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ABSTRACT 

The features of tillber fraae construction. which merit its 

consideration as a building system for developing countries. are 

outlined. The purpose of a code for tillber frame buildings ts discussed 

and its main features listed. A procedure is suggested for formulating a 

timber frame code for developing countries. 
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l. J.NTRODUCTION 

(a) Definition of light timber frame construction 

Light timber frame construction is the term commonly used to describe 

a building system using a frame constructed of relatively light. and 

relatively closely spaced. sawn timbeL members to support the cladding and 

lining materials. It is used mostly for housing and small industrial 

buildings but may also be used for in-fill panels and partitions in l~rger 

buildings. 

(b) Structural characteristics 

The relatively close spacings and plentiful fastenings ensure that a 

high degree of structural redundancy and load sharing exists within the 

structure. Weaker and less stiff members shed load (via crossing members 

and claddings) to the stronger and stiffer members so that the strength 

of the structure as a whole is related more to the average strength of 

the members than the minimum strength. Cladding and linlng materials 

also contribute to the structural performance of the frame. 

The close spacings mean lightly loaded bendlnq members w th high 

span/depth ratios. so that stiffness rather than strength ge·~rally 

determines the size of the members used in normal wind loading conditions. 

However, in the case of hurricane-resistant, light timber frames with full 

internal pressure. the size is governed by strength considerations. 

Thicker. more heavily loaded members are used to support wall and floor 

frames and span openings. and strength may govern in these cases. In 

some situations it may be necessary to use a larger member ttan is 

required by either strength or stiffness considerations simply in order 

to accoaunodate the fasteners. 

(c) Advantages 

Light tlmber frame construction is the traditional building method 

in a number of more lndustriali5ed countrlt?s, lncludlng scanct!navia, 

North Armnlca, Australia, and New Zealand, and has mdintalned lts 

popul.arity for housing ln the face of com'1et.1tion from other m<Jtr!rlr1ls 

' 
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and building systems. It can be adapted economically to varying building 

styles and production methods. Both low and high cost timber framed 

housing performs well over a wide range of climatic conditions. 

Production methods range from the one-man building firm. operating 

with hand tools and a truck. through to the capital-intensive, high­

production. automated-frame manufacturing pLant. These operations can 

coexist within the same economic environment. 

"ethods of assembly may be quite tolerant of dimensional innacuracy 

and timber shrinkage. so it ls possible to build wi~h green timber. This 

is easier to nail than dry timber and dries out in place under the 

restraint of surrounding structural ~embers and finishing materials. 

Sawn timber may be used but planed timber is usual as the more accurate 

dimensions speed construction. 

The load-sharing nature of the structure allows low grades of timber 

to be used safely and economically. 

Preservative treatment of non-durable timber species. together with 

good detail deslgn to con~rol condensation and moisture entry, give the 

frame an indefinite service life against insect and fungal attack. 

Correct detail design also contributes to structural strength. Well 

constructed timber frame housing. in which members and frames are 

properly tied together, has a good record of resistance to high wlnds and 

earthquakes. 

Light weight construction facilitates transport and lifting of the 

flnlshed structure and reduces risk to life if failure does occur. 

Properly managed forests constitute a renewable timber resource, 

from which sawlogs can be extracted with minlmal impact on the 

envl.ronment. Compared with other building materials, timber requires 

relatively low inputs of enerqy for extraction and µrocessing. No water 

ls required on site for assembly of timber structures. 

Timber frames do not rv~t and can be insulated to a high standard. 

The flex l.bll lty of t Imber frame construction allows repairs, alter at ions, 

extensions, and even relocation of the structure to be carried out wlth 

minimal difficulty and expense. 

These advantages of t lmber frame const ruct.lon commend it as a 

building system in any country where suitable materials are ava1ldble. 
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2. PURPOSE AND SC'OPE OF CODE 

(a) Purpose 

The purposes of codes in developed countries are first. and most 

importantly, to assist local authorities in ensuring safe and healthy 

building construction. and second to educate all involved in the design 

and building process. Timber frame building methods are taught through a 

combination of apprenticeships and courses in technical colleges. Text 

books and manuals. based on code requirements, are widely available. 

In developing countries. where the method is not well known. the 

educational role probably comes first. As a result the code co~ld 

appropriately resemble a manual in content and format. 

(b) Scope 

Rather than simply dealing with tim~er-related aspects of timber 

frame construction, it is better. and will increase the likelihood of 

obtaining a satisfactory building. if all constructional aspects of a 

timber frame building are dealt with in a single comprehensive code. For 

example, if concrete floors are a desired option, the construction \ii 
details of these floors should be included in the code. 

Including all ~ossible structural options in a code would result in 

too big a document, consequently a selection of options will need to be 

made. Ttis should be done on the basis of a car~ful study of local 

building forms. and cultural and climatic requirements. The availability 

of materials, fasteners, building equipment and tools, and the level of 

building expertise should all be ascertained before setting out the main 

framework of a code. 

The implications of such an approach are that it is unlikely that a 

single cede coul6 be written that would be acceptable to all devf:loping 

countries. Rather than wr1.tlng a model code and introducing it and the 

timber frame construction system to a deve!oping country, it is suggested 

that the exercise etart with a study of that country's requirements ard 

resou:ces, so that a code can then be written ;.iro'.tnd them. 

What ls required with ttiis approach ls not a model code itself but a 

set uf guidelines for the productlon of a code. The following 

observ~t1.ons are bastu on the dUthor'::; personal eJC~•P.rience with the 
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New Zealand Code of Practice for Light Timber Frame Buildings (NZS 

3604:1984. first published in 1978}
1 

and on discussions with th~ 
authors of the equivalent Fiji ~ode publi~~ed in 1985

2
• It is hoped 

that these will prove useful guidelines for the production of codes in 

other countries. Excerpts from the above-mentioned codes are included to 

illustrate points made. 

3. BASIC RgQUIREMENTS OF A CODE 

(a} Format 

Codes suffer wear and tear from frequent reference so they need good 

quality paper and stout covers. For ease of use and amrnendment, an A4 

format in a 4 hole ring binder is recommended. Unfortunately this type 

of binding is not very durable as the punched holes wear and need 

reinforcing. Paper with a reinforced edgt would be ideal if this can be 

obtained. 

The A4 format is well suited to text with illustrations whtch shnuld 

be placed close to the text to which they relate. 

A contents list and an index which refer to clause numbers rather 

than page nwnbers is helpful. 

(b) ~ontents - General 

The choice of content of the code will be greatly influenced by che 

answers to two questions: 

"What is the purpose of the code?" 

"For whom is it written?" 

Answers to the first question might be: 

"To control the standard of building construction for the health i'tnd 

safety of occupants." 

or "To inform builders about good building practice." 

or "To instruct newcomers to the tlmber frame building syst:?m." 

To the second qur.~tion, answers might be: 

"Building designers, drau9titsmen, building inspectors." 

or "QUalified bulldern, bullding deslgneis, ln~pectors, and 

draughtsmen." 
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or "People with no previous construction experience wishing to build a 

timber fr am.e house. " 

In developing countries it is likely that the last answers to t&te 

two questions are the most appropriate. If the code is written more as a 

manual catering to the lowest level of knowledge and experience it 

doesn't necessarily compromise its role as a regulatory document. In the 

New Zealand code, a conscious decision was made to move away from the 

austere legal document of the previous code to an illustrated manual type 

code with improved readability. This was done by adopting a "means of 

compliance" format in which the brief legal requirements were published 

separately in the form of broad performance statements. The code of 

practice then became a technical document written to inform people how to 

build timber frame structures complying with the legal requirements. 

For timber frame to be successfully introduced to a country a;1d 

become an accepted building method, structures must from the start be 

well built and free from major structural defects. If this is to happen, 

good conmunication is needed between the code writers and the reader, 

i.e., the message must get across. 

Ideally the code should include plenty of good quality illustrations 

accompanied by a simply written text. As far as possible, non-legal and 

not too technical language should be used. Clarity and simplicity help to 

ensure that the regulatory process is not a source of abuse by officials. 

The broad areas to be covered in the content are: 

1. The general form of the building. 

2. Details of construction - particularly connections. 

3. Span tables. 

Illustrations should be used liberally to convey inf~rmation in the 

first two sections. An understanding of how the structure works, and how 

the loads it is expected to withstand are resisted by members and 

connections, can be conveyed by diagrams of failure modes under loading 

(see Fig. 1). Including these, together with detailed diagrams of all 

vital structural connections, will improve the chances of obtaining a 

building free from major structural defects. Even in developed countrins 

with a tradition of timber frame butlding, structural defects are not 

uncom.non and usually arise as a result of lack of appreciation of what is 

needed. rather than through negligence. 
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Figure l - Example of failure mode diagram from Fiji Pine Code 

Foun::letion Failure: 

FAILURE: I. Pllr foundationo hen tnadrquatr drpth and ..,..,. to resht uplift. 

REl'IEDY: 

w.it.j -

2. Pile foundations constructed ln aoft ground vlth inadequate ahear friction 
reaistan<e to prevent the pile fro• be-tng pulled out of the ground .. 

Provldr deep and heavy footings. 

__t----t___ 

T #-
. 

..,---. __ J 
~~ .L .!~ 

' . 

. 

f'All.URf.: 1. Pile foundat Son,; at inadequate depth and width to resist overturnlnR. 

Rf}!fllY: 

2. Ptle foundation.- constructed tn •oft ,round unablr to re-aiat overtu:nln~. 

). Pile hiPl~ht exce~d code uxtllUID for cantilevered plle5 •nd are ovcrl11aded. 

4. Piles e .. ~ 

Provldr 

Jnjt 1.2 m. vhirh arf' not larerally supported with dta~on;al hrdet''"­

,) and vJdtt foundation& with braC"inJl a11 rf'qutred hy thffi rCldt•. 

' 
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Where light timber construction is introduced to a country with a 

tradition of building in heavy materials. it is vital that an appreciation 

of the wind uplift loads on the timber frame. and the need for clearly 

defined and well constructed load paths from roof to ground to resist 

these uplift forces. is conveyed. Similarly with lateral forces due to 

wind and earthquake. For lateral loads the paths are less easily defined 

so the diagrams will present a challenge to the illustrator. 

Depending on the level of sophistication of the conunun~ty into which 

the system is being introduced. it may be desirable to include 

illustrations and sample plans of complete houses built to the code. 

cutaway views showing framing and connection details with references to 

the relevant pages of the code could be used to summarise the building 

system in a few pages (see Appendix). 

(c) Contents - Specific 

It is logical to structure the code so that specific subjects are 

discussed in the same order as they arise during the planning and 

building process itself. For example (a) the building system and its 

limitations, (b) materials and components. (c) requirements of a building 

site, (d) major structural components (from foundations to roof), and (e) 

finishing. Fastening systems are best dealt with along with the 

components to which they relate. Appendices may be used to describe 

different options and provide additional information. 

With some minor variations, the New Zealand and Fiji framing codes 

follow the sequence of topics listed below: 

1. Introduction 

(a) Description of timber frame system and design options provided 

in the code. 

(b) Limitations on loading, dimensions, number of stories. 

(c) Definition of terms used. Diagram of structure with ma1n 

components labelled. 

(d) Use and interpretation of code. 

2. Materials and components 

(a) Timber and wood· based products. Species, grade, s1zes, finish, 

treatment, moisture content, type, speciilcations. 

' 
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(b) Fasteners. Sizes and specifications for nails, screws, bolts, 

proprietary fasteners. 

3. Site requirements 

Profile and stability, flooding, soil bearing strength, site 

preparation. 

4. Foundations and subfloor framing 

(a) Structural action diagrcliMS showing fai~ure modes vertically and 

horizontally. 

(b) Systems to resist verticol loads. 

(c) Pile types and footings. 

(d) systems to resist horizontal loads. 

(e) B1acing. 

( f) Bearers. 

~- Floors 

6. 

(a) Structural action and failure diagrams. 

(b) Joists. 

(c) Flooring. 

Walls 

(a) 

(b) 

(c) 

(d) 

(e) 

Structural action and failure diagrams 

systems to resist vertical loads 

Wall framing. Studs, plates, lintels, intersections 

Systems to resist horizontal loads 

Wall bracing 

·1. Posts. 

8. Exterior wall cladding. 

9. Interior wall lining. 

10. Roofs 

(a) Structural action and failure diagrams 

(b) Systems to resist vertical loads 

(c) Roof trusses 

(d) ~ramed roofs 

(e) systems to resist horizontal loads 

(f) Roof bracing 

(g) ceiling framing 

(h) '°'lat forms (for water tanks) ln the roof space 

l l . Roof cover lngs. 

' 
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12. Ceiling lining. 

13. Appendices 

(a) Sample plans covering a range of sizes and styles 

(b) I!lustrations of completed houses 

4. CALCULATION OF SPAN TABLES AND FASTENING REQUIREMENTS 

With few exceptions, most users of the code would be likely to find 

numerical performance information of less interest than descriptions of 

the form of construction. Nevertheless, the successful introduction of 

the timber frame system c:t·?pends on a correct specification of performance 

requirements. These figures n~ed to be accessible to specialist groups, 

but not necessarily incorporated into the code, as this would make it 

bulky and less readable. The code itself should be a concise and 

practical document which enables builders to meet performance 

re~uirements economically. 

For developing countries a specification type of code is more 

appropriate than a performance code, but it is important that the basis 

for the calculations be set out in an as~ociated document so that future 

revisions or extensions of the code may be made knowing the basis for the 

original reconunendations. 

(a) Loading and deflecticn limitations 

Where a loading code is available this may be used to establish 

wind, earthquake, snow, and occupancy loads. Otherwise loading codes 

from other countries may be used in association with local climatic and 

seismic data. 

Deflection limitations are generally poorly dealt with in loading 

codes but as discussed in section l(b) often dominate the construction of 

span tables for light timber framing. If local guidance is inadequate 
3,4 f then other national codes and publications may be help ul. Although 

the calculated stiffness of say two joisted floors under a given uniform 

loading may be the same, their performance may differ considerably under 

the more concentr;ited loads of normal use because of different amounts of 

load sharing. The different load sharing properties of differer1t struc 

\ 
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tures ':hould be considered when formulating deflection limitations, as 

should any perceived local preferences for stiffer or more lively floors. 

(b) Material properties 

Knowledge of the timber available for construction may ~ary from 

crude density estimates through small clear specimen test data to 

detailed in-grade test data. A system of grarling timber allows more 

efficient use of the r~source and a more consistent standard of 

construction. Where in-grade data are not available then the 

classification jystem developed for the Standards Association of 
5 Australia may be used to derive basic strength data for span table 

calculations. A similar grouping system has been developed for the 

derivation of fastening properties. 

(c) span tables 

Span tables pre~ent ~he results of engineering calculations for 

defined strnctural components, material properties, and performance 

requirements. They are compromises between engineering efficiency, which 

demands large tablPs with small steps of the variables, and code 

usability, for which simpler, shorter, more easily read tables are 

required. For developing countries the compromise should be made more in 

favour of code usability. If possible, tables should be presented as 

finished answers in terms of member size or span without further 

calculation being required. Full documentation of the basis for their 

calculation should be available in supplementary reports. The ease with 

which a table can be used is dependent on the author, editor, graphic 

designer, and printer. The following guidelines have been found useful. 

1. Table variables should be ordered so that an increase in member size 

results from go1ng from top to bottom and/or left to right. 

2. Rounding to 0.1 of a metre for span tables is generally sufficiently 

precise. 

3. Where few variables are involved, such as in joist or rafter tables, 

the tables can give allowable member spans as the answer for given 

sizes and spac1ngs. Where many variableJ are involved, such as in 

stud, plate and lintel tables, an allowable member size is the most 

appropriate tabulated answAr. 

• 
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4. Tables should relate to one another where appropriate. For er.ample. 

tables of pile spacings should relate to bearer row spacings which 

should be covered in the joist span tables. 

The calculation ?f span tables is invaria~ly a computing job so that 

undue simplification of the number of loading cases or of other 

assumptions simply to ease the calculation :_~d is unnecessary. 

Deflectio.~ (bending and shear) and strength calculations for dead. live, 

and dead-plus-live loads should all be included, with allowance for load 

sharing made where appropriate. use of the more rational methods 

developed recently to account for partial composite action and lateral 
6 

load redistribution is probably not yet warranted. 

Where timber is installed green and allowed to dry in place it is 

generally appropriate to use dry-strength values and shrunk sizes as this 

is the condition in which the members will be loaded for the greater part 

of their lives. Taking into account the large size effect which occurs 

with timber loaded in shear, the design of short span bending members, 

such as plates. need not be do:ninated by shear strength ~unsiderations. 

Deflection criteria for these members might in some circumstances be more 

appropriately expressed as absolute deflection limits rather than as 

proportions of the span. if there is a possibility of machine grad~d 

timber being available, some thought could be given to preparing 
1 

stiffness based span tables for mixed species as proposed by Kennedy • 

(d) Fastening recoamendations 

Fastening systems should be simple, easily inspected, where possible 

based on locally available materials, skills and tools, and clearly 

illustrated in the code alongside the components to which they relate. 

Nails ~nd light-gauge metal strap, through which nalls may be driven, 

meet thes~ criteria and have been specified extensively in the Fiji Pine 

framing code. Fatigue testing of these strapped connections has 

demonstrated their resistance to simulated cy~lone loading although their 

load capacity is reduced somewhat where a twist in the strap is necessary 

to align the strap with members crosstng at right angles. 

Member sizes may be determined by fastening requirements rather than 

strength, e.g., timber braces, and where this ls so, the member tables 

should reflect this constraint. 

' 
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Where extreae uplift loads exist as a result of high wind loadings. 

it is probably safest to standardise on fastening details. For instance, 

all vertically loaded joints with nails in end grain are strapped using 

the same detail. even though calculation 11ay show that SOllle of the straps 

are unnecessary. Where heavy materials have been used in the traditional 

building aethods. it is important that the code should clearly convey the 

message that the structural perfor111ance of tillber frame building systems 

depends on well constructed. ~learly traceable load paths. through 

lllellbers and fastenings. to resist uplift loads and horizontal loads 

imposed by wind and earthquake. Clear diagrams of forces and failure 

modes are a good way of doing this. 

5. SUGGESTED PROCEDURE POR FORRULATING A CODE 

(a) Prerequisites 

l. An economic source of sawn. durable. graded timber to which some 

strength figures may be as~i~n~d. 

2. A knowledge of the likely wind and earthquake loadings. 

3. Ready availability of fastenP.rs. cladding. roofing. and. if desired. 

lining matP.rial. 

(b) Preparation of a de~iqn brief for the code 

Visits should be made by architects and engineers to determine the 

size. shape. and cost of houses in relation to the nee"5· lifestyles. and 

aspirations of the local people. Questions that shoulc' .,'! asked are: 

should a code be aimed at the top or middle of the market. or both? If 

the last. should it be printed in a single volume or two separate volumes? 

What marketing strategy should be employed? The best building system and 

code in the world may still not find favour with the intended users if it 

fails to recognise cultural needs and aspirations as well as those of 

basic shelter. 

Sketch plans and structural details should be drawn up and discussed 

with informed locals. When Sdtisfactory designs and details have been 

detP.rmined, the designs should be tested in actual building: the scope 

and limitations with1n which I.he code will be written can then be 

• 

• 
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defined. The results of these investigations are written up as the 

design brief for the code. 

(c) Draft for coaftent 

Based on the design brief. a draft code and range of plans can then 

be prepared for wider discussion within the c0111Dunity. 

(d) Publication and presentation 

After suggestions have been collated. the draft can be revised tn 

the light of coaaents received and the final code prepared. Ideally its 

launch should be made in association with the construction of an 

exhibition village of real buildings and publication of a variety of 

plans. The phased introduction of a building system will require careful 

planning, first to ensure an adequate supply of materials. and second to 

provide basic training for builders. The regulatory function should be 

kept to a minimum consistent with achieving desired objectives. 

Initial impressions and performance can make or break a new product, 

so it is particularly important in the early stages that problems are 

sorted out quickly and the details are followed carefully. 
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APPENDIX 

EXCERPTS FROM CONSTRUCTION GUIOEl.INES FOR SINGLE ROOM DWEL!..ING 
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