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PREFACE 

Whether grown in a particular country or not, wood is a virtually uni
versal material that is familiar to people all over the world. It is used for 
many purposes but principally for construction, furniture, packaging and other 
specialized uses such as transmission poles, railway ties, matches and house
hold articles. The United Nations Industrial Development Organization (UNIDO), 
which was established in 1967 to assist developing countries in their efforts 
to industriali&e, has the responsibility within the United Nations system for 
assisting in the development of secondary woodworking industries and has car
ried out this responsibility since its inception at the national, regional and 
interregional levels by means of projects both large and small. UNIDO also 
assists by preparing manuals on topics that are cODIDOn to the woodworking sec
tors of most countries.* 

The lectures presented at the Timber Engineering Workshop (TEW), held 
from 2 to 20 May 1983 at Melbourne, Australia, are part of the continuing 
efforts of UNIDO to help engineers and specifiers appreciate the role that 
wood can play as a structural material. Collected in the form of 38 chapters, 
these lectures have been entitled Timber Construction for Peveloping Cowitries, 
which forms part of the General Studies Series. l'Yelve of the chapters make 
up this fifth volume of the collection, Applications a•1d Exampl_u. n.e TEW 
was organized by UNIDO with the cooperation of the CoDlllonwealth Scientific and 
Industrial Research Organization (CSIRO) and was fi.IIlded by a contribution made 
under the Australian Government's vote of aid to the United Nations Industrial 
Development Fund. Administrative support was provided by the Department of 
Industry and Commerce of the Australian Government. The remait.ing lectures 
(chapters), which cover a wide range of subjects, including case studieE, are 
contained in four additional volumes, as shown in the table of contents. 

Following the pattern established for other specialized technical train
ing courses in this sector, notably the course on furniture and joinery and 
that on criteria for the selection of woodworking machinery,** the lectures 
were complemented by visits to sites and factories, discussion sessions and 
work assignments carried out by small groups of participants. 

It is hoped that the publication of these lectures will lead to the 
greater use of timber as a structural material to help satisfy the tremendous 
need in the developing countries for domestic, agricultural, industrial and 
co1r111ercial buildings and for str11ctures such as bridges. It is also hoped 
that the lectures wi 11 be of use to teachers in trai11ing institutes as well as 
to engineers and architects in public and private practice. 

Readers si1ould note that the examples cited often refler.t Australian 
conditions and thus may not be wholly applicable tc developing countries, 

*These Rctivities ar~ described morP. fully in the booklet !Jt'lQO for 
Indus.triaU~ation:_ WQO!LfrQ!;~s~Jn.i,._and_WQod_ f_rodu~_ts (PI/78). 

tt>'<The ler:tur~s for these two courses were collect~,J and p.1blished as 
f.urniture an1._ dOjMfi'__.lnd.usJ.il.es_f._g_r.. ~y_e..l!2ll.W_CQ.]Jn.ttl.e.s (Uni !:ed Nations 
publication, Sales No. E. 88. III. E. 7) and T~.c.hillaL_Cr .. B:_er.ia.._ (QL_tb_e_~J_e..ction 
of Woo.d':'OX_~in&_Mathine.s (UNIDO publication, Sales No. 92.l.E). 
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despite the widespread use of the Australian timber stress grading and 
strength grouping systems and despite the wide range of conditions encountered 
on the Australian subcontinent. Moreover, it must be remembered that some of 
the technology that is mentioned as having been new at the time of the 
Workshop (1983) may since then have been further developed. Similarly, 
standards and grading systems that were just being developed or introduced at 
that time have now become accepted. Readers should also note that the lec
tures were usually complemented by slides and other visual aid~ and by informal 
coll'IDents by the lecturer, which gave added depth of coverage. 
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TNTRODUCTION 

Many developing countries are fortunate in having good resources of tim
ber, but virtually all countries make considerable use of wood and wood pro
ducts, whether home-grown or imported, for housing and other buildings, in 
both structural and non-structural applications, as well as for furniture and 
cabinet work and specialized uses. Although wood is a familiar material, it 
is all too often misunderstood or not fully appreciated since it exists in a 
great variety of types and qualities. 

Sorie species, such as teak, oak and pine, are well known almost every
where while others, such as beech, eucalyptus, acacia, mahogany and rosewood, 
are known primarily in particular regions. Still others, notably the meran
tis, lauans and kerulng, which come from South-East Asia, have only recently 
been introduced to widespread use. Very many more species exist and are known 
locally and usually used to good purpose by those in the business. Also, 
plantations are now providing an increasing vol\Dlle of wood. 

The use of timber for construction is not new and, in fact, has a very 
long tradition. In many countries this tradition has tmfortunately given way 
to the use of other materials - notably, concrete, steel and brick - whose 
large industries have successfully supported the development of design infor
mation and the teaching of methods for engineering them. This has not been so 
much the case for timber, despite considerable efforts by some research and 
development institutions in countrieE where timber and timber-framed construc
tion have maintained a strong posit.ion. Usually the building methods are 
based on only a few well-known coniferous (softwood) species and a limited 
number of standard sizes and grades. For these, ample design aids exist, and 
relatively few problems are encountered by the very many builders involved. 

Recent developments in computer-aided design and in factory-made com
ponents and fully prefabricated houses have lad to better quality control and 
a decreased risk of site problems. Other modern timber engineering develop
ments have enabled timber to be used with increasing confidence for an ever 
wider. range of . structures. This has been especially so in North America, 
Western Europe, Australia and New Zealand. 

UNIDO feels that an important means of transferring this technology is 
the organization of specialized training courses that introduce engineers, 
architects and specifiers to the subject and draw their attention to the 
advantages of wood, as well as its disadvantages and potential problem areas, 
and also to reference sources. In this way, for particular projects or struc
tures, wood will be fairly considered in competition with other materials and 
used when appropriate. Comparative costs, aesthetic considerations and tra
dition must naturally be taken into account in the context of each country and 
projpct, but it is hoped that the publication of these lectures will lead 
those involved to a rational approach to the use of wood in construction and 
remove some of the misunderstandi~gs and misapprehensions all too often assoc·· 
iated with this ancient yet modern material. 

!NEXT u1\Gb,S) left BLANK) 
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I. SPECIFICATION OF TIMBER FOR 
STRUCTURAL USE 

William G. Keating* 

The value of timber as a. structural material has been verified by cen
turies of use. However, it could have established its reputation more 
economically if the relationship between quality and usefulness had been more 
completely understood. Nowadays it is essential that the costs of both 
Prection and maintenance are contained within competitive limits. This can be 
done by three means: 

(a) Keeping material quantities to the minimum necessary; 

(b) Designing for adequate safety and performance; 

(c) Avoiding costly maintenance or premature replacement. 

Another concern for the conununity as a whole is the depletion of the 
world's finite resources. In this regard, timber has a definite advantage 
over other materials because it is renewable. Still, this is no excuse for 
wasteful practices. 

Obviously, correct specification is one way of overcoming the above pro
blems. Most countries have established n3.tional standards that reconunend 
methods of specifying materials and their correct use. Because of their 
importance, timber and its derived products are usually well catered for, but 
this does not necessarily mean that such standards are always used or even 
well understood. 

The development of standards generally, and in particular those relating 
to timber, has been a product of improved conununications and closer interna
tional cooperation. In the past, timber standards were often prepared, writ
ten and promulgated by people who wanted to sell the local product but did not 
pay sufficient attention to the long-term reputatic~ of a vital raw material. 
Gradually, sta11dards around the world have tended to become themselves 
standardized. This approach has succeeded to a much gr~aLer degree than many 
thought possible even a few years ago. It is obvious that through these 
developments, the technology transfer process has been enhanced considerably 
an<l that any country, particularly a developing one, is able to take advantage 
of advanr.es made in another r.ountry. Engineers who saw this happening in the 
newer materials such as steel and concrete looked for the same in timber an<l, 
depending on the particular situation, either exerted their inf luent:e on the 
timber standards committees or turned lo the other materials. 

To the sperifier, standards are pi:lrtirularly 11sefi.i1, even essenti::ll, but 
they m;iy need to hP ;i<l<led to or substrnrted from lo make ;i r.omplete sppr:ifi
ration. For timb(;r, this implies an understanding of its charac:teristirs, 
piirlil'.111;.irly it1; limitations as well as its special properties. 

f•An offir.er of CSIRO, Division of Chemiral anrl Wood Te•:hnology, M~'!lbo11rne. 
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The following is an example of specification wr:ting that was c0111110n some 
years ago and shows the completely unrealistic approach that often prevailed: 

"Scantling shall be the best of its kind cut from mature, hill
grown trees felled during the winter. It shall be perfectly straight 
and out of winding, die-square, bone dry and free from heart, sap and 
all defects." 

Modern day standards more closely match the needs of the user with the availa
bility of the material. 

A. Basic working stresses 

Previous papers have shown how timber may be graded for structural pur
poses and how a basic working stress may be derived. As this is the figure 
from which the engineer starts the design process, it follows that the first 
requirement he or she specifies is the stress grade of the desired timber. In 
Australia, stress grading entails the classification of a piece of timber for 
structural purposes by means of either visual or mechan::..cal grading to indi
cate the basic working stresses and stiffnesses to be used for structural 
design purposes. The stress grade is designated in a form such as F7, which 
would indicate that the basic working stress in bending was approxin:ately 
7 MPa. 

B. Timber identification 

In many situations, the engineer, provided he or she is satisfied as to 
the stress grade, is not too concerned about the identity of the timber. 
However, there are also many cases where positive species identification is 
essential, at least in so far as a strength group classification is concerned. 
One such situation applies when there exists a biological hazard. To remove 
the hazard, the engineer may need to specify one or more of the following: 

(a) The use of timbers treated with preservatives. 
possible approaches: 

There are three 

( i) The timber is surrounded by a complete envelope of preserved 
timber of such depth that provides for post-treatment surface 
checking and minor damage during. fabrication. This procedure 
is carried out after all cutting, drilling, notching, machining 
etc., has been done; 

(ii) The timber is treated through its full depth with adequate 
retentions of preservative; 

(iii) Only the susceptible sapwood is treated against lJ~tu$ attack; 

(b) The use of naturally durable heartwood species that car. he identified 
on site, for protection against fungal attack only; 

(c) The provision of adequate ventilation against fungal (decay) att.ack; 

(d) The use of soil poisoning and/or mechanical barriers such as "ant" 
capping against termites. 

In (a) and (b) above, species identification is essential. 
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For the design of timber structures, it may be necessary to use unseasoned 
timber if the member cross-sections are so large as to make it uneconomic to 
specify dry timber. This is not necessarily a problem, because construction 
techniques are available to minimize the effects of shrinkage; here again, how
ever, species or species group identification is important in order to predict 
the likely performance. The use of hardwoods tends to exacerbate the situ
ation, for their total volumetric shrinkage is usually much higher than that 
of softwoods and the differential percentage shrinkage in the tangential and 
radial directions is also higher. Here, too, it may be of some importance to 
know the identity of those pieces that could be subject to the abnormal form 
of shrinkage known as collapse. Standard texts list those species that are 
known to be susceptible, but identification is necessary. 

c. Dimensio_M___SLnd tole_ran~e..& 

It is important that there is no cause for ambiguity when stating dimen
sions and tolerances. In Australia, lineal metres or cubic metres are the 
units of measurement for length and volwne, respectively, and the cross
sections are referred to in millimetres. The convention that is being encour
aged is to specify cross-section, number of pieces and lengths in that order, 
e.g. 100 x SO '>0/2.4, where 100 x SO indicates the required cross-section in 
millimetres and 60/2.4 indicates 60 pieces each 2.4 m long. For tolerances, 
the designer should make it clear to the supplier, usually by quoting the 
appropriate standard, that he or she understands, for example, that a negative 
tolerance on cross-section is permissible. Usually this applies only to unsea
soned sawn timber. For dressed or seasoned timber, there is normally no nega
tive tolerance. These points and the conditions relating to length tolerances 
are usually spelt out in the standard. 

D. Standards 

The value of standards becomes obvious when ordering timber. By quoting 
the stress grade, the identity of the species (to the precision necessary) and 
the number of the standard to which the timber is produced, a considerable 
amount of information is conveyed in a very small space. When that is com
bined with, say, a timber engineering code, the intentions of the designer and 
the responsibilities of the supplier are quite clear. 

If no standard exists, it is normal practice to examine standards from 
other countries and modify them where necessary to suit local conditions. As 
can be imagined, this is not very satisfactory. If even this is not possible 
and trained graders are not available, some simple rules, combined with a 
minimum density clause, may be satisfactory. Such an approach would need to 
be conservative, but it could allow timber to be used. 

E. Eq\.liUJ:>riµm 111oist1.1re_ con.tent 

When structures or elements are to be fabricated with seasoned timber, the 
de.signer .should ascertain the average equilibrium moisture content for the 
environment in which the structures or elements are to be erected. He or she 
should then specify that the timber used shall have a moisture content at th~ 

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 the 
equilibrium moisture content. This steady moisture state depends on the rela
t ivP. humidity, the temperature of the surrounding air and the drying r:on<li
tionR that it has previously undergone. It fluctuates with changes in 
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one or both of these atmospheric conditions. Such changes produce correspond
ing changes in the dimensions of wood. To minimize the extent of such move
ment, it is desirable to install timber at a moisture content mid-way between 
the extremes ~t is likely to reach in service. Between 12 and 14 per cent is 
an average moisture content, but it could be higher in tropical areas or con
siderably lower in locations such as central Australia or indoors in 
air-conditioned buildings. 

Corrosion may occur in metal connectors used under moist conditions and 
under certain atmospheric condi ticns such as might be encountered in marine 
environments, certain factories or near chlorinated water. Condensation in 
the roofs of heated buildings will also encourage corrosion. Some water-borne 
pr-eservatives may, under moist conditions, corrode unprotected metal work. 
The designer must ascertain if such hazardous conditions are likely to be 
encountered and ensure that the appropriate precautions are taken. 

On the other hand, wood itself does not corrode, which makes it a most 
useful material lo specify for use in a corrosive environment. 

G. freservative type 

It is not sufficient for the designer to specify simply that the timber 
members be treated with preservatives, should that be necessary. The preser
vative type must also be specified. Oil, water and light organic solvent 
types each have th~~r own advantages and limitations, so that in order to make 
the c:orrect choice some attempt to acquire the necessary background informa
tion is required. 

The overstressing of tir.'ber members during transport and erection should 
be carefully avoided. Special care is necessary to avoid distortion in hoist
ing frruned arches, trusses, portal frames and the like from the horizontal to 
the vertical position. For this reason, the designer should indicate lifting 
points or methods of lifting on the design. 

Often it is not possible to obtain solid timber members of sufficiently 
large cross-section or length to suit a particular need. This does not pre
clude the use of timber. as large members may be formed from much smaller 
pieres. However, for engineered structures this is a specialized technique 
and one that needs a first-class quality control system. For this reason, if 
it is designed to use members such as glue-laminated beams or nail-laminated 
r.omponents, the designer must seek guidance from an appropriate standard and 
order from a well-known and reputable firm. 

Simple members may be fabricated on-site, but close supervision is 
usually necessary. 

J. Stora&e on site 

Unless specifically designed for the purpose, timber components and 
structural elements should not be exposed to high humidity, and all materials 
;mrl asiwmhl ies in storngP. should be protected against exposure to the weather, 
Wf~tling, rl::im;ige, der.;iy fln:i inser.t attack. Adequate ventilation of the stock 
must he pr·ovided. 
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K. Inspection on si!~ 

It is not sufficient for the designer to just write the specification, 
even if it does cover all the aspects already mentioned. He or she must 
provide for a system of regular, on-site check inspections. This implies that 
there is someone present, such as the site engineer or foreman, who is at 
least familiar with the standards quoted in the contract, any special condi
tions and the way in which the checks should be made. 

For example, the specification of dry timber would normally indicate that 
this was critical to the performance of the structure. In structural memoers, 
if green timber is supplied in place of the specified dry timber, failure is 
possible, excessive deflection is probable and end splitting may occur, rende
ring the jointing devices inoperative. For these reascns, it is good practice 
to have available at the site a moisture meter and someone who knows how to 
use it. Similar care must be taken with preservative-treated timher and to 
ensure conformance to the grading rules. Branding is not always a cause for 
complete assurance, but it is a useful safeguard and indica::es the supplier 
will back his product, which is often why it was specified in the first 
place. For this reason, checks are necessary lo ensure that the agreed bran
ding has been done in the correct manner and frequency. 

L. SUJll!la ry 

Timber is a well-proven structural material, but its familiarity often 
leads to its misuse. Modern technology has enabled us to specify timber in 
much more economic (i.e. smaller) sizes over a wider range of conditions than 
in the past, but at the same time the need for close attention to specifica
tion detaii has been markedly increased. 
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II. PLYWOOD IN CONCRETE FORMWORK 
Kevin J. Lyngcoln* 

This lecture/chapter '-·as based on a manual of the same title by 
Mr. Lyngcoln. The manual is n, __ reproduced here; however, it may be obtained 
from the Plywood Association of Australia Ltd.** The following passage from 
the foreword to the Manual gives an idea of its scope and purpose: 

"Concrete in Australia over the past few decades has developed 
into one of the most """!d materials in the building industry. Its 
ability to be moulded into a great variety of shapes, its ability to 
accept a wide range of surface finishes and its inherent strength 
and durability provide designers with an extremely versatile design 
medium. The development of "off-form" finishes in particular has 
given architects yet another means of creating building facades in 
economic and aesthetically pleasing forms. 

"The success of concrete as a visual material depends in no 
small measure, however, on the quality of the formwork that moulds 
it into the desired shape, ar.d in particular on the quality of the 
form face. Plywood has become established as a major material for 
this purpose. 

"Production of "off-form" finishes imposes much tighter limits 
on concrete formwork. In particular, water absorption of the form 
face, joint sealing and deflection under load are critical. Whilst 
in most cases the structuraI strength of formwork systems is more 
than adequate, the control of deflection and the sealing of joints 
are sometimes not given the same attention and the concrete finish 
suffers accordingly. 

"This Manual • • • addresses itself to these problems, provides 
the building ind us try with efficient design methods and suggests 
effective details to ensure that the best performance is obtained 
from concrete. Cons~deration is given also, in the section on 
formwork pressure, to the effects on formwork design of modern 
trends which involve more workable ~oncretes, greater rates of con
crete placement and emphasis on the overall speed of construction. 
Each of these tends to impose additional loads and pressures on the 
formwork and demand more accurate designs to ensure that str-ength, 
deflection and sealing requirements ar-e met." 

The determination of 
formwork, the estimation of 
cussed in the first section 
of formwork plywood covers 
tural performance, control 

concrete pressures on horizontal and vertical 
vertical rates of pour and beam design iue dis
of the Manual. A section on the charact~ristics 

ils advantages, lhe propertief' thdt affect slruc
of the surface finish, standard dimensions and 

*Engineer, Plywood Association of Australia Ltd. 
**P.O. Box 8, Newstead, Queensland 4006, Australia. 
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tolerances and the marking of plywood for formwork. Another section des
cribes the structural properties of formwork plywood: basic working stres
ses, section properties and allowable concrete pressur~s. 

The Manual contains 20 figures and 8 tables. Its three appendices address 
the calculation of section properties and of allowable concrete pressures and 
also present examples of typical formwork using plywood designs. 
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Ill. TIMBER STRUCTURES: DETAILING 
FOR DURABILITY 

Leslie D. Armstrong* 

Introduction 

Building materials will deteriorate extensively in the absence of good 
principles for the construction, use and maintenance of buildings and other 
structures. Where high rainfall, high humidity, extensive insolation and 
strong winds prevail, materials can decay rapidly without proper emphasis on 
good practice. 

The same weathering factors operate in the tropics as in temperate 
regions, although the considerable variation in intensity make some fac~ors 

insignificant and others important. Some processes of degradation, particu
larly attack by biological agents, are likely to be hastened by the uniform, 
optimum temperatures that are experienced towards the equator, while some 
physical effects, such as those that result from dimensional change, are 
promoted in hot, arid regions where there are low night-time temperatures. 

Skilled designers attempt to achieve the best performance in buildings by 
the selection of durable materials, the exercise of good principles of con
struction and workmanship and the provision for proper treatment and mainte
nance to increase durability. These important approaches are never fully 
achieved, even in large cities where materials and skilled labour are 2.bun
dant; usually they are only partially achieved in smaller cities and towns in 
remote :-.~gions where mater .ials and skilled tradesmen are in short supply. 

The behaviour of timber in service is affected by environmental and bio
logical factors that vary in their influence depending on the conditions of 
exposure. Usually, the worst conditions are those of outdoor exposure, 
because variations in climate are large and have the greatest i~pact; however, 
severe conditions may also occur indoors owing to hazardous artificial envir
onments or poor techniques of construction. 

A. Timb..e.L.us.eJl_ ind.o_o_rs. 

The major problems associated with the deterioration of structural 
timbers used indoors are usually due to excessive amounts of liquid w&ter in 
direct contact with the timber, excessive amounts of wat~r vapour in the 
atmosphere, excessive fluctuations in the moisture content of the wood, 
extremes of temperature or the presence of chemical fumes. When the moisture 
content of wood exceeds about 25 per cent, based on its oven-dry weight, bio
logical decay due to bacteria or fungi may occur. The effects intensify as 
the temperature increases. Should thP. moisture content of the wood fluctuate 
appreciably with changes in atmoRpheric conditions, which may happen in 
industrial buildings, excessive amounts of swelling and shrinkage may result, 
and this can cause severe stressing and degradation of the timber and 
associated joints. Checking or splitting of the wood surface may also occur, 

*Formerly an officer of CSIRO, Division of Building Research, Melbourne. 



·- 12 -

with bacteria or fungi developing in the checks and causing the wood tc 
decay. In tropical dimates, high relative humidities persist for extensive 
periods. To inhibit biological attack in timber in these climates, it is 
usually necessary to apply preservative chemicals and protective films to the 
surfaces of members and to ensure the adeq\lclte ventilation of air spaces. 
There is also an increased hazard from water penetration and flooding of 
structures, which requires proper shielding and drainage systems to shed water 
and prevent retention. 

Al though timber in service is rarely affected by chemical fumes, the 
metal fasteners coomonly used in timber joints may corrode unless they have 
been treated to withstand specific chemicals. 

B. Timber used outdoors 

When used externally, timber may be partially or fully exposed to the 
weather, and its moisture content may reach undesirable values or may fluc
tuate widely due to exposure to the sun, rain, snow or wind. In some cases, 
harmful chemicals may come in contact with the timber and joints. The 
orientation of the structure should be considered at the planning stage to 
reduce the exposure of vulnerable components. Protective treatments consis
ting of durable surf ace coatings or penetrating chemicals may have to be used 
to help the timber to resist damaging agents or to inhibit moisture changes. 
These treatments assist in keeping swelling stresses to a minimum and reduce 
the incidence of biological decay. Consideration should be given to the 
method of assembly of timber components: in so far as possible, water should 
not be able to pond on surfaces nor enter the joints, and any water that does 
intruce should be able to drain away. Moisture should also be prevent~d from 
diffusing into wo~d from porous media, such as soil or concrete, by avoiding 
direct contact. Continued observation and maintenance will also be needed 
during the lif~ of the structure, as is the case with all structures and mater
ials. 

The methods of providing physical protection for timber structures and 
components fall into two categorits, shielding and ~tructural detailing. 

C. Shielding methods 

Structural timber exposed on the outside of a building may be shielded 
from the weather by natural and/or artificial systems of protection. By care
fully selecting the type and location of trees and shrubs, timber walls and 
exposed structural timbers may be substantially protected from the wind and 
rain, thus inhibiting the entry of water and reducing excessive fluctuations 
in moisture content (figure 1). Shielding from the sun is also achieved with 
shrubs, which not only protect the exposed timber but also benefit the 
internal environment of a building by sharling the walls and windows. Careful 
selection of the species of trees and s~-Dos will ensure an acceptable d~gree 
of shielding for the building. 

The trees and shrubs must be far enough from the building and far enough 
apart so that the foliage does not constitute a source of moisture or inhibit 
the flow of air adjacent to tt:e walls; otherwise the moisture content of 
exposed timber may reach detrimental levels. The trees must be of species 
that will not topple onto the buildings during wind storms. Further, the root 
growth and moisture requirements must also be considered so that there is no 
damag~ to the foundations of the buildings from excessive moisture changes in 
the soil or the intr•Jsion of roots. Botanists and experienced nurserymen 
shoul~ be consulted during tre~ selection, planting and landscaping. 
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Figure 1. Vegetation intercepts sun, wind and rain but allows 
air circulation near the building to inhibit moisture build-up 

Where it is not convenient to use trees for shielding, artificial systems 
may be installed to achieve a similar purpose. Roof overhangs, shading 
devices and screen walls or fences can be constructed of decorative and 
durable materials to provide protection against the elements, to assist indoor 
temperature control and to enhance the architecture (figures 2 and 3). Prac
tical experience throughout the world has demonstrated the extremely valuable 
contribution made by shielding systems in prolonging the life of exposed 
building materials. 

Figure 2. Architectural overhang intercepts sun and rain 

Figure 3. Architectural screen wall and pergola intercepts sun, 
wind and rain but allows air circulation near the building 
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Other methods of ~hielding consist of applying caps or flashing directly 
to the surfaces of exposed timber members to prevent water from !edging on 
surfaces and to divert it away from the memb~rs (figures 4 and 5). 

Figure 4. Flashing sheds water and protects the up~er and end 
surfaces of the beam. The shield does not fold under to the 

lower surface because the water could be trapped there 

B. Channel 

-

Figure 5. Caps protect the end grain 

Wood 

CIP 

Improperly designed shielding systems may acrent•1ate rather than 
alleviate the degradation of timber by trapping water lt.at has leaker! into the 
shields. l shield or cap should cnv~r only the exposed surface that requirP~ 
protection, leaving adequate ventilation and drain.'1-;e of the remaining sur
faces, especially the lower surfaces, sn that moisture will not be retained on 
the timber, causing prolonged wetting and subsequent biological decay. 

The end-grain surfaces of wood need special treatment with respect to 
shielding and sealing. Moisture is gained and lost more readily through 
end-grain than through side-grain surfaces. The checking of end-grain surfaces 
may become severe because of differences in swelling in the tangential and 
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radial directions, relative to the growth rings, and biological 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 sealing paints and 
films can also be applied. Some other treatments have proved successful in 
inhibiting the deterioration of end-grain surfaces: shaping the ends of 
members to reduce exposure and to encourage water run off (figure 6), 
machining a groove into the face or attaching a strip to provide a drip bead, 
or subdividing the large end face of a member into a number of small sections 
by means of deep saw kerfs to relieve swelling stresses and reduce checking 
(figure 7). 

Figure 6. Shaping encourages water run-off and decreases the 
exposure of the end grain to sun and rain 

Figure 7. Saw kerfs 3-5 nn wide and 20 nm deep relieve swelling 
stresses and reduce checking 

Kerfa · 3 to Ii .wn wide 
20m·ndeep 

Timber that is totally imnersed in water will not decay. However, when a 
structural member, such as a pile, is partially i11111ersed in water and par
tially exposed to air, the wood may degrade at the water-line unless protective 
methods are applied to reduce moisture content fluctuations and to inhibit 
checking and subsequent decay. One method of treatment is to apply a bandage 
containing preservative to the section at the water-line. 

D • S true tura L.d.e.ta.i.1.i_n& 

When timber components are joined or brought into contact with other 
structural members or materials, care must be taken to avoid the entry of 
water and, more importantly, to avoid trapping water in the joint. The 
shaping, caulking and flashing of timber members can encourage the drainage of 
water away from the joints and also inhibit the entry of water. Grooving and 
drilling the faces of members can encourage the drainage of water Crom inside 
joints where leakage may be present. The transfer of moisture from another 
porous medium, e.g. soil or concrete, to timber should be prevented, and the 
design of the joint should allow easy access for the application of mainte
nance treatments, especially to end-grain surfaces. Where metal shoes or 
f itlings are used to support the ends of members they should not enclose the 
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member or encourage the trapping of water. If green timbers are used in con
struction, the joints, fasteners and support fittings must be selected to 
acconmodate the sub~equent shrinkage of the timber and permi ~ maintenance. 
Similarly, where excessive moisture content fluctuations are expected, the 
inevitable dimensional charges must be provided for. Several examples of good 
structural detailing are shown in figures 8-12. 

Figure 8. Isolation of a wood column from a wet 
source using a steel dowel 

s ... 1--..it1alne 

Figure 9. Isolation of a woo~ colunm using a steel plate 
and ~ bituminous pad 
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Figure 10. Isolation and shielding 
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Figure 11. One method of support for a spaced colwnn 
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Figure 12. Alternative method of support for a spaced column 

I 
. ' 

.-- Sttei shoe 

ffiExl PAGE\$) left elJfij(] 



- 19 -

IV. USE OF GREEN TIMBER IN STRUCTURES 

Leslie D. Armstrong* 

Wood is a hygroscopic material that gains and loses water with variatic.ns 
in the moisture content of the environment in which it is used. Because the 
diffusion of moisture in wood is a rate process, there is a time lag hetween 
the variation of the moisture content of wood and the changes in atmospheric 
conditions. Moisture gradients develop below the surface of the wood, and 
severe distortions may occur in some timber compouents. 

In service, timber may be fully inmersed in water, with the result that 
its moisture content remains constantly high. Alternatively, it may be 
exposed to a variety of natural, controlled or widely v3riable artificial 
environments in which the moisture contents remain steady or fluctuate over a 
considerable range. The moisture content of wood varies in accordance with 
the surrounding conditions and, given sufficient time, it equilibrates with a 
particular environment, i.e. the moisture content of the wood reaches a steady 
value that is related to the moisture content of the surrounding air. In most 
countries, the moisture content levels of timber vary according to season. In 
Melbourne, the moisture content of wood used under shelter varies from about 
10 to 15 per cent, based on the oven-dry weight of the wood, over the course 
of a year. 

Wood in the tree contains water in two forms: free water, contained in 
the hollow ! umen of the wood cell, and chemically bound water, contained in 
the wood tissue in the cell wall. As wood dries, the free water is first 
removed from the cell lumen to the surface of the wood, where it evaporates. 
The moisture content of the wood following removal of the free water is 
approximately 30 per cent, based on oven-dry weight, and is referred to as the 
fibre saturation point (fsp), as the cell wall remains saturated with bol.Uld 
water. As drying proceeds below this moisture content, the bound water dif
fuses from the cell wall to the external surfaces of the wood and evaporates 
until the moisture content of the wood is in equilibrium with that of the sur
rounding air. This moisture content level is known as the equilibr1•.J111 
moisture content of the sample (emc). In Melbourne, the emc ranges from about 
10 to 15 per cent in timber exposed to ambient conditions and protected from 
direct rain and sun. 

The loss of free water from the cell lumens of wood has little effect on 
the physical properties, except that in some species of hardwood a severe form 
of abnormal lateral shrinkage, known as collapse, can occur and cause exten
sive distortions and dimensional changes in the timber. Changes in 
cross-section of up to about 8 per cent of the original dimensions can occur 
with cell wall collapse in some species. Precautions must be taken when such 
timbers are used for construction. 

*Formerly an officer of CSIRO, Division of Building Research, Melbourne. 
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The loss of bound water from the cell wall during the drying of timber 
below the f sp affects the mechanical and physical properties of the wood con
siderably. An important phenomenon that accompanies moisture change below the 
fsp is that of shrinkage and swelling of the lateral dimensions of wood as 
moisture is desorbed and adsorbed. Shrinkage parallel or tangential to the 
growth rings is much greater than shrinkage in the radial direction, sometimes 
twice as great. Shrinkage along the grain of wood is of little or no 
practical significance. In softwoods, depending on species, the original 
lateral dimensions can shrink up to about 6 per cent during drying from the 
fsp down to a typical air-dry condition of 12 per cent moisture content. In 
hardwoods, the lateral dimensions may shrink up to 10 per cent under similar 
conditions. 

Apart from allowing for the shrinkage and swelling, or 0 working", of dry 
timber that may occur when the moisture conte.it fluctuates with climatic 
changes, special attention must be !'aid to the greater changes in dimension 
that accompany the drying of initially green timber in service. This is 
particularly important with joints in timber components. 

Obviously, furniture and joinery timbers should be dried to a moisture 
content equal to the mean of the range anticipated in practice, whether they 
are t::: be exposed to natural ambient conditions or artificially generated 
conditions. Structural timbers installed in the dry state should be treated 
in a similar manner. Timbers used over a short duration, e.g. for form-work, 
in extreme conditions may need surface treatment and protection to inhibit 
moisture changes and associated dimension changes. 

Structural timber is frequently used in the green condition, as cut from 
freshly felled trees, because of the difficulties encountered in the seasoning 
of structural sizes, the high costs and delays experienced in seasoning and 
the problems encountered in nailing dry timber of many species. The problems 
that can arise when structural timbers shrink in reaction to extensive mois
ture content change are many and varied and sometimes give timber a bad name. 
Usually, however, these problems are the result of thoughtlessness or can~

lessness on the part of the designer or builder who fails to provi1.."e for the 
well-established shrinkage behaviour of construction timbers. Some of the 
coR111on problems encountered in practice and the precautions needed in con
struction methods to reduce the detrimental effects of shrinkage are described 
next. 

When initially green structural timbers of similar shrinkage characteris
tics are lapped or splict:d using nails, bolts or connector rings and the 
direction of the wood fibres (grain of the wood) is disposed in the c;ame 
direl'.'.tion in all timber members, as shown in figure 13, no restraints or 
splitting of the wood can occur between parallel rows of fasteners. However, 
bolt holes in tht:: green timber must be drilled 1-2 11111 oversize, depending upon 
the species and bolt diameter; otherwise splitting will occur in the grain 
dirP.ction adjacent to the holes when the hole diameter becomes smaller across 
the grain with shrinkage of the timber. In hardwoods, tangential shrinkage 
may amount to lS per cent during drying from the green to lhe air-dry stale, 
and in softwoods the shrinkage may reach 6 per cent. Bolts need retighlening 
;it intervals ;is the timber shrinks in thicknesi::, and it is essential to use 
the correct size of washers under bolt heads and nuts to avoid crushing the 
timber and to keep bearing stresses within saf~ limits. 
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Figure 13. Shrinkage in a timber joint. No restraints occur between 
fasteners in timbers of similar shrin~age properties and of similar 

grain direction. For bolts, drill holes 1-2 nm oversize 

-+ 

_L_ Shrinkag1 
~ ilthidum& 

Shrinkage 
in 
"dth j_ 

When the shrinkage characteristics of lapped or spliced green timbers are 
very different or when tte relative directions of the grain in adjacent 
members may cause significantly different shrinkage effects across a joint, 
staggering the fasteners in adjacent rows, as shown in figures 14 and 15, will 
often alleviate splitting during shrinkage. 

Figure 14. Staggered fasteners joining green timbers of 
different shrinkage properties 

Figure 15. Staggered fasteners joining green timbers of 
different grain direction 

Steel plates are often used to splice green timber members butted 
logether al their ends. W:1en the joint is formed using a single row of bolls 
or sr.rews along the length of the members, as shown in figure 16, no res·
trainls occur across the ioint provided thP. bolt holes are drilled oversize in 
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the timber. However, when two or more rows of fasteners are used in such an 
assembly. as shown in figure 17, alternate rows of holes in the steel plates 
must be slotted laterally to allow for the displacement of the bolts or screws 
across the splice plates as the green timber members shrink. Similar treat
ment may be needed when metal straps or angle brackets are used adjacent to 
green timber members (figure 18). The bolts or screws should be tightened 
regularly while the timber is shrinking. 

Figure 16. Timber/steel plate assembly with single row of bolts. 
Drill holes in the steel to suit the bolts. Drill holes 

in the timber 1-2 nwn oversize 

Gr.-, Timb9r members 

0 0 0 0 - ..... __ 

Steel spti<a plate 
Drill holes in steel to suit bOlts. 
Drill holes in timber 1-2- cwww. 

Figure 17. Timber/steel plate assembly with two or more rows 
of bolts or screws 

Alternate rows of toles 
-----·- in steel plate.slotted to 

0 
I 

0 
allow for bOlt 

---- ·- 0 I 0 displacement with I 
I shrinkage at titnbtr 

0 0 I 0 0 
I members cxr05s the 

~a1n. 

Built-up timber beams and trusses are often constru~ted of green hardwood 
memhers and webs or gussets of plywood, hardboard or galvanized iron. The 
ronunon prar.tir.e is to use two or more rows of nails, staples or rivets, as f;u 
;ipnrt as possible. This is s;itisfartory for small beam flanges or truss 
members but not for members 10 i:m or more deep because the green members 
shrink anrl the gussets do not. As a result, the gusset is damaged, the 
fasteners are overstrained or the timber members are split. The correct prac
t irr· is to use the minimum numher of rows of nails or rivet.s, to space the 
rnws ~s rlos~ together as permissible, to group the fasteners along the centre 
lines of the memb~rs an<l to ~tagger the fasteners in adjacent rows (figure 19). 
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Figure 18. Slotted holes should be provided in metal fittings 
to allow for shrinkage of the adjacent timber 

Timts 
Slotting 
not required 

,/ 

Figure 19. Reducing shrinkage problems in built-up components 

Graen timblr 
Stagg1r Fasteners 
closlto t 
to reduce shrinkage 
problems 

When green hardwood purlins are attached to wooden cleats as shown in 
figure 20, trouble will occur in two places. The purlins and upper chords 
will shrink in their depth whereas the cleats will not shrink in their 
length. When the purlins shrink, they will no longer rest on the top chord of 
the truss but will hang from the bolts attaching them to the cleats. When the 
top chord shrinks, the two fastenings, either bolts or nails, will be forced 
closer together and this may cause the cleat to split or break the joint. 
Either way, the cleat is likely to become ineffective. Three more satis
factory purlin fixtures are shown in figure 21. 

Figure 20. Poor fixing of green timber members 

Upper Chord 
of truss (green l 
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The nails or bolts attaching the purl in should be placed as close as 
practicable to the lower side of the purlin. If two bolts or nails are needed 
:tt each point of fixing of the purl in. these should not be placed in 1 ine 
across the depth of the purHn, as this will probably cause it to split. 
Figure 21 shows a simple strap hanger for the purlin. 

Figure 21. Improved methods of fixing green timber members 

Pl.-lin 

Rafter or 
upper chord of truss 

Floors, decks and verandahs are sometimes constructed of green timber 
joists that are supported on brickwork at one end and a green timber beam at 
the other end. The beam, in turn, is supported on steel or timber posts, as 
shown in figure 22. Shrinkage in the depth of the green timber beam may 
exceeif 2"> mm in a typical case using hardwood, causing this amount of mis
a I ignment in the floor. The problem may he solve<:! by using similar support. 
heams at each end of the floor framing sn that equal changes in height occur 
as the heams shrink. 

TtH: solution to the prnhlem ill11;.tr·:lt"rl in figure 22 involves the ari<li
tion::tl "Kpens" nf .:i -;prnnrl h"am. /, "h"':ir"r .:iltf'rnativ;:> is shnwn in 
fig11n~ 21. The ioists are hut.te<l aizainst th•~ inn;:>r far:e of the support beam 
arHI rf'st. 011 a 7c> mm x :l'> mm lerlize1 for liizht br;irkets) nailed or bolted near 
tlw lo1H•r f~<lizr of I.hr> beam. Th" shri111'.,1Z'' rd t.h<: lerigP.r wi 11 only he :i f r:ir·-
t ion of th.:it of thP main Jie;im ;rnrl thP !dihht loss of levP.I woulil he barely 
notireahle. Inridentally, square notching of the joists can cause serious 
loss of strength, but the 1 in 3 sloping ~11t below the notch will obviate this. 
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Figure 22. Prevention of dif~srer.ti~l settlement in a floor 

Deck or floor 

Beams matched for 
size ,cut,H.C. and 
shrinkage class 

Figure 23. Alternative solution to the problem shown in figure 22 

Main 
Stam 

L.11.,...-a.._ Ledger fixed 
ne;;.; lower edge 
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A similar problem is posed by the steel I-beam and wooden joist construr
tion shown in figure 24. Here, the joists rest on letigers boltert to the weh 
of the I-beam, and the flooring may be laid flush with the top of the steel 
beam or a packing block may be placed on the top flange to al low the flooring 
t" be nailed down over the beam. As the hart1wnort joists shrink, the level of 
the flooring attached to them falls. However, over the steel beam, the floor
ing cannot move, with the result that marked humps appear in the floor at earh 
beam. There are several ways of avoi'4ing this trouble. In one method, a 
removable floor section above the steel beam may be adjusted in height hy 
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suitable packing strips to correspond with the changing level of the rest of 
the floor as the timber joists shrink. Another method is shown in figure 25. 
Here th~ joists are simply notched out to take a piece of the same green hard
wood and this acts as a nailing strip for the floor above it. It is, however, 
essential that a gap equal to at least 10 per cent of the depth of the joists 
be left between the underside of the nailing strip and the flange of the 
I-beam. Then as the joists shrink, the floor as a whole will go do"'!l with 
them without interference from the steel beams. 

Figure 24. Shrinkage problems in timber/steel floor systems 

In brick veneer construction in housing, the structural frame is often 
fabricated from green timber and the outer cladding consists of fired-clay 
bricks to provide protection against the elements and also to impart a 
pleasant surface with low maintenance. The brickwork remains at a constant 
height, but the timber frame reduces in height as the green timbers shrink on 
drying. The total depth of timber subject to shrinkage in the height of the 
frame amounts to about 300 nn, which may yield a drop in height of frore 5 to 
40 nm at various positions in the frame. Adequate clearance is required where 
window-sills, soffit linings and roof rafters project from the frame over the 
top of brickwork. The provision of the necessary clearance between the soff it 
and the brickwork near the top of a wall is illustrated in figure 26. Simi:ar 
precautions must be applied elsewhere to prevent contact between the timber 
and brick components. In two-storey buildings, the problems become accen
tuated. 

Figure 25. One solution to the problem illustrated in figure 24 
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Figure 26. Provision of clearance between the soffit lining 
and brickwork in brick veneer constructi~n 

Cla<rance 

Metal split-ring connectors and shear plates are used in che joints of 
large timber structures to resist high forces. These components are adequa
tely described in the chapter "Timber connectors" in Stren&th Characteristics 
and Desi&Jl, the fourth volume in this collection. Precautions must be exer
cised when installing these fasteners in green timber; otherwise, the timber 
in contact with the fasteners can split as it shrinks during drying. The cir
cular groove for split rings must be of the recoamended dimensions so that the 
gap in the ring will be of the correct clearance, when installed, to allow for 
the anticipated shrinkage without offering restraint and causing the timber to 
split. When two or more rows of split rings are installeJ across intersecting 
green timber members having different shrinkage characteristics or grain 
directions, splitting between the rows can be minimized by making a saw cut 
between the rows (figure 27). 

Figure 27. Use of a saw cut to reduce end-splitting in green 
members subjected to lateral restraint 

u.A.J 
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Shear plates in green timber members can present serious splitting prob
lems, even with single plates, as the c~ rcular plates are of solid material 
a:td do not allow for any adjustment under the lateral forces imposed during 
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shrinkage of the timber. In such applications the recessed grooves in the 
timber, which acconmodate the shear plates, need to be machined oversize to 
permit shrinkage free of restraint. The additional slip in the joints, due to 
clearance in the grooves, needs to be allowed for in design. 

The variety of examples described should serve to indicate that the use 
of green timber need not present serious problems because of shrinkage. 
Entirely satisfactory structures of all types may be built of this material. 
It is only necessary to visualize what is going to happen to a structure or to 
a joint when green timber shrinks and, where necessary, make a simple provi
sion for that shrinkage. 
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V. POLE STRUCTURES 
G. B. Walford* 

Introduction 

The most coDDJon use of poles in developed countries is for the support of 
overhead transmission lines, although in New Zealand this market has. over the 
past decade, been eclipsed by a demand for poles for house building. By using 
poles for the foundations, as in pole platform construction, or as part of the 
framework as well, as in pole frame construction, previously unusable 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 to protect against intruders, animals and earthquakes and to 
improve ventilation. Substantial savings in building costs are obtained by 
using poles as columns with the butt end embedded in the grotmd. This appli
cation is frequently seen in warehouses. Poles 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 ove~ sawn timber: they are often 
the most readily available form of structural timber, particularly in remote 
areas; the costs and wastage 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 utilized economi
cally as sawlogs may be used quite effectively in pole structures, even tempo
rary ones such as the scaffolding seen in many Asian countries. 

Poles have two disadvantages: their shape and, for many species, poor 
durability in ground contact. The development of architectural and construc
tional techniques for handling the aesthetics and round shape of poles and of 
a preservation industry that can supply treated pole timbers with a guaranteed 
life in excess of 80 years even in ground contact has done much to overcome 
these difficulties. Probably the most outstanding pole frame building in the 
world is the indigenous performing arts centre at Nairobi, which has a pole 
frame dome spanning 120 ft (36.6 m). 

Useful information on the structural aspects of pole frame buildings is 
given in the manual of the American Institute of Timber Construction 
(AITC) [1] and the report by Patterson and Kinney [2]. Guidance on the design 
of simple pole frame buildings is availab!e from Bournon and Keating [3) and 
the New Zealand Timber. Research and Development Association [4]. Publications 
on more elaborate pole frame housing have been produced by Degenkolb and 
others (5), Norton (6) and Blak~y [7). An excellent dossier describing the 
design and cost of various pole structures has been produced by Lattey [8]. 

*Scientist, Forest Research Institute, Rotorua, New Zealand. 



- 30 -

A. Desicn stresse.s. 

The structural characteristics of poles are described in the chapter 
"Review of timber strength grouping systems" in Structural Timber and 
h9~, the second volume in this collection. The system of assigning 
stress grades to round timbers adopted in AS 1720 [9] is convenient, and the 
comparison between these and the stress grades assigned to select grade sawn 
timber is as shown in table 1. 

Table 1. Stress grades for poles and round timbers 

Strength group 

Sl 
S2 
S3 
S4 
SS 
S6 
S7 

Stress &rade for &reen timber 
Pole Select grade sawn 

F34 
F'i.7 
F22 
F17 
F14 
Fll 
F8 

F27 
F17 
F17 
F14 
Fll 
F8/F7 
F7 

The poles are raterl one stress grade higher than the highest grade of 
sawn timber because the occurrence of natural defects is compensated by the 
following: 

(a) The tension strength of pole timber is increased because the fibres 
flow smoothly around natural defects and are not terminated as sloping grain 
at sawn faces; 

(b) Many hardwood species have large tension growth stresses around 
their perimeters, and this assists in increasing the bending strength of the 
compression face of a pole in bending. The detrimental effect of the growth 
stresses on the tension face is not important QWing to the large tension 
strength of pole timbers; 

(c) In pine sp~cies, ther·e is usually an increase in wood density and 
hence strength properties from the pith to the bark. Thus, the highly stres
sed wood in a pole in bending is likely to be stronger than the species' 
average. 

The equivalence expressed in table 1 is based on the assumption thal 
poles or logs are from mature trees. If the tree is less than 25 years old 
when felled or if the pole hag fewer than 25 growth rings at the butt end, an 
adjustment should be made for the effects of immaturity. This effect is shown 
in the data given in table 2. 

A factor predicting a similar effect of maturity on radiata pine poles 
wai; tfeduced from the variation of density with age and its relationship to 
strength (10] as follows: 
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Number of &ro•;th rings 
_lQ__ 15 20 25 

Factor relative to age 15 0.88 1.00 1.09 1.15 

Table 2. Effect of age on the strength of green 
radiata pine poles 

Age of tree Modul~s of rupture 
(yr) (MPa) 

12 39.3 
16 38.6 
20 46.2 
22 43.4 
29 52.4 
32 52.4 

Source: J. D. Boyd, "The strength of Australian 
pole timbers - IV: radiata pine poles", Technological 
Paper No. 32 (South Melbourne, CSIRO, Division of 
Forest Products, 1964). 

Another consideration for poles is the effect on strength of bark 
removal. If the bark is removed ma11ually, e.g. using a spade, machete or draw 
knife, then it is likely that little damage will be done to the swellings in 
the trunk arounr'. knots. If the bark is removed by machine and the resulting 
pole has a smo-:-lh tapering profile, then some strength will be lost because 
the natural reinforcement around the knots will have been removed and the 
sloping grain exposed. The degree of damage depends on the amount of swelling 
initially. Table 3 gives the losses in modulus of rupture and mQdulus of 
elasticity in Corsican pine poles that had ~n average nodal swelling of 20 11111 

at each knot whorl and a mean diameter between nodes of 220 mm. 

Table 3. Loss in strength and stiffness of poles 
due to wood removal from nodal swellings 

(Percentage) 

Depth of wood removal 
(mm) 

___ J.oJt.Lin._. __ 

5.75 
15.5 

MOR MOE 

14 
29 

6 
15 

So.u~e: G. B. Walford, "The effect of mechanical 
debarking on the strength of Corsican pine poles", New 
Zealand Fore~t Service, Forest Reseorch Institute, 
unpublished FP/TE Report No. 38, 1981. 
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:.;ince any soil can pick up moisture, the design stresses chosen for 
embedded poles at the ground-line mnst always be taken to be those of green 
timber; for dry poles, e.g. those used in a roof structure, 10-20 per cent 
higher stresses are reasonaLle, according to Boyd [11]. 

B. Design of ground embedment 

Poles embedded in the ground may be designed as cantilevers resisting 
lateral loads. The required depth of embedment may be calculated from appen
dix K of ~.s 1720 if the poles are relatively short. For larger po'!.es, the 
procedure developed by Rutlege is useful and is given in [ 1] and [ 2]. This 
procedure is based on the criterion of a limiting movement of 0.5 in. (12 11111) 
at ground level on application of design load. Figure 28, reproduced from 
[2], gives the requ~red depth of embedment for a pole without rigid restraint 
at the ground-line, e.g. by a concrete floor. It is based on the following 
formula: 

D = A[l + (1 + 2.18 H/A)0.5] (1) 

where A = 2. 34 P /SB, H is the height above the groWld-line at which force P 
acts, P is the horizontal force acting on the pole, S is the soil pressure at 
depth 0.34 D below ground level and B is the diam£ter of the pole, or of the 
encasing reinforced concrete, or of hard backfill. 

If rigid restraint is provided at ground level, the depth of embedment is 
given by 

D = (4.25 PH/SB)0.5 (2) 

where S is the allowable lateral soil pressure at depth D below ground level. 

The 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 psf) is conser
vative. For sand, the passive pressure, in kPa, may be taken from Rankine's 
formula: 

s = 1 + sin e x 19 h 
1 - sin 8 

where h is in metres and e is the angle of friction of the sand. 

(3) 

For more general cases. S may be taken to be the lesser of S1 and S2 
given in table 4. 

Table 4. Allowable lateral soil pressure at depth h 

Class of material 

Good: compact, well-graded sand and gravel; 
hard clay; well-graded fine and coarse sand 
(all drained so water will not stand) 60 h 

Sz 
(kPa) 

380 

continued 
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Table 4 (continued) 

Class of material 

Average: compact fine sand; mediwn clay; 
compact sandy loam; loose, coarse sand and 
gravel (all drained so water will not stand) 

Poor: soft clay; clay loam; poorly compacted 
sand; clays containing large amounts of silt 
(water stands during wet season) 

30 h 

15 h 

S2 
(kPa) 

120 

70 

Source: D. Patterson and E. E. Kinney, Pole Buildin& Design (McLean, 
Virginia, Ameri~an Wood Preservers Institute, 1969). 

C. Pole connections 

Connections are usually the most difficult aspect of the design of pole 
structures. Some typical details are shown in figure 29, while figures 30 and 
31 show less conventional but nevertheless effective connections using steel 
strapping or threaded steel rods. In the case of the strapping, the same 
result may be obtained using wire or some form of lashing. 

Fasteners used for poles treated with copper-chrome-arsenic (CCA/ preser
vatives can corrode if moisture is present. This problem has been overcome by 
using (a) stainless steel strapping or bolts etc., (b) galvanized steel bolts 
protected by plastic tubing or (c) galvanized steel bolts and hardware liber
rally coated in grease. 

D. Examples 

Figure 32 gives schematic diagrams of various structures described in 
de ta i1 in [ 3] , [ 5) and [ 8) : 

(a) A simple monopitch frame that relies on the embedment of the poles 
for its resistance to lateral loads; 

(b) A tied eaves portal design that reduces the reliance on cantilever 
action of the pole columns. Steel rod or wir.e makes a satisfactory tie. It 
needs provision for tightening, e.g. a turnbuckle in the rod or a Spanish 
windlass in the wire; 

(c) A two-bay unbraced or tied portal that can be extended to as many 
bays as desired. This design can be used to produce a round structure with a 
single central pole; 

(d) Trusses on poles, which is a coll'lllon design for haybarns in New 
Zealand; 

(e) Pole platform construction, a quick method, provides a level support 
for conventional light frame ~onstruction; 

(f) Pole frame construction, which results when the poles are carried 
through to support the roof and/or the building is on several levels down a 
slope; 

(g) A simple sdssor truss that can be made using slender poles and 
bolts. 
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Figure 28. Chart for embedment of posts with overturning loads 
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Figure 29. Detail of typical pole cor.nection 
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Figure 30. Connections using steel strapping 
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Figure 31. Connections using threaded steel rod 
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Figure 32. Examples of pole structures 

A. Simple monopitch frame 

C. Two-bay 1lllbraced or 
tied portal frame 

E. Pole platform 

I 
I 

I 

B. Tied eaves portal frame 

Toes/ 

D. Poles supporting trusses 

F. Pole frame 

G. W Truss made from poles and bolts 



- 38 -

1. American Institute of Timber Construction, Timber ~ruction Manual 
(New York, John Wiley, 1966), pp. 4.83-4.93. 

2. D. Patterson and E. E. Kinney, Pole Buildin& Desi.&n (McLean, Virginia, 
American Wood Preservers Institute, 1969). 

3. R. N. Bournon and W. G. Keating, "Designs for pole frame buildings", 
Technical Note No. 7 (South Melbourne, CSIRO, Division of Forest 
Products, 1971). 

4. "Pole frame 
Association: 
1972). 

buildings", New Zealand Timber Resear~h and Development 
Timber and Woo_d_ Products Manual, Section 2b-l (Wellington, 

5. H. Degenkolb and others, Federal Rous in& Authority: Pole House 
Construction (McLean, Virginia, American Wood Preservers Institute, 1975). 

6. P. Norton, ~ew Zealand Pole House (Hicksons Timber Impregnation Co., 
1976). 

7. J. Blakey, "Pole type construction", New Zealand Timh.e.x_ Resea_r~h___arul 

~Ye~ll.L~tiation: Timber and Wao1 Products Manual, Section 2f-l 
(Wellington, 1973). 

8. P. t..attey, ~Buildincs in Papua New Guine.a (Boroko, Papua New r-uinea, 
Forest Products Centre, 1974). 

9. Standards Association of Australia, Australian Standard 1720-1975: SM 
Ii!n_b_er_Encineering C2.!le (Sydney, 1975). 

10. G. B. Walford, "Design criteria and specification of poles", ~ilL-Qfl 
RQwidwood Products of the Future (Wellington, New Zealand Timber Research 
and Development Association, 1975). 

11. J. D. Boyd, "The strength of Australian pole timbers - IV; radia~a pine 
poles", Technological Paper No. 32 (South Melbourne, CSIRO, Division of 
Forest Products, 1964). 



- 39 -

VI. TIMBER FRAMING FOR HOUSING 

Bernie T. Hawkins* 

Introdutliml 

In Australia, about 80 per cent of housing is constructed with a basic 
frame, usually of timber, lined internally with some sort of plaster board and 
clad externally, most often with a veneer of bricks. About 15 per cent is 
clad externally with timber boards or cement sheet boards. 

House framing represents by far the largest use of structural timber in 
Australia. AS 1684-1979, Timber Framing Code (1), and its predecessors, have 
been used for many years to ensure that safe, satisfactory houses and other 
buildings are erected in the most economical manner possible. 

In this chapter, the Code is looked at lr. detail, and other factors 
involved in the building and performance of honse fran>~s are considered. 

The terminology for framing members is illustrated in figure 33. 

A. History of the Code 

In 1941 the first edition of Pamphlet 112 of the CSIRO Division of Forest 
Produci.:s appeared. Entitled "Building fromes - timber and sizes", the pam
phlet was very simple and offered only a very few variations for spacing, 
loadings etc. Nevertheless, because at that time there was little var_ation 
in the types of house being built, it was in great demand by architects, 
builders, specifiers etc. A revised and expanded edition was brought out in 
19~2. but by the late 1960s the changes in strength groupings and stress 
grades, together with an increase in the variety of houses being built, neces
sitated a more comprehensive doclUllent. This document was CA 38, the Light 
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 standard, this Code was written under the direction of a co11111ittee 
comprising mainly builders, timber suppliers, wood technologists and repre
sentatives of timber and building associations and specifiers. 

B. Content of the Cod_e 

The Code is a 56-page document divided into six sections: 

Section 1. Scope 2nd General 
Section 2, Substructure 
Section 3, Timber Floor Framing and Flooring 
Section 4, Timber Wall Framing 
Section s. Timber Roof Framing 
Section 6, Nailing and Anchorage 

*An officer of CSIRO, Division of Building Research, Melbo11rne. 
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Figure 33. Nomenclature for framing members 
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it contains four appendicet: dealing with the properties and grades of 
structural timber, site preparation, storage and handling of timber and pre
caution against wind effects. 

In section 1, as might be expected, terms are defined, general rules are 
given for such matters as interpolation between values in the tables and other 
information is given on the use of the tables. In addition, advice is given 
on the storage and handling of timber. 

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

Sections 4, 5 and 6 deal with the selection and placement of the various 
members throughout the frame. Details are given on bracing requirements (both 
temporary and permanent), drilling and notching of members etc., and other 
aspects of workmanship. This is a very important part of the Code and will be 
discussed further. 

Section 6 gives the number and diameter of nails used in various parts of 
the frame. It also discusses alternative methods of fixing. 

Several other parts of the Code have been issued as supplements. Each 
supplement concentrates on timber of one stress grade and one moisture class, 
giving the details of the spans etc. that can be supported by various sizes of 
timber under various spacings etc. Each supplement contains 33 tables, 
15(A)-27S, covering the members shown in table 5. 

Table S. Members covered by the tables in timber 
framing code supplements 

Table No. Member 

lS(A) 

lS(B) 

2S 

3S 

4S(A) 

4S(B) 

SS 

65 

Bearers supporting single-storey load-bearing walls: 
spacing of bearers parallel to wall, 1.8 m 

Bearers supporting single-storey load-bearing walls: 
spacing of bearers parallel to wall, 3.6 m 

Bearers supporting floor joists only 

Floor joists 

maximum 

maximum 

Studs for single-storey load-bearing walls: studs spaced up to 
450 mm apart 

Studs for single-storey load-bearing walls: studs spaced up to 
600 mm apart 

Studs supporting concentration of loading 

Studs At sides of openings: single-storey constructions or 
upper storey of two-storey constructions 

continued 
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Table 5 (conti~) 

Table No. 

75 

85 

9S 

lOS 

llS 

12S 

13S(A) 

135(B) 

145 

155 

165 

175 

185 

19S(A) 

19S(B) 

20S 

21S 

22S(A) 

22S(B) 

23S(A) 

23S(B) 

245 

Member 

Top wall plates: single or upper storey 

Bottom wall plates: single or upper storey 

Lintels: single or upper storey 

Ceiling joists supporting ceiling only 

Hanging beams for ceiling joists 

Ceiling battens 

Rafters or roofing purlins: supported at two points only 

Rafters or roofing purlins: continuous over two or more spans 

Roof beams (principals) for non-trafficable roofs 

Strutting be.ams for roof members 

Underpurlins 

Roofing battens 

Verandah posts 

Bearers i;upporting two-storey load-bearing walls: 
spacing of bearErs parallel to wall, 1.8 m 

Bearers supporting two-storey load-bearing walls: 
spacing of bearers parallel to wall, 3.6 m 

Bearers cantil~vered to support balconies 

maximum 

maximum 

Joists for upper floors and permissible cantilever to support 
balconies 

Studs for upper storey load-bearing walls: studs spaced up to 
450 111111 apart 

Studs for upper storey load-bearing walls: studs spaced up to 
600 mm apart 

Studs for lower storey load-bearing walls: studs spaced up to 
450 111111 apart 

Studs for lower storey load-bearing wails: studs spaced up to 
600 mm apart 

Studs at sides of openings in lower storey load-bearing walls 

continued 
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Table 5 (continued) 

Table No. Member 

25S Top wall plates for lower storey load-bearing wa~.ls 

26S Bottom wall plates for lower storey load-bearing walls 

27S Lintels in lower storey load-bearing walls 

There are 22 supplements at present, whose coverage ranges from wisea
soned timber of F4 grade to seasoned hardwood of F27 grade. The titles of the 
various supplements are shown in table 6. 

Table 6. List of supplements containing light 
timber framing span tables 

Supplement No. Description of timber 

1 Unseasoned timber, stress grade F4 
2 Unseasoned timber, stress grade FS 
3 Unseasoned timber, stress grade F7 
4 Unseasoned timber, stress grade FS 
5 Unseasoned timber, stress grade Fll 
6 Unseasoned timber, stress grade Fl4 
7 Unseasoned timber, stress grade Fl7 
8 Unseasoned timber, stress grade F22 
9 Seasoned softwood, stress grade FS 

10 Seasoned softwood, stress grade F7 
11 Seasoned softwood, stress grade F8 
12 Seasoned softwood, stress grade Fll 
13 Seasoned hardwood, stress grade Fll 
14 Seasoned hardwood, stress grade Fl4 
15 Seasoned hardwood, stress grade Fl7 
16 Seasoned hardwood, stress grade F27 
17 Unseasoned timber (alternative sizes), 

stress grade f·4 
18 Unseasoned timber (alternative sizes), 

stress grade FS 
19 Unseasoned timber (alternative sizes), 

stress grade F8 
20 Unseasoned timber (alternative sizes), 

stress grade Fl 1 
21 Seasoned softwood, stress grade F4 
22 Seasoned softwood, stress grade F14 

------- ···--· ------
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C. Use of the Code 

To establish member sizes and/or spans for the various parts of a framed 
structure, it is first necessary to refer to the appropriate section of the 
main Code. For example, to find a suitable ceiling joist to span 2.4 m in dry 
radiata pine of F5 stress grade, section 5.2.2 would be referred to. Here, 
amongst information on spacing, direction, splicing and method of support, it 
is learned that table lOS is the table in the appropriate supplement that will 
give the size of material necessary to span 2.4 m. However, when table lOS in 
supplement No. 9, which is for FS seasoned softwood is consulted, it can be 
seen that the spacing of the joists must first be decided. If the joists are 
to be supported at two points only, then the table shows that if the spacing 
is 600 mm it is necessary to use a 120 x 35 joist. This table also shows, 
however, that if it is desired to put a hanging beam halfway across the span, 
70 x 45 joists could be used, because these are capable of spanning 1.4 m, and 
in this case it is desired only to span 1/2 of 2.4 m. 

It is possible, of course, to start with a given timber size and use a 
table to find the maximum span it can carry. 

Some members, particularly wall members, are not as easily defined 
because their size etc. ar~ determined mainly by the amount of roof load they 
have to carry. Consequently it became necessary to introduce a variable that 
defines the amount of roof load carried by a wall member. This variable is 
called effective roof length, or EL, and is defined in figure 7 of the Code. 
It must be stressed that although that figure shows roofing members, it has 
nothing to do with the actual roof itself but is merely a means of defining 
how much load goes onto the wall members from the roof. An estimate of the 
load on an external wall due to the roof weight is obtained by multi plying 
(unit width of wall) x (half of EL plus length of eaves overhang) x (mass of 
roof per unit area). 

Overall, it can be seen that the tables in the Code offer a wide range of 
options for the deRigner and/or builder in sizes, spans and stress grades, and 
that the main body of the Code sets a standard for workmanship that must be 
met if the tables are to be used efficiently. 

D. Technical basis of the Code 

A reasonably detailed description of the technical matters involved in 
producing the tables in the Code is contained in Low-Rise Domestic and Simila~ 
[UM!l..ed....-S~Xl.l.t.lures - Part 1, which is published by CSIRO, Division of Building 
Research. Some of the main factors involved are as follows: 

(a) Dead loads are calculated from the masses of various building 
materials given in AS 1170, SAA Loading Code, Part I (2). However, some modi
fications are made to the self-weight factor to allow for the higher stress 
grades usually coming from denser species; 

(b) Live loads are those specified by AS 1170 for various parts of the 
structure; 

(c) The wind loading adopted for calculations in AS 1684 is that due to 
an effective wind velocity of 33 m/sec. The effective wind velocity is 
obtained by establishing the regional basic wind velocity for a given return 
period and multiplying it by a factor known as the terrain category factor, 
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which depends on the height of the structure &nd the nature of the surroun
dings. For the built-up metropolitan area of Brisbane, the relevant figures 
are SO m/sec for a regional basic wind velocity with a SO-year-return period 
and a multiplying factor of 0.65 for a terrain categ~ry 3, up to 5 m height of 
building. This rerresents the upper limit of 33 m/&ec used in the Code; 

(d) The chapter "Derivation of design properties" in S!.~tb 
Characteristics and Design, the fourth volume in this collection, explains how 
the basic working stresses are derived for each stress grade from the k'lown 
strength prop~rties of the timber. However, before these allowable stresses 
are used, they can be modified to suit the particular situation in which the 
timber is to be used. The modification factors are all ~iscu~sed ih 
AS 1720 [ 3]. Some of the more important ones occurring in AS 1684 are dS 

follows: 

(i) Duration of load. Many of the loads dealt with in the Code are 
of short duration, e.g. a man carrying a heavy weigi1t or a 
local, dense crowd. In these cases, the working st1·ess may be 
56 per cent higher than for permanent loads. In the case of 
the shortest load, i.e. a wind load, the working stress is 
allowed to be doubled; in calculating member def iections under 
dead loads, the short-term deformation must be multiplied by a 
factor of 3 in the case of initially green timber or 2 in the 
case of seasoned timber; 

(ii) Moisture content. Most framing timbers used in a gree11 or 
partly dry condition are cf a size such that the timber drir:s 
to equilibriwn moisture content within a y~ar. Tests have shv"n 
that hardwood spec: ; in Australia generally increase in load
carrying capacity by about 25 per cent on drying, despite the 
reduction in size due to shrinkage. To take this into account, 
the working stres5es have been inc'l'.'eased by 15 rcr cent for 
members up to 38 nm thick, by 10 per cent for members SO 11111 

thick and by S per cent for members 75 11111 thick. Above this 
thickness it is considered that drying would be too slow for 
any adjustment to be made to working stresses; 

(iii) Temperature. Variations in ambient temperatures throughout most 
of Australia are usually a~companied by a compensating variation 
in the moisture content of the timber. For this reasan, 
although timber gets weaker with increas;_ng temperature, it i!; 
only in the northern coastal regions~ where high temperatures 
coincide with high humidities, that it is necessary to take 
some action. In that case, the basic working stresses are 
reduced by 10 per cent; 

(iv) Load sharing. Where a group of members act together as a 
system, two factors operate to assist the system. Firstly, if 
one member of the group is weaker than the others and reaches 
its ultimate load-carrying capacity, the system may continue to 
sustain an i-tcreasing load because the adjacent members are 
stiffer ;md stronger. Allowance is made for this effect by 
allowing an increase of 15 per cent in working strei;ses for 
members spaced at 450 mm, diminishing to no increase £01 members 
spaced 1,200 nm or morP. apart. SeconJly, where members of R 

system cannot deflect independently of other members, such as 
in a two or three-~ayer grid system, localized loads are dis-
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tributed laterally to more members than those directly under 
the load. The effective concentrated load that must be consid
ered in these cases is given in Rule 3.2.7 of AS 1720; 

(e) The minimum dimensions of timber allowed when the spans specified in 
the Code are used are shown in each table in the supplements. In general, 
green timber can be 3 or 4 DID less than the size nominated, but dry timber 
cannot be less; 

(f) Design criteria. Virtually all the members of a framed structure, 
with the obvious exception of members such as stumps and struts, act as beams, 
with •·all studs being treated as beam-columns. The maximum allowable span is 
detP.cmined as the minimum value of the following: 

(i) Maximum span of adequate bending strength under dead loads 
alone, including the self-weight of the member, and under the 
combined dead and live loads; 

(ii) Maximum span of adequate shear strength under the same loading 
conditions; 

(iii) Maximum span with acceptable long-term deflection under live 
loads; 

For roof members: 

(iv) Maximum span of adequate bending strength under combined dead 
and wind loads; 

For wall members: 

(v) Also maximum span of adequate bending strength under the com
biued vertically applied dead and wind loads, together with the 
transversely applied wind load. 

The tables in Low-Rise Domestic and Similar Framed Structures - Part I 
give full details on all these criteria. Table 7 below sU11111arizes deflection 
criteria for the major members in a house frame. 

Table 7. Deflection criteria 

Ma.Kill!l.ll!! permissible deflection 
Member Dead load only Live load only 

Members subjected to 
foot traffic 

Rafters and purlins 

Ceiling joists and hangers 

Strutting beams, supporting 
rafters and ceiling joists 

span/300, 
max. 12 nun 

span/300, 
max. 20 nun 

span/300, 
max. 12 mm 

span/300, 
max. 12 mm 

span/360, 
max. 9 mm 

span/300, 
max. 12 mm 

span/270, 
max. 15 mm 

span/300, 
max. 12 mm 

continued 
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Member 

Wall plates 

Lintels 

Studs 
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~~M~a...,,ximum permissible deflection 
Dead load only Live load only 

span/240, 
max. 6 nm 

span/300, 
max. 9 DID 

span/300, 
max. 9 DID 

E. rYture of the Code 

span/240, 
max. 6 DID 

span/240, 
max. 9 DID 

span/360, 
max. 9 DID 

(live roof 
load) 

span/240, 
max. 12 nm 
(wind load) 

The Code is being continuously reviewed by a conmittee of the Standards 
Association of Australia and is revised every few years. Extra material is 
periodically disseminated by bodies such as CSIRO. 

F. Workmanfillip 

AS 1684 asst.illles that the workmanship is of such a standard that all 
members are capable of resisting the forces assumed in the engineering calcu
lations used to develop the span tables etc. In general, the standard of work 
of carpenters involved in house framing is reasonable; however, there are 
occasional difficulties, particularly where later trades modify structural 
members. It is usually up to the building inspector to detect gross depar
tures from good building practice or good quality workmanship. The following 
examples are taken from a series of articles by N. ff. Kloot that appeared in 
Forest Products Newsletter No. 400, 1975, which used to be published by CSIRO, 
Division of Building Re->earch. It should be pointed out that, in the cases 
described, the building inspector had not yet inspected the building and would 
have demanded that the faults be corrected as soon as he had detected them. 

1. Tne Barap tie 

The so-called Barap ~ie is now commonly employed as an effective means of 
increasing the str'?ngth and stiffness of a timber member such as a hip rafter 
when used over a rather large span. This tie is basically a steel rod 
fastened to each end of the timber member and propped away from it with a 
strut (figure 34). The principle on which the Barap tie operate& is by no 
means new and is well known to engineers as the king or queen post truss. 
When the truss is under load, the tie is stressed in tension and the whole 
structural unit becomes equivalent to a beam much deeper than the actual 
timber member used. 
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Figure 34. Use of the Barap tie to stiffen and strengthen a hip rafter; 
trussed beam with king post (top) ar.d with queen post (belov) 

~~ 

~v 
Figure 35 illustrates a Barap tie fitted to a hip rafter, the strut being 

comprised of two small timber offcuts bearing on two underpurlins which, in 
turn, are nailed to the hip rafter. For practical purposes, the tie, as 
applied in this case, is useless. Between the steel rod and the hip rafter 
there is approximately 200 nm of side-grain green timber. Even allowing a 
conservative 5 per cent for shrinkage, the intended strut will shrink 10 nm. 
This will have the effect of completely unloading the steel tie so that the 
hip raft~r itself will have to carry the full load. Ob~iously it is too small 
to do this, for otherwise a Barap tie would not have been fitted in the first 
place. Thus, the rafter will eventually sag well beyond the limits allowed 
for this type of member. 

Figure 35. Green timber used on its edge as a prop for a Barap tie 
means that the tie becomes useless as the timber shrinks 

Figure 36 shows another such installation, only in this instance a steel 
prop has been used. 

Unfortunately, this prop is bearing on the side grain of a packing piece, 
which, in turn, is bearing on two underpurlins. Here again, shrinkage will 
tend to unload the steel tie, ~!though not to quite the same extent as in the 
previous example. 
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Figure 36. The steel prop goes part of the way towards 11aking the 
Ba.rap tie effective. Shrinkage of the packing piece, however, 

will tend to reduce the tie's effectiveness 

For a Ba.rap tie to be fully effective, the strut should be of steel, as 
in figure 36, or should be a piece of tillber loaded on end grain. Moreover, 
the top end of the strut should bear directly onto the tillber member to which 
the tie has been fitted. 

2. Notchins for braces 

A stud, particularly in the outer wall, has to carry its share of the 
roof weight 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 members. 

Notches decrease the strength of studs and to some degree their stiff
ness, the decrease being greatest when the notch is near the centre of the 
height of the stud. In preparing the tables for notched studs in AS 1684, an 
allowance was made for loss of strength in a stud when the notch was no more 
than 5 .. deeper than the specified thickness of the brace. 

Figure 37 shows a notch cut into a pine stud to a depth nearly twicP. the 
thickness of the brace. Furthermore, it can be seen that the stud has 
actually broken at a knot cluster immediately at the back of the notch. As a 
load-carrying member, this stud will be totally ineffective. The performance 
of the stud shown in figure 38 would be well below that for which it has been 
designed after the plumber has made himself a notch illlllediately behind that 
carrying the timber brace. 
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Figure 37. General notch in a stud. Note also failure of the stud 
at the knot cluster 

Figure 38. A notch like this might suit a plumber. but the stud's 
effectiveness as a roof support is almost negligible 
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In figure 39, the notch is longer than necessary and, although not 
clearly defined in the photograph, the initial savcuts made to allow the 
timber to be re11aved for the notch are substantially deeper than required. A 
si.lllilar exaaple of bad vort.anship is illustrated in figure 40. 

Figure 39. This stud's strength and stiffness have been seriously 
reduced by excessive and unnecessary notching 

Figure 40. Another example of bad notching 
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If the overcutting or overnotching occurred once or twice by accident in 
a whole house frame, the overall effect would not be se!:'ious. However, it 
usually happens that if one stud is overcut or ovemotched, practically all 
the studs are similarly abused. This is a clear case of bad vorlcaanship. 

Even if a frame is constructed in accordance with Paapblet No. 112, men
tioned at the beginning of this chapter, poor vorblanship later on could be 
critical. While the paaphlet rec~nds larger sizes for sOllle llelllbers than 
those allowed in AS 1684, this is no safeguard against poor vorblanship. In 
fact, the larger sizes aay give the ill-infor11ed builder a false sense of 
security when be starts to cut notches, drill boles etc. in studs and other 
lllellbers. It is of interest that whereas the pamphlet has no provisions for 
controlling the quality of the worblanship, AS 1684 bas such provisions, 
including allowable depths of notches and sizes of drilled holes. 

3. Overcuttinc 

The advent of the portable electric saw has certainly made the job much 
easier for the on-site framer. At the same time, the overcutting of notches 
in studs, props and other members appears far more prevalent than it once 
was. The trade~zan vith a handsaw was Wllil~ly to overcut, except in error, 
because this took more time and extra physical effort. 

Figure 41 shows the notch in a ridge prop overcut badly both horizontally 
and vertically. As the prop dries, splitting frOll the end of the vertical cut 
is likely, in which case the prop will probably become largely ineffective. 

Figure 41. Excessive overcutting of notch in a ridge prop 

Figure 42 adds to the examples already given of the gross overnotching of 
studs. 

4. Makin& do 

Very frequently at a building site a large pile of timber off-cuts 
accumulates, and it is only reasonable that as much as possible of this 
off-cut material is put to sound, practical use. However, improper use of 
this material on the basis of "making do" ~r "near enough is good enough", as 
illustrated in figure 43, is definitely unsound building practice; figure 44 
shows an even worse example. Noggings, particularly those at mid-height of 
the studs, serve an important structural function and are not there just to 
provide fixing for the wall linings. They also provide restraint against 
buckling of the studs in the plane of the wall. The noggings illustrated in 
figures 43 and 44 cannot po•sibly perform this duty. 
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Figure 42. Another example of overnotching of stud and top plate 

Figure 43. lbis stud does not get much help frOIO the noggings 

- --~:.;:~·- . -.--: 
. -.~:- - .-·: 

Figure 44. Another ineffectual nogging 
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Figure 45 shows another example of making do. Here the two pieces of top 
plate have been joined with a piece of galvanized iron plate. Such a joint, 
particularly with the nailing use, i.e. 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 45. The galvanized plate linking the pieces of top plate 
is no more than a token gesture; it is difficult to imagine 

it performing any useful function 

A case of near enough being not good enough is shown in figure 46. The 
header has been cut too short; it is virtually hanging 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 that happens to fall on the top plate would probably be 
transferred to the ground through the architraves. 

Figure 46. The header is more of a hanging beam, hanging on the nails 
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s. ~ 

Figure 47 shows an underpurlin prop at an angle of 70° to the vertical. 
At this angle it cannot do its job effectively. The builder seems to have had 
second thoughts, because 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 47. The mortar is doing more to support this widerpurlin 
than the carefully notched strut 

6. Party walls 

The type of unit construction illustrated in figure 48 is becoming 
increasingly coanon. Building regulations require a brick party wall between 
the units. The builder of these units has made sure not only that the units 
were divided according to regulations but also that they were seen to be 
divided. Because no allowance, or only a totally inadequate allowance, has 
been made ~or the roof members (whether rafters or trusses) to sag, as they 
inevitably will do, the roof battens are now bearing on the party walls. The 
consequent effect, which is accentuated by the long length of unbroken roof, 
is hardly pleasing to the eye. A similar effect results when an extra rafter 
is placed each side of the party wall, as in figure 49. These extra rafters, 
at much closer centres than the co11111on rafters, make the roof much stiffer at 
the party wall because each of the rafters is more lightly loaded than the 
rest. They will therefore not sag 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. 
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Figure 48. The appearance of these units bas been spoil~ 
because insufficient clearance was provided between the 

party walls and the roof system 

Figure 49. 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 

Most 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 can be seen aroWld Melbourne, the overall fresh and clean appearance 
of new buildings bas been quickly depreciated by the poor appearance of the 
roof line. 

G. Tbermal considerations 

Since the thermal requirements of a building vary considerably for differ
ent climates, the thermal performance of any particular type of construction 
may be satisfactory in one location and completely unsatisfactory in another. 

A study by Walsh, Gurr and Ballantyne [4] describes the performance of 
various types of dwellings in a wide range of climates. It appears that the 
use of insulating material is of more significance than whether a wall is of 
cavity brick construction or brick veneer. 
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H. At..oustic considerations 

In general, the acoustic performance of a domestic structure is deter
mined by the number of doors, windows etc. However, appendix A of AS 2021 (SJ 
gives acoustic performance information for several different types of con
struction. Other information is available in a technical study of the 
Australian Experimental Building Station (6). 

I. Cost of construction 

On-site costs account for about 75 per cent of the selling price of 
moderate-sized Australian houses. Of this amount, about two thirds is for 
materials and one third is for labour. About 60 per cent ~f the on-site cost 
is spent on the actual structure of the house. 

Several self-explanatory tables from a paper by Woodhead on the produc
vity of various methods of building different parts of a frame [ 7], are 
reproduced here as tables 8-16. 

Table 8. Distribution of housing construction cost 
(Percentage) 

Item 

Foundations and floor 

Walls 

Roof 

Fixings, finishes and extras 

Services 

Share of cost 
Individual Total 

'\ 
10-15, 

\ 
25-30 \_ 

18-23 \ 
..... , 

,.., 25' 

.-v 15 

60 

40 
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Table 9. Distribu~ion of on-site time for elements of 
the house construction process 

(Percentage) 

Eleme:;t 

s~~fl~c~ and f10rr 
walls 

~er·::·2-::.s 

Pluml iug 
t:~ er-t_rical 

Total 

Finishes 
Timber 
Paint 
Tiles f>tc. 

Total 

Extras: concreting. 
fence and cleaning 

Distr_ibu..ti_G!LOJ _Qn--=:sJt"' -:irne_ 
Brick veneer Cavity brick 

house on 
timber sub floor, 

"economy" quality 
finishes 

13 
24 
13 

10 
-1 

12 

hcuse on 
concrete slab, 

"medium" quality 
f inis!1es 

2~ 

1,J; 

5 
_3 

8 

17 10 
14 13 

2 9 

33 32 

5 8 

TablP 10. Productivity of site preparation for domestic 
structures with concrete slabs 

Site type 
Productivity 

(man-hrs/100m2) 

- - - - - -- ~ - - -----·--· ---- - ------- ---- - -- -- ·----- ----·---- -----------------

flat slope < 1:25 
Medium slope 1:25 to 1:10 
Difficult sloping sites, substantial 

cut ;md fill, perhaps ror.k 

3-6 
6-12 

12-30+ 
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Table 11. Productivity of construction for domestic 
structures with.concrete slabs 

Slab type 

Light raft 
Light or medium raft with 

internal beams 
Suspended raft 

Productivity 
(man-hrs/100m2) 

40-55 

55-80 
80+ 

Table 12. Productivity for concrete slabs and 
conventional subfloors at ground level 

Site conditions 

Easy 
Less easy 
Difficult 

Productivity 
<man-hrs/~l~J~O=m~2~>~~~~

Conven t ion a 1 
Concrete slab subf loor 

40-60 
60-90 
90-130+ 

60-70 
70-80 
80-100 

Table 13. Productivity fer laying timber strip and sheet floors 

Location 

Victoria 
Queensland 
Queensland 
Victoria 
Victoria 

Type of house and floor Flooring 
Productivity 

(man-hrs/100m2) 

------------------ - ---------

Ground level, laid room by room 
Platform, part ground level 
High set, platform 
Ground level, platform 
Ground level, platform 

4" hardwood 
3" hardwood 
Plywood 
Plywood 
Plywood 

16 
18 
16 
10 
8 



Tablt· 14. Productivity for wall frame construction 

Nwnber Productivity 
of ~man-b[&LlQQ lineal met[e&) 

Location Type sites Factory ~/ Site Total 

Victoria Site-cut softwood 1 Not applicable 47 47 

Victoria Site-cut hardwood 3 Not applicable 40, SO, 52 40-52 

Queensland Site-cut hardwood 
(elevated house) 1 Not applicable 84 84 

New South Wales Pre-c~t timbers, hardwood 2 22 23, 27 45-49 Q'I 
0 

Queensland Pre-cut timbers, softwood 1 Not available 40 I 

Australian Capital 
Territory Pre-assembled frame, softwood 1 24 2.4 48 . 
Victoria System with mainly steel studs, 

timber plates and noggings a/ 3 Not applicable 23, 23, 24 23 

Victoria System welded steel b/ ar.d 
timber top plate 3 26-35 9' 12' 14 35-49 

al Steel studs delivered to site complete with clips for fixing; timber dressed but not cut to length. 

bl Rolled steel ch~nnel delivered to factory in set lengths. 

~I Factory time does not include handling. 
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Table 15. Produ=tivity and distribution of tim~ fo1 the 
sub-elements of 12 roofs (exclu<'ing ceilings) 

Sub-element 

Roof frame 
Fascia 
Plumbing (exluding downpipes) 
Buttens and tiles 
Eaves (frame and lining) 
Gables (frame and trim) 

Total 

Average 
productivity 

(man-hrs/100 m2) 
co,·~!t:d area) 

19 
4 
5 

18 
10 
lQ 

56 

Share cf tctd. 
ro~f time 

(t) 

29 
6 
8 

27 
15 
12 

100 

--------------



Table 16. Productivity levels foe lZ roof frames (excluding Lhe frame for the gable end, wher~ applicable) 

Location 
-------------··-- --

Victoria 
Victoria 
Victoria 
Queensland 

Australian Capital 
Territory 

South Australia 
Victoria 
Western Australia 

Queensland 

New South Wales 
New South Wales 
Queensland 

-------- ---- -- - - -- -· 

Method of construction 
------- --- -- - - --- - -----· 

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

Trusses bl 
Trusses bl, c./ 
Trusses and intermediate joists 
Trusses and site-cut pieces a/ 

Trusses and ceiling battens 
(high set house) 

Pre-cut hardwood timbers 
Pre-cut hardwood timbers 
Pre-cut softwood timbers 

Roof type a/ 

3 hips 
3 hips 
3 hips 
3 gambrel gables 

2 plain gabl1:.;s 
Z plain gables 
2 plain gables 
L-shaped, 2 gambrel 
~ables 

2 plain gables 

Hips 
Hips 
2 hips 

----------------------------------

Area to 
fascia 

(m2) 

14/ 
165 
165 
177 

129 
130 
164 

240 

101 

121 
103 
174 

Productivity 
(man-hrs/100 m2 

cl)Vered ;u·ea) 

18 
23 
29 
25 

Average: 24 

8 
1.5 
23 

10 

31 e./ 

Average: 14 

12 
11 
22. 

Average: 15 
------·· ---------

a.I All roofs designed for tiles except for the Queensland house with 2 plain gables, which was clad with 
corrugated iron; fascia not included. 

b/ Time for installation of ceiling battens estimated at 6 man-hrs. 
~/ Fixed by complex brackets. 
al Ceiling battens took 38 per cent of the time. 
el This was an atypical roof constructed by day labour and was not included in the average. 

Q\ 
N 
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CASE STUDY OF TIMBER CONSTRUCTION: 
i<ENYA HOTEL 

Peter A. Campbell* 

Introducti;m 

This case study is based on works carried out on a 200-bed tourist hotel 
on the Kenya coast and completed in 1974. At the time, the writer was a con
sulting engineer and was responsible for all timber, reinforced concret1-> and 
steel structural works on the site. The purpose of the study is to describe 
some of the problems that arose with the use of timber and some of the solu
tions that were found. 

The client was a German tourist organization that wanted th~ hotel to have 
a strong architectural character. This was something that the architects and 
the writer had been able to achieve in several hotels, partly by using more 
timber than was normally used in Kenya. 

Tne hotel was to be built on top of a low cliff a few metres from the sea 
and so would be exposed to sea breezes throughout the year. The equilibrium 
moisture content (emc) was 16-18 per cent, damp enough for the so-called dry
wood termites, Cg,p.tQIJl~.r~ spp., which were very active all along the coast. 
Subterranean termites were also present as the soils ~ere predominantly sandy, 
and in the p~evailing moist conditions, they were active throughout th~ year. 
The margins against decay were low, and any minor leaks would dry out slowly 
and encou!'age decay. However, the salt .:n the air woul-1 to some extent 
counter this threat. Moreover, the salt and the ambient temperature of around 
30° C made the problem of rust a very significant consideration in the design 
of both the steel work and the reinforced concrete and served to stimulate 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 was of 
palm thatch on mangrove poles, following traditional construction methods. 
Under this in the bedrooms and kitchen were concrete slabs (for fire 
reasons). Elsewhere, over the largPr spans, a combination of timber anti con
crete beams supported the roofs. The general construction was limited to 
three ~loors, and the hotel with bungalows sprawled through an open forest 
with many separate roofs. 

The main timbers available for construction ~ere cypress (C._ lusitanica, a 
locally grown exotic conifer) and mangroves (Ceriops tagal and Rhizophera 
mvcronata) and, for large poles, Eucalyptvs sali_gna. Since there were no 
se.:tsoning kilns, the sawn timher for all p11rp0ses was air-seasoned, and much of 

f•Prinripal lecturer, Department of \:ivi l and Aeronautical Engineering, 
Royal Melhourne Institute of Technology, Melbourne. 
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:·· ~rEa~.,_,; ·~!'-r-.untry and shipped 600 kr.t to the c-cast. This taci:i::.y 

·~~ ~a:· tc: exrensi·.-e. however, to be used for the mangroves. The grading 
:-u!es were \·ery po~n. having been drat.-n up by the Fore£t Department wi thcut 
;·ef••rt>nc~ t~ e:~ginf:'et ing requirements. This was by-passed by "riting perf0r
?T:a:~ .. f' >re•:ification!"' that were incl•1cec! in the contrc.·:t -!~cume~ts .:m..-' sc 
t>•er-rode the s;;overr.!!lent-imposed specifications [ l]. Streng ti! V;\lues ;;~re 
a\·aiial:>l-.:: f1.>r ryi·:·ess a:1d saligna [:J. The saligna v2l~-.::s ...-ere not the s.'.lille 

;1s t'"'St> in •1se in A·1s::·alia or South Africa. where the sa.".le speri~s was grr.wn 
::s a1: · :..:.·tir, l-Pr:tus•c a::r~iwth conditicns were different. 

~~:-~ngth valu~s :er the mangrcv~s wo>re 11ct a\·.?.ilabl., in the year ,-_;- s~' 

bet•ee:1 the initia~ dt:.:i.~,i;n b::ief a::.: t'•<> s::.;i::t cf ccnstru,_ti,T, ~0;, 11u;1.L_~ :~ 

poles io~n~ colle.-led [[nm alnng the coast t>y the ForesL ....... ::.::-... ,,._, ·_,..,•.-.. : 
:it the l'niversity ot 'l'airobi t>y the writer [3]. This ··ff,:::t yi 0 !ded the 
ne~F.ssary stren~th data. 

B. RQCl f co\·e r ing;s 

As noted al-o•:e, the roofs were mangro'-·e pole framing under palm thatch 
marie locally. These rocfs had a life of about ten years, after t.'hich a 
maintenance gang was to be sent through to tie up the poles and re-thatr.~. 

Traditionally, such poles were tied together with mi.a_~, a string made from a 
local rl'-·arf palm. ~isal stri.n~ was substituted to make rather stronger 
jointi::, .:mri the writer spent time teaching the roof-makers how to tie better 
knots. Mangrove poles. though classified as "perishable" with respect to 
durat:ility, had heen reputed over many generations to have long life in roof 
construction. The only factor that had changed was the introduction in ahout 
I 040 of Crypt0termes, which 30 years later had become widespread a I ong the 
roast. All enquiries indicat~d that these mangroves were resista~t to 
Cryptotermes. They were known also to be resistant to subterranean termites 
t.'hen used a hove grm-nd. 

Ttw poles of course contained sapwood, but 
treatment includ~d soaking in sea water for scme 
rle1:r<> of thr> sarwood teing attacked by anything. 
intrntl11c·tion ,.f pn:-raft cor.crete sho-:;>s, "hich 
for ;ittarhinP. the m;Hi;:rove pole slrur:tures. 

the traditional post-felling 
weeks. and there was no evi
One minor innovation was the 

were set in concrete membe:-s 

r. Major rnof structures 

Sr:\'•:ral ;•reas were m11r:h toP lar11:r, tr. he rovered with manjl;rnve pol1·s, .~nd 

sfmt• of th•,se wer" given prirnry s11ppnrt ioith treater! :-;aliioi;n.:i po1Ps 11p rn 

'100 nun 111 rliamr·tf,r. T!1e poles wi>r•· r11 1 li>ngth hefnre treatr.ii>nt at tl1" 

l'l:int, snmf: 8()1l km ;i...-.--iy. Thi:y loo'f:n• "l•:,·tr-d t--y a stef'l Prw·trn 11:.ing ~111 

pole::. <:1·;1111,s w•:n' nut .1· • .,iil;, ·,., ;111rl "'·1:n liar! Uwy he•·n, thr: r:r1ntr;1r·Lor:;' 
nr~;iuj7;1tio11 was nnt l''''lrPrl th" r;ipid •·r•·r~ion th;.it Wfluld h;1·: .. lwr-n 
,·n11rnmita11t.. Tlw "arls c.f many nf thr· 1·rilr>:, W•·r·,. "11l t0 rr:rr:i·:•· ;;t,..r·l fixinr,s 
;mrl !!,.-.:;,. r·11ts, nf r<"1rse. w<>nt t.hrn11~lt th•· pn•t~!rtiv.-. r·oating. Tllf'!·•· wa:. 
:.nil'•'. •:nd splitting, altho11gh 11ot ;i::; murh ;1:; therr: would ha•:e been in a dry 
r·I imaf.,., whi,..h "":ts r"<l•werl to som .. •:xtn1t hy slotting anrl ri11g-groovi11g till' 
r·rtcl<> nf tllf· po!Ps. Th" fmrls wf'r•· trr~;1tf'cl with protert:v .. rh••m!r;ds, whir-!1 
pror:crlure ;it the t im" appP.ar,,ct to t": ·.;;ii id but 10 retrospert was prohrihly ;i 

w ;1 s l f' n f t i mf• • 
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D. WQQ_den _dow~is 

Since one of the major cost components of trusses in East Africa had been 
the cost of bolts. c!owels were considered as an alternative. On this proje,_:t, 
the steeiwork would inevitabJy rust unless it 111as very heavily galvanized and 
well maintained. In early discnssions with the architects, wooden dowels were 
suggested as likely to be much cheaper and more durable. This was accepted 
and incorporated into the idiom ~f the architecture, especially in handrails. 
Some 10,000 dowels, mostly handmade from mangrove off-cuts, were userl. In one 
structure that was about 13 m in diameter with a centre pole, the rafters were 
attached to the centre pole with wooden dowels only; and these were proper 
dowels made from ircko. 

Poor seasoning was one of the main reasons why architects in Kenya dis-
1 iked timber. The seasoning defects were irritating and led to high replace
ment costs. Since the timber industry had had no building experience, it had 
no understanding of the architects' problems. Carpenters and Joiners and 
technicians were not taught seasoning because the syllabuses did not includ~ 

this. The response to this was to get builders to sticker-stack timber on 
site early if theft was not a problem. By this means, 25 mm thick structural 
timbers would partially season sufficiently so that careful detailing could 
avert warping problems. 

Structural members were made up from 25 mm boards by vertical laminations 
with nails. This not only solved virtually all the seasoning war;> that had 
;neviously been such an annoyance but also led to greater structural stability 
as continuous beams became possible. With joinery timbers, thi:.: problem was 
more difficult. An attempt was made tc get joiners to use dowelled joints in 
place of mortice and tenon joints. which are very sensitive to movement. 
Timbers with low shrinkage - less than 1 per cent tangential - were used where 
possible. Pert.aps the main innovation was the requirement that the contrac
tors should have on site a moisture meter, and a requirement to this effect 
was written into the cont.:-act documents. This concentrated attention on the 
need for proper seasoning, with contractors relaying this ne~d back to ~up

pliers and gaining some improvement in quality. It was also found necessary 
to give g•:mtle briefings to furniture designers and architects on how to 
detail for movement. It was not considered proper for engineers to instr11f'.t 
architects 01. their detailing, so some tact was required. Ultimately, there 
were far fewer failures of table tops etc. and more confideo.:e in the 11se of 
timber. 

Traditionally, upper-stu1·ey floors were made of mangrove poles placed 
close together, packed with coral ltu11ps and then topped with a lime plaster 
floor fini~h. Sue~ a reiling certainly had character, as did the inevita~ie 

onn-planar flonr. After it had been rlerirlerl t0 rerroduce this effert, a st11rly 
was made of the various interactions between mangrove poles and reinforcer! 
r.oncrete. The final design had mangrove poles placed touching each othc~r 

;ir.rnss the short span. These were propped during r.onstruction to avoid the 
d1nr;1rteristir.al ly la~ge deflections of the traditional floor. Over them w;-is 
lair:! polyethylene -;heeting, followed hy reinforr:ement ;ind concrete. After 
r:astin~, the plar,tic was burnt off <:1nd the scffit oiled. The fini~hed flnor 
relied entirely on the steel reinforcement as the poles were mur:h less stiff 
than the reinforr.ed r:onr.rete. The mode of failure of traditional roofs war. 
dccily of the pole ends where they were buried in the walls. In this prnicr:., 
the ~nds of the poles were left exposed on a ledge. The rooms were 
air-r.onditioned to control the insects that would be natural!;· attrar.ted to 
holes around the exposed ends. 
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·.he architectural profession has to deal with a very wide variety of 
materials and is traditionally weak on basic science, so enFineers often find 
themselves advising architects on materials. In this case, the main joinery 
timber was expected to be mvule (Chlorophcra exk!ll.s.i!,, iroko in West Africa), 
which was resistant to everything and an ex~ellent joinery timber by inter
national standards. All mvule had been coming from Uganda, but at the time 
some political problems had halted its export. It was realized early that 
significant delays could be anticipated, so a star! was made on looking for an 
alternative. 

Several species that appeared suitable were found by the writer through 
the literature, and samples were obtained. The Forest Department told the 
architects that 3vailability was good, so the architects relaxed. The writer 
checked up and found that there was indeed an abundance of the timber avail
able as trees. It could not, however, be extracted until after the next rainy 
season; after c'mversion and air-s~asoning it would be at least nine months 
before the material could te delivered to the joinery shops, and this was far 
too late. At about that time, the contractor solved t~e problem by bringing 
mvule in from Tanzania, which did not have a large supply and had banned its 
expo"."t to soft currency countries such as Kenya. The point of this comment is 
that archit.:'cts, engineers, forest~rs and millers have very little idea of 
each others' problems, and communication difficulties are to be anticipated. 

fo some countries there is an abundance of subcontractors and the skill 
of the main contractor lies in their management. fa Kenya, a£ in other devel
oping countries, there a"."e very fe~ subcontrdctors, so the main contractor 
needs to eng::1ge and supervise in detail a very much wider range of trade 
skills than wnuld his counterpart in, say, Austr~lia. Thus, a main contractor 
working in a developing country may hav-e to have more techn.:.cal skills than a 
main contractor in an industrialized country. Where special care or site 
craft skills are necessary to cope with variable products, su.;!l as timber in 
K•~nya, designers must !Je prepare.:! tc. d-:?vote thought to this. (Site cretft 
skills ..-:over the kinds d labour and procbcts that cannot be easily described 
in ~oecifications as no Guality assarance speci:'.icatiotis exist, so supervision 
is mainly suhjective and not ohjective.) One approach to this is to make the 
specifications more explicit, hut this may hb more satisfying to the speciii
c:'lt io~ wd t!'.:r th:1'1 to the c.ontractor i" the latter does not read English too 
we] I. What may tappe~. in practice is that designers and quantity surveyo:.·s 
give much mo.::e assistan.-:e to the contractor, even advising him when he tenders 
unrealistically low costs. In return, the contr.3:.:tor n:ay respond to conunents 
on ']Halit; that are n0t CX!dici!:.ly covr.re~ in the specifications because there 
ar~ no relevant standards. Where Lhere is some inncvation, this is carefully 
~xulaine<l in rlet~il to the builder ~uring tendering and again h~fore construc
t ion. 

Tn thi:; projert <ind a r.urr.her of oth•!rs whe!:'e there was a much higher 
timber content thRn had normaliy been the case in East Africa, much time was 
spent with contractors teaching them about timber, e.g. how to sticker-stack, 
:md ru1 innovat1ve de&igner in a devf..:loping country should expect to have to do 
this. 
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I. ConclusiJID 

There was no traditional building culture that relt:ted to the functions 
or scale of modern b\lildings in Kenya. Such is not the case in Scuth-East 
Asia, where very rich and ancient cultures are often expresse=' through build
in~s. Today many of the materials originally used to construct these build
ings are becoming difficult to obtain or very expensive and Io!' this reason 
there is sometimes a shift away from traditional building idioms. One of th<>: 
challenges for designers today is to find ways of using more economic~l mater
ials, such as new species of timber, to maintain and impr'>ve traditionai 
cultures as e::pressed through buildings. Anyone can join the concrete, corru-
gated iron and coke movement. It takes !'lore skill and dedication to also be 
able to design in timber, and it i:i; also more satisfying. 

1. P. A. Campbell, "Performance specifications for the quality control of 
timb-er fc•r use in housing in developing countries", Wo:-ld Consultation e:n 
the Use of Wood in Housing (Vancouver, 1971). 

2. P. A. Campbell a:ld K. Malde, IimM!:__f_2L.]luiiding_ in Tan~ania. (Tanzania 
Forest Department, 1971). 

3. P. A. Campbell, "Mangrove poles for construction", Occasional Paper N.1. 7 
(University of Nairobi, Department of Ch·il Engineering, 1973). 
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VIII. CASE STUDY OF TIMBER CONSTRUCTION: 
NEW ZEALAND 

G. B. Walford* 

Introdu~ion 

This study describes three examples of timber construction and shows that 
it is possible to huild timber structures economically and achieve a result 
that is both functional ar.d aesthetically pleasing. It should be emphasized 
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 fa~tor 
that makes comparison difficult is the social or prestige value of a build
ing. For instance, in Auckland, the old Custom~ouse building of bricic and 
timber construction was strengthened and refurbished in 1982 at a cost ~f 

$NZ 3 million, about the same amount as it would have cost to rer>!a~t:? the 
building with a building having six to eight times the earthquake resist~nce, 
i.e. built to current structural standards. 

The examples presented are as follows: 

(a) A farm building incorporating timber portal frames; 

(b) A single-storey, 4,526 m2 warehouse of nailed plywood and sawn 
timber construction; 

(c) 

ing of 
4,200 m2. 

A four-storey composite timber and reinforced concrete office build-
3, 900 m2, together with a single-storey trading building of 

A. Farm building 

1. Structural syste_m 

The HB system of timber construction, a proprietary protfcct of 
A. S. Nicholson and Son, Ltd., of Ottawa, is described briefly in [1]. It 
consists of structural beams and frames of I-shaped cross-section built up by 
nailing and/or gluing timber flanges onto a web made of two layers of boards 
placed at right angles to each other and at 45 degrees to the axis of the 
members. Figure 50 shows details of a fra~e and some of the many shapes tnat 
have been built using this system. Examt'ies are also given in [2) and in 
reports originating from the Forest Research Institute at Dehra Dun, India. 

The system is by no means new, but few examples are to be seen nowadays. 
Tlais is probably because plywood provides a better web material, the system is 
labour-intensive and if the flange-to-web connection is nailed, then c1eep 
deformations can be large. Nevertheless, the system has application when~ 

sawn timber, nails and labour are the available resources. 

*Scientist, Fore;t Research Institute, Rntorua, New Zealand. 
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Figure 50. HB system of timber construction 
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2. Wool-shed desi&n 

The farm building shown in figure 51 is a two-storey wool-shed. This 
design allows for holding pens beneath and a loading stage at a height conven
ient for loading bales of wool onto a truck. The frames were built entirely 
of 25 mn thick timber and were nailed. Although the design spe~if ied 100 DID 

nails at 100 DID centres along the flanges and twice this density in the knee 
region, far fewer nails were actually driven. The construction procedure for 
the frames required a flat working surface. In this case, the framing for the 
wool-shed floor was first erected and then used as a working surface. 

Figure 51. Wool-shed with timber portal frames 
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It was found much easier to pour the concrete footings at their correct 
positions but at whatever height the ground level dictated than to level the 
site first. The length and t?~er 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 spanniilg 8.4 m 
from wall to wall and would have used less timber, but it would have required 
more attention to bracing against wind loads. ThP particular advantage of the 
portal was that roosting spaces for birds could be eliminated and 3 m headroom 
was available for operating the wool-press. 

The analysis and design of these frames is simple: 

(a) Assume a span to depth ratio of about 10: 1. This determines the 
depth at mid-span of a beam or at the knee of a portal; 

(b) Calculate flange sizes from the direct compression and tension stres
ses induced by bending moments; 

(c) Resolve the shear forces at 45° C 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 discon
tinuous at the same point. Note the details in steps 1 and 4 in figure 51. 

The wool-shed described is an extremely modest example of this system. 
Larger structures will require splices in the flange members. These can be 
achieved by making the flange members out of several thicknesses of timber and 
staggering the butt joints in the individual layers. 

B. Warehouse building 

1. Pescription 

The warehouse structure consists of nailed plywood box beams, nailed 
laminated timber columns and nailed plywood roof diaphragms and sheer walls. 
Figures 52 and 53 show a plan and cross-section of a building that is used for 
a paper warehousing and distribution operation. Papt:r is received in bulk 
form, guillotined into standard sizes, placed on pallets and stored in a rack 
system for retri~val and dispatch. The incorporated office block has two 
floors of 600 m2 each with a timber frame and plywood shear wall system for 
resisting lateral loads. 

The de&ign brief stated that the building should be an economical form of 
timber construction, and the functions of the various areas dictated the basic 
layout and roof shape. Walls divided the bulk storage area into two sections 
with a clear stacking height of 6 m and separated this area from the racking 
area with storage to a height of 8.3 m; a further wall separated the cart dock 
and loading area. These internal walls, along with the exterior walls, when 
lined on both sides made an ideal layout for a shear wall system. The 
roof-line, al though broken into several large panels, provided a reasonable 
roof diaphragm system. 
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Figure 52. Plan of a warehouse structural frame 
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Figure 53. Cross-section of warehouse structural frame 
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2. Alternatives 

Various components were considered: 

(a) Tr:isses were about 10 per cent cheaper than equivalent nailed 
plywood bcx beams but were considered undesirable for this application because 
the accumulation of fine wood fibre would present a fire hazllrd; 

(b) Glulam beams vere about 50 per cent more expensive than the plywood 
box bea.11s; 

(c) Steel beams were about 35 per cent more expensive than the plywood 
box beams and almost 50 per cent more expensive when the cost of fixings to 
the roof and column~ was included. 

3. Desi&n philosophy 

Wall and ceiling linings that can also act as shear diaphragms are an 
ideal application for plywood. The additional nailings cost little and allow 
the use of a pin-jointed beam and colwnn system to support gravity loads. 

The selection of building modules had to cater for the following: 

(a) The use of whole sheets for linings; 

(b) Adeo•!ate tolerances in fitting together of components, 

(c) Proportioning the various units for economy and ease of handling. 

The first two criteria are easy to satisfy, but the selection of spacings 
to give the best proporticns requires considerable care. For example, doub
ling the box beam spacing to 4,820 Diii would use the same amount of material in 
the beams but increase the purlin size from 125 x 50 nm to 200 or 250 x 50 nm; 
increasing che de?th of the box beams would ~ ke them less stable. 

Readily available materials were specified throughout. This is important 
as it is of no use to call for materials that are scarce or of unreasonably 
high quality. Timber le~gths were limited to 4,800 nn and timber thicknesses, 
to 50 mm. The plywood was 7 .5 anc! 12.5 mm DD grade internally and 12.S. mm 
C-plugged D grs.de externally. The columns, beams and roof panels were all 
prefabricated. 

4. Components and joints 

The prefabricated components were all fully detailed in order to allow 
fabrication in a pre-cut factory directly from the drawings. Figures 54 and 
55 show typical details. 

The columns are assumed to be pin-jointed top and bottom and consist of 
up to six green-gauged (measured in the unseasoned state) 250 x 5~ mm pieces. 
Three rows of nails fix the laminations tightly together and allow the trans
fer of gravity and wind uplift loads to the outer pieces for transfer to the 
baseplates, which are shown in figure 56. The longP.r columns on the exterior 
walls were strengthened with steel flitch plates nailed to their sides to 
resi~t bending loads due to wind. The horizontal girts are also 250 x 50 mm 
members, and th~ ?lywood lining is nailed directly to these on both sides to 
form a shear-resisting diaphragm. 
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Figure 54. Typical beam and colunm construction 
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Figure 55. Typical roof panel details 
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Figure 56. Typical joint details 

....... 
••• • • . . ,. ... 
• • • • • • 

• • • 

~~ ' .., 
!! "' r 
~ 

o"'~ r= 
~1~ 
'9 ~ tJ 

• • • • 
• • • • 
• ••• 
• • • • 

'l 
J 

il 
ol 
:f 
"" 

E 

i 
ll 

l 
I. 

J 
C' 

-. -. .. . . .. 
=·~.-:~u·~- ... ·. :- .. . .. .. 
4°. : 4 •• 

t 
1 . 
0 . 
1 

2 
l 
3 
~ 

The beams were of conventional plywood box beam construction with details 
a1 shown in fig1Jre 54. A problem arose with splitting in t;1e 35 nun thick 
ct lrd members as the design required 3. 55 x 40 mm nails at 35 mm centres along 
bo h edges of each chor~ member. This ~as caus£d by the use of denser than 
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normal radiata pine and was solved '.Jy •isi .. 6 radiata from a different for-est, 
increasing the chord thickness to 50 nm and spacing the nails at 40 nr.:. 

The roof panels take advantage of the stressed skin principle, allowing 
125 n;m deep purlins to span 4.8 m where normaily 200 nm deep members wou1rl b•; 
required. 

Joints were designed to be ve:- .. simple and use nails wherever possible. 
Egure 56 shows joint 1 details where a ?lywood end jjlate is nailed to the end 
of a beam and to the wal 1 frame or lon~i tudinal beam. The ccil ing diaphragm 
connects the top of the beam to ti1e tC'p cf tt.e wail to avoid stressing the 
nails in withdrawal and pulling the joint apart. 

Further joint details are .c;hown in figure 57, where the struts between 
t!1e roof lights conPect to the top of a beam or wal 1. Again, nails in shear 
provide the fixing. 

The problem of splitting with nails at lOD (ten times diaraeter) spacing 
has already been mentioned. This was unusual because radiata pine can usually 
take nails down to SD spacings without problems. 

The joint 2 detail shows a typical connection in a row of bearn-coltJ1llfl 
jvints. The beam end fitted tightly against the column, whereas it would have 
been better to leave a tolerance of JO nm and provide a ledge to rest the end 
of the beam on. 

Green-gauged timber was &pecified for the columns and wall girts. It 
woul~ have been easier to use dry timber: because th~ timber was partly dry, 
there were variations in thickness and straightness. 

A n~w off ice Guilding has been constructed for the Odlins Group in 
Petone, New Zealand. Recause this firm d~als in timber, it wanted the build
ing to be a suitable advertisement for timber. The result was a design that 
capitalizes on the advantages of timter, avoids its disadvantages and is 
10 per cent cheaper th~n the next most r.ompetitive alternative in reinforced 
con- crete. Th~s economy was achievfJ by a saving i.n the cost of m?.~ing the 
struc- ture earthquake-resistant owing to the lower dead load of timber 
construction; '; the minimal speci.ficaL io'l of the timber co!llponents, avoiding 
unneressary treatment, unnecessarily high grades etc.; and by providing fer 
complete sprinkler protection f~om fire in the timber design. A further 
benefit to the dient was a saving of 8 months in construction ti1ne (12 months 
compare~ t~ 20 for concrete construction). 

2. Description 

Figure ~8 shows an artist's sketch of the office building and trading cnm
plt:x Th<> octagonal office blor.k has reinfo::-ced concrete piles, found,1tions, 
flr,or anc: lift shafts with a timbP.r gur..rity-lo3d-resisting systen. of floc·.r,, 
l:ieoms, coiurnns, roof trusses and exte; ior walls. The trade block has a cor•-
1'.rete floor· wi.th timber columns supporting timber t:-•1sses and is bracPd hy ply
wood Rhear walls. Only in 197R did sucti crmst1:uc:ion become permissible. In 
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Figure 57. Typical joint details 
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Odlins ne lex at Petone w comp 
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that year, the New Zealand standards on fire-resistant construction were 
amended to allow the use of timber conrtruction for buildings up to follr 
stor.eys h~gh pt·ovided a sprinkler system is installed. This amendrr.ent has 
allowed a si6nificant int:rease in heavy timber construction, which had pre
viously been restricted to small ouildings with a maximum of two stor~ys, and 
it brings the New Zealand code into line with the Canadian and United Stales 
codes. The building is also sited sutficiently clear of the site boundaries 
that no fire rt'ting is required for the external w:ills. 

Because the tra~e block i~ of conventional ~onstruction, only the off ice 
building will be d2scribed. This has three suspended floors of 970 m2. each 
and a plywood-sheathed, prefabricated trussed roof of timber principally sup
ported on heavy timber heams an~ columns, with lateral loads being resisted by 
two reinforced-concrete sh"!ar corei:, which enclose the !'tairwell and liftwells 
of the building. The suspendec floors a~e glulam slabs 65 film thick supported 
on glulam joists 405 x 144 mm o= 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 perir.ieter wall, the inner perimeter wall and half-w;o_y 
between the t~n. Figure 59 shews typical beam, coltumt, joist and floor dimen-

sions. 

Figure 59. First and second floor framing plan 
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This particular system was adopted for the following reasons: 

la) Rigid support was preferred to plywood shear walls or a steel frame 
for the liftw~ll anu the lifting machinery; 

(b) The shear cores localized the lateral elements that resist loading, 
requiring the floors to act as diaphragms and enabling the timber construction 
to be of simple post and beam design wit~ simple connections; 

(c) The shear cores cou~d be constructed in advance and would provide 
support for the timber frame during erection; 

(d) fons~ruction of the shear cores would provide continuity of work on 
~ite while the glulam members were being prepared; 

( e) The roof could be completed before the floors were l • .dd, alluwing 
them to be kept dry, which was essential. 

3. J.Q.int details 

Figure 60 shows t~at the beam-colwnn joints are simple, giving easy con
struction and good fire resistance, with gravity loads being taken in direct 
bearing. Where timber to timber bearing connections were not possible, heavy 
(10 mm thick) steel brackets were provided in accordance with American 
Institute of Timber Construction reconmendations whereby the joint should not 
collapse if the steel yields at elevated temperatures in a fire (figures 61 
:ind 62). 

All bolt heads were recessed and concealed by timber plugs to gi¥e them a 
fire resistance rating. 

The colwnn base fixing was achieved with steel dowels screwed into t!le 
end grain of the columns and grouted into ducts in the concrete after the 
frames had been erected and aligned. 

4. ~ications 

All glulam members were ma~e from untreated radiata pine of the following 
grades: Engineering, No. 1 Framing and No. 2 Framing. These correspond 
approvimately to F8, F5 and F4 grades, respectively, in the Australian system. 
The members were made predominantly of No. 2 Framing grade with a little No. 1 
Framing and Engineering grade being used where design stresses dictated. The 
use of large quantities of low-grade timber was possible because stiffness, 
nol strength, was usually the governing criterion. 
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Figure 60. Typical external an-1 ir:ternal columns 
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Figure 61. Isometric of exposed bracket, 1:10 

Figure 62. Isometric of concealed bracket, 1:10 
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Laminations 45 11U11 thi:k were used in all internal members, while 19 mm 
thick laminations were used fur external members in an attempt to reduce split
ting owing to changes in the surface moisture content. 

Melamine-urea adhesive was specified for internal members, while resor
cinol was used in exterior members. 
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The only· preservative treatment given to internal members was to incor
porate 0.5 per cent of the insecticide dieldrin in the water-repellent sealer 
that was applied by brush before the members were erected. This was con
sidered sufficient protection against borer attack; termites are not a problem 
in New Zealand. For exterior members, a retention of copper-chrome-arsenic 
presentJtive salts of 10 kg/m3 was required. This provides res:i.stance to 
decay even in gro'..11ld contact. This was probably an excessively stringent 
specification as half this retention is sufficient tc protect pine timber 
against der.ay if it is exposed to the weather and out of contact with the 
ground. 

The surface finish to all internal members was a further coat of 
uater-repellent sealer, then two coats of gloss varnish. External members 
were finished with primer, undercoat and finishing coats of paint. Particular 
attention was paid to the abutting surfaces of the main frame members, where 
an intumescent paint was applied before assembly. This was a precaution 
against flaming in the event of fire. 

S. Glulam cost~ 

On this job, the quotations received revealed that the following saviLgs, 
expressed as a percentage of the cost, could be made: 

Use of untreated in lieu of boron-treated ti ~er 6 

Use of melamine-urea instead of resorcinol adhesive 8 

Use of Ne. 2 Framing grade in lieu of No. 1 Framing grade 25 

Use of No. 1 Framing grade in lieu of Engineering grade 20 

Manufacture of larger volumes of glulam than for one-off jobs SO 

In New Zealand, both the design of timber structures and expertise in 
their construction are growing to the point where economically competitive 
buildings can be built. The vast majority of these are single-storey build
ings for agricultural or horticultural enterprises, but multi-storey buildings 
are also being built. To achieve tconomical construction and satisfactory 
performance, it is important that the designer should be aware of both the 
advantages and disadvantages of timber as a structural material. 

1. Canadian Institute of Timber Construction, Timber Cn".'.struction Manual 
(Ottawa, 1959). 

2 R. E. Pearson, 1-4. H. Kloot and J. D. Bcyd, Timb.er _Eng_if'· · dQg Des_ign 
Handbook (Carlton, Victorir, Melbourne University Press, 1958 
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IX. CASE STUDY OF TIMBER CONSTRUCTION: 
SOUTH-EAST ASIA 

John R. Tadich* 

A. Timber. the material 

The use of timber as a structural material in larger buildings requires a 
greater effort on the part of the responsible engineers than the use of mater
ials such as steel and reinforced concrete, which, unlike timber, have infra
structures capable of supplying materials to an engineer's specification. 
Even Australia, which has a timber industry that can be considered to be 
cohesive by world standards, could not until recent years supply timber in 
engineering grades. 

In some developing countries, the lack of material standards for timber 
extends beyond those for durability and strength, to those for the very basic 
property of sizes. Thus, before starting to design timber structurt>s, it is 
important to determine the possible sources of the material and ascertain the 
following details: 

(a) Finished timber sizes and corresponding lengths; 

(b) Quantities of relevant sizes; 

( c) Species; 

(d) Availability of quality control and grading standards and ability of 
suppliers to conform to them. 

On many occasions engineers have had to redesign timber structures 
because the local timber industry could not supply to specification. Wherever 
possible, the use of large sections of high-grade materials should be avoided, 
because the larger the section the more difficult it is to achieve the higher 
grades. Structures should be designed to utilize common sizes and grades. 

Before attempting to conceive the structure of a building, an engineer 
should determine the skills and infrastructure available to fabricate the com
ponents and then erect them. Fundamental considerations such as the type of 
connectors available influence the conceptual design of timber buildings. 
When choosing connector types, a number of factors must. be taken into account. 

If there is a timber prefabrication plant within economical transporta
tion distance, many design &nd fabrication problems can be easily resolved. 
There are many companies now being established in develoving nations to ~anu
facture prefabricated stru~tural components for buildings. 

*Technical Director, Gang-Nail AuEtralia Ltd., Mulgrave, Victoria. 
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These plants invariably use multi-tooth connector systems that are backed 
by the specialist timber en~ineering services of their manufacturers. Before 
getting involved in detailed design, contact with one or two of the~;e com
panies would be invaluable. Most would be able to prepare a fea3ibility 
design and a costing for the project. Eve:i though there may not be: a pre
fabrication plant in the imnediate area, prefabrication should not be dis
counted, because on many projects it has been proven economical to transport 
components hundreds of kilometres. Or larger scale projects, prefabrica'.:ors 
have equipment that is transportable and can be set up at the job site. 

2. Architectural design 

Architectural design sometimes dictates the type of connector to be 
used. For example, in some public buildings where the structure is to be an 
architectural feature of the building, a large timber section may need to be 
used, together with connectors such as split rings or shear plates. 

3. ~~onnectors 

The cost of connectors and the installation of connectors is a very sig
nificant cost in timber structures. Since the in-place cost of connectors can 
vary from 10 to 30 per cent of the cost of the building element, careful anal
ysis of the cost of the various connector types is essential before detailed 
design. The choice of connector can also influence the volume of timber 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 joints, whereas a 
single member may have been adequate. 

4. Environment 

A corrosive service environment may preclude the use of some types of 
connectors, e.g. common steel nails, which will quickly corrode and fail. Two 
types of connectors offer very good corrosion protection: 

(a) Ceramic connectors, which are shear 
If used with brass or stainless steel bolts, 
These connectors have been used extensively 
air-conditioning plants; 

connectors made from steatite. 
they provide good protection. 
for cooling towers in large 

(b) Stainless steel multi-tooth connectors are available on special 
request from some manufacturers. These connectors are obviously much more 
expensive than standard galvanized connectors and should only be used in 
extreme circumstances. Galvanized connectors provide satisfactory service in 
most conditions. 

5. C..Qillle.c.ltl.Lin.& ... ta.Ll._a1ion costs 

As the cost of connector installation forms a significant portion of the 
cost of fabricating building components, it greatly influences the layout of 
the building and, hence, its overall economics. 

If the installation cost is small and it is possible to design light
weight elements, these elements can be placed at very close centres, dramatic
ally reducing the cost of secondary structural members. 

• 
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For example, multi-tooth trusses supporting large-span, heavyweight tiled 
roofing with a ceiling at bottom chord level, would be placed at 600 or 900 !llD 

centres using standard battens fixed directly to the chords. The ttlternative 
would be to use bolted or split-ring trusses at 1,800 or 2,000 !llD centres with 
ur.derpurlins and intermediate rafters and ceiling joists, which would add con
siderably to the costs of material and on-site labour. 

C. Important features of connectors 

Connector performance is covered in the chapter "Timber connectors" of 
St~ngth Characteristics and Design, the fourth volume in this collection, and 
will not be repeated here. However, it may be useful to point out pitfalls in 
the use of some connectors. 

1. Split rin~ 

Split rings are so named because they are in fact rings that have a split 
(figure 63). The function of the split is to acco111Dodate timber shrinkage. 
During installation, the grooves should be formed so that the connector is 
sufficiently expanded when placed into the groove to prevent the ring from 
completely closing when the timber has shrunk. 

Figure 63. Split ring 

Some contractors use sections of pipe in lieu of split rings. This prac
tice of cou:-se restrains timber shrinkage and induces splitting, which could 
cause mPjor problems. It also increases joint slippage as the parallel sides 
of pipe do not take up the groove tolerance as does the tapered section of the 
split ring. 

2. Multi-connector joints 

Extreme care should be taken to avoid joint details that restrain timber 
shrinkage. For example, the use of bolts spaced acroas the grain invites dis
aster (figure 64). 
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Figure 64. Because timber shrinks in size across the grain and 
not longitudinally when it dries, internal stresses are 

induced that can cause severe splitting 

TRUSS CHORD 

, 
Tll9ER SHRINKAGE OF 
CHORD !N THIS AREA 
111 ll CAUSE SPLI IT l NG. 

3. L<,ad perpendicular to the grain 

Connections should never be designed so as to develop tension perpendic
ular to the grain without taking some precaution against splitting. A co11111on 
case is thf' support of standard trusses by girder trusses in complex roof 
designs. 

The girder bracket connection here is always reinforced by a multi-tooth 
connector placed either side of the bracket to distribute tension perpendicu
lar forces across the face of the girder bottom chord (figure 65). 

Figure 65. Multi-tooth connector prevents splitting due to tension 
perpendicular to the grain 
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4. Installation of multi-tooth connectors 

Most multi-tooth connectors are designed to be pressed into the timber by 
means of substantial hydraulic or impact pre3ses. Such connectors are readily 
recognizable as the teeth protrude per~11dicularly to the plate (figure 66). 
It is possible to drive this type of connector into soft timber on site with 
special hanmers. However, the hanmers may not be capable of developing the 
published design loadst so the practice should be avoided. 

Figure 66. Factory-fixed multi-tooth connector 

There are multi-tooth connectors that are designed to be installed with a 
haJ11Der, e.g. Teco nail-on plates and Tylok connectors (figure 67). 

Figure 67. Site-fixed multi-tooth connectors 

0 0 
0 0 0 

0 0 0 

TYLOK PLATE 0 0 • • 
0 • 0 

0 0 0 0 
0 0 0 

Cl 0 0 0 
0 0 0 

0 0 • • 
0 0 41 • 0 0 • 

TECO NAIL-ON-PLATE 
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Multi-tooth connector joints should be designed so that compression loads 
are always taken by a timber to timber bearing (figure 68). The joints should 
always be arranged so that timber shrinkage does not cause compression loads 
to be shed to conner.tors (figure 69), which could cause buckling of the ?lates 
and significantly reduce strength. 

Figure 68. Typical joint arrangement to restrain the compression 
load via the end bearing 

', , .,, 
,' , 

' , ,' ------1- >ti--___ _...__ .... _____ _ 

Figure 69. The shrinkage of web 1 will cause the multi-tooth connector 
to buckle and will reduce the strength of the joint 

l TEISIOft fOICE 

The author has found that most of the problems in timber dtructures occur 
during the erection stage or are due to poorly installed t~mporary or p~rma

nent br;:tcing. 
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1. Erection 

Erection problems on larger structures such as factory buildings ser!m to 
revolve around the lack of expertise in the erection of timber structures. 
Rigging crews have had much experience with steel and tend to handle timber in 
the same manner. Large-span timber members are much more flexible than 
similar steel members, however, and they require considerably more care. 
Gang-Nail Australia Ltd. always spells out erection procedures in the rlesign 
documents. These instructions include instructions on lifting and on ten:po
rary bracing. 

The usual technique is to stand groups of trusses on the ground, tempo
rarily brace them together and lift them &s a group. Alternate purliPs may be 
fixed, reducing the number of man-hours for fixing ancillaries in the e!e
vated position and also significantly reducing the cost of crane hire. 

2. Bracing 

A number cf different techniques can be used, the choice largely depend
ing on truss spacing: 

(a) For small structures, i.e. those less than 13,000 no, where trusses 
are placed at relatively close centres, diagonal bracing in the plane of the 
top chord is generally adopted (figure 70); 

(b) For large spans and wider spaced trusses, special prefabricated 
bracing trusses or on-site bracing bays are used, as wa8 the case for the open 
shed at Temerloh (see section F.2). On long buildings it is good practice to 
include intermediate braced panels, even thoug!:l the panels at each end may 
carry the required load. As with long buildings, it is possible to have suf
ficient slip at joints of the members that tie each end together, which would 
allow large buckles to develop between braced bays. 

Figure 70. Typical bracing for closely spaced trusses, 
up to 13,000 1!111 span 
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E. Economical buildin1 layou~ 

A little time spent during design on determining the most economical lay
out for a building can lead to a considerable saving in costs. For example, 
in an open industrial or agricultural building, the purlins are a major cost 
item. Therefore, trusses should be spaced at centres to allow the use of a 
COllDIOn size at its reaximum span, preferably allowing the trusses to span con
tinuously over three supports. In turn, the spacing of the purlins themselves 
must be examined, because wide spacings increase the top chord size. Consider 
varying purlin spacing in critical top chord panels. 

Truss spacings for multi-tooth trusses are generally as follows: 

Roofing 

Steel sheet 
Corrugated asbestos 

cement sheet 
Steel sheet 
Corrugated asbestos 

cement sheet 
Concrete tiles 

Ceiling 

No 

No 
Yes 

Yes 
Yes 

Spacing 
(11111) 

2,000-4,000 

2,000-3,600 
900-1,800 

900-1,800 
600-1,200 

Since the cost of labour for the manufacture of multi-tooth connector 
trusses is minimal compared to that for other types, it is n~t economical to 
use large members and space the trusses at wide centres. It is more econom
ical to use two trusses at closer centres anJ reduce ancillary member sizes. 

Figure 71 gives approximate economical spans for common truss shapes. 

F. Examples of timber structures 

1. Lee Sane Lon truss plant 

The Lee Sang Lon truss plant is an 18,000 mm arch structure utilizing 
space columns. It is characterized by the following: 

(a) Very small timber sizes, 125 x 50 top and bottom chords; 

(b) I-shaped stiffener or bottom chord to give additional lateral stiff-
ness; 

(c) Staggered bolts at footing to co:umn connection to reduce the ten
dency to split. Possibly Gang-Nail connector should have been used he1e to 
prevent splitting; 

(d) Pole-type reinforced concrete footing. 

2. Open shed at I.eJ!lfil"lQ.h_Ma..l.aysia 

The shed at Temerloh is a 24,000 x 73,000 mm open building. Trusses and 
columns have been designed as rigid elements to restrain .Lateral movement. 
Wi.nd trusses were used to restrain the t!"usses between columns from lateral 
movement. The truss was manufactured in two se-:tions and spliced on site 
using timber splice plates and bolts. There was minimal use of steel brackets. 
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Figure 71. r~11111on truss configurations and their approximate span 
range. In the starred examples, the number of bays can be 

varied according to truss span 

~ 
~" KING PCST TRUSS 

(3-5 •> 

~ 
~"' HOWE TRUSS 

(4-12 m) 

--~ QUEENPOST TRUSS 
(4- 10 m) 

.~ 
-'~9'. 

(4-15 m) 

~ 
A-~ 
~ ~ 

ATTIC TRUSS 
(5-15 m) 

(6-20 m) 

~ 
~-" 

A-TYPE TRUSS 
(4-12 •> 

~ 
B-TYPI TRUSS 

( 6-20 m) 

,~, 
CANTILEVERED TRUSS 

(4-11 m) 

~ 
HALF TRUSS 

(3- 7 m) 

SCISSORS TRUSS 
(5-25 m)* 

-, ... 

BOWSTRING TRUSS 
(10-25 ID) * 

Y'~ 
GIRDER TRUSS 

(5-30 m) * 

~ 
SPECIAL GIRDER 

(5- 15m)* 

V'S/SZSZSJ 
WARREN GIRDER 

(5-15 m)* 

,~ 
HONOPITCH GIRDER 

TRUSS 
(7-20 m) * 

HIP TRUSS AND 
PIGGY-BACK TRUSS 

(5-20 m)* 
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3. M3laysian community development project at Subang Jaya 

Typical low-rise housing project 

The low-rise housing at Subang Jaya is characterized ty the following: 

(a) Close spacing of 600 mm; 

(b) The top chords act as rafte::-s, with tile battens fixed directly. 
The bottom chords act as ceiling joists, with asbestos cement sheet fixed 
directly; 

(c) Top chord bracing is fixed to restrain the top chord from lateral 
buckling; 

(d) Vertical cross-bracing over internal supports. 

Typical shop-houses 

Small, complex structures such as these shop-houses with bell-shaped 
roofs can be economical using prefabricated timber trusses. Efficient produc
tion techniques using computer systems can be employed to produce structural 
design and fabrication details automatically. Projects such as this one for 
co11111unity development can be assisted by local fabrication plants or directly 
by manufacturers of multi-tooth connectors, using their computer system for 
structural designs. 

4. Straits Timber Products factory 

This structure demonstrates how timber can be used very successfully in 
conjunction with other building materials, in this case reinforced concrete, 
to achieve maximum economy and serviceability. It used reinforced concrete 
colwnns and perimeter beams, with 18 ,000 11111 clear span timber trusses. The 
large span trusses were closely spaced at 1,800 mm. This building was so suc
cessful that this first stage was repeated three times. 

5. fr.1lllch trade building at Kuala LumPJ.ll: 

The French trade building is relatively complex and required large open 
areas. It was originally intended to be a temporary building, so the cost of 
construction was very critical. It is also a good example of the application 
of a parallel chord truss. 
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X. STRESS GRADES AND TIMBER 
CONSTRUCTION ECONOMIES, EXEMPLIFIED BY 
THE UNIDO PREFABRICATED TIMBER BRIDGE 

C. R. Francis* 

The UNIDO modular prefabricated bridge was designed in Kenya in 1973 by 
Jr.mes E. Collins as a forest access bridge. From 1975 to 1977 a UNIDO project 
allowed Mr. Collins 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 AS 1720, Timber Engineering Code. UNIDO has published a 
romprehensive manual (UNID0/10/159-163) in English; distribution is limited. 

The bridge consists of a nail-laminated deck pl2~fonn supported on 45° 
Warren girders. Th·; Warren girders may number from two to ten across the 
bridge, a11d the span may reach 30 m. The girders are composed of 3 m long 
truss units joined by steel spigot and socket end pieces and mild-steel-pinned 
bottom chords. 

The bridge is designed for prefabrication in a workshop and site assembly 
1.sing 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 g~nerator and portable power 
tools speed the work considerably. 

The writer inherited the bridge project as part of an expa~ded 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. 
Since 1983, he has also been involved in UNIDO bridge projects in Bhutan and 
Dominica. (Other projects have introduced the system into Bolivia, Chile, 
F.ruarlor, El Salvador, Nicaragua, Panama and Peru. The International Labour 
Organisation (ILO) used the system for a multi-span bridge in Malawi. The 
Oversees Development Authority (United Kingdom of Great Britain and Northern 
Ireland) huilt one in Cameroon and the Government of Austria had one built 
ne;i r Vienna. ) 

The countries generally receive advice on workshop, manpower and material 
req11irements fur the progran1111e. T'1e work is usually carried out in four 
sl:1g1~s: 

(;i) Asrertain the r~q11ired bridging progrnnune and design loadings; 

(I>) !Jelf~rminf~ timhe1· rhnrarteristirs and av;iilahility; 

(r) PetPrminP Uw ;innu;il rerpdri:>mPnts for trusses ;:ind thus for Limhcr 
nnd stN:l rprnnl it ieF.; 

•'<Chief Terhnir;:il Adviser for lfN[f)O Projert IJP/SRL/79/0">3, Researrh ;in<I 
ll1~ve ! opme11 t for the Ul i Ii z;i I ion of Ruh be rwood and Coconut Wood. 
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(d) Determine the necessary facilities for fabrication and erection. 

The key stage in this series is (b). Timber strength and quality larg~ly 
determine the magnitude of stages (c) and (d) and may also feed back tc stage 
(a). Timber strength, i.e. the F rating, is of great importance, b~t so also 
are presentation and availability. 

Figure 72 has been prepar~d from the tables contained in the UhlDO report 
referred to above, for HS20* vehicle loading. F.xamination of this figure 
reveals three interesting facts: 

(a) The weakest timbers, say up to F7, have only about half the span 
capacity of the strongest, with an absolute span limit of 15-18 m; 

(b) For a particular span, about twice as many trusses are needed with 
weak timber than with strong timbers; 

(c) No great advantage is gained by using timber stronger than Fll. 

For economic construction, the stress grading problem simplifies to find
ing a source of timber of a grade not weaker than Fll or, second best, not 
weaker than F7. More precise identification is not really required. With 
this design there is no advantage in insisting on, for example, Fl7, which 
could well be the case if some old-fashioned hardwood specifications were to 
be followed. 

A. Presentati.QD 

The timber industries of the two countries visited, Honduras and 
Madagascar, are at opposite ends uf the spectrum of sophistication in develop
ing countries. For years Honduras has supplied pitch pine (~uibn and 
P~_g_0carrul) to the market in the southern United States. Export-oriented mills 
are capable of presenting timber having high standards of dimensional tolerance 
and grade uniformity to United States co11111ercial standards. In Madagascar, 
timber is available only in 4 m and 6 m lengths, roughly handhewn and, if hard
wood, described simply as ~.&_Jl.u _ _f~~~. with no species separation or grading. 

The writer was very impressed by the Honduran pine. Large, perfectly 
clear timbers were conunon. Test results and application of (Uniteti States) 
So•1thern pine grade stresses indicated at least F14, more prnbably Fl7, for 
structural grades. However the timber was available only in American sizes, 
where the actual thickness of scantlings is 0.5 in. under nominal size. The 
designs for the bridge called for 55 mm (2 in.) thick timber. Some brief cal
cu~ations indicated that Fll stresses both in bending and joint details should 
not be exceed~d with scant timber of Fl4 and better, provided the "dense" 
United States qualification is complied with. 

The problems in Madagascar were more serious. Most of the available 
timber was a dense red eucalyptus species; there was also a small quantity of 
less dense yellowish timber. The eucalyptus was most likely E. r_ob1,1sta; 

*Like H20, referred to later on, a rating of the American Association of 
State Highway and Transport Officials (AASHTO). 
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flotation experiments in a twnbler 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 F17. However, the dimensions available were 
narro..,er and thicker than those called for in the design. The only major 
woodworking machine available was a large overhand planer, and with this it 
was possible to produce timber 6-7 er.-: thick and 20-23 cm wide. 

The design called for nail-laminated diagonals and king posts, but with 
only 10 cm nails available it was considered that there would be insufficient 
point penetration. Also, a major effort would have been needed to reduce the 
timber to 5 cm thickness. 

The trusses were redesigned on the basis of a single 6.5 cm diagonal and 
king post. :Hth these size and fastening length reductions it was decided 
that Fll design tables would be adequate for an H20 load. 

It is very difficult to compare the costs in different countries. In 
Kenya, a preliminary estimate would be about 4,400 Kenyan shillings per metre 
for a four-girder bridge. No cost estimates were prepared by the writer in 
Honduras or Madagascar. In Madagascar, a peak truss production rate of eight 
per day was reached with a 10-man gang, but when other work is being done, an 
average of six would be more reasonable. In Honduras, planning was done on 
the basis of four trusses per day with six men, but the writer does not know 
what the subsequent experience was. 

Two important lessens can be learned from this bridge experience: 

(a) Labour and material quantities can be quite dramatically reduced by 
relatively small jumps in the F range; 

(b) Departures from spec if ied sizes may make it necessary to downgrade 
the timber to achieve the required structural strength. 

B. Relationship between cost and stren&th 

The preceding section was concerned with a predetermined complete design. 
Given the data contained in figure 72 or similar data for other design loads, 
a complete estimate can be made for any timber stress grade. This section will 
explore the more general relationship between strength and cost. 

The engineering design process in timber generally takes place in the 
following sequence: 

(a) Specification of architectural requirements: span, spacing, loading; 

(b) Selection of structt•ral solutions: beam, truss, arch; 

( c) 
glulam; 

Seler.tion of the moterial type: scant ling, light glulam, hei:ivy 

(d) Calcuiation of the necessary sections; 

(e) Dctai 1 ing. 

At the end of step (d), preli~inary estimates may be made and steps (b), 
(r.) and (d) may be repeated in various systems and materials. 
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In timber design, with its largely rectangular sections, step (c) is the 
critical one, since the material type largely fixes the breadth of the sec
tions owing to the limited range of conmercially available timber sizes. 

In the design of a beam, using conventional engineering symbols, 

f = ~ 
z 

d = K2 
.if 

(1) 

where f is stress, M is bending moment, Z is section modulus, b is breadth and 
d is depth. 

Timber is sold by volwne. 
problem, to have the same cost 
length): 

In two different solutions to the same 
(PbdL, where P is price per unit and L is 

(2) 

This is not absolute, since the breadth is only more or less fixed at 
design step (b), but it is certainly more constant than the depth, which is 
what we find in design step (d). 

Substituting equation (1) in equation (2), 

= 

Cancelling and rearranging, 

(3) 

A very large number of beam designs are limited by deflection considera
tions, so that the deflection to span ratio does not exceed a standard value. 
In this case, identical reasoning using I (moment of inertia) = bd3/12 leads 
to 

(4) 

Equation (4) also covers the case of laterally restrained cclumns that are 
designed to an Euler-type formula, such as truss top chords. 

Given a price list of timbers of various species and grades and a table 
of design stresses, a designer can rank various timbers as good or bad struc
tural buys, at least in general terms, by working between the limits set by 
equations (3) and (4) and bearing in mind the asswnptions made in their deri
vation. 

(NEXT PAGE(S) left BLANK] 
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XI. EFFICIENT TIMBER STRUCTURES USING 
METAL CONNECTORS 

E. E. Dagley* 

A. MQdern timber connectors 

Throughout history, before welded and riveted structural steel began to 
be used, heavy timber was a conmon construction material. With the advent of 
steel, timber was repl~ced for several reasons, not the least of these being 
that it could no longer compete econl.:nically. The problem lay not in the 
material itself, but in the methods of connecting it. The joints were ~sually 
the weakest parts of the structure. To make sufficiently strong joints gener
ally required lapping and overlays of timber, leading to uneconomic use and 
the understressing of the timber in the balance of the structure. 

The solution to these problems is only about 25 years old. It crone with 
the development of gluing techniques and finger jointing and parallel with 
that, the d~velopment of proprietory metal fastenings, in particular toothed 
metal plate connectors. 

Once the rules of structural design are known, the proc~ss is straight
forward, but the designer's responsibility does not end there. If timber is 
to be used and its many advantages to be maximized, the following must be 
planned for at the design stage: 

(a) Sile fastenings that are cheap and efficient; 

(b) Structurally somd but simple bracing syster.-.;. Large timber struc
tures are not easy to brace, but simple techniques are now available; 

(c) Safe, quick and efficient erection. 

In times past, timber was generally fastened by means of dowels, bolls, 
screws, nails etc. or by methocs such as dovetailing, mortising etc. The 
resultant joints were weak compared with the design strength of the timber 
member; they were also subject to slip and, in some cases, were a slow and 
expensive exercise. 

Modern mechanical fasteners have overcome all of these disadvantages. 
They are generally highly developed, proprietory items that possess several 
advantages: 

(a) They efficiently use the full timber strength; 

*Managing Director, Gang-Nail New Zealand Ltd., Aucklant!. 
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(b) They do not slip; 

(c) They are quick to use; 

(d) They 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. 

D. Buildin& requirements 

The designer must ensure that many requirements are satisfied. The most 
important can be sUlllD8.rized as ~Ji!~ws: 

(a) The building must have structural integrity. It must be capable of 
~ithstanding all possible load combinations; 

(b) It should be capable of completion as economically as possible. In 
a timber-framed building, the designer should ensure that the timber, the 
fastenings, the labour etc. are being used efficiently; 

(c) The building should be as aesthetically pleasing as possible. The 
principles of architecture should be applied to ensure an attractive result; 

(d) It should be durable, in keeping with the life-span planned for it. 

Mechanical fastenings have been widely used in New Zealand in the last 
two decades. Mechanically fastened timber structures have proved to be versa
tile and attractive as well as economical. They are easy to erect and struc
turally superior. They exhibit, as well, good fire performance (in contrast 
to fire resistance) and are both corrosion-resistant and energy-efficient. 
They can, moreover, be easily interfaced with other materials such as steel 
and concrete. 

E. Site f ixinas 

In New Zealand, heavy structural nail-on techniques have been developed 
that have allowed Gang-Nail New Zealand Ltd. to supply and erect very large 
timber structures. Nail-on plate punched in 1.2 nm, 2.0 11111, 3.0 11111 and 5.0 11111 

thicknesses can be cut and fabricated to make a wide variety of brackets and 
fixings. It is used at the knee and apex of portal frames, for connecting 
timber to other structu;:-al materials such as steel or concrete and for the 
on-site splicing of large truss components. 

F. IJradna 

It has been found almost necessary to fully brace the roof components on 
the ground before erecting them. To do this, Gang-Nail-connected panel or 
K-braces are used, so that the truss groups are fully assembled and braced 
before erection. 

The roof diaphragm is then of ten braced using comparatively light meta! 
strap, called "strip brace", tensioned with a convenient high-speed adjustable 
clip device. Because the strip brace haR a capacity loading of only about 
8 kN, a number of parallel strips are often used to develop the bracing loads 
required. This has been found to be the quickest and most economical method. 
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G. 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. While still on 
the growtd, the final bracing is fuliy installed together with the purl ins, 
the roof services and walkways and often also the roof sheathing. 

The nail-on brackets or stirrups at the top of the columns ~re already in 
place, and one or more cranes then lift the roof sections. Trusses having 
free spans of less than 12.0 m do not usually require cranes· provided exper
ienced workmen are on site, they can be lifted into place singly a~d often by 
hand. No mechanical lifting is required for small trusses. 

Trusses having a free span of over 15.0 m become an engineering exercise, 
and over 20.0 m free span, the above-described techniques, or equivalent 
methods, must be used to avoid a collapse during erection. 

H. Ganglam 

The Ganglam technique entails building up very large timber beams and 
other components using tooth-plate connectors. 

Shorter and smaller members are first laminated end-to-end to obtain the 
required lengths. The timber used is generally 50 11111 thick, and the longer 
members are then edge-laminated up to any required width, but conmonly 600 11111 

and more. 

These 50 nm thick "planks" are then "slabbed" together to produce the 
required design thickness for the composite beam, usually up to 200 rmn or even 
more. The planks are conmonly nailed together where the interface shear 
requirements are low, such as for a simple beam. However, the interface shear 
requirements can be higher, as for a column, or can be extremely high, as for 
a lar.iinated girder. 

In these cases, heavy nailing or bolting is required. Where very heavy 
compression loads are to be carried, special nail-on members are designed or 
the member is held straight by edge trusses or other means. 

A special form of Gl3nglarn was introduced in New Zealand in the early 
1980s. Thin laminates, usually 50 x 25 nan, are curved to the required shape 
and the required number are laid up, face to face. Tooth-plate connectors are 
then driven into the edge faces to carry the interface shear between the lamin
ates. The arch retains its shape when released, and if correctly designed, it 
is capable of withstanding the necessary design loads. 

I NEXT PAG§S) left BLA~~~ 



- 109 -

XII. TIMBER CONSTRUCTION IN 
DEVELOPING COUNTRIES 

C. R. Franri.s* 

The author has had personal exper;~nce in five de\"eloping countries, 
which range widely in location, climate ,nd history. However, they all take 
rather similar approaches to the utilization of timber for structural purposes 
and have experienced simila~ problems. 

A. D"r~_Q.LuJilizat:lon 

Aside from its use to build shanties, timber is generally used only for 
roof framing or, sometimes, for first-floor beams in high-quality housing. 
Roof framing is heavy and widely spacEcd; lightweight, trussed rafters are 
virtually unknown. There may be some use of standard prefabricated buildings 
or components. There is no use of component systems, e.g. trussed rafters 
pre-designed and prefabricated to individual architectural requirements, or of 
standard-spaced, stud-framed wall sections. There are three reasons for this 
pattern of utilization: 

(a) The lack of accurately dimensioned timber; 

(b) Ignorance of a particular approach or the inability to adapt it to 
local circumstances; 

(c) The lack of appropriate design codes. Examples of this include 
insistence on the use of European loadings, which include snow loads, for 
tropical roof design. In one country, stud-framed walls are apparently not 
allowed since the bad of the studs on the bottom plate would exceed the 
timber stresses allowed by Genr.an st~ndards that were imported in the 
mid-1920s. 

B. Pxeservation 

The lack of preservation severely limits the availability of timber. The 
general pattern, which also applies to N~w Zealand and Australia, is that the 
once-abundant supply of durable species is now exhausted, or rapidly becomir~ 
so. 

In New Zealand and Aui:;tralia the shortfall was made good by preserving 
non-durable timber, notably radiata pine. One project worked on by the auttor 
centred on the boron treatment of otherwise useless rubber wood, which is 
extremely prone to Lxi=r...11& attack. Some interesting statistics from a large 
group of companies involved in the business of preserving wood are shown in 
tab 1 e ! 7. 

Some 
imbalance 
group of 

of the data are of doubtful interpretation, but they do show a vast 
between developed and developing countries. Also, this is only one 
companies, albeit the major one. The data show clearly the gap 

*Chief Technical Adviser for UNIDO Project !1P/SRL/79/0">1, Research and 
Development for the Ut il izat. f on of Rubberwood an.·i Coconut Wood. 
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between an intensely preservation-conscious country like New Zealand and third 
world countries with millions of people per preservation plant. 

Jab le 17. Number of pressure treatment plants in relation to population a/ 

No. of No. of 
pressure Population people per plant 

Country/region plants (millions) (millions) 

Great Britain 192 55.9 0.29 
New Zealand 124 3.1 0.025 
South Pacific 12 0.5 0.041 
Singapore, Sri Lanka, 

Indonesia, Philippines, 
Taiwan Province and Thailand 54 204.1 3.8 

Malaysia 87 12.3 0.1414 
India 150 605.8 4 
Turkey 3 39.2 13 
Scandinavia 46 22.1 0.48 
Australia 114 13.5 0.1184 
Papua New Guinea 3 2.8 0.933 
Canada 20 22.9 1.14 

a/ Information available when the workshop was held. 

Sound preservation practices are the single most important factor in the 
establisl:unent and acceptance of timber construction. The main inhibiting 
factor does not appear to be the direct cost of the plant or chemicals or the 
lack of skilled personnel to run it. Rather it is the shortage of working 
capital to cover the cost of drying the wood to ready it for pressure treat
ment or of storage time for diffusion treatment. The shortage of working 
capital similarly inhibits drying, not only for structural work but also for 
furniture and joinery. 

C. Skills. trainin&. tools 

All the wood-using developing countries appear capable of good standards 
of craftsmanship in furniture and joinery using ban~ tools and simple 
machines. The use of portable power tools and four-sided planers is rare. 
Timber that is accurately eurfaced to standard dimensions is almost totally 
lacking. Practices with machines are extremely dangerous: saws are usetl 
without guards or riving knives, planers and spindle moulders without guards. 
Moreover, unacceptably dangerous work situations have been observed in coun
tries where health and safety procedures have not been formalized. 

A major problem is teaching illiterate workmen to measure. In these cir
cumstances, wide use should be made of ~auges and templates. 

For construction work, the most useful tools are the radial-arm saw and 
the portable circular saw. Used intelligently, these can speed up work and 
also achieve better precision than hand tools. However, instruction in their 
safe and efficient use is essential. 
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In order of importance, the four things that need to be done to prOlllOte 
the use of structural timber arc as follows: 

(a) Organize a sound system of preservative treatment and provide for 
the enforcement of standards; 

(b) Standardize dimensions and tolerances and refuse to purchase timber 
that does not conform to these; 

(c) Adopt a system of grading and an e~propriate timber :lesign code. 
AS 1720, Timber Engineering Code, is an excellent, flexible code that can be 
used in tropical countries; 

(d) Concentrate at first on simple bulk products, e.g. stud frame walls 
or trussed rafter systems, to demonstrate economical construction using high 
quality timber. 
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