24,000 x 73.000 mm open buildinq. Trusses and coluans 
have been desiqned at rigid element to restrain lateral movement. 

NOTE: 

Ca) Spacing of braced bays. 

<b> Use of wird truss to restrain truss between cohnn from lateral 
movement, 



- 122 - TEW/32 

Cc> Truss manufactured in two sections aiid spliced on site usrng tlillber 
splice plates and bolts. 

<d> Hinimal use of steel brackets. 

Ce> Connection of Tt to GT40 major load taken by bearing. Bolts used 

for lateral restraint GT40 top and bottom chord. 

Apoendix C - Malaysian Community Developenaent - Subang Jaya 

1. Typical low-rise housing project. 

NOTE: 

<a> Close :spacing of 600 mm. 

<b> Top chords act as rafters with tile battens fixed directly. Bottom 
chords as ceiling joists with A.C. sheet fixed direct. 

Cc> Top chord bracing is fixed in place of top chord to restrain top 
chord from lateral buckling. 

<d> Vertical cross bracing over internal supports. 

2. Typical shop-houses 

Small complex structures such as this bell shape roof c~n be economical 
using pre-fabricated timber trusses. Because -

<a> Production techniques 

Cb> Computer systems employed to autoniatically produce structurbl 
desiqn and fabrication details 

projects such as this community developnent can, through local fbbricat­
ion plants or directly through manufacturers of multi-tooth conn~ctors, 

assist using their computer system with structural designs. 

• 
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Aooenciix D - Straits Tilllber Products Factory 

This structure is an illustration of how timber can be used very 
succ-essfully in conjunction with other b.Jilding materials. in this case 

reinforced concrete. to achieve maximlD economy and serviceability. This 

building used R.C. columns ard perimeter beain.s. with 18.000 clear span 

timber trusses. Note the close spacing of 1800 mm for large span 

trusses. 

This building was so successful that this first stage was repeated ~hree 
times. 

AppeJJiix E - French Trade Building - Kuala Lumpur 

This structure is a relatively complex b.Jilding requiring large open 
areas. The building was oriqinally interded to be a temporary building 

so the cost of construction was very critical. It is also a good exc1111ple 

of application of a parallel chord truss. 

Aopendix F - Typical erection and bracing details for large span. 
closely spaced trusses. 
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STRESS GRADES AND TIMBER CONSTRUCTION ECONOMIES, 

EXEMPLIFIED BY THE UNIDO 

PREFABRICATED TIMBER BRIDGE 

C. R. Francis!/ 

TEW/33 

The UNIDO modular prefabricated bridge was designed 
in Kenya in 1973 by James E. Collins as a forest access 
bridge. From 1975 to 1977 a UNIDO project allowed him 
to develop the design. The system now covers stress 
grades from F4 to F34 and 12 different design loadings. 
The design was done in accordance with AS1720. A 
comprehensive manual has been published by UNIDO 
(DP/lD/SER.A/l~t) in English and French. 

The bridge consists of a nail-laminated deck 
platform supported on 45° Warren girders. The Warren 
girders may number from two to ten across the bridge, 
and the span may reach JOm. The girders are composed of 
Jm long truss units joined by steel spigot and socket 
end piP.ces and mild steel pinned bottom chords. 

The bridge is designed for prefabrication in 
a workshop and site assembly using only hammer and nails 
for major components. A launching system using two 
derricks and a cable way has been devised. No major 
plant except a mobile welder is required for assembly, 
but an electric generator and portable power tools speed 
the work considerably. 

The writer inherited the bridge project as part of 
an expanded project in Kenya in 1979, and in 1981 he made 
brief visits to Honduras and to Madagascar to advise on 
the initiation of bridge projects there, using the UNIDO 
system. 

ln both countries it was required to advise on 
workshop, manpower and material requirements for the 
desired programme. The work fell logically into the 
following order: 

l. Ascertain the required bridging programme 
and design loadings 

2. Determine timber char3cteristics and 
availability 

--
.!./Timber Engineer (at the time Chief Technical Adviser of UNIDO 

Project DP/SRL/79/053 - Research and Development for the 
Utilization of Rubberwood and Coconut Wood). 

.. 
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J. Determine the annual requirements of 
trusses, hence timber and steel 
quantities 

4. llclcrminc nr.cessary facilit.it·~ for 
fabrication Jnd ~rcction. 

TEW/)) 

The key item in this series is No. 2. The timber 
strength and quality largely determine the magnitude of 
items 4 and 5 and may also feed back to item 1. Timber 
strength - "f" rating is of major importance, but so 
also are presentation and availability • 

fig. l has been prepared from the tables contained 
in the UNIDO report referred to above, for HS20 vehicle 
loading. Examination of this chart reveals three 
interesting facts: 

t. The weakest timbers, say up to F7 have only 
about half the span capacity of the strongest, 
with an absolute span limit of 1S-18m 

2. For a particular span about twice as many 
trusses are needed with weak timber than 
with strong timbers 

J. No major advantage is gained by using timber 
stronger than fll 

for economic construction, the stress grading problem 
simplifies to finding a source of timber of not weaker than 
Fil, or as second best not weaker than F7. More precise 
identification is not really required. There is no 
advantage gained with this design in insisting on, for 
example fl7 which could well be the case if some old 
fashioned hardwood specifications which the writer has seen 
were to be followed. 

Presentation 

The two countries visited, Honduras and Madagascar 
are at opposite ends of timber industrz sophistication in 
developing countries. for years Honduras has supplied 
"PiLch pine" (P. carribca and P. oocarta} to the southern 
U.S. mar·ket. Export oriented mills are capable of presenting 
timber to high standards of dimensional tolerances and 
grade uniformity to U.S. commercial standards. In 
Madagascar, timber is available only in 4m and 6m lengths 

' 
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roughly hand hewn, and if hardwood, described simply 
as "hois du for~t." wit.h no speri~s St'P••rat.ion or 
~r·ad in~. 

The• wr i t.c•r WH:-t naust. i lllJ>l"t>ssc•d by the· llorulu 1·,1s p 1 "'". 

Lar~c· pc~rfcctly cle•u· timbers wc•rc.• c.:ummon. Tc•st. rc.•M1lts 

and application of U.S. Southern pine grade st.rt!sscs 
indicated at least fl4, more probably Fl7 for "St.ruct.ural" 
grades. However the timber was available only in U.S. 
sizes where the nominal thickness of scant.lings are 1/2" 
under nominal size. The designs for the bridge call 
for 55 mm thick (2") timber. Some brief. calculations 
indicated that fll stresses both in bending and joint 
details should not be exceeded with scant "fl4 plus" 
timber provided the "dense" U.S. qualification was 
complied with. 

The problems in Madagascar were much greater. 
Examination of the available timber showed that. the bulk 
was a dense red eucalyptus species, witha small quantity 
of lower density yellowish timber. The eucalyptus was most 
J i kc·ly E. robust a and flotation ex per ime.nts in a tumbler 
of water showed densities of around 0.9. It was generally 
clear and straight grained, so with some on-site 
selection, it could easily qualify as Fl7. However, the 
dimensions available were narrower and thicker than those 
called for in the design. The only major woodworking 
machin~ available was a large overhand planer and with this 
it. was po~sible to produce timber of 6 - 7 cm thick x 20 -
23 cm wide. 

Th~ design calls for nail laminated diagonals and 
king posts, and with only 10 cm nails available it was 
considered that there would be insufficient point 
penetr·ation. Also very major efforts would bve required 
rc~duc<.• the timber to 5 cm thickness. 

The t.russes were redesigned on the basis of a single 
6.5 cm diagonal and king post. Again with these size 
and fastening length reductions it was decided that Fil 
dcNign Lables would be adequate for a H20 load. 

to 

It is very difficult to provide cost comparisons 
betwcPn different countries. In Kenya a preliminary 
estimate would be about KShg 4400 per metre of 4-girder 
bridge. No cost estimates were done by the writer in 
Honduras or Madagascar. In Madagascar a peak truss 
production rate of 8 per day was reached with a 10 man gang, 
but including other work an average of 6 would be more 
rPa~onable. In Honduras planning was done on the basis of 4 
trusses per day with 6 men, but the writer does not know 
what was the subsequent experience. 

• 

• 
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Tht: two important lessons to be taken from this 
bridging experience are : 

I • 

2. 

l.ahour and material quantities can be quite 
dramatically reduced by relatively small 
jumps in the "F" range 

Departures from spccif ied sizes may necessitate 
effective-downgrading of timber to achieve a 
required structural strength 

Relationship between 
cost and strength 

TE\.//)3 

The preceeding discussion has beeR on a predetermined 
complete design. Given the data of Fig. 1 or similar for 
other design lnads a complete estimate can be made for 
any timber stress grade. This section will explore a 
more general relationship of strength and cost. 

The engineering design process in timber generally 
follows the sequence: 

1. Architectural requirement of span, spacing, 
loading 

2. Select.ion of structural solution - beam, truss, 
arch 

J. Selection of material type - scantling, light 
glulam, heavy glulam 

4. Calculation of necessary sections 

S. Dctai I ing 

At the end of step 4, preliminary estimates may be 
made and steps 2, J and 4 may be repeated in various 
systems and materials • 

In timber design, with its largely rectan~ular sections, 
step J is a critical one, since selection of material_.!:l'..E! 
largely fixes the breadth of the sections due to the limited 
commercial range of timber size~. 

In the design of a beam, using conventional eneinP.~r­
ing symbols, 

f = 

d = 

M 
z 

6M 
t;<P 

( 1 ) 

= K 
d' 
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Timbe1· is sold by volume. ln two di rr~rent Slllut ion~ 
l.o the- samt" prob lt.•m, to havr tht- setnu- l·osl : 

C.:u~t Pl>dL wh~re I' price 

= 

Nole that this not absolute, since b is only more or 
less fixed at design stage (2) but it is certainly 
more constant than d, ~hich is what we find in design 
stage (4). 

Substituting equation (1) in equation (2) 

= 

ranccll ing and rearranging, 

p 
I 

L 

( 3 ) 

A very large number of beam designs are limited by 
deflection considerations, so that the deflection 
Lo span ratio does not exceed a standard value. In 
this case, identical reasoning using I= bd

1 

12 

--
F.quation (4) al8o covers the case of laterally 

( 4 ) 

restr·a i ned columns which are designed to an Euler type 
formula, Ruch as truss top chords. 

~iv~n a p~ic~ list of timbers 0£ various species and 
grades, and a table of design stresses, a designer can 
rank various timbers as good or bad structural buys, at 
least in general terms, by working between the limits 
sr.t by equations (3) and (4) and bearing in mind 
the aKRumptions made in their derivation. 

• 

• 
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EFFICIENT TIMBER STRUCTURES USING METAL CONNECTORS 

., E D l l I i:.. • ag ey-

MODERN TIHBER CONNECTORS 

TEW/34 

Through history, prior to the use of welded and riveted structural steel, 

heavy timber construction was used extensively. 

With the advent of steel, timber was replaced for several reasons, not the 

least of these being that it could no longer compete economicallg. The 

problem lag not in the material itself, but in the old methods of connect-

ing. The joints were, in general, the weakest parts of the structure. To 

make sufficiently strong joints generally required lapping and overlags 

of timber leading to uneconomic use and under-stressing of the timber in 

the balance of the structure. 

The real solution to these problems is recent, onl11 about 25 years old. 

It came with the development of gluing techniques and finger jointing, and 

parallel with that, the development of proprietary metal fastenings, and in 

particular toothed metal plate connectors. 

STRUCTURAL TIMBER DESIGN 

This subject will be well covered by other papers. Once the rules are knOflln, 

the design process is straightforward, but the designer's res.fX'nsibility 

does not end there. 

If timber is to be used, and its many advantages to be maximised, then the 

following factors must be allOflled for at the design stage. 

!/Managing Director, Gang-Nail N.Z. Ltd., Auckland, New Zealand. 

• 

• 
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(•) Site fasteni.ngs tthich are c.heap and efficient. 

(b) Structurally sound but simple bracing systems. Large timber 

structures are not easy to brace, but simple techniques have 

now been developed. 

(cJ Safe, quick and efficient erection. 

• llODERN llBCHANICAL FASTENERS 

In earlier decades fastening of timber was generally limited to the use 

of dowells, bolt$, screws, nails, etc. or alternatively relied on such 

methods as dovetailing, morticing, etc. 

The resultant joints were comparatively weak compared with the design 

strength 0£ the timber member, were subject to slip, and in some cases 

filferc a slatr and expensive exercise. Hodern mechanical fasteners have 

overcome all of these disadv.antages. 

They are generally highly developed proprietary fasteners which exhibit 

the follOflfing advantages: 

(a) They efficiently use the full timber strength. 

(b) They don't slip. 

{c) 'l'hey are quick to use. 

• {d) 'l'hey are cheap. 

(e) In many cases, they virtually weld the timber. Using tooth plate 

or Nail-on connectors, especially in soft woods, the joint can 

be made the strongest part of the structure. 

BUILDING RE()UIRBHEN'l'S 

The desi.gner must allOff for many detailed requi.re•nt•, but the •i.n ones 

can perlYp• be su,,.,,.ri••d under the follOffing heading•1 
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(•) It lllUSt have structural integrity. It must be capable of with-

standing all possible load combinations. 

(b) It should be capable of completion as economically as possible. 

In a timber fraJOBd building the designer should ensure that he 

is efficiently utilising the timber, the fastenings, labour, etc. 

(c) The building should be as aesthetically pleasing as possible. 

Architectural features and design should be adopted to ensure an 

attractive result. 

(d) It should be durable, in keeping with the planned life of the 

.structure. 

Many slides will be shown to illustrate what has been done in New Zealand 

over the last decade. These slides will illustrate the above, but in 

addition, will show how mechanically fastened timber structures are 

(a} Ver••tile and •tt~•ctive 

(bJ Economical 

(cJ Easy to erect 

(d} Structurally •uperior 

(e} Good fire performance (compared with fire resistance} 

(t} Corrosion re•istant 

(g} Energy efficient 

(h} Easily interfaced with other materials such as steel and concrete, 

etc. 



.. 

• 
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SITE FIXINGS 

In New Zealand heavy atructural Nail-on techniques have been d~veloped, 

which have allowed us to supply and erect very large timber structures. 

Nail-on plate is punched in l.2lfD, 2.0na, J.0111111 and S,0.-n thicknesses. 

This can be cut and fabricated to make 3 very wide variety of brackets 

and fixings. It is used at the Jenee and apex of portal friJllles, for con­

necting to other structural materi.ds such as steel or concrete, and is 

also used for the site splicing of large truss components. 

BRACING 

fie have found it more than just desirable to fully brace the roof coarponents 

on the ground prior to erection. To achieve this, we use Gang-Nail con­

nected panel or nK• braces so that truss groups are fully assembled and 

braced 'before erectio~. 

The roof diaphragm is then often braced using comparatively light metal 

strap which we call Strip Brace, tensioned with a convenient high-speed 

adjustable clip device. As the Strip Brace has a capacity loading of only 

about 8 JcN, a number of parallel strips are often used to develop the 

bracing loads required. fie have found this to be the quickest and most 

economical method • 

ERECTION 

The trusses are spaced on the ground to their relative final positions. 

They are then braced in groups of between two and six trusses and while 

still 01J the ground the final bracing is fully installed together with 

the purlins, the root services and walkways and often also the roof sheath­

ing. 
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The Nail-on brackets or stirrups at the top of the columns are already in 

place and one or more cranes are then utilised to lift the roof sections. 

Trusses under 12.0111 free span in ~eneral do not require cranes, and, pro­

vided experienced workmen are on site, they can be lifted into place singly 

and often by hand. No lllleChanical lifting is required for small trusses. 

Trusses over 15.0m free span we have found become an engineering exercise, 

and over 10.0m free span, the above-described techniques must be used or 

equivalent methods to avoid the real danger of a collapse during erection. 

GANGLAll 

This technique comprises building up very large timber beams and other 

components using tooth plate connectors. 

Shorter and smaller members are first end to end laminated to obtain the 

required lengths. The timber used is generally SOnm thick and the longer 

members are then edge laminated up to any required width, but commonly 

600mm and more. 

These SOnrm thick "planks" are then "slabbed" together to produce the required 

design thickness for the composite beam, coJmK>nly up to 200nn and more. 

The "planks" are co111110nly nailed together where interface shear requirements 

are low, such as for a simple beam. However, interface shear require1J1111Jnts 

c.1n be higher as in the case of a column or can be extremely high as in 

the case of a laminated girder. 

, 

• 



.. 
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In the•tt c••e:o, Ilea.vi} M1ling or bolting is required. Where ver!I he•vy 

compression loads are to be c•rried, special Nail-on members are designed 

or alternativel!I edge trusses or other means are used to hold the .-eaber 

straight. 

CURVED ARCHES 

A special form 0£ Ganglam has been introduced in New Zealand during the 

lase nine months. f'hin laminates, usuall!I SO x 25.mm are curved to the 

required shape, and the required number laid up, £ace to £ace. Tooth 

plate connectors are then driven into the edge £aces to carry the inter­

face shear between laminates and the arch then retains its shape when 

released, and i£ correctly designed, is capable or withstanding the nec­

essary design loads • 
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TIMBER CONSTRUCTION IN DEVELOPING COUNTRIES 

C. R. Francis.!/ 

My personal experience of developing countries 
is limited to five and they range widely in location, 
climilt.c and history. However they all have rather 
similar approaches and problems in timber utilisation 
for structural purposes. 

1. Degree of Utilisation. Generally timber is 
confined to roof framing, sometimes first floor beams 
in "quality" housing or else is confined to shantys. Roof 
framing is heavy and widely spaced;lightweight trussed 
rafters are unknown. There may be some use of standard 
prefabricated buildings or components. There is no use 
of component systems e.g. trussed rafters predesigned 
and prefabricated to individual architectural requirements, 
or standard-spaced stud framed wall sections. This is due 
to: 

1. Non-availability of accurately dimensioned 
timber 

2. Ignorance of the system, approach or inability 
to adapt a system to local circumstances 

J. Lack of, or inappropriate design codes. 
Examples of this include insistance on the 
use of European loadings complete with snow 
loads for tropical roof design. In another 
country I was told that stud framed walls 
could never be allowed since the load of the 
studs on the bottom plate exceeded the (imported) 
mid 1920's German allowable timber stresses. 

2. Preservation. Lack of preservation severely limits 
availability of timber. The general pattern, which includes 
t!xpericnce in New Zealand and Australia is that there has been 
an abundance of~durable species which are now exhausted, or 
rapidly becoming so. 

In NZ and Australia the shortfall was made good by 
preservation of non-durable timber - notably Radiata pine. 
The project I am currently working on is completely based 
011 bo1·on tr·~af.ment of other·wise usele.ss rubber wood which is 
c.xt.remely prone to Lyctus attack. Some interesting 
statistics from one major wood preserving croup are 

!/Timber Engineer (at the time Chief Technical Adviser of UNIDO 
Project DP/SRL/79/053 - Research and Development for the 
Utilization of Rubberwood and Coconut Wood). 

, 

' 
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COUNTRY NO. Of 
PRESSURE 
PLANTS 

POPULATION 
(MILLIONS) 

t>OPULATIO~ 

PER PLANT 
(MILLIONS) 

Great. Britain 192 55.9 .29 
New Zealand 124 3. 1 .025 
South Pacific 12 0.5 .041 
Singapore, Sri Lanka, ) 
Indonesia, Philippines) S4 204.1 J.8 
'faiwan, Thailand ) 

Malaysia 87 12.J • l;:t 14 
India ISO 605.8 4 
Turkey 3 39.2 13 
Scandanvia 46 22.1 .48 
Australia 114 13.5 .1184 
Papua New Guinea 3 2.8 .933 
Canada 20 22.9 1.14 

Some of the figures are of doubtful interpretation, 
bu~ ~hey do show a vast imbalance between industrialised 
and rlPv~loping countries. Also, this is only 
one company, albeit a major one. The figures show clearly 
lhe extremes between an intensely preservation conscious 
country like N.Z. and third world countries with millions 
of people per preservation plant. 

It is my firm belief that sound preservation 
practices are the most important single factor in 
establishment and acceptance of timber construction. The 
major inhibiting factor does not appear to be the direct 
cost of ~he plant or chemicals, or lack of skill to run 
the plant. Rather it is shortage of working capital to 
cover the cost of drying ready for pressure treatment, 
or of diffusion treatment storage time. Shortage of 

• working capital similarly inhibits drying, not only for 
structural work but also for furniture and joinery. 

Skills, Training, Tools. All the wood using 
developing countries appear capable of good standards of 
craftmanship in furniture and joinery using hand tools and 
simple machines. Use of portable power tools and 
four-side planers is rare. General availability of 
accurately surfaced timber to standard dimensions is 
almost unknown. Practices with machines are extremely 
dangerous. Saws are used without guards or riving knives, 
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(> l n111..-s and sp ind 1 c• mou l dt•rs wit hunt guards. In llllt' 

Marxist- or i cnt..t~d nmnt.ry aft.tar i nspp,·t i Ill! a \oiundwork in~ 
fact.c11·y I creat.r.d r.on:sidt.>rable emb;uT;assmcnt. wlwn l 
c·ummc·nl.c~d that in. my own capitalist. ':ountry tht .. unigns 
would not permit their members to work in such a 
dangerous place. 

A major problem is teaching illtterate workmen to 
measure. In these circumstances wide use should be 
made of gauges and templates. 

For construction work the most useful tools 
arc the radial arm saw and the portable circular saw. 
Used intelligently, these can speed up work and also 
improve over hand tool precision. However 
instruction in their safe and efficient use is 
eseential. 

In promoting use of struct~ral timber my 
~houghts on the order of importance of things to be 
done are : 

l. Organise a sound system of preservative treatment 
with provision for enforcP.ment of standards. 

2. Standardise dimensions and tolerances and refuse 
to purchase timber which does not conform to these. 

J. Adopt a system of grading and an appropriate 
timber design code. AS1720 is an excellent 
flexible code which can be used in tropical 
countries. 

4. Concentrate at first on simple bulk products e.g. 
stud frame walls or a trussed rafter system to 
demonstrate economical high quality timber 
construction. 
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