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2 CHAIRMAN'S ADDRESS 

MR SUNLEY, as Co-ordinator of WlB and Chairman of the meeting, welcomed the delegates 
to this, the second meeting of the revitalised WlB Group. He said that since the 
first meeting in March 1973 a considerable amount of interest had been shown in the 
programme of work which the group proposed to undertake and this was reflected in the 
membership of the group which now stood at thirty. He went on to say that following 
the first meeting in March the terms of reference for WlB, which had been proposed by 
t~e delegates, had been officially accepted by the CIB Programme Committee and these 
weve as follows: 

"To study and highlight the major differences between the relevant national design 
code3 and standards and suggest ways :i:n which the future development of these codes 
and ~tap.dards-migltt take place in order to minimise or eliminate these differences". 

Finally MR SUNLEY outlined the agenda and programme for the two days and this was 
approved by the delegates. 

3 CORRESPONDENCE 

MR MAYO, Secretary WlB, reported that at the CIB Programme Committee meeting in April 
1973, it was generally agreed that WlB and W23 "Basic Structural Engineering Require­
ments" should form a close liaison and :i:f possible send representatives to each others 
meetings. Following this Professor A Smirnov, Co-ordinator of W23, wrote to Wl8 with 
details of the current work of W23 and a request for similar details of WlB. MR MAYO 
said that in reply he sent a short history of WlB together with an outline of the 
group•s programme of work and an invitation to send a representative to the meeting in 
Copenhagen. However, no representative of W23 was present in Copenhagen and nothing 
further had oeen heard from Professor Smirnov. 

MR MAYO continued with a further point from the Programme Committee meeting in April, 
in which Mr Mathur of the National Buildings' Organisation, New Delhi, suggested that 
WlB should develop methods of design suitable for the lesser known secondary species 
of ti~er and in th.:i::s context he would provide information on timber resources in hot 
ariri'd climates. Th.is information had now been received and the Secretary said that 
w;tten anyone wished to see it he would provide copies of the papers which were as follows: 

a) Secondary Timbers 

b) Nailed Joint& in Timber Structures Part III 

c) TYl)ical Designs of Small Span Timber Trusses Through Modern T_imber Engineeriing 
Tecl')n~ue 

d) T~ical Des.-ign!i of ·Medbmi Span Timber Trusses Through Modern Timber Engineering 
Technique 

MR MAYO said that requests had been received for information on specific subjects and 
on the work of WlB in general, from L~Universite D'Abidjan in West Africa, The Swedish 
Council for Building Research and the University of Nairobi and copies of the Proce­
edings of the first meeting of WlB together with an outline of the programme of work 
had been sent to these organisations. 

Finally the Secretary reported that a letter had been received from Mr E Kalkkinen, 
Director of ECE/FAO Timber Division in which he invited WlB to send a representative 
to an ad hoe meeting of experts in Geneva on 11-12 October 1973 to discuss the unifi­
cation of stress griading rules for sawn softwood. Members of WlB had been circulated 
apd finallyM P Cruhile of Centr~ Technique du Bois attended the meeting as the WlB 
repre$entative. 
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4 PUBLICATION OF PAPERS 

MR SUNLEY raised the question of whether or not technical papers written by members 
of Wl8 at the request of the group for presentation at the group's meeting should 
also be puel:i::shed in the techn:i::cal journals at the discretion of the author. He said 
that one advantage of publication could be a greater interest in the work of Wl8 which 
µi turn would increase the influence which the group.was able to exert when putting 
forward recommendations to both the European and International Standards Organisations. 
He added that he thought it might al5o lead to a quicker adoption, by professional 
engineers, of any recommendations which Wl8 may make. 

M~ CURRY replied that he was not in favour of publishing in technical journals those 
papers which were presented for discussion at the group's meetings. He pointed out 
that the way in which Wl8 had chosen to work was by members writing papers on selected 
subjects for discussion at the meetings. Following discussion it would then be 
necessary to amend the particular paper in question to take account of the points 
raised so that the amended paper represented the concensus of opinion of the group. 
This final paper could then be presented as firm recommendations from Wl8 and as such, 
inclusion in the technical journals would, in most cases, be highly desirable. However, 
MR CURRY thought that if the intermediate papers leading to the final recommendations 
were also published it would only lead to confusion. 

MR LEVIN said he thought that the discussions should be made public in the technical 
press and that Wl8 should seek publication of the programme of work in detail in the 
hope that journals would then request articles on particular topics which Wl8 should 
endeavour to provide. This suggestion was not generally accepted by the delegates. 

In conclusion MR SUNLEY said that perhaps the most suitable compromise would be for 
all delegates to receive a summary of each meeting which, at their descretion, they 
could offer to their own national journals for publication together with their address 
to which people could write for further information. This suggestion was accepted 
and agreed by the delegates with the proviso that while stocks last from a limited 
printing, copies of the Proceedings of each meeting could be available to non-members 
of Wl8 with a specific interest in the work of the group. 

5 .STRESS GRADING OF TIMBER - REPORT ON THE ECE MEETING IN GENEVA, OCTOBER 1973 

MR SUNLEY said that the meeting was organised by the ECE/FAO joint committee on timber 
which invited most of the European experts on stress grading together with represen­
tatives from various European and international organisations of which CIB-Wl8 was 
one. The objects of the meeting were, he said, to establish which system of grading, 
if any, each European country used at present and to identify the problems associated 
with rationalising these systems to produce a unified set of European stress grading 
rules. MR SUNLEY went on to say that each delegate was invited to submit a statement 
to the meeting on stress gr.ading in their own country and in addition papers were 
submitted by: 

a) Mr Levin - Timber Research and Development Association, England - Paper on load­
ings and stresses in use in each country showing the wide variation which exists 
at present. 

b) Professor Thunnell - Swedish Forest Products Research Laboratory - Paper on 
grading in Sweden. 

c) Mr Sunley, Building Research Establishment, England - Paper on the new British 
Standard BS 4978 'Specification for Timber Grades for Structural Use'. 

3 



The meeting went on to consider the obstacles to harmonisation which MR SUNLEY said 
could really be summed up as a general reluctance to change. Finally a statement 
was issued which called for a working group on harmonisation to be set up. In general 
delegates were against this working group being set up within ISO although the Russian 
delegates thought that ISO should do the work. Finally it was agreed to get the 
working group to draft a set of "Grading Rules for Europe" which after approval and 
publication by ECE would be submitted to ISO. 

MR LEVIN said that the delegates in Geneva were asked to submit suggestions for the 
composition of the drafting committee by the 30 November 1973 when it would be formed. 
It was hoped that the first meeting of this sub-committee could be arranged before the 
end of the year. MR LEVIN also said that at a meeting of the European Softwood Importers 
and Exporters on 24 October it was agreed that BS 4978, with some slight modifications, 
should be recommended to the drafting committee as a basis for the European rules. 

MR SUNLEY asked the delegates to the CIB-Wl8 meeting for comments on how CIB-Wl8 should 
be involved with the drafting of the European stress grading rules and DR KUIPERS 
proposed that CIB-WlB should be represented on the drafting committee. This was 
agreed and later in the meeting M P Crubile of Centre Technique du Bois, Paris, was 
elected as the representative of CIB-Wl8. 

6 REPORT ON MEETING OF IUFRO WORKING GROUP ON STRUCTURAL UTILIZATION IN SOUTH AFRICA, 
SEPTEMBER 1973 

MR SUNLEY reported on the recent meeting of the International Union of Forestry 
Research Organisations held in South Africa during September. He said that this meet­
ing acted as a general forum on timber engineering in which the research work being 
undertaken at the present time in each country was discussed. The subjects which were 
discussed were as follows: 

a) Long term testing - This showed that the present factors being used in design 
were satisfactory for high grade timber but not for the lower grades. 

b) Prototype Testing - There appeared to be a move towards more theoretical methods 
to justify timber designs. 

c) Non-Destructive Testing - A number of papers were submitted with the majority 
dealing with stress grading. A new South African stress grading machine was 
described and was considered by the delegates to be a useful aid to visual 
grading. The South African delegates did not agree with this and considered 
it to be an alternative to visual grading. 

d) Methods of assigning stresses to stress grades. 

e) Methods of machine stress grading with stress wave techniques. 

f) Proof testing. 

g) Mechanical properties of timber and the use of statistical methods in the 
derivation of these properties. 

h) Limit state design. 

i) Structural safety - Discussion on the different factors of safety used in each 
country and some recent failures. 

j) Design of trussed rafters - Comparisons between theoretical and prototype test­
ing methods of design together with discussions on the design of joints and 
lateral bracing. 



k) Methods of jointing timber - Finger joints, staples and elastomeric adhesives. 

MR SUNLEY concluded by saying that he hoped the Proceedings of the meeting would be 
ready by early 1974. 

7 STRUCTURAL DATA 

DR BOOTH introduced his paper ''The Presentation of Structural Design Data for Plywood" 
and thanked those members who had provided information to be included. He asked if 
any members could give information on how the stresses in Table 14 were derived and 
explained that the stresses issued by the Nordic Building Regulations Committee 1973, 
Table 15, were derived directly from stresses published in Canada by the Canadian 
Standards Association and the Council of Forest Industries of British Columbia, see 
Table 1. The English stresses given in CP 112:1967, see Table 12, were also derived 
from the same source. 

DR KUIPERS in reply to Dr Booth said that the stresses in Table 14 were derived from 
standard tests conducted in Holland but with the Canadian stresses in mind. He said 
that the present Dutch code contained methods of testing for plywood and the methods 
to be used to derive design stresses from the test data obtained. 

PROFESSOR LARSEN said that he though~ the Dutch testing approach was impracticable due 
to the large amount of testing required. He also said that the variations with thick­
ness given in Table 16 were unnecessary and DR BOOTH agreed that at the present time 
this was probably true although he thought that it might not be so in the future when 
different plywoods were made 

There was general agreement that due to the rapid changes taking place at present in 
the manufacture of plywoods and also the large variability between similar types of 
plywood (ie Douglas fir plywood), it was not satisfactory to publish design stresses 
for plywood in design codes as they would quickly go out of date. 

MR STIEDA pointed out that the Canadian stresses for rolling shear were only inten­
ded for use where plywood was used next to solid timber. He went on to say that 
generally the equilibrium moisture content for plywood was about 15% whereas it was 
about 18% for solid timber and he was interested to know how the Canadian stresses, 
which were based on a moisture content of 15%, were modified to get the English 
stresses which were based on a moisture content of 18% 

MR CURRY in reply said that the method used to modify the Canadian stresses to take 
account of the change in moisture content was fully described in "A Commentary on 
the British Standard Code of Practice CP 112:1967 - The Structural Use of Timber" 
by Booth and Reece. 

PROFESSOR LARSEN said he thought stresses should be related to climatic conditions 
and groupings used for various types of buildings in different climatic conditions 
instead of stresses being related just to moisture content. He also asked for an 
explanation of the use of different areas for plywoods of the same thickness in 
Table 13. 

DR BOOTH said this resulted from plywoods having different lay-ups and different 
nominal thicknesses. 

Following the discussion on Dr Booth's paper MR SUNLEY asked each delegate to describe 
the present position in their own country regarding the specification of stresses 
for plywood and the way they would like to see it develop. 
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DR NOREN said that the Scandinavian countries would be working with characteristic 
stress values in the near future and there were two methods of giving stresses for 
plywoods. 

a) Plywood could be manufactured to a known specification which would be tested 
and stresses published for plywood made only to that specification. 

b} Have a range of stresses related to some emperical methods of testing. 

He said that if there were only a few types of plywood, method (a) was preferable, 
but if there were many types he thought it better to specify stresses for three grades, 
P20 P30 and P40 , and test each type of plywood and assign it to a particular grade. 
The stresses associated with these grades will be based on the parallel plies approach 
and related to the ultimate strength in bending. The average stresses for each grade 
would be given in order to accommodate different thicknesses of plywood and it would 
be necessary to know the lay-up of the plies. 

PROFESSOR LARSEN said he did not think plywood stresses should be included in a struc­
tural code but that characteristic stresses related to the full cross-section should 
be published separately. He said he would also like to see design data presented in 
the form of products of stresses and the section properties, ie Tables of FA, EA, FZ, 
and EI. 

MR EGERUP said that while he agreed with Professor Larsen he did think that values of 
E and I should be published as well as the products. 

MR BRYNILDSEN said that the Norwegian code did not contain plywood details and it was 
left up to the manufacturers to produce and publish design data. He went on to say 
that he would prefer to adopt the NKB system which basically was what Professor Larsen 
had described earlier. 

DR KUIPERS said that the Dutch timber code did not contain plywood details but that 
there was a separate code on methods of test for plywood in which design data was 
presented in the form of tables and graphs. 

Dipl Ing KOLB said that the structural u~e of plywood in West Germany was not large 
and the present standard, which gave design stresses related to the full cross-section 
area, was out of date. At present only one type of plywood is allowed for structural 
use and this is manufactured to a strict specification and identified with a special 
marking. 

,, 
M CRUBILE said that in France the principle authorities tend to deal with plywood on 
a parallel plies approach but engineers in industry preferred to work with full cross­
section -values. 

MR STIEDA said he could not foresee any significant changes in the methods used to 
specify p_lywood and stresses in Canada at present and these were accuately described 
in Dr Booth's paper. 

D~ BOOTH said that the new British Code of Practice which is at present under revision 
will specify stresses for Douglas fir and Finnish birch plywoods in tabular form and 
that other plywoods would be assessed or the properties of the individual plies with 
some method, yet to be devised, of combining the properties for each ply·. 

MR LEVIN said he thought timber codes should give methods for assessing stresses for 
different plywoods but should not specify the actual stresses. These should be pub­
lished by the manufacturers. 
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MR STEER said that in Britain at present there was a shortage of plywood and new 
types, including hardwoods, were being introduced. He said that difficulties were 
being experienced with testing to derive design stresses for these new plywoods and 
to ensure adequate quality control. On the grading of plywoods, as described by 
Dr Noren, he thought that this would be wasteful as in general the grade to which a 
particular plywood was assigned would be determined by the weakest property when for 
some uses a different property, appropriate to a higher grade, may be more important. 

MR STIEDA asked what the views of the delegates were on the different methods of 
testing. 

DR BOOTH said that the current British Standard on testing of plywood dealt with small 
sized samples but he thought these were only satisfactory for comparison purposes and 
the tests at present in use for large sized samples or full boards were being assessed. 

DR KUIPERS said that in Holland some larger size specimens were tested, ie 6 inch wide 
samples for tension test, but in the main small sized samples were used for testing. 

DR NOREN said that in Sweden for quality assessment purposes large sized samples were 
used as well as small ones, but tests were also carried out on a performance standard 
basis. 

In conclusion MR SUNLEY said that there appeared to be a number of ways of presenting 
design data for plywood and no country had any definite proposals to change the 
particular method in use there at present. There was an MKB system in Scandinavia 
based on the strength and stiffness method of presentation, but Sweden was not 
entirely in agreement with this system although Norway would adopt it if the use of 
structural plywood became sufficiently large. 

The current revision of the British code will probably not use the strength and stiff­
ness method but will be based on a modified parallel plies approach based on stress. 
In addition the same information would be presented elsewhere at a lower level in the 
form of span tables and charts. 

Finally it was agreed that Mr Curry should draft a statement to sum up the present 
position. This statement was subsequently agreed by the delegates and is as follows. 

"Where there exists an adequate specification and quality contro 1 procedure 
for a particular commercial plywood the strength properties should be 
determined from a programme of laboratory tests on samples covering the 
range of constructions produced from which characteristic strength values 
should be derived and presented in terms of the strength and stiffness of 
a standard width of section. 

It is however recognised that because of the fluid position regarding the 
manufacture of plywood and the wide range of species and constructions 
which could become available, a code should also make provision for the 
use of predictive methods based on limited laboratory tests or alternatively 
on a knowledge of the strength characteristics of the species used". 

8 INTERNATIONAL CODE OF PRACTICE FOR STRUCTURAL TIMBER 

MR CURRY introduced his paper "A Framework for the Production of an International 
Code of Practice for the Structural Use of Timber" as the basis for a programme of 
work for CIB-Wl8. He proposed that members should write detailed papers on items 
selected from the framework and he mentioned the previous paper on plywood by 
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Dr Booth as a good example. Following the discussion of these individual papers by 
CIB-WlB a recommendation should be drafted for each heading in the proposed framework 
and it would then be left to individual countries to draft the actual design clauses. 

Commenting on the proposed framework, MR EGERUP said that he thought panel board and 
fibre board should be included and MR LEVIN agreed together with Professor LARSEN. 

MR STIEDA asked what information a code based on the framework would include on 
material requirements and also whether it would contain loading requirements specifi­
cally for timber,or would the loadings specified in other codes, eg those published 
by ISO, be adopted. 

MR CURRY in reply said that such a code would refer to material specifications such 
as the British Standard for stress graded timber, BS 4978 and it would not include 
loading details. 

MR LAV said that when Denmark changed to the limit state method of design, difficulties 
arose because some of the design loads included safety factors as did some of the 
design stresses and therefore it was very difficult to assess the true safety factor 
on any particular design. 

MR STIEDA said that load factors for limit state design had already been agreed on 
·an international basis for concrete and in Scandinavia the NKB had recommended that 
these load factors should be adopted for all materials including timber. In Sweden, 
however, there was a possibility that these load factors may be modified slightly. 

DR BOOTH said he did not see why the load factors needed to be the same for all 
materials as it was quite possible that in the light of experience the factors for 
concrete would be changed and hence the factors for timber would also have to change. 

MR SUNLEY agreed with Dr Booth, but he did not think that timber would be allowed to 
have special factors different from other materials and in which case efforts would 
be made to make adjustments elsewhere in the design to allow the concrete factors to 
be used. 

Commenting on Mr Curry's paper, Professor LARSEN said that he did not agree that changes 
in design procedure should not be allowed to incur a penalty on section sizes (Page 1, 
para 3). He thought that the lack of timber failures due to design inadequacies may 
be due to hidden load factors inherent in the present methods of design which may be 
excluded with a different method of design. However, Professor Larsen's view was not 
supported by the other delegates. 

Professor LARSEN continued by saying that he considered the modification factors for 
load sharing on page 4 to be design factors and not material factors and therefore 
they should be included elsewhere. Also on page 9 - section b) Quality Control should 
only refer to other publications and specifications and should not itself contain 
details. Finally, on page 5, third paragraph, Professor LARSEN did not think it was 
necessary to refer specifically to Finland and British Columbia as being the major 
sources of plywood. 

DR KUIPERS said that in respect of laboratory tests on plywood and joints the code 
should only contain references to other publications where these tests would be des­
cribed in detail, This was agreed provided the methods of test and the methods of 
analysing the test data were internationally agreed. Further it was not thought that 
CIB-WlB should be responsible for developing these methods and that RILEM would be 
better suited to do this work. However, it was suggested that both Finland and Canada 
were developing test methods for plywood and if possible RILEM should accept the methods 
proposed by these countries. 

8 



DR KUIPERS questioned the exclusion from the code of all timber connectors other than 
nails, screws and bolts - see page 6. 

In reply DR BOOTH said that such an exclusion was necessary because of the large 
variety of other connectors available, but these connectors would be catered for by 
including in the code special test methods which anyone including the manufacturers 
could apply to derive the necessary design data. 

DR KUIPERS said that this would only be satisfactory if the tests conducted by the 
manufacturers were carried out correctly and accepted by designers and specifiers. 

Finally Professor LARSEN said that along with this code framework, it would also be 
desirable to rationalise the notation used in the work of CIB-Wl8. This was agreed 
and DR KUIPERS and DR NOREN agreed to write a paper on notation for the next meeting 
of CIB-Wl8. 

9 SOLID TIMBER COLUMNS 

Professor LARSEN introduced his paper "The Design of Solid Timber Columns" which in­
cluded a survey of the methods used in different countries to design timber columns. 
He concluded his introduction by saying that he thought the Dutch approach had a lot 
to commend it over other methods, although he thought the eccentricities which were 
used were too high and there should be no deflection limitations at the ultimate 
stage. 

DR NOREN questioned whether formula (12) could be used for long term loading. 
Professor LARSEN replied that the current theories dealing with long term loading 
included a number of parameters which at present were unknown and therefore formula 
(12) was the best available to the practising engineer. 

MR SUNLEY said he thought the United Kingdom could adopt the Dutch method without too 
much difficulty, although the timber species would have to be grouped into possibly 
six groups with average stresses assigned to each group. 

MR STEER agreed with this view although he pointed out that in Britain the sum of the 
combined stress ratios is limited to 0.9 instead of 1.0 as in Holland and other 
countries. 

MR SUNLEY proposed that the Dutch method with some modifications should be adopted by 
the group as the basis of a method to be included in a European code and he requested 
Professor Larsen to write a further paper for the next meeting, extending the method 
to spaced columns. This was generally agreed by the delegates and Professor LARSEN 
agreed to write a further paper. 

10 FUTURE PROGRAMME OF WORK 

In opening the discussion on the future programme of work of Wl8 MR SUNLEY read out the 
terms of reference of the group which are as follows: 

"To study and highlight the major differences between the relevant national design 
codes and standards and suggest ways in which the future development of these codes 
and standards might take place in order to minimise or eliminate these differences". 

He then asked for comments on the terms of reference and also what delegates thought 
ought to be the relationships between Wl8 and other organisations such as ISO. 
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MR STEENFOS said he thought Wl8 should develop a good liaison with the relevant techni­
cal committees in ISO and should look at the papers and articles already with these 
ISO committees and try and form the proposed new European code of practice from them. 

It was generally agreed that a good relationship should be established particularly with 
the ISO committee TC 98. 

MR LEVIN asked if it was known whether or not TC 98 proposed to issue codes of practice. 
In reply MR STEENFOS said that this would not be the case and that TC 98 would only deal 
with the basic principles. 

MR LAV said he was concerned that Wl8 might be duplicating work already being carried 
out by other organisations such as CEN which as he understood proposed to take the 
documents issued by ISO and modify them to suit Europe. 

following on from this discussion MR SUNLEY asked for subjects for the next meeting 
and it was agreed that the following articles and papers would be submitted. 

a) Predictive methods for the derivation of stresses for plywood by CK A Stieda 

b) A comparison of present methods of test for plywood by J Kuipers 

c) Spaced columns by HJ Larsen 

d) Symbols and notation by J Kuipers and B Noren 

e) Load sharing factors by E Levin 

f) A report on the progress of the ECE stress grading draft by P Crubile 

g) Long term loading by B Noren 

In conclusion MR SUNLEY infor,med the meeting that DR KUIPERS had kindly offered to act 
as host for the next meeting which would be held in Delft in June 1974. Finally, on 
behalf of all the delegates he thanked Professor Larsen for organising the present 
meeting and for the hospitality offered to delegates by Professor Larsen and his 
colleagues at the Technical University and by Mr Hohanse:i and his colleagues at the 
Building Research Institute 

11 PAPERS PRESENTED TO THE MEETING 

PAPER l 

The Presentation of Structural Design Data for Plywood. By LG Booth 

PAPER 2 

A Framework for the Production of an International Code of Practice for the Structural 
Use of Timber. By WT Curry 

PAPER 3 

The Design of Solid Timber Columns. By HJ Larsen 
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1 
1 Introduction· 

The purpose of this paper is to review the various methods 

of presentation of structural design data for plywood that have 

been used in North America and Europe. 

In North America it has been the tradition to present 

design stresses for plywood on the assumption that those plies 

that are perpendicular to the direction of the stress 

contribute little to the strength of the panel and that a good 

approximation can be achieved by considering "parallel plies 

only". In contrast, the majority of European countries have 

ignored the layered construction of the material and have 

derived design stresses that are applicable to the "full cross­

sectional area". The United Kingdom, with its early 

dependence on North American supplies of structural plywood, 

initially adopted the "parallel plies only" approach, but with 

an increasing supply of Finnish birch plywood, which was 

specified on the full cross-section, later changed to the full 

cross-sectional approach and consequently needed to transform 

parallel plies only Canadian Douglas fir stresses to 

equivalent full cross-sectional area stresses: however, the 

United Kingdom may now revert to some form of presentation 

based on the properties of the individual veneers. 

During discussions both in Europe and in North America it 

has been apparent to the author that this particular topic 

invokes feelings of almost religious intensity. Much of the 

discussion is prejudiced and is often based on no knowledge 0£ 

the "opposition's" point of view. Indeed, it often appears 

that timber engineers are placed at birth in plywood cradles 

which rock them to an immediate certainty that •parallel plies 

only" or "full cross-section" is to be their life's belief. 

It is not intended that this report should reach any firm 

conclusions. ]t is however hoped that it will enable timber 



engineers to see some other points of view. 

2 

The theoretical 

backgrounds of the methods are briefly discussed and their. 

relative merits compared. ~he application of the design data 

is illustrated in an Appendix to this report which gives 

outline designs of some typical structural components. 

I 
✓ 

I 
J 



2 Units and nomenclature 

The emphasis of this paper is on the method of 

presentation of the design data and consequently the 

3 

numerical values given in the various tables are not important. 
1 No attempt has therefore been made to convert the figures to 

the eame unite: it will be found that Imperial and metric 

units are used. 

The tables of design stresses are not immediately 

comparable, even if translated to the same units. The 

duration of load and moisture content base for each table is 

usually different: some stresses are "working", some are 

"characteristic". 

The nomenclature for the stresses varies and has not been 

altered for the tables. In the text of the report the term 

"design" has been used to cover all stresses used in 

calculations, whether they are at a working or characteristic 

level. Similarly, "design strength" embraces the resistance 

to moments and forces, and stiffnesses. 

The term "geometrical properties" has been use~ to cover 

the veneer thicknesses, first and second moments of area of 

unit widths of panels, etc. 
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~ Parallel plies oniy approach 

The "parallel plies only" design procedure was first 

suggested by the United States Forest Products Laboratory at 

Madison in reports by Freas (1942) and Liska (1942). It was 

argued that since plywood consists of three or more veneers 

glued together with the grain of alternate veneers at right 

angles to each other, it should be analysed as a layered 

material. In such a compound member subjected to stress, the 

proportion of the total load carried by the individual layers 

depends on the moduli of elasticity and the thicknesses of the 

layers. Although veneers of the same species will be of 

equal strength (subject of course to variability), the 

strength of a layer will depend on the angle of the load to 

the grain of the veneer. By assuming that the material is 

linearly elastic to failure it is therefore possible to 

predict the behaviour of plywood under stress, provided the 

properties of the individual veneers are known. 

In the case of tensile forces, since the tensile strength 

of timber parallel to the grain may be as much as 40 times the 

strength perpendicular to the graint the tensile load on a 

piece of plywood will be carried predominantly by the veneers 

parallel to the load. An approximate estimate of behaviour 

could be obtained by assuming the section consists of only 

the veneers parallel to the stress. If this approach is 

adopted it may be argued that plywood is not a compound 

material, but consists of pieces of solid timber stressed 

parallel to the grain, in which case it is appropriate to use 

the same basic stresses for plywood as are used for solid 

timber. This is the parallel plies only approach that was 

suggested by the United States,Forest Products Laboratory. 
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Tests by Freas (1942 and 1956) and Liska (1942 and 1955) 

showed that, under certain circumstances, the approximation is 

very good, with the behaviour in tension and compression being 

predicted better than that in bending. The approximation is 

better with thicker than thinner plywood, and it is also better 

in bending when the outer plies are parallel to the span, 

rather than at right angles to the span. The approximation 

is consequently at its worst when 3 ply is used in bending with 

the outer ply perpendicular to the span; in this case the 

inner ply is near to the neutral axis and has little 

opportunity of contributing to a total strength mainly derived 

from the face veneers. The actual moment of resistance is 

about 50 per cent higher than that predicted by the 

approximate theory. Consequently the theory has to be 

modified by factors which depend on the direction of the face 

ply with respect to the span and the number of plies. 

In the case of bending the procedure initially adopted 

was to give only the basic stress in bending and to give in 

addition a list of modification factors for different grades, 

numbers of veneers and direction of face grain with respect to 

the span. This procedure has now been abandoned and the 

modification factors have been incorporated in the stresses, 

with the result that the design stresses now depend on the 

number of veneers. These stresses are however still 

applicable to the parallel plies only approach. 

The idea of calculating the stress based on parallel 

plies only fails when the stress is at 45° to the face ply, 

since in a tension or compression member all the plies have 

the same stress and the calculation of the stress must be 

based on the full cross-section. Similarly for panel shear 

the stress must be calculated on the full cross-section. 
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Although the original idea of having the same basic 

stresses for solid timber and plywood is attractive, it in fact 

results in a design procedure which uses both the parallel plies 

only and the full cross-sectional approaches, together with a 

number of hidden modification factors to bring the theory in to 

agreement with experimental evidence. 

A knowledge of the lay-up of a plywood is necessary for all 

stress calculations, and the task of the designer is made 

easier if the geometrical properties (A, I, etc) are tabulated 

for the thicknesses and lay-ups that are currently available. 

The Canadian Code CSA 086. (Canadian Standards Association, 

1970) is based on the parallel pli~s only approach and gives 

stresses for a number of grades, lay-ups and geometrical 

properties. Similar information is published by the Council 

of Forest Industries of British Columbia (COFI, 1972) and this 

data is given as Tables 1 and 2 of this report. 

The parallel plies only approach is adopted throughout 

the United States of America and the tables of design stresses 

are similar to those published in Canada, but for more 

combinations of species and grades (American Plywood 

Association, 1966). 
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4 Full cross-sectional area approach 

4.1 Design stresses 

In Scandinavia design stresses for plywood have 

traditionally been presented for use with sectional properties 

based on the full cross-section. Early examples of this 

approach are by Niskanen (1963) and Noren (1963 and 1964). 

Noren (1964) presented a theory for the ultimate strength 

of plywood in which the deviation from Hook~s law due to flow 

in veneers subjected to high compression stresses was 

incorporated. He showed that in certain cases the veneers 

which have their grain direction perpendicular to the 

direction of the principal stresses may be neglected without 

much loss in accuracy. Although this was in effect an 

advanced form of the parallel plies only approach the design 

stresses were based on the full cross-section. 

Niskanen (1963) ignored the fact that plywood is a 

layered material made up from veneers with known properties. 

He assumed that it was a new material and investigated its 

strength properties by carrying out tests on small specimens 

and built-up components. He found that its strength depended 

on the number of plies and on the direction of the stress with 

respect to the face grain, and from the test results the 

ultimate stresses were based on the full cross-section. 

Although the stresses are applicable to the full cross­

section, a knowledge of the lay-up of the plywood is still 

required for some stress calculations. Again the task of 

the designer is made easier if geometrical properties are 

tabulated for currently available plywoods. 

In the United Kingdom the full cross-sectional area 

approach was adopted for the 1967 edition of the Code of 
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Practice CP 112 (British Standards Institution, 1967) and the 

design stresses and geometrical properties are given in Tables 

3 and 4 of this report. 

In the Netherlands the full cross-section has also been 

adopted and Tables 5 and 6 show a slightly different method of 

presentation of the design data (Vermeyden, 1967). 

In Germany DIN 1052 (Deutsche Normen, 1969) presents 

stresses for the full cross-sectional area for plywoods 

manufactured to DIN 68705, part 3: geometrical properties are 

not given. An extract from DIN 1052 is given in Table 7. 

4.2 Design strength 

It was noted above that Noren (1964) derived design 

stresses for Swedish pine plywood. These stresses were 

presented in a table which also gave the permissible bending 

moment, tension and compression forces per unit width of panel. 

The design stresses were applicable to the full cross-section 

and the design moments and forces were derived for the full 

cross-section (see Table 8). 

Noren•s method of presentation has been extended by 

Larsen (1971) to include the bending and direct force 

stiffnesses per unit width of panel (see Table 9). 
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5 Transformation of design stresses and moduli of elasticity from 

parallel plies only to full cross-sectional area 

5.1 Introduction 

. 

Much of the test data on Douglas fir plywood comes from 

North America and the derived stresses are applicable to the 

parallel plies only. If this data is to be used with the full 

cross-section, equivalent stresses must be calculated. This 

transformation will be discussed in this report in relation to 

the approach adopted in the United Kingdom: it would appear 

that the same approach has been used elsewhere in Europe • 

5.2 Transformation used in the UK 

In the United Kingdom the first edition of CP 112 was 

published in 1952 and it contained design data for only ~ouglas 

fir plywood manufactured in the United States. No test data 

was available in the UK and the Code adopted American stresses 

and their parallel plies only method of presentation. 

The revision of CP 112 (1952) began in 1956 and after an 

elephantine period of gestation was finally published in 1967. 

During this period American Douglas fir became uneconomical and 

structural engineers began to use either Canadian Douglas fir 

or Finnish birch. The policy of the Code committee was to 

accept the test data from Canada and Finland, and to seek the 

recommendations of Forest Products Research Laboratory, Princes 

Risborough on design stresses. The data from Canada was based 

on parallel plies only, whilst that from Finland was Niskanen•s 

work, which used the full cross-section. The Committee 

decided that to tabulate the stresses for Douglas fir on 

parallel plies only, and for Finnish birch on the full cross-
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section, would cause confusion and that one method should be 

adopted. The relative advantages and disadvantages of the two 

approaches will be discussed later in this paper and it is 

sufficient to say here that the full cross-sectional area 

approach was adopted for both plywoods in CP 112 (1967). 

The data for Finnish birch plywood was already based on 

the full cross-section, but the parallel plies only stresses 

for Douglas fir needed to be transformed into equivalent 

stresses for the full cross-section. 

The design stresses used in Canada are those given in 

Table 1, and they are applicable to normal loading and a 

moisture content of 15 per cent. An initial transformation 

was made to a base of long-term (permanent) loading and a 

moisture content of 18 per cent, and the starting point for 

the transformation fxom parallel plies only to the full cross­

section was therefore the stresses given in Table 10. The 

method of transformation was as follows (Hearmon, 1965) and 

later in this report some inconsistencies in this method will 

be discussed. 

Bending s tre~s 

For laterally loaded plywood the transformation of 

bending stresses was made by equating the moments of 

resistance M. For the parallel plies only 

M = 

and M = 

20//Il 

t 

2cr//I2 
t - 2af 

for face grain parallel to the span 

for face grain perpendicular to the span 



where 11 

11 

= second moment of area of plies parallel to the 
span 

t 

= second moment of area of plies perpendicular to 
the span 

= total thickness of section 

= thickness of face ply 

= grade stress given in Table 10 

On a full cross-uection basis 

M 

where I second moment of area of total section= r1 + I 2 

a • grade stress on "full cross-section" basis 

= 

Hence -(J = 
<J//Il for face grain parallel to span 

I 

- = 
a1;_r2t 

and (J 
I(t-2af) for face grain perpendicular to the span 

Direct stress 

For plywood subjected to tensile or compressive stresses, 

the equations of transformation used were 

-a for stress parallel to face grain = 
a /_/Al 

A 

-(J = 
<J//A2 for stress perpendicular to face grain 

A 

where A1 = area of plies parallel to face grain 

A2 = area of plies perpendicular to face grain 

A = total area of plies = A1 + A2 
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Rending stiffness 

The relationship between the moduli of elasticity in bending 

was found from the equation 

! I = 

where E = 

Ei = 

Ii = 

i = n 

L Eiii 
i = 1 

modulus of 

modulus of 

elasticity 

elasticity 

second moment of area 

in bending 

of ith ply 

of ith ply 

It was assumed that the modulus of elasticity perpendicular to 

the grain (E2) was 1/20 x modulus of elasticity parallel to the 

grain (E1 ) then, 

and EI = E1 (r2+ 11/20) perpendicular to the face grain 

Direct stiffness 

Similarly for plywood in tension or compression 

and EA = E1 (A2+ A1/20) perpendicular to the face grain 

where E = modulus of elasticity in tension or compression 

The remaining types of stress were already computed on 

the :flu.11 cross-section and consequently no transformation was 

required. 

By the method given above, the parallel plies only design 

stresses for Douglas fir given in Table 10, in conjunction with 

the geometrical properties given in Table 11, were transformed 



into the full cross-sectional area stresses of Table 44 of 

CP 112 (1967). Table 44 gave design stresses for a number of 

grades of plywood but for the purpose of this paper Table 12 

has been prepared which gives the design stresses for only 

unsanded sheathing grade: the corresponding geometrical 

properties of the full cross-section are given in Table 13. 

A somewhat similar table of design stresses for Douglas 

fir using the full cross-section approach has been published 

in the Netherlands (Vermeyden, 1969) and is given in Table 14. 

5.} Proposed method of transformation 

It was mentioned above that some inconsistencies arise 

from the method of transformation adopted in the UK. 

will now be discussed. 

These 

In the United Kingdom the best literature on the design 

of plywood structural components is published by the Council 

of Forest Industries of British Columbia, which has issued 

many Canadian publications using parallel plies only design 

methods. If we modify the Canadian design stresses {Table 1), 

which are for normal loading at 15 per cent moisture content, 

to give long-term loading stresses at 18 per cent moisture 

content we obtain the corresponding UK design stresses 

(Table 10): the UK stresses were then used in the 

transformation described above to give equivalent full cross-

section stresses (Table 13). Since Tables 10 and 13 are 

meant to be equivalent it is desirable that structural 

components designed by the two approaches should be the same: 

this is not the case. 

In the Canadian design practice the contribution of the 

perpendicular plies is ignored under direct forces and for the 



majority of lay-ups when bending deflections are being 

calculated. If we equate the strength of the plywood and its 

deformations under load the equations of transformation now 

become: 

Bending stress 

Face grain parallel to the span 

= M = 
2a I 

t 

Face grain perpendicular to the span 

= M 2cr I 
= 

t 

Direct stress 

Faee grain parallel to the span 

<ll'//Al = p = crA 

Face grain perpendicular to the span 

cr//A2 = p - crA 

a = 

(J = 

-(J = 

C1 = 

a//I2t 

](t-2af} 

o//Al 
A 

a//A2 
A 

It can be seen that for bending and direct force the 

above equations of transformation are as before. 

remaining properties different equations arise 

Bending stiffness 

For the 

where the summation is taken over parallel plies only. 

For face grain parallel to the span 

E = 1 
I 
~ 
II 

= 

1.4 



For face grain perpendicular to the span 

E = 

Direct stiffness 

.IE.Ai = E A 
I I 

1 

where the summation is taken over parallel plies only. 

For face grain parallel to the span 

1 
LE.A. 

ElAl 
E = = 

A // l. l. 
A 

For face grain perpendicular to the span 

E 
ElA2 

= 
A 
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For the stiffnesses, the differences between the transformed 

values are large for thin plywood and decrease as the thickness 

of the plywood increases. For a typical structural thickness 

(say 1/2 in) the differences are less than 4 per cent. 

The stresses in compression perpendicular to the grain and 

panel shear are both computed over the full cross-section in the 

parallel plies only approach and no transformation is required. 

Similarly the rolling shear stresses are based on the full 

cross-section, but in this case a transformation is required 

if these stresses are caused by bending and this may be found 

by equating the shear resistance of the section. 

Rolling shear 

= V 

L Q. 
I I 1 

= 
't' I 

Q 

b 



where ,:II = permissible rolling shear stress for parallel 

plies only 
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~Q. 
II 1 

= first moment of area above critical shear plane 

taken over parallel plies only 

-
"t = permissible rolling shear stress for full 

cross-sectional area 

Q = first moment of full area above critical shear 

plane 

For face grain parallel to span 

-,: = = 

For face grain perpendicular to span 

-"t = -r: II = 

-The values of,: for Canadian Douglas fir plywood have been 

incorporated in Table 16. It can be seen that the values of 

k1 vary from 1.05 to 1.25, and of k 2 from 0.65 to 0.97 (ignoring 

the infinite values). Hence when the face grain is parallel 

to the span, the use of the same rolling shear stress for all 

lay-ups will underestimate the shear resistance by up to 25 

per cent, but when the face grain is perpendicular to the span 

the strength will be overestimated by up to 35 per cent • 

. If these changes are made in the method of transforming 

the stresses, plywoods will have the same shear strength 

according to both approaches. When plywood is combined with 

solid timber (for example, stressed skin panels and box beams) 

some inconsistencies may still arise: these will be noted in 
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the illustrative examples of the design of several components 

according to different methods which are given in the Appendix 

to this report. 

6 Transformation of parallel plies only design stresses to 

design strengths 

In section 4.2 of this report a tabular form by Larsen 

(1971) for the design strength of Finply was mentioned and was 

illustrated in Table 9. In that case the design strengths 

were derived from full cross-sectional area stresses, but the 

same tabul].ar form may be used for plywoods whose design stresses 

are based on parallel plies only. A design strength table 

for Douglas fir plywood is given in the Code for 

Specification of Strength and Stiffness Values for Wood Based 

Boards which has been drawn up by the Structural Timber Group 

of the Nordic Building Regulations Committee (see Table 15) and 

it is assumed that this table is derived from Canadian parallel 

ply stresses. Table 15 gives a constant value for the rolling 

shear strength and will produce the same inconsistencies that 

were mentioned in section 5.2. 

This discrepancy can be overcome by extending the table 

to give the shear strength when governed by rolling shear 

caused by bending. For rolling shear in gusset plates a 

constant stress is applicable. 

Table 16 illustrates this format for Canadian Douglas fir 

plywood and the appropriate values for 1/2 in unsanded sheathing 

grade have been calculated, together with the modified rolling 

shear stresses for all thicknesses. 
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Discussion 

For the purpose of the discussion it is better to change 

the order of presentation of the previous part of this report, 

which was determined by historical reasons, and to reverse the 

order and consider design strengths, and finally design. stresses. 

7.1 Design strengths 

We may divide the structural uses of plywood into two 

main categories: first, plywood acting alone (for example, as 

flooring laid over joists) and secondly, plywood acting 

structurally in conjunction with .solid timber (for example, 

stressed skin panels, box beams). 

In the first case the design does not require the 

services of an engineer and can be achieved by making available 

load-span tables or graphs in either the Code of Practice or, 

probably better, in plywood manufacturers' design data (Graph 1). 

If it is not the policy to include load-span data in the Code, 

then to complete a design the plywood only requires 

specification in terms of its design strength (moments of 

resistance, stiffnesses, etc) in any of the ways shown in 

Tables 9, 15 and 16. 

The specification by design strengths eliminates the need 

to specify stresses but the lay-up must be specified and the 

design strength will only be appropriate for that lay-up. 

Designs may be done quicker than with design stresses, although 

whatever method is used it is not a long process and the saving 

in time is small: psychologically it encourages the use of a 

material if load-span tables are available. A final 

advantage is that it eliminates the need to make a choice 
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of the parallel plies only or the full cross-section approach. 

In the second case (timber plus plywood components), 

standard designs are inappropriate for a Code and the design 

engineer requires basic information. The preparation of 

designs using design strengths only is not always possible 

(eg the calculation of maximum plywood shear stresses in a 

stressed skin panel) and it is probably more convenient to work 

with design stresses. 

Design stresses 

If the argument that the design of engineered components 

is better undertaken with stresses is accepted, then the Code 

is faced with making a decision on whether to specify stresses 

on the full cross-section or on parallel plies only (or some 

alternative based on veneer strengths). 

7.2.1 Full cross-section 

If a plywood of a particular combination of species and 

geometry has been adequately tested then the most convenient 

method of specifying the stresses is on the full cross-section. 

The actual calculation of either ultimate or design stresses, 

however, implies the adoption of some theory for behaviour 

under load such as Curry (1953, 1954, 1957a~ 1957b), Noren 

(1964) and Rautakorpi (1971) have proposed. The design 

stresses are appropriate for only the lay-ups tested and a 

change of lay-ups by the manufacturer entails a new programme 

of testing. 

Although the stresses are appropriate for calculations 

baaed on the full cross-section, the designer needs to know 
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the lay-up of the material and must be able to calculate shear 

stresses within a layered material. 

7.2.2 Parallel plies only 

Adequate testing on the scale implied in Section 7.2.1 is 

not always available. This may be the case for a number of 

reasons: a change of veneer thicknesses (recent Canadian 

experience), a change of species (birch to birch faced plywood 

in Finland), the development of a new industry (in Sweden, 

Malaysia, etc). In these cases it is desirable to have within 

a Code some method by which design stresses can be predicted 

from a knowledge of the lay-up of the plywood. Such a method 

is always likely to be less efficient than full-scale testing 

and must incorporate factors of safety which err on the safe 

side: under these circumstances it is doubtful, bearing in 

mind the variability of the material, if a complex theory 

(eg Rautakorpi, 1971) is worthwhile in comparison with a 

simple, but not so accurate theory such as parallel plies 

only. 

It is however not the purpose of this report to discuss 

the various methods proposed for the prediction of strength 

(Markwardt and Freas, 1946: Curry, 1953, 1954, 1957a, 1957b: 

Niskanen, 1963: Noren, 1964: Rautakorpi, 1971) but if the 

argument developed above is accepted, then this decision must 

at some stage be made. Discussion of the parallel plies 

only approach is appropriate in this report from the point of 

view of a method of presentation and use, but not PEediction 

of behaviour. 

In the case of plywood acting alone, a design based on 

parallel plies only stresses is probably too difficult for the 
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non engineer. The need for these design calculations can be 

eliminated by the preparation of load-span tables that can easily 

be used by the non specialist (Graph 1). 

When plywood acts in conjunction with solid timber 

(stressed skin panels, box beams, etc) the design calculations 

should be undertaken by an engineer and there will be no great 

difficulty, after an initial explanation, for him to 

understand the behaviour of a layered material with stresses 

specified on the parallel plies only. It was pointed out 

above that with full cross-section stresses a knowledge of 

layered material behaviour is required to calculate shear 

stresses in a plywood skin. In the case of parallel plies 

only this approach is extended to all parts of the component. 

It could be argued that an advantage of using parallel plies 

only is that the engineer is forced to think in terms of a 

layered material throughout the calculation, and he 

automatically calculates the critical shear plane in a stressed 

skin panel, whereas the use of the full cross-section approach 

hides the nature of the material and can lead to the newcomer's 

failure to calculate the critical stresses. 

The comments in the last paragraph apply to the use of 

the stresses. From tLe point of view of presentation, pur~ 

parallel plies only stresses would be superior to full cross­

section stresses because they would not depend on the number 

of veneers, but it can be seen (Table 1) that the parallel 

plies only stresses do depend to a small extent on the number 

of veneers. A major advantage put forward by the proponents 

of parallel plies only is that the design stresses are 

independent of the lay-up and that, for example, the lay-ups 

in Table 2 may be changed by the manufacturer without causing 

a change in the design stresses in Table 1. The manufacturer 
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Plywood in engineered structural components 

Design is usually undertaken by a structural engineer who 

should have the knowledge to calculate stress distributions 

within composite components of timber and plywood, and within 

layered materials. 

Designs cannot be completely undertaken using design 

strengths and stiffnesses, and design stresses must be 

specified. 

When design stresses are specified for the full cross­

section, the geometrical properties of the section cannot be 

tabulated only on the full cross-section, but must also be 

tabulated in terms of the lay-up for the calculation of shear 

stresses within the plywood. Hence the layered nature of the 

material has to be acknowledged at some stage in the design 

calculations. 

If design stresses are specified on the parallel plies 

only, the layered nature of the material is acknowledged from 

the beginning and is taken into account at all stages of the 

calculation. 

If new plywood species and combinations of species, and 

combinations of wood and other materials in panel form are to 

be developed, it is essential that more accurate methods of 

predicting the strength of layeredpanels should be developed. 

These methods will need to acknowledge the layered nature of 

the material and it is logical to carry this concept through to 

the design stage in terms of design stresses for engineered 

components. For sheathing applications only, design strengths 

and stiffnesses need to be predicted for the preparation of 

load-span tables. 
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Table 1 (Council of Forest Industries, 1972) 

Allowable Working Stresses 
(Amended to provide for use of Western Softwood species other than Douglas fir as inner plies of all grades) 

NOTE 
These working stresses apply to Canadian fir plywood manufactured in accordance with the current edition of CSA 0121-"Douglas fir plywood". They assume normal 
loading and a dry service condition. "Dry service condition·· means a condition in which the average equilibrium moisture content over a year is 15% or less. 

Type of StreN 

Extreme fibre in bending 
Face grain parallel to span 
Face grain perpendicular to span 3 plies 
Face grain perpendicular to span 5 or more plies 

Tension 
Parallel to face grain, 3 plies 
Parallel to face grain, 5 or more plies 
Perpendicular to face grain 
±45° to face grain 

Compression 
Parallel to face grain, 3 plies 
Parallel to face grain, 5 or more plies 
Perpendicular to face grain 
± 45° to face grain 

Bearing (on face) 

Shear, rolling in plane of plies 
Parallel or perpendicular to face grain 
± 45° to face grain 

Shear through thickness 
Parallel or perpendicular to face grain 
± 45° to face grain 

Modulus of elasticity in bending 
Face grain parallel to span 
Face grain perpendicular to span 

Shearing modulus 
Face grain parallel or perpendicular to span 
Face grain ± 45° to span 

Good 2 Sides 

2,065 
2,500 
1,665 

2.430 
2,000 
1,665 

321 

1,760 
1,450 
1,055 

432 

440 

56 
75 

243 
493 

1,800,000 
1,125,000 

117,000 
375,000 

Allowable working atreuea PSI 

Solid 2 Sides 
Solid 1 Side 

Good 1 Side Sheathing 
Select Sheathing 

1,890 1.770 
2,500 2,500 
1,665 1,665 

2,220 2,080 
1,875 1,875 
1,665 1,665 

303 295 

1,610 1,510 
1,360 1,360 
1,055 1,055 

416 400 

440 440 

56 56 
75 75 

223 210 
451 425 

1,800,000 1,800,000 
1,125,000 1,125,000 

117,000 117,000 
375,000 375,000 



Table 2 (Council of Forest Industries, 1972) 

Section Properties for Canadian Fir Plywood 
PlywoO<I No. Representative veneer thickneu Plias parallel to t•ca grain Plin perpendicular to face grain 1t\Jd:neu of plies in inches (see note 2) 

Nominal 
Imperial 

,n 

1s 3 

-t.U 3 

jS 3 
jU 3 

½S 5 
lU 5 

IS 5 
au 5 

ttS 5 
ttS 7 

¾S 7 
¾U 5 
¾U 7 

,s 7 
;;u 7 

1S 7 
1S 9 
1U 7 
1U 9 

11s 7 
11s 9 
llU 7 ,,u 9 

1¼S 9 
11s 11 
H U 9 

S indicates sanded panel. 
NOTES 

Cores Centres 
Feces Perp. to Para. to 

Face Face 

0 .074 0 . 102 

0 .097 0 .097 

0 083 0 210 
0.097 0 .168 

0 . 061 0 .126 0 .126 
0 .099 0.099 0.099 

0.061 0.168 0 .168 
0 .138 0 .099 0 .138 

0 .068 0 .178 0 .178 
0 .074 0 .118 0 .093 

0 .069 0 .138 0 .099 
0 .098 0.168 0 218 
0 .096 0 .093 0 .135 

0 057 0 .158 0 145 
0 .100 0 .158 0 100 

0 .068 0 . 198 0 135 
0 .076 0.095 0 156 
0 095 0.155 0 . 155 
0 . 117 0 .117 0 .095 

0 .068 0 . 198 0 198 
0 .087 0 . 121 0 .156 
0 .095 0 . 198 0 . 155 
0 .095 0 . 155 0 095 

0 .058 0 . 162 0 162 
0.088 0 . 130 0 . 106 
0.120 0 .1 20 0 . 178 

U indicates unsanded panel. 

per 12 Inch width 

Net Section Mom.nt First 
Thicknas.s 

Area 
Modulus of lnerti1 Moment of 

,n ' Arn in1 
In in1 in' (seo note 3) 

0 148 1 . 78 0 . 117 0 .0146 0 .0781 

0 . 194 2.33 0 . 163 0 .0237 0 . 113 

0 . 165 1. 99 0 . 233 0 0439 0 . 146 
0 .194 2 .33 0 . 236 0 0427 0 .154 

0 .248 2 .98 0 . 292 0 0730 0 . 161 
0 . 297 3 .56 0 .388 0.0961 0 ,235 

0 .290 3.48 0 .390 0 . 122 0 207 
0 .414 4 .97 0 . 634 0 . 194 0 ,392 

0 .314 3 .77 0 .460 0.154 0 .246 
0 .334 4 .01 0 .566 0 .195 0 390 

0 .336 4 .03 0 .608 0 .228 0 .423 
0 .414 4 . 97 0 .699 0 . 262 0 .383 
0.462 5 .54 0 .778 0 . 288 0 .556 

0 404 4.85 0 .722 0 .317 0 .544 
0 .400 4 .80 0 . 923 0 .403 0 .619 

0 .406 4 .87 0 .900 0 450 0 .650 
0 .620 7 44 1 .28 0 .638 0 .891 
0 .500 6 .00 1. 10 0 .530 0 .784 
0 .519 6 . 23 1.30 0 .640 0 . 852 

0 . 532 6 . 38 1. 17 0 . 659 0 .902 
0 642 7 . 70 1. 53 0 .864 1 .06 . 
0 .500 6 .00 1. 27 0 .694 0 .898 
0 475 5 .70 1. 31 0 . 717 0 .855 

0 . 602 7 . 22 1.46 0 916 1 04 
0 .600 7 .20 1. 72 1 .07 1 .21 
0 . 774 9 . 29 2 .11 1 ,33 1 .45 

1) Plywood panel lay-up varies sligh1ly among manufacturers. Jn each case 1he 1able shows the most conservetive figure for plies parallel lo face grain. 

Net 
Thickness Are• 

In' 
in 

0 102 1 .22 

0 .097 1 .16 

0 .210 2 .52 
0 .168 2 .02 

0 .252 3 .02 
0 .198 2 .38 

0 .336 4 .03 
0 .198 2 .38 

0 .356 4 .27 
0 .354 4 . 25 

0 .414 4 97 
0 .336 4 .03 
0 . 279 3 .35 

0 .474 5 .69 
0 . 474 5 .69 

0 .594 7 . 13 
0 .380 4 . 56 
0 .465 5 .58 
0 .468 5 .62 

0 .594 7 . 13 
0 . 484 5 . 81 
0 .594 7 .13 
0 .620 7.44 

0 648 7 .78 
0 650 7 .80 
0 .480 5 .76 

2) Table shows representa1ivo ver.1eer thicknesses. In practice, ac1ual veneer thicknesses may vary s&ightly lrom those ahown. Veneers must b• measur.d if precise values are desired. 

per 12 inch width 

Section 
Modulus 

in1 

0 .0208 

0 .0188 

0 0882 
0 .0564 

0 .275 
0 .170 

0 .489 
0 . 210 

0 . 528 
0 .485 

0 .634 
0 .576 
0 .432 

0 .942 
0 .784 

1.27 
0 .855 
0 . 951 
0 .855 

1 .55 
1 . 18 
1 . 36 
1 . 32 

1 .83 
1 .64 
1. 28 

3) first moment (statical moment) of are• about the neutral axis of 111 material lying outside (above or b1lOW') ttu, crilicaJ rolling Mear plane excludin~ the plies perpendicular to the apan. 

Moment 
of Inertia 

in' 

0 .00106 

0 .000913 

0 .00926 
0 .00474 

0 .0520 
0 0252 

0 123 
0 .0353 

0 .141 
0 . 131 

0 . 194 
0 .160 
0 . 118 

0 .360 
0 . 264 

0 .550 
0 362 
0 .369 
0 .322 

0 .768 
0 .564 
0 .615 
0 .596 

1.04 
0 .880 
0 .646 

Approxi-
mate 

weight 
Firat Pounds s»r 

Moment of M sqft 
Area in1 

( ... note 3) 

0 790 

0 950 

0 1125 
0 1125 

0 . 190 1525 
0 . 118 1525 

0 .339 1825 
0.141 1825 

0 .380 2050 
0 299 2050 

0 .392 2225 
0 389 2225 
0 . 254 2225 

0 574 2600 
0 489 2600 

0 .791 3000 
0 .572 3000 
0 .577 3000 
0 .595 3000 

0 .941 3375 
0 804 3375 
0 ,839 3375 
0 ,930 3375 

1 .26 3750 
1.10 3750 
0 .858 3750 



Table 3 (British Standards Institution, 1967) 

CP 112 1967 

DRY GRADE STRESSES AND MODULI FOR FINNISH 
EUROPEAN DIRCH PLYWOOD (FlNPLY-EXTERlOR) 

Typo and direction or 11tres1 and modulua 

E.xlrmir fibre It, be111ll111 
F11ce 11r11i11 parallel to s11a11, 5 ply 
Faco grain p:m1llel to span, 7 or more ply 
Fucc i;raiu rcr11c111licul11r to spun, 5 and 'I ply 
Face 1:r11i11 pcrpcmliculur 10 span, 9 or more ply 
Fnco 1rain 45° to sp110 

T,msiu11 
Parullcl to face gn1in, 5 and 7 ply 
Parallel to face grain, 9 or more ply 
Perpendicular to face 1rain 
45° to face groin 

Co111prusio11 
Parallel to face grain, 5 and 7 ply 
Parallel to face grain, 9 or moro ply 
Perpendicular to face 11rnin 
45" to faco 11rain 

BearJn, 
On faco 

Shear, rolling 111 plu11e of piles 
Parallel and perpendicular to faco 11rain 
45" to focc grain 

Panel sl,ear 
Parallel 11nd perpendicular lo faco 11r1in 
45° to face grain 

Modulus of t'lustldty 111 be11di111 
Face grain parallel to span, 5 ply 
Faco gr11in parallel to span, 'I or mor.: ply 
Face gr11i11 pcrpemlicular to spao, 5 and 'I ply 
Faco grain perpendicular to span, 9 or more ply 
Face grain 45" to span 

Modulus of elnstldly In ten.s/011 and ~omprtsslon 
Parallel to face grain 
Perpendicular to face 11rain, 5 and 'I ply 
Perpendicular to face &rain, 9 or more ply 
45° to face grain 

Modulus of rigidity 
Parallel and perpendicular to face araln 
45• to face arain 

Value or 
i;tr~s or 
n11,dulW1 

lbf/in• 

2 300 
2 000 
1220 
1570 
1240 

2100 
1' 890 
1390 

670 

1180 
1040 

'ISO 
'110 

500 

125 
125 

450 
l 050 

1470000 
1210 000 

600 000 
812 000 
296 000 

1260000 
l 030 000 
1100 000 

316 000 

116000 
330000 



Table 4 (British Standards Institution, 1967) 

CP 112 1967 

DIMENSIONS AND PROPERTIES Of FINNISH 
EUROPEAN BIRCH PLYWOOD (FINPLY-EXTERIOR} 

Sccllon propulics for 11 

Nwnbcr 
ll•lm:h wl1llh (Nolo J) 

Surf11ce ·---· Wd11ht 
condition 1'11kkn- or 

Second 
~r 

piles Seel Ion 1000 r,• 
ArH modulo¥ annmcnl 

of nrcu 

mm in in• io• in• lb 

6·5 0·256 5 3 ·07 0·131 0·0168 930 
9·3 0·366 7 4·39 0·268 0·0490 1330 

12·0 0·472 9 5·66 0·446 0·105 1720 
Sanded 14·8 0·583 11 7·00 0·680 0·198 2120 

17·6 0·693 13 J-32 O·!J&O 0·333 2 520 
20·4 0·803 15 9-64 1·29 0·518 2 920 
23-2 0·913 17 10·96 1·67 0·761 3 330 

. 
7·0 0 ·276 5 3-31 0•152 0·0210 l 020 
9·8 0·386 7 4-63 0·298 0·0575 1410 

12·6 0·496 9 5·95 0·492 0·122 1810 
Unsandcd 15·4 0·606 11 7-27 0·734 0·223 2 210 

18·2 0·717 1.1 8·60 1-03 0·369 2 620 
21·0 0·827 15 9 ·92 1·37 0·5Ci6 3020 
23-8 0·937 17 11·24 1·76 0·823 3430 

NOTB 1. In 11II applications for unsandcd plywood where tho direction of the faco veneer 
is across the span, lhc values for eeclion modulus and moments of inertia shown for aandcd 
plywood should be used. 



tin mm 

Fin cm2 
Win cm3 
I In cm• 

Table 5 (Vermeyden, 1967) 

F, Wand I for Finnish birch plywood, for a strip 1 cm wide 

F, W en I van Fins berketriplex, voor een strook van 1 cm breed 

6 9 12 15 18 21 24 

0,6 0,9 1,2 1,5 1,8 I 2,1 I 2,4 
0,060 0,135 0,240 0,375 0,540 I 0,735 0,960 
0,0180 0,0608 0,144 0,281 0,486 0,772 I 1,152 

I I 

Table 6 (Vermeyden, 1967) 

Permissible stresses and m~duli of elasticity for Finnish birch 
plywood (BB, WG) in kgf/cm, moisture content< 21% 

Toelaatbare spanningen en elastische grootheden van Fins berken constructietriplex (kwaliteit BB 
of WG), in kgf/cm2, geldend vr,or een vochtgehalte < 21 %. 

hoek tussen belastings- of overspanningsrichting 
en vezelrichting deklaag 

o· C//) I 90• (lJ I 45° 

t - I t?; 
!6e~;mml 

t?; 
6en9 mm 12mm 12mm . 

buiging ..L plaatvlak 
I I I I I I -

bending ..L C7 b1 150 150 90 110 85 

panel ~ 0 

buiging //plaatvlak I I - - - * ; I I I I 
bending// r~:~::-<@ ·.i. C7 b2 0-1 resp. a dl aanhouden in trek- resp. drukzone 

panel ,0, C, 

trek 

l~ ~P-/j·/,/;,;J == 
-

tension a- I 150 135 75 75 

dnik // plaatvlak -
compression - ~,{{@,i;; C7 dl 80 70 55 55 

// panel 
druk ..L plaatvlak 

I I I I I I I - 30 30 30 30 -
compression 0})));;%%;;;)})))))));, 

a- d2 

.L pane l 

rolafschuiving 

-~ 

-
rolling shear .,., 6 6 6 6 

paneelafschuiving 

~ -
panel shear 'rp 30 30 30 30 

elasticiteitsmodulus elastic moduli 

bij buiging ..L plaatvlak bending .L panel Eb1 85000 85000 42000 55000 

bij bulging// plaatvlak bending // panel Eb2 85000 85000 50000 55000 

bij trek en druk tension and Et, Ed 85000 85000 50000 55000 
r.nmnrPi:::i:::i nn 

glijdingsmodulus rigidity modulus G 8000 8000 8000 I 8000 

* amended by Vermeyden (1969) to read "cr to be use9- in tension and t 
compression zone" 

4-0 

50 

30 

6 

75 

20000 

20000 

20000 

24000 



Table 7 (Deutsche Normen, 1969) 

DIN 1052 

9.2. Fumlerplotten 
9.2.1. Fur lragende Bouleil• diirfen ohne weitere Eignungs· 
nachweise FurnierplaHen nach DIN 68 705 8loH 3, verwendot 
werden. 

9.2.2. Fur Fvrnierplallen nach Ab.i.dtniH 9.2.1 sind die Span­
nungen nach Tobe ll e 8 zulo.ssig. Im Lastfall UZ {sfehe Ab­
u;hnitt ~.1 .2) lronnen die zuliinigen Spa.nnungen um 15 ~. er­
hoht werden. 

9.2.3. Die zulcissigen Spannungen fur Zug und Druck in 
Plallenebene uni er 30° :ii; ., ::, 600 betragen 20 kp/cm2. Da­
bei isl " der Winkel zwischen der Kraft• und der Faserrich­
tung der Deddurniere. Fur 0° S :> ::, 30° dorf zwl5chen 
80 kp/cm2 .: zul a z.D a::; 20 kp/cml und fur (,!JO S ,. :$ 90° 
zwischen 20 kp/cml S zul a z.D S -40 kp/cm2 geradlinig inter• 
poliert werden. 

Tobelle B. Zuliissige Sponnungen im Lostfall H fur 
Furnierplatten nach DIN 68 705 Blott 3, 
bezogen auf den Voll(!uerschnitt 

Zulossige Spannungen 

parallel der ' rechtwinklig 
Zeile M der Beanspruchung Feser- i zur Faser-

richtung der , richtung der 
Oeckfurniere Deckfurniere 

kp/cml ' kp/cml 

Biegung redltwinklig zur I 
1 PloHenebene zul 09 130 I 50 

2 
Biegung in PloHenebene 

zulos 90 60 

3 
Zug in PkHenebene eo -40 . suloz 

Drud< ill Plattenebene .., .. zuloo 80 

Drude rechtwinklig zur 
30 5 Plottenebene auloo 

6 
Abscheren in Platten-

9 ebene zuh 

7 
1 

Abscheren rechtwinklig 
zur PlaHenebene zul T 

18 

9.2 

9.2 .1 

9.2.2 

Plvwn0d boards 

l'lywood boards to DIN 68705, Sheet 3 may be used £or stressed 
cons·truction membe~s without any further proof of suitabil_ity. 

The stresses in Table 8 are <1lh•w31.>lt• f,,r plvw,,,d beards unde~-
Secti.:-n 9.2.l. Under loading c.:,nditi,,n HZ (See Se,ti.,, 4-.1.l.l the. 
permissible stress~s may be increased by 15J. 

9.2.3 The permissi ble tensile and compressive stresses in the ph.ne of the· 
board under 30" ~o-;S.60" are 20kp/cml, where oc is the a.ogle between the 
force and - the dire c tion of grain o.f the top ply. for 0• :ill(~!O'> 
one may interpolate linearly between S!)kp/cm:I. ~ u,lcrz.,o ~Zlfc;,/crn'- and for 
IJJ~~c(~,oc one may interpolate linearly between 20..,,/t1nlSwlcrz,1>~kpjc:,,Z 

Table 8 l'erm~s5 iblc· stresses under loading condition H for Olf"(W">d . 

boards to DIN 6K705, Shee t 3 1 relative to the whole crn,,; "ect ion 

Permissible stresst:s 
parallel Normal 

1,.,in1,; Type u! stn:ss to the "j to the 
grain oi grain of 
of the , top ply 
tofp1!'$ I ~p/cm2 

Jcnding normal to 
1 th" plane of zul 011 130 50 

the board . 

3ending in the 
2 plane of the zalou 90 63 

bJard 

Tension in the 
3 phne of the sul 07. 80 AO 

b.:.anl 

Compression in 
-.t t!-!e plane cf aulou 80 .fO 

tt,~ board 
Compression norr.1,~ ; 

5 to th<> plane acl 00 30 
.. 

cf t:,e board 

3hear in the 
6 ;,lane cf the sulr 9 ... - -· 

boart1 

Shear normal to 
7 the plane of zul r 11 

the board 



Table 8 (Noren, 1964) 

Sl"GGESTED WORKIXG STRESSES FOR SWEDISH PIXE PLYWOOD 
Ol' STAXD_.\.RD COXSTRl"CTIOX AXD STAXDARD STRt;C,TURAL 
Ql'_.\.LIT1" 

Srmhols 

A Ply...-ood panel •ith one good side, grade A/X, B{X or BB/X 
B Ply...-ood panel ..-itb two good aides, grade B or BB 
I ParaUel to the fibre direction of fare ,·eneen 
I I At right angle,i to th• fibr3 direction of f&N! ,·eneera 

Tuble A Tkicl.:11eu of plyu·ood a11d crosa 1J£clion data (aand£d panels) 

Thld:n•ss !\umber .Vea Second moment 
t or pllu quoltent•• quotient•• 

mm A(Au l1'In 

• 3 &t :39 9t;6 
6 3 U ;59 79 21 
7 5 56 tt 72 28 
8 5 6\,39 68 32 

10 s 49,51 57;t3 
12 7 61 39 6t,36 
tS 7 •9 51 52 ,tS 
18 9 t2 58 50 50 

•• The quotients should be uSid in determln.lng ddoimations (stt table F ,. 
Tablt B Working &tres11u and momenta in bending 

Thkknus Xumber Bending stress k lb. per sq. in. ~lom•nt ,\/ lb. por in. "'1dlb 

t ol A B A B 
mm pU•s ---~ ------- --- ---I II I II I II I II 

4 3 2130 430 2560 430 8.8 1.8 10.6 I .I 
G 3 1710 850 2130 850 15.9 7.9 19.8 7.9 
7 5 1710 1140 2130 1140 21.6 H.3 27 14.3 
8 5 1710 1\10 2130 !HO 28 18.8 35 18.8 

10 5 1420 1420 1710 1420 37 37 44 37 
12 7 1'i10 1140 2130 lHO 6,1 42 79 42 
15 7 14'.!0 1420 1711) H20 84 84 99 S4 
18 9 1420 1420 1710 1420 119 119 HJ 119 

Table C Working alrc.sse.s and /oru.11 in ien11ion 

Tblckn ... :-.umber Tensile stress a- lb. p,r aq. ln. :ronsUe fo= D lb. p,r In. 1'1dlb 

t ol .... B A n 
mm pUe1 ---- - -------- -I II I II J II I II 

4 3 1280 850 1560 850 ·230 155 285 155 
6 3 1000 1280 1140 1280 270 350 310 350 
7 5 1:.!80 lHO tt20 lHO 410 360 450 360 
8 5 1260 1000 1560 1000 465 360 570 360 

10 5 1()()(1 1280 1280 1280 450 580 580 580 
12 7 H2U 1000 1560 1000 780 540 760 540 
15 7 1140 1280 1280 1280 900 870 870 870 
18 9 1140 U20 1280 1420 930 1160 1050 1160 

Tablt D Working 8truau and /orcu in wmpruaion 

1blckneu Xumber Compressh·e 1l~u o1 lb. per sq. In. Compress!"• fortt T lb. p,r ID. 'll'ldlla 

l of A B A 8 
mm piles --- ....--.. - .---.. 

I II I II I II I II 

f s 1000 710 IUO 710 180 130 205 130 
6 :s ilO 1070 i80 1070 195 290 215 290 
7 5 920 850 1000 85l 290 270 315 270 
8 5 lO'iO 710 1140 'ilO 390 260 05 260 

10 5 780 9Z0 920 . 920 355 •20 420 420 
12 7 1070 'il0 IHO ilO MIO 390 620 390 
15 7 850 920 920 920 580 630 630 630 
JI 9 850 1070 850 1070 700 870 700 170 

Table E ff'orking slresau in &Mar 

Typ• ol 1hrar Anll• ol lore• dlroetlon lo fibro dittctloQ 

o• 45° 90• 

Panel 1hear 
-:., lb. ptr aq. ID. 

Sbtar In plan• ol pll .. 
350 150 S50 

"'•• lb. ptr •q. In. 115 140 70 
Al panel edge• 85 115 60 

•oosor to the •dge than 5 x t or ,_ Inches. 

Table F Ela11/icily moduli to beappliul totot,alcrOIII 11utio11 (basul on E1-1.1•1fJll 
lb. per aq. in. and E 1=0) 

Type ol slrou 

B•ndlng 

Tension, compression 

llodulu1 of elastkily, lb. por 1q. lo. 

Er E11 

1, 
1.1-10", 

1.1.1o1f 

- ~'11 l.1•hrT 

1.7-10".-\11 
_ ... 

Tb• crou-a,ctlonal lractlons are lowad ID table I. :Sote that 
l1 l11 . Ar A11. 

111111 -1001;100f and .-\1 A11~100A IOlr;f 

Table .G .lloduli o/ rigidity i11 pand .Atar (.Atar tArougA tAid:nu11) 

Angl• ol sh•ar slr••• lo libro dirocllon 0°, 90~ 45' 

llodulus ol rigidity, lb. por sq. In. 0.1 . ,0• 0.43,10' 00 

.. Pao•I compos•d of at least flv• pliu. 



Table 9 (Larsen, 1971) 

Finply Exterior Plywood WBP 

Pudset. Nominelle va:rdier. Belaslningsgruppe A. Fugtklasse I. Nonnale belastningstilfirlde. 

Sanded. Characteristic values. Long term. Dry 
Forskydning 

Trylt 
vinkelret Styrke i kp/cm2 

Bejning Tra:k i skiveplanen Trzk og tryk i skiveplanen Tryk i sltiveplaoen p! 
skiveplan gennem mellem Stivhed 

Tyk- Styrlce i kpcm/crn Stivbed i kpcm2 /cm Styrke i kp/crn Stivhed i lcp/crn Styrke i kp/cm Styrlte i tykkelscn lag i kp/cm2 

kelse kp/cm2 

mm IDo m., ~ (El)0 (EI)4s (El~ Ro "•s n90 (Ed)o (Ed)•s (Ed)90 n' 0 n'., n' 90 s' 90 lo 1., ~ Go o., 

6,S 18 9 8 2.430 SOO 960 141 48 95 59.000 14.000 48.000 87 so S9 
9,3 33 19 23 S.900 1.470 3.620 202 67 137 84.000 20.000 69.000 123 72 111 

12,0 SS 32 42 12.700 3.170 8.7110 23S 117 176 IO<J.000 26.000 9S.OOO 143 93 143 

14,R 114 49 64 23.1100 5.940 16.500 290 IOR 2111 134.000 32.000 117.000 176 113 176 
17,6 119 69 1)() 40.000 9.9'.IO 27.600 344 129 2S9 159.000 3!1.000 139.000 210 136 210 
20,4 160 92 121 62.200 IS.SOO 43.100 400 148 JOO IIIS.000 44.000 161.000 242 IS7 242 

23,2 207 119 IS7 91.SOO 22.900 63.SOO 4SS 169 342 210.000 S0.000 183.000 276 119 276 56 50 105 14 8.300 25.000 
26,0 260 ISO 197 129.000 32.200 89.400 SIO 1119 3112 2JS.OOO 56.000 205.000 310 200 310 
211,!I 319 1113 242 175.000 43.900 122.000 5(,5 210 424 261.000 62.000 228.000 343 221 343 
- - -------·-··-- - ~ --- ----- --
31,6 3114 221 291 2'.12.000 57.900 161.000 620 231 4<,S 2116.000 6K.OOO 250.000 376 244 377 
34,4 456 262 344 2911.000 74.500 207.000 673 250 506 311.000 74.000 272.000 410 264 410 
37,2 523 307 403 378.000 94.300 262.000 728 272 548 337.000 80.000 294.000 443 287 444 

40,0 615 356 467 469.000 117.000 325.000 7115 291 5118 362.000 86.000 316.000 476 3011 476 
42,11 705 406 533 575.000 144.000 3911.000 1138 312 630 3117.000 92.000 3)8.000 510 330 510 

Bending Stiffness Tension Tension and Compression Comp Shear 
tO Strength // panel compression // panel ..L strength Stiffness tO 
(I) // panel panel ] 
t) Strength 

Stiffness Strength Strength Panel Rolling .,4 

~ 



Table 10 (Booth and Reece, 1967) 

Table Grade stresses for Canadian Douglas fir plywood 

18 per cent moisture content 
Long term loading 
N.B. Parallel plies only approach 

Type of stress 

Extreme fibre in bending 
Face grain parallel to span 
Face grain perpendicular to span 3 plies 
Face grain perpendicular to span 5 or 

more piies 

Tension 
Parallel to face grain, 3 ply 
Parallel to face grain, 5 or more ply 
Perpendicular to face grain 
45° to face grain 

Comoression 
Parallel to face grain, 3 ply 
Parallel to face grain, 5 or more ply 
Perpendicular to face grain 
45° to face grain 

Bearing (on face) 

Rolling shear 
Parallel and perpendicular to face grain 
45° to face grain 

Pane/shear 
Parallel and perpendicular to face grain 
45° to -face grain 

Modulus of elasticity in bending 
Face grain parallel to span 
Face grain perp!'ndicularto span 

Modulus of rigidity 
Parallel and perpendicular to face grain 
45° to face grain 

Good 
2 sides 

1740 
2110 
1410 

2050 
1690 
1410 

270 

1430 
1180 

860 
350 

380 

50 
65 

210 
420 

1750000 
1100000 

112000 
358000 

Good Solid 2 sides, 
1 side Solid 1 side, 

orUnsanded 
sheathing 

lbf/ln1 

1600 
2110 
1410 

1880 
1580 
1410 

260 

1310 
1110 

860 
340 

380 

50 
85 

190 
390 

1750000 
1100000 

112000 
358000 

1500 
2110 
1410 

1760 
1580 
1410 

250 

1230 
1110 

860 
330 

380 

50 
65 

180 
360 

1750000 
1100000 

112000 
358000 

Lehrstuhl for lngenieurholzbau 
11.md Baukonstruktionen 

Universitat Karlsruhe 
o. Prof. Dr.-lng. J. Ehlbeck 



Table 11 (Plywood Manufacturers Association of British Columbia, 1961) 

'.\1O'.\IE::\TS OF l::\ERTI..\, SECTIO::\ MODULI, \T::\£ER THICK~ESSES A~D AREAS 
FOR SELECTED PLYWOOD CO~STRUCTIO:SS 

Veneer Thkkness Plies Parallel to F ace Graln Only Dlies Perpendicular to Face Grain 
r1., wood Xo. (Sominal) Inches 12 lnch widths Only - 12 inch widths Wefghl 

Thirlrncss o( Thick- Jllomcnt Thid- ,romrnl lbs. per 
(Xuminal) 

Plies Cores Cenlres ness Arca xction ol neso Arca xction of ~• - sq. ft. Inches Fac~st (Pcrp. (Para. (So,t) inchcs!l ,1odulu5 (Set) inchcs2 :\lodulu.s Inmia 
~Approx) 

to Face) to Face) Inches Inenia 
inchci;J inch~• inches inches3 inches• 

1/4 s• 3 1/10 1/10 0.148 l.i8 0.11; 0.0146 0.102 1.22 0.0208 0.00106 790 

5/16V 3 1/10 1/10 0.194 2.33 0.16!1 0.023i 0.09i 1.16 0.0188 0.000913 950 

3/8 S 3 1/10 1/5 0.165 1.98 0.232 0.0435 0.210 2.52 0.0882 0.00926 1125 

3/!! U 3 1/10 1/6 0.194 2.33 0.236 0.0427 0.168 2.02 0.0364 0.00474 1125 

1/2 S 5 1/10 2@ l/8 1/8 0.248 2.98 0.292 0.0i30 0.252 3.02 0.2i5 0.0320 1525 

1/2 li 5 1/10 2@ 1/10 1/10 0.29i 3.56 0.389 0.0961 0.198 2.38 O.liO 0.0252 1525 

5/8 S 5 1/IO 2@ 1/6 1/6 0.289 3.-ti 0.388 0.121 0.336 4.03 0.488 0.123 1825 

5/8 L" .'i 1/i 2 ({J 1/10 1/i 0.4H 4.97 0.634 0.194 0.198 2.38 0.2IO 0.0353 1825 

3/4 S 7 1/10 3@ 1/i 2@ 1/10 0.336 4.03 0.608 0.228 0.414 4.9i 0.634 0.194 2225 

3 /4 t; 5 1/10 2@ 1/6 i/32 0.413 4.96 0.693 0.260 0.336 4.03 0.5i8 0.!60 2225 

:J/4 {.; i 1/10 3@ 1/10 2@ 1/8 0.462 5.55 0.780 0.289 0.'.!i9 3.35 0.432 0.119 22'15 

i/8 S 7 1/10 3@ 1/6 2@ 1/i 0.403 4.82 O.il 1 0.311 0.4i3 5.68 0.940 0.339 2600 

i/8 li i 1/10 3@ 1/6 2@ 1/10 0.400 4.80 0.922 0.402 0.4i3 5.68 0.i82 0.263 2600 

1 S 7 1/10 3@ 3/16 2 (if 1/7 0.406 4.87 0.900 0.450 0.594 7.1!1 1.275 0.550 !1000 
I S 9 1/10 4@ 1/10 !I @ 1/6 0.620 i.H l.280 0.640 0.380 4.56 0.850 0.3ti0 !1000 

I t: i 1/10 3@ 1/6 2 (jj 1/6 0.300 6.00 1.098 0.530 0.465 5.58 0.95!1 0.369 llOOO 
I u 9 1/8 4 ({j 1/8 !I@ 1/10 0.519 6.23 1.297 0.640 0.468 5.62 0.853 0.321 llOOO 
1-1/8 S 7 1/10 3 (jj 3/16 2@ 3/16 0.531 6.3i l.163 0.654 0.594 7.13 1.558 0.770 ll375 

1-1/8 S 9 1/10 4@ 1;8 3@ 1/6 0.6H 7.69 l.490 0.838 0.484 5.81 l.209 0.586- ll375 

1-1/8 t: i 1/10 3 ~ 3/16 2@ 1/6 0.500 6.00 l.267 0.693 0.594 7.13 1.362 0.616 !1375 

1-1/8 L' 9 1/10 4 @' 1/6 3@ 1/10 0.475 5.70 1.309 0.717 0.620 7.44 1.318 0.596 !1!175 
1-1/4 S 9 1/10 4 ({J, 1/6 3@ 1/6 0.602 7.22 1.466 0.916 0.648 7.78 1.829 1.037 3750 

1-1/4 S 11 1/i 5 @, 1/7 4@ 1/10 0.600 7.20 1.718 I.OH 0.650 7.80 1.6!18 0.880 !1750 

1-1/4 U 9 1/8 4@ 1/8 ll@ 3/16 0.774 9.29 2.114 l.!126 0.480 5.76 1.274 0.646 !1750 

• S means Sanded, U means Unsanded. 
t For Sanded panels. thickness is before sanding. 

-



TADLE 12DRY GRADE SlRESSES AND 
(Slrc~scs :in<l moduli 

Grade ~trl's~t•,ii nnd moduli for (ho 
Type and dlncllnn uf str<""' and ~1-- -- ----moduh11 'l• ,,,. % % 

(3) (3) I ()) (l) 

liXTltEME l'IIIRE IN RENDING I I -
F• a Rrnin para llel _lo 1pan - 1 •40 l J50 1190 

Face arain pcr1,cmlicular lo 1pKn . 
- 240 460 480 

---------
TENSION I 
Parallel 10 fucc arain I - 1180 !110 9~0 

Perpendicular 10 race 1rain - 470 GGO 570 
4!'1' to face arain 250 I 250 250 250 

' COMPRESSION I I 
l'arullcl to fucc grain I - 820 660 660 

Pcrpcndicular lo race grain I - 290 400 350 
45' to fnco &rain 330 330 330 330 

Dl!ARING I 

On raco 380 380 380 380 

SIIEAR, ROLLING IN PLAN!!. 
OF !'LIES 
Parollcl and perpendicular to raco 
1:,rain 50 50 50 60 
45' 10 faco arain 70 . 70 70 10 

PANEL S!IEAR 

Parolld em.I 1>crrcndicular 10 race 
ara in 180 I 180 I 180 I 180 
45' to face train 360 360 360 360 

MOl)ULUS OF ELASTICITY IN 
BENDING 
Parnlld lo face irain 
(10' lhf/in') - 1690 1580 1400 
l'<rpondicul"r to face gr~in 
oo' 11,r;i11 •, - 9il 160 210 

MOl)lJLUS OF ELASTICITY IN 
TENSION ANI> COMl'ltl:SSION 
Parallel 10 face gr"i" (10' lbf/in') 

-· 1200 980 1080 
Perpendicular lo foce grain 
(10' l~f/in') - 400 f\40 470 

MOllULUS OF RIGIDITY 
Par:illol and rcrpcndicular lo race 
grain (10' lhf/in') · no 110 no 110 
45' 10 face grain (10' lbf/in') 360 360 360 360 

I -
I 

l 

• 

MODULI FOR CANADIAN DOUGLAS FIR PLYWOOD CP 112: 1967 
exprcs.~c<l in lbf/in') (SHEATHING GRADE) 

follm'l·lur,c uomln11I lhkkn1.~'-il',. h1 ""··h1."!'i ("'llh lhc tohd uumlM.•r or pliL"I In p&arl'ntht~I-.) 
- - · ~_lLJ -- -~--- · 
'' ~~ I I P,4 l!i 1¼ I¼ 
(S) (7) (7) (II) (7) (11) (II) • (II) 

T 

ll 1270 l 060 9.W !)00 880 l 000 790 820 

400 560 7.lO no 720 620 810 780 

1070 !190 870 720 820 a:io 120 &~"1 980 -
4~0 530 G.111 11;,1 1.JIO G'/0 '/'Ill f,IH) MO -
250 250 250 250 250 250 250 250 250 250 

I 
150 690 610 510 580 r,so 510 480 690 -
280 320 390 470 410 410 470 4!10 3JO -
330 330 330 330 330 330 330 330 3JO 3JO 

340 J&O 380 380 380 380 380 380 380 3a0 

60 60 ~ 50 50 50 50 50 60 60 
10 70 10 10 70 70 70 70 70 70 

180 180 180 180 I 180 180 I 180 180 I 180 I 180 

360 360 360 360 360 360 I 3GO 360 360 3W 
- -----

1!,00 1270 1120 1090 1070 1200 970 1000 1210 -
220 360 450 470 480 400 5!;0 5JO 400 -

1210 lUO 1010 ar,o 950 960 850 810 1110 -
390 450 620 620 !>60 550 620 650 460 -

110 UC 110 110 110 110 110 110 110 110 
360 360 360 3(;() 360 3C0 360 3.;0 360 360 



Table 13 (British Standards Instituion, 1967) 

CP 112 1967 DIMENSIONS AND PROPERTIES OF CANADIAN 
DOllCiLAS HR PLYWOOD 

Nomlnnl 1·,·111•,·r lhld,111•sws S•·•·llon 1•ru1u•rllcH 
Jn lndu·, (whh 11111111>,·rs or for u I:?. • 11d1 

Nomh111I Surfu,·c Tolnl 1•li~s In 11111·•·11lh<·sis) 111,Hh 
thick· COIi• numh••r - - ·- - ·-- - -- --- - - ---- - --
ftCS¥ dlllon of piles (Note I) Two l'arnllcl l'l'rjU'II· Thkk• St•,·111111 Sccoutl 

fuc••~ lo fucc dlrnlnr lll'S"' An·11 1110,luhL~ lllllllll'II( 
lo f11,·c (IICI) of llrl'II --- ----- --- -- ---··-- - - ------

in in in• in• in' 

¾o u 3 1/Lo 1/io(I) 0·291 :H9 0·lti!l 0·02•16 

¾ u 3 ½o }f. (1) 0·362 4·35 0·2Ci2 0·04H 
. 

½ u 5 ½o Ho(l) ½o(2) 0·495 !:>·9·1 0 ·•190 0· 1213 

... 
¾ u 5 '/-, I f.t (1) ½.,(2) 0·612 7·3!i 0 ·H9 0·229 

, 

¾ u 5 ½11 '½~.(l) ¼ (2) 0·H9 8·00 l ·12 l 0-4~0 
¾ u 7 ½o % (2) ½o( :I) 0 ·7-11 8·90 1·!01 0·408 

¼ u 7 1/i 0 }~u(2) % ,.,) 0 ·873 10·'111 l ·!.2.~ 0 ·Gli5 
, 

- , 

1 u 7 Yio ~<, (.\) ¼ (.I) 0·%5 11·58 l ·IIG3 0·890 
l u 9 ½ ½o(:~) . ~( . (4) 0·987 11 ·85 1·9'17 0·961 

. 
l¼ u 7 ½o % (2) ~~o(.S) 1 ·004 l.H3 2<\93 1·309 
1¼ u 9 ½o ~~o(3) % (4) 1·095 U·H 2·398 1·31.3 

, 

. . ' .. . 

I 
J ' l¼ u 9 ¼ :,.fo(J) ¼' (4) 1-254 15·05 3·145 1·972 

NOTll I U .. Unsundctl. 

Wd11ht 
P<'r 

1000 
rt• 

-- -
lb 

050 

1125 
. 

1525 

1 825 . -
2 225 
2 225 

2 600 

3 000 
3 000 

3 37!'> 
3 375 

3 750 



number of plies 

bending .J. panel 

bending // panel 

tension 

compression // panel 

compression .L panel 

rolling shear 

panel shear 

elastic modulus 
bending .l.. panel 

bending// panel 
tension and 
compression 

rigidity modulus 

Table 14 (Vermeyden 1 1969) 

Permis s i bl e st:esses an~ elastic moduli of CB.E_adian_ Oregon pin2 plywood; 
unsanded ; vali~ for moisture content < 21%; a and -r in kgf/cm ; E and G 
in 1000 kgf / cm 

Toelaatbare apannlngen en elasticiteitsmodulussen van Canadees Oregol\-plnetriple•; ongeschuurd; gel-

dend voor een vochtgeha:te < 21%.-; en-; In kgf/cml; E en <:i In 1 000 kgf/cml 

t In mm 8 10 13 16 19 19 22 25 25 28 28 32 
(Inch) ''" ¾ ½ ¾ ¾ ¾ 3/, I I 11/1 1 y, 1¼ 

eantal lagen 3 3 5 5 7 5 7 7 9 7 9 9 

- ~ I I I~ 
/fl) 80 80 80 80 70 70 70 60 70 60 60 70 

bulging .l plaatvlak •bi ., 
.l 10 20 30 25 40 50 50 50 40 60 50 410 

;b2 I~ 
,, II 50 so so 70 70 60 50 60 60 so 50 70 

bulging // plaatvlak 
.L 20 25 25 30 35 45 50 so so 50 60 40 

II 40 40 50 70 70 60 50 60 60 50 50 70 

trek ;,g ,~ .l 10 20 20 30 35 45 50 so 50 50 60 40 
45• 10 10 15 15 15 20 20 20 20 20 20 20 

II 50 45 45 50 50 45 40 40 40 35 35 50 

druk // plaatvlak ;di 3 1~ .l 20 25 25 20 20 25 30 30 30 30 35 25 
45• 20 20 25 25 25 25 25 25 25 25 25 25 

druk .L plaatvlak •c12 25 25 25 25 25 25 25 25 25 25 25 25 

rolafschuiving Tr 3,5 3,5 3,5 3,5 3,5 3,5 3,5 3,5 3,5 3,5 3.5 3,5 

paneelafschulvrng 
// . .l IS 15 15 15 15 15 15 15 15 15 15 15 

Tp 
45• 25 25 25 25 25 25 25 25 25 25 25 25 

elasUclteltsmodulus II 80 , 80 80 80 80 80 80 70 80 70 70 80 
b!J bulging .l plaatvlak Ebt .l 5 5 25 20 25 30 30 30 30 40 40 30 

b!J bulgir.g // plaatvlak II 80 65 70 80 80 10 60 65 80 60 60 80 
· bij trek en druk Eb2, ft , Ed l. 25 30 30 30 30 35 45 40 30 45 45 30 

// . .l 7,5 7,5 7,5 7,5 7,5 7,5 7,5 7,5 7,5 7,5 7,5 7,5 
_glijdlngsmodulus a •5° 25 25 25 25 25 25 25 25 25 25 25 25 

1) belastlngs- of overspannlngsrichting to.v. vezelrlchting deklaag. 

load or span direction with respect to direction of face grain 



-"'l'a:b:te -15 (Nordic Building Regulations Commi.-ttee-,- -1 m-r 

DouGlas Fir Plywood 

Ext2rior sheatin0 (unsanded) 

Dending 

Thickness !Jtrcngtli in :,tiffness 
kpcm/cm kpc~i2/cm 

in 

inch') mm ITlo m45 m..o (El)0 (Ell4s (El)oo 

J . 9,2 18 6 7.100 500 . 8 
I , • 

! 2 12,6 JO I 3 16.100 2 650 
~ . 
la 15.6 50 16 32.400 3.720 

1;4· (5) 19,0 55 43 44 600 16.800 J,. · (7) 18,8 61 32 48.500 12.400 

' . 22,2 73 58 68.600 27.800 ,a 

I. (7) 24,5 86 71 90.500 38.800 
1· (9) 25,1 102 64 108.000 33.900 

l'/a•l7l 27,8 100 101 I 19.000 64.700 

11 i8• (9) 27.8 103 98 123.000 62.700 
I I ' • ,, 31,9 166 95 224.000 68.000 

1) (5 ), (7) and (9) denotes number of plies 

liomlnel Values. Long time loadini:;. Interior. 

Characteristic strength values= 1.3;,:: nomincl values . 

Tension 
in pla!le 

Sll'en1:tll 
kp/cm 

"o "•s 

in 

noo 

Tensio11 and 
compression 

.'..,tlfl':wss in 
1-:p[cm 

(Ed)0 (Ed),5 

C::lmpression 
in pla11c 

Strength 
kp/cm 

111 

(Ed)0 ,, n'o 11'4<, n'Q(I 

Shear 
Comp. 
pe1·p. Strenflh. ir, 

kr,/cm 

,., Through 
kp/cm 

,_ thickn . llo l l. 

s'qn lo 14!\ t'l(I 

-- ----- - -----
~5 2J 59 57 000 3J.01Xl 60 JI 37 

118 JI 70 9J.OOO 38 800 82 40 4.l 

165 38 70 130.000 38 .800 114 50 4J 

IM 47 118 130 000 65.800 JU 61 72 

184 46 9:l 145.000 54 (,()() 127 60 h() 

158 54 167 125.000 92.800 110 71 102 

199 60 164 157.000 91.000 IJ7 78 100 40 20 40 4 

206 62 165 163.000 91.500 14J l:W 100 

199 68 208 157.000 116.000 137 ~9 127 

189 68 218 149.000 121.000 130 89 1.U 

308 78 169 242.000 94.000 212 102 IOJ 

Stiffness 
in kp/cm2 

(j(J (j4) 

7 900 25 .000 
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Graph 1 (Plywood Manufacturers of British Columbia, 1967) 
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-.............. I"-. f'- ' Load/Span Graph for i" Sheathing Grade r----....... r-........ ~" ~ 

Canadian Fir Plywood continuous over 2 or I"- ........ 

~ ~ more spans. Based on the following r----... ' "-,~ assumptions "'-- "'-' . .., 
L---

"' 
~ ~I'~--. 

a) Plywood applied with face grain 
['....__ r-,..__", perpendicular to supports ~ ,;:t"-.., 

I--- b) Continuous Duration of loading ' ', r-,;.: 
c) Loading Uniform over all spans r-........ 

r----... ", "' r---. d} Moisture Content of plywood 15% or less I'-t, f'. 
12 

10 

,._ 
WL• '~ \,JI e) Deflection=0.0069 _ 
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Total uniform load-pounds per square foot 

The graphs enable the correct thickness of plywood to be selected for a 
particular load over spans ranging from 1 OH centres to 50H centres. They apply 
only to PMBC EXTERIOR Sheathing Grade fir plywood of thicknesses in,½ .. , i .. ,¾ .. 
(5 ply) and¾ .. (7 ply). 
The graphs are intended for storage loads only and are therefore based on 
continuous duration of loading uniformly distributed over all spans. No 
allowance has been made for point loads. 
Two flexure lines are shown on each graph, one for the two span condition and 
the other for three or more spans. The flexure lines represent those points where 
the load and span combination results in the bending stresses being equal to the 
allowable stress limits of the plywood. The shear lines represent load and span 

· combinations where rolling shear is critical for both two, and three or more, 
spans. Loading the plywood above the allowable stress limit line may result in 
failure. The deflection lines indicate appearance limits only. A deflection of 
0.003 (1 /333) of the span is very slight. The 0.004 (1 /250) of the span 
deflection is barely visible to the eye. A deflection of 0.005 (1 /200) of the span 
will appear as a slight sag. The actual conditions of each application will 
determine the permissible deflection. 
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Comparative outline calculations for 

1 Plyvrood beam 

2 Stressed SY.in panel 

usin,::; 

1 Parallel plies only 

2 Full cross section 

3 Strength and stiffness 



Table A1 Design values for Canadian Douglas fir ~- in sheathing grade. 

Design method 

:Bending 

Face grain 11 span 

Face grain 1 span 

Tension 

11 face grain 

l face grain 

Compression 

11 face grain 

l face grain 

Rolling shear 

11 face grain 

l face grain 

Bending 

Face grain 11 span 

Face grain l span 

Tension and compression 

11 face grain 

l face grain 

Parallel plies onl;;' 

Stress lbf/ in2 

1500 

1410 

1580 

1410 

1110 

860 

50 

50 

Modulus of elasticity lbf/ in
2 

1750 000 

1100 000 

1750 000 

1100 000 
--------- - ------

I 
Full cross-section 

-
Stress lbf/in 

2 

- ----~-- -- - - -
1188 

490 

948 

564 

666 

344 

59.4 

32.6 

lfodulus of elo.sticity lbf/in 
2 

13BG 000 

228 ooc 

1050 000 

440 000 
-

;:itrength cmcl stiffness 

Strength per ft width 

582 lbf .in 

240 lb.f.in 

5631 lbf 

3350 lb.f 

3956 lbf 

2043 lbf 

245 lbf 

128 lb.f 

Stiffness 

168 000 lbf/in 
2 

28 000 lb.f/in 
2 

6237 000 lbf 

2614 000 lb.f 
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1 COMPONENT: Stressed skin panel l Span 1 = 150 in 

Load w 60 lb/ft2 z = 

2 DESIGN METHOD 

3 GEOMETRICAL PROPERTIES 

Skin: Thickness 
V,eneer thickness 
Area A 
Second moment I 

Rib: b x d 
Area A 
Second moment I 

4 DESIGN VALUES 

Skin 
Panel deflection 0.0031 

5 MAXIMUM BENDING MOMENT 
(M) AND SHEAR FORCE (V) 

M = wl
2
/8 

V = wl/2 

PARALLEL PLIES ONLY 

0.495 in 
0,099 in2 3.564 in 4 0.0961 in 

1. 50 X 5.50 
8.250 in2 

20.8 in4 

Table Al 
0.450 in 

5 X i5cf/8 = 
5 X 150/2: 

14062 lbf in 
375 lbf 

Plywood skin 12 in x ½ in 

(face grain 11 span) 

Timber rib 1.5 in x 5.50 in 

FULL CROSS-SECTION STRENGTH AND STIFFNESS 

0.495 in 
0.099 in2 5.940 in 4 0.1213 in 

1. 50 X 5.50 
8.250 in2 

20.8 in4 

Table Al 
0.450 in 

14062 lbf in 
375 lbf 

0.495 in 
0.099 in 

1.50 X 5 . 50 
8.250 in2 

20.8 in4 

Table Al 
0.450 in 

14062. lbf in 
375 lbf 
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IIHRODUCTION 

Most developed countrtes have a nattonal code or standard dealing wi.th the 
structural use of timber, but the methods of drafting these, and thetr standing 
as controlltng documents, can be quite different. They often have different 
objectives and must necessarily relate to the national codes for other materials 
so that i't i's unreasonable to expect th.at th.etr scope and contents wi'll be the 
same. Internattonal harmontsation of codes i's certainly desi.rable and expertence 
with concrete over the past decade has show~ that progress can be made, although 
only slowly. 

In the case of concrete, progress towards harmonisation became possible as a 
result of the work of two internati~nal commtttees, one set up by the 
International Counctl for Butlding (CIB) and tl\e other by the European Convnittee 
for Concrete (.CEB l, The European Connni'ttee pub li.shed i'ts 11 Reconnnendattons for 
an International Code of Practtce for Reinforced Concrete" tn 1963 and later in 
conjunction wtth the International Federati_·on for Prestresstng, tssued 
11 Practi-cal Recommendati:ons for the Destgn and Construction of Prestressed 
Concrete Structures II i'n 1966. These two documents formed the bas i-s for a 
common approach. to the preparatton of nattonal standards for concrete and, 
perhaps unfortunately for timber, set a pattern for the adopti'on of limit state 
design. 

Although ltmtt state design has not yet been widely adopted, this is likely 
only to be a matter of time, and it can be expected that codes for timber will 

also be based on this approach. This raises a number of problems stnce any 
change tn destgn procedure must not i'ncur a penalty on sectton si.'zes compared 
wtth tradi.'ti:onal practtce, parttcularly in house constructi:on. Any constdera­
ti.on for a framework for a code for timber should therefore take account of 
th_e ilnp1tcattons of limit state destgn. 

Other problems whtch will also have to be considered are the extent to which a 
code should eml}race structural analysts and whether it should deal wtth test 
methods, dertvatton of stresses, performance tests on prototype structures and 
questions of workmanshtp, ftre reststance a_nd preservatton. Obviously the 
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scope of a code, and consideration of its framework, should be kept as wide as 
possible although some sections could exist and be dealt with separately. 

At the present moment the Code of Practice for the structural use of timber in 
the United Kingdom is being revised. Responsibility for the revision, and indeed 
for all material codes, is now vested in the British Standards Institution and 
not as before in the professional institutions. The revision is to be based on 
limit state design and wtll include machine stress grading and the new visual 
grades specified in BS 4978:1973. The procedure has been to set up a main 
committee with overall responsibility for the framework and final contents of 
the code with fifteen sub-committees dealing with individual sections. Each 
sub-committee is chaired by a member of the main committee and may co-opt 
outside specialists as necessary. This raises problems of co-ordination, 
particularly in technical matters, and consideration is being given as to how 
these may be resolved, for example by appointing a full-time liaison officer 
charged with the drafting of the sub-committees' sections of the Code. The need 
is to carry through the revision as quickly and effectively as possible whi.le 
ensuring a sufficiently broad contribution from the timber and construction 
industries and from the professional institutions. 

A framework which has been proposed for the revision of the United Kingdom 
code, may be divided into the followtng six major parts, excluding a general 
introduction gtvtng the scope of the code, the deftnttions whtch apply and 
the symbols used:-

1 Design conditions and material requirements 
2 Material properties 
3 Joi.nt properties 
4 Member destgn 
5 Structural testtng 
6 Non~structural requtrements 

DESI~N CONDITIONS AND MATERIAL REQUIREMENTS 

Thts section gtves the qua 1 ity requtrements• and stress-grades for the materta ls, 
and the treat111ents which may be used, and deftnes, as far as posstb1e, the loads 
and li.mtt state condtti'ons wh.i'ch should be taken tnto account i:n desi'gn. It is 
dtvtded i.'nto the following chapters:~ 
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a DESIGN OBJECTIVES 
Limit State Design 
Limit State Requirements 

General 
Ultimate strength 
Deflection 
Durability 
Fire Resistance 
Vibration 
Other limit states 

Design Loads 
General 

b MATERIALS 

Ultimate strength 
Deflection 

General Requirements 
Timber 
Laminated timber 
Plywood 
Mechanical fasteners 
Adhesives 
Preservatives 

c SPECIES OF TIMBER 
Moisture Conditions 

General 
Service requirements 
Strength properties 
Geometrical properties of sections 
Temperature 

MATERIAL PROPERTIES 

This section deals with the indivtdual matertals and gtves charactertsttc 
stresses and modifi'catton factors so that destgn stresses can be deri'ved for 
the servtce candtttons as·soctated wi'th any parti'cular structure. The sectton 
ts di:vtded tnto the follow-tng chapters:..-
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a TIMBER 
General 
Grades 

Visual 
Machine 

Characteristic Stresses 
Grade Characteristic Stresses: Visual 

Timber graded to BS 4978 
Timber graded to NLGA rules 
Timber graded to Nordic rules 

Grade Characteristic Str~sses: Machine 
Timber graded to BS 4978 
Timber graded to other grades 

Modification Factors 
Size 
Duration of load 
Moisture content 
Load sharing 

Design Stresses 
Other Strength Properties 
Geometrical Properties of Sections 

b LAMINATED TIMBER 
General 
Grades 
Tension Laminations 
Modification Factors 

Grade and number of laminations 
Curved members 
Size 
Duration of load 
Moisture content 
Load sharing 

Design Stresses 
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c PLYWOOD 
General 
Grades 
Grade Characteristic Stresses 

Standard 
By test 
By calculation 

Modification Factors 
Duration of load 
Moisture content 

Design Stresses 
Geometrical Properties 

Consideration is also being given to the inclusion of blackboard and tempered 
hardboard in this section; although their application will have to be restricted 
to limited service conditions. 

It is also recognised that because of the state of the plywood industry, and 
changes in the available species and section arrangements, any tabulated stress 
data relating to particular specifications could quickly be outdated, and that 
other specifications could become avatlable. Three approaches have therefore 
been recommended for plywood; first standard stress tables for the major 
plywood specifications from Fi.nland and Bri'ttsh Columbta, second1y the dertvatton 
of stresses from laboratory tests. on l i,mtted samples and, th.trd1y, th.e ea lcijl a .. 
ti'on of stresses from the correspondi'ng strength data for th.e speetes used i'n 
th.e plywood. These th.ree approaches should be progresstvely more conservative 
i'n thetr estimates of stresses. 

If this approach ts accepted for plyWood, and tt may be questi,-oned whether the 
derivation of stresses from test results ts appropriate to a code of practtce, 
then tt could be applied to other secttons. 

JOINT PROPERTIES 

It ;-s recogntsed that wi'th the developments wtttch have, and are, tak.tng p1ace 
tn jointi'ng devtces tt ts i.mpossib'l e, wi'thi'n the 1 tfe span of a Code, to be up to 
date. Thts ts consequently another sectton where the tncluston of procedures 
for dertvtng loads or stresses from tests could be of advantage. It is also 
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recognised that to include all the jointing devices which are now standardised 
and adequately specified, would lead to a very lengthy code and as a result the 
proposal for the United Kingdom Code is that it should include tabulated loads 
for nails, screws and bolts only, but that a test procedure and analysis should 
be given which could be applied to other types of joint. This section is 
divided into the following chapters:-

a DERIVATION OF CHARACTERISTIC LOADS OR STRESSES 
Test Specimens 

Sampling 
Preparation 

Test Procedure 
Analysis of Results 

Strength 
Deformation 

Characteristic Loads or Stresses 
Deformation 

b NAILED JOINTS 
General 
Nail Spacing 
Characteristic Lateral Loads 
Characteristic Withdrawal Loads 
Modification Factors 

Duration of load 
Moisture content 
Nail penetration 
Number of nails 
Double shear 

Metal to wood jot~ts 
Plywood to wood joi.•nts 
Plywood to plywood joi:Tits 

Design Loads 
Design Deformations 
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c SCREWED JOINTS 
General 
Screw Spacing 
Characteristic Lateral Loads 
Characteristic Withdrawal Loads 
Modification Factors 

Duration of load 
Moisture content 
Screw penetration 
Number of screws 
Metal to wood joints 
Plywood to wood joints 
Plywood to plywood joints 

Design Loads 
Design Deformations 

d BOLTED JOINTS 
General 
Bolt Spacing 
Characteristtc Lateral Loads 
Modification Factors 

Duration of load 
Moisture content 
Angle of grain 
Multiple shear 
Number of bolts 
Metal to wood joints 
Plywood to wood joints 
Plywood to plywood joints 

Design Loads 
Design Deformattons 
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e GLUED JOINTS 
General 

Preparation 
Fabrication 

End Joints 
Scarf 
Finger 

Side Joints 
Splice plates 

Characteristic Stresses 
Modification Factors 

End joints 
Side joints 

Design Stresses 

MEMBER DESIGN 

This section deals with the design of individual structural members and frames, 
where special modification factors may apply, and its extent will obviously 
depend on how far a Code of Practice may be required to deal with the subject 
of design analysi's generally. The section i's divided into the followtng sections:-

a Flexural Members 

b Compressi'on Members 
C Tension Members 
d Members Subject to Combined Stresses 
e Structural Frames 

f Floor and Roof Boarding 

STRUCTURAL TESTlN~ 
' . 

In the Uni'ted Ki'ngdom it is accepted that a structure may be shown to be 
adequate on the basis of destgn calculattons or from the results of tests on 
full-s tze prototypes. There are various reasons why one course rather than 
the other may be preferred, or i~deed even be necessary, but the Code should 
provtde the opp0rtuntty to adopt etther, subject t0 agreement between the_ 
parties concerned. Although. there i's a need for research on the subject of 
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prototype testing, on load factors, time effects, variability, and acceptance 
criteria there is now a considerable experience with this approach to permit 
its inclusion in a Code. This section is divided into the following chapters:-

a PROTOTYPE TESTING 
General 
Test Samples 
Test Procedure 

Deflection 
Ulttmate strength 

Test Loads 
Performance Requirements 

Defl ecti'on 
Ultimate strength 

b QUALITY CONTROL 
General 
Test Samples 
Test Procedure 
Test Loads 
Performance Requirements 

The factory prefabrication of relatively large batches of standard structural 
components, such as trussed rafters and floor and roof panels, is a growing 
feature of timber construction. Quality control over fabrication and selection 
of materials is of considerable importance, and this may be approached by 
inspection or testing, or by a combinatton of both. Quality control, by 
testing production units mi'ght therefore become a necessary part of a ·code, 
and it ts for this reason that chapter (b) has been included. 

NOl~-STRUCTURAL, REQU lREMENTS 

The fi.nal secti.on of the Code deals wttb. th.ose aspects of constructi.on whtch, 
although not part of engineertng destgn as such., nevertheless can have a 
stgntficant i'nfluence on performance and cm ensurtng the acceptance of a desi'gn 
i.'n relatton to other safety requtrements. In addttton this secti'on gives 
general advtce on matters wfrtcft are pecul i'ar t0 timber and timber structures 
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and which have a beartng on performance. The section contai'ns the following 
chapters:~ 

a Workmanshtp 
b Preservati'on 
C Ftre Reststance 
d Inspect ton 
e Matntenance 

CONCLUSIONS 

It should be poi~ted out that the outli~e of the contents for a Code gtven 
above i's one that h.as been suggested far use tn the Untted Kingdom but has not 
as yet been formally adopted. Although the general arrangement and order of 
chapters follows a consi~tent plan there are probably many equally acceptable 
alternati'yes, and certatnly other arrangements have been employed tn other 
codes. It i:s b-eli'eved however that the chapters adequately cover the subject 
and perhaps the next task- sltould be to survey extsting codes so that the 
chapters may be expanded along co11JT1on ltnes. 

10 



CIB - WORKING COMMISSION Wl8 

THE DESIGN OF SOLID TIMBER COLUMNS 

by 

H J LARSEN 

STRUCTURAL RESEARCH LABORATORY 
TECHNICAL UNIVERSITY OF DENMARK 

COPENHAGEN 

COPENHAGEN - OCTOBER 1973 

PAPER 3 



1. SYNOPSIS 

This report has been prepared as the basis for discussions in 

CIB Working Group W 18 regarding the possibilities of formulating 

on a uniform technical basis Codes for Timber Structures, so 

that differences only arise due to different loading and safety 

levels. 

The report has been prepared on the basis of standards and 

supplementary material received from participants in the Working 

Group. The most important material is listed in section 7. 

So far, only solid columns have been dealt with, inter alia, 

because it is relatively easy - at any rate theoretically~ 

to expand the calculation principles for solid columns to apply 

to composite columns as well. 

As repards specification of assumptions etc., these have been 

restricted to essentials, readers being requested to show a 

reasonable degree of goodwill - for example, it is not 

explicitly stated that the e ypression for bending stresses 

(Moment / Moment of resistance) assumes the use of principal 

axis. 

2. THEORY FOR CENTRALLY LOADED COLUMNS 

2.1 Perfect columns 

For centrally loaded, straight, homogeneous columns with 

constant cross-section and of linear-elastic material, the 

bearing capacity is limited by the expressions 

and 

a /s ~ 1 
C C 

where 

(1) 

(2) 
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a 
C 

is the compression stress. a = C 
P/A, where 

p is the normal force and 

A is the sectional area. 

SC is the compressive strength. 

SE is the Euler stress. 

E is the modulus of elasticity in compression. 

A is the slenderness ratio. A = 1/i, where 

1 is the free length and 

i is the radius of gyration. 

(1J and (2) specify an upper bound for the bearing capacity, 

in that the eccentricities, inhomogeneities, deviations from 

straightness, etc. occurring in practice result in a reduction 

in the bearing capacity. 

2.2 __ Eccentrically_loaded_columns_with_an_initial_deflection 

A more realistic calculation is obtained by considering an 

eccentrically loaded column with an initial deflection. 

Fig. 1 

At the middle, the normal force Pacts with the eccentricity 

e = e1 + e 2 , see fig. 1. 

e 1 takes account of the fact that the load is unavoidably 

applied with a certain eccentricity, inter alia because 

inhomogeneities mean that the geometrical and elastic centres 

do not coincide. 

e 2 takes possible initial deflection into account. 

Normally, e1 is taken to be independent of the length, while 

e
2 

is taken as proportional to: the length. 
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It has proved practical to specify the eccentricity relative 

to the core radius k corresponding to the direction of deflec­

tion. 

This relative eccentricity is denoted£, and it is thus normally 

assumed - for the reasons given above - that 

(3) 

where a and bare constants. 

For non-symmetrical cross-sections, the core radius correspond­

ing to the compression side is used, i.e. k = W/A, where W 

is the corresponding section modulus. 

Because of the normal force, the column will deflect, and the 

e c c entri city eat the middle be increased. The final eccentri­

city is denoted u. 

Still assuming that the material is linear-elastic and that 

e 2 varies sinusoidally, and applying the usual technical 

theory of elasticity, we find that 

for e1 = 0 : u = e 

for e 2 = 0: 

kE 
(j 

C 
k - -E s 

C 

( 4) 

~ e (5) 

As an approximation, (4) is normally used in all cases, and 

this will also be done in the following. 

From the normal force P, we get the normal stress a = P/A. 
C 

rhe moment Pu acting at the middle gives on the compression 

side a maximum normal stress of ob 

ab = Pu/W = Pu/(kA) = oc ~ (6) 

According to normal practice, the following condition must be 

satisfied, the equality sign corresponding to exhaustion of 



the bearing capacity: 

a o 
_£ + _Q ~ 1 
SC Sb 
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where sb is the bending strength. 

(7) 

However, this criterion is not immediately applicable. In 

the determination of sc the load is assumed to act centrally, 

while here, cf. (3), a bending stress of the magnitude 

Pe1/w = Pak/(kA) = aoc is assumed for A= O. 

It is therefore necessary to correct (7) to 

s a ob 
(1 - a_£)_£+ - < 1 

Sb Sc Sb -

With 

and 

1V = 1 
SC - a-
Sb 

we find from (8) by insertion of ( 4) : 

0 a kE 
1V _£ + 13 

C 
~ 1 e: 0 s SC C 

kE 
C 

SC 
from which we get 

scr 1 + ( 1V + ~•l"'E; j 1 + ( 1V + 13 e: ) kE 2 -- - 2 o/ ] SC 2ij, 
- [ 

the values of o corresponding C to the equality 

being denoted scr(cr = critical). 

3. COLUMN DESIGN CURVES OF DIFFERENT COUNTRIES 

J.O_General 

(8) 

(9) 

(10) 

(11) 

kE 
- - (12) 

1V . 

sign in (11) 

In the following the codified column calculations of variou$ 

countries are reported and compared. 

J 
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As the bearing capacity depends on both E and sc, it is 

necessary - in order to obtain comparable values - to sele9t 

a ratio for E/s . In the following, E/s ~ 300 is assumed, 
C C 

which presumably corresponds to the ratio between the charac-

teristic short-term values for the commonest types of timber. 

In a number of cases, no basis for calculation is given, only 

the permissible stresses being specified. In these cases, 

minor adjustments may have been made in order to obtain com­

parable values. 

This section and section 4 are based on characteristic values; 

reparding the specification of safety factors, reference is 

made to section 5. Various safety factors are often - quite 

inconsistently - included in the standard column expressions. 

For example, in the UK, permissible values are used for sc 

and "minimum values" for E. 

3 .1 ___ United_Kingdom,_South_Africa,_Western_Germany_and_Holland. 

3 .1.o_General. 

The section on columns in the standards of these countries is 

based on formula (12), although different values are used for 

the parameters involved, especially e. 

3.1.1 _United _Kingdom (CP 112:1967 [12.1]) 

In (12), which in UK is denoted the Perry-Robertson formula, 

~ = 1 is used (even though it is otherwise assumed that­

sc/ sb < 1) and E = b~, where b lies between 0.001 and 0.003. 

It is thus assumed that a= 0, which leads to v = 1 (formula 

( 10)) . 

b = 0.002 corresponds to a camber of about 1/900 at the middle 

of a column of length 1, a value that appears unrealistic 

compared with what is considered acceptable pursuant to the 

grading rules for structural timber. 
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The choice of bis based partly on tests carried out by 

Robertson [12.2] and Sunley [12.4], but it looks as though 

the writers of the standard have overlooked the fact that 

the tests were carried out on specimens that were" ... surfaced 

on all four faces to remove any bow or twist " [12.4]. 

Thee-values applied thus correspond only to inhomogeneities 

etc., but not to the initial deflections which are permitted in 

structural timber. 

1/i = X 

Fig 2 
0 50 100 150 200 

In fig. 2, scr/sc is shown in relation to A for b = 0.001, 

0.002 and 0.003 and - as a more realistic value - 0.01. 

The present draft [10.1] for a revision corresponds, in• 

principle, to CP 112:1967. 

3.1.3_West_Germani (DIN 1052, 1969 [6.1]) 

It is assumed that~= 1, although in the other sections, 

~ < 1, and that e = 0.10 + 0.008A, Even though it is assumed 

that a f O, the standard still sets$= 1, which results in 

inconsistency at the limit$= 0. However, this is concealed 

later in the fixing of the factors of safety. 

scr/sc are also shown in fig. 2. 
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3.1.4_Holland (NEN 3852, July 1973 [7.1)) 

It is assumed that~= 0.75 and that 

€ = 0.16 + 0.008A 

for the lower grade (standardbouwhout) and that 

€ = 0.10 + 0.005A 

for the higher grade (constructiehout). 

(13) 

(14) 

As far as can be seen, these values have been fixed on the 

basis of an earlier German proposal. In the final German 

rules, cf. 3.1.3, a combination of (13) and (14) is used for 
both grades. 

Calculating correctly with the w-value appearing from (10), 

scr/sc is found as shown in fig. 2. 

The Dutch standard includes a further requirement, which is 

formulated in a very fine and complicated style as a limitation 

on deflection, but this really only states that s /s must not er c 
be put higher than 0.6kE for standardbouwhout and o.75kE for 
constructiehout. There seems to be no rational motivation for . 
this rule, which is not included in fig. 2. 

3.2 __ Brazil,_Canada,_USA,_Denmark 

In these countries, the calculation is, in principle, based on 

the formula of Engesser or Southwell [12.3): 

TT
2E' 

scr = --2-
A 

(15) 

where E' is the modulus of elasticity, which is assumed to 

depend on the normal stress oc. For the normal stresses in the 

range zero to the limit of elasticity, it is assumed that 

E' = E, i.e. (15) and (2) are .identical. If it is assumed 

that the stress-strain curve bias horizontal tangent for oc = sc, 

then (1) is also automatically contained in (15), 
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In the theory, (15) is thus based on the assumption that the 

deviation from the perfect Euler curve is due solely to the 

fact that the material is not linear elastic, while the 

eccentricities, inhomogeneities, etc. are not taken into 

account explicitly. In practice, however, certain account is 

taken of these, in that the stress-strain curves used are 

considerably less favourable than those obtained in tests 

with the materials. In fact, the impression received is that 

the column curve is chosen first, possibly on the basis of 

tests, after which the stress-strain curve giving the desired 

result is determined. 

Column curves of this nature are applied in many countries, 

including Brazil [2.1],' Canada [3.1] and parts of the USA 

(on the basis of tests by Madison [13.2]), Denmark [4.1] 

(inter alia on the basis of [4.2])and the East-European 

countries. Similar curves were previously also used in France. 

1,0 ,__ 
..... 

0 

Fig. 3 

......... .... 

' ' ' ' ' ' 

Canada, Paris af USA 

Norway, Sweden 
Holland leans I rucliehoutl 

50 100 150 200 

As the theoretical basis is primitive, and as objections can 

be made to the basic tests in many cases, the theoretical 

foundation is not given; instead, the column curves are simply 

drawn in on fig. 3, together with the Dutch curve corresponding 

to constructiehout for the purposes of comparison. 
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The objections to the tests relate partly to the test procedure, 
' 

in which efforts are often made to eliminate the effect of 

inhomogeneities, and partly to the test material, which has 

in many cases been of a considerably higher quality that that 

used in practice. 

The column curve shown in [13.1], which is used in parts of the 

USA, can also be classified as this type: It is assumed that 

sc and the limit of elasticity coincide, i.e. the standard 

reckons on the Euler curve right up to scr = sc. That this 

is an unjustifiable assumption was recognized by every other 

country at about the turn of the century. As "compensation" 

for the defective theoretical basis, a precisely specified 

safety factor is used, namely, 2.727. 

d•3 __ France,_Norway,_Sweden,_Switzerland_and_USA 

On the basis of, inter alia, Tetmajer's tests [9 2], [9.3], 
a number of other countries, including France [5.1], Norway 

[8.1], Sweden [11.1] and Switzerland [9.1], have used a column 

curve consisting of the Euler curve and, for shorter columns, 

a straight line, frequently tangential to the Euler curve. 

In accordance with Tetmajer's original proposal, a straight 

line through (A, scr/sc) = (0, 1) was adopted, but later, 

straight lines were chosen, corresponding to scr/sc = 1 for 

A-values below 20-40, cf. fig. 3, where the column curves of 

the above countries are also shown. 

4. COMPRESSION AND BENDING 

4.1_Theori 

The following is based on the assumption that the moment is 

zero at the ends and varies sinusoidally, but the expressions 

derived are normally applies generally, cf. the remarks in 

connexion with (4) and (5). 

If the normal stresses at the middle from the moment are ob, 
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this corresponds to the normal force acting with the relative 

eccentricity ab/oc in addition to the eccentricities considered 

earlier, which are due to initial deflection, inhomogeneities, 

etc. By substituting e + ab/oc fore, (11) can be used 

directly to determine the precisely acceptable,related values 

of oc/sc and ob/sb. 

We find that 

= 

Here, it is assumed that the compression zone is decisive for 

the bearing capacity. 

In the case of very asymmetrical cross-sections, the tensile 

zone may be decisive, and one would think that this could be 

allowed for by altering (8) to 

a a 
C -+ ___!?, ~ 1 

Sc Sb 
(17) 

with a still assumed to be positive as compression. However, 
C 

according to [4.3], this may lead to an unreasonably high 

resultant stress o. r 

As 

0 = ob - 0 
r C (18) 

we get, when (17) is satisfied, 

0 0 0 Sb - s r 1 + ___£ C 1 + 0 
C = -

Sb SC Sb C s Sb C 

(19) 

As sb > sc, it will be seen that the resulting stress is greater 

than sb, which appears unreasonable. 

In the following, therefore, instead of (17), we will use the 

'.:!riterion 

(20) 
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By calculations analogous to those leading to 

that the precisely acceptable, related values 

are given by 

ob 0 

= (1 -+ s_£) 
Sb s 

C 

kE -

kE 

0 
C 

0 
C 

SC 
(21) 

The bearing capacity is, of cource, also limited by oc $ scr 

O'b : Tension side O'b : Compression side 

1,5 1,0 0,5 

Fig. 4 

If, for example, we take the values corresponding to the Dutch 

constr uctiehout, i.e. S = 0.75 and€= 0.10-+ 0.005\, and once 

more assume that E/sc ~ 300, we arrive at the acceptable stress 

combinations shown in fig. 4. There is one slight inconsistency 

in the calculations in that the same value of€ is used when 

calculating according to (16) as to (21), even though€ in (16) 

is assumed to be relative to the core radius of the compression 

side, whereas, in (21) it is assumed to be relative to t .he core 

radius of the tension side. 

1:~ __ Approximation 

In the standards of practically all countries, it is simply 

required that 

(22) 

It will be seen from fig. 4 that this is a good approximation 
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provided the compression side is decisive - which is almost 

always the case. The expression is senseless in the exceptional 

cases in which the tensile side is decisive. 

In (22), scr is normally assumed to correspond to the direction 

of loading, although in West Germany, the standards requires 

that the minimum value for s be applied. The reason given er 
for this is that it would otherwise be necessary - on account 

of the low torsional strength of wood - to investigate combined 

bending and torsional deflection. 

In Brazil, a slightly different interpolation formula is applied, 

but the results deviate only slightly from (22). 

Fig. 5 

In Switzerland, 
0 

f3 _£ -t 
SC 

This is shown in 

0 0,5 1,0 

(22) is substituted by the following criterion: 
ob 

0.15 
Sb 

(23) 

5, with values corresponding to fig. 4. 
The result seems unreasonable; in particular, it should be noted 

that the ordinary bending criterion is not included as a 

boundary case. 

5. INTRODUCTION OF THE SAFETY FACTOR 

If characteristic values, corresponding for example to the 
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1% or 5% fractile, are used for E and sc in the expressions 

derived, the bearing capacity for all A-values will be deter­

mined with the same accuracy, and there will therefore be no 

reason not to use the same safety factor in all cases. 

In most cases, the present standards contain rather arbitrary 

variations of the factors of safety. 

In certain cases, increased safety factors are applied for the 

slender columns, even though the determination of the bearing 

capacity of such columns is very reliable; regardless of the 

magnitude of eccentricities, etc., the bearing capacity 

corresponds to the Euler bearing capacity. As an example 

of an increased safety factor of this type, the Dutch require­

ments can be mentioned, which lay down a factor of safety of 

3.6 against exceeding 60-75% of the Euler stress. 

In other cases, increased safety factors are used for short 

columns because sc varies more thal'. E. Such an increased 

factor, used, inter alia, in West Germany, is justified when 

based on the mean values of the material values, but not when 

uniformly fixed characteristic values are applied. 

6. LIMITATION 0F A 

1. Brazil 140 

2. Canada None 

3. Denmark 200 

4. France 200? 

5. Germany 150 (200 for secondary constructions) 

6. Holland 200? 

7. Norway 170? 

8. Switzerland: 150 (120 for bridge construction) 

9. UK 180, although 250 if wind is the only load 

10. USA 170 

"?" indicates that the limitation is not formulated explicitly 

but appears from the extent of tables or diagrams. 
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