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2 CHAIRMAN'S INTRODUCTION 

MR SUNLEY welcomed delegates to the sixth meeting of the group since it was re-formed 
in March 1973. He also extended a warm welcome to those members of the International 
Union of Forest Research Organisations (IUFRO) Wood Engineering Group who were not 
normally present at Wl8 meetings and invited them to take an active part in the 
proceedings and in the discussion of the papers. The Chairman briefly explained the 
differences between Wl8 and IUFRO. Wl8 he said was primarily concerned with 
producing an international timber code and this was necessarily tied to eliminating 
differences between national design codes and standards. IUFRO Wood Engineering 
Group on the other hand provided a forum for discussion on all aspects of research on 
the structural utilisation of timber and wood-based products, the emphasis being on 
research. The strong links between the two organisations, continued the Chairman, 
was indicated by the number of delegates who held membership in both organisations. 
For Wl8, working links had also been established with International Standards 
Organisation (ISO), Reunion Internationale des Laboratoires d'Esseis et de Recherches 
sur les Materioux et les Constructions (RILEM), Joint Committee on Structural 
Safety (JCSS), European Economic Community (EEC) and Economic Commission for Europe 
(ECE); and several of the delegates present served on committees for these other 
organisations. 

MR SUNLEY then outlined a possible programme for future meetings of Wl8. The next 
meeting he suggested should be during February or March 1977 in Stockholm and this 
might be followed by a meeting somewhere in Eastern Europe in October 1977. A 
further meeting might be held during April 1978 which he hoped would tie-in with an 
international engineering conference probably to be held at Imperial College, 
London. The next IUFRO Wood Engineering Group meeting would be in Vancouver in 
September 1978 and this could possibly be a joint Wl8-IUFRO venture similar to the 
present meeting. These were tentative dates he emphasised, it might even be 
desirable to hold more frequent meetings than he had outlined to expedite progress 
on the timber code. 

3 KIEV SYMPOSIUM 

MR SUNLEY reported that he, PROF LARSEN and DR KUIPERS had attended the CIB-Wl8 
symposium earlier in June at KIEV, USSR. Of the 328 delegates 287 had been from 
the Soviets and 52 papers had been presented. Although the symposium had been 
marred by poor translation facilities it had been evident that much useful work 
was being done in Russia and they had ambitious plans for expansion in some fields. 
He gave as an example a proposed five-year plan to expand glulam production from 
6000 to 36000 m3/ year. Several institutes were working on glulam and plywood 
and work was also proceeding on timber codes. The Russians had been asked to 
co-operate more actively with WlB and had been invited to attend the next meeting 
in Stockholm when for their benefit glulam would feature as a major part of the 
proceedings. 

DR KUIPERS agreed that communication at the Symposium had been difficult but he had 
been most impressed by the scope of the practical and theoretical work; in 
particular on panels, glulam fatigue, reinforced glulam and non-corrosive glass­
fibre jointing plates. 

PROF LARSEN commented that the Russian design procedures were old-fashioned and 
he suggested that they could learn from us in that field. PROF LARSEN had also 
been disappointed that Western European organisations had not exploited commercial 
possibilities in the enormously large expanding Russian market where there was 
great potential for our relatively sophisticated timber technology. 

1 



MR SUNLEY concluded the report on the Kiev symposium by pointing out that Russia 
too had wood engineering problems. He had been told of large glulam beams that 
had failed at 41 per cent of their characteristic bending strength and at very 
low radial stresses. 

4 TESTING METHODS FOR JOINTS 

DR KUIPERS introduced the seventh draft of a paper "Recommendations for Testing 
Methods for Joints with Mechanical Fasteners and Connectors in Load-bearing 
Timber Structures" (CIB-WlS/6-7-1). He pointed out that there were few changes 
from the previous draft presented at Karlsruhe and proposed publication now as a 
joint Wl8/RILEM document. 

PROF LARSEN suggested some minor editorial changes to the text (section 6.1.4) and 
that the paper should be edited into the standard form for presentation to ISO. 

PROF MADSEN asked for clarification of the samples that were to be associated with 
the testing methods detailed in the paper. There was no guidance in the paper, 
he said, on whether the tests should be conducted on clear timber or on timber 
containing defects. 

In answer to this question MR CURRY agreed with PROF LARSEN that sampling, testing 
and the interpretation of data were separate issues, each requiring individual 
documentation. 

DR NOREN pointed out that section 7 of the paper made full provision for any 
sampling procedure provided it was adequately described. 

MR VISSER suggested that section 7 should also require reference to the method of 
fabrication of the joints. 

It was finally agreed that DR KUIPERS and MR SUNLEY would write an introduction 
for the paper and that after scrutiny by the secretary and MR CURRY it should be 
published and submitted to ISO. 

5 TESTING TIMBER IN STRUCTURAL SIZES 

The third draft of his paper "Standard Methods of Test for the Determination of 
Some Physical and Mechanical Properties of Timber in Structural Sizes" (CIB-WlS/6-6-1) 
was introduced by MR CURRY who also suggested that this paper was now ready for 
publication. 

PROF LARSEN said that some of the symbols used in the text were not consistent 
with what had been agreed at previous meetings. In particular he wished to see 
'o' for stress and 'f' reserved for strength which could be defined as the ultimate 
stress. 

MR CURRY agreed to check the symbols for agreement with the earlier proceedings. 

PROF MADSEN was concerned at the implication that this proposed standard would 
exclude other methods of testing structural timber. He pointed out that these 
test methods were relatively slow compared with his own methods which allowed 
the testing of five or six hundred specimens each day. He was not convinced that 
rate of loading was a significant factor in testing. A further point raised by 
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PROF MADSEN was the positioning of the 'worst' defect in the tension zone in the 
bending specimen. By doing this he argued it was no longer possible to determine 
a fifth percentile for a species of structural timber. 

DR NOREN said that this standard would not necessarily exclude other methods. 
The decision as to which method to adopt would be largely political but it was 
desirable to have this document to assist with the free interchange and combination 
of compatible test data. One was not obliged to abide by this standard any more 
than by any other he added, but there were advantages in standardisation. 

MR CURRY pointed out that test methods were, in this case as with the previous 
paper on joints (6-7-1), remote from sampling and the derivation of characteristic 
stresses. He continued, in answer to a question from PROF LARSEN, to agree that 
moisture content or exposure conditions should be defined by another standard on 
climatic conditions rather than appear in this paper. 

/PROF LARSEN then turned to Figure 1 and the recording of knot data. The fault 
with this system he contended was that it was not possible to go back from the 
data to the original knot shape and this precluded the extraction of information 
on surface dimensions and for margins of other than fractions of sixteenths of 
the section depth. 

J MR SAARELAINEN referred to the practice in Finland of recording knots by a co­
ordinate system which eliminated these disadvantages. 

1 The meeting agreed that although the existing wording did not exclude other methods 
it was desirable to include a co-ordinate system and the Chairman asked 
MR SAARELAINEN to make his method available for inclusion in this standard. 

PROF LARSEN requested that other than metal plates should be permitted in 
section 7.1.1 and this was agreed. 

0 -PROF HOFFMEYER objected to the use of spherically seated loading heads, specified 
in section 7.3.1. If these were used he pointed out, one would be unable to 
achieve uniform strain and non-uniform strain implied bending stresses. Perhaps 
both spherical and rigid seatings should be permitted for loading heads he suggested. 

MR SUNLEY asked PROF HOFFMEYER to draft a suitable paragraph to cover loading heads 
for compression testing. 

MR CURRY agreed with DR KUIPERS and PROF LARSEN that references to the 'critical 
section' should be deleted since the section to be tested depended on the results 
that were required. 

PROF HOHLER had intended to present a paper to the meeting on test methods for 
shear modulus but he explained that tests were still proceeding and results were 
not yet available for inclusion in a standard on test procedures. 

MR SUNLEY suggested that the present paper on test methods should be published and 
presented to ISO and if as a result of his work PROF MOHLER wished to introduce 
amendments then this could be done at ISO. 

6 TESTING PLYWOOD 

DR BOOTH, in introducing his paper "The Determination of the Mechanical Properties 
of Plywood Containing Defects" (CIB-WlS/6-4-1) said that he had tried to incorporate 
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views expressed at earlier proceedings and especially those of DR KUIPERS and 
DR WILSON. The paper had originally been written as a British Standard he continued, 
but he was now seeking wider acceptance of its contents including several points 
of principle. DR BOOTH listed these points as: 

i Should bending strength, tension strength and other properties all be incorporated 
in one standard? 

ii Should the standard be expanded to include detailed explanations similar to 
the ASTM standards? 

iii Two methods of carrying out bending tests are given in the paper. Should 
both be included? 

iv Should there also be two methods of test for panel shear? 

v If alternative methods of test are included in the standard should one be 
labelled as 'preferred'? 

vi If alternative methods of test are included should it be longer term policy 
to delete one of them? 

vii Should sampling procedures be detailed in this standard or in a separate 
document? 

viii This paper stipulates that the maximum size of defect for the grade should be 
included in the test specimen. Is this acceptable or should there be random 
sampling? 

ix How should one determine characteristic stresses? And should this topic be 
covered by another document? 

x The paper suggests a compromise for specimen size between that adopted by 
COFI and that of the ASTM. Is this compromise satisfactory? 

xi From the limited data available strength would appear to be related to 
specimen size. If this is a genuine observation should one not establish 
size modification factors? 

MR SUNLEY opened the discussion on this paper by asking for opinions on whether 
there should be one document or two. On the first point he said, there was almost 
certainly agreement that the testing of all properties should be included in the 
one standard. 

DR BOOTH expressed the opinion that there should be one short document although 
DR WILSON thought that two might be required if explanations were to be included. 

PROF MADSEN said that a satisfactory solution might be a separate commentary on 
the standard, similar in style to the commentary on CP 112 by Booth and Reece but 
DR BOOTH was not in favour of this idea. 

A protracted discussion took place on the bending tests for plywood. PROF LARSEN 
was of the opinion that both methods of testing bending strength would produce similar 
results, He said that one method was sufficient and it should not be confined to 
a patented machine. Why could not pure bending be specified over a given guage 
length for a 300 mm test specimen and let everyone use their own methods he asked? 
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DR BOOTH agreed that the best standards confined themselves to one method and he 
favoured this. The ASTM method gave a constant bending moment over a longer span 
than the other method. Finland however would probably prefer third-point loading 
on smaller specimens and not all laboratories had the facilities for testing the 
four foot wide material preferred by COFI. DR BOOTH also explained that there was no 
test evidence comparing the different methods. 

DR WILSON said that more test work was required to investigate the effects of 
specimen size on strength properties. 

DR BOOTH thought that modification factors would almost certainly be required to 
compensate for width effects whatever size of specimen was used but the main 
problem was not one of specimen size but of how to test them satisfactorily when 
deflections were so large. 

PROF LARSEN saw no reason to specify a particular test machine since this was not 
done for any other test. He repeated his earlier view that the definition of pure 
bending over a set gauge length and span should be sufficient. 

DR BOOTH then asked the meeting for opinions on which panel shear test should be 
adopted. 

DR WILSON spoke in favour of the two-rail test since that was the method used by 
corr. 

DR BOOTH pointed out that the two-rail method could not give an accurate value for 
modulus of rigidity and therefore an additional test, probably torsional, would be 
required to determine this property. 

In spite of this disadvantage no delegate spoke or indicated support for the four­
rail test method. 

DR BOOTH next asked the meeting if another document was necessary to specify 
sampling methods and what form of sampling should be recommended. 

The statistical problems, said DR NOREN, were the same as those for solid timber 
and the sample to be tested would depend on whether "true" fifth percentiles were 
required or minimum values based on weaker pieces. 

PROF LARSEN asked how 'weaker' pieces were to be selected. The problem with many 
concealed laminations was even greater than with solid timber he said. 

DR BOOTH agreed that this was a problem but thought that for the present fifth 
percentiles should be conservatively based on apparently weak pieces until more 
information was available on sampling effects. 

DR NOREN volunteered to try to investigate sampling techniques and effects but he 
was not prepared to commit himself to a lengthy investigation. 

PROF MADSEN said that random sampling would produce direct results without 
complication but if maximum grade defects were selected then further study would 
be required to investigate their frequency so that realistic fifth percentiles 
could be estimated. 

MR SUNLEY urged the meeting to make positive decisions. In six months time he 
said laboratories would be testing plywood, hopefully to a Wl8 based standard. 
What is the best advice we can give them now, he asked. 
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The general feeling among the delegates was that a 300 mm wide bending specimen 
should be used and that the selection of specimens should be by random sampling. 

The next subject for consideration from this paper was rolling shear. DR BOOTH 
said that Madison laboratory had found defect size, within very wide limits, had 
no effect on this property and therefore the specimen size need not be as large 
as 150 x 450 mm. However, continued DR BOOTH, rolling shear was probably the most 
size-dependant of all the strength properties and it was most desirable to have 
comparative tests for different sizes. Only genuine rolling shear failures should 
be included in data used to establish lower percentile stresses he said, although 
the practice in COFI was to include all test results regardless of the form of failure, 

The Chairman proposed that a small sub-committee consisting of DR BOOTH, DR WILSON, 
DR NOREN and DR KUIPERS should consider the content of the paper and what amendments 
were required. In addition the Chairman suggested that DR NOREN should consider how 
characteristic stresses for plywood should be derived. 

DR BOOTH reported later that a revised draft of his paper would be provided within 
one month for circulation by the secretary. 

DR WILSON introduced "Comparison of the Size and Type of Specimen and Type of Test on 
Plywood Bending Strength and Stiffness" (CIB-WlS/6-4-2), describing the test 
objectives and drawing attention to "surprisingly low coefficients of variation for 
the in-grade specimens", 

In answer to a question from MR SUNLEY, DR WILSON said that the 1.58 ratio of small 
clear in-grade mean modulus of rupture had been lower than expected. 

DR BOOTH asked if Finland might carry out a similar series of tests although perhaps 
they would not expect the ratio of small clear in-grade strength to be as high as 
1.58. 

MR SAARELAINEN answered that test results would soon be available from the FPDA 
and these showed little difference between fifth percentile values for small and 
large specimens. Copies of a draft report including these results had been sent 
to MR CURRY and DR BOOTH he added, 

DR KUIPERS presented the paper "Buckling Strength of Plywood: Results of Tests and 
Recommendations for Calculations" (CIB-WlS/6-4-3) pointing out that the purpose of 
this paper was simply to inform delegates of the work being done in Holland. 

PROF LARSEN commented that the conclusions on end-fixity were most interesting as 
were the methods of providing simply-supported conditions for the edges of the 
boards. 

In answer to a question from DR BOOTH, DR KUIPERS admitted that although defects 
had been present in the boards they had not been taken into account in the calculations 
but he thought it unlikely that they would have had a dominating effect. From the 
experiment he said, they had concluded that reasonable agreement existed between 
the real and theoretical behaviour of buckling plywood except for clamped boundary 
conditions which they had been unable to achieve. 

7 CLIMATIC CONDITIONS 

DR NOltEN introduced his paper "Climate Grading" (CIB-Wl8/6-ll-l) suggesting that 
now that he had incorporated the changes recommended at Karlsruhe the paper was 
ready for inclusion in the CIB Code. 
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Both PROF LARSEN and MR SUNLEY questioned the use of 23°C as the standard 
temperature although they agreed that if this was the ISO standard then it should 
remain unaltered even though conversion factors might be required for some test 
results. 

It was agreed that this paper should be written into the Code. 

8 GLULAM STRUCTURES 

DR KUIPERS introduced the paper "Directives for the Fabrication of Load-bearing 
Structures of Glued Timber" (CIB-WlB/6-12-1) which he said was an initial draft 
for a Dutch standard on glulam structures and illustrated the probable layout and 
contents. He pointed out that the climatic conditions were not the same as those 
that had just been discussed in paper 6-11-1. 

MR FRECH commented that phenolic-formaldehyde glue would not be acceptable in 
glulam structures in Germany. 

PROF LARSEN accepted that this paper introduced glulam to Wl8 for the first time but 
he thought it too detailed to form part of a timber code. He agreed with MR SUNLEY 
that WlB should produce a standard for glulam and that this would present no 
insurmountable problems. PROF LARSEN continued, suggesting that in a WlB document 
the selection on materials should follow the pattern already established for aolid 
timber where WlB was responsible for stresses alone and not for grading limits. 
He also favoured the evaluation of results following the solid timber pattern but he 
foresaw difficulties in sampling. 

9 MECHANICAL CONNECTORS FOR TIMBER 

PROF MOHLER apologised for a misunderstanding over the translation of his paper 
"Testing of Integral Nail-plates as Timber Joints" (CIB-WlB/6-7-2). An English 
translation of the paper was not available for the meeting but PROF MOHLER undertook 
to have the paper translated and to circulate it through the secretary to all 
members. (Circulation has been achieved by including the translated paper in 
these proceedings). 

DR NOREN introduced his paper "Comments to Rules for Testing Timber Joints and 
Derivation of CharacteristicsValues for Rigidity and ptrength" (CIB-WlS/6-7-4). 

MR CURRY stated that he was not very satisfied with the methods given in Appendix 1 
for selecting the wood for the joints. 

DR KUIPERS asked why there should be only two methods of selecting the wood and both 
based on density. Why not permit random selection or base the selection on 
quality he asked. 

PROF LARSEN pointed out that by selecting the timber for the joint on the basis of 
density one parameter influencing the strength of the joint was being eliminated. 
Random or grade selection of the wood would permit the inclusion of this parameter 
whose contribution to the variability of the results was unknown he said. 

DR NOREN explained that other methods of selecting wood for joint tests were in use. 
IN the UK for example it was acceptable if the wood was within a single wide range 
of density. In Germany wood was selected on the basis of compression strength 
although this method he said was more difficult and more expensive to operate. 
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MR BRYANT told the meeting of the South African practice of testing joints within 
three wood density bands in order to cover their very wide species and density 
ranges. Joint slip and load characteristics had been found to vary with density 
he said. 

MR CURRY pointed out that the paper was concerned only with European pine and spruce, 
He proposed that to cater for other species, including hardwoods, high and low 
density levels should be related to the density spectrum for the species. It would 
be necessary to cover both ends of the density spectrum he contended, to allow 
for those fasteners whose mode of failure might be different at the extremes of 
density. 

PROF LARSEN favoured one characteristic density for each of four species groups 
arranged perhaps in a geometric progression. This he believed would eliminate 
the problem of considering different types of failure. 

MR BRYANT supported DR NOREN in preferring density rather than compression strength 
as the basis for the wood selection. He said that South African tests had shown 
high correlations between density and joint strength for individual and mixed 
species. 

DR BOOTH reminded delegates that although this paper was primarily concerned with 
joints in solid timber they should bear in mind that there would soon be a need 
to test similar fasteners in plywood where variations in density occurred between 
plies. 

MR SUNLEY agreed that this was a definite possibility but that at this stage 
discussion should be confined to solid timber and if possible to European spruce 
and pine. 

DR KUIPERS was rather sceptical about MR BRYANT's earlier statements. He would 
like to see evidence of these high correlations he said. 

Evidence from another source was quickly produced in the form of a report passed 
around the table by PROF STERN, This report (Performance of Pallet Nails and 
Staples in 22 Hardwoods, E George Stern, Virginia Polytechnic Institute and State 
University, June 1976), said PROF STERN, showed scatter diagrams of specific 
gravity versus joint strength for twenty two mixed hardwood species. High 
correlations were achieved for individual and mixed species he said. 

MR SUNLEY, summing up the views from several delegates, said that there did not 
appear to be very much to choose between selecting timber for joint tests on the 
basis of density or on the basis of compression strength. Prof Mohler he said, 
favoured compression strength because the Germans believed pin bearing to be a 
major factor in determining joint strength whereas most other people accepted 
density primarily because it was easier, MR SUNLEY continued, saying that he felt 
the correct solution might be to test joints in low densiity timber. 

MR FOSCHI said that to satisfactorily define characteristic strengths for joints 
the mode of failure should be consistent for all test results and this would depend 
on nail spacing, tooth profile, nailing patterns and other factors as well as 
density of wood, 

MR SUNLEY said that the testing specification that was now proposed might be 
difficult to adopt in the UK since tests were often carried out that were confined 
to specific timber species and sources of supply. 
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PROF LARSEN pointed out that it would not be practicable to treat every 
individual case in the timber code. 

Introducing "Rules for Evaluation of Values of Strength and Deformation from Test 
Results - Mechanical Timber Joints" (CIB-WlB/6-7-3). DR NOREN said that parts of 
this paper were based on the Nordic Code. He also said that correction factors might 
be applied to either the results of individual tests or to calculated characteristic 
values whichever was better. 

MR CURRY did not agree with this last comment. He considered it difficult to show 
that factors applied to characteristic values were worse or better than factors 
applied to individual results. 

PROF MADSEN felt that this paper could form a reasonable foundation for a more 
general timber-based paper. 

After a short discussion on sampling rules and their documentation it was agreed 
that DR NOREN should expand paper 6-7-4 into a more general document and that 
paper 6-7-3 should be included in the Code although some amendments might have to 
be made to it in the future. 

10 TIMBER COLUMNS 

PROF LARSEN introduced the paper "Comments on Document CIB-WlB/5-100-1, Design 
of Timber Colunms11 (CIB-WlB/6-100-1). He briefly explained timber colunm design 
and how the original Perry formula had not been appropriate for timber since the 
theory of superposition and the addition of stresses could not be used as they had 
been for steel. He continued by explaining that the grading limits for bow were 
greatly in excess of reasonable theoretical eccentricities. 

DR KUIPERS said that in Holland they had special grading rules for columns. 

MR BRYNILDSEN commented that if it were necessary to have special rules for 
colunms then they should also apply to the internal compression members in trusses. 

PROF LARSEN suggested that the eccentricity values in the Timber Standard should 
hold until they could be improved. He added that having inspected many trusses 
and other structures he had not encountered bow approaching the limits for the grades. 

PROF LARSEN presented his paper "Lattice Columns" (CIB-WlB/6-2-1) saying that it 
was self-explanatory and required no discussion. This view was accepted. 

MR BURGESS introduced "A Mathematical Basis for Design Aids for Timber Colunms" 
(CIB-WlB/6-2-2) which he said set out a mathematical basis for design charts. 

MR SUNLEY pointed out that design aids were useful but many people still preferred 
calculations for individual members. 

MR BURGESS then introduced "Comparison of Larsen and Perry Formulas for Solid Timber 
Colunms" (CIB-WlB/6-2-3). He drew attention to the similarity between equation (7) 
that is currently in use in the UK and equation (5). 
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PROF LARSEN objected to the use of the term "Larsen formula". As Mr Burgess 
had shown, he said, this formula was simply a manipulated modified Perry formula. 
PROF LARSEN disclaimed any contribution to the formula. 

DR BOOTH said that one serious omission from all the papers on column design was 
that none of them considered lateral deflection. 

After a short discussion it was decided that PROF LARSEN should try to derive 
suitable expressions for the lateral deflection of timber columns. 

11 LONG-TERM LOADING 

MR JOHANSEN stated that the paper "Deflection of Trussed Rafters Under Alternating 
Loading During a Year" (CIB-WlB/6-9-~) was a progress report on a continuing test 
programme and discussion would be more appropriate when the final report had been 
written. 

DR NOREN introduced his paper "Long-term loading for the Code of Practice (Part 2) 
(CIB-WlB/6-9-1) explaining the loading assumptions that had been made and the method 
of load conversion. He pointed out that there was apparently an error in Figure 
3 - the load should never reduce to zero. DR NOREN also pointed out that guidance 
would be required in a CIB Code on what proportions of creep or deflection were 
elastic or irrecoverable. 

PROF LARSEN, while accepting the method of load conversion, pointed out that it 
could be dangerious to generalise. He gave as an example very short term wind 
loads that might be strong enough to cause overturning. 

DR NOREN agreed that it might be necessary to link these ideas with a time-to­
failure consideration and that this paper was not yet at a stage where it could be 
incorporated into the Code. 

PROF MOHLER introduced "Long-term Loading" (CIB-WlS/6-9-2) saying that this paper 
was the result of tests on clear specimens, 

MR SUNLEY suggested that this paper was more research than application of research 
and might be more suitable for a IUFRO meeting. 

PROF MADSEN said that he had shown that in bending the effect of long-term loading 
was a function of strength. 

There was no further discussion on the paper. 

12 TIMBER CODE 

MR SUNLEY opened the discussion on PROF LARSEN's "CIB Timber Code: CIB Timber 
Standards" (CIB-WlB/6-100-2) by explaining that this initial draft would eventually 
form Volume 6 of the CIB Design Code and should harmonise with Volume 1. 
MR SUNLEY suggested that the paper be studied page by page and the following 
comments were made. 

title page 

contents 

MR MARSH asked if the title was correct. Several suggestions 
were made with most support for "Timber Structural Design Code", 

MR SUNLEY said that there appeared to be no logical distinction 
between the topics for the Code and for the standards. Beam 
design was in the Code and column design in a standard. 
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Section 2,1 

Section 2,2 

Section 2.3,1 

Section 3,0 

Section 3,1,1 

Section 3. 1. 2 

Section 3.2.1 

Section 3.4 

Section 4,1 

Section 5,1.1 

Section 5,1,3 

MR BRYANT pointed out that bracing was not included in the Code. 

PROF LARSEN agreed that bracing should be included. He thought 
it would best fit in under section 7 and that section 8 
should refer back to section 7. 

DR KUIPERS asked why only fifth percentile characteristic stresses 
were mentioned. He considered that more statistical information 
should be provided so that individual countries could derive 
their own permissible stresses, 

PROF LARSEN explained that safety and other factors had deliberately 
been omitted. It might be necessary to amend this page depending 
on the content of other volumes of the Design Code but he expected 
that only the fifth percentile would be given, 

DR NOREN pointed out that his paper (CIB-WlB/6-11-1) had now been 
adopted for this section. 

PROF LARSEN said that factors for the four classes of duration 
of load had yet to be decided. 

DR BOOTH suggested that shuttering and formwork should have a 
different classification to wind. 

In answer to a question from DR KUIPERS, PROF LARSEN explained 
t .hat it was necessary to include approximate dimensional changes 
due to changes in moisture content because dimensional changes 
could induce loads. 

PROF LARSEN said the last paragraph could be deleted since it 
was repeated in section 5.1. 

PROF LARSEN explained that the coefficient a was based on the 
assumption of a normal distribution because of the lack of alterna­
tive evidence. 

DR BOOTH asked if Volume 1 treated buckling as a limit state. 

PROF LARStN said that it did but that different factors of 
safety might be associated with different limit states. 

MR SUNLEY thought that deflection limits should appear in this 
section. 

PROF LARSEN suggested that it was not the function of Wl8 to 
write this section but the responsibility of the manufacturers. 

It was agreed that "engineers bending theory" should replace 
"the ordinary technical theory of elasticity", 

DR BOOTH expressed doubts about using the theory of elasticity 
and previous papers on the design of timber beams for all 
species regardless of their f:E ratio. 
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Section 5.1.1.7 

Section 6.1 

Section 6.2 

PROF LARSEN agreed that the eccentricities might be changed 
and a method of calculating lateral deflections should be introduced. 

MR BURGESS asked why there should be restraint to prevent buckling. 
He pointed out that this was not an unstable elastic stage and 
therefore not an ultimate limit state. It was, he suggested, a 
serviceability limit state. 

After some discussion it was agreed that theoretically Mr Burgess 
was correct but that nevertheless buckling should be avoided and 
the Code should advise on how this could be done. 

DR KUIPERS asked why only two types of fastener were mentioned. 

PROF LARSEN agreed that screws and beveled split-ring connectors 
should be included. He also pointed out that E values had yet to 
be given. 

In summing up the discussion on this paper MR SUNLEY said that 
naturally there was still a great deal of work to be done on 
this Code. He continued that perhaps mention should be made of 
preservative treatments and more references to other standards 
might be required. However, the final format and content of the 
Code could not be decided he said, until Volume 1 had been seen 
and commented on by all the members of Wl8 and he expected that 
this could be done before the next meeting. 

13 LIMIT STATE DESIGN 

The last morning of the two-and-a-half day Wl8 meeting was devoted to a talk by 
MR SKOV who explained the content of his paper "On the Application of the 
Uncertainty Theoretical Methods for the Definition of the Fundamental Concepts of 
Structural Safety" (CIB-Wl8/6-l-l). 

PROF MADSEN and DR BOOTH were both curious as to the effect of varying the 
distributional assumptions. Would this they asked, upset the calculation of the 
beta factors. 

MR SKOV agreed that it would. The method he was advocating depended to a large 
extent on approximating the actual distributions of strengths and loadings by 
normal distributions. 

DR KUIPERS asked what was to be gained from the probabalistic methods of design. 

MR SUNLEY answered that the only probable gain would be the increased confidence 
we could have in structures although there migth be some minor material benefits 
too. 

PROF MADSEN suggested that since a probabalistic design method would necessarily 
be calibrated against existing structures the implication was therefore that the 
present conservatism would be retained. 

After several other questions MR SKOV concluded by reiterating his opinion that now 
was the time to start thinking of and introducing probabalistic design. 
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MR SUNLEY wound up the discussion and the meeting by thanking Mr Skov for an 
interesting and informative talk. On behalf of all the delegates he also thanked 
Professor Larsen as host for his hospitality and for the facilities that had been 
made available for the meeting. 

14 NEXT MEETING 

The next meeting of CIB-Wl8 will be during the week beginning 28 February 1977 in 
Stockholm, Sweden, At that meeting the main topics for discussion will he: 

l Plywood - DR BOOTH to provide a second draft of paper 6-4-1, 

2 Sampling and Derivation of Characteristic Stress - DR NOREN to extend the 
scope of paper 6-7-4 to include plywood and solid timber. 

3 Timber Columns - PROF LARSEN to make proposals for methods of calculating 
lateral deflection. 

4 Glulam - Grading, sampling and testing of glulam structures. 

5 RILEM - DR KUIPERS, DR BOOTH, MR BRYANT, MR CURRY to report on the activities 
of RILEM. 

6 Unified System of Structural Codes - Volume 1 of JCSS Code for discussion. 

7 Timber Code - amended version for discussion. 
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1. INTRODUCTION 

Existing methods of structural design might well be providing 

adequate service to society, as they seem to do; although fun­

damental concepts of structural safety are not well defined. 

The absence of well-defined safety concepts leads to signifi­

cant difficulties. At present there is no measure of the rela­

tive safety of structural elements such as beams and columns 

and so no measure of overall structural safety. Important que­

stions, such as the relative safety of steel and concrete struc­

tures, or whether the safety of some elements can be reduced 

without affecting overall safety, cannot be answered with any 

confidence. When new information relevant to structural design 

is obtained, the proper use of such data can at best be esta­

blished arbitrarily. 

During the past few years a lot of work have been carried out 

for establishing a fundamental concept of structural safety. In 

an attempt to harmonize the safety concepts on an international 

level the ISO Technical Committee TC 98 has elaborated the ISO 

standard 2394 RGeneral principles for the verification of the 

safety of structuresR, which was based on the work carried out 

in the wJoint Committee on Structural SafetyR - CEB-ECCS-CIB­

FIP-IASSE. The safety concept introduced in the mentioned ISO 

standard is based on characteristic values of actions and mate­

rial properties in combination with partial safety coefficients 

related to the characteristic values, which more or less are de­

fined by using the statistical distribution functions of the ac­

tions and the material properties. The method introduced by ISO is 

called the method of partial coefficient and is adopted by several 

countries for the verification of the safety of the structures . 

The ISO standard, however, is not defining the basic measure o! 

atructural safety. 

It is, however, internationally acknowledged that there exists 

a need for a definition of the fundamental concepts of struct~­

ral safety based on rational theories. If one accepts the idea, 
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introduced in the ISO standard, that the performance of struc-

;,- tures is probabilistic, then it seems natural to defir.€}the 

fundamental safety concept by means of the mathematical proba­

bility_concept. The definition of structural safety could then 

be that all structures, used for the same purpose, must have 

the same probability of er.tering in~o a given ~nwanted state. 

The purpose of introducing a fundam~ntal safety concept bas~i 

on probabilistic design methods is to give a well-defined ~ea­

sure of structural safety, to take account of the develop~e~t 

and those statistical observations, which already are avai­

lable for the parameters involved in structural design ar.d to 

serve as a basis for deter~ination of the safety factors r8:a~ed 

to the method of partial coefficients in order to ensure that 
a uniform degree of safety, in terms of formal probabilities of 

failure is obtained. 

It is, however, hardly ever possible to calculate the safety on 

the basis of distributions determined through physical observa­

tions. One reason is that the physical observations available 

are generally quite insufficient for the determination of the 

tails of the distributions (upper tails fo~ loads and lo~er 

tails for resistance), these being almost decisive for the 

value of the failure probability. Another reason is - except 

for a few types of distribution - almost impracticable calcula­

tions from a mathematical and calculating point of view. In or­

der to arrive at practical manageability, certain types of di­

stribution might be standardized as an instrument for the veri­

fication of safety. 

A standardization of this nature quite naturally leads to fur­

ther simplification,~ expressed in the.unce=tainty theoreti­

cal methods. Cp. [1], [2], [3), [4], [S] and [8]. 

A verification of the safety of a load carrying structure is in 

general based on an idealized model dealing with the action of 

the mechanical system. In resistance models, for instance, this 
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will for given values of the variables yield a resistance which 

deviates more or less from the resistance measured on the basis 

of a laboratory test with the structure element corresponding 

to the giv~n values of the model variables. 

The engineer's knowledge on material strengths normally comes 

from standardized measurements of the strengths of test speci­

mens, which may deviate from the material strengths "in situ". 

To be added to this uncertainty is the uncertainty originating 

from any negligence on the construction site. The degree of un­

certainty depends partly upon the work control carried out by 

the engineer. Moreover, such uncertainties may lead to geome­

trical deviations as for instance excentricities not being ac­

counted directly for by the engineer, and which could not have 

revealed by means of laboratory tests. 

Correspondingly, there exists a large number of not directly 

formulated uncertainties to a considered load effect. This is 

due to an idealized view on the load carrying structure and the 

way in which it transforms the exterior loads to the load ef­

fect in a certain spot of the structure. The uncertainty more­

over originates from the idealization of the actual load distri­

butions over the structure and in the time to identical or regu­

larly distributed loads or single forces. Also loads, which phy­
sically can only with difficulty be considered uncertain quanti­

ties, may have to be considered uncertain. They could, for in­

stance, be due to hypotheses concerning a future changed use of 

the structure. 

The problem is the complications and limitations to our know­

ledge, which makes it impossible to set up exact mathematical 

models. 

The enginee~ is forced to work with idealized models. Which 

however, he must not forget. Any matters which he cannot adapt 

to his model in details, he must acknowledge as adding to the 
uncertainties of the results which the model gives. Therefore 
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the engineer's evaluation - qualified but subjective - of this 

uncertainty is necessary for a design which is safe, but not 

so much on the safe side that materials from our limited res­

sources are wasted. 

It seems natural to try to evaluate uncertainties of the ~hove 

nature by means of the mathematics of the uncertainty theory, 

i.e., by representing the various uncertainties by uncertain 

quantities. The engineer will then have to judge about the mean 

values and the coefficients of variation for these uncertain 

quantities. Sometimes it is possible to base the value of these 

quantities on objective measurements or professional analysis. 

In connection with a certain problem, for instance, a more de­

tailed mathematical model could be used than will be used in 

the design process. The design model is, however, preferred be­

cause it is simple, and because it can be applied in connection 

with problems which are too complex to be analysed by the de­

tailed model. The detailed model can, however, in connection 

with sample studies give information on ~ncertainties relating 

to the results from the design r:iodel (example: beam theory ver­

sus three-dimensional elasticity theory). The engineer's evalu­

ation can in such situations be based on his professional in­

sight into the detailed behaviour of the considered cbject. 

Typical code specified formulae are often justified by experi­

mental tests where the ability of the formulae to predict the 

behaviour of the specimens is judged. Such experiments are most­

ly made with specimens which are constructed with the closest 

possible ressemblance to the idealized specimens covered by the 

formulae ("symmetrical" beam loaded in the "plane of symmetry" 

and supported on "simple" supports, straight centrally loaded 

columns, etc.). Practical construction on the site will inevi­

tably lead to deviations from these ideal laboratory conditions. 

These deviations can in certain cases strengthen the structure and 
in certain cases weaken the structure. The experiences gathered 
by the engineer (or the engineering profession) from the inspec­

tion of real structures as well as his theoretical or e~peri.J:len-

4 
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tal analysis of the consequences of the observed deviations 

from the idealized conditions are very important facts for the 

professional determinat~on·of the uncertainty. 

The uncertainty may even refer to a quantity, which can only 

with difficulty, or not at all, be exposed to •repeated measure­

~ents•. Repeated measurements may at least be excluded for prac­

tical reasons. An example are problems in connection with a 

special structure which has not yet been built, and which will 

only be constructed once. In the design phase for this struc­

ture, such •one-time-uncertainties" must, of course, be taken 

into consideration. Outside the engineering field this could 

be illustrat.ed by means of a problem connected with some hi­

storical event: the historians' statements on such a problem 

will be subject a certain subjective uncertainty. 

Uncertain quantities whose mean values and standard deviations 

are entirely or partly subject to subjective evaluations, are 

called the Bayesian Uncertain Quantities (Thomas Bayes, English 

priest, died 1761). 

Turkstra (7) and Cornell (4) have suggested a simple model 

for the introduction of the Bayesian uncertain quantities into 

the safety evaluation of load carrying structures. Let M be 

a unsafe material strength included in the calculation model. 
AsslL'Tle that the mean value E(M) and the coefficient of varia­

tion VM have been given on the basis of a series of test re­

sults, under consideration to the statistical uncertainty which 

is due to the limited series of tests. This, however, does not 

allow for the total uncertainty of M. Therefore replace M by 

the MI where I is a Bayesian uncertain quantity (an evaluation 

factor) which may itself be a product of several of the Bayesian 

uncertain q4antities. For instance, the equation can be set 

up I E FP, where Fis a factor which allows for any manufactu­

ring imperfectness in relation to the considered material and 

its role in the structure. The factor P covers the uncertainty 

.1.n connection with the professional knowledge. It covers the 

s 

• 

uncertainties which arise in connection with the set up oft~~ 

model, and which could come from the idealization o: tr.e co~.­

sidered material's role for the failure mechanism. Moreover, 

it should partly cover the uncertainty in connection with tte 

idealization of the influence the various materials ~ay ha~e 

on eachother. All the uncertain physical values included in the 

model may thus may be covered by the Bayesian factors, which ac­

count for this uncertainty. The uncertainty concerning the cor­

rection of the sample specimen strengths up to the strengt~s 

to be included in the calculation model, can also be cove!'ei 

by P. The Bayes factors can according to need be split U? i~tc 

more factors, if this simplifies the evaluation, accordi~g to 

which the mean value and the coefficient of variation is to be 

determined. Thus a factor could allow for any calculation e!'rors 

which will not make themselves felt as serious errors. 

When the values of E(F), E(P), VF, VP have been deterwined in 

one way or another, the values of 

E[M] E[F] E[P] and / vz + vz + vz 
M F P 

will be added, for E(M) and VM, respectively. These rules were 

based upon the rules which are valid for products of rr.utually 

independent uncertain quantities. 

Of course, this procedure is not a very detailed analysis. How­

ever, the purpose is also to allow for the uncertainties which 

are due to lack to detailed knowledge, and to avoid any exten­

sive and difficult analysis in connection with the practical 

design work. The procedure has the advantage of pointi~g out 

this series of uncertainties and of leading to a distinct and 

rational discussion on these uncertainties, for instance in code 

committees. Finaliy, the formulae ensure a theoretically correct 

procedure for the combination of uncertainties, each of -..-hich is 

guessed by use of engineering judgment. 

The resulting safety will then be estimated under consideration 

both to actually statistically fluctuating values and to the un­

certainty found in the information which is at disposal. The sa­

fety must therefore be considered a credibility which for very 
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certain information can be interpreted as physical probability, 

and for very uncertain information must be interpreted as a 

value expressing the best obtainable professional judgment con­

cerning safety. The last situation actually expresses more 

about the engineer's professional opinion about nature than 
about nature itself. The engineer's choice when determining 

the dimensions of a structure will, however, always be based 

on the observations available to him, as well as his profes­

sionally supported opinion about the qualities of the struc­

ture and its loads. The purpose of the mentioned safety model 

is merely to help the engineer from his basis of decisions 

which, when followed, ensures consistent and rational actions. 

7 
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2. UNCERTAINTY THEORETICAL METHODS 

An uncertainty theoretical method is a raethod based on the 

knowledge of mean values and standard deviations of the un­

certain quanti-ties which here are material strengths, loads, 

geometrical values, as well as parameters allowing for the un­

certainty of design formulae, which must be uncluded in the 

evaluation of the safety of a load carrying structure. 

The idea of the method can be illustrated in the following way: 

Assume that the design of a load carrying structure consists 

in the determination of the mean value of an uncertain para­

meter v, meeting the requirements for the safety of the struc­

ture. Assume that the structure will fail if v<O. 

Design, based on probability theori will consist in the deter­

mination of the mean value of v, in such a way that the proba­

bility of failure, P[v<O]•E. 

Generally we do not have sufficient data to determine which pro­

bability distributions are valid for the quantities used for the 

design of a load carrying structure. Moreover an eval~ation 

based on probabilities of failure will generally lead to consi­

derable calculatory difficulties. 

The criterion of acceptance based on the failure probability 
P[v<O]~E is therefore replaced by a more simple criterion invol­
ving only the mean value E[v] and the standard deviation D[v] 

the parameter v. This criterion, which is illustrated in figure 
,, 1• 

E[v] ~ 8D[v] (1) 

where Sis a coefficient that per definition is said to state 

the safety of the structure. 8 will in the following be referred 

to as the safety index. 

8 
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Figure 1. Illustration of the safety index e. 

As is seen in figure 1, t he distance from t he mean value E[ v] 

to the failu re limi t v=O measured in standard deviatio ns D[ v ] 

can be defined as the safety index S. 

If vis normally distributed, there -exists a one to one 

relationship between the safety index Sand the failure 

probability P[v<O] since this failure probability is 

defined as 

P[v<OJ ( 
E[v] ) 

~ - D[v] "'~(-S) 

In this expression, ~ represents the distribution func­

tion for the normal distribution. If, for instance, 

8=4.75, it follows that ~(-8) = 10-6 • 

Generally, de~ign of"a load carrying structure involves more 

than one uncertain parameter. We may therefore generalize the 

definition of the safety index 8 to problems involving more 

than one uncertain parameter. For illustrative simplicity we 

restrict ourselves to the two-dimensional case since generali­

zation to more variables is straight forward. 

9 

(2) 

• 

Assume for simplicity that the deter~inistic failure criter~o~ 
is expressed in the equ&tion 

where 

and 

f(x, y) ax +by+ k 0 

a, b, k are constants with k>O 

x and y are uncertain quantities, ( and n, respectively 
with mean value 

E(tJ = D[nJ 0 

and standard deviation 

D[(J "' D[nJ 

(3) 

The zero-point (O,O) is obviously in the safe domain. Thus the 

limit state expressed in (3) is reached or exceeded if and only 
if 

f(x, y) = ax +by+ k ~ 0 

The inequality (4) is now replaced by the equation 

which defines an uncertain quantity v. In the equation (5) 

(-ax' ay) is a unit v:ctor (termed the a-vector) directed to­

wards the failure side of the limit state line, see fig. 2. It 

is seen, that the limit state is defined for v=O and that the 

limit state is exceeded provided v<O. Thus we may define the 
safety index, S, by equation (1) 

10 
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y-axis 

limit state 

x-axis 

Pig. 2: Illustration of E(v] as being the distance from 
the origin of the reduced coordinate system to the li""it 
state line. Each point corresponds to a ranciom outcome 
of (C,q), that is, a realization of the loaded structure. 

E[v] 
B = 5TvT 

measuring the distance from the mean E[v] to the limit state 

v=O in terms of the standard deviation D[v]. Solving (5) with 

respect to v yields 

v =as+ bn + k 
aa - ba 

X y 

Since E[~] E[nl = o 

E[v] = le 
aa - ba 

X y 

we get 

11 

(6) 

(7) I 

and since D(~] = D(~] 

correlated we set 

D(v] 
{aa - bo. l 

X y 

1 and ass'..L--:\ir,s that ~ ar.d r, are un-

If the a-vector is selected such that it is perpen5icular to 

the limit state line, that is 

(&) 

{a I b} 

/a 1 + b 2 

(9) 

it turns out that 

D[vl = 1 

E(v] le 
8 

la 2 + b 2 

and that Bis the distance from the point '0,0) to the li~it 

state line. 

The above example illustrates the following geometrical defi­

nition of the safety index B: 

{ 10) 

(11) 

win a cartesian coordinate s vstem with axisses correscondina to 

mutually uncorrel3ted uncertain quantities reduced to !!",;an 

value zero and standard deviation 1, the safetv index 3 is the 

distance from the oriain to the limit state line". 

In cases of non-linear limit state line the safety index, B, 
is define as being the shortest distance from the oriain to 

the limit state line in the reduced coordinate syste~, sec [8]. 
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In practical design the u1:certain quantities, X, Y, hava mean 

values and standard deviations different from zero and one re­

spectively. In such cas,,s we :lust introduce reduced v,,riable, 

i.e. var1.ables with mean values equal to O and standard deviation 

equal to 1, e.g. 

X ., X - E(X] 
D[X] 

y Y - E{Y} 
D[Y] 

or 

or 

X -= log X - E[log X] 
D[log X] 

y ~ log Y - E[loa YJ 
D[log Y] 

As an ~xample we may consider the failure criterion 

X"" y 

(12) 

(13) 

where X is the resistance of the structure and Y is the action 

effect. 

The failure criterion (13) may equivalently be given as 

log X - log Y = 0 

Using the logaritmic transformation in (12) equation (14) 

yields 

D[log X]x - D[log Y)y + E[log X] - E[log Y) = 0 

This equation is equivalent to equation (3). Thus 

s = 
E[loq X] - E[log Y) 

lotlog X] 2 + D[log Y) 2 

If X and Y have a logaritmic normal distribution, v 
given by (6) has a norMal distribution, thus defining 

the failur•s probability thiough {2). 
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( 15) 

( 16) 

t) 

Approxi1:.atively we have 

8 

E[XJ 
log EITT 

/v2 ·+ vz 
R S 

where V denotes the coefficients of variation. 
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In the pre=ecdi~~ se=tion, the idea behind the introduction 

of a safety i::ca:x 3, h.:s been illustrated and an .~x.:;mple dea-

1 ing with resist~~ce and load effect is given. As shown in (1] 

a safety index cef~~ed on the basis solely of means and standard 

deviations of resistance and load effect is, however, not un­

a~~iguously, that is, r.ot invariant'with respect to legal mathe­

matical transfor~ations. 

The following exa~?le will illustrate the problem of invariance: 

Suppose that the resistance is R, the load effects, and that 

the limit state curve is given as 

log R < leg S ( 18) 

In this case, see equation (17), the safety, expressed in term 

of s
0

, is given as 

log 
::;[R] 

== t sl Bo 
/vi + yl 

R s 

( 19) 

The limit state, however, could also have been expressed by 

log R1 < log s1 
(20) 

where 

R + a (21) 

(22) 

in this case, the safety is given as 

15 

s, 

"E [R,J 
log El50 

/
~1 + v1 

R1 s1 

(23) 

In equation (18) the resistance R may for example denote the 

bending moment capacity with respect to the central axis of a 

reinforced concrete column cross-section, whereas the resi­

stance R1 in equation (19) may denote the bending mo~ent capa­

city with respect to the reinforcement center. 

Assume that the parameter, a, is a constant. Then the following 

expressions are valid 

E[R1J = E(R) + a (24) 

E(S
1

] = E[S) + a (25) 

VR 
E[R] 

a VR (26) 
1 

E[R) + 

vs 
E[SJ 

a VS (27) 
1 

E[SJ + 

For a given structure, that is, for given mean values, E[R] 
and E[SJ, and coefficients of variation VR and v 5 , the safety 

expressed by Sought to be defined in a unique way. In the case 

considered we thus should require that s0 = s1 • As shown in 

figure 3, this requirement is not fulfilled. It is seen, that 

s
1

, for a fixed value of s
0

, depends on the relative transla­

tion a/E[S]. 

It should be emphazised that the invariance problem also appears 

in a deterministic code based on safety factors related to re­

sistances and corresponding load effects, see [1]. 
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F i crure 3. Illustration of translation dependence of the 

safety index s1 •. (Determined for s0 = 5, VR = VS = 0,2). 

The invariance problem appears, as shown, in those cases 

~here the resistance and the load effect are not defined in a 

unique way. It is, of course, possible in every single case 

to make code - standardized definitions of the resistance and 

the load effect, 

This simply eliminates the possibility of using mathematically 

equivalent but for~ally different formulae. Performance of such 

a procedure is, however, chearly inconvenient and highly imprac-

ticable. A much more tractable way is by selecting a set of 

basic variabl es in terms of which all relavant quantities are 
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H.J. LARSEN 

Comments to 
cm-TIMBER STANDARD NO. 04, LATTICE COLlThlNS 

76.04.20 

Reference is made to CIB-W18-document,>The design of built-up timber columns» and CIB-Stan­
dard 04, from which the notations are taken. Since for iattice columns 10 ~ I the effective mo­
ment of inertia is, cf. formula ( 44 ): 

i.e. 

For V-rrusses cf. formula (50): 

a £1 21 1 Q1e
1 

9 e= 
k= 2cos1 0 [4E Adco;;O + kd + 6El f (l-;

1
> sin

1
0l 

F"or glued trusses the last term is normally dominating, i.e. 

Q2 2 n 2 " a 1 e 2e 2 2 "re· :2 

k ~ 12Elr (1 - Q1) • tan 0 ~ 12Err tan 0 

with Ir/ Ar = ir and 2h = Q 1 tan0 

4 l l h l 
µ = __3_ (~) (-) 

12 lf Q 

Taking into account the first term in (d) by adding 25% 

e z h l 
µ~,1(4) (Q) 

is found. 

For nailed trusses the second term in (d) is dominating, i.e. 

~- i\ 
k 2nk cos'l 0 

1r
2 ArE i\ 21r 2 ArhE 

µ = Q 2- 2nkcos2 6 = Q2 nksin2O 

Taking into account the first term in (d) by adding 25% 

EArh 
--25 ----

µ Q1 nk sin2O 

is found. 

For .N-rrnsses formula (50) is replaced by 

a 1\ 1 sin l 0 1\ e
2 

2e 1 . 
-k - 20 [k + 1.· + l ?D I (1- Q ·) s,n20] 

cos d ·-v ... r.. f l 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

U) 

(k) 

In (k), where the terms taking into account the extension of diagonals and verticals are or.1itted, 
k_, is the stiffness of the joint between flange and vertical. 



For glued trusses, with h = -'\ tan8: 

n'l 2 
a "' 1 8 h1 e2 

k ~ 12E1 tan
2 8 ~ 12EI , r r 

7Tl Q l h l 
µ ~ - (-;-) (-) 

12 lf Q 

Adding 25%: 

For nailed trusses taking kd ~ ¾/sin2 8: 

a 2£1 
-~ --=-''-
k cos2 0nk 

Again adding 25%: 

EArh 
µ ~ 50 22 nk sin28 

is found. 

2 

(Q) 

(m) 

(n) 

(p) 

(q) 
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A MATHEMATICAL BASIS 

F'Oll DESIGN AIDS .FOR TIHJ)Ell COLUMNS 

Design aids for solid timber beams have been produced in various forms, 

but little has been published to assist in the design of timber columns, 

partly because of the much greater 11:.>mplexi ty of 'the mathematics 

describing the behaviour of both ict.eal and practical columns. Ideally, 

a design chart for columns, especially those with lateral load,should 

allow for a limitation on deflection as well as a stress limitation. 

This has been achieved for solid timber beruns as shown by Fig.1; the key 

diagram at the left of the chart shows how it is used. 

It is too much to hope that a chart of such wide application can be devised 

for columns because of the fundrunentally different mathematical description 

of their behaviour, but trials have found forms of chart applicable to a 
• 

single timber which can greatly speed the process of selecting a member of 

adequate size for given longitudinal and lateral loads. 

The object of this paper is to propose one mathematical basis for such charts, 

allowing for deflection as well as stress limitations. Most of the work 

comprises a development of results in the conventional theory of elasticity 

although approximations of simpler form may appear in a Code of Practice 

and may if desired be incorporated in design charts. In such cases it is 

important to lrnow what more precise theory is being approximated so that an 

idea of the loss of accuracy may be gained. Also, a design chart may if 

desired be based on the precise theory from which the approximation is 

derived; the chart would not be in conflict with an approximate formula 

provided for ease of calculation, and it would generally be unsatisfactory 

to adopt the same approximation for the graphical method. 

An important reason for keeping to the precise method is that it reduces to the 

usual result for a beam wllen the longitudinal load is zero, or to the 

result for a column when the lateral load is zero. Some approximations do 

not achieve this, and moreover tend to give a very misleading impression 

of the behaviour of berun-columns. For example approximations containing a 
p 

factor (I- P.._) tend to give the impression that there is an equilibrium 

solution with P = P when iu fact there is not. Such a mistake would not e 

be made by the person deriving the approximation or by one who has 

studied the derivation closely, but many users of a code of practice 

will not be in this position. 
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The following work will be concerned with formulae developed from the 

assumptions leading to the "Perry formula". This is applicable to a 

column with initial sinusoidal curvature and the effects of defects, 

inhomogeneity and acciden·tal eccentricity of the load are taken into 

account by an additional curvature. The validity of the method has 

been debated in text-books and elsewhere (e.g.Pearson 1954) and will 

not 1e discussed here. Similarly no consideration will be given to 

the merits of the competing "secant formula" which has been adopted in 

Australia, or of a method used in continental Europe which has been 

described in two recent papers by Larsen (1973). 

COLUMN WITH LONGITUDINAL LOAD ONLY 

Derivation of Perry formula 

The above assumptions lead to the following formula for the maximum 

deflection of a column carrying only longitudinal load when the total initial 

'curvature' corresponds to an initial deflection Cl 

where c,.;:::~ is the nominal compressive stress and p& is the Euler 

stress 1T1.E/(,1/-1"')': 
The maximum stress occurs on the concave face with the value 

.f.+ P?=fh 
A A-t'~ 

where"- is the distance from the neutral axis to the concave face. 

If this stress is not to exceed the grade stress c, , then putting 

C = .f. o.ncl 'V\ =:: a.i/1'; 
A 

c3 =C {I+ 

This quadratic equation is solved for C to give the Perry formula 

I 
I 

- - (1) 

In this case where the value of C is such that the limiting stress c5 is 

reached, C is usually called er and the K11 factor of CP112 is derived as 

This well-known formula is adopted in the U.K. as a suitable basis 
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for the design of timber columns. Its brief derivation has been given 

because similarities will be pointed out later in formulae suggested 

for the design of laterally loaded columns, which will reduce to the 

Perry formula when the lateral load is zero, 

Deflection 

With J .. :-=- r, the maximum deflection of the loaded column is 

"'-i, - Cl 
G - 1- o{. 

and the additional deflection due to loading is found by deducting a. 

from this to give 

_g_ _ 0. ,-~ Q.o(. = --
' - o(., 

If this additional deflection is to be limited to S then 

E, ==- a. c;,L 
I -o-L 

Usually 6 is available as a fraction such as O•Oc3of the heighti so 

that f = 0-003.::. 'b1
• Similurly a. is usually available as a fraction of l 

since for example the expression '\ = 0,005" ,!. implies ~ = O• 002.lt'I ..f, 
I 't" 

and this fraction will be termed lL. =-r . 
Thus the above equation may alternatively be expressed as 

~ - O.c(... r -1(, -o{.) 
I of a'.. 

6 ::. 1-o(... 

Using the first form with uL replaced by 
p - 0 
P, -Cl+~ 

so P is limited by deflecti ~n to ~ 
0. +-0 

or C.= P is limited to ..&-[_ 
A a+S 

The stress on the concave face is 

Cv-= e,.(1 + .~.z.) 

p 
Pc. 

gives 

= ~ ,+ ~ hi.I (>c;L~ 
a. 1--~ , - - -

for a rectangular section 
(1..+ S 

- -(i) 



This is the maximum stress when deflection governs the design. 

When stress is the governing criterion, the limiting value of c 

is found by the Perry formula as the solution of 

( ~, 
C3=C.. 1+1-..S/ 

r .... 
If the limitations applied to deflection and stress take effect 

sinn ltaneously, i.e. at the changeover between the deflection-governed 

and stress-governed regions, the value of C given by (1) may be inserted 

in (4) to give 

- but the same may be seen immediately from ( It) since at the changeover 

point not only will c~ be limited to this value by deflection but also 

the stress on the concave face ( Cv-) will simultaneously be limi tcd 

to c,. 
Inserting 

~'- _cS and the values u - i. 
than 6 and a.. , 

and I Cl 
.a.= l which arc usually known rather 

This is a quadratic 

to give 

in f which may be sol vcd taking the positive root 

i ~ '3 (<>-'+6') [/i +~':;-•e: 6'~~ .... , , - ,1 
as the f. value at which the changeover takes place between the 

deflection-governed and stress-governed regions. 
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INI'l'IALLY CURVED COLl)MN WITH UNIFOHM: LATER.AL LOAD 

'l'he formal solution for an initially curved column with uniform 

lateral load may be found easily by the modified superposition method 

explained by Timoshenko and Gere (19&1), combining the deflection for 

a curved colwnn with no lateral load with that for an initially straight 

colunm. carrying lateral load to give 

Cl. + 5" <;l1 e+ Yl (l.,L) 't =-~ 3~4-£ I · 1, 

where 11,(u.) : 12 (2. s~~ ~ ""-2.- u.,.) 

----· --{5) 

with U. = ..kl ahcl k =il-r. 
'Z. 

o1"' u. =- JI IP 
'Z. '~ 

and 0.= 'deflection' present before loading, representing the assumed 

initial curvature including the effect of defects and accidental 

eccentricity as well as the actual curvature. 

The bending moment at the centre is 

M =- P'f + <v;i. 
- ..fu.. -4- gJ__'LA(t..t) when tlw value of "'-t, ,_c,(,. t:' 6 

is inserted,where 

The first term is the result for a curved column without lateral load as 

given above and the second term is the result for a lateral load on a 

straight colrnnn. 

Following the method used in deriving the Perry formula, 

Max.stress= 
p Pa. -h. 9Lf A.(Ll) t_ 
A +6- "'-) A -r-2. -t- 8 A -r,. 

= + -9&~ X(u)~ 
8' A-r'J. 

C, + c.. 'Y\,, 
I - o.l. 

With -k:,. = .;J_1. for rectangular members and putting ½= .,L.)"', then if the 

maximum stress is to be limited to c3 for example, 

Cs - c. ( I +-,=1c ) + l ~i. '>-.(t..t..) - ((,) 
r, 

in which Y\, may be replaced by G g,_ bccuuse the expression is now restricted 
c:! 

to 1·ectn11gular members. 
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Equation (6) is to be solved for c given ,w" or for..w- given c. 

Presuming c cannot be fo·md explicitly, .w-can be found for a range 

of~ values from the transposed form 

~ = 1(~)1-~(u) lc'l - c f i-+-~~} 1 ------ -- ---(7J 

A chart displaying these values will of course allow c to be found when .l..v' 

is lmown, as easily as the reverse case. 

When /.;,.J~:: 0, C '1 =- C [ 1 + ~ 1 '-4 iv i n 'J r~ J 
a column without lateral load in equation 

c= er 
(2) 

, the result for 

When c.-= o, ,v;,- ::e. ~ &Y-~ , rl.4ttin~ A..(u)= I wh~n C::: o. 

This is the usual result for a beam without longitudinal load except 

that cj appears instead of fr since equation ( 6) limits the stress on the 

concave face to c..t in all cases. 

Combi ned stre ss eq tuLtion 

If it is desired to vary the maximum stress on the concave fac~ from f., to c3 as c 

ranges from o to <=t, this can be done by changing ( 6) to the "combined 

stress" form thus: 

I ::. £.. { I + "'1,c. 1 + .}. 41... M~ --- -- - - ~) 
~ 1-- J 4 cL -:r;-t . fc.. 

If.w- is plotted against c from ( 7), the use of equation ( 8) is equivalent to 

relabelling the vertical axis with value s increased in t h e rati o ~ • Then 

the mathematical relationship in (8) means t bot ~ time s the va lues on t he 

vertical axis must be taken before enter i u g equati on (7) derived from (6). 

Equation ( 8) yields the Perry result when ur::o and the ordinary result for 

a beam when C= O. A method described by Larsen applies a "combined stress" 

equation even to a column without lateral load, so that with W:.-=O the constituent 

c-,:i, f t · ( 6) . . f th b d. t d b th 
1 _ .s. o equa ion , arising rom e en ing momen cause y e 

longi ifrainal load, is divided by f~ instead of ~ • '!'his procedure is in 

conflict with the traditional UK method where solving the equation 

½::. C l I + t :~ J 
. . r11. 

to obtain the Perry formula implies that bo U1 the constituents d c.n c an 1 _ {:-
,'c. 

are divided by c3 • The method applied by Larsen cannot produce an equation 

:which reduces to the Perry result when V==O. It. is suggested that with 

the lateral deflection limited when J-,J'=C; the stress distribution is 

essentially comprt>ssive and there is little justification for applying a 

comlii ued stress equation which is not n mathcnmtically derived equation nnd 

in British practice is only a eonvcnie11t way of obtaining the stresses fr 
when c.~o and c

3 
when w:O in laterally loarled colrnm1s. 
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Approximations for stress 

If u.. =-:ll fI is not too large, the approximation z_,'p&, 

A(~ = - 1- may be adopted. 
';I ,- ~ 

Then (6) may written as 

c, = 

which may be solved for 

c. +...£!1- +_:fu._ --
1-~ ,_...£.. ,.,_ re 

c to give the positive 

--- --(q) 

root 

This is very similar to the Perry solution (2), the only difference being 

that the second term under the square root sign has changed from - c 3 l'c. 
to - (~-f~) ~~ . 

However the Perry formula was exact whereas (9) is an approximation. 

If on the other hand the constituent of (9) is divided by ft as 
• 

well as the constituent arising from lateral load, the same approximation 

for )l..(_u.') yields 

Again,this does not reduce to the Perry formula when t_ = 0 , whereas the 

preceding expression does. 

Deflection 

Equation (5) gave the final 'deflection' of an initially curved collWlll 

carrying lateral as well as longitudinal load. The initial curvature with 

a central deflection a. includes the effect of defects and accidental 

eccentricity as well as the actual curvature. The increase of deflection 

caused by the load is found by deducting the initial value a, and if this 

increase is limi tcd to E, , then 

·-------(• 1) 
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Inserting o' = 
f, 

and ' a.. as before, this gives r a.= -r 
,.,.r= 32.E (A-)1·-' lo'-__{£_ l 

S t ii(l.l) ~ -1 
--02.) 

where MY = ..9t and 
b 

the equation now refers to rectangular sections. 

When 
I 

c = o , µ = ~2. Ei 
5 

since V\_(u..) may be replaced by or with 

0
1 

:: 0.003, .c..,;= l2. E(d)1 
the familiar solution for a uniformly - loaded ,2.s- £. ' 

beam. 

When . ...r= o, ,,(LL)= o0 is not a solution with c = Jl because 

I o.! 6- -­JL_, 
c.. 

::: - o0 when 

The smallest solution is obtained from 

=- 0 

I s'- ea:. 
f,L - C 

[, I 
giving c = -- 1 b 

o.' + s r(L 

as in equation (3) for the column without lateral load. 

The close approximation 'Y\ (l~= __J__ may be applied to (12) to give 
.L ") 1-o(.. 

--~'l) 

This may lead to a very simple design procedure when deflection governs the 

calculation. For example with S 
1
= 0 .003 and a..'= 0 .00289 corresponding to 

'Y\, = 0 .005.; , the equation yields 

Whel'e ~ = c(!}) is the longitudinal loading expressed per unit of lateral 

area. Thns the permissible lateral load is the usual value for lateral 

load olone diminished by n simple multiple of f. 
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Plotting of chart 

For an initially-curved column without lateral load, an expression was 

found for the value of c-¼, at which the changeover takes place between 

the deflection-governed and stress-governed sections of the curve showing 

the relation between'¾, and the permissible average longitudinal stress, c. 

For laterally-loaded columns, equation (8) is applicable in the stress­

governed region and equation (12) in the deflection-governed region. 

The value of'½, at which the the changeover takes place cannot be found 

algebraically but is evident when hnth relationships are plotted and 

superimposed. To prepare a destgn chart, either the relevant portions 

of the two sets of computer-plotted curves are traced off, or the computer 

program is arranged to draw only the relevant portions by storing both sets 

of cur,,es but plotting the lower of the two ),,Y values stored for each value 

of C. Both sets of curves are shown in the example in Fig.2. 

Equations (8) and (12) are restricted to members with a rectangular section. 

In fact the use of ,A.A)"= t implies the lateral load is expressed per unit of 

lateral area. Similar results are evident, for non-rectangular cases, but 

note should be taken of the possibility that the tension side is critical 

(Larsen 1973). 
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Comparison of LarYH!Tl 11nrl Perry formulas 
for solid timhcir· c:ol.wnns 

DERIVATION OF' LtiUSEN FOTI.MULA 

In n very short column ( )\.-r o) carrying a longitudinal load P with 

eccentricity e, the maximum stress occurs on the compressive side 
I 

with the value 
p 

where 

..E.+ .E. a 
A A 

I . 
Suppose the maximu~t?"e~s is to be limited not to the compressive 

~ade stress· cg but to the somewhat higher value implied by the 

'combined stress' formula 

where Cr, == permjssible _P at 
A 

A = 0 and is the same as 

then 

Larsen's ~ as the following will show, 
c. 

The basic combined stress formula given in Larsen•~ (7) is 

(1) 

·-- ----(2) 

If it is desired to base t.his on C0 instead of C.'5 , 

null inserting -Lhis in 

c...._ 
c~ 

(2), 

Ii- 0 -.c.~ \ ~'.~ + .f"' :;=. I 
~_' t r ) c~. t1. 

- whit'h ngn~t'S with Lnr~t•u·1 s (H) 

- (3) 
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Long column 

Larsen's (4) was 

Deflection 

where e. = e., + e,. is the total initial eccentricity 

~ = Euler stress Tl1. E/X-

so 

since € - e.~,..=. €:, 1 + E '2- = 'l: + ~ - a...+ b).. 

Inserting tin (3) 

writing I - O...~., - Ill ----T' 
1'1· 

llJ 9= + 
1 Cc 

Solving for ~ and expressing the result as ..r.i.. , 
Co Cc 

[
I+ ('f +/3€.) · 'i:r -k~ 

2.q, 't' 

- which is Larsen's equntion (12). 

The most. import ant tiling to point out is that the volue c .. , 

shO\l'H os ~- in Lnrscn 1 s symbols, js not the compressive strength 
(· 

of the runi.<.,rinl ns d<'riVlHl from t.C'~t.s on ~mall spl~dmens. It lms 

the vnluc 

Cl. - it 



3 

Larsen f'orrrmla 1,D s ed on c..
1 

inf-ltead of c,, 

Lnrscn's results may ulternatively be expressed in terms of c
3 

instead of introducing C"'. The combined stress expression (2) was 

Inserting ·f. = c.... '4-'-P,,_ 
CL -o:pi. 

and '-J, = e, + e.-i.. from Larsen I s ( 4), 
(] t-S-

P<-

~ + ~ -~ {e 1+e~J = 
G;\ fr ,,.-i. I - ~ 

~+SE - 1-
c:-:J ft I- t 
Co. + ~ ~ c. ~ . := I c; ~ t-1- 1- -~ 

~ re. 
Solving for ~ and expressing the result as ~ gives 

~ ,..,,._e; ____ ___,,~-
~ = i +t(1~~E){;- -J[-t. ~t(1-+-~c)~~ -

as the alternative form of equation (4) above. 

By making the substitutions 

(3 :::::: 
c., C!i 

ft -
f~+o.~ 

and ~ ~ ~ ;.:=. 
c... 

t~ (£..-+; n.si) 
~ ft-

it may be shown that (Ii) reduces to ( 5). 'l'hat is the two equations 

---(5) 

ore rnathemnticolly identical ancl transformable to each other. Also sincl• 

.ft- = £,- ,._ _{£. +a.~ 
Co c'j f~ 

equation ('1) muy be expressed in tlri.s form, _£to_ being; given by equation(:>). 
"1 

l.e.. ft- = -~·- (, + a4'\ 
Cn S ·· fr) 

is the snnl(' ns Lnrsen's <)qnntion (.t~), or olttH·nutively 

LIJ i°J,t ;::. !:,f! 
T c., C3 

wht'l'(' .r-t. :i. !-l gi Vt'II by ( .J) n hove. 
C3 



DERIVATION OF PEilRY I~OHMULA AND MODIFIED FOnM 

The derivation of the Perry formula was given in a previous paper* as 

follows, applying to a column with initial sinusoidal curvature. The 

effects of defects, inhomogeneity and accidental eccontricity of the 

load are taken into account by an additional curvature. If the total 

'curvature' corresponds to an initial deflection 'a', the maximum 

deflection under a longitudinal load P is 

where 

'-"· a.. 
4 I - -t 

is the nominal compressive stress and~ is the Euler G... ;s .P. 
A 

load 11J. E /"K , 

The maximwn stress o~curs on the concave face with the value 

.f.+-~ A A ..,.a. 
where .l is t-he distance from the neutral axis to the concaye face, If 

this stress is not ~o exceed the grade stress~, then putting 

and "VI = o.J1.. , 
. " 1"' 3. 

"'- • .e. A 

This quadratic equation is aolvod for e to 1ivo the Per1•y fo1•mula, 

tbe solution being given the symbol ~ 1 

- - ---·- - ----------·~- ·- ·~ - . .,__,.., __ 

*"A 1untlwmnt . .i.cnl lm~h fol' dusi p;u nitls fol' timber col\unna", 1mpc1• for 

Cln W18 mN•t-in~, Anlhlll'~, ll<'11111111·k, J'u11C1 197h, 



5 

A later section of the previous paper (page 5, equation (6)) 

gave the following equation similar to (6) above but allowing for a 

uniform lateral load .,v.,-: 

C, = c.,_ (1 +2\) + ! ~A(u.) -----(8) 

This expression, restricted to rectangular members in the form sho"'11, 

is a result of the theory of elastic stability and limits the stress 

on the concave face to~ • If it is desired to vary ib~ maximum 

stress from 5~ to ~ as Co.. ranges from o to 'f' , this can be done 

by changing (8) to the "combined stress" form, 
r£."L X.(u.) 

1 ~ ~ l 1 -+-~ 1 + ¼ .w&- ft -----(9) 
~ ., .. 

which reduces to ( 6) when the lateral load .i.J = o. 

The previous paper went on to say that Larsen's method applies 

a "combined stress" equation even to a colunm without lateral load, 

so that with ...c.J'::o the constituent
1
~~of equation (8), arising from 

r .. 
the bending mo~cnt caused by the longitudinal load, is divided by f~ 

instead of ~ • This procedure is in conflict with the traditional UK 

method where solving (6) to obtain the Perry formula implies that both 

the constituents C:.. aud Ci...~ are divided by C,• ,- ., 
Using the approximation 

~ (LL) =- I~ c:--. 
.... 

a solution C..o. of (6) was given which agreed with the Perry formula, and 

then the al teri1ative solution following Larsen' s method was shown as 

If i,-= 0 this reduces to 

( 10) 
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Equation (10) may be derived directly from (6) by changing it to 

the combined stress form agreeing with the Larsen 1 s method: 

and solving for Ca.. to give 

which is the same as ~O). 

Equation (~O) can appropriately be called a modifieu Perry formula 

since the essence of Perry 1 s method was to represent the effect of end 

eccentricity by an additional curvature as described below, and not to 

limit the maximum stress to G;i for timber. 

REDUCTION OF LARSEN FOIDITJLA TO MODIFIED PERRY FORM 

In Larsen 1 s equation, formula (4) above, if the substitutions 

arc made corresponding to a zero end 

eccentricity of +.he J.oad, the result is 

~ =- .i. ..... ..I... (1 + ~ b ~\ f3:.. - j -{..1...-· +-_½._(_1-..--~-..:; -6 A-:\ --~-lJ=-'2. ---!~­
,;:.6c. 'l. 'l. ,Ob / ~ l- .-,.,i, / ':s ~ 

- where -lE has been replaced by -t;- since --6e, has the voJ ue ~ when 

a. = 0 similarly ma~• be replaced by St- so the equation 
C, 

is identical to (10). 

The snme can be seen much more easily from (5), the modified forin of 

Larsen I s result. This represents ~ when a= O and is the sruue as (10) 

except that 'Y\, appears instead of c ; the two symbols have the same 

meaning when 0. = 0 in Larsen I s formula. 

THEA11HENT OP END ECCENTRICITY IN THE 'l'WO MEl'lIODS 

The nboYe reduction of Lurscn 1 s formula .to -Lhc modified Perry :form 

when a.= 0 is a useful olgebrcd.c clwck, but the ngreement between the 

lwo is nctunlly much mort' fnr-renchi11g sin<"c equations (5) ond (tO) show 

Ute methods ure 011:10 iden l.icnl whc11 Cl is not zero, CXCl'p·t, l'or the vnltws 

gl ven to E. lll}ll "Y\. • 

_(11) 
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P<!rry method 

The 1886 article by Ayrton and Perry points out that the 

function sec (% ~) in Larsen I s equation (5) for e'2..=- O 

corresponds very closely with 1·'2.. 
I-~ r,._ 

, i.e. 1.2 times the 

factor by which ez. is amplified in Larsen' s equation (4) for 

In o~her words if the maximum deviation from straightness is 

taken as 
e = 1 • z. e, + e.i.. 

e,=O. 

a column initially curved and eccentrically loaded at its ends 

may be taken as centrally loaded at its ends with the augmented 

initial curvature. 

The value of 't in ( 10) may therefore be fomid from just 

above equation {6) as 

e:_;. =- t (1 ·2 e., + e:t-) - 1•2. (:.I + E2. 

{The symbol a. used here is not the same as Larsen I s) . 

Larsen method 

As seen in the derivation above, Larsen takes the total 

initial eccentricity as 

so in equation (5) the value of E. is 

E =- ¾ + ~ = 6 1 + E.z.. 

Rcconcilfot:i on of the two methods 

As seen in equations (5) and (9) there is no difference 

between the Lnrscn and the mod.Lf j eel Pl'1Ty method except for the 

<liffl'renccs iu €. just sfoted. It muy be of interest to show the 

figurt•s presented by Ayrton mul Perry, ol though nfter 90 yl'nrs t.llC're 

is unl ikcly i,o be uuy chnngc 111 opinion over the II t·2. 11 vuluu t.lu.'y 

seled.etl: 
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p 1 sec (JI ff-) 
p 1 - f__ 2 p 

e p e 
C 

0 1 1 

.1 1.11 1.14 

.2 1.25 1.31 

.3 1.43 1.53 

.4 1.67 1.83 

.5 2.00 2.25 

.6 2.50 2.88 

. 7 3.33 3.94 

.8 5.00 6.06 

.9 10.00 12.42 

1.0 00 QO 

It should obviously be recommended that other countries 

adopt ihe same basis as the U.K., namely e..= E. 1 + E-i. . 

Even if they do not, it will be possible to assume that they have 

done so but with a different allowance for end eccentricity. 

For cxrunple a com1try might adopt 

€.I + €2., :. O• IO + 0•00$' A 

which could be interpr~ted as 

for the Perry type of derivation • 

A value such as €.= 0•(.~tfi). in a U.K. cnlculution does of course 

imply that both the end eccentricity and the ini tinl deviution from 

struighl,ncss nre proportional to A , wi ihout showing a share opportioned 

io cnch. 'l'lrn practice in dl~sign is to trcnt the loud us 11nominully 

nxiol" mul enter for ucciden t.nl N'l'l'll t.rici ty LHI provided by the Jll'.1°ry 

llll'l,Jwd,whid1 ho11·evl'r woultl br. eqn11lly npplicnl,lt• t.o the form 

., 

et. •• b-" . , 

n very goo1l n•u~on for not doilll,'; I.his is the extra compl icot.ion in 
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RECONCILIATION OF PE!UlY .AND LATISEN FORMULAE 

Although the remainder of this paper is a parochial discussion of U.K. 

problems, it is included because similar considerations may be valid in 

other countries. 

The equation used in the United Kingdom is (7) and not (10). When equation 

(4) is presented for adoption in place of (7), reluctance arises becau~e it 

is apparently mL~ch more complicated. Additional parameters are introduced 

and f.,:::-~ is not a simple ratio of timber properties but includes the 
' Ti' 

value c0 "= ..f.1ic... 
f,+a..c, 

If the formula were written out in full it would appear 

immensely complicated compared with (7). 

When (4) is changed to the form (5), however, the likelihood of its acceptftnce 

in the U.K. seem.,; much greater because of its close similarity to (7). ~·he 

extra pnramc ter 1t" presents a serious disadvantage by adding a dimension to 

nny design aid fo1· m1i Yersal application to a range of timbers, al though not 

causing extra c.:o:nplication in a design aid for a singlP. timber gratlc, 

As the Etddit.jonal parameter has a logical basis and provides a trcntmcnt 

consiAtcnt. with the 'combined stress' approach adopted wllcn the colrnnn carrie3 

lateral load, it docs have gi·0at. attractions even if it is found that tl1£' 

1·esul ts pr0unccd by equations (5) and (7) do not differ very greatly • 

. The most important foctor is the discovery from co1uparing cqua,tio11(s,!1(,J} • and 

(10) thnt Lurscu's formula can be developed in u way agreeing precisely with 

the long-1:1tan<ling Perry approximntion. The form in ,,llich it ,was presented 

(11) gnvc t,11(' opposite impression, espccinlly when occompuni<'d by :the ,,, 

su~~cst,ion thnt some com1trics nssumc a= o (no <'nd ccccntricii,~i) ,wlwn .(his is 

not ll('Cl'Ssu rily the cnsc; the sumc suµ:gps lion might nrisc fm11n,(cdmpur.i11!); 

CCJU11Uo11 (tj) w.ilh (11), 
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The determination of the mechanical properties of 

plywood containing defects. 

LG Booth 

Department of Civil Engineering 

Imperial College, London 

Introduction 

At recent meetings of CIB Working Group Wl8 the problem• of 

determining the mechanical properties of plywood containing 

defects have been discu•sed in some detail. 1ollowing the 

preparation by Jan Kuipers of a summary paper (Delft meeting, 

March 1974) on the tests used in different oountriea, he was 

aaked to hold further discussions with Carl Wilson with a 

view to preparing a draft standard for submission to this 

Group. Unfortunately Wilson was not able to attend the 

next meeting (Paris, February 1975), but he sent a written 

submission explaining in more detail the methods ueed by 

COFI in Canada. At the next meeting (Xarl ruhe, Ootober 

1975) further discussion of the problem took plaoe and it 

was agreed that sutficient progress had been made for a 

draft document to be prepared. 

Whilst the discussions were taking place within WJ.8, work 

was in hand in the UK on the revision of OP 112, The 

Structural use of timber. lt became clear that a number of 

test standards were required, and that these needed to be 
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published at the same time as (or before) the revision of 

CP 112: one of the standards required was methods of testing 

of plywood containing defects. In the past, Codes and 

Standards have been prepared on a collaborative basis by 

several interested organisations and individuals, but, it has 

been found that this procedure can take several years to 

prepare even a draft document. Recently the Department of 

the Environment, acting in collaboration with the BSI, has 

initiated a new policy of placing contracts with 

organisations or individuals to prepare complete ~raft Codes 

or Standards and only when this has been done will a 

committee be formed. The attached standard has been prepared 

under this procedure with the Princes Risborough Laboratory 

of the Building Research Establishment acting as the 

supervising body and with the detailed preparation being 

undertaken by me. 

During the preparation of the draft I have borne in mind the 

discussions within Wl8. I have found Kuipers' original 

paper invaluable: the numerous reports prepared by COFI 

during their extensive test programme on Douglas fir plywood 

(the testing philosophy was aptly summarised by Wilson for 

the Paris meeting) have represented the large~t b~dy of data 

I have consulted: I have also had the benefit of reading 

several letters by Bengt Noren to Kuipers and Wilson, 

together with some personal discussions with him. I am very 

grateful for their help in particular, and Wl8 in general. 

Having acknowledged my debt, I must however emphasize that 

the form of the Standard and the choice of spec~~~~s is mine 



alone and no one else can b'e criticiae4 for any mistakes 

or injudicious choices. Although the document has been 

prepared as a draft British Standard, hopefully it can also 

form the basis of an international standard under the aegis 

of RILEM or ISO. The format follows the existing BBI 

pattern, but this is not sacrosanct and it can easily be 

changed (hopefully for good reasons). My main aim, and 

BSI's, is to prepare a document that will have international 

agreement, and in this context it is with the full 

approval of BSI and DOE that this draft is being considered 

by Wl8 before its official submission to BSI. 

One final point concerning my contract with DOE is that it 

called for a draft standard and also a background report. 

This background report, which is a lengthY document with 

several appendices, contains details of existing standards, 

comparative test data with different specimens and the 

reasons for the choice of specimens in the proposed draft: 

because of the size of the report it is unlikely to be 

available for general circulation, but a summary may be 

prepared. 

It was mentioned above that the format of the draft followed 

current BSI procedure, and in particular it is based on, the 

current standard for testing small clear specimens of 

plywood (BS 4512). There are some alternative editorial 

forms and the Group may wish to consider the following. 

1. ~he ASTM publishes separate standards for each test 

(eg bending, rolling shear, ete) and these standards 

usually contain varying amounts of explanatory matter, 
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whereas I have prepared one standard and have given 

virtually no explanatory matter. 

2. I have tried to make the standard as short as possible 

and have assumed that it will be used by test workers 

with some experience whereas current ISO drafts (eg ISO 

DIS 484.3: Plywood - determination of modulus of 

elasticity in tension ~nd of tensile strength) seems to 

adopt the other extreme. 

3. The method of determining the modulus of elasticity from 

load-deformation data is treated differently. The BS 

(and this draft) gives incremental loads in a formula, 

ASTM uses the slope of the curve in a formula, and ISO 

specifies the calculation by plotting a graph. 

A principle that must be decided is whether the standard should 

give alternative test methods for some properties (eg bending, 

panel shear). The procedure adopted in the draft is to give 

alternative methods but to describe one as the preferred 

method. In the short term we may have to accept alternative 

methods, but in the long term I think we should aim to 

eliminate them from the standard. :D:f we do give alternatives, 

and for a first standard this is probably necessary, then 

should we state that they will be phased out by a specified 

date? 

A further matter of principle to be agreed is whether an 

additional standard is required on sampling from the mill and 

from the panel. Should the specimens be cut from the panel 

according to some predetermined cutting schedule: ( eg N•EN:. 3519)? 
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!Dhis procedure has not been used in this draft since it 

adopts the philosophy of specifying that the specimens shall 

be cut from the panel in such a way that they contain the 

maximum face defect permitted by the grade. Random 

selection will give the strength of material within the 

particular grade, whereas the procedure adopted in the draft 

aims to give the streng~h of material at the lower bound of 

the grade. This choice must to some extent be linked with 

the procedure to be subsequently adopted to determine 

ch~racteristic and design stresses. 

The above. matters of principle should be discussed before 

considering the actual specimen geometries adopted in the 

draft. 

In choosing the specimen type and size, I have been influenced 

by the plywoods that are used in the UK and that are likely 

to be tested in accordance with the standard. The plywoods 

range from large to small defect material, from softwoods to 

hardwoods and combinations thereof: as such they probably 

represent_ the range of the world's products and consequently 

the standard should be suitable for international use. For 

specific countries that manufacture a uniform product with 

small defects, the specimens chosen may be larger than 

necessary and existing small clear standards may be adequate. 

The background study indicated that relatively little 

information exists on the effect of size on specimen strength: 

the comparative data is usually within a species and never{?) 

covers several species. COFI have issued several reports 
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that formed phase 1 of their test programme on softwood 

(Douglas fir) plywood, but the primary purpose of this work 

was to determine ~'1.11 11 adequate 11 npecimen size rather than to 

fir1d the effect 1)1" flize. The:,e, and some American Plywood 

Association reportA, influenced my choice, but the choice has 

still to be hDi,ed ou ,mgineering judgement rather than 

comprehensive evJ.rlence~ I have recently been told that 

birch plywood, some o:f which may be argued to be unif'orm with 

small defects, has been tested in bending in different sizes, 

but the :z.•0r.rnl-L1j <i•J 1wt aJ>J)ear to be available (at least not 

in English) . In the abaenca of conclusive evidence I have 

adopted what I think is a reasonable compromise . Whereas 

ASTM and COFI specimens could be described as "large", and the 

BSI clear specimens as "small", the specimens adopted in this 

standard tend to be "medium" size: this is particularly so 

in the case of bending. 

Apart from the choice of size of a specimen, there is the 

prior choice of the type of specimen to be used. Here one 

must try to establish a different set of principles. The 

test specimen should be as small as possible commensurate with 

defects within the grade: the specimen should be easy to 

manufacture and teat: the stress distribution should be 

uniform and free from concentrations: members attached to 

the specimen for the purpose of loading should not strengthen 

the specimen by restricting the mode of failure: the stress 

distribution within the specimen should be known. All these 

ideal attributes can very rarely be found in one specimen and 

the choice is inevitably a compromise. 
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Finally, we must remember that when we have agreed a 

standard and when plywoods have been tested in.accordance with 

it,~ further set of different problems remains to be 

resolved. If specimen strength is size dependent (and it 

definitely is), we require a series of factors that will 

modify the test specimen strength into a strength applicable 

to component design. In some respects this is an even more 

difficult problem, but hopefully we can call on the 

structural engineer to share some of our future burden. 



Draft British Standard 

Methods of test for the determination of mechanical 

properties of plywood containing defects 

Foreword 

(to be prepared when standard is agreed) 

Methods of teat 

1 Scope 
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This British Standard covers procedures for measuring the 

mechanical properties of commercial plywood containing 

defects permitted by the manufacturing specification. The 

tests described may be used to obtain data for design 

purposes, to determine the effect on strP.ngth of various 

natural and manufacturing defects, to ascertain properties 

in relation to grain or fibre direction in the material, to 

compare the properties of different species and for other 

similar purposes. 

Methods are described for determining the following 

properties: 

b2nding: preferred method of tes t (cia~se 4,), bending: 

alternative method of test (claus e 5), c~~pression 

(clause 6), tension (clause 7), pan~i shear: preferred 

method of test (clause 8), panel shear: alternative 
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method of test (clause 9), modulus of rigidity (clause 

10), rolling shear (clause 11), moisture content (clause 

12) and density (clause 13). 

Any of these tests, or part of them, may be undertaken. 

Tests of the glue in plywood are not included as they are 

covered in BS 1203: Synthetic resin adhesives (phenolic and 

aminoplastic) for plywood. 

Tests on clear plywood, defined as that manufactured from 

veneers containing no strength reducing defects and with no 

manufacturing features that will influence strength (eg core 

gaps), may be tested in accordance with this Standard but in 

general it will be more economical to test it in accordance 

with BS 4512: Methods of test for clear plywood. 

2 Test specimens 

2.1 Sampling procedures for panels and test specimens 

The test s·pecimens and the panels from which they are cut 

shall be sampled in accordance with BS 0000. 

To determine the average and characteristic strength and 

stiffness values for a particular species or type of 

construction, not less than 30 acceptable tests to measure 

each property shall be made. 

2.2 Orientation of the grain 

Specimens for test may be selected either with the long 

dimension. parallel to the face grain or with the long 
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dimension perpendicular to the face grain, or the grain may 

be orientated to the long dimension at any other angle for 

which data is required. 

2.3 Location of defects 

The specimens shall be cut from the panel so that the worst 

defects permitted by the grade occur in the specimen. The 

location of the worst defect within the specimen shall be as 

stated in the clauses dealing with the relevant tests. 

The size of the specimens and the purpose of the tests 

precludes the standardisation of a cutting schedule based on. 

the position of the specimens within the panel. Specimens 

shall in no case be taken from less than 50 mm from the edges 

of the panel. 
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3 Moisture content and temperature 

The values of the mechanical properties of plywood depend 

upon the moisture content of the material at the time of 

testing. All specimens shall normally be conditioned, 

prior to final machining and testing, to constant mass 

and moisture content in a conditioning chamber maintained 

+ at a relative humidity of 65_ 2 per cent and at a 

Constant mass is considered to be 

reached when two successive weighing operations, carried 

out at an interval of 24 hours, do not differ by more than 

0.1 per cent of the mass of the test piece. 

Where possible, conditions of testing should be the same 

as those in the conditioning chamber, but where this is 

not possible tests should be undertaken immediately after 

the specimens have been removed from the conditioning 

chamber. 

Where it is not acceptable to adjust the strength values 

to other temperature and humidity conditions the teats 

may be carried out at other temperature and humidity 

conditions. 
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4 Bending: preferred method of test 

4.1 Test specimen 

4.1.1 Measurements 

The method of taking measurements and the type of equipment 

to be used shall be in accordance with ISO/DIS 3804: 

Plywood- Determination of dimensions of test pieces. 

The specimen thickness shall be measured to the nearest 

0.02 mm at four points, two on each edge 300 mm from each 

end, and the average recorded. The specimen width shall 

be measured to the nearest 1 mm at two points 300 mm from 

each end,and the average recorded. 

When needed for the interpretation of test results, the 

thickness of each ply shall be measured to the nearest 

0.02 mm at the same points at which the specimen thickness 

is measured. 

4.1.2 Size of specimen 

The test specimen shall be rectangular in cross-section. 

The depth of the specimen shall be equal to the thickness 

of the plywood and the width shall be 300 mm. The length 

of the specimen will depend on the actual method of 

applying the load (see clause 4.2) but shall be sufficient 

to ensure that the length of the zone subjected to the 

uniform moment shall be not less than 600 mm. 

4.1.3 Sampling of test specimens from a panel 

The size of the specimens and the purpose of the tests 

precludes the standardisation of a cutting schedule based 

on the position of the specimens within the panel. 

Since the purpose of the tests is to determine the weakest 
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cross-section of width 300 mm, the specimens shall be 

cut from the panel so that the worst defects permitted 

by the grade occur in the specimen. For high grade 

plywoods it may be possible to cut only one or two 

specimens from a 2400 mm x 1200 mm panel: for low grade 

plywoods it may be possible to cut about 5 specimens from 

a panel. 

An estimate shall be made of the worst face of the specimen 

and this face shall be stressed in tension during the 

bending test. When core gaps are present in the specimen 

they shall be stressed in tension during the bending test. 

4.2 Loading method and equipment 

The load shall be applied as equal and opposite pure 

moments to the ends of the specimen, 

applying the load shall be such that direct tension or 

compression forces are not applied to the specimen at 

large deformations. 

The moment applied at either or both ends of the specimen 

shall be recorded either directly or in terms of a 

parameter related to the moment. 

4.3 Test procedure 

4.3.1 Rate of application of load 

The load shall be applied with a continuous motion 

throughout the test. The rate of load application shall 

be such that the unit rate of fibre strain is equal to 

0.000 05 mm per mm of outer fibre length per 
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second,within a permissible variation of± 25 per cent. 

The time taken from the beginning of the loading to the 

maximum load shall be measured and recorded to the 

nearest 30 seconds. 

4.3.2 Measurement of panel curvature 

1he curvature of the specimen shall be measured between 

two points on the longitudinal axis of the specimen 

located in the zone of uniform moment and spaced as far 

apart as possible consistent with maintaining adequate 

clearance between the gauges and the loading frame. 

The curvature data shall be measured to an accuracy of 

not less than 1½ per cent of the proportional limit 

values. If dial gauges are used to read the deflection, 

increments of load shall be chosen so that not less than 

12 and preferably 15 or more readings of load and 

deflection are taken. Automatic load and deflection 

recording apparatus may be used provided the curves 

obtained are of sufficient • agnitude to allow accurate 

measurement of load and deflection. 

The curvature data may be obtained from either the mid­

ordinate deflection method or the angular rotation method. 

The mid-ordinate method uses readily available equipment 

and is satisfactory for most test programmes. The 

angular rotation method requires special instruments 

which are not usually available: 

given in Appendix 1. 

details are however 

An apparatus suitable for measuring the specimen 
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curvature is shown in figure 1. The deflection 

may be measured by a dial gauge which shall be read to 

the nearest 0.02 mm. Automatic recording apparatus 

may be used if it can achieve comparable accuracy. 

4.4 Calculations 

4.4.1 Bending stiffness 

The specimen bending stiffness shall be calculated from 

where 

EI= 

EI= bending stiffness for a 300 mm wide 
2 specimen, N.mm 

6M = increment of moment on the straight line 

portion of the moment-curvature curve, N.mm 

6K = incr~ment of curvature corresponding to 
A -1 uM, mm • 

If the curvature is obtained from the mid-ordinate method 

1 = 1
2 

+ §. 

where 

K 86 2 

K = -1 curvature, mm 

L = chord length for measuring mid-ordinate 

or deflection, mm 

& = mid-ordinate or deflection, mm 

The bending stiffness shall also be stated for a panel of 

width 1 m by multiplying the specimen stiffness by the 
• 

factor 10/3. 

If the bending modulus of elasticity (E) is subsequently 

calculated from the bending stiffness, the method of 

specifying the second moment of area (I) must be stated. 
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4.4.2 Moment of resistance 

The ultimate moment of resistance of the specimen of width 

300 mm is the maximum end ~oment resisted by the specimen. 

The ultimate moment of resistance shall also be stated 

for a panel of width 1 m by multiplying the sp~cimen 

ultimate moment of resistance by the factor 10/3. 

4.4.3 Modulus of rupture 

The modulus of rupture shall be calculated from 

where 

M -
w 

o = mot9ulus of rupture, N/mm2 

M a maximum moment, N.Mm 

W • section modulus, mm3 

The method of specifying the section modulus shall be 

stated. 

4,5 Moisture content and density 

Uter each teat,aamplea which are to be used to measure 

the moisture content and density shall be cut from the 

specimen. The aamplea shall have a minimum volume of 

50 000 mm3 and shall be free of visible knots, knot 

holes, core gape and other voids in any ply. 

The moisture content and den·si ty of each test specimen 

shall be determined in accordance with clauses 12 and 13. 
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5 Bending: alternative method of teat 

5.1 Test specimen 

5.1.1 Measurements 

The method of taking measurements and the type of 

equipment to be used shall be in accordance with ISO/DIS 

3804: Plywood - Determination of dimensions of test 

pieces. 

The specimen thickness shall be measured to the nearest 

0.02 mm at four points, two on each edge 100 mm from each 

end, and the average recorded. ~he specimen width shall 

be measured to the nearest 1 mm at two points 100 mm from 

each end,and the average recorded. 

When needed for the interpretation of test results, the 

thickness of each ply shall be measured to the nearest 

0.02 mm at the same points at which the specimen thickness 

is measured. 

5.1.2 Size of specimen 

The test specimen shall be rectangular in cross-section. 

The depth of the specimen shall be equal to the taickness 

of the plywood and the width shall be 300 mm. 

The length of the plywood specimens shall be not less 

than the greater of 500 mm and 48 t + 50 mm where 

t . thickness of the plywood when the grain direction of 

the face plies is parallel to the span and 

t • thickness of the · plywood minus the thickness of the 

face plies when the grain direction of the face plies 

is perpendicular to the span. 

l 



18 

5.1.3 Sampling of test specimens from a panel 

The size of the specimens and the purpose of the tests 

precludes the standardisation of a cutting schedule based 

on the position of the specimens within the panel. 

Since the purpose of the tests is to determine the weakest 

cross-section of width 300 mm, the sp(-.cimens shall be cut 

from the panel so that the worst defects permitted by the 

grade occur in the middle third of the specimen length • 

.!!'or high grade ply'.-.,oods it may be possible to cut only 

one or two specimens from a 2400 mm x 1200 mm panel: for 

low grade plywoods it may be possible to cut about 5 

specimens from a panel. 

~n estimate shall be made of the worst face of the 

specimen and this face shall be stressed in tension during 

the bending test. When core gaps are present in the 

specimen they shall be stressed in tension during the 

bending test. 

5.2 Loading method and equipment 

The load shall be applied at the third points of the 

span. 

The span shall be not less than the greater of 450 mm 

and 48 t where 

t = thickness of the plywood when the grain direction of 

the face plies is parallel to the span and 

t = thickness of the plywood minus the thickness of the 

face plies when the grain direction of the face plies 

is perpendicular to the span. 
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A 25 mm overhang shall be allowed at each end. The span 

shall be estimated as an average of the material and need 

not be altered for slight variations in the thickness of 

individual specimens. The specimens shall be flat, and 

any showing excessive twist shall be rejected. Round 

nosed knife edges or roller bearings preferably allowing 

for longitudinal movement may be used; the radius of 

curvature of the loading block shall be 13 mm. In cases 

where excessive local deformation may occur under the 

loading points, suitable bearing plates shall be used. 

An apparatus suitable for making bending tests is shown 

in figure 2. 

5.3 Test procedure 

5.3.l Rate of application of the load 

The load shall be applied with a continuous motion of the 

movable head throughout the teat. The rate of load 

application shall be such that the unit rate of fibre 

strain is equal to 0.000 05 mm per mm of outer 
I 

fibre length per second,within a ,permissible variation 

of± 25 per cent. The rate of motion of the movable 

head may be calculated as follows: 

where 

R. ra (3L - 4a) 
3h 

R • rate of motion of moving head, mm/a; 

a• distance from reaction to nearest load point, mm; 

L • span, mm; 

ha depth of beam, mm; 

r • unit rate of fibre strain, millimetres per 

millimetre of outer fibre length per second 

<· 0.000 05) 
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The time taken from the beginning of the loading to the 

maximum load shall be measured and recorded to the nearest 

30 seconds. 

5.3.2 Measurement of deflection 

Data for load-deflection curves may be taken to determine 

the modulus of elasticity in bending. Deflections shall 

be recorded at each load point and at mid-span: they 

may be recorded using dial gauges as in figure 2. 

The readings shall be taken to the nearest 0.02 mm. 

Increments of load shall be chosen so that not less than 

12 and preferably 15 or more readings of load and deflection 

are taken. Automatic load and deflection recording 

apparatus may be used provided the curves obtained are 

of sufficient magnitude to allow accurate measurement of 

load and deflection. 

5.4 Calculations 

5.4.1 Bending stiffness 

The specimen bending stiffness shall be calculated from 

where 

EI= APL3 

432 fl& 

EI= bending stiffness for a 300 mm wide specimen, 
2 N.mm 

~p = increment of load on the straight line portion 

of the load-deflection curve, N 

/:J.6 = increment of mid-span deflection relative to 

the points of application of the loads, mm 

L = span, mm 
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The bending stiffness shall also be stated for a panel 

of width lm by multiplying the specimen stiffness by the 

f'actor 10/3. 

If the bending modulus of elasticity (E) is subsequently 

calculated from the bending stiffness, the method of 

specifying the second moment of area (I) must be stated. 

5.4.2 Moment of resistance 

The ultimate moment of resistance of the specimen of 

width 300 mm shall be calculated from 

M PL 
= -

6 

where M = ultimate moment of resistance of 300 mm 

wide specimen, N.mm 

p = ultimate load, N 

L = span, mm 

The ultinate moment of resistance shall also be stated 

for a panel of width 1 m by multiplying the specimen 

ultimate moment of resistance by the factor 10/3. 

5.4.3 Modulus of rupture 

The modulus of rupture shall be calculated from 

where 

a = 

a = 

M = 

w = 

M 

w 

modulus of rupture, N/mm2 

ultimate moment, N.mm 
section modulus, mm3 

The method of specifying the section modulus shall be 

stated. 



22 

5.5 Moisture content and density 

After each test,samples which are to be ased to measure 

the moisture content and density shall be cut from the 

specimen. ~he samples shall have a minimum volume of 

50 000 mm3 and. shall be free of visible knots, knot holes, 

core gaps and other voids in any ply. 

The moisture content and density of each test specimen 

shall be determined in accordance with clauses 12 and 13. 
I 
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6 Compression 

6.1 Test specimen 

6.lal Measurements 

The method of taking measurements and the type of 

equipment to be used shall be in accordance with ISO/DIS. 

3804: Plywood - Determination of dimensions of test 

pieces. 

The specimen thickness shall be measured to the nearest 

0.02 mm at four points, two on each edge 100 mm from each 

end, and the average recorded. The specimen width shall 

be measured to the nearest 1 mm at two points 100 mm from 

each end,and the average recorded. 

When needed for the interpret:ttion of test results, the 

thickness of each ply shall be measured to the nearest 

Oa02 mm at the same points at which the specimen thickness 

is measured. 

6.1.2 Size of specimen 

The test specimen shall be rectangular in cross-section. 

Care shall be taken in preparing the test specimens to 

make the end surfaces smooth and parallel to each other 

and at right angles to the length. 

The width of the specimen shall be 200 mm and its length 

shall be 400 mm. 

In order to eliminate buckling several pieces of the 

plywood to be tested shall be glued face to back until 



24 

the thickness of the test specimen is not less than 

40 mm. If data is only required up to the proportional 

limit, the thickness of the test specimen shall be not 

less than 20 mm. 

6.1.3 Sampling of test specimens from a panel 

The specimens shall be cut from the panel so thatthe worst 

defects permitted by the grade occur in the specimen. 

When several pieces of plywood are glued together to form 

the test specimen each piece shall contain the worst 

defects permitted by the grade. 

Four test s r ecimens, of which ~wo shall have the grain 

direction of the face plies parallel to ·the length and 

two perpendicular to the length, shall b e cut from each 

panel. 

602 Loading method and equipment 

The load shall be applied through a hinged connection 

on the upper hea d of the testing machine to allow for 

any deviation from parallel of the ends of the specimen, 

and permit adjustment to the end of the s pecimen in one 

direction. The sp ecimen shall be loosely held by the 

side restraining rail. An apparatus suitable for 

making compression tests is shown in figure 3. 
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TABLE 1 

FLEXURAL PROPERTIES AS DETERMINED BY FULL CROSS SECTION THEORY 

Plywood: 1/2 inch - 5 ply Sheathing Grade·DFP Manufactured 
to CSA Standard 0121-1973 

Test Procedures: ASTM D 3043-72, Method A (small clear) 
and Method C (in-grade) 

Panels Tested: 40 
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Specimen Sizes: 5 - 2 11 x 26" (span 24") small clear specimens 
and 1 - 4' x 4' in-grade specimen from each 
panel 

Face Grain to Span Orientation: o0 

PROPERTY SPECIMEN TYPE 

FLEXURAL STATISTICAL SMALL CLEAR IN-GRADE 

Mean (psi) 9177 5801 
MODULUS Standard Deviation (psi) 1752 958 
' OF 

RUPTURE Coefficient of Variation (%) 19.1 16.5 

5% Exclusion Value (psi) 6295 4225 

Mean (106 ?Si) 1.614 1. 757 
MODULUS Standard Deviation (10 6 psi) 0.177 0.182 

OF 
l!:LASTICITY Coefficient of Variation (\) 10.9 10.4 

Si Exclusion Value (10 6 psi) 1.323 1. 458 



TABLE 2 

* FLEXURAL PROPERTIES AS DETERMINED BY PARALLEL PLY THEORY 

Plywood: 1/2 inch - 5 ply Sheathing Grade DFP Manufactured 
to CSA Standard 0121-1973 

Test Procedures: ASTM D 3043-72, Method A (small clear) 
and Method C (in-grade) 

Panels Tested: 40 
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Specimen Sizes: 5 - 2" x 26" (span 24") small clear specimens 
and 1 - 4' x 4' in-grade specimen from each 
panel 

Face Grain to Span Orientation: o0 

PROPERTY SPECIMEN TYPE 

FLEXURAL STATISTICAL SMALL CLEAB IN-GRADE 

Mean (psi) 117,32 7452 
MODULUS Standard Deviation (psi) 2167 1259 

OF 
RUPTURE Coefficient of Variation (%) 18.5 16.9 

5% Exclusion Value (psi) 8167 5381 

Mean (106 psi) 2.055 2.257 
MODULUS Standard Deviation (10 6 psi) 0.238 0.254 

OF 
ELASTICITY Coefficient of Variation (%) 11. 6 11.3 

5% Exclusion Value (10 6 psi) 1.663 1. 839 

* "Parallel Ply Theory" neglects contribution of 
perpendicular plies in calculating section properties. 



TABLE 3 

* FLEXURAL PROPERTIES AS DETERMINED BY EXACT THEORY 

Plywood: 1/2 inch - 5 ply Sheathing Grade DFP Manufactured 
to CSA Standard 0121-1973 

Test Procedures: ASTM D 3043-72, Method A (small clear) 
and Method c (in-grade) 

Panels Tested: 40 
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Specimen Sizes: 5 - 2" x 26" (span 24 11
) small clear specimens 

and 1 - 4' x 4' in-grade specimen from each 
panel 

Face Grain to Span Orientation: o0 

PROPERTY SPECIMEN TYPE 

FLEXURAL STATISTICAL SMALL CLEAB IN-GRADE 

Mean (psi) 11580 7348 
MODULUS Standard Deviation (psi) 2147 1240 OF 
RUPTURE Coefficient of Variation (%) 18.5 16.9 

5% Exclusion Value (psi) 8048 5307 
Mean (106 psi) 2.003 2.225 

MODULUS Standard Deviation (10 6 psi) 0.236 0.248 OF 
~LAST I CITY Coefficient of Variation (%) 11.6 11.1 

5% Exclusion Value (10 6 psi) 1. 645 1. 817 

* "Exact Theory" assumes a 5% contribution of perpendicular 
plies in calculating section properties. 
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TABLE 4 

EFFECT OF TYPE AND SIZE OF SPECIMEN AND TYPE OF TEST 

* ON FLEXURAL PROPERTIES 

PROPERTY 

RATIO OF 
SMALL CLEAR/IN-GRADE 

FLEXURAL STATISTICAL 

Mean 1.58 
MODULUS 

OF 
RUPTURE 

5% Exclusion Value 1.52 

. 
Mean 0.90 

MODULUS 
OF 

ELASTICITY 

5% Exclusion Value 0.91 

The properties compared are those listed in Table 3, 
"Flexural Properties as Determined by Exact Theory" 

A comparison of properties using the full cross section 
theory and the parallel ply theory would result in very 
similar ratios. 

\ 
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l\uckl.in;:•._ ~:u·u11i•t h_of pJ_y1✓ oocl. 

Result::, of tei;ts and r·ccmnmendc1t:ions fen• ccJlc,1latjons. 

1 . S11nnnc1ry,. 

plywood to verify tha·t a rcasorrnc1b.lc.i good 2.grcc:rncnt exi t;t :~ hC'tv1< ,:n 

the huckJ 511/'. U1<'ories ;md tlw rei.11 hPh,w.i our· of pJ y1•mocl. J'r·oin loiid • 

dc~f lection cm:·vr.s valuer, for a cr•j t·1 c:11 liuck.1 :i ng ::-:trengtl1 cdn be cle:-­

tt•rmined • whlch are in good c1grL"<:)T11C·11t: w:i th t]1cor·et :i.c,'ll vc1.l.uc~, in tl1r: 

(~i.rne of si mply-~;uyportr:-d r--dgc~-;. /1 cl. 1rn1wd Lound;n•y condi tj on could nr.t 

be realj r;cd i11 such a ,,wy that tli~ tLcorl·t j cc1l values were <1pp1.·ux i TI1<,­

tcd. For dc[dgn purposes this condition sh011Jd not be presumed. 

l\l:l:ontion hils lJeeu p<.tid l:o con1l.ii11c1tion'.; of 11onn;1l i:lnd sbh!l' c;trc:·We!~; 

on the har.d.s of theoretici'l.l consiclcrctt ions. Thi~: J C!acls to propo~;nl;; 

for the scope~ of design- and calculat.i.on - rccum111e11diJt:i.ons • which 

were not 1✓ orked out in detail her~. 

2. The invcstjgation. 

2 .1 Object. 

Tlw object of the investigation is to verify that plywood follows thr. 

4sual buck] :i 11g theories and that thr> use of the differen i: mechanj c2l 

properties as lai.d down in desi1:;n guide Jincr; lcud to suffjc:i_ent accu-· 

racy in the prediction of the buckling str•cngth. 

A further goal of the investigatiort is to deduce safe design rules for 

the calculation of structures and structural purts, where plywood is 

loaded in compression and/ or shear in its plcme. 

2.2 Theory. 

Plywood has been 

assumed to behave 

like an orthotro­

pic linear elastic 

mc1terial. 

On the b~sis of the 

V 
direction of f2cc gr.tin 

b 

0 
i----- _ a _ _ X 

fig. l. 

differential equu-:::i.on of the rcctangul?r' orthotr•opj c plate tc1getber 

wjth an assumed curved plane aft er• buckling an equil:i.b1'ium state can 

be found if such u plate is loa(kd fr, its plonc, having r.e1°tciin b01m-



dary conditions along its sides. 

If for a rectanguJ r:H' plate, simply suppor•tcd along .i. ts four sj don the 

curved plane af l:er buckling is 

the smallest value of the stress Ci in fig 1, necc::.sary to accomplj :;h 

this cqujlibrium state is found to be: 

L ,r?. 2 2 2 4 2 
_f_-( N ~- + N !!.._ -~ N _.!l__~-----) (1 = 

CP b2t x 'la?. xy 2 y '~m2J/ ' 

where 
E t

3 

N = __ ,...x ___ "'"" 
X J.2(1-\/ \/ ) 

X y 

I.: t3 
; N = -- y ; y 12(1-\/ V) 

X y 
N = ! GI + 1/2(v N +v N ) XY 2 W X y y X 

and where m and n ar•e the number of half-waves in X- and Y- dil'cction 

:respectively. 

If~­
b 

the formula for the critical stress becomes 

where K ="buckling factor" 

lj 2 
n a 

1 2 v 
+ -2 nn t --2-) = 

L\m 

\~. V "x"y 

Generally in the short direction ( or better: the not-loaded direction) 

of the plate only one half-wave will be developed; in that case n = 1 and 

Values of K have 

been given in fig. 2. 

1 
+ 2 n 

7 

K 

6 

s 

J 

z 

I tici It·•!• d.r 

- I r 1m J -l ~ -. 

1-----a.--- -I Vifr ~ 
•Vft I(_ 

~ 

"•· b ii; ; '!.:7-_~:{ft 

. 
~ 

_J ~~,,:- 1/"~ ~~~~~~ 
~- ---·-· ·- -- ·- -

. . . -------: I t 11. I. t. 1·,··:1i r-.·L.L 

fig.2. Values of K for plates with all 

sides sim1Jly supported. 
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testsj grain 0.1 II fr II II " -

X 

na 

9 

6 
tests If grain 011 II II r , ~ --- " " II II - 6 

600 
- -·tests l grain - 01 II II II II - - - - 4 

---- -
25 

s av 
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For rectangular plates with clampeJ edges Lekhnitskii has giv0n ~ 

solution from which follows a critical stress 

I} n2 2 
2 2 

2 I+ a 

~ (_!n_ + \) Lilf ~--
0 = 

-~?t ·3 n t 3- -2-) = --- N N . 
er 2 I 2 x y X y Lfa rn j t 

\) 

For this case values of K have been given in fig. 3. 

25 -----~--- - - -- - - -- --- - -- -------- I -

V 

20 

15 ~. ~ -·· .. ---+------ .. · ---

10 - --+- ---- --+---- ---!- - ----- -

K 

a 

X 

11 = 0 0,2 0/. 016 0,8 1,0 
__j _______ -_ -_ -_-_.....,-1 

5 -r:--·---~~J -

0 2 3 4 

fig. 3. 

Values of K for plates with sides //x-axis clamped in; 

the sides //y-axis are simply supported. 

2.3 Testprogramm. 

To control the validity of the theories Oregonpine specimens of two 

thicknesses (8 resp 13 mm) and of different dimensions have been tested. 

Data of the test programm is been given in table 1. 

Table 1. Testprogramm 

b mm a= a/b (see fig 1) na 

tests// grain .... G// 1 1 1} 2 21 3 3! 4 4~ 9 2 
400 

testsl grain o.L - II " II 11 II II - - - 6 
·- - -- - -

tests If fjrain - 011 II II II II II II - - 6 -
600 . ' 

tests l grain - 01 II II II !I - - - - - 4 
--'-~-

25 

s av 
- --
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Each test specimen is made in the two thicknc,:;ses 8 and 13 mm and 

furthermor•e two k:inds of supports were usc"d. In this way 25 x 2 x 2 -

100 buckling tests were done. 

In all cases Canadiiln OregonPine-plywood, of the quality Select 

Sheat:ing; Ext l was used. The test specimens were stored in the uncon­

ditioned .labo:rutoryhall for sevC'raJ l months; lhe moisture content 

was 8 to lO~o. 

rr•om each test specimen the thicknesrl t, the liongth a and the width b 

were measur,:!d, fur,thennm~e the stiffness 

N 
X 

'\, 
'\, 

= 

With these 

E t3 }:j 
'-l t'-

X y 
N = 12(1-v v ) y 12( 1-\/ \/ ) 

X y .Y X 

were determined 

q:m~t: t
1
! ~• ~:l:•:i:~he 
V s VN N 

X y 

properties 

1 ~{~I and N = + 2( \/ N t\/ N ) 
>:y 2 w X y y X 

gover·ning factors 

could be Cillculated, and then also the critical stresses with the 

help of the buckling factors K from thEl...._ guirlande-cu:rves of fig 2 

and fig. 3. 

Table 2 Values of a 

loo.d edge 
b t 

mm mm cond 

8 
s 

II cl 
s 

13 
cl 

400 
8 

s 

.l cl 

13 
s 

cl 

8 s 

II cl 

13 
s 

600 
cl 

s 
8 J_ cl 

13 
s 

cl 

s = sin~le supported 

cl= clamped 

1 1 
0, 111 0,60 
0,39 0,59 
0,45 0,85 
0,47 0,81 
0,73 0, '71 
0,81 1, 1f6 
0,12 1,23 
0 '71i l ,LIO 

0,28 0,52 
0,26 0,60 
0,38 0,73 
0,50 0,75 
0,89 1,92 
0, 71 1,68 
0,65 1,38 
0,64 1.58 

a= 
1l 2 ?~ 3 3} 4 4½ 2 

1,03 1,19 J , 59 1,87 2,30 2,37 2 ,1'f 
0,98 1.27 1 , 56 1,87 2,10 2,22 2,7G 
1,12 1,39 1,80 2,00 2,56 2, 71 3,0'1 
1,08 1,58 2, 03 2,29 2,50 2,48 3,23 
2,09 2,71 3,30 ti, 01 
2,16 3,63 -- 4,00 
1, '.33 2,56 3 ,68 3 ,43 
5,60 2,?. 3 -- 3,59 
0,80 0,94 1,20 1,53 
0,96 1,65 1,61 1,91 
1,10 1,55 1,74 2,06 
1 , 29 1,38 2,00 2,15 
2,78 3,30 
.? ,2_~ 2,75 
1 , ~l?. 2,91 
1,Gl 2,23 



From table 2 it can be seen that o.-values range from cc.1 0,20 to 

ea 3 a 1f, whj eh means tbat in f:i g. s 2 and 3 horizontally a l-dde 

scale is rec:ched. 

2.Lf Test set-up. 

All bending tests to determine values of Nx and Ny wP-r'e car·ricd out 

by simple means (see foto I s); Nxy was found by a four· point lo.id i.ng 

system accordjng to Nadai (fig.q), from which can be calculated 

G = 
3 wt 

and hence 

1 Gt3 Nxy = /f, 

Especially in this 

last case only sm<Jll 

loads were used to 

prevent creep. 

e, 

fig.4. 

- !:.> -

The buckling tests were carried out in a frame as given in fig. 5, where 

also the r•ealisation of the simple supports along tlw sides and of the 

clamped condition can be seen. During the tests the cleformations of the 

plate normal to its plane were measured; see also photographs. 

3. Test results, 

1. The load cells at the underside (direct loaded) showed a higher value 

then the upper one. The difference, caused by the friction between the 

plywood and the steel edge-blocks, was s0metimes rather large: 

a = 0,9 ~ 0,6 db 
1 

. This difference has also given way to the occuren-up e ow 
ce of the buckling fields gradually 

from the under edge to the upper end 

of the plate. 

rhe critical values of the plate 

given in the following have been 

determined as the mean values for 

the different buckling fields seperate. 

These critical values themselves have 

been dctermjned from the measurements 

of the deformations. Examples of the 

3 

2 

fig,6. actiw pressure 

relat:i.on between the stress and the displacc!ments nol"Tllal to the plane 
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Bending tests for the determination of Nx and N1 . 

Cli 
~ 

~ - lzr::-" \l\ · I ~ ~. -lw~~-;-
1 •• ~•I :; 

. ~".M'"' --.....-

·, /~~ --- . ; , ,,. ·'. 
~-,,. ~ I~ 

&'ftii~ - -11 
,- . _1~111 .. -- . 

' ~ t']Y~ -
~-

Simply supported test specimen , 
loaded parallel to direction of face 
grain. {3 = 4 ; 3 half waves . 

~ 

IJ:. I 

Test specimen with clamped vertical 
sides. Face veneer horizontal, that's 
l. to the direction of the load . 

P = 3 ; 4 halfwaves. 
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have bec:in gi ve11 ~1 
in 11 g. '/. It 100 t---------!-- -

50 

can c] <~arly b~ 

seen tlia l r:i.ghl 

from thL~ beg_i_1u1.ing 

of t·lw loadj ng 

p1°oct~<l11r·e the 

origi11<1l ly 

o.__ _ ____ __._ _ _____ L-___ _ _ __.__ 

exJ :~ling exccntri-
. . 1) J d cit:u-):~ .ea, to 

incr<··,1c;jnr., defor­

matiom,, which 

c.1flC'r some t:i me 

iollow a nem'ly 

straight line. 

The cl'itical 

strcs,;es were 

~1100 

50 

0 ~, 

10 20 30 mm - -- ---

10 20 -~--_,_ mm 

determir,ed as gi­

ven in the 

100 ----- --<'---

figures '7. From 

fir.,. 7 it is clear 

that dur·i!lg the 

tests the 

deformation was 

50 

0 

fig.7. 

10 20 30 mm 

gradui1lly growing; there was no sign of a sudden occurence of buckling 

as was found in the investigation described in [ 3]. This different beha­

viour could possibly be the effect of other boundary conditions. In [3] 

the simple support was made 

as shown in flg. 8 b, where 

half-round laths were glued 

to the plywood, In the 

investigation descrlbed here 

such a simple suppoFt was made 

as shown in fig, 8 a (cf 

also fig. 5.). 

• 
fig.8. 

l)I .. 1 ' . . l f 1 111t1a excc>nt1'icit1es wert-} measurec rom 2 

side of the plywood panel. 

b 

to 9 o/co fr•orn the shortest 
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ln most cases the f .,iling loud is much higlier· tlwn the crit .i.c,11 lo,1d. 

It must be ..'tdded however that this "pout-Luckling-bcliaviour" vius much 

s t:11onge1' wi ·t:h longer' pJ a tef:.: than with shorter ones, and thut this ef rnct 

d:i.sappec1red wi tli the ve1'y short plat(.!S, w:1er1:.' :i n:c; t:e<1(l the compressl V<' 

stl'<,mgth was the govcr·nlng proper•ty. 

In most cas<•s the highest 1oad caused a fidlurc in the plywood p]r1te 

like in fig. 9. 

Without giving all the test results 

in<lividua1Jy 1 >, the best and 

quickest iarormation about the 

outco~e of the investigation 

may be fou11d in some grc1pl1s. 

These gr1 aph:_; show the rela­

tionship b~tween the values 

of o ·t frotn the tests with the fig. 9. cr1 
calculated vc1lues. These calculations have been made in two manners: 

once with the mechanical properties as found with the preliminary tests 

( see grc1phs I and II) and secondly with the prc,perties as laid down in 

the TGH2
); these last-mentioned values are design values w~ich are supposed 

to be somewhat on the safe side ("low mean va1uc"} - (see graphs III and IV). 

From the results it may be concluded that the theoretically calculated 

buckling strength is in good accordence with the test results, at least for 

the simply supported plates. For the plates with clamped edges it appears 

however that the test results are essentially lower than the calculated val'Jes. 

Also from the deformations 

it becomes clear that the 

supposed cosinus J.ine be­

tween the clamped edges 

does not occur but that 

much more a sinus-line is 

reached. This means that even 

the rather hea?y clamping pressure 

1 ) Sec therefore [ 4] 

/ 

fig.10. 

2) 
Tables and Graphs for the calculation of timher structures (Dutch 

langurtf,P.) editor Cm1trum voor Iloutrc~scarch - !loutvoorlichtin8~•insU tuut 

Amsterdam. 
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along the steel clamping blocks j_~ noi. enough to rcalj se Lldc-; theoreU c,'.:l 

situation. It must be doubted therefore if in µrac t i cc such clampf:d cdee:; 

c.:m be effected. 

Two essential conclusions 

may be repeated: 

1) ther'e is a good confor-n1ity 

between the critical 

stres~;es as detPrm:ined 

according to fig.7. for 

Oreton Pine plywood 

and the theoretical values,and 

fig.11 , 

2) it seems that for practical purposes clamped edges cannot be real:i t,c~d. 

4. ~ecommenrJations for _ dP.s~~.11 and caJculi,tion~ . 

Assuming on the basis of the foregoing that the theories developed by se­

veral authors are a good tool for the prediction of the behaviour of ply­

wood, the theory has been elaborated for more con~lex situations. These 

theoretical results lead to some desjgn rules after some sjmplifications 

have been made. 

4.1 Theoretical values for different loading conditions. 

In·the following it is assumed that a plywood plate can be loaded with 

normal and with shear stresses 

along the sjdes. The theory is 

limited to combinations of 

normal stresses which are linear 

distributed and shear stresses 

which are uniform along the sides. 

Both cases will be dealt with fig.12. 

seperately and afterwards combinat:i.ons will be studied. 

4.1.1 Normal stresses. 

For the orthotl•opic 

material it can be 

shown that the 

critical stress 

a may be cal-cr x 
culated following 

O,c 

b 

a 

fig.13. 

\11=1 \J,:-1 



where 

4,,.2 \Fx-­
(J er x .. - K -2- N N ' 

ht x y 

a = greatest value of the compressive stress 
X 

'¥.ax = the other normal stress 

a and 'i'cr crx crx the critical values of a and o/o 
X X 

N and N 
X y 

plate stiffnesses as defint!d before 

K = buckling factor, the value of which depends on c\, 
N xy 

as on 1/J. and on n -

\f0\ 

- .10 -

wel) 

Guirlande curves fo r different values of 1/i and dependent on ex huve be en 
V 

given in fig. 14 It appears that 1/i and n both have great influence. For 

constant values of 1/i and n the effect of cxv is less important if cxv> 1 ; 

at least for design purposes it seems to be justified to neglect this ef­

fect. This means that then the effect of S=~ and of the number of half·· 

waves don't play 

If, like in [3] 
E t 3 

N 
X N = 12 X y 

with which o er 

a role 

V = V 
X y 

E t3 
= 

_y_ 
12 

anymore. This leads·to a graph V. 

= o, then 

E t3 2E 
N 

xy 
and n. 

xy 
= = xy 6 ' ~ y 

Further simplification can be reached if for a certain material or a group of 

materials the values of n deviate not too much from a mean value. In that 

case K could be given, e.q, for the most frequent compression load (o/ = 1) 

~pd for bending('¥= -1); together with some realistic values of Ex and Ey 

real simple design formulas can be found. 

4.1.2. Shear stresses. 

The relative simple case of 

constant shear stress T along 

the sides is conaidered here. 

According to [3] it can be 

proven that 

T er 

b 
~-- . a 

fig.14. 

tehrstuh\ for . . 
• h I bo· • u Boukonstrukt1ontJr, 

\ngen1eur o 7. " • 
Um c:r ·tat (TH) Kor~ ifu11P 

1 Or,·1PIJ- ~ M ob er 



With \Ix = vy = 0 this becomes Tcr = K • ,r2t
2 

\
4D 

3b2 V ""x""y 

-.11-

Values of K can be read of graph VI, which graph for practical purposes 

can be simplified to graph VII, where the wr·inklc;::; of the curves- depending 

on the number of half-waves- are neglected and where for i:,ractical reason 

a tangent line is used for a <1. instead of the asymptotic curves. 
\) 

The var•iability in the thickness and ntechanical propert:i.es of plywood 

cannot lead to an accurate value of a . The original graph VI gives way to 
\) . 

very different values of K with small changes of a. if a< l;this effect hds 
V \I 

been avoided with the use of the tangent lines instead of the cur•ves. 

~.1.3. Combinations of bending- or normal stresses with shear. 

If the 

symbols 

a and crx 
T remain er 
used for 

the plate 

with nor-

mal ancl 

t' - - ·-- - - - -

b 
a ___ •· - -• • 1 

fig.15. 

1 shearstress only, and if 0 crx and T 
1 will be used for normal and shear er 

stresses in combination, according to [3] graphs were drafted where the 
1 

relationship between~ 
a 

l = 1 and l = -1. 
crx 

1 
and .!._ci:. 

'er 

is given both for the case where 

( cf fig. 16. ) 

, The curves in the first graph follow more or less a part of a parabola, in 

the second case the circle is a better approximation. For reasons of simple­

ness it is proposed to use a safe circular boundary 

f ::::)
2 

+ ( :::) 

2 

= o,ss <= o,9li 

This circle has been given too in fig. 16. 
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6.3 Test procedure 

6.3.1 Rate of application of the load 

The load shall be applied with a continuous motion of the 

movable head to maximum load at a rate of 0.000 05 mm per 

millimetre of length of the specimen per second within a 

permissible variation of~ 25 per cent. 

The time taken from the beginning of the loading to the 

maximum load sh/3,11 be rne.·-,__sured and recorded to the nearest 

30 seconds. 

6.3.2 Me: surement of deformation 

Data for load-deformation curves may be taken to determine 

the modulus of elasticity. Increments of load shall be 

chosen so that not less than 12 and preferably 15 or more 

re ldings of load and deformation are taken. 1he 

deformation shall be read to the nearest 0.002 mm. The 

deformation shall be taken over the central portion on 

both sides of the specimen using a gauge length of not 

less than 125 mm. The average of the two readings shall 

be used in the calculation of the modulus of elasticity. 

Automatic load and deformation recording ai_,paratus rr.ay be 

used provided the curves obtained are of sufficient 

magnitude to allow accurate measurement of Joad and 

deformation. 
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6.4 Calculations 

6.4.1 Compression stiffness 

The specimen compression stiffness shall be calculated 

from 

where 

EA ~PL 
= 

6L 

EA = compression stiffness for a 200 mm wide 

specimen, N 

~p = increment of load on the straight line 

portion of the load-deforma,.tion curve, N 

L = gauge length, mm 

/lL = increment of deformation over the g:.1.uge 

length L, mm 

The compression stiffness shall also be stated for a panel 

of width 1 m by multiplying the specimen stiffness by the 

factor 5. 

If the compression modulus of elasticity (E) is subsequently 

calculated from the compression stiffness, the method of 

specifying the area (A) must be stated. 

6.4.2 Ultimate compression strength 

The ultimate compression strength of the specimen of 

wimth 200 mm is the maximum compression load resisted by 

the specimen. 

The ultimate compression strength shall also be stated 

for a panel of width 1 m by multiplying the specimen 

ultimate compresoion strength by the factor 5. 
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6.4.3 Ultimate compression stress 

The ultimate compression stress shall be calculated from 

a 
p 

= 
A 

where cr ul tims. te compression stress, N/mm 
2 = 

p = maximum compression load, N 

A = cross-sectional area, mm2 

The method of sl;ecifying the cross-sectional area shall 

be stated. 

6.5 Moisture content and density 

After each test, samples which are to be used to me ,rnure 

the moisture content and density shall be cut from the 

specimen. The samples shall have a minimum volume of 

50 000 mm3 and shall be free of visible knots, knot 

holes, core gaps and other voids in any ply. 

!l?he moisture content and density of each test specimen 

shall be determined in accordance with clauses 12 and 13. 
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7 Tension 

7.1 Test specimen 

7.1.1 Measurements 

The method of taking measurements and the type of 

equipment to be used shall be in accordance with ISO/DIS 

3804: Plywood - Determination of dimensions of test 

pieces. 

The specimen thickness shall be measured to the nearest 

0.02 mm at four points, two on each edge 300 mm from each 

end, and the average recorded. The specimen width shall 

be measured to the nearest 1 mm at two points 300 mm from 

each end,and the average recorded. 

When needed for the interpretation of test results, the 

thickness of each ply shall be measured to the nearest 

0.02 mm at the same points at which the specimen thickness 

is measured. 

7ol.2 Size of specimen 

The test specimen shall be rectangular in cross-section. 

The width of the specimen shall be 250 mm and its length 

shall be 1200 mm. 

7.1.3 Sampling of test specimens from a ~anel 

The size of the specimens and the purpose of the tests 

precludes the stand~rdisation of a cutting schedule based 

on the position of the sp,cimens within the panel. 

Since the purpose of the tests is to determine the weakest 
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cross section of width 250 mm, the specimens shall be cut 

from the panel so that the worst defects permitted by the 

grade occur in the specimen. 

Four test specimens, of which two shall have the grain 

direction of the face plies parallel to the length and 

two perpendicular to the length, shall be cut from each 

panel. 

7.2 Loading method and equipment 

The sp,:cimen shall be held in grips which apply the 

required forces to the sp,cimen without influencing load 

at, or location of, failure. Such devices shall not 

qpply a bending moment to the test section, allow 

slippage under load, or inflict damage or stress 

conc~ntrations to the test section. 

illustrate the test set-up and grips.) 

(Figures 4 and 5 

For ideal test connitions, the grips should be self-

aligning. When self-aligning grips are not available, 

the specimen may be clamped in the heads of a universal­

type testing machine with wedge-type jaws. 

7.3 Test procedure 

7.3.1 Ra(e of application of the load 

The load shall be applied with a continuous motion of the 

movable head to the maximum load at a rate of 0.000 05 mm 

of net length of specimen per second,within a permissible 
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variation of+ 25 per cent. The net length of the 

specimen shall be taken as distance between the inside 

faces of the grips. 

The time taken from the beginning of the loading to 

the maximum load chall be measured and recorded to the 

nearest 30 seconds. 

7.3.2 Measurement of deformation 

Data for load-deformation curves may be taken to determine 

the modulus of elasticity. Increments of load shall be 

chosen so that not less than 12 and preferably 15 or more 

readings of load and deform~tion are taken. The 

deformation shall be read to the nearest 0.002 mm. The 

deformation shall be taken over the central portion on 

both sides of the specimen using a gauge length of not 

less than 125 mm. The average of the readings shall be 

used in the calculation of the modulus of elasticity. 

Automatic load and extension recording apparatus may be 

used provided the curves obtained are of sufficient 

magnitude to allow accurate measurement of load and 

extension. 

7.4 Calculations 

7.4.1 Tension stiffness 

The specimen tension stiffness shall be calculated from: 

EA = 



where EA = tension stiffness for a 250 mm wide 

specimen, N 
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~p = increment of load on the straight line 

portion of the load-deformation curve N 

L = gauge length, mm 

AL = increment of deformation over the gauge 

length L, mm 

The tension stiffness shall also be stated for a panel 

of width 1 m by multiplying the specimen stiffness by 

the factor 4. 

If the tension modulus of elasticity (E) is 

subsequently calculated from the tension stiffness, the 

method of specifying the area (A) must be stated. 

7.4.2 Ultimate tension strength 

The ultimate tension strength of the sp8cimen of width 

250 mm is the maximum tension load resisted by the 

specimen. 

The ultimate tension strength shall also be stated for 

a panel of width 1 m by multiplying the specimen 

ultimate tension strength by the factor 4. 

7.4.3 Ultimate tension stress 

The ultimate tension stress shall be calculated from: 

0 
p 

= 
A 

where a ultimate tension stress, N/mm 2 = 
p = maximum tension load, N 

A cross-sectional 2 = area, mm 

The method of specifying the cross-sectional area shall 
be stated. 



7.5 Moisture content and density 

After each test,samples which are to be used to measure 

the moisture content and density shall be cut from the 

specimen. The samples shall have a minimum volume of 

50 000 mm3 and shall be free of ¥isible knots, knot holes, 

core gaps and other voids in any ply. 

The moisture content and density of each test specimen 

shall be determined in accordance with clauses 12 and 13. 
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a, Panel shear 

8.1 Test specimen 

8.1.1 Measurements 

The method of taking measurements and the type of 

equipment to be used shall be in accordance with ISO/DIS 

3804: Plywood - Determination of dimensions of test pieces. 

The specimen thickness shall be meisured to the nearest 

0.02 mm at four points, two on each edge 100 mm from each 

end and the average recorded. The specimen length shall 

be measured to the nearest 1 mm at two points 50 mm from 

each side, and the average recorded. 

i'fhen needed for the interpretation of test results the 

thickness of each ply shall be measured to the nearest 

0.02 mm at the same points at which the specimen thickness 

is measured. 

801.2 Size of specimen and method of manufacture 

The dimension of the test specimen shall be as shown in 

figure 6. 

The plywood sample to which the rails are glued shall be 

600 mm long and not less than 425 mm wide. The width 

shall be not less than 450 mm wide if the thickness of 

the plywood is greater than 19 mm. 

The face grain of 3-ply panels shall be orientated across 

the width in order to preclude failure through buckling. 

The face grain orientation of plywood having five or 

more plies may be in either direction, but the same across-
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-the-width orientation is recommended. Any localized 

features to be studied shall be included in the central 

150 mm by 600 mm area. 

Rails having minimum dimensions of 35 mm by 115 mm by 

approximately 700 mm long shall be glued to both sides 

of the plywood sample at each edge. The rails shall be 

spaced 200 mm apart with their ends even with the 

plywood sample at two diagonally opposite corners as 

shown in 'figure 6. Prior to gluing, the rails and the 

specimen shall be conditioned to the approximate moisture 

content at which the specimen is to be tested. 

After gluing, a bevel of approximately 14 deg shall be 

cut on the end of each pairs of rails where the major 

compression load is to be applied. 

It is recommended that the time between gluing of rails 

and testing be only long enough to ensure adequate curing 

of the adhesive. 

8.1.3 Sampling of test specimens from a panel 

The specimens shall be cut from the panel so that the 

worst defects permitted by the grade occur in the specimen. 

If core gaps are permitted in the grade they shall be 

included in the test specimens. 

Four test specimens shall be cut from each panel. 
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8 .2 Loading method and equipment 

The load shall be applied so that the resultant of the 

forces applied to a pair of rails shall be a single 

force acting along the longitudinal axis of the test 

specimen both in the plane of the specimen and in the 

thickness direction. The load on the rails shall be 

applied by separating the machine crossheads. 

Spherical seats, two-way pivots, or·other devices shall 

be used to ensure approximately equal division of major 

compressive loads to the two rails on opposite sides of 

the panel. 

A suitable apparatus- for applying the loads to the rails 

is shown in figure 7. The opposing 

collinear forces applied to pins located on the 

longitudinal axis of the specimen and perpendicular to 

i~s plane are divided into two components: (1) a major 

compression force applied to the end of the rail by a 

loading yoke free to pivot about the pin; and (2) a 

minor lateral force applied to the projecting end of the 

rail by a block that keeps the pin spaced the correct 

distance from the rail it loads. The major compressive 

load is applied through a two-way rocker and bearing 

plate arrangement to distribute the load uniformly to the 

rail end. ~he rigid block applying the lateral force to 

the projecting rail ends ensures that the pin remains 

perpendicular to the plane of the specimen. 



8.3 Test procedure 

8.3.1 Rate of application of the load 

The movement of the crosshead of the testing machine 

shall be continuous at a rate of 0.0333 mm/s ~ 25 per 

cent. 

The time taken from the beginning of the loading to 

the maximum load shall be measured and recorded to the 

nearest 30 seconds. 

8.3.2 Measurement of deformation 

Data for load-deformation curves may be taken to 

determine the modulus of rigidity. Increments of load 

shall be chosen so that not less than 12 and preferably 

15 or more readings of load and deformation are taken. 

The deformation shall be read to the nearest 0.002 mm. 

The deformation shall be taken on both sides of the 

specimen over a 200 mm gauge length located on the 

compression diagonal which passes through the central 

point of the shear area and which is inclined at 45 deg 

to the rails. The centre of the gauge length shall be 

at the centre of the shear area. The average of the two 

readings shall be used in the calculations of the modulus 

of rigidity. Automatic load and deformation recording 

apparatus may be used provided the curves obtained are 

of sufficient magnitude to allow accurate measurement of 

load and deformation. 
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8.4 Calculations 

8.4.1 Ultimate panel shear stress 

The ultimate panel shear stress shall be calculated from 

p 
't = 

Lt 

where ultimate panel shear stress, N/F1m 2 
't = 

p = maximum load, N 

L = length of shear area, mm 

t = thickness of shear area, mm 

8.4.2 Modulus of rigidity 

The modulus of rigidity shall be calculated from 

where 

G = 

G = 

6P 1 

2A6 Lt 

modulus of rigidity, N/mm2 

AP = increment of load on the straight line 

portion of the load-deformation curve, N 

66 = increment of deformation over the gauge 

length 1, mm 

1 = gauge length, mm 

8.5 Moisture content and density 

After each test,samples which are to be used to measure 

the moisture content and density shall be cut from the 

specimen. '.J.:he samples shall have a minimum volume of 

50 000 mm.3 and shall be free ©f visible knots, knot holes, 

core gaps and other voids in any ply. 



The moisture content and density of each test specimen 

shall be determined in accordance with clauses 12 and 13. 

38 
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9 Panel shear: alternative method of test 

9.1 Test specimen 

9.1.1 Measurements 

The method of taking measurements and the type of 

equipment to be used shall be in accordance with ISO/DIS 

3804: Plywood - Determination of dimensions of test 

pieces. 

The specimen thickness shall be me .sured to the nearest 

0.02 mm at the mid-points of the four sides and the 

average recorded. 

9.1.2 Size of specimen and method of manufacture 

The dimensions of the test specimen shall be as shown in 

figure 8. The size and thickness of the reinforcing pads 

shall be as indicated. The pads may be made from maple, 

birch, beech or any other species with approximately the 

same strength ch~racteristics; alternatively plywood 

pads may be used. 

A jig for accurate location of the pads shall be used; 

a satisfactory method of assemlly is shown in figure 9. 

An outline drawing of suitable test appar, .tus is shown 

in figure 10, and a photograph in figure 11. 

The material shall be conditioned to standard humidity 

and temperature (clause 3) prior to gluing on the pads 

(which should also have been conditioned) and then 

conditioned again before testing. The tests are 

usually ma de with the face grain of the material parallel 

or perpendicular to the sides of the loading rig, but 



tests may also be made with the grain inclined to the 

sides. 

9.1.3 Sampling of test specimens from a panel 
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The specimens shall be cut from the panel so that the 

worst defects permitted by the grade occur in the specimen. 

If core gaps are permitted in the grade they shall be 

included in the test specimens. 

Four test specimens shall be cut from each panel. 

9.2 Loading method and equipment 

The load shall be applied in compression along a 

diagonal using the test apparatus shovm in figures 10 and 11. 

To minimize friction, suitable bearings may be inserted 

at the corners of the frame. Material up to 13 mm in 

thickness requiring a total load of less than 45 kN may 

be tested by this method. For materials greater than 

13 mm in thickness, the dimensions of the reinforcing 

blocks and the test frame would have to be increased, 

but at the moment it is not possible in this standard to 

make specific recommendations. 

9.3 Test procedure 

9 .3.1 Rate of application of the load 

The load shall be ap1 lied by compression along a 

diagonal. The movement of the cross-head of the testing 
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9.4.1 

machine shall be continuous at a rate of 0.0333 mm/s 

± 25 per cent. 
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The time taken from the beginning of the loading to the 

maximwn load shall be me sured and recorded to the nenrest 

30 seconds. 

Calculations 

Ultimate panel shear stress 

The ultimate panel shear stress shall be calculated from: 

0.707 p 
't = 

Lt 

where ultimate panel shear stress, N/mm 2 
't = 

p = maximum a ..:, plied load, N 

L = side of square panel specimen, mm (see figure 8) 

t = thickness of specimen, mm 

9.5 Moisture content and density 

After each test,samples which are to be used to measure 

the moisture con ~ent and density shall be cut from the 

specimen. The samples shall have a minimum volume of 

50 000 mm3 and shall be free of visible knots, knot holes, 

core gaps and other voids in any ply. 

The moisture content and density of each test sp ecimen 

shall be determined in accordance with clauses 12 and 13. 
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10 Modulus of rigidity 

10.1 Test specimen 

10.l.l Measurements 

The method of taking measurements and the type of 

equipment to be used shall be in accordance with ISO/DIS 

3804: Plywood - Determination of dimensions of test 

pieces. 

The specimen thickness shall be measured to the nearest 

0.02 mm at the mid-points of the four sides and the average 

recorded. 

The length and width of the specimen shall be mea sured to 

the nearest 1 mm. 

10.1.2 Size of specimen 

The test specimen shall be square with the thickness equal 

to ihe thickness of the material and the length and width 

not less than 25 nor more than 40 times the thickness. 

10.1.3 Direction of grain 

The grain direction of the individual plies shall be 

parallel or perpendicular to the edges of thL test 

specimen. 

NOTE: This method of test is primarily designed for 

material in which the grain of the individual plies is 

parallel and perpendicular to the edge of the sp ~cimen. 

Provided however that the deflections are measured as 

illustrated in figure 12,it may also be used for 

plywood cut at other angles. 



10.1.4 

10.2 
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Sampling of test specimens from a panel 

The specimens shall be cut from the panel so that the 

worst defects permitted by the grade occur in the specimen. 

If core gaps are permitted in the grade they shall be 

included in the test specimens. 

Four test specimens shall be cut from each panel. 

Loading method and equipment 

The test specimen shall be supported on rounded supports, 

having a radius of curvature not greater than 6 mm at the 

opposite ends of a plate diagonal and loaded in a similar 

manner on the opposite ends of the other diagonal. In 

order that the loads may be applied at the corners, metal 

plates shall first be attached as shown in figure 12~ The 

Joading and supporting frame shall be rigid. 

10.3 Test procedure 

10.3.1 Rate of application of the load 

The load shall be applied with a continuous and uniform 

motion of the movable head at a rate of 0.000 05 times 

the length of the plate in millimetres per second, within 

a permissible variation of± 25 per cent. 

The time taken from the beginning of the loading to the 

maximum load shall be measured and recorded to the 

nearest 30 seconds. 
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10.3.2 Measurements of deformation 

The deformation shall be measured to the nearest 0.02 mm 

at two points on each diagonal equidistant from the centre 

of the plate. These measurements shall be made at the 

quarter points of the diagonals. The plate shall not be 

stressed beyond its elastic range and increments of load 

shall be chosen so that not less than 12 and preferably 

15 load deformation readings are taken. Specimens 

shall be reasonably flat. Any showing excessive initial 

curvature shall be rejected. To elimina~ the effects of 

any slight initial curvature, two sets of data shall be 

obtained, the second set with the plate rotated 90° about 

an axis through the centre of the plate and perpendicular 

to the plane of the plies. The two results shall be 

averaged to obtain the modulus of rigidity for the plate. A 

satisfactory arrangement for measuring relative deformations 

is indicated in figure 12; the dial readings in this case 

give twice the average deflection of the four points. 

1q.4 Calculations 

lQ.4.1 Modulus of rigidity 

The modulus of rigidity shall be calculated from: 

3a2P 

where 

a· 2t3w 

a= modulus of rigidity, N/mm.2 

P • load applied to each corner,~ 

t • thickness of the plate, mm 

w = deflection relative to the centre, mm 

a c distance from the centre of the panel to the 
point where the deflection is measured, mm 
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Note: 

The average value of P/w may be taken from the slope of 

a load-deflection curve. 

Moisture content and density 

After each test,samples which are to be used to measure 

the moisture content and density shall be cut from the 

specimen. The samples shall have a minimum volume of 

30 000 mm3 and shall be free of visible knots, knot holes, 

core gaps and other voids in any ply. 

The moisture content and denEity of each test specimen 

shall be determined in accordance with clauses 12 and 13. 

Where additional tests are to be made on the plate a 

separate matched moisture specimen shall be p~ovided 

when the specimen is cut out, in which case this moisture 

specimen shall be subjected to the same conditioning as 

the plate itself. 
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11 Rolling shear 

11.1 Test specimen 

1lol.l Measurements 

11 .1 .2 

The method of taking measurements and the type of 

equipment to be used shall be in accordance with ISO/DIS 

3804: Plywood - Determination of dimensions of test 

pieces. 

The thickness of the two central strips and the two 

cover plates shall be me .sured to the nearest O .02 mm 

at the mid-point of their areas,and the average recorded. 

The widths of the central strips and the cover plates 

shall be meusured to the nearest 0.1 mm at the mid-point 

of the length of the smaller area of overlap (ie at 

section XX in ficure 13 ). fhe len6th of the smaller 

area of overlap shall be me :.sured to the nearest O.l mm 

at the centre line of the s 1)ec imen. 

~hen needed for the intervretation of test results, the 

thickness of each ply shall be measured to the nearest 

0. 02 mm at the middle of the small area of oveJ;lap. 

Size of specimen and method of manufacture 

The test is . made on the double lap tension specimen 

shown in figure 13. The specimens comprise two 25 mm 

wide cover plates having the face grain pe pendicular to 

their length. The cover plates are .osi tioned so that 

there is a 25 mm double lap joint at one end and a 50 mm 

double lap joint at the other; the gap between the ends 

of the central strips is 6 mm. The centre strips both have 
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the face grain parallel to their lengths. The plywood 

strips are conditioned as required before assembly and the 

assembled specimens are again conditioned before testing. 

The glue used to assemble the specimens shall conform 

with the minimum requirements for type l\ill of BS 1204: 

Synthetic resin adhesives (phenolic and aminoplastic) for 

wood , Part 1, ·Gap-filling adhesives • 

11. 1. 3 Sampling of test specimens from a 1janel 

~our test specimens shall be made from each panel. 

llo2 Loading method and equipment 

The load shall be a2plied in tension along the length of 

the specimen. 'l'he specimen shall be held in grips which 

apply the required forces to the specimen without slipping 

and which do nciapply a be~ding moment to the overlapping 

areas. Suitabl:e apparatus is shown in figure 14. 

1103 Test procedure 

11. 3. 1 Rate of application of the load 

The movement of the crosshead of the testing machine shall 

be continuous at a rate of 0.01 mm/s ~ 25 per cent. 

The time taken from the beginning of the loading to the 

maximum load shall be measured and recorded to the 

nearest 30 seconds. 
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Any specimen which fails in a manner other than in rolling 

shear in the shorter lap shall be rejected. 

11.4 Calculations 

11.4.1 Ultimate rolling shear stress 

11.5 

The ultimate rolling shear stress shall be calculated from: 

p 
't = 

2A 

where 't = ul tinu te rolling shear stress, N/mm 2 

p = maximum applied load, N 

A smaller of overlap, 2 = area mm 

Moisture content and density . ' 
After each test the whole of the test specimen shall be 

used to measure the moisture content. The moisture 

content shall be determined in accorclance with clause 12. 

The density, if required, may be found from samples 

matched to those from which the test spc_cimens are made, 

or on samples cut after test from the longer tension 

tab ('A' in figure 13 ) clear of the area affected by 

the toothed grip. 
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12.1 
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Moisture content 

Procedure 
) 

After each test a sample which is to be used to measure 

the moisture content shall be out from the body of the 

specimen near to the point of failure. For specimens 

of thin material or of small size it may be desirable 

to use the entire specimen as a moisture sample. Where 

it is not possible to use the test specimen or a part of 

it for moisture content measurement, a s _eparate matched 

moisture specimen shall be provided when the specimen is 

cut out. The matohed specimen shall be taken from the 

same portion of the board as the test specimen and shall 

be subjected to the same conditioning. 

Reference should be made to the clauses relating to each 

individual test for further instruction on the size of 

the sample and on moisture measurement. 

The moisture sample shall be weighed immediately and 

dried in an oven at 103 .:t 2°c until approximately 

constant mass~ is attained. After drying the sample 

shall be weighed immediately to an accuracy of not less 

than .:t 0.2 per cent. 

* Constant mass is considered to be reached when two 

successive weighing operations, carried out at an 

interval of 24 hours, do not differ by more than 0.1 per 

cent of the mass of the test piece. 
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13.1 

13.2 

Density 

Procedure 
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A rectangular sample taken from the test specimen or the 

same portion of the board as the test specimen, shall be 

used to determine the density. Where suitable, the 

specimen which is prepared for moisture content 

measurement (12.1) may also be used to determine density. 

Reference should be made to the clauses relating to each 

individual test for further instructions on the size of 

the sample. 

The sample shall be measured and weighed to 
+ an accuracy of not less than - 0.2 per cent. 

Calculation of density 

The nominal density shall be calculated from 

106M 
0 

f = 
Lbt 

where Mo = mass of sample~ g 

L = length of sample, mm 

b = width of sample, mm 

t • thickness of sample, mm 

p • nominal density, kg/m3 
Nbte: 

The above density is based on the volume at test and the 

mass when oven-dry. If desired, the density may be 

obtained on the basis of mass at test/volume at test or 

of oven-dry mass/oven-dry volume. In each instance, the 

basis of the density value with respect to volume and 

moisture content shall be stated. 
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ll4 Report 

The report shall include details of the test material, 

the method of test, and the test results. The amount 

of detail given under each of these headings will depend 

on the purpose of the tests and shall be agreed by the 

test laboratory and its client prior to the 

commencement of the test programme. 

The following material data shall normally be given: 

the species and nominal thickness of each veneer, the 

grain direction, the adhesive, the method of cutting of 

veneer, the overall thickness, the number of veneers, 

the surface treatment, the manufacturing standard and the 

grade of the panels from which the specimens were cut. 

The following data concerning the test conditions shall 

normally be given: the type of test specimen (when the 

standard pe~mits alternatives), the method of loading, 

the temperature and relative humidity at the time of 

test. 

For individual specimens the test results shall be 

presented in a tabular form giving the following data: 

specimen dimensions, moisture content, time to failure, 

maximum loads, description of failure, and the 

calculated values of stiffness and strength. When 

moduli of elasticity and stresses are calculated the 

basis on which they have been determined (parallel 

plies only, full crose-section, etc) shall be stated. 
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Additional data may be required in some cases. This may 

include the following: full details of method of 

manufacture, actual thickness of each veneer, full 

details of any natural defects or manufacturing features 

which influence the test results, density and load­

deformation diagrams. 

The number of specimens tested for each property shall 

be stated in the test report, and if a statistical 

treatment of the data is possible then the value of the 

standard deviation or coefficient of variation for each 

property shall also be given, as well as the mean. 
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Appendix 1 

Pure moment test for large specimens 

Al Introduction 

Suitable equipment for the application of pure moments 

to the ends of large test specimens of plywood was first 

developed by the American Plywood Association, Tacoma, 

Washington DC, USA. Similar equipment was subsequently 

designed by the Council of Forest Industries, British 

Columbia, Canada. Pull details of their equipment may 

be obtained from these organisations. 

The concept of pure moment testing was later incorporated 

in ASTM D 3043-72: Standard methods of testing plywood 

in flexure. The relevant parts of this standard 

describing the test method in general terms and a method 

of determining panel curvature from the angular rotation 

of ends of the specimen are given below. 

A2 Edited extract from ASTM D 3043-72: Standard methods of 

testing plywood in flexure. 

7.1 Summary - A specially designed testing machine applies 

pure moments to opposite ends of the test panel through 

loading frames. Frames are free to move toward or away 

from each other during the test to preclude application 

of other than pure moments to the centre span of the 

panel. Between loading frames deflection of the neutral 

axis follows a circular arc. Rotational deformation 

between points near the ends of the arc is measured 

during the test by special sensing gauges resting on pins 
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projecting from the face of the panel at these points. 

The test is simple, flexible, and results are directly 

relatable to basic properties at large deformations. 

7.3 Application and Measurement of Moments - Figure 1 

illustrates application of pure moments to a specimen, 

by means of loading frames, and measurement of deformation. 

Apply equal and opposite pure moments to each end of the 

panel by frames. The frames shall be free to move 

toward or away from each other while under load to 

preclude application of direct tension or compression 

loads at large panel deformations. Support axes of the 

loading frames to remain inrparallel relationship 

throughout the test (Note 1). Space bars of the loading 

frames sufficiently to prevent shear failures between 

points of load application. A bar spacing of 20 times 

panel thickness is suggested to preclude most, if not 

all, shear failures in the plane of the plies. 

cases close spacing may be entirely satisfactory. 

In some 

Friction forces that tend to resist motion of the axes of 

the loading frames during a test may also cause 

significant errors. Where a cable and pulley system 

is employed, the use of cables of the smallest possible 

size consistent with loads, and relatively large pulleys 

will help minimize friction forces. 

Speed of testing - The rotation of the load frames with 

respect to each other may be used to control the rate of 

strain of the outer fibres of the plywood as follows: 



where 

55 

R • (z/90d)(3D - 4S) 

R • rotation speed between loading frames, rad/sec 

S = load frame bar spacing between points of 

contact with panel, mm 

D • span between outer loading frame bars, mm 

d = panel thickness, mm 

z = strain rate for outer fibre, mm/mm.sec. 

Note l - These requirements dictate use of specialized 

equipment which may not be readily available. ~he 

principle of a commercially available flexure testing 

machine complying with these requirements is diagrammed 

in the figure below. Until further innovations are made 

in pure bending test equipment, use of cable and pulley 

equipment of this type, either purchased or constructed 

at the laboratory, offers the only practical means of 

implementing this method. 

of US Patent No. 3,286,516. 

'.i:his equipment is the subject 
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7.5.4 Measurement of Panel curvature by Angular 

Rotation - Figure 2 illustrates a suitable method o! 

measuring angular rotations in conjunction with eleditronic 

indicating and recording equipment. One-eighth in. 

(3 - mm) pins project perpendicularly from the face of 

the panel held in a vertical position by the loading 

frames. These pins, threaded at one end and having a 

small rect::.-:mgular flange, 'ire attached to the panel 

either by screwing them into small holes in the face of 

the panel until the flange is drawn tightly against the 

face or by inserting the pin through a hole in the panel 

and drawing the flange tight by means of a nut on the 

opposite side of the panel. A reference rod 

approximately the same length as the spacing between 

pins is fitted at each end with an angular sensing 

device. Each gauge housing is provided with small ball 

bearings which permit free movement of the angular 

sensing gauge along the rod while holding it in fixed 

angular relationship to it. The input shaft of each 

rotation gauge is fitted with a flange and small V-blocks 

which rest on the pins projecting from the panel at each 

gauge point, thus transmitting the angular rotation of 

the panel to the gauge and supporting the rotation gauga 

reference rod assembly. 
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~he rotation between the two gauge points during 

test is the sum of the two rotations measured at each end 

of the reference rod. Use of linear differential 

transformers as transducers permits primaries and 

secondaries to be wired to produce a single signal 

proportional to their sum for indication or recording. 

7.6 Calculations- Calculate panel stiffness from test 

data in accordance with the following equation: 

EI a ML/(Gl+ Q2) 

where EI -= p~nel bending stiffness, N.mm 2 

M = moment applied to the panel, N.mm 

L • distance between gauge points, mm 

gl + G2 • total angular rotation between gauge points. 
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Figure 2 Static bending test of plywood using 
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COMPARISON OF THE SIZE AND TYPE OF SPECIMEN AND TYPE OF 

TEST ON PLYWOOD BENDING STRENGTH AND STIFFNESS 
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Background 

At recent CIB W.18 meetings (Delft June 1974, Paris February 

1975, Karlsruhe October 1975) it has been generally agreed 

that the size of specimen (small, medium or large), the type 

of specimen (clear or in-grade), and the type of bending test 

(centre point of span loading, third point of span loading, 

pure moment four point loading) influences the magnitudes and 

variabilities of the test results. To date some work by 

Booth(l) and COFI( 2 , 3 ) has documented the significance of the 

differences among the flexural properties resulting from the 

combined effect of size of specimen, type of specimen, and 

type of bending test. However, it appears that the available 

experimental data does not permit a direct comparison to 

evaluate these effects. 

This note provides results of a short indicative test program 

developed to .compare the resulting flexural strength and 

stiffness properties of Douglas Fir plywood using a centre 

point of span loading test on small clear specimens to a pure 

moment four point loading test on large in-grade specimens. 

Objective 

To evaluate the effect of the type of test and size of 

specimen on the flexural strength and stiffness of plywood 

using "matched" specimens. 



Selection and Preparation of Test Specimens 

Four groups of 10 panels (5 ply - 1/2 inch - 1/10 inch plies), 

manufactured in accordance with CSA Standard 0121-1973 Douglas 

Fir Plywood, were randomly selected from routine mill production. 

The four groups were selected from two mills at two different 

periods of time. 

Each panel was number coded and cut as shown in Figure 1, 

"Cutting Plan." Typical specimens tested are shown in Plate 1, 

"Typical Specimens from a Plywood Panel." 

Test Procedures 

Small clear specimen tests were conducted following the require­

ments of 

ASTM D 3043-72 Standard Methods of Testing Plywood in 

Flexure, Method A, Centre Point Flexure Test for Small, 

Simply Supported Specimens. (See Plate 2, 11 ASTM Method 

A Flexure Test.") 

In-grade specimen tests were conducted following the require­

ments of 

ASTM D 3043-72 Standard Methods of Testing Plywood in 

Flexure, Method C, Pure Moment Test for Large Panels. 

(See Plate 3, "ASTM Method C Flexure Test.") 

For the in-grade specimens the panels were visually evaluated 

for strength and the "weaker" face of the panel was stressed 

in tension. 

In addition, individual ply thickness measurements, moisture 

content, and specific gravity tests were determined for each 

panel. 
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Presentation of Test Results 

The summary of the modulus of rupture and modulus of elasticity 

test results are presented in Tables 1, 2 and 3 using the 

calculation procedure of full cross section theory, parallel 

ply theory (neglecting the contribution of perpendicular plies 

in calculating section properties) and the exact theory 

(including a 5% contribution of perpendicular plies in calcu­

lating section properties) respectively. Table 4 lists ratios 

which were determined to compare the flexural properties of the 

small clear specimens to the flexural properties of the large 

in-grade test specimens. 

Discussion of Results 

The nature of this test program was to provide an indication of 

the effect of size and type of specimen and type of test on the 

flexural properties of modulus of rupture and modulus of 

elasticity and was not to determine modification factors that 

require full technical justification. Hence the selected 

sample size was small and there is no need to discuss the 

results by relating the results to more comprehensive test 

programs except to provide some reference to other work to permit 

reasonable conclusions. 

Other separate and non-related comprehensive studies have tested 

plywood of constructions similar to those tested in this study. 

For small clear specimens( 4 ) it was found that the coefficient 

of variation for modulus of rupture was significantly smaller 

than that found in this study (7.4% vs 19.1% - full cross section 

theory). For large in-grade specimens(S) it was found that the 

coefficient of variation was greater (22% vs 16.5% - full cross 

section theory). If in fact these relationships of coefficients 
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of variation for small clear versus in-grade is vice versa to 

that found in this study the ratio of small clear versus in­

grade (Table 4) would be significantly greater for the 5% 

exclusion value than for the mean. And it can be concluded 

that the 1.52 ratio (Table 4) is at the lower end of the 

range expected and indicated by previous tests. 

Unfortunately little data is available on the modulus of 

elasticity derived from small clear specimen tests. However, 

the modulus of elasticity is much less affected by grade than 

by modulus of rupture since the stiffness is measured within 

the linear portion of the load deflection curve. In addition 

the small clear centre point load test results in an element 

of shear deflection within the plywood test specimen which 

does not occur in the in-grade pure moment load test. Hence 

it can be concluded that the 0.91 ratio (Table 4) is at the 

lower end of the range expected. 

Conclusions 

Based on the results of this indicative test program, and by 

considering the results of other non-related comprehensive 
test programs, the following can be concluded: 

1 . The mean and 5% exclusion value for the flexural 

property of modulus of rupture is 50% - 60% greater 

for small clear specimens than for large in-grade 

specimens. This relationship is at the lower end 

of the range expected and could be significantly 

greater, particularly for the 5% exclusion value. 
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2. The mean and 5% exclusion value for the flexural 

property of modulus of elasticity is 10% less for 

small clear specimens than for large in-grade 

specimens. This can be partially explained by the 

shear component of stress that occurs using the 

centre point load test which contains an element of 

shear deflection. This relationship is at the lower 

end of the range expected. 
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4.1.4, Combination 
l 

of normal stresses in two directions (uuiform distributed) 

If again cr ·crx and 

cr 1 are used as cry 
the symbols for the 

combined actions 

and cr resp cr crx cry 
the critical values 

if there m'e onJ.y 

stresses in the X-

or in the Y- direc-

[l]_[llJllliJJJill [OJOOT illIIJJJII{~r y 

I [_ ------ a _________ kJ a a; .. 

fill! DTUfilJill.1.ff UIU 1ITIIillillJTI 
fig.17. 

tion, it can be shown [s] that the following relationship holds: 

1 
(J 

crx 
o· 

crx 

1 
(] 

+ _!::EY ;_ l 
(] 

cr'Y 

which is a straight line 

in fig. 18. 

fig.18, 

4.1.5. Combination of two normal and shear stresses. 

Based upon the 

relati~nships 

in the foregoing 

it seems not 

too hazardous 

to extend the 

boundaries 

to a three­

dimensional 

system as 

fig. 19, which 

could be 

described 

cr' 

(ci"E. 
cr:x: 

0,85 

1 

0,92 

fig,19. 

!l'.h i'.s three-dimensional figure is onl,y an e xt:rap0latiQn Q;(l tb._e tl);riee 

boundaries in the three main planes; ther•e is no verification available 

as yet. 
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5. Aspects of safetl· 

In table 2 values have been given of the ratiolp betwc,2n the critical lo;i,Jc_; 

from the tests (cf fig,7.) and as calculated following data of the TCII(!'., •' no1·, 

page 8). Here only the simple supported plates Ii ave been considered. 

table 2 

b t /I 01'.' 1 ~ - -
8 II 1,99 

8 J_ 2,16 
400 

13 II 1, JG . 
13 J_ 1, 18 

--- ,__. --
8 II 1,119 

8 J_ 1, OIJ 
600 

10 II 1,09 

13 .l 1,08 

--
st. dcv. var', c. 

---
0 ,2 ~) 12 ,'l % 

0, S1~ 2~),? 

0,15 12,9 

0,07 6,3 
~----- '---- - --

0,53 35,4 

0,15 14,G 

0,18 16,G 

0,09 8,1 

- -

ll 

G 

H 

(, 

G 

3 

(l 

ror the whole sample a "mean 11 

calculated according to 

coJfficient of variation 

E [< n. -1 )V. 
2

] 
l l 

V = 
E( 1:i_- ~) 

:: l'J,3% 

v can be 

As already was known from graphs I and III '-I' > 1; a mean value of lp ~ 1 ,i; 

can be calculated. 

Furthermor'e the failure load reached after the buckling occ1:rred is abou l 

2 times the cr'itical load. This post-buckling effect however is not pre:,("!t 

if B becomes 1 or less, so in the case of sqaire plates or shorter ones. 

In those cases the 

this the case if 

compressive 

a = B\~ \) y--w; 

strength limits the load. More "exact" is 

> 1. 

On the basis of the foregoing a set of limitations to the stresses can h~ 

proposed: 

1.) the calculated stresses in a plate, resulting from the loads on th8 struc Lure 

2 ·) 

may not exceed the allowable stresses (1 
compr 

and T, 

The calculated stresses may not exceed allowable cl'itical stresses 

a , "C or certain combinations thereoff. er er 

With the theory in [ 6] the values of 0'. can be calculated to 
Cl.' 

a 
er = o ,1+8 qt!;('" ~ 0, 70'cri test, where no reduction has 
2.1 



been given for long duration 

of loading. 

3~ for the effect of permanent 

loadings it is assumed 

that a good approximotion 

of the behaviour of the 

plywood plate under in­

creasing loads, after creep 

and eventual other effects 

have taken place may be 

given bv the -·- line 

- 15 -

· btra deformation due to cr•p 

fig.20. 

in fig. 20. In this case it is assumed that a real critical buckJing stress 

cannot be given any more, but that the stiffness of the plate which resists 

the increasing deformations remains the same. 

This reasoning leads to the assumption that for permanent loading up to 

the allowable value a safety factor of roughly 4-( ~ 3 x 1,1~) ex-tsts with 

respect to the post buckling strength. 

In the case of stress combinations the calculated stresses a' ,' and,' 
X, y 

must fulfill the equation 

+ :~ f + < = 0,85 

cry 

Based on the foregoing the calculation control of plywood as a structural 

material in load-bearing structures can be effected. For practical purposes 

sets of calculated values for different plywoods and for certain loading 

conditions can be given. Experience and further research may give way to 

lower safety factors in the future. 
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1 

STANDARD METHODS OF TEST FOR THE DETERMTNATION OF SCillE PHYSICAL 
AND MECHANICAL PROPERTIES OF TIMBER IN STRUCTURAL SIZES 

FOREWORD 

This document was prepared at the request of the W18 - Timber Structures -
Commission of CIB which recognised the need to establish standard methods 
of test to permit the correlation, and consequently a much wider use of 
test data from various sources. After consideration of a first draft by 
a sub-committee of W13 a second draft was produced and submitted for 
discussion at a ~eneral meeting of the Commission in Karlsruhe, October 
1975. This third draft incorporates the recommendations made at this 
second meeting. 
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STANDARD :METHODS OF TEST FOR THE DETERMINATION OF SOME PHYSICAL AND 
MECHANICAL PROPERTIES OF TIMBER IN STRUCTURAL SIZES 

1 INTRODUCTION 

This standard gives preferred methods of test for the determination of the 
principal physical and mechanical properties of structural timber. It 
is recommended that they should be adopted wherever possible to ensure 
comparable data between countries an:i research centres and to enhance the 
use that can be made of accumulated data. For some of the properties 
alternative methods of defining or measuring them are given. All are 
equally acceptable and the choice of which to use will depend upon the 
objectives of any test programme and possibly on the equipment available. 

Because of the cost of testing timber in structural sizes consideration 
shoul 1_ be given to the establishment of a data bank on strength properties 
and growth characteristics, even where this would involve recording 
information in addition to that which is essential to a particular project. 
With the use of computers, data storage, transmission and access are 
greatly simplifiwl an:i with little extra effort individual projects could 
provi!le information of value in the future, in broader areas of research 
such as: 

visual anl machine stress grading 
harmonisation of stress grading 
determination of characteristic strength values 
monitoring the quality of structural timbers 
determination of the effects of moisture content, load duration, 
size etc. 

2 SCOPE 

This standard specifies methods of test for determining some physical and 
mechanical properties of timber in structural sizes. Although the 
methods apply specifically to solid rectangular or square sections of 
timber some of them could also be applied to other sections, and to 
laminated timber. The physical properties are: 

dimensions 
moisture content 
density 

and the mechanical properties are: 
meidLthlr 
methods of elasticity in bending 
shear modulus 
ultimate bending strength parallel to grain 
morlulus of elasticity in tension 
ultimate tension strength parallel to grain 
modulus of elasticity in compression 
ultimate compression strength parallel to grain 
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Reference is also made to sampling and to the selection of test specimens 
but it is recognised that the methods employed must be decided upon from 
?- consideration of the objectives of an investigation. 

A 

a 

D 

2 
area of section, mm 

3 SYMBOLS 

the distance between an inner load point and nearest support in bending, 
mm 

the average or gross relative density of a complete specimen at a 
moisture content w 

Dmo nominal relative density, volume at moisture content wand mass at 
W = 0 

D 
00 

E 

E 
a 

G 

h 

I 

l 

11 

p 

p1 

R 

w 

g. 

0 

CJ 
b 

a 
C 

crt 

w 

relative density, volume and mass at w = o 

modulus of elasticity, N/mm2 

apparent modulus of elasticity determined from bending test and 
including shear deflection, N7mm2 

shear modulus, N/mrn
2 

section depth in bending, mm 

second moment of area, ·mm4 

full span in bending and specimen test length in tension and 
compression, mm 

gauge length, mm 

increment of load, N 

maximum load, N 

rate of movement of testing machine cross-head, mrry'min 

section modulus, mm3 

rate of straining, per min 

deflection or deformation under an increment of load, mm 

bending stress, N/mm
2 

compressive stress, N/mm.
2 

tension stress, N/mm
2 

moisture content, per cent 
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4 SAMPLING AND SPECIMEN SELECTION 

4. 1 Sampling 

The material from which the test specimens are obtained should be selected 
at random, or in accordance with some defined method, to adequately 
represent the characteristics or attributes associated with the objectives 
of the investigation. 

4.2 Specimen Selection 

No specific recommendations can be made as to how individual specimens 
should be selected. Generally each specimen should have its critical 
section, ie the weakest section as judged by visual inspection, or as 
indicated by a non-destructive measurement of an indicating parameter 
(for example modulus of elasticity in machine grading) at the centre of 
its length. A sufficient number of specimens should be tested to permit 
the use of mathematical statistics and the achievement of an acceptable 
confidence in the interpretation of the results. 

5 PHYSICAL TEST.3 

5.1 Identification 

Each specimen shall as necessary be identified for: 

a species 

b normal size 

c country, region or mill of origin 

d grade or any relevant pre-selection 

e other relevant information, eg drying history 

f project reference 

g date of tests 

5.2 Dimensions 

The width (mm) thickness (mm) and length (m) of each specimen shall be 
determined to three significant figures. Where width or thickness are 
likely to vary, these dimensions shall be ta.ken as the average of three 
measurements at different locations throughout the length of the specimen. 
The moisture content of the specimen at the time of measurement shall be 
recorded. This will normally be when the specimen is at the condition 
required for the strength tests. 

').3 Moisture Content 

Unless otherwise required each specimen prior to preparation and test 
shall be conditioned to equilibrium moisture content in air at a temperature 
and relative humidity corresponding to the desired exposure condition. 
Kiln 1rying may be used to accelerate drying prior to final stabilisation 
::i.t the desired exposure condition. Al though the equilibrium moisture 
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content attained under the same exposure conditions will differ somewhat 
between species, the following relations between moisture content and 
the relative humidity of air at a temperature of 18°c may be used as a 
r,uide when exposure conditions are expressed as moisture contents. 

Moisture Content Relative Humidity 
% % 

(air at 1s0 c) 

12 65 
15 77 
18 83 
20 88 

vlhen tests are required at the wet condition, ie at a moisture content above 
the fibre saturation point, this may be obtained by submerging the samples 
in water or by pressure impregnation. Before specimens are prepared and 
tested the actual moisture content throughout sample cross-sections should 
B-e. checked to ensure that the treatment is producing specimens \·!i th moisture 
contents above the fibre saturation point. It is desirable also that 
wet strength should be determined using specimens which have undergone at 
least one cycle of drying and re• retting. 

The moisture content of each specimen shall be determined from a cross­
section disc, free from knots, and tak:en close to the fracture in an 
ultimate strength test, or otheiwise not nearer than 300 mm to an end of 
the specimen. The disc shall have the full cross-section dimensions of 
the specimen and shall have a length along the grain of 25 + 5 mm. The 
full size disc, or where it is desirable to check the moisture content 
distribution within the section lateral sub-divisions of the disc, shall 
be i11rrnediately weighed to obtain m 1 ( g). They shall then be dried to 
constant mass m0 (g) in air at a temperature of 103 + 2°c, constant mass 
being reached when the loss in mass after cooling and between two successive 
1,reighings, carried out at an interval of not less than six hours, is not 
r reater than 0.5 per cent. Moisture content shall be calculated as: 

Tfoisture content shal 1 be recorded to the nearest one per cent and any 
other relevant aspect of the moisture history of a specimen, eg kiln-dried, 
re-wetted etc shall also be recorded. 

5.4 Density 

0ensity can be determined in a number of ways and the most appropriate 
~;ill depend on the objectives of an investigation. Thus for the deter-
1nination of the self weight of timber structural members gross relative 
rlensi ty is required and for studies of the influence of defects on 
strength and for comparing samples, relative density or nominal relative 
density would be more appropriate. 

5.4.1 Gross relative density. Gross relative density shall be deter­
mined as follows and shall be recorded to three significant figures. 
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D gw = mJmvw 

mw is the mass (g) of the full specimen at moisture 
content w 

mvw is the mass (g) of a volume of water equal to the 
volume (om3) of the full specimen at moisture content w. 

5,4.2 Nominal relative density. Nominal relative density shall be 
determined as follows and shall be recorded to three significant figures. 

where 

and 

D = mo/mv,., no ..., 

m is the constant mass (g) after drying (Clause 4.3) of a 
cioss-section disc free from knots and taken close to the 
fracture in an ultimate strength test, or otherwise not 
nearer than 300 mm to an end of the specimen, 

1!'vw is the mass (g) of a volume of water equal to the volume 
(cm3) of the disc at moisture content~. 

5.4.3 Relative density. Relative density shall be determined as follows 
and shall be recorded to three significant figures. 

where 

and 

6.1 Visual 

m0 is defined in 4,4,2 

ffiv-o is the mass (g) of a volume of water equal to the volume 
(cm3) of the disc after drying (Clause 4.3) 

6 GRADE DETERMINING PROPERTTES 

It will be sufficient in many i~vestigations simply to record the grade of 
each specimen in accordance with established grading rules. However, 
if the magnitude of the growth characteristics and defects present in a 
test specimen are recorded then the test results will have wider application. 

6.1.1 General Properties. The slope of grain, rate of growth, fissures 
and wane shall be determined for each specimen according to the methods 
given in ECE Standard "Stress Grading of Conifirous Sawn Timber". The 
value of each at the critical section shall be recorded, and if the 
specimen contains the pith this shall also be recorded. 

6.1.2 Knots. Knots present at the critical section, or at the fracture 
section in an ultimate strength test if this is different, shall be recorded 
by numerical code so that their magnitude, slope and location can be 
determined. One method of doing this is illustrated in Figure 1. 

6.2 Mechanical 

With non-destructive test methods of stress grading, ie machine grading, 
grades are est.ablished by deciding to what boundary value of the indicating 
parameter a machine should be set to achieve a selection of timber having 
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some specified characteristic strength values. Thus the indicating 
parameter has the same significance for ma.chine grading as do the visible 
growth characteristics for visual grading, and if these are recorded then 
the test results will have wider application. 

6.2.1 General. Extension of the scope of ma.chine stress grading depends 
on establishing by laboratory tests the relations between the ultimate 
strength properties of timber and an indicating parameter, such as 
deflection, wave velocity, vibration frequency and acoustic impedance. 
Where standard methods are available, consideration should be given to 
include the measurement of these parameters in any investigations which 
involve the determination of the ultimate strength properties of timber 
in structural sizes. 

6.2.2 Modulus of Elasticity. An important indicating parameter, and 
one to which those in 5.2.1 may be related, is modulus of elasticity 
measured over a relatively short span under a constant bending moment. 
For the determination of this parameter the following test procedure shall 
be used. 

Each specimen or the piece from which it will be cut if the specimen it­
self is not of sufficient length, shall be symmetrically loaded on edge 
as a joist, as shown in Figure 2. The distance between the inner load 
points shall be 1 m with the critical section located at the centre. 
The centre deflection shall be measured over a gauge length of 900 mm 
with the deflectometer located at the centre of depth of the section. 
Load shall be applied either at a continuous rate or in discrete 
increments and a record of load deflection shall be made so that the 
deflection o under a load of P(N) can be accurately assessed. 

If continuous loading is used the rate of cross-head movement of the testing 
machine shall be such as to ,induce a rate of straining in the extreme 
fibres of 0.003 per min. The rate of cross-head movement shall be 
determined as: 

where 

R = (2a + 3000) ~/3h mm/min + 25% -
a is the distance (mm) between a :inner load point and the 
nearest support which shall not be less than 3h 

g is the rate of straining, 0.003 per min 

his the nominal depth (mm) of the section. 

The modulus of elasticity shall be calculated as: 

where 

E = Pa4
2
/16 !6- N/mm.

2 

o is the deflection (mm) under an increment of load P(N) 

a is the distance (mm) between an inner load point and 
the nearest support which shall not be less than 3h 

11 is the gauge length, 900 mm 

and I iij the second moment of area of the actual cross-section 
(mm4) 
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' The modulus of elasticity shall be recorded to three significant figu.res 
and the equipment used shall be capable of achieving at least this accuracy. 

7 STRENG'lll TES'IB 

7 .1 Bending 

These tests provide for the measurement of modulus of elasticity, shear 
modulus and ultimate bending strength parallel to the grain. 

7.1.1 Modulus of Elasticity. Each test specimen shall have a gauge 
length equal to 18 times the nominal depth of the section, plus 150 mm, 
with the critical section at the centre. It shall be loaded in third.­
point bending over a span of 18 times the nominal depth as shown in 
Figu.re 3. If the test equipment does not permit these conditions to be 
determined exactly then the distance between the inner load points may be 
increased by an amount not greater than 1½ times the nominal depth and 
the span and length of specimen may be increased by an amount not greater 
than 3 times the nominal depth, while maintaining the symmetry of the 
test. 

The specimen shall be supported on rollers and a fixed knife edge reaction, 
or by devices which achieve an acceptable free support condition. Small 
metal plates of a length not greater than 50 mm shall be inserted 
between the specimen and the loading heads and supports to minimise 
indentation. If the depth to width ratio of the specimen exceeds four 
lateral restraint shall be provided both outside and inside the loading 
heads as necessary to prevent buckling. The restraints shall permit 
vertical movement without significant frictional resistance. Deflections 
shall be measured from, and relative to, the centre of depth of the 
specimen. 

Load shall be applied either at a continuous rate or in discrete increments 
and a record of load/deflection shall be made so that the defl ection 6 
und.er a load of P(N) can be accurately assessed. If continuous loading 
is used the rate of cross-head movement of the testing machine shall be 
such as to induce a rate of straining in the extreme fibres of 0.003 per 
min. The rate of cross-head movement shall be determined as: 

where 

R = (31-4a) k/3h mm/min ,± 25'1/o 

1 is the total span (mm) 

a is the distance (mm) between an inner load point and the 
nearest suppoi>t 

g is the rate of straining, 0.003 per min 

his the nominal depth (mm) of the section. 

Provision is made for the determination of (a) an appar ent modulus of 
elasticity (Ea) which includes a shear deflection component and (b) a 
true modulus of elasticity (E) nnder constant bending moment, ie free from 
shear. 

(a) Apparent modulus of elasticity (Ea) shall be calculated as: 



where 

and 

11 

01 is the centre deflection (mm) measured relative to the 
supports for a total load increment of P(N), obtained 
from a record of load/deflection below the ~roportional 
limit. I is the second moment of area (mm4) of the 
actual cross-section 
the other symbols are as defined above. 

(b) modulus of elasticity (E) shall be calculated as: 

where 

E = Pa½
2
/16 I62 N/rrmi2 

11 is the gauge length (mm) equal to five times the nominal 
depth of the specimen, centred at the middle of the span. 

62 is the centre deflection (mm) relative to the gauge 
length 11 for a total load increment of P(N) obtained from 
a record of loaa./deflection below the proportional limit, 

and the other symbols are as defined above. 

Modulus of elasticity shall be identified by the above symbols and the 
value shall be recorded to three significant figures. The equipment used 
shall be capable of achieving at least this accuracy. 

7.1.2 Shear Modulus. 'Iwo test methods are recommended for the deter­
mination of the shear modulus of structural timber. Availability of 
test equipment will largely determine which one to use but it rrmst be 
recognised that the methods will yield somewhat different results. 

Method A Each test specimen after being tested in accordance with 6.1.1 
shali be retested in centre point bending with the gauge length of 6.1.1(d) 
as the span. The deflection at the centre shall be measured relative 
to the supports with the deflectometer attached at the centre of depth of 
the section, as shown in Figure 3. Load shall be applied either at a 
continuous rate or in discrete increments and a record of loaa./deflection 
shall be made so that the deflection o3 under a load P(N) can be 
accurately assessed. If continuous loading is used the rate of cross­
head movement of the testing machine shall be such as to induce a rate 
of straining in the extreme fibres of 0.003 per min~ The rate of cross­
head movement of the testing machine shall be determined as: 

mm/min + 25% -
where g is the rate of straining, 0.003 per min 

11 is the span (mm) 

and his the nominal depth (mm) of the section. 

From a record of the loaa./deflection characteristics below the proportional 
limit the shear modulus (G) shall be calculated as: 

G = 0.3/A {J3/Pl1 ~ l1
2/48E.!7 N/mm

2 
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A is the area (mm2) of the cross-section 

6.3is the deflection (mm) under on load increment of P(N) 

11 is the span (mm) equal to the gauge length in 6.1.1.(b) 

Eis the modulus of elasticity determined in 6.1.1.(b) 

and I is the second moment of area (mm4) of the actual cross­
section. 

Method B. Each specimen shall be tested in centre point bending over a 
number of spans with the critical section always at the centre of the 
span. Not less than six spans should be tested over the range of from 
5 to 30 times the nominal depth of the s~ction, so chosen as to give 
approximately equal increments of ( h /1) • The deflection at the centre 
shall be measured relative to the supports with the deflectometer 
attached at the centre of depth of the section. Load shall be applied 
either at a continuous rate or in discrete increments and a record of 
load/deflection shall be made so that the deflection 04 under a load of P(N) 
can be accurately assessed. The apparent modulus of elasticity shall 
be calculated for each span as: 

where 

Ea= Pl3/48 104 N/mm
2 

04is the centre deflection (mm) under a load increment of 
P(N) 

1 is the span (tum) 

I is the second moment of area (mm4) of the actual cross­
section. 

From.the slope (c) and intercept (b) of a straight line drawn through a 
plot of 1/Ea against (h/1) 2 , where his the depth (mm) of the actual 
section as shown in Figure 4, the modulus of elasticity E and shear 
modulus shall be calculated as: 

E = 1/b 

and G = 1.2/c 

The value of shear modulus shall be recorded to two significant figures 
and the equipment used shall be capable of achieving at least this 
accuracy. 

NOTE - Method A requires very accurate measurements of deflection and 
method B assumes that Eis constant over all the spans tested. 

7.1.3 Ultimate bending strength. The test arrangement shall be the same 
as for 6.1.1. Load shall be applied at a continuous rate to induce a 
rate of straining in the extreme fibres of 0.003 per min, the rate of 
cross-head movement being determined as in 6.1.1. Each specimen shall 
be loaded continuously to fracture and the ultimate bending stress 
calculated as: 
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\ = p1 a/2W N/mrn2 

P1 is the maxirrrum total load (N) 
a is the distance (mm) between an inner load point and the 

neares t support 
W is the sect i on modulus (mm3) 

The value of ultimate stress shall be recorded to three significant 
figures and the equipment used shall be capable of achieving at least 
this accuracy. The mode of fracture shall be recorded together with 
the grade determining properties at the fracture section if this is 
different from the previously identified critical section. 

7.2 Tension 

These tests provide for the measurement of modulus of elasticity and 
ultimate tension strength parallel to the grain. 

7.2.1 Modulus of Elasticity. Each specimen shall be of the full cross­
section and of a total length sufficient to provide a test length, clear 
of the grips of at least 9 times the nominal width of the specimen, ie 
the dimension of its widest face. The specimen shall have the critical 
section within + 1½ times the nom:ina.l width from the centre. The specimen 
shall be loaded continuously using gripping devices which permit the 
application of uniform tension without inducing bending. It is preferably 
recognised that the necessary alignment and rotational freedom may not 
be attained in practice and the actual gripping devices and loading 
conditions used should therefore be recorded. Load shall be applied at 
a continuous rate to induce a rate of straining of 0.003 per min, the 
rate of cross-head movement of the testing machine being determined as: 

where 

and 

R = g1 rnm/min ±. 25% 

1 is the specimen length (mm) between the grips 

g is the rate of straining, 0.003 per min. 

If there is significant movement associated with the functioning of the 
gripping devices, eg with wedge type grips, preliminary tests should be 
made to establish a rate of cross-head movement which induces an average 
rate of straining of 0.003 per min. 

Deformation shall be measured over a gauge length equal to five times the 
nominal width and located not closer than twice this width from the ends 
of the grips. The gauge length shall include the critical section. l!wo 
extensometers shall be used, and shall be attached at diagonally opposite 
points on each face of the specimen to minimise the effects of distortion 
and permit the determination of the average deformation over the full 
gauge length. From a record of load/deformation the modulus of elasticity 
shall be calculated as: 

where 

E = Pl/A6 

6 is the average deformation (mm) under a load increment 
of P(N) 

1 is the gauge length (mm) 
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and A is the area (mm2
) of the actual cross-section. 

The value of modulus of elasticity shall be recorded to three significant 
figures and the equipment used shall be capable of achieving at least 
this accuracy. 

7.2.2 Ultimate Tension Strength. The test arrangement and rate of 
straining shall be the same as in 7.2.1. Each specimen shall be loaded 
continuously to fracture and the ultimate tension stress shall be 
calculated as: 

= P1/A ~mm 
2 

crt 

where p1 is the maximum load (N) 

and A is the 
2 area (mm) of the actual cross-section. 

The value of ultimate stress shall be recorded to three significant figures 
and the equipment used shall be capable of achieving at least this 
accuracy. The mode of fracture shall be recorded together with the 
grade determining properties at the fracture section if this is different 
from the previously identified critical section. 

7.3 Compression 

These tests provide for the measurement of modulus of elasticity and 
ultimate compression strength parallel to the grain. 

7.3.1 Modulus of Elasticity. The length of each specimen shall be seven 
times its nominal width, ie the dimension of its widest face, and shall have 
the critical section+ 1~ times the nominal width from the centre. 
The end surfaces of each,_specimen shall be accurately prepared to ensure 
that they are plain and parallel to each other. To prevent buckling the 
faces and edges shall be restrained at a sufficient number of points so 
that there is no free length greater than five times its nominal 
dimensions. The specimen shall be loaded continuously using spherical 
seated loading heads or other devices which permit the application of 
uniform compression without inducing bending. Load shall be applied at 
a continuous rate to induce a rate of straining of 0.003 per min 1 the rate 
of cross-head movement of the testing machine being determined as: 

R = g1 mrn/min ,± 25% 

where 1 is the specimen length (mm) 

and g is the rate of straining, 0.003 per min. 

Deformation shall be measured over a central gauge length of five times 
the nominal width of the specimen. Two compressometers shall be used 
and shall be attached at diagonally opposite points on each face of the specimen 
to minimise the effects of distortion and permit the determination of the 
average deformation over the full gauge length. From a record of loaa/ 
deformation the modulus of elasticity shall be calculated as: 

where 

E = Pl/Ao 

o is the average deformation (mm) under a load increment 
of P(N) 



1 is' the gauge length (mm) 

and A is the area (mrn2
) of the actual cross-section. 

The value of modulus of elasticity shall be recorded to three significant 
figures and the ,quipment used shall be capable of achieving at least 
this accuracy. 

7.3.2 Ultimate Compression Strength. The loading conditions and the 
preparation of each specimen shall be as in 7.3.1. The length of the 
specimen to be six times its nominal thickness, ie its least dimension, 
and shall contain the critical section within+ 1½ times the nominal 
thickness from the centre. The rate of cross=head movement of the testing 
machine shall be determined, for the changed length of specimen, as in 
7.3.1. to achieve a rate of straining of 0.003 per min. Each specimen 
shall be loaded continuously to fracture and the ultimate compression 
stress calculated as: 

P/A N/mrn 
2 a = C 

where p is the maximum load (N) 

and A is the 
2 

area (mm) of the actual section. 

The value of ultimate stress shall be recorded to three significant figures 
and the equipment used shall be capable of achieving at least this accuracy. 
The mode of fracture shall be recorded together with the grade determinin(s 
properties at the fracture section if this is different from the previously 
identified critical section. 
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RILEM recommendations for testing methods for joints "ith 

mechanical fasteners l'.nd connectors in load-bearine; timller 

structures, 

Introduction 

Developments in the field of load-bearing structures give 

way to the problem that very often ,joint connectors should be 

.tested to r;ather new or more information about their clefor­

mat.ions and load-bearing capacity. 

The present recommendations give some general principles 

"Tnich should be follm~ed in order to reach a better compara­

bility of res~lts from investigations carried out in different 

laboratories. 

For determining values of the characteristic stren~th or 

allowable loads general guide lines have been given in the 

"Recommendations for the evaluation of results of tests on 

joints wit.b mechanical fasteners and connectors for load­

bearing timber structures." 

1, Scope 

·A method is developed: 

.1, to investigate the mechc.nical properties of timber joints 

with mechanical fasteners and connectors. 

,2. to determine values of the deformation in the joint which 

enable designers to introduce these in their calculation. 

~2. Fields of a1.1pl ic at i on ______ .-c. _ _ _ _ 

This code of testinc; practice ise.pplicable to joints destined 

for application in statically lo!-t.ded timber structures ·with 

mechanical. fasteners and connectors. 

* On page 5, etc. o. comment. is r.;1 ven about p:u·n.Bruphs ma1·k.cd 
. t\. ~~ Wl '. ,1 fl 
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* , 3. Cm_1di ~ioning of test sped mcns 

Attention should be paid both to the conditioning of ½he timber 

before the manufacLurin~ of the joint as well as to the con­

di~ioning of the joints as a whole before test:i.nr;. The pre­

conditionin~ should be conducted in such a way that the moisture 

content 1/J of the wood, the effects of ~hrinkar,e, etc. can in­

fluence in a realistic manner the strength properties,of the 

wood, the occurence of gaps, etd., so as to guarantee a good 

comparability between the performance of the test joints and 

the joints in a structure, 

4. Form and dimensions of test specimens 

.1. The joints to be tested in the investigation must be of 

such realistic form and dimensions that the necessary in­

fo_rrr.ation about strength and deformation in actual service 

can be achieved . 

• 2. Detailed information about form and dimensions of test 

specimens suitable for different types of mechanical 

connectors will be given 1n relevant appendices . 

• 3. lhe number of connectors 1n a joint should be chosen 1n 

accordance with 4.1. and correspond to the character of 

the joint. 

*5. Extent of investigation 

The extent of the investigation must be such that a statistical 

· treatment of the available data can take place. The number of 

tests depends upon the goals of the investigation. 

6, Loading procedures 

•. 1 . Short duration test or standard test 

, 1, An expected value of the ultimate loa:i it, of the joint 

·to be tested has to be determined on the basis of 

. former experience, calculations, preparatory test or 

elsewise, 



6. 1. 2. 
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The loading procedure has been given 1n fig. 2; each 

~loadincrement f = 0,1 F. 

1 ! 12 
it 
ft 
ft 
t 

1 2 3 4 5 6 7 timE' il"l min 

Fig. 1. Loading procedure 

8 - -- ----------- , __ ________ _ 

7 

6 

5 

I. 

3 

2 

1 

0 VQt., 

Fig. 2.~ _ Idealised load­

defonnation curve and 

measurements. 

The testload is raised with a constant rate of loading 

or a constant rate of deformation up to 4f, then -after 

30 sec - diminished to f and - after another 30 sec 

waiting time - raised again._ Each load increment takes 

30 sec. Above a load of 7f a constant rate of defor­

mation may be maintained until failure. If large defor­

mations occur a gradual accellera.tion is allowed to 

achieve a total test time of 10 to 15 min . 
. in any case · · 

The standard test w1.ll be stopped a.fter failure 

or f:r~il.isplacernent of 15 mm in the joint is reached . 

• 3. At each load-increment or~ decrease the deformation 

should be measured in such a way that the continuity­

of the l:oading procedure is not be distur.bed to an 

essential degree. 

V 
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6. 1.11. · From the measurements the follav,ing data can l1e cal­

culated: 

"virgjn" displacement 

.ioint slip 

elastic displacement 

joint stifness 

displacement at 

overload 

a 

eo 4 
' 

= V4 - V 4 o, 
v ··• 

{ 4 
+ 

= li/3 

= vo,4 + v6 

= vo 4 + va , 

2 

. I I 
V4 v, I 

, 
+ v, 

2 

.5. If during the execution of the investigation the average .... 
ultimate load F of two more executed tests turn out 

to differ more than·20% of the expected F-value adjust­

ments of the loading procedure for the following tests 

should be made. 

The already obtained values of F may be maintained 

in the final results; the values of v4 etc. must be 

recalculated or estimated from the load slip diagram . 

. 6. The ultimate load is taken to be the maximum load 

reached within E.. displacement in the joint of 15 mm. 

6.2. Long duration tests . 

• 1. Information about the trust-worthiness of joints on 

the long run can be gathered from long duration-tests. 

*-2. Suggestion is made to use two load levels: 

- at a continuous load of 0,80F and 

- at a continuous load of 0,40F 

In both cases the deformations shP..11 be measured 

at suitable intervals. 

The long-duration tests may be stopped after a 

period of 3 months. 

7, Test reports 

Reports on tests must give all reliable data about the tests 

carried out and the results. They r.hall therefore contain 

data al)out: 

- species and quality of the wood {relevl\nt strength properties, 

I I 

)_ 
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strength grade following ~tandard ......•.•..••. and 1n any 

casc~rclative density) 

- Material, quality and strcnr;th properties of the connectors, 

eventual treatment against corrosion. 

- the dimensions of the joints, number of connectors therein 

loading method 1n the test machine etc. 

- conditioning of timber and test specimens before and after 

manufacturing; moisture content" at the time of testing, gaps 

between members, etc. 

- load procedure followed 

- all individual test results; mean values and standard deviations 

- mode of failure. 

COMMEN'I' A_R.Y 

In case of time-dependent live loads where variance of inten-

sity occur with frequencies higher than ~ to 1/3 of the lowest 

frequency of the structure its,:!lf, dynamic effects must be 

expected. In many casses, like floors of ballrooms, gym-

nastic halls, etc. these effects have already been taken into 

account by the introduction of equivalent live loads in the 

loading standards and/or by stiffness requirements. 

2. The climatic conditions in which a joint is supposed to function 

influence its strength and its deformation. Four basic conditions 

can be distinguished: 

- normally heated, and sufficiently ventilated buildings; 

- not heated, closed buildings; 

- not heated, open buildings but with covered structure; 

unprotected open air exposure. 

Although the basic conditions vary considerably between geo­

grafic positions it may possible to circumscribe the average 

climatic data for certain regions and to derive therefrom a 

range from which the moisture content of the timber will not 

differ for longer t11an 2 weeks in u period of 5 years, 

·disregurding surface conditions. 

For great parts of' Western Europe such figures nre given in 

table l. 
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'I'able 1. Av£>rar~e moisture contents to lie expected in European 

softwood,,, used in Western Europe, 

Climat. ic concli ti 011:3 

heated and ventilated buildinc;s 

not heated, closed buildin[;s 

not heated, covered buildings 

with open walls 

open air 

Efforts are being made to prepare 

testing of joints with nail plates 

etc, }_ 

a 

moisture content % 

9 + - 3 

12 + 3 

15 + 3 -

> 18 -

first appendix about the 

(like Gangnail, Hydronail, 

5. Dependent on the wanted information diffenrent types of 

investigation can be distinguished: 

a, in a systematic investigation information is wanted in a 

very general way, including dimensions of the connector, 

the timber, angle of load to grain etc. 

b. in a limited investigation information is wanted about the 

behaviour of a certain type of connector in different 

positions, e.g. with respect to anGle of load to grain but 

with pre.fixed minimum-values of timber dimensions, edge­

and end-distances etc. 

For instance a joint with punched metal plates 

-
- -.- -.-------.......... •--_ -__ ,::- - - - -_ - - - -·- - - -----'---- -

c. In a special i.nvesti,~a:Lion inforniation is wanted about the 

behaviour of a certain joint with fixed dimensions and in 

known circumstances, 

For instance an "grip" -

connector for the connection 

of the secondary beam to a 
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primary beam ,of' certain dimensions • 

.. 
6. Results of long-duration-tests on normally -used types of connec-

tors as well as on clear wood show that tests on a level of 

0,8F will la.st not longer than the period of 3 month. In the 

CIB-W18-recornmendations it is said that: "collapse of the total 

number ( of ··test specimc11s witll '_thin load} shall not occur 

within a period of 100 hours". 
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TESTIN~ PUNCHED METAL PLATES AS TIMBER CONNECTORS1 

GUIDE-LINES (Code of Practice) FOR TESTING 

l ~ENERAL 

These guide-lines are intended to promote uniform methods of testing punched 

metal plates as connectors for load-bearing timber structural members. 

2 CONCEPT AND TREATMENT 

Punched metal plates as understood in these guide-lines normally comprise steel 

plates having a thickness at least l mm, corrosion-proofed on both sides, with 

nail- or spike-type parts punched out towards one side and bent up at right angles 

to the plane of the plate. 

The punched metal plates serve as splice-plates or gusset-plates for connecting two 

or more timbers of equal thickness. For this purpose they are pressed, by means 

of a special platen or roller press, into the surface of the timber to a depth 

such that the plate is lying flush and the punched-out parts are embedded in the 

timber over their full length. 

3 THE"PURPOSE OF THE TESTS 

The purpose of the tests is to provide information for design, construction of the 

timber connections and inspection: The following'are the design data required: 

a) 
2 2 Permissible force Ff in N/mm (kp/cm) at the contact surface area between 

punched metal plate and timber surface, as a function of the angle a (angle between 

the direction of the force and of the plate) and of the angle S (angle between the 

direction of the force and of the grain); or 

b) Permissible force FA in N(kp) per punching as a function of angles a and S 

(especially with spike-type punchings); 

c) Permissible force Fz in N/mm (kp/cm) of plate width (without subtracting the 

apertures), under tensile stress with a, = o0 and a= 90° for S = o0
; 

l 



d) Permissible force r5 in N/mm (kp/cm) of plate width (without sul>tracting the 

apertures), under shear stress, as a function of angle a. 

4 PRELIMINARIES TO TESTING 

4.1 Choice of plate sizes for testing1 

Choice of 2 to 3 plate sizes from the production programme of the client in such a 

way that the required calculation values for all plate sizes can he obtained with 

adequate reliability hy interpolation. When the size of the plate does not affect 

the load-hearing capacity, it is sufficient to test 1 size of plate. 

4.2 Data required before start of testing: 

Data regarding corrosion-proofing, elongation limits and tensile strength of the 

initial material (steel plate) to he provided hy the client. Where the client has 

no special requirements (eg special types of execution), the following conditions 

are laid down: 

Type of timber: spruce, planed (if required other species and sawn timbers are tested) 

Thickness of timber: 2 x length of punchings + ~ 5 mm, hut not less than 35 mm 

Moisture content, 

at production:~22% 

at testing 18 + 2t 

Compressive strength: 

(at u = i.st) 

2 
36 + 2 N/mm 

( 360 ,!_ 20 ~p/ cm2 ) 

2 . 2 For compressive strengths above 38 N/mm (380 kp/crh ) the test results·, in so far 

as failure occurs in the timber, must he multiplied hy the factor a= 36/aDll; 

where n11 is the compressive strength of the wood used, 

The test pieces are prepared at the testing institute or at the works under the 

supervision of an officer of the testing institute. 

A cutting plan is to he prepared for removing the timber test-pieces from the plank, 

in such a way as to ensure comparahility of the test results. 

2 



5 THE TESTS 

5,1 Material characteristics1 

5.1.l Material characteristics of the steel plate: Determination of tensile strength, 

elongation limits, elongation at breaking point, and hardness of the steel plate 

before punching, and determination of cor?'osion-proofing according to the relevant 

regulations, 

5.1,2 -M•te.~tal characteristics of the punched metal plates1 Determination of the 

bending behaviour of the punched nails (bending-back test) by repeated bending up 
0 and down up to 45 , starting by the bending on punching out, and determination of the 

number of bendings up te f?iacture, Similar tests should be carried out on plates 

with spike-type punchings. 

5,2 Testing of timber connectorsz 

5,2,l Static tests on individual test pieces: Determination, by preliminary tests, 

of the maximum loading Fmax to be expected, 

Loading is effected continuously up to 0,4 F with recording of the load/displacement max 
line with a loading rate of 0,2 F / t or a deformation rate of the testing machine max m n 
cross-head of 1 mm/min to 1,5 mm/min, After half a minute loading ls reduced to 

0.1 F , and after a further half-minute continuous loading is resumed at the above max 
indicated loading rate up to 0,7 F , displacement being read at intervals of max 
F/10, This is followed by loading to maximum load with a higher rate of deformation 

(about 4 mm/ min) • 

For each type of test, at least 5 similar test pieces are to be tested, 

With each test piece, two plates of the same size are to be placed symmetrically 

with respect to the l mm wide vertical joint as splice~plates, In the tensile and 

transverse-tensile tests, the edges of the· clamping device are to be at a distance 

of at least 20 cm from the ends of the plates, 

5,2.1,1 Tensile tests: 

a) Set-up of the test piece for failure of the punchings. 

Fig l 

p .... _., __ 1~ 
gf 

a= o0
, 30°, 60°, 90° 

B = o0 

It is generally sufficient to test the longest plate for which failure of the nails 

is to be expected, 

3 



b) Set-up of the test piece for failure of the steel plate 

1r 
Fig 2 p 4 1~1 :: ----•~P 

a= o0
, 90° 

B = o0 

The length of plate must be chosen on the basis of the test results in 5.2.1.1 in 

such a way that failure occurs in the plate. 

5.2.1.2 Transverse-tensile tests: a = oo, 90° 

Set-up of the test piece 

1 ""' 
Fig 3 ·,r 

.s .. ~pol"t",.;.~ a = 00 
p••<.e. 

a = oo, 90° 

a = 90° 
-1100 1001.... 

The plates should be arranged in such a way that failure, of the plate in the region 
< of the cross-timber is ensured (1

1 
= 12). Length 11 should be first> b/2 then< 

b/2• The application of the load should be effected flexibly. 

5,2.1.3 Compression tests1 In the case of impacts and application of compression 

struts it can be assumed that the force is transmitted directly via the contact 

surface to the connecting timber; for this reason compression tests are usually un­

necessary, 

5,2,1.4 Shear tests: Only shear tests and tensile shear tests have to be made, 

since compression shear tests are not allowable. 

Set-up of the test pieces 

!.j l-

Fig 4 r < 

~ 

"' 

L t 
t% 

Fig 5 

f% t 
2. 

i p--11-' 

L 

1 
.J) 

.t. 

t 

a= 90° 

a= o0 

R./b = 2 

a= 15°, 30°,, 45°, 60° 

a= o0 

1/ht: 2+) 

*In each case with variation of the ratio 1/b by tests on additional plate sizes. 

4 



1 1 t 
Fig 6 

a = 00 

e = 00 

1/b - 2" 

~1 t~ 
5.2.2 Dynamic tests (continuous oscillation tests) with individual test pieces: 

Tests on special request, eg when using the plates for crane or bridge building. 

Alternating load tests with test pieces according to 5,2.1. 

Determination of top and bottom load and of the number of load alternations before 

fracture. Measurement of deformations as a function of the load alternations. 

5,2.3 Time (endurance) tests with individual test-pieces: Tests on special 

request, eg for use in structural members with a high continuous component of load. 

Test piece in accordance with 5,2,1, 

Intensity of loading between 50% and 70% of the static breaking load. 

5,2.4 Static tests with structural members: Tests on special constructions, eg 

with dowelled beams with special plate sizes. 

*In each case with variation of the ratio 1/b by tests on additional plate sizes. 
5 
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RULES FOR EVALUATION OF VALUES OF STRENGTH AND DEFORMATION 

FROM TEST RESULTS - MECHANICAL TIMBER JOINTS 

M Johansen, Statens Byggeforskningsinstitut, Copenhagen 
J Kuipers, Technische Hogeschool, Delft 
B Nor~n, Svenska Tr~forskningsinstitutet, Stockholm 

Introduction 

The rules are divided into a general section and a .section for 

mechanical timber joints. The general section will be replaced 

by a reference to "General rules for building materials and con­

structions" once such rules are agreed upon. The examples refer 

to certain fraction values, but the rules should fundamentally 

apply to other statistical measures as well. It is ·.assumed that 

the RILEM-CIB recommendations for testing joints are followed 

(CIB-W18/6-7-1). 

1. General 

1.1 Object 

The strength or deformation so•.;ght as a rule refers to a 

population from which a small sample Is tested. The evalua­

tion of the test results in this respect should be based 

on recognized statistic methods. Deviation of the testing 

conditions from the conditions to which the properties 

shall refer require that the test results are converted. 

Such conversion is facll itated if a 1 ikely theory Is 

ava llab le. 

1.2 Characteristic values 

Characteristic strength and deformation are defined by 

fraction values, strength normally by the 5-percentile, 

elasticity and rigidity modulee and related stiffness 

coefficients for calculating deformation at the servl­

clbll lty limit state normally by the 30-percentile or 

the mean value. (The corresponding characteristic de- ­

formation is given by the 70-percentile or the mean 

value.) 

1.3 Statistic evaluation 

For the statistic •stlmatlon of the characteristic strength 

or deformation of a population on basis of results from 

tests carried out on a limited sample this sample must as 
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a rule be drawn at random from the pop~lation. If not other­

wise stipulated the characteristic values of the population 

should be estimated at 75 % confidence level. This estimation 

can be carried out using a distribution-free method or after 

a reasonable assumption regarding the strength distribution 

in the population. 

Note. When the deviation can be described by a normal distri­
bution and provided the coefficient of variation does not 
substantially exceed 0.2 1 characteristic values fk are accep­
ted calculated from 

( 1.3) 

In (1.3) fm is the mean and c the coefficient of variation of 
the recorded values. The coefficient C depends on level of 
confidence, number of recorded values (tested specimens) 
and the percentile wanted, see table 1. 

Tabe 1 1 Value of C 

No. of test va 1 ues + 4 5 6 8 10 15 20 40 
Percentile 

5 2,7 2.5 2.3 2.2 2. 1 2.0 1.9 1.8 

30 ,95 · .89 .86 .80 .77 ,72 .69 .64 

50 

1. 4 Conversion 

Conversion factors for transforming test results to other con­

ditions than the conditions during testing should coincide 

with the corresponding factors given in the structural code 

or otherwise be verified. The conversion factor is applied 

on the characteristic values (fk) calculated from the record­

ed test values, or, if proved more correct, on the individually 

recorded test values. 

1,5 Presentation of results 

Characteristic values should be specified with respect to per­

centile (fraction value), duration of stress (short-term and 

long-term stress respectively) and climate class. 
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2. Mechanical timber joints 

2.1 Characteristic values with reference to timber grade 

2.1. 1 When timber to the test joints is selected according 

to method A (appendix 1, paragraph 2.2. 1), characteristic 

values (fk} can be referred to "softwood D400 (low den­

sity}" and "softwood D500 (high density)" respectively. 

Note. Conversion of the characteristic values to apply 
other density values is considered from case to case. 
The density distribution of the refer~nce wood is assum­
ed to be normally distributed with a coefficient of 
variation of 0.15. Individual test values (f) are not 
converted. 

2.1.2 When the timber to the test joints is selected according 

to method B (appendix 1, paragraph 2.2.2}, characteristic 

values (fk} are accepted tor the reference wood mentioned 

In 2.1.1 provided the caldulation (1.3) is based on con­

verted test values (f1), calcu~ated from 

fl • (350/D )cf when the mean value of density is 
0 

D ~ 440 kg/m3 
om 

and 

fl • (430/0 )cf when the mean value of density is 
0 

D ~ 550 kg/m3 respectively. om 

D -density (mass at 1j, = O, volume at ij,} of the timber 
0 

of the joint. 

Dorn• mean density for the group of joints tested. 

c = exponent (1 > c > 0). 

The value of the exponent ls verified by testing or 

by means of a 1 ikely theory or otherwise ls calculated 

with c = 1. 



If there is a 1 imi t of density, _q
0

L, above wh I eh the 

Influence of the density on the strength of the joint 

can be neglected (compare plate failure in nail plate 

Joints) D
0

L shall be introduced instead of D
0 

in the 

expressions for f
1

• provided D L < D . 
0 0 

Note. The conditl6n for the presented calculation of 
characteristic (f 1) ls that the strength can be related 
to the density of the wood. The density can be substi­
tuted by the compression strength or the shear strength 
of the wood in correspondence with the type of failure. 
(The compression strength parallel to the grain can 2 approximately be calculated from fc =0·95(2 - 1JJ /0.15) N/mm 
at a moisture ratio 0.12 ~ $

0 
'.: 0.16). 0 

The calculation of characteristic strength of many 
mechanic Joints (and other composite structural parts) 
are difficult to generalize. Within the approved methods 
of verification it may be preferable to define two (or 
more) characteristic values of strength, for example 
strength at wood failure and strength at failure in the 
fastener or connector itself. 

2.1.3 Numerical methods for calculating characteristical strength 

from the test results can be applied if the number of 

reported values is sufficiently great. 

Note. If uniform wood ls used for testing, for example 
with respect to density, one may refer the deviation of 
the test results to deviations in the correlation between 
the wood property (density) and the strength of the Joint, 
I.e. to variation of the coefficient A in f • ADE. If E 
Is considered constant, the fraction value off is cal­
culated by means of the volume describing the frequ~~cy 
of the two-dimensional stocastic variable A,D: · 
fA

10
(x,y)dxdy = fA(x)dx • f 0(y)dy, where fA is received 

from the testing results and f 0 is adjusted with respect 
to the expected timber quality, for example for the re­
ference classes to the mean density 400 and 500 respec­
tively and normal distribution with the coefficient of 
va r I at ion O . 1 5 • 

2.1.4 If a theory (model of calculation) is available whereby 

the strength of the Joint (f) can be approximately stated 

as a function (F) of parameters which represent relevant 

properties of the connector (C) and the wood (D) 



5 

fth = F(D,C) eor ( : 1 ) 

the following estimation of the characteristic strength 

(fk) of the Joint is accepted without any other claims 

on the selection of the timber or the connectors for 

the testing than that D and C must fall between the 

limits for the validity of (:1): 

f - ~ f k k k theor (: 2) 

In (:2) ~k denotes characteristic value (5-percentile) 

of the ratio~= f/fth where f is the measured strength eor 
of the Individual joint and fth is the expected eor 
strength based on measured values of O and C as cal-

culated from (:1). The value fk theor is obtained from 

(:3) 

where Dk and Ck are the characteristic values of the 

properties of the wood and the connector respectively 

In the population of Joints to which the characteristic 

value for the joint shall apply. 

Note. The calculation of characteristic value according 
to 2.1.2 ls a special case of the calculation In 2.1.4, 
which appears from the following example, in which the 
variation of C is neglected: 

fth • F(D,C) eor 
C = aO where a and care constants, thus 

f 
4> - ai)C' • 

If converted to Dk= 350, the strength ls: 

f 1 • (350/D)cf = ~a350c, i.e. from (:3) f 1 = ~f 
k theor 



2.2 Conversion for moisture content 

2.2. 1 The joints of a sample are assumed conditioned at a 

specified climate thus that deviation of moisture 

content of individual specimens can be neglected 

(cf. CIB-W18/6-7-1, p. 3). 

6 

2.2.2 Factors for conversion to other climate (moisture con­

tent) than at testing are found from special testing 

at different elimate or calculated by d plausible theory. 

They are applied on values of individual joints or on 

sample values (or values calculated for the population 

from the sample values) whichever is realistic. 

Note. At converting from the mean value of moisture con­
tent at testing to the neare_st M.C.-value corresponding 
to a standard climate class, it is generally sufficient 
to convert the sample value. 

2.3 Strength at sustained load 

2.3 . 1 The derivation of conversion factors for the strength 

at sustained loading requires testing at several load­

levels, e.g. 1.2, 1.0, 0.8 and 0.6 times the expected 

mean strength at short-term loading as well as supple­

mentary short-term testing to determine the strength 

deviation. 

2.3.2 The characteristic short-term strength fkST obtained 

from short-term testing according to CIB-W18/6-7-1 

may be converted into characteristic long-term strength 

by applying a factory, provided it is checked by loading 
2 ST of N joints during 10 h with a constant load 0.S(l+y}f 

m 
that less than n joints fail during this testing. Hereby 

f ST denotes a verified mean value of the strength of 
m 

short-term-tested joints of equal kind. 



7 

Acceptable values of the ratio n/N for different values 

of y are given in table 1. 

Table 1 Relative number of foints (n/N) to resist the 
load 0.5(1 + y

5
)fm5 during at least 105h. 

0.8 
0.6 

0.4 

0.9 
0.8 

0.7 

n/N 

(N ~ 20) 

7 

0.50 

7 

Note. The values are based on normal distribution off, 
coefficient of variation 6 s 0. 15. Further, it is as~umed 
that the conversion factor is expressed by 

y = f(log t)/f(log t) = a - b log t with t = 10-lh (6 min) 
0 0 

and t = 105h, that is yS = f(S)/f(-1). 
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Slh FOR[ST PRODUCTS 
Appendix 1 

RESEAn~H LABORATORY 

SELECTION OF WOOD FOR TESTING OF JOINTS 

1. Wood species The rules primarily apply to European pine and spruce. 

2. Dens I ty 

2.1 Two levels of density are defined: Lew density and high density. 

Note. If characteristic properties are to be applied to joir.ts 

of wood which is not graded according to density (or elas­

ticity modulus), normally only the low density level shall 

be considered. 

2.2 Two methods of selecting wood are defined: 

2.2.1 Method A The timber is selected in accordance with the 

following density requirements: 

3, Knots 

1976-05-11 
01 430001410K0B BN/gr 

.!:_o~ ~e~s .!_ ty Mean va 1 ue 

At least 1/5 of the pieces 

.!:!,l.2,h_d~n~i!Y Mean value 

At least 1/5 of the pieces 

D
0

m ~ 400 kg/m3 

D
0 

~ 350 kg/:n3 

D
0

m ~ 500 kg/m3 

D
0 

~ 430 kg/m3 

Method B The timber is selected for smallest possible 

deviation of density with the following mean 

values: 

l:_o~ ~e!!.s .!_ ty 

.!:!,i.2,h_d.!:_n~i!Y 

D R1 400~40 kg/m3 
om 

D R1 500!5okg/m3 
om 

The timber shall be free from knots in those parts which may 

Influence the load-carrying capacity of the fastener. 
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COMMENTS TO RULES FOR TESTING TIMBER JOINTS AND DERIVATION OF CHARAC­

TERISTIC VALUES FOR RIGIDITY AND STRENGTH 

Background 

The load carrying capacity of mechanical fasteners for timber joints 

will be presented by characteristical values for rigidity (or compliance) 

and ultimate strengh as a supplement to the code of practice for timber 

structures. Design values for the resistance are finally achieved as 

the characteristic values are multiplied by a transforming factor 

(S) and divided by a safety factor (y). The factory will possibly m m 
consist of partial safety factors (y = y 1 • y 2 •···· y ) , with m m m mn 
reference to various parameters such as variability and control as well 

as structural safety class. They values will appear in the code of 
m 

practice for timber structures but should be evaluated in accordance 

with rules for building material and componen~s in general. For example, 

we may assume a general safety code ·:o tell us ho1v the value of y Is 
m 

Influence~ by the choice of fractile value as characteristic value and 

how y is influenced by the size and shape of the resistance deviation. 
m 

Therefore the tests must provide us with results from which fractile 

values can be derived, usually the 5 percentile and the mean value, pre·· 

ferably al~o parameters to describe the shape of the frequency curve. 

Code sections 

Unambiguous characteristic values demand specifications with reference 

to different conditions: 

A Definition of the population to which the values are supposed to 

apply. This implies the definition of the material - wood and 

fastener. 

8 Definition of the type of structures to which the values apply. 

This includes definition of the effect (stresses) of the action 

for which characteristical resistance is given. 

C Definition of other conditions to which the values apply including 

definition of actions such as type of load and climate. 
Lehrstuhl fur 

' 

• rh I h ., ' , •· ngenieu o z_au ti. bouxons1ru!-:•!ori:: .. 
Univc:rsitdl (TH) Ket I a;,;,_, 

froi. Dr.•iog. ~ Monl11 
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AA 

BB 

cc 

D 

E 

F 

G 

Part of the population (A), possibly substitute for the population. 

Substitute for structural type and dimensions and for stresses. 

Substitute for action and climate. 

Sampling (method and number) and storing of samples. 

Preparation of test specimens from samples (selection, geometry, 

number). 

Storing of test specimens. 

Testing, including testing of control specimens for reference. 

(Loading and measuring method, testing climate.) 

H Presentation of test results. 

Evaluation of properties of the population from the test results. 

The last section (I) is the final aim of the preceding section. All sections 

can be laid down In codes. On account cf their different nature, e.g. 

some being dependent on material and object, some more generally applicable, 

It is practical and common that they are grouped into different rules and 

standards. This is partly for administrative reason and different solu­

tions exist. The following suggestion should agree with nordic practice: 

Sections E, F, G and Hare generally referred to a testinq standard. In it­

self the standard is tied to its object but can, of course, in certain 

parts refer to exterior, more general standards. 

Section D is generally not Included in the testJng standard. But it Is 

a common important part of rules for verification of resistance by testJng 

(design by testing) and in rules for qual lty control. These rules are 

partly tied to object, partly connected with the rules for evaluation 

( I ) • 
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The purpose of the testing is given in A, Band C in the first place. In 

principle, the kind of definitions mentioned in these sections should appear 

in building codes, such as the general design code (safety code) and the 

code for timber structures, but may also refer to independent descriptions 

of products. Howev~r, in ~any respects definitions of material, actions and 

climate are not yet complete in codes and recommendations. It may also be 

difficult to define reality, hence substitute populations and conditions 

must be defined, here denoted AA, BB and CC. A typical A and AA matter is 

the selection of timber for joints to be tested in order to determine the 

characteristic strength values. A Band BB matter is the 1 imitation of 

loading cases at testing against the desired wide applicability of the 

characteristical values, for example, to describe resistance at combined 

actions. An important C and CC matter is how to choose testing climate. 

Briefly, it is the sections A, Band C (AA, BB, and CC) which are principally 

decisive for the selection of material and the scope of the testing. The 

number of sample~ and test specimens is, however, stretchable within the 

limits set by the method of evaluation (1). 

The rules of the final section (I) for evaluation the characteristic values 

from the results of the tests are necessary because the sampling according 

to D and the testing method according to E, F, G do not respond entirely to 

the conditions of the sections A, Band C or even AA, BB, CC. For the 

evaluation random as well as systematic vari2tions must be considered. The 

casual deviation as a rule is generated by the sampling, that is, the pro­

perties of samples vary, while the properties of the design population are 

constant. The level of confidence for the estimation of the properties of 

the population i~ given by the general safety code, for example, the pro­

bability 0.75 that a characteristic strength value for the population, as 

.Judged from the sample, is lower than the real value. The method used for 

the evaluation should be in conformity with established statistical theory 

but must not be prescribed in detail in the code. But it is desirable that 

approved methods are mentioned, methods that can be 11distribution-free 11 or 

methods linked to certain functions to substitute the real distribution 

of the property in question, such as the normal distribution. Recommendations 

of that kind may essentially be the same for all materials and structural 

components. 
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Casual variation in the result is also introduced by the method of selectino 

test specimens from the samples and by imperfections in the testing itself 

and the conditions (climate) at which it is carried out. This part of ihe 

variation, to the extent it can be separated, may be considered either 

when the testing results are presented (H) or be treated supplementary to 

the evaluation of the results (I). 

At systematic deviations the results measured at standard testing conditions 

must be transformed to those conditions to which the characteristic proper­

ties of the population shall apply. By conditions is here meant everything 

that is defined in the sections A, Band C. Of principal importance in 

testing wood constructions are the wood properties (for mechanical joints 4 

density), climate (moisture content of the wood) and duration of stress. 

Direction of the force with respect to fibres may also be mentioned. In a 

simple case reference can be made to the transforming factors established 

in the timber structural code. In other cases special transforming factors 

are based on theory of performance or on performance testing. The presen­

tation of these factors is part of the documentation of properties. 

CIB recommendations for timber ioints 

The purpose of the CIB proposals concerning testing and evaluation re­

commendations for mechanical timber joints is to achieve international 

basic values for properties and to make duplicate testing in several 

countries uncalled for. This is an old request which has been stressed by 

the introduction on the market of the nail plates. At present these plates 
' are tested repeatedly and assigned different strength values in diffprent 

countries. Actually, international rules of this kind are a necessary basis 

for an international code for the design of structures. 

A working hypothesis is that there will be (1) general testing rules for 

mechanical timber joints, (2) specific testing rules for different kinds 

of fasteners, (3) special rules for joints to and between panel material 

of wood and for joints between wood and other material (steel, concrete), 

(4) rules for evaluating of the characteristic load-carrying capacity of 

mechanical timber joints. 
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In (1) principles for selection of ~~od for the joints to be tested can 

be included, see appendix 1. In this way at least some recommendations for 

sampling (D) are introduced in the testing rules. Apart from that the 

general testing rules will include what ls common for mechanical joints 

with different kinds of fasteners, compare RILEM-3TT 5th draft, August 

1975 (CIB-W18/57-2, Karlsruhe October 1975). The specific testing rules (2) 

and (3) will appear gradually, the first dealing with nail plates. 

Appendix 1 Selections of wood for testing of joints 

Appendix 2 Check on the long term factor in testing timber joints 

s 
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SELECTION OF WOOD FOR TESTING OF JOINTS 

1. Wood species The rules primarily apply to European pine and spruce. 

2. Dens I ty 

2.1 Two levels of density are defined: Low density and high· density. 

• Note. If characteristic properties are to be appl led to joints 

of wood which is not graded according to density (or elas­

ticity modulus), normally only the low density level shall 

be considered. 

2.2 Two methods of selecting wood are defined: 

3. Knots 

2.2.1 Method A The timber is selected in accordance with the 

following density requirements: 

Lo.':'.!~e!!.slti'.. Mean value 
At least 1/5 of the pieces 

D < 400 kg.'m3 
om -

D < 350 kg/m3 
0 -

.t!_l.s_h_d~n!i!Y Mean value 
At least 1/5 of the pieces 

D < 500 kg/m3 
om .... 

D < 430 kg/m3 
0 -

Method B The timber is selected for smallest possible 

deviation of density with the following mean 

values: 

.!:_O,':'.! ~e.!:!_ S .!_ ty_ 

.t!,l.s_h_d_£n!l.!.Y 

o ~ 4oo!4o kg/m3 
om 

o ~ soo!5okg/m3 
om 

The timber shall be free from knots in those parts which may 

influence the load-carrying capacity of the fastener. 

1976-05-11 
01. • 30001• ,o Koe BN/gr 
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Appendix 2 

CHECK ON THE LONG TERM FACTOR IN TESTING TIMBER JOINTS 

It is here assumed that the relation between the constant stress (f) 

and the time to failure (t) can be expressed by 

f ( 1 og t) 
f ( 1 og t ) 

0 

= a - b log t 

If the values of a and bas well as the distribution of f(log t) 

( 1 ) 

are known, one can calculate the probability that the joint wil 1 not 

fai 1 at a certain level and duration of load. In the: fol lm,,ing example 

it is assumed that a= 14/15 and b = 1/15 when t is expressed in hours. 

We then have 

f ( 1 og t) = ( 1 - 1 + 1 og t ) • f ( 1 og t ) = lji f ( 1 og t ) 
15 0 0 

can be regarded as the short-term strength and f(log t) 

as the long-term strength. Hence,~ is the conversion factor for 

long-term loading. If the short term testing time is estimated to 
-1 5 t

0 
= 10 h (6 min) and 11 long term11 is defined by t = 10 h, the long-

term conversion factor according to (2) will be 9/15 = 0.6. For 

every decade of time the decrement of strength is 1/15 of the short­

term strength f(-1). If f is normally distributed with a constant 

coefficient of variation 8 = 0.15,a joJnt with a strength equal to 

(2) 

the mean (f = f) wi 11 loose 1/2.25 = 0.444 times the standard deviation 
m 

of f(-1) per decade: 

1 • 0 • 15 fm ( - 1 ) = 115 fm ( -1) 2.25 
(3) 

If the strength deviation is small compared with the reduction due to 

time,one could at this stage introduce the approximation that the strength 

decrement is constant for all f-values, not relative as shown in (2). 
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Thus (2) is replaced by 

f(log t ) - f(log t) = 
0 

The calculation of the probability that the tested joints resist 

the duration of the load will then be very simple. (The result is 

given in table 1.) 

As seen in figure 1 a test joint with a strength f (-i) wi 11 
m 

resist the stress 0.933 f (-1) in just lh. Thus, if all the test 
m 

jolnts are loaded to this stress 50 % wi 11 fai 1 before lh. If the 

load instead is 0.866 f (-1) 50 % will resist 10h load, etc. There 
m 

will be no difference in this result if we use the more realistic 

time influence according to (2) with a strength decrement propor­

tional to f. But we wi 11 get a slight difference in the probability 

of reslstance when the strength deviates 

with the S\rength 1.066 f (-1) is loaded 
m 

resist not quite lh but 0.866 h, compare 

from the mean. If a joint 

by 1 . 0 f ( -1) i t w i 11 
m 

the intersection between 

the broken line in figure 1 and a= f (-1). For lh resistance a 
m 

slightly higher relative short-term strength than 1.066 is required: 

f (-1) 
f (-1} 
m 

= 
1 

_ 1 + I og t 
15 

_ 15 _ 
- T1i - 1.0714 = 1 + 0.476 s 

s = standard deviation off 

This means that the value 32,9 in table 1,as the number of joints 

which resist stress equal to the mean strength,decreases to 31.7. 

If the load is decreased to 0.8 f (-1) all joints with the relative 
m 

strength of at least 0.8 • 1.0714 = 1 - 0.939s will resist the load 

lh. In this case the absolute decrement of s per decade is less 

than that of the mean so a few more joints than expected from the 

approximate calculation (4) will be intact after lh (82.7 instead 

of 81.3 percent, se the table). 

The suggestion in the paper CIB-W18/5-7-3 by Kuipers that 11 from the 

total number of 0.80F long duration tests not more than 50 % shall 

be collapsed within a period of lOOh" is in agreement with the 

values of the table. 

2 

(4) 

(5) 



TABLE 1 Number of joints of 100 tested which do not fail after time t of constant stress. Coefficient of variation 

o(f) = 0. 15. Time influence according to equation (4) respectively (2). 

Stress Time (h) ~ 10 Eq. 

1.0 X f (-1) 50 32.9 18.7 9. 1 3.7 1.3 0.4 (4) 
m 

50 31.9 15.3 4.8 o.8 0.0 0.0 (2) 

0.933 .. 67. 1 50 32.9 18.7 9. 1 3.7 1.3 (4) 

O .866 .. 81.3 67. 1 50 32.9 18.7 9. 1 3.7 (4) 

0.8 90.9 81.3 67. 1 50 32.9 18.7 9. 1 (4) 
90.9 82. 7 69.6 50 27.2 9. 1 1.3 (2) 

0.733 .. 96.3 90.9 81.3 6 7. 1 50 32.9 18.7 (4) 

O. 666 .. 98.7 96.3 90.9 81.3 6 7. 1 50 32.9 (4) 

0.6 X f (-1) 
m 99,6 98,7 96.3 90.9 81.3 67. 1 50 (4) 

99.6 99, 1 98.0 95.2 88.7 74.7 50 (2) 
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LONG-TERM LOADING FOR THE CODE OF PRACTICE (PART 2) 

B Noren - Swedish Forest Products Research Laboratory, Stockholm, Sweden 

Introduction 

This paper is a sequel to the paper "Definitions of long-term loading for 

the Code of Practice", /1/ presented for the CIB Working Corrrnission W 18 

in Delft. June 1974 1:1, It originates in substance from a corrrnent by the 

author on the NKB proposal for Safety on Loading Codes /2/ (presented to 

the W 18 in Paris, February 1975). 

Defon-ration 

The defon-ration is generally important for the serviceability state but in 

many structures indirectly also for the ultimate state. As shown by eq. (5) 

in /1/ 

£(q,t) = £(q,LT) + £(q-q,ST) 

the creep at variable load can be calculated as a total of long-term (LT) 

creep, caused by the mean intensity of the load (q), and short-term (ST) 

creep, caused by a load with an intensity equal to the differences of the 

maximum (q) and the mean value (q). The code must give the creep function 

(~). possibly in tenns of fictive MOE for varying duration: E~ = E/(1+~). 

Several codes already specify such fictive ITOduli, including slip rroduli 

for joints. 

Ultimate load 

The influence of time on strength of material - or rather - the influence 

of stress on time to failure, is generally expressed by a straight line in 

a semi-logarithmic diagram (or by a flat hyperbolic curve approaching such 

a line), This does of course not imply that the relation can be represented 

by the same line for all structures built of the material. 



The dotted line in Figure 1 indicates a case where a load p = 1 rrakes 

the material or structure fail in 5 min, while a load p = 9/16 can rest 

for 50 a without causing failure. The full line in Figure 1 

2 

p8/p
0 

= 1 - 0.08 log t (1) 

gives a slightly larger influence of stress on time to failure, or -

expressed the other way round - a slightly lower long-term strength. 

The line is drawn with reference to the strength reduction factors 

given by the Swedish code (SBN 1975) for structural timber at normal 

load and exceptional load and an estimation of the total duration of 

these loads. 

The following calculations are based on the SBN-line in Figure], merely 

as an illustration. Neither of the lines can represent all cases. As 

derronstrated by Borg Madsen~s tests they do not even describe correctly 

the time influence on the strength of structural timber of all grades. 

Strength conversion 

According to the NKB-proposal the loads are graded in classes with respect 

to the time of continuous loading /2/, cf. Appendix 1 to /1/. The Class 

A loads who have a lower limit of continuous loading of 250 d, are generally 

considered as constant (dead) loads. Still they rray not appear each year. 

For a constant load the usual method of aprlying a long-term factor on the 

characteristic strength is the simplest. If the service life of the struc­

ture is expected to be 30 years, the SBN-line gives the long-term strength 

mk30 = 0.56mko 

where mk is the strength at short-term testing. 
. 0 

(2) 

In practice, however, the constant load, is almost always superimposed by 

one or several loads with less duration than 250 d, in the NKB-proposal 

referred to as B, C and D loads. Also in this case one method is to calcu­

late a characteristic strength value, weighted with respect to the duration 
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of the various loads: 

m' = 
k 

PA• bpB • cpC 

PA+ Ps + Pc 
(3) 

For the Stockholm area the characteristic value of exceptional snow load 

is supposed to be 2 kPa. This value is defined by the probability P = 0.02 

that it is exceeded at least once during the year. Snow load belongs to 

the duration-class 8, the lower limit of continuous loading being 15 hand 

the upper limit 250 d. Assume it is 10 d and that the characteristic 

value is exceed at only one occasion during one and the same year. This 

should give us a relative duration of 

n = 0.02 • 10/365 = 0.00055 

According to the NK~-proposal it is sufficient to use the value 0,0005. 

The total duration for a service time of 30 a is thus 

0.0005 • 30 • 365 • 24 = 131 h 

If eq. (1) is applied we have 

pB/p
0 

= 1 - 0.08 log 131 = 0.83 

We should then use b = 0.83/0.6 = 1.4 in (3). The b-values for other 

type of loads and the c-values can be calculated correspondingly. 

The strength conversion method was used in the former Danish Standard 

OS 413 (1968). 

Load conversion 

Another method of considering varying loads is to convert them into constant 

loads which after a certain time T give the same reduction of strength as 

the loads do which have a total duration less than T. The mean curves of 



duration for a year is assumed·to be available for different types of 

load. Each such curve can be differentiated as shown in Table 1. 

TABLE 1 

tip n Total duration 

n1 n1 T 

n2 n2 T 

n3 n3 T 

For each division of the load (tip) the equivalent load (tip) for a 
e 

duration T can be calculated. A favourable case is when the law of 

superposition can be applied. As shown in /1/ we then have tip = ntip, 
e 

i.e. the varying load can be replaced by a constant load 

In a less favourable case there is no creep recovery when the load is 

rerroved. (The "strength reduction" is assumed to be caused by the 

creep). The division of load, tip, with the relative duration n, can 

then be replaced by a load tip~, giving the same reduction of p8 during 

the time T as tip gives at a duration nT, see /1/. It is obvious from 

Figure 1 that tip' is not much smaller than tip, should not n be compara-
e 

tively small. This is of course due to the logarithmic time scale. 

In Table 2 the constant loads p respectively p' are calculated, which e e 
for the two types of creep are equivalent to a load distributed as 

shown in Figure 2. The curve is approximated into four steps and the 

SBN-line in Figure 1 is applied. 

5 

( 4) 



p 

-p 

0 
0.1 

TABLE 2 

tip TI TI tip 

1 2 3 

2 1 2 

4 0.5 2 

4 0 .1 0.4 

2 0.01 0.02 

p =12 Pe C p == 4.42 4 

0.5 

Figure 1 

0,08 log 1/T1 

4 

0 

0.024 

0.08 

0.16 

·--, 
I 

1 

0.6 
0,6+(4) 

5 

1 

0,96 

0.88 

0,79 

p' e 

(1)(5) 

6 

2 

3.83 

3.53 

1, 58 

C: 10.9 

The load with the intensity 2 + 4 + 4 == 10 has a total duration over 30 

years of 0.1 • 30 • 365 • 24 == 2.62 • 104h and should according to the 

Swedish code (SBN 1975) be referred to as a nonral load (total duration 

104 a 105h) for which the long-term factor 0.6 ITT.Jst be applied, Hence, 

the value p == 4.42 would be favourable while the value p' = 10.9 would e e 

6 



be slightly unfavourable colll)a~ed with the value 10. (A compromise 

based on 50% elastic creep and 50% not recovering creep should give 

a value p
8 
~ 7,5). 

The design criterion of the method with partial coefficients is 

or after the load conversion described 

E y p s mkT/y p e . m 

7 

(5) 

(Sa) 

In the example the p were referred to T = LT corresponding to a long-term · 
e 

strength reducing factor 0.6. (It could alternatively have been referred 

to T = ST corresponding to a factor 1.0). Observe though that the condition 

(Sa) has to be checked for short-term loading as well. For example in 

Figure 2 the total duration of the load p4 over one year is 0.01 • 8760 = 

87.6 h ~ 1•2h. If this also is the continuous time of loading, then it is 

seen from Figure 1 that p4 will be the determining load if p4/pLT > 1,4. 

This' _will obviously be so for p4/pe = 12/4.42 bu_t not for p4/p~ .. 12/10:9. 

However, Figure 2 was supposed to give the mean annual load distribution. 

The characteristic value of p4 given in the code will probably be higher. 

Let say it is 30% higher, and defined by the probability P • 0.02 that it 

is exceeded during a year. Hence p4k/pe • 1.30 • 12/10.9 • 1.43 and the 

short-term load is just about determining the design. 

Conversion of characteristic load values 

Present codes or code proposals do not give load-duration distribution 

curves, neither mean curves nor the variation between years. Hence, 

the calculation of equivalent constant loads (p and p') rrust for the e e 
time being be based on characteristic values and the corresponding 

duration values possibly given in the loading code and on some 'rough 

assumption for the duration curve. It is then a step forward when 

not only one characteristic value of the load of a certain type is 



8 

given. In the NKB-proposal /2/ there are for example two characteristic 

snow-loads given, see Table 3. Natu~ally, there is no constant snow-load 

(but it could havo boen added an extreme value). In order to calculate 

the equivalent constant long-term load one might for example accept the 

following assumptions: 

1. The long-term effect of the exceptional load is neglected (the qk-value 

1.5 is exceeded one year of 50). 

2. The mean term when there is some snow is 4 rronths. 

3. The mean annual duration of the normal characteristic value qk = 1.0, 

which according to Table· 3 is 0.015 • 8760 a 131 h, is approximated 

to zero. 

4. The duration curve is a straight line. 

TABLE 3 

Normal 

Exceptional 

1 • 0 

1. 5 

n 

0.015 

0.0005 

t qs 

8 
B , 

p 

0.2 

0.02 

Thus the calculation is based on the distribution shown i Figure 3 and on 

Figure 1, which gives 

q = q = 0.5/3 = 0,167 
e 

(kPa) 

q' = 
e 1 

I dt 
1-0,0Blog t F::1 o,g 

q 

1 

0.167 
q 

0 2 
Figure 3 

4 
1./12 = 1/3 

t, months 
T\. 



If then a fifth assumption is added: 

5. One third of the creep is elastic, two thirda itnecoverable 

we finally get 

q = 1/3 • 0.167 + 2/3 • 0.90 • 0.65 
e 

i.e. the long-term influence of the snow-load should be checked 

by assuming the characteristic normal snow-load reduced by 1/3 
I 

to act as constant load. 

9 
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·.-::·.:.c:., fr.ouc)1 su·ostantial, are of relatively short durationo Wind 102..ds an tho 

:;,::ir.cip3.l mer:ibers are usually low and only of short duration, so that i:iicte<lsii,g t.he 

~c.::::-.-:-.i::;:::;ib~c stress see::-ied justifiedQ Since the data of tests and i,wcstiei\t.i.ui'\s 

:=,c.::::-.:o:::-::wc. oy the author about 8 yca:r:s ago we-::e not available, it w<ks deodJu.t t.o 

i:.--.c:::-c.:::..se the per.--...issible stress by 15 %1 this being the percentage w~ic .. ls reccll,-

:-.0:-• .::.e:c:. .ir. s:pe;cificatio~--is relating to the design of stru.ctural steelwo:ck 1 8'/\d. wh I c.h 

:.:c.::; ::.e:on sho',m by non-Ger.nan investigations and dynamic loadin[; studies i.0 ·i.:,~ 

:c.:::::.:.:::::o~.2.ble for timbe:r: bridge structures .. 

;_ study in depth of the 11 strength after subjection to loading for a cp,:-~cifi~C\ 

~i;-:;c.: ::.d. the load-carrying- capacity under long-term loading" has recently ~~f\ 

(;.:...:::-::ie:d. oi.l.t, the results of which it is intended to take into accou.""'.t v.h.;-;y, 1,.reva,•j (')(;; .. 
__ -::..:..:w v0::::::ion of the ";ir:-:.ber const::::--.iction specifications., 

'::~~.8 strcwinc of flat roofs with g-.cavcl, a practice tha.t h~·"'· oftc~ 'c.::~~-- i\.loj) t-2.1 

::-0cont yoo.r:::;, tharoby incrcusinrr the dead load, has sho\v.""l. 



-- ~~0 cxplan~to~ notes (1) to DL1 1052 a reduction of not less than 25 % was 

p~0?0scd for the Ef and Gfvalues, if the dead loads are greater tnan the combined 

~~vc a~d snow loads. Furthermore, an attempt has been made to allow for the long-term 

e::~ct (creep) by addin~ to the specifications on the deflection analysis (taking 

i~t0 account the shear deformation, deflection restriction for overall load and not 

~crely livo load) and on the necessary camber of the tuiber structures. 

C~ceJ effects must also be ta.ken into account where fasteners are conce:rned. 

=~ t~.i.s cor.nec~ion ~ study by Hotter· (2) shows that these may give rise to substantial 
I 

ro.iistributions oi internal forces and moments particularly in statically indeter-

:i::.i~ate syztems. With flexibly connected bracing and panels (or forms) which are used 

:or stiffening compression chords against buckli.~g, the stability of such struct.:.res 

c:,:ca:tly depends on the rigidity of the .fasteners (Mohler (3); Ml:Shler-Schelling (4); 

(1) ~~hler, x;: Specifications. Timber construction pocketbook, 7th edition 

1974, p.683. 

Rotter, K.: .Analysis of timber structures for long-term loading with 

particular reference to joint rigidities 

Die nautechni.k 1973 .22., 239-47 and 272-5 

(3)· M~hler, K.: On the load-carrying capacity of flexural ~earns and compression 

members with compound sections and flexible fasteners. 

Thesis Techn. lfochschule, Ka:rlsruhe 1956 

(4) !":ohler 1 K !.r. 

Schelling · On the design of bracing and stiffeners to increase resis~1nc,. 

to buckling in timber construction. Der Eauingenieur 1968 .{i. 43-S 

(5) nr'J. .. "linghoff, R.: Stresses and stability in transversely supported bo~d­

layer beams. Thesis (Univ.) (Techn. Hochschule) Ka:rlsruhe, 1971.. 

::,~L\')> 

Lo~e-tcr;:i loading tests on ~\·..le wood and wood-based panel products (plywood an~ 

woo~ ~ar~icle board) have been in prog-ress at Xa.rls:ruhe since 1969. 
?.0::,9r -ts htve 
=~-~"';;!;:~ already been published on some of the tests : 



., .,. \ 

\;) 1-·:mu c::::, K and 

J Ehlbeck: 

Ditto: 

Tests on the behaviour of particle board and plywood under. 

long-term flexural loading 

Holz als Roh- und Werkstoff 196812,, 118-24 

Sh~rt-term and long-term tests to determine the static 

bending strength and load-carrying capacity under long-te:rm 

loading respectively of plywood for construction purposes. 

In: Barichte aus der Bauforsohung No.29, p.1-3~ 
. . 

published by Wilhelm Ernst u. Sohn, Berlin 197 4 

( 3) }!tlhler, K and~ 

G Y.a.ier : Creep and ~elaxation behaviour of air-dry 1and wet spruce 

in compression perpendicular to the grain · 

Holz als Roh- und Werkstoff 19701§. (1), 14-20. 

The following studies a.:r~ currently in progress or being evaluated: 

i Ter.cion 2 oomoression and bending tests on spruce test pieces 

1.1 Constant loading at 85 to 10 % of the static strength. 

Result of the bending tests up to 1000 days: 

a) Strength at a specified time: 

.r- .. a- (o. 7724 - 0.0622 log t) t. 0 

where t ~. time in days, ~ • static strength 

G,ooo - o.5a (J 
0 

b) E/E
0 

- variation thereof when the growth rings a.re horizontal or vertical.. 

After 1000 days: E1000 

E1000 

0.56 E (horizontal rings) 
0 

0.67 E (vertical growth rings) 
0 

The ti.::le dependence of Et/E
0 

is shown for the individual loading stages in the grapha 

acco~pa:nying this memorandum (enclosures 1 and 2). 

1e2 Co~parative bending tests at constant stress and with stress alternation at 

7-day intervals bet'i-1een o-;ull and 0.5 ~ full (not yet oonclud~d). 

Ro cult so £a:: : a.l terns. ting stress in range up to CS-• 200 kg£/ om2 
ha.s no ef:!ecv. 



;~) ~ondin~ tc~t~ with test pieces continuous ' over two spans for checking the 

stress conditions in the support region (not yet concluded). 

1.4 Bending tests on specimens with different l/h ratio for determining the shear 

creep (not yet concluded). 

Result so far; creep much higher under shear loading than in bending. 

2 I~v2sti11c!.tions of torsion suecimens (not yet concluded) 

Stc.tic torsional strength of spruce about 50 % higher than its shear strengt: •• / 

':::::.c lon3"~t~rm tests, which have so far been evaluated for an observation time of 400 

c.:J.ys, give eve·ry expectation that the following .relationships will be obtained: 

a) St~encth at a snecified time : 

,i;t .,. 90.25 - 2.5:; log t j 

where t ... time in hours 

re; 1000 days ... o.aa~ 
0 

"'C a static torsional strength 
0 

hCcorc.in~ to this expression, the reduction in torsional strength under long-te~ 

loading appears to be much lass than under nexural loading. 

·o) G./G - variation: 
~ 0 

F:=om the provisional evaluatio~ was obtained: 

-
where t aa time in days; G

0 
• static torsion modulus 

l..ccorc.ine to this ~ression·, the torsion creep, like the shear craep, appears ·to be 

=~eh hieher than the bending creep. 



2 :.:::::r:.closu:res 

- 5 .. 

BENDING TESTS· 

Et/E
0 

·- time dependence·. : · graph 1 for horizontal growth rings 

graph 2 for·v~ical_growth rings 

Key to German terms: 

Versuche 

Versuchswerte 

Zeichen 

• tests 

.. test values 

• symbols 

statische Biegefestigkeit •. static bending strength 

Biegespa.nnung beim L. 

Belastungszeit in Tagen 

Xantholz bei eto •. 

• bending stress in the long,-tem. teat 

• loading time in days 

• timbers. at <r • 10 Nlmm.2 
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Deflection of trussed rafters under alternnting loadin~ durin~ a year 

T. Felcborg and M. Johansen, Building Research Institute, Denmark 

Introduction 

Trussed rafters are used in the greatest part of building in Denmark. Most 

.of the trussed rafters are nov factory made and connected by toothed metal 

plates, but also n~iled connections are still used. 

?he cor::i:1on simple design calculations neglec~ the effect of rigidity ar.d 

de~ormation of the joints. They therefore give a wrong picture of safety 

and deflections. It often.results in bad utilization of the timber and 

sometimes in too great deflections of the trusses. 

Therefore the Technical University and the Building Research Institute ha .. ·e 

started a research programme to form a basis for more accurate and economic 

calculations of trussed rafters. 

l At the Technical University Mr. A.R. Egerup has investigated the short-ten:i 

stiffness and bearing capacity of 56 trussed rafters. At the Building 

Research Institute the short-term behavior of the neel joint and the lover 

chord splice are studied, a.~d the long-term behavior of the trussed rafters 

will be studied within 5 years. 

This report presents the results from one year during which the load has 

been alternating between dead load and dead load+ design snow load. 
. l 

Snecimens 

The long term investigation comprises 30 .W-trussed rafters of the 3 types 

W1, W2,'W3, shown in fig. 1. 

Five different connection systems were used: 

Number of trussed rafters 

Connection system w, W2 W3 

a.) Hydro Nail plates bot.h sides 6 2 ·2 

b) TCT Roll-Loch plates both sides 2 
c) Nailed metal plates both sides· 4 .. 2 2 
d) Nailed ply-...rood gussets both sides 4 2 2 
e) Metal plates between 2 boards nailed 

from one side 2 

The trussed rafters are made of visual graded structural timber of the 

lcvest grade "U/K" (unclassifiet'l.) according to the Danish Standard D.S413. 

~vo of the trussed rafters connected by Hydro Nail are designed for he&vy 



ro~f cladding, all others are designed for light roof cladding. 

In the trussed rafters connected by syste~ a-d, the dimensions of the lower 

chords and the we~ members are 45 x 95 I:lill, tht ai~ensions of the upper 

chords are 45 x 120 m.~ (and 45 x 145 for heavy roof cladding). 

Two trussed rafters have all members made of 2 boards nailed toget~er 

and connected by metal plates between the bo=ads and nailed from one side. 

The upper chords are double, 25 x 120,· the lower chords and the web mem­

bers are double, 25 x 95 mm. 

The different joints ure shown in fig. 2. The dimensions and modulus of 

elasticity of chord members are shown in table 1. 

Exnerimcntal nrocedure 

The trussed rafters are installed as roof construction in an open pole 

· buildinG, fig. 3. The building prevents rain and snow from falling on the 

trusses, while ·allowing them to be subjected to wind load on the roof and 

changes in temperature and relative humidity occurring during the study. 

The vind load is unirnport-a.nt at a roof slope of 1:3. 

L~teral movement of the upper chords is restrained by 20 x 50 mr.i strips 

of wood, while the nailing strips for the roof sheets are cut between each 

pair of trusses, so that they can deflect almost independently. 

The lounins arran~ement is shown in fig. 4. 
The weights are suspended from cross bea~s supported on a pair of trussed 

rafters. The weights suspen~~d from the lower chord represent the design 

load (ceiling+ insulation) of 0.3 ~1/m2 (0.3 k,,~/m on a 1.0 m spacing). 

The weights suspended from the upper chord+ the roof cladding of alUr.1inium 
2 2 

sheets (C.~3 k.M/m} represent the design snow load 0.75 kN/m + design 

dead load. 

One pair of trussed rafters connected by f.ydro Nail plates are designed 

for a heavy roof cladcing o~8 kN/m
2

. 

Three pairs of trussed rafters connected by Hydro Nail, nailed metal plates 

and nailed plywood gussets are designed for a light roof cladding 0.3 kN/m
2 , 

~ut they are overloaded by weights corresponding vith the .load of a heavy 
. 2 

roof cladding 0.8 kN/m. 

b th d . d d load O. 3 k:,/-r:-.2 
AJ.le the other trussed rafters a.re loaded y e esign ea 

on the upper chord. 



During the first yeur the load has been varied between 8 weeks dead loaa 

and 1 week dead load+ design snow load. 

3 

Full design snov lc~d is very rare in Denmark, Pnd ~ccordinc to 30 ycnrs 

measurin~ the duration does not exceed 5 days.(During the first year there 

has been no snow). 

Deflections of the trusses are being measured at the joints and at the 

middle of the members of the upper and lower ctords ~ith th~ aid of a 

levelling instrumeut. 

Te~perature and relative humidity are recorded and n:oisture contents ure 

measured of 4 pieces about 0.5 m long cut of the timber ~sed for the lower 

chords and placed between the trusses. 

Results 

Fig. 5 shows how the load has been varied and how the teffiperature, relative 

humidity and moisture content happened to vary during the first year 0: the 

investigation. It shows when the deflections were measured in 15 points 

of each speciI:len: 1 day before and after the load has been altered. Fig. 6 

shows how the deflections of truss no 10 and i5 increased. ~easurement no 7 

and no 29 are made when 1st and 6th snow load had acted 6 days. 

Fig,7 and 8 show the defelctions of peak and midspan lower chord of truss 

no 10 and 15. 

· Fig. 9 shows the different deflection values at the end of first s~ow load 
' for truss type W1 and W2 connected by the different connection systen:s 

Table 2, 3 and 4 show the deflection values from measurement no 3, 7 ar.d 29 
• 

o: all the trusses. Truss no 13 and 20 are only loaded oy the very li6ht 

roo1' cladding. 

Gabs (~ax 4 lTJ!l) between the upper chord members in the peak joints 1:~re 

closed before sr-ow loading. 

In heel joints and lower chord splice the following val~es were ffiea.sured. 

Truss Connection Mutual Slip of the lower chord splice 
no. system displn.cecent ut t1eo.sure;nen-r, r.o. 

of heel joint: 
,,. 

1 7 f 25 0 

at measurement one day ! G d~ys i 5 x 7 days 
no 25 snov loo.~ snow l oadl snow load 

14 + 15 a.) Hydro N. 0.2 - 0.5 0.15 I 0.11 
j 

r::m mm I 0.25 mm 
3 + 4 t )' TCT 1 0.33 t O. 40 0.57 
5 + 6 c) 2 1~e:ta.l i:,l. 1 - 2 0.67 0.75 i 0.92 
9 + 10 d) Plywood 2 - 3 1 • 47 \ 1 . 7~ ; 2. 14 
1 + 2 e) Metal pl. r o. 5 - o.l.8 I o. 5o l 0.61 
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CLIMATE GRADING (2) 
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Background 

The discussion of the paper 11 Climate Grading for the Code of Practice 11 

(CIB-W18/5-11-1) resulted in the author being asked to draft an outline 

on the matter for the CIB-code for timber structures. This outline is 

presented here. It is based on the record from the Karlsruhe-meeting and 

written independently of the§ 2.2 "Climate classes 11 in the first draft 

of the 11 CIB Timber Code 11 (paper 6-100-2). Thus there are some small 

deviations in RH-values and in the grouping of structures. 

In neither of the proposals are testing conditions dealt with. In ISO the 

Committee TC 125 is responsible for the atmosphere of testing and condi­

tioning. The opinion within the Committee seems to be that 23/50 should 

replace the previous 20/65 as 11normal testing climate 11
• Furthermore, it 

has been proposed within the Nordic standard organization INSTA that 

other levels should be 23/30 and 23/90, principally for testing dimensional 

stability at changes in relative humidity. These proposals deviate from 

the climates to which design stresses are linked in most timber structural 

codes. The 23/30 can be accepted as a limit for cycling in climate class 

1 but is to dry to represent normal European interior climate and 23/90 

is too humid for climate class 2. 

Climate classes (CIB-code) 

1. Characteristic values of strength and stiffness refer to certain 

standard climate classes, formally defined by relative air humidity 

(RH,%) and temperature 23°c: 

C 1 i mate 1H ! .. . . I 1\ RH 40 Dry interior 

Climate 1 RH 60 I! (.: I Normal interior 

C 1 i mate 2 Rh 80 ;.__ 1/ Humid interior or 
protected exterior 

C 1 i mate 3 Soaked Non-protected exterior 
and sub-water 



2 

2. Characteristic long-term-values (or corresponding conversion factors) 

refer to a normal variation (several times per month) of relative 

humidity: 

60 to 40 in climate 1 

80 to 60 in climate 2 

80 to 40 in climate 2/1 

3. Structures are referred to the standard climate classes with respect 

to expected exposure to relative humidity and temperature. The rela­

tive humidity may as a rule be allowed to reach occasionally and for 

a short period (< 1 week) the RH value defining the next climate class. 

Note. The following grouping of structures with respect to climate 
conditions serves as guideline, but local conditions may call for a 
different grading. 

Assigned to climate 1H: Structures in permanently heated buildings 
without air conditioning. 

Assigned to climate 1 Roof structures in ventilated, cold spaces 
on top of a (permanently) heated building. 
External walls, inside a ventilated wall 
covering. 

Assigned to climate 2 

Assigned to climate 3 

Structures in ventilated but not permanently 
heated buildings, e.g. recreation houses, 
garages and store houses, other covered struc­
tures not exposed to weather. 

Structures exposed to weather or water other­
wise, e.g. scaffolding, concrete fornMork, 
sub-water constructions. 
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DIRECTIVES FOTI TI-m FABTIICNrION OF LOAD-BEARilm STRUCTURES 

OF G-LUED TD'1BER 

PART I GENERAL DIRECTIVES 

PART II APPENDICES 

! 1 glued-lP-minated timber 
.2 gluecl timber:system Kaempf 
.3 DSB; Trigonit . 

(" cross-la;i,rered 11 ?) 

• 4 Vie 11 s t e e 
.5 built-up beams 
• 6 stresi::ed-skin panels 
.7 . . . . . . . . . . . 



PART I : GmiERAL DIRECTIVES 
1. GENERAL 

1.1 Introduction 

Part I gives general directives for the fabrication of 
load-benrine glued timber structures,irrespective of the 
character (~lulam,cros • -layered,plywood panels,etc.). 
Directives will be given for: 

materials 
personnel 
factory-equipment 
fabrication 
quality-control 

More specifj_ed directives for difI.'erent types of Glued struc­
tures will be given in seperete appendices. 

1.2 Fields of application 
The directives are applicable for calculated load-bt:aring 

structures made of t i mber and/or of timber products,dhere 
_glued joints partially or wholely determine the safety. 

1.3 Climatic conditions 
class 

I very dry 25 C 30~1a 
II normal interiour 30-70 f'o 

III humid 70 1a 
IV covered exteriour 60-90 % V uncovered 
VI very warm 25 C 

'in most cases:very dry 

1.4 Calculations 
.1 Structures must be calculated with respect to strength, 

stiffness/ deformations 8.nd stability, accordine to the 
existing standards • 

• 2 If nece s sary structures must be calculated/tested for 
moisture and other physical aspects,es~ecially if they 
are part of climate-partitions. 

1.5 Conformity with drawings. 
From each element undercfabrication a technical drawing 

must be available in the production--department of the plant. 
Such drawings must give tolerances.The quality-control of 
the plant must include control of these dimensions •. 

1.6 Trade mark 
All elements must be marked in such a way that at all 

times after erection the productional data can be reproduced. 

1.7 Alterations in fabrication 
Alterations in 

responsable personnel 
equipment and buildings 
working methods 
type of construction 
and all other · changes that may influence the quality 
of the product must be reported;the last two points 
before the change has been effected. 
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2. M.A'rERI.ATiS 

2.1 Timlrnr 
2. 1. 1 syiecies 

Suitability for npplication in lo2d-bearine glued timber 
structures must be sho\·m 

This means 

by experience 
or by tests 

dcmonstrnted glue-ability of the timber 
timber species is available in sufficient supply of 

constant quali t;y 
known mecbanical properties. 

Durnbility of s1Jecies: mililimum class IV 
2. 1 • 2. grG.ding 

2.1.3. 

2. 1 

2. 2. 1 

2.2.2. 

2.2.3. 

according to standards 
choice · 

Choice of timber determined by several aspects.With 
respect to durability: 

- structural parts in direct contact with earth: 
durability classI or totally impregnated 

:1 
~ structures in climatical conditions of classes 

III or IV (see 1.3): 
durability class I orII or total impregn. 

in case of danger for insect attack: 
durability classI or II or totally impregn 

Glue 

types 
caseine 

or mixtures urea- formaldehyd 
melamine-formaldehyd 
resorcinol-formaldehyd or mixtures 
phenolic-formaldehyd 

quality 
Glues must pass the demands of DIN .•••• Furthermore 
it should be shown the;I; according to ASTM-D 1101 the 
percentage of open glue-lines of test specimens of the 
applicated timber species and type of glue 

is not more than 10 ;~ with casein and UF, aft er1 cycl 
is not more than 5 fa with other glues after 2 cyclES 

choice of glue 

a) clymate 
of 1.3 

I 
II 

III 

IV 

class glue 
all types of 2.2.1. 

idem 
all types of 2.2.1 with the exeption 

of casein and UF 
all types of 2.2.1 with the exeption 

of casein 
V RF; PF; mixtures 

b) 
VI RF; PF; mixtures 

In"local joints" and in those cases where good 
pressure cannot be ex~ected a elue with gapfilling 
properties must be used. 
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2.3 Plywood 
2.3.1. species/types 

2.3.2. 

Suitability for the application in load-bearing 
structures must be shown 

by ex·1criencc 
or by tests 

Thismeans demonstrated glue-ability 
con~~t8.ncy of knovm qunli ty and. construction 

(external quality control) 
Durability of veneers and of ['.;lue li~es 

Venecrs:durabilit-y classJ:V; excention:birch 
known mechanical properties (NmJ 3519) 

quality 
according to NEN 3278 
glue lines: at least Ext 2 
further requirements in appendices 

structural elements 
for special 

2.3.3. choice of plywood 
see 2.1.3. 

In climate class VI:excl~sively glue class Ext.2 

2.4. Chipboard 

2.4.1. species/typos 
Suitability ...•. ,cf.2.1.1. and 2.3.1. 

I 

Chipboard based on wood or on flax chips may be 
allowed,if they are special made for structural use. 

2.4.2 quality 
according to DIN or to CTB. 

2.4.3. choice of board 
In cnse of danger of biological attack impregnation 

is necessary( G from II V 100 G' " ) 
Application of chipboard is not allowed in climate­

conditions III and V;in conditions · I and II glues 
of the UF-type are allowed. In other cases PF,MF and 
UF/I,1F-types or iso-cyanate glues are also allowed. 

2.5. Hardboards 
2.6. Insulating materials 

2.7. metals 
2.8. Preservations 

for timber:water-borne types;acc. to NEN 3274 
for plywood:water-borne e.nd organic-solvent types 

ace to NEN 3274 

2.9. Fire retardants 
surface treatments are allowed 

2.10. Finishing 
Finishing treatments applicated to preserve the struc 
turnl parts against weathering during transport and 
on the building site should 

protect against blue stain 
have a flash-point above 55 C 
waterrepellent _properties ( Swellograph) 



3. PHRSONNEL 
• 1 man:-?.r:;cment 

.2 eraders 

.3 drying personnel 

4. :x.,uIPP5ENT 

.1 buildings 
timber workshop 
glue-preparation room 
production hall 
finishing hall 

• 2 machinery End P,'.[)pari-...tus 
wood working machinery 
glueing machine 
p:ress-eq_uipment 
humidity measuring 

5. FABRICATION 
condition of materials 
preparation of glue 
conditions during pressing 
finishing 
storage;transportation 
preservation 

6. QUALITY CONTROL 
by the manufacturer 

.by the controller of the Committee of Certification 

4 
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H.J. LARSF;N & E. 'l'HEILGAARD 76.04.20 

Comments to . 
CIB-TIMBER STANDARD NO. 02, DESIGN OF SOLID TIMBER COLUMNS 

At the Octoher-rrie~ting in Karlsruhe a draft, dated 750901, for the design of solid timber columns 
was presented. 

As an objection against the draft was mentioned that it was based on a sinusoidal moment curve, 
and that the conditions in for example eccentrically loaded columns deviated to such extent that 
they could not reasonably be calculated in accordance with the draft. 

We have looked into the problem, cf. the enclosure. 

The result can be summarized as follows: 

The draft of 750901 was based on the interaction formula* 

(a) 

in which was inserted 

(b) 

To take the shape of the moment curve into consideration the following should be iruerted instead 

a,. a 
e • -l! [ 1 + _c_ (a - 1 )] + k + k A 

a f kE l 2 C C 

where a is given in fig. 1 dependent on the shape of the moment curve. 

Fig.1 

8 
a=""I 

11' 

!l 
4 a=­
ir 

(c) 

In (c) the moment from the own eccentricity and initial curvature of the column is assumed to vary 
sinusoidally. Assuming this moment curve to consist of a constant part corresponding to k1 and a 
sinusoidal part concsponding to k2 A, k1 should in (c) be replaced by 

k (1+ 4 -1r ~) 
1 11' fckE 

The influence of this alteration, however, is negligible. 

* For notations, refer to Timber Standard. 



The influence of the various forms of moment curves is shown on fig. 2 with typical parameter 
values. 
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In cases where - as in the Nordic countries - just a few wood species all hawing the same v-value are 
used, the code might be based on the formulas (a) and (c), as they could be given in a single dia­
gram, like fig. 2. Here interpolation is fairly easy also for other moment distributions. In countries, 
however, where a wider selection of wood species are used for construction purposes it will be 
rather impracticable. And in fact it does not seem reasonable taking into consideration that most 
countries till now just have applied an interpolation corresponding to a straight line between ac/fc 
= amtlfc and ab/fb = 1. In this relation the error by using the formulas (a) and (b) as a basis, i.e. 
on fig. 2 the middle curve for each i-value corresponding to sinusoidal deflection, is negligible. Here, 
the uncertainty in the assumptions and knowledge of material parameters should also be taken into 
account. 

As a consequence, it is suggested to base the design of solid timber columns on the enclosed 2nd 
draft. 



ESKO THEILGAAR.D * 76.04.20 

TIMBER BEAM-COLUMNS. INFLUENCE OF DISTRIBUTION OF LATERAL LOAD 

In the following, Galerkin 's variational method will be used to evaluate the influence of the dis­
tribution of the lateral load on the load-carrying capacity of beam-columns. 

M* 

~~¥~~ } o M
0 

= M0 f(x) 

. . . 
p p 

X 

" 2 £ 2 

Fig. 1 

The load on the beam-column shown in fig. 1 is the outer axial force P and the moment load M* = 
M0 • f(x), where M0 is the moment in the middle section. The axial force is assumed to act with 
the eccentricity 

ffX We 
e• (kl+ k2 >. cos ·e) A (1) 

where 

k1 and k2 : constants 

We: section modulus corresponding to compressive side 

A: Cr0$S·Sectional area 

X: slenderness ratio 

The deflection is denoted u and the moment M. The differential equation to be solved is then: 

d1 u * 1TX we EI dx1 + uP = - M = - (M + (k1 + k 2 X cos 2 ) A P) (2) 

or 

L[uJ=-M 

where 

d1 u 
L[ u) "' E I dx1 + uP 

The deflection is searched as 

1TX u • u0 cos 2 = u0 ,, 

The ~ons~unt u0 is found by Galerkin's method~:. 

2 Q 
2 .2 

u0 ~ 
2 

L[i,} vdx c: - ~-! Mvdx 

-2 2 

(3) 

(4) 

(5) 

{6) 

• Institute of Building Technology and Structural Engineering, Aalborg University Centre, Denmark. 

** See e.g.: L. Collatz: »The numerical treatment of differential equations>>. Springer-Verlag, Berlin 1966. 
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where PE = 7"1 is the Euler load and 
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2 ~ 11'X 11'X a=- f(x) cos--d-
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-2 
The value of a for different moment distributions is shown in fig. 2. 
The resulting bending moment Mr in the middle section then becomes 

w w 
M,=M*+ (k1 Ac+·k2>- Ac)P+ uP= 

2 

(7) 

(8) 

;, 

(9) 

·(10). 
I 

(11) 

ob = M0 /Wc is the bending stress in the middle section from lateral loads and oc= P/A is the com­
pressive stress. The corresponding strength parameters are fb and fc. oE = PE/ A is the Euler stress. 

Fig. 2 
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ff2 * ffX M = M0 cosT 

a=l 

4 a=-
"' 



The correct value of the relative eccentricity, e, to be inserted in eq. (11) in: H.J. Larsen: »The 
design of solid timber columns», Aalborg University Centre, 1974, then becomes 

e=~(l+~(a-l))+k (1+..i 4 -ir)+k ~ 
oc fckE 1 f0 kE ir 2 

(12) 

where kE = aE /fc. 

Solution of the above-mentioned eq. (11) with re(lard to ab/f0 (fives 

k - o-c 
o a E f f a o 4- o 
:g • ((1 - iJ, ...£) c - ..S. .£ (k1 (1 + _c_ --") + k 2~))/(1 + --_c (a-1)) (13) 
fb fc kg fb fc fckE ff' fckE 

where 

fc 
1/1 m 1-kl fb 

Eq. (13) gives furthermore a quadratic equation from which oc/fc can be derived. 

3 
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PREFACE 

The present draft for a CIB-Timber Code has been prepared for the purpose of creating a back­
ground for a realistic discussion in the CIB-WlS-Timber Structures on the possibilities of trans­
forming the calculation work don~ so far into an actual code draft, including attitude to the 
contents in principle, setting up a working schedule, and ensuring the necessary means. 

The individual chapters have very different degrees of completion. Some of them, e.g. chapter 
5, show how far the group has come in certain fields. Others demonstrate - being very rough or 
empty - where considerable effort h_as yet to be set in. This applies to e.g. chapter 4. Others a­
gain are intended to force the group from theoretical discussions to practical decision. This ap­
plies to e.g. chapter 2.3. 

Furthermore, all the chapters should form the basis for e.g. discussing the division in actual 
code text, guiding text and comments, and the principle of referring to standards, etc. 

This work has been made possible by The Danish Building Research I11sritute, which has given financial 
background for employing an engineer (Esko Theilgaard) for 4 hours a day in 4 months, and in 
addition some secretarial assistance, etc. 

To. utilize the money in the best way we have abstained from trimming the language and have 
written on in our national version of English. 

We hope that it will be possible through CIB-WlS to procure the necessary manpower and means 
so that the work can be taken over by others. 

H.J. Larsen Esko Theilgaard 
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1. INTRODUCTION 

1.1. Scope 

Date: 
76.01.29 

Chapter: 
1.1 

The primary purpose of this code is to provide an agreed background for international bodies and 
various national committees in formulating timber codes, i.e. sets of requirements aiming to ensure 
a reasonable quality of timber structures. 

The code relates primarily to the structural use of timber and is intended for use in the design, exe­
cution and appraisal of structural elements made from timber or wood products and of structures 
substantially composed of such elements. 

It is based on the principles of structural mechanics, engin~ering design, and experimental data, in­
terpreted statistically as far as possible. 

Deviations from the requirements_of this code and the use of materials and methods of design or 
construction of wood structures not covered by this code are permitted when the soundness hereof 
is substantiated by analytical and engineering principles or reliable test da~a, or both, which demon­
strate that the safety of the resulting structure for the purpose intended is equivalent to the safety 
demanded in this code. 

Page: 
1 
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1.2. Conditions for the validity of this document 

Date: 
76.01.29 

Chapter: 
1.2 

Since safety and serviceability are not simply functions of design, but depend also on the care and 
skill of all personnel involved in the construction procesa, and on the proper use and maintenance 
of the structure, it is required that 

- projects are carried out by qualified enirineen, 

- the construction is carried out by personnel having both the required skill and experience, 

• the required 1upervi1ion ii always available, 

- the structure by design or the use of suitable materials or by impregnation is protected against 
attack by fungi, insects, shipworm, gribble, etc., 

- the actual conditions of use of the structure during its life do not depart significantly from those 
specified during the design stage, and 

- the maintenance of the structure during its intended life is ensured. 

Page: 
1 
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1.3. Units 

Date: 
76.01.29 

Chapter: 
1.3 

Page: 
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The units used are in accordance with the>lnternational System of Units S. I.» and »Rules for the Use 
of the International System of Units» established by ISO and prepared by ISO/TC98/SC 2. 

: Accrodini:ly, the following buic unita and unita and multiple, derived Crom them ue u, ed. 

Table 1.3. Survey of units 

unit 

size designation multiples 

length metres m mm 

area square metres m2 mm2 

force (load) newton N kN 

moment newton metre Nm kNm 

stress, modulus of elasticity pascal = newton 
per square metre 1Pa=1N/m2 1 MPa = 1 N/mm2 

force per length newton per 
metre N/m kN/m 

force per area pascal= newton 
per square metre 1Pa=1N/m2 1 kPa = 1 kN/m2

, 

Only multiples of 1030 , e.g. MN, kN, N, are used. 
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1.4. Notations 

The notations used are in accordance with Draft International Standard ISO/DIS 3898. 

The following general terms and symbols are used. Symbols which are not explained here are defined 
when used. 

Will be prepared at completion of the work • 
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1.5. Definitions 

Will be prepared at completion of the work. 
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2. BASIC ASSUMPTIONS 

2.1 Characteristic strength and stiffness values 

Date: 
76.04.20 

Chapter: 
2.1 

Page: 
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The variation of the strength and stiffness is treated by defining characteristic values related to some 
standard test specimens and procedures on a statistical basis. 

In this code the characteristic strength and stiffness values used for strength calculations are determined 
as the 6%-fractile, i.e. 95% of all possible test results exceed the characteristic values. For other stiff. 
ness parameters they are defined as the mean value. 

As these values cannot be determined exactly from a final number of measurings it is demanded that 
the possibility of accepting a result not satisfying the demand, should not exceed 25% ( confidence 
level> 75%). 

The dependence of the characteristic values on the duration of load and the moisture content of the 
structure should be taken into consideration . 
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2.2 Climate classes 

Date: 
76.04.20 

Chapter: 
2.2 

Page: 
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In the following it is assumed that the structures depending on the moisture content are grouped in the 
following climate classes: 

The climate classes are summarized in table 2.2, w.hich also gives the approx. moisture content of ordinary 

softwood. 

Tabla 2.2 Climate 11r11din1 

climate class 0 1 2 3 

relative humidity (RH) RHmean < 0.40 RH < 0.65 RH< 0.85 no limit 

approx. moisture content of softwood (w) w < 0.08 w < 0.12 w < 0.20 no limit 

Oimate class 0 
The moisture content corresponds to an average annual relative humidity not exceeding 40%. 

: This climate class corresponds to conditions in perma~ently heated buildings without artificial air-moistening. 

Climate class 1 

The moisture content corresponds to conditions in which the relative humidity of the surrounding 
air only exceptionally, and then only for short periods (a few days), exceeds 65%. 

The following structures can be included in this class: 

• roof structures in cold, but ventilated attics over permanently heated buildings, 

boards in outer walls in permanently heated buildings where the boards are protected by.a well-ventilated 

tight cladding. 

Oimate class 2 

The moisture corresponds to conditions in which the relative humidity of the surrounding air only 
exceptionally, and then only for short periods (a few days), exceeds 85%. 

The following structures can be included in this class: 

· structures in not permanently heated, but ventilated, buildings in which no activities particularly likely to 

give rise to moisture take place, for example, holiday houses, unheated garages and warehouses, tog!'!ther 

with service space, 

• outer roof boarding, 

• scaffolding, concrete fonnwork and similar temporary structures. 

Oimate class 3 
All other climatic conditions . 



• 

cm - TIMBER CODE 

2.3 Load-duration classes 

Date: 
76.04.20 

Chapter: 
2.3 

Page: 
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In the following strength and stiffness values are given corresponding to an accumulated duration of 
full or almos·t full design load as shown in table 2.3. Furthermore, strength parameters corresponding 
to very brief loadings are given. 

Table 2.3 Load-duration classes 

load-duration class 

permanent 

normal 

short-term 

instantaneous 

duration 

< 10 years 
accumulated 

< 7 days 
accumulated 

< 3 seconds 
per loading 

typical examples for permanent 
structures* 

dead load, earth pressure, load on 
tanks 

floor loads, normal snow ioad in 
some countries, normal traffic load 
on bridges 

exceptional snow load in some coun­
tries, normal wind loads, 
live load on most scaffolds, concrete 
shuttering and framework 

exceptional wind loads, 
impact, earthquake, 
mooring forces (ships) 

* From the code of loads and the rheological conditions of the materials it is determined to which~ class a load belongs . 
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3. BASIC DESIGN RULES 

3.0 General 

The aim of the design is to achieve the probability that the structure being designed will not become 
unfit. for the use for which it is required during its intended life. 

Page: 
1 

A structure, or part of a structure, is considered unfit for use when it reaches a particular state, called 
a limiL 11Latc in which it infringes one of the criteria governing its performance or uae, 

All relevant limit states should be considered in the design in order to ensure an adequate degree of 
safety and serviceability. · 

Loads are assumed to be determined in accordance with current national or international rules taking 
into account the stresses that might occur due to the deformations caused by moisture . 

For European softwoods the change in cross-sectional dimensions may aa a rough mean value be taken as 0.2% 

for a change in moisture content of 0.01 within the 0.10-0.30 moisture content interval. Changes in the longi­

tudinal direction may similarly be taken u 0.01 %. 



• 

...l -w 
U) 

z 
0 
t.) 

cm . TIMBER CODE 

3.1 Design principles 
3.1. 0 General 

Date: 
76.0'1.20 

The verification that a limit state is not reached can be made by calculation or test. 

Chapter: 
3.1 

Page: 
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For simple stmctural elements and joints for which characteristic strength values and design methods 
arc ~ivcn in this code the verification should be made by calculation or proof testing. 

3. I. I Design by ca/c11latio11 
Investi~ation of the strength and stitrness of a structure or structural member can be carried out by 
a theory of elasticity (linear/non-linear - isotropic/anisotropic) or by a theory of plasticity in con­
formity with the response of the materials and structures to load and imposed deformations. 

It might occur that it is most appropriate to use both theory of plasticity and theory of elasticity in the ana• 

lysis of a structure. As an example the theory of plasticity will often give the best description of the internal 

forces in the members in a structure, where the structural members are connected by mechanical fasteners, 

while in the members the stress distribution for the internal forces found can be calculated in the best way by . 
the linear theory of elasticity. Note in this connection that the formulas of the theory of elasticity have been 

used to calculate the strength and stiffness parameters found by tests and given in section 4. 

The cross-sectional dimensions to be applied should be either the minimum cross-section acceptable 
for any given nominal size as specified in the standard grading rules applying to the timber, or the 
actual cross-section as measured. For structural timber, where the difference between nominal di­
mensions and the real dimensions is within the limits given in chapter 4, the calculations can be made 
with the nominal dimensions. 

In strength calculations should, unless otherwise specified, the reduction in area caused by all features 
such as sinkings, notches, bolt or screw-holes, mortices, etc. at that section or within a distance either 
side of the section equal to twice the larger cross-sectional dimension of the member be taken into 
consideration. 

3. J.2 Design by test 
Design by test can be used for both proof testing and prototype testing. 

Proof testing is the application of test loads to a structure or element to ascertain the structural characteristics 

of only the one unit under test. 

Prototype testing is the application of test loads to a structure or element to ascertain the structural characteristics 

of structures or elements which are nominally identical to the unit or units tested. 

Test of a structure or structural member should be designed, supervised, certified and evaluated by a 
competent body approved by the authority entitled to give their approval of the structure{s). 

The test load should be both applied and resisted in a manner approximating reasonably to the actual 
service conditions and on no account be such as to lead to an overestimate of the load-carrying capaci­
ty of the structure. . 

: For ordinary structures these demands can be considered satisfied if the CID-Timber Standard 05 is obeyed. 

In evaluation of test results account should be taken of the influence of the difference between test­
loading time and real loading time. 

For prototype testing where the test specimens are loaded to destruction the characteristic load-carry­
ing capacity should be calculated on the basis of approved statistical methods. Apart from the measured 
ultimate loads previous knowledge of e.g. distribution function and coefficient of variation for similar 
structures may be included in the calculations. 
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IC no information but the teat results is available the 6% characteristic strength value Kk can- be calculated u 

Page: 
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where~ is the ultimate load for• single specimen, ~.m is the mean value or Ku• sis the standard deviation of 
K and a is a coeCCicient depending on the number or tested specimens (n) u follows: ·-u,m 

n 4 6 10 16 

a 2.7 2.6 2.1 2.0 

The above values correspond to a normal distribution and a confidence level of 75%, cf. section 2.1 

For prototype testing where the test specimens are not loaded to destruction but only to a maximum 
load Kmax, where the construction is not seriously damaged, the characteristic short-term load-carrying 
capacity can be assumed as 0.9 Kmax for a minimum of 5 tests. 

For proof testing the characteristic short-term load-carrying capacity can be assumed as Kmax, where 
Kmax is the applied maximum load · 

If according to the specification the deflection of the structure under the design load is limited ( a lim) 
the deflection after 24 h duration under the test load Qd must not exceed /3a1im, where the value of 
the coefficient j3 is determined with regard to the creep properties of the material. 

Provided the test results do not indicate that other values should be prererred, the following values of /J can be 

used: 

For timber structures with mechanical jointa tested to be used in climate class 1: /J • 0. 7. 

For irlued structures of plywood and timber in combination to be used in climate class 0: /J • 0.8 . 



• 

cm -TI~lllEH. CODE 

3.2 Limit states 

3.2. 0 General· 
The limit states can be placed into three categories: 

Date: Chapter: 
76.02.25 3.2 

a) the ultimate limit states which are those corresponding to the maximum load-carrying capacity; 

Page : 

b) the special ultimate limit states, which are those corresponding to the load-carrying capacity under 
the assumption that certain parts of the structure have ceased to perform their load-carrying func­
tions; 

c) the serviceability limit states, which are related to the criteria governing normal use and durability. 

3.2.1 Ultimate limit states 
The ultimate limit states may be reached due to: 

a) loss of equilibrium of a part or the whole structure considered as a rigid body, 

b) rupture, or excessive plasticity, of critical sections of the structure possibly due to fatigue, 

c) transformation of the structure into a mechanism, 

d) elastic or plastic instability, including buckling. 

3.2.2 Special ultimate limit states 
The special ultimate limit states can be placed into two categories: 

a) Progressive collapse where the entire or essential parts of a structure reach an ultimate state in con­
sequence of part of them locally reaching a limit state or not contributing as assumed. 

: No structures can be expected to be resistant to the excessive actions that could arise due to an extreme cause, 

: but it should not be damaged to an extent disproportionate the the original cause. 

b) Fire. This limit state is not dealt with in detail in this code. It is assumed that the demands to fire 
fire resistance are laid down by appropriate (governmental) bodies as functions of the use of the 
building. 

Only for a fow constructions it is possible to deal theoretically with the response of structural systems to fire 

·and its effects. 

As an example can be mentioned that the load-carrying capacity of a prismatic member subsequent to fire can 

be calculated on the basis of the remaining cross-section, which can be determined from the charring speed for 

the wood in question. For European softwood, unless otherwise laid down nationally, a charring speed of 0.6 

mm/minute can be assumed. 

3.2.3 Serviceability limit states 

The serviceability limit states may be reached due to: 

a) Excessive deflections influencing the appearance or efficiency of the structure. 

b) Local damages which might entail excessive maintenance or lead to corrosion, rot attack, etc. 

3.2.4 Other limit states 

Where a structure is designed for some special or unusual function other criteria may be introduced 
to define appropriate limit states. 
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3.3 Safety against reaching limit states 

Date: 
7G.02.25 

Chapter: 
3.3 

In the following the safety against reaching a limit state is assumed to be ensured by using a con­
sistent system of partial coefficients in accordance with current national and international rules, 
among others International Standard ISO 2394. 

Pai:;:e: 
1 

According to th<' partial co<1fficicnt system the characteristic loads arc transformed to design loads. by m\1ltipli· 

cation by load faclors (Lhe factor of load no. i is denoted 'l'fi) and the characteristic material values arc trans· 

form<'cl to design values by clivbion by material factors (the factor of material parameter no. j is denoted 'l' mj ). 

The load-carryini: capacity expressions given in th<i following :issumc Llwl mntcrial factors 11ro ui;ctl on ull muu,ri11l 

parameters (also moduli of elasticity). 

Only apparently, a position on the safety system (partial coefficient system versus allowable stresses) has been 

taken, since the system with allowable stresses with a factor 'l' is just a special case of the partial coefficient 

system obtained by setting -y fi = 1 and 'l' mj = 'l'. 

When partial coefficients are used design material values are inserted in the load-carrying capacity expressions 

which immediately give the design load-carrying capacity. When allowable stresses are used characteristic ma­

terial values arc inserted, and the load-carrying capacity expressions then give tl-je characteristic loac-carrying 

capacity which is divided by 'l' to get the permissible load-carrying capacity. 
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3.4 Deflections 
' 
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Under the most adverse loading, the deflections of a structure shall not impair the strength and service-
ability of the structure or any part thereof, nor cause damage to other building components. 

Guiding values for acceptable deformations are given in Draft International Standard ISO/DIS .•.. , but it should 
be noted thaL for nesthctic reasons atricter rules might be called for. 

Part or the eCCect or deflections can be met by provision of camber. 

In the cnlculation of deflections the influence of loadina time, moisture content and i;lip oC joints i;hould bo taken 

into account. 

(Attention is called to the fact that the moduli of eluticity in bending given in section 4 are true values and not 

reduced to take into account the possible contribution of the shear forces to the deflections. Such contributions 

should when necessary be calculated separately). 
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4. MATERIAL SPECIFICATIONS AND CHARACTERISTIC VALUES 

(NOT YET PREPARED) 

Date: Chapter: Page : 
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5. DESIGN OF BASIC MEMBERS 

5.1 Pxismatic members 

5.1.0 General ~ (, ,.{_,: ~ 
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In this section prismatic members ~ o:comprise-~•ui1ieal ,.aAd slightly conical members, e .g. timber 
logs and ·poles. 

For the purpose of calculating the strength of a member at any section due allowance should be made 
for reduction in area caused by all features, etc. at that sect.ion or within a distance either side of the 
section equal to twice the ~arger cross-sectional dimension of the member . 

Cross-sectional reductions caused by nails and screws with a diameter or side length smaller than 6 mm 
may be disregarded . 

The effective span of flexural members shall be taken as the distance between the centres of areas of 
bearing. With members extending over bearings longer than is necessary, the span may be measured 
between centres of bearings of a length which would be adequate according to this code; due atten­
tion should be paid to the eccentricity of the load where advantage is taken of this provision. 

5.1.1 Solid timber 
5.1.1.0 General 
Stresses caused by bending and axial force should be determined on the basis of the-ordinary technical 
theory of elasticity. 

: The reason for this is primarily that the strength parameters given have been determined on the basis of this 

: theory. 

Possible unfavourable influences from initial curvature, eccentricities, etc. should be taken into account. 

5.1.1.1 Tension 
For tension in the grain direction it must be verified that the stresses satisfy the following condition: 

(5.1.1.1) 

5.1.1.2 Compression 
For compression at an angle 0 to the grain it must be verified that the stresses satisfy the following 
condition 

(5.1.1.2 a) 

cf. fig. 5.1.1.2 a. /~: . .... 

It is assumed that the stmctural member is prevented fro ~deflection. 

Thus, the stated term solely ensures that the compressive stress directly under the load is acceptable, but not 

that an element in compression can carry the load in question. Reference is made to the section on columns. 

"c4R===========:J -,,,,.------------ -------; 

4 
Fig. 6.1.1.2 a 
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For bearings on the side grain (8 = 90°) formula ( 6.1.1.2 a) may be replaced by 

Chapter: 
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(6.1.1.2 b) 

For bearings located at least 75 mm and 1.5 h from the end kbearini may be taken from fig. 5.1.1.2 b. 
In other cases kboarina = 1. . 

Where the deformations resulting from compression perpendicular to the grain are significant to the 
function of a structure, an estimate of the deformations must be made. 

See e.g. G. Back1ell: Experimental lnvestigationa into deformation• re•ultlng from 1treue1 perpendicular to the 

: grain. Report 12/66 Crom The Building Re•earch In• titute, Stockholm • 

kbearing 

1.8 
\ 

1.6 \ -

' 1.4 I" 
1.2 

1.0 

0 

Fig, 6.1.1.2 b 

5.1.1.3 Bending 

1 
1' 

..... 
""-

""" ,-.... .... 

60 

I ~ 

., 
>\ 

!@! +d 
.., 

a should be at lea•t 76 mm and 1. &h 

-~ r---

100 160 R,mm 

kbearin1 • :.)160/1 

1 < tbearin, < 1.8 

For pure bending with the bending stresses ob calculated according to the ordinary theory of elasticity 
it must be verified that 

(6.1.1.3 a) 

wl)ere kinst is a factor(<: 1) taking into account the reduced strength due to failure by lateral instability 
(lateral buckling). 

The strength reduction, i.e. kinst = 1, may be disregarded if 

(6.1.1.3 b) 

In ( 5 .1.1.3 b) >-b is the slenderness ratio for bending, and fb,crit is the critical bending stress calculated 
according to the classical theory of stability. · 

kinst may also be put equal to 1 for beams with rectangular cross-section and a depth-to-width ratio 
less than or equal to 2(h/b,..; 2). 



• 

cm . TIMBER CODE Date: Cha?ter: 
76.04.20 .1 

Page: 
3 

kinst. is determined so that the total bending stresses, determined in consideration of the influence from 
initial curva ture, eccentricities and the deformations developed, do not exc;:eed fb. 

For a beam with rectangular cross-section kinst can be determined from fill, 6.1.1,3 a dependent on the slender• 

ness ratio Ab, which in this cue ia determined from 

(6.1.1.3 c) 

where£ is the effective length of the beam . For a number of structures and load combinations£ is given in table e e 
6 .1.1.3 in relation to the free beam length £. 
The free length is determined as follows: 

a) When lateral support to prevent rotation is provided and no other support to prevent rotation or lateral dis­

placement is provided throughout the length of a beam, the unsupported length shall be the distance between 

such points of bearing, or the length of a cantilever. 

b) When beams are provided with lateral support to prevent both rotation and lateral displacement at intermediate 

points as well as at the ends, the unsupported length may be the distance between such points of intermediate 

lateral support. IC lateral displacement is not prevented at points of intermediate support, the unsupported length 

shall be as defined in a). 

c) When the compression edge or a beam is supported throughout its length sou to prevent its lateral displacement, 

and the ends are supported as in a), the unsupported length may be taken u zero. 

Table 5.1.1.3. Relative effective beam length £e/£ 

Kind of beam support and nature of load 

Simple beam, load concentrated at centre 

Simple beam, uniformly distributed load 

Simple beam, equal end moments 

Cantilever beam, load concentrated at unsupported end 

Cantilever beam, uniformly distributed load 

Simple or cantilever beam, any load (conservative value) 

£ /£* e 

1.30 

1.50 

1.66 

1.25 

0.80 

1.66 

"'Applies to loads acting in the gravity axes. For downwards acting loads 2e ia increased by 3h 

for loads on the top side and reduced by h for loads on the bottom aide. 

1.0 

0.9 

0.8 

0.7 

0.8 

O.& 

0 .4 

0.3 

0 .2 

0.1 

•1nst 
0.76 

--

Fig. 6.1.1.3. 

l -... 
~ 

' \ 
\ , 

\ 

\ ,. ,,, 
r....... r-,...__ -- ...._ --

. 

The dotted curve and its extension to 

the right corresponds to 

k, • 1 
mat 0.04413 Ai. 

1 + 1 4 
l-kin1t Ab 
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5.1.1.4 Shear 

It must be verified that the shear stresses satisfy the following condition 
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(5.1.1.4 a) 

For beams with bearing in the bottom side and load on the top side load placed nenrer than the beam 
depth from the theoretical point of support can be disregarded in calculation of the shear force. 

a 

Fig. 6.1.1.4 

For beams notched at the ends, see fig . 6.1.1.4, the shear stresses should be calculated on the effective 
depth he, and for notches in the bottom the condition (5.1.1.4 a) should be replaced by 

where 

~otch = 

r he a 
i h (l + 3h ) 
Ji e 

1.0 
\ 

5.1.1.5 Tension and bending 

for a..; 3(h - he) 

for a;.. 3(h - he) 

It must be verified that the stresses satisfy the following condition 

o· o 
...1.+..!!...;1 
ft fb 

and in the parts of the cross-section, if any, where at+ ob..; 0, furthermore 

5.1.1. 6 Compression and bending 

(5.1.1.4 b) 

(5.1.1.4 c) 

(6.1.1.5 a) 

(5.1.1.5 b) 

Only the case with compression in the grain direction is considered. The structural member is assumed 
prevented from deflection. 

It must be verified that the stresses in the parts ~f the cross-section, where ub + oc ..; 0 satisfy the fol­
lowing condition 

iucl lobl 
-+ - ..;;1 
fc fb 

(5.1.1.6 a) 

and in the parts of the cross-section, if any, wh~re oc + ob > 0, 

(5.1.1.6 b) 
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5 I. I 7 Co/1111111s 
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For colu1nns· 1L musl l>t· v1•rified that tlw conditions 111 section 5.1.1.6 are sat1s1 ied, when apart from 

lw11d1ng .,L11•:,•,1·s fro111 L1tPral load, if any, till' lwndi11g stri>ss('S from inil1.tl curvatun• and ('l'l't>11Lnc1L1Ps 

and sln·ss1·s c;1used lly llw dcfl<'clions arc Liken inlo cons1d1•raL,un. This 111.iy 111• d1,111• by usint: LI .. 

111dlwd giv1•11 111 till' Cl B 'l'imlil..'r Standard 01. 

For Furopean softwood in orrlinary st.ructural qualities, unless otherwise prooved to be more correct, 

the rp\alivP 1nil ial ('ccentncity can lw Liken as 

<: = 0.10 + 0.00[> A = 0 1 1 .,. .&. 
Joo 

(5.1.1 7) 

I l, .. i,:11 v,alll,·s fur JXially loaded columns dclcrmincd by this ml'lhoJ can bl' found frum fig :, I , 1.7 a a,,u111,,,,; 

r, fl> O.t:!. 

:,.·, ,·ptable comhinaliuns of n•mprPssive and bending stresses arc given in fig. 5.l.1.7 h. It is noted that ob 1s the 

brndini:: slri•ss causPd solely by the outer lateral load. 

For 1111' purpose of ,·alculating the slendt>rness ratio of compression members, the values of the effective 

h'ngtl 1 v. should be L1kc•n r rom table 5 .1 .1. 7 . Q is the actual length of the member. 

Tabh) 5.1.1.7. Relative effc•ctive len~th uf compression members 

Condition of end restraint 
-------------------Q-'c'--/~--

H.cstrarnt'd at both l'nds in position and direction 

Hcsl.1a11wd at holh ('1Hls in position and one end in direction 

JlC'st 1 ;1i1H'd al hoLh ,·nds in posilion Inn not in direction 

ltestra111ed ;1L 1)11,• 1•1111 in position and Jirection and at the other end parl1ally re­

strained in clir1•Ctllln but nul 111 po~1111rn 

1 • · ... , ,., d ;1t ,nw ,'nri in posit.ion and J1rect1un, but not reslrai11cd in either position 

,H' J1rectinn at Llw ,,1Jia end 
-------------

0.7 
0.85 
1.00 

1.50 

2.00 

~ AltPrnatively, the pffectivt' lcn~th may l1t• , .,1,·ulated for l.liv worst cond1t,,ni:, u( lu.11!111f.: to wl11l'i1 .1 

- 1 c,,mpr,·:-..~1on m,•mlwr is s1diJ111·1,•d, li,11•11H' ,,· .111 to Llie induced mu,rn,nl., c•• tit1· enJs 1H alo111; 11,,· 

1- k11gth of the cumpn•ssion mell',ilt'r. Tli,'. dtective length should be deenwcl tu ne the distanc1! 1,. 
~ 
z tween two adjacent points oi zero bending moment, these being two points between which the ll,·-

5 fleeted member would be in single curvaturP. 
~ Tht• sl,·111L•r111·ss ratio should not ,~x1·1•cd 170, fur Sl)C'1>11<Liry rntirnlwr~. however, it should not PXCt'L'<l 

d 
t.,.l 
r.n 
% 
0 u 
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0 

Fig. 6.1.1.7 a 

100 

I 
I 
I 

I -- - r-4~-_-j 

_ I t 
::::;:::::==~::t~t 
~~~· ~-~~ ->-. 

200 ~~ 



.. 

cm . TIMBER CODE Date: Chapter: Page: 
76.04.20 5.1 6 

11.•0 

--- 400 

-- 300 

-·- 200 

1.5 1.0 0.6 1.0 

ab: compression 

Fig. 5.1.1.7 b 

5.1.2 Glued laminated timber 
5.1.2.0 General 
Glulam can be designed as solid timber, the strength parameters, however, should be taken from 
section 4.1.3. 

If a cross-section is composed of several timber grades it can be assumed homogene6us with properties 
corresponding to those of the lowest grade in the outer sixth on either side. 

5.1.2.1 - 5.1.2.3 
(void) 

5.1. 2.4 Shear 
The effect of notches in the bottom side is ~ger than for solid timber, and notches should be 
avoided until further information is available. 

5.1.2.5 - 5.1.2. 7 

(void) 

5.1.2.8 Curved members 
a. Strength reductio11 for axial stresses 
The ratio between the radius of curvature, r, and the lamella thickness, t, should be greater than 100 . 

For r/t < 250 the strength corresponding to axial stresses of the curved portion should be reduced 
by multiplication by the factor kcwv given in fig. 5.1.2.8 a. 

The dotted curve and its extension to the left 

corresponds to Wilson's formula: k =-
t 2 curv 

1- 2000 ~). 

Fig. 5.1.2.8 a 
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b. Dislrib11tio11 of bc11di11g stresses 

In heavily curved beams (i.e. the ratio between minimum mean-radius of curvature, rm, and depth, 
h, less than 10) the influence of the curvature on the distribution of axial stresses from bending mo­
ments should be allowed for. 

1.2 

1.1 

1.0 

0.9 

0.8 

In beams with rectangular cross-section the bending stresses in the innermost fibre abi and the outermost flare 

a00 can be calculated as 

where the modification factors ki and k
0 

are given in fig. 6.1.2.8 b. 

,1 

-~~ , \ 

r /h s p \ 
\ 

5 10 

rm 

I 

(6.1.2.8 a) 

(6.1.2.8 b) 

:) ~.,, 
, 

~ I '1,~ 

~ 

The dotted curves and their extensions to the left correspond to 

k- = l + 0.5 h/r and kJ a l - 0.3 h/r . 
..i O I m 1 m 
u 
% Fig. 5.1.2.8 b 
~ 
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c. Stresses perpe11dic11/ar to the grain 

In curved beams where the bending moments tend to decrease curvature (increase the radius)-it must 
be verified that the tensile stresses perpendicular to the grain satisfy the following condition: 

(5.1.2.8 c) 

When the bending moments tend to increase curvature (decrease the radius) it must be verified that 
the compressive stresses perpendicular to the grain satisfy the following condition: 

(6.1.2.8 d) 

For beams with constant depth in the curved portion the maximum stresses may be calculated as 

1- . .!t. (6.1.2.8 e) 

see fig. 5.1.2.8 b for notations. 
"P w 

For beams with varying depth reference is made to section 6.1.2.9. 
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5.1.2.9 Cambered beams, straight or pitd1ed 
The influence of the cross-scdional variation should be taken into account. Especially it should be en­
sured that the tensile stresses perpendicular to grain do not exceed the design value. 

upper face I 
~ 
section a-a 

point of tangency 
lower face 

Fi,. 5.1.2.9 a. 

For sol'Lwood the following calculation method can be used: 

'l'he radial stress induced by bending in a pitched cambered beam of rectangular cross-section (see fig. 5.1.2.9 a) 

is maximum near the mid-depth of the apex (ridge), and shall be calculated from either formula (5.1.2.9 a) or 

(5.1.2.9 b): 

GM
8 

otJ. "'Ila (bh' ), or 
a 

3M 
ou - 2rmb~a, whichever is the larger, 

where 

o tJ. • actual unit radial stress perpendicular to grain, 

ha = gross depth of cross-section at apex, 

rm • radius of curvature at mid-depth of member at apex, 

b • breadth of cross-section, 

Ma • bending moment at apex, 

/Ja • stress factor, 

ha ha i 

13a "'kl + k2 <r-> + k3 (r) 
m m 

where k1, k 2 , k3 = constants, given in table 5.1.2.9 depending on the slope a of the upper face. 

Table 5.1.2.9. Values of constants for determination of radial stress in pitched cambered beams 

Slope of upper surface of beam Value of constant 

a kl k2 k3 

2~ 5 0.0079 0.1747 0.1281 
5• 0.0174 0.1251 0.1939. 

7~ 5 0.0279 0,0()37 0.21G2 

10° 0.0391 0.0754 0,21) 9 

15° O,0G29 0.0G1!1 0.17:.!2 

20· 0.08!)3 0.0G08 0.13!)3 
2[>0 0,1214 0.0G05 0.1238 

30° 0.lG•l'J 0.0(i0;I 0.1115 

Note: Valu1•11 of p
8 

for slopes given in table 6.1.2.9 n_rn shown 111':;phiPnli.\" 1,. ;i,,. , .. , . .; .u Ii. 

(5.1.2.9 a) 

(5.1.2.9 b) 

(6.1.2.9 c) 
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The radial stress at the points of tangency on either side of the apex (ridge) shall be calculated by formula 

(6.1.2.9 d): 

3Mr 
0 ----
lr 2rmbht 

(6.1.2.9 d) 

where 

Mt "' bending moment at point of tangency 

ht .. depth of beam at point of tangency. 

: · •The bending stress at the apex (ridge) in a pitched cambered beam of rectangular crosa•aection ia maximum at 

the soffit and shall be calculated by the formula 

6Ma 
ob • f'l.0 + 2.7 tana) bh' 

a 

a 

0.26 

0.20 ~ 

---------
0.15 

a= 30° _.,.,,,..,. 

----
a= 25° -----~~ 

---L----
~=20.:,.. 

., 0.10 ------
i..---
~ 

a ., 15° - ~ .-

------ a=l0° 
~ -- V - ,/ 

0.06 
__.,,. ,,, 5/ Q = 2', 

~ / 
V 

___.. 
.,... V 

/ 

/ 
/ 

~ 
V 

-

0.10 0.20 

./ __.,,. i.,.,-
~ 

.,,-

. ,.,,, 
~ 

...... 

~ 
,.,,-

./ 

../ -
~ / 

~ / v/ 
..,,,,,.,,.,, 

/ V/ 
,/""'" ~V/' 

1/'..,.. V 

V i/ 
/' 

0.30 0,40 

For notntiona reference ia made to fig. 6.1.2.9 a. 

Fig. 6.1.2.9 b 

(6.1.2.9 e) 
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where a is the slope oC upper surface of beam, degrees from horizo.ntal. 
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The bending stress at points of tangency on either aide of the apex (ridge) in a pitched cambered beam of rectangu• 
lar cross-section shall be calculated by the formula 

(5.1.2.9 f) 

For hardwood a separate analysis of the stress field in a vertical section through the apex should be made. 

In calculation of stresses at the point of tangency the formulas (6.1.2.9 d) and (6.1.2.9 f) may be used. 

In deflection calculation contributions from the shear force def onnationa should be taken into account. 
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6. DESIGN OF COMPONENTS 

6.1 Glued Components 

6.1.1 Beams 

6.1.1.1 Laminated beams 

Date: Chapter: Page: 
76.04.21 6.1 1 

A laminated beam is considered as a basic element, and reference is made to section 5.1.2. 

6.1.1.2 Thin-webbed beams 

The stresses in thin-web~ed beams may be calculated under the assumption of a linear variation 
of strain over the depth. In principle the stresses must !tatisf y the conditions given in section 6.1. 

''-a 
b- --b 

·_::;•::_f,_~:: _l.,:,_f,_::: tl t} 

Fi1. 6.1.1.2 a 

b 

a, 

il!!l!1l[:!i!:!ll!l!!!ll!i!ll!!!l: 

:l~l:!l!l!l!l!i!l!!i!i\!ll\11!1!1 

h -w 

0 fm 
- ---~JT-Y----.IA~ 

\t ,. ., ., 

: · For sections shown in fig. 6.1.1.2 a it must be shown that 

b w .. 

where f is the strength in compression or tension depending on the sign of the stresses. 

(6.1.1.2 a) 

With regard to the shear stresses the shearing force may be assumed uniformly distributed over 
the entire width of the sections a-a and b-b, as shown in fig. 6.1.1.2 a. 

It must be shown that the webs are sufficiently restrained to prevent buckling. If the webs are 
made from structural plywood, structural particle board or fibre board a buckling investigation 
is not necessary, if the free depth, hw, of the webs is less than 2hmax, where hmax is given in table 
6.1.1.2, and the shear force V satisfies the conditions given in formula (6.1.1.2 b). 

Table 6.1.1.2 

Web 

Plywood with ,p < 0.5 

Plywood with ,p ;;;i, 0.5 

Particle or fibre board 

(20 + 50 ,p )bw 

45bw 

35 bw 

,p is the ratio between the bending stiffness of a section with the width £ cut perpendicularly to 
the beam axis and the bending stiffness of a corresponding section cut parallelly to the longitu­
dinal direction of the beam 
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APPENDIX 1. Load-bearing curves for columns loaded with a central axial force 

Load-bearing curves for different values of E/fc and fc/fb are given in fig. A 1.1. 
The following values for k1 and k2 are used: k1 = 0,1 and k2 = 0,005. 

oc:rit is the value of ac: corresponding to the equality sign in eq. (2) with abc: .. 0. 

1.00 

0,6 

. 0 

Figure A 1.1 

100 
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01, page 4 
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APPENDIX 2. Load-bearing curves for columns loaded with a central axial force and a lateral load 

Load-bearing curves for columns loaded with a central axial force and a lateral .load. 
The diagram gives related values of ob/fb and oc/fc corresponding to the equality sign 
in cq. (2) or (3). · 

In the diagram fc/fb = 0.8, k1 = 0 and k2 = 0.005 have been assumed. 

>. - 0 

-:.... ·400 

300 • 

200 

--L-- -~i~~~:::::~L-----L --~= L::::~~~Lc,b/Cb 
1.6 1.0 0,6 0 0.6 1.0 

ob: compreeaion 

Figure A 2.1 
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1. SCOPE 

Beams or columns with cross-sections as shown in fig. 1 are dealt with. The individual members are 
connected to each other by nails, bolts with toothed metal plate connectors or similar non-rigid 
fasteners. 

A method is given to determine stresses, deflections and load on the fasteners of beams and the load­
carrying capacity of columns, including the necessary requl?ements to the fasteners. 

2. NOTATIONS 

Reference is made to fig. 1. In all cases the Z-axis is a symmetry axis. For cross-sections of type 1 
the Y-axis is a gravity axis, while for type 2 and 3 it is a symmetry axis. 

For beams bending about the Y-axis is assumed. 

Type No. 

1 

2 

3 

Figure 1 

Cross-section 
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It is assumed that the web is stiffened at the supports and under concentrated loads. The stiffeners 
should be.fastened to the web and tightly fit between the top and bottom flanges. The cross-sec­
tion of the stiffeners are chosen so that the whole force can be transferred between flange and stif­
fener. 

(6.1.1.2 b) 

In other cases a special investigation must be carried out. 

This can for example be carried out according to the theory of elasticity for perfectly plane plates which are 

assumed simply supported along flanges and at web stiffeners." 

These assumptions lead to the following expression for the critical axial stress and th~ critical shear stress 

0 crit • a ta• (6.1.1.2 c) 

'11'
1 V(El)z(EI)~ 

T crit • a ta• (6.1.1.2 d) 

where a is a factor which is dependent upon the stress distribution and the parameters 11 1 and 11
2

, cf. fig. 

6.1.1.2 c, where a is given for the most common cases. 

Jt·r ~r 
___..._...,_z 

2 

Fig. 6.1.1.2 b 

The following notations are used (reference is also made to fig. 6.1.1.2 b): 

(EI)x is the bending stiffness of the panel per unit length in bending about the X-axis. For a homogeneous 

orthotropic panel with the main directions X and Z, (EI)x • / 2 Et• /(1 - a,~z"zx>• where "xz and "zx 

are Poisson's ratios. For wood-based panels "xz"zx ~ 0 can be assumed. 

(El)z (EI)x, but in bending about the Z-axis. 

(Gl)v ;,. , he torsional stiffness per unit length of the panel. For a homogeneous orthotropic panel, (Gl)v • 

Gt• /3 + l"xz(El)x + "zx(El)zl ~ Gt3 /3. 

11 1 •~V(El}1:/(EI)z. For an isotropic panel, 11 1 - 2/a. 
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The lateral stability should be proved satisfactory . 
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For box beams this may on the safe side be proved as for solid beams, cf. section 5.1.1.3. For I-beams it is 

on the safe side to consider the compression flange as a column with a free length corresponding to the outer 

restraints. 

In deflection calculations the contributions from the shearing stresses in the webs should be taken 
into account. 

6.1.1.3 Tlii11-flanged beams (stiffened plates) 

The stresses may be calculated under the assumption of a linear variation of strain over the aepth 
and the stresses must in principle satisfy the conditions given in section 5.1 

The influence of the stresses not being uniformly distributed over the flange width should be taken into con­

sideration. 

br b bf b 
,IL--------~~JC-"------~.:!'--W~llt;, 

Fig. 6.1.1.3 a 
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Unless otherwise proved more concct the effective width can be assumed equal to the hatched area in fig. 
a•/4-1. .. 'f./7 

6.1.1.3 a, where be • 2A+'for plywood and be"" 2/3 for fibre boards and particle boards. 2 is the span, for 

continuous beams, however, 2 is the distance between the points with zero moment. 

I, .. 
I b 

I I I 
i I 

1@1 'i I ~ 
i 

Fig. 6.1.1.3 b 

i..,.. ....... 

I 
~ ,, . 

b 
I 

I 
b 1: 

With regard to shear stresses in the types of section (a-a and b-b) shown in fig. 6.1.1.3 b the shear 
force may be assumed uniformly distributed over the entire width. 

It must be shown that the webs are sufficiently restrained to prevent buckling. If the webs are 
made from structural plywood, structural particle board or fibre board a buckling investigation 

Page: 
4 

is not necessary if the free distance br between the flanges is less t han 2bmax, where bmnx is given 
in table 6.1.1.3, and the a.xial stresses in the flanges satisfy the conditions given in formula (6.1.1.3 a). 

Table 6.1.1.3 

Flange 

Plywood with fibre direction in extreme plies 

parallel to the web 

perpendicular to the web 

Particle board or fibre board 

for 

for 

In other cases a buckling investigation must be made. 

: This may be carried out as shown in section 6.1.1.2. 

6.1.2 Columns 

6.1.2.J Laminated columns 

As for beams, cf. section 6.1.1.1. 

6.1.2.2 J. and box columns 

The relevant parts of 6.1.1.2 and 6.1.1.3 apply. 

6.1.2.3 VOID 

6.1.2.4 Spaced col1111111s 

(6.1.1 .3 a) 

What is stated for solid columns apply (cf. section 5.1.1.7), but furthermore, the deformation due 
to shear and bending in packs or battens arid shafts should be taken into consideration. 

: A design method is given in Clll-Timber Standard 03. 
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6.1.2.S LaUicc columns 
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What is stated for solid columns apply (cf. section 5.1.1.7)~ but furthermore the deformations due 
to extension of the lattice and bending, if any, of the flanges should be taken into consideration. 

: A design method is given in CIB-Timber S~ndard 04. 
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6.2 Mechanically jointed components 

6.2.0 General 
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If the cross-section of a structural membe1 is composed of .several parts connected by mechanical 
fasteners consideration must be taken to the influence of the slip occurring in the fasteners. 

Besides, the same as stated in sections 5 and 6.1 is valid. 

Page: 
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The calculation is allowed to be carried out according to the theory of elasticity. For the slip modulus 
k the values given in table 6.2.0 may be applied for European structural softwoods in the design of 
beams. 

'fable 6.2.0 

Fastener · Slip modulus (N/mm) 

Round nails with d < 6 mm 0.02 Ed* 

Round nails with d > 6 mm 0.12 E* 

Bolts with pressed-in connectors 1.5 E 

Eis the modulus of elasticity in N/mm2
, dis the diameter in mm for round nails or the side 

length for square nails. 

* For square nails 15% higher values are allowed. 

6.2.1 Beams 
: A design method for a number of cross-sections is given in CIB-Timber Standard 02. 

6.2.2 Columns 
: A design method for a number of cross-sections is given in CIB-Timber Standards 02, 03, and 04. 
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7. DESIGN OF SPECIAL STRUCTURES 

7 .1 Arches, portals and frames 
In the determination of the stress resultants the influence of deviations between intended and real 
geometry and the deformations should be taken into consideration. 

~ ', I 
' line oC thrust "- '-. 

' 
Fig. 7.1 a 

For ordinary frames where there is considerable deviation between the system line and the acting-line for the 

resultant forces (line of thrust) this can in principle be carried out in conformity with section 5.1.1.7 with the 

free column length, QC' calculated as the distance between the points with zero moment lying on either side of 

the section for the load combination in question, cf. fig. 7.1 a . 

Fig.7.lb 

Page: 
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For a frame consistjng of a stiff beam and vertical legs with inclined stiffeners, if any, cf. fig. 7.1 b, for h
1 

> h
2

, 

l!c • 2h1 + 0.7 h2 is assumed. The largest axial force (N1 or N2 ) occurring in the column in question is used. 
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7.2 Trusses 
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Trusses can be calculated as a frame structure where the influence of initial curvature of the elements, 
eccentricities, deformations of elements and slip and rotation in the joints are taken into consideration 
in the determination of the stress resultants. 

As an alternative a simplified calculation after the following guidelines is allowed: The axial forces are 
calculated assuming hinges in all nodal points, and the moments in continuous members, if any, are as­
sumed to lie between 80% and~% of the simple moments (corresponding to hinges in both ends) de­
pendent upon the degree of end-fixing and the support conditions. For non-continuous members the 
moments are assumed equal to the simple moments. The free column length is assumed between 86% 
and 100% of the theoretical nodal point distance dependent upon continuity and degree of restraint . 
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8- CONSTRUCTION 

8.0 General 
All timber structures should be so constructed that the completed structure confonns with principles 
and practical considerations on which it was designed. Workmanship in fabrication, preparation, and 
installation of materials shall conform throughout to accepted good practice. 
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8.1 Materials 

Unless specifically designed for the purpose, timber components and structural elements should not be 
exposed to high humidity, and all materials and assemblies should be protected against exposure to the 
weather, wetting, damage, decay and insect attack. 

Timber should be appropriately protected against changes in ·humidity and damage in such a way that 
the requirements of the code are satisfied throughout the life of the timber. Timber which is damaged 
locally, crushed or otherwise overloaded, e.g. in transport, should not be used. 

The moisture content of the timber used should be adjuS\.ed to the climatic influences to which the 
structure will be exposed, and the conditions in the completed structure should be especially con­
sidered. 
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8.2 Machining 
All timber should be sawn, planed, drilled or otherwise machined to the correct shape and size in ac­
cordance \Vith the detailed drawings and specifications supplied. 

The quality of the surface, as finished, should be appropriate to the position and use of the timber, and 
in accordance with the instructions given in the ·specifications. 

Surfaces at any joint in an assembly should be such that the parts may be brought into contact over the 
whole area of the joint before connectors are inserted or any pressure or restraint from the fastenings is 
applied. These surfaces should have a good sawn or planed finish . 

Bearing surfaces of notches and other cuttings should be true and smooth and in appropriate relation to 
the other surfaces of the piece. 

Notches other than at the ends of beruns should be U-shaped and formed by parallel cuts to previously 
drilled holes. The diameter of the hole should ?e equal to the width of the requi~ed notch. 

The cutting of timber after preservative treatment should be avoided. When, however, it is unavoidable, 
and exposure of untreated timber results, a liberal application of preservative should be made to the 
cut surfaces. 
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8.3 Joints 
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The individual structural members should be assembled so that unintentional stresses do not occur. 
Members which are warped, split or badly fitting at the joints should be replaced. 
Care should be taken to avoid placing nails, screws, and bolts, etc. in any end split. 

Besides, for the individual fasteners reference is made to the construction rules given in chapter 4.3. 

Page: 
1 



,.J 

w 
CJ) 

% 
0 
u 

cm -TIMBER CODE 

8.4 Assembly 
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Assembly of units should be done on a level bed and in such a- way as to avoid damage to any of the mem­
bers and so that the finished structural units conform to detailed drawings and specification supplied. 

When assembly is to be performed on the site, one set of component parts ·should be fitted together and 
dismantled prior to despatch to the site, in order to ensure that the assembled structural units conform 
to the· detailed drawings and specifications. Twisted or damaged members should be replaced before erec­
tion on the site. 

Before proceeding with bulk production, a complete assembly of one of each framed truss or other struc­
tural unit should be checked to prove the accuracy of the templates, etc. A similar check should be car­
ried out from time to time to control the wear and tear on templates and gauges. 



0 
:.... 
,...J -u 
z 
:::i 
0 
u 
,...J 

< z 
C 
r::: 
< z 
~ 
(:J 
E:--< ., .. ~ -

Cill - TIMBER CODE Date: Chapter: 
76.03.25 8.5 

8.5 Transportation 
All materials and assemblies should be protected from the we~ther, and suitable measures should be 
taken to protect the surfaces during hoisting, etc. 

Page: 
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The over-stressing of members during handling should be avoided. In the case of framed arches, portal 
frames, etc., special care should be taken to avoid distortion in hoisting from the horizontal to the ver­
tical position. Where lifting points or methods of lifting are not indicated on the design, guidance should 
be sought from the designer. 
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8.6 Erection 1 

The over-stressing of members during erection should be avoided. In the case of framed arches. portal 
frames, etc., special care should be taken to avoid distortion in hoisting from a horizontal to the verti­
cal position. Where lifting points or methods of lifting are not indicated, guidance should be sought 
from the designer. 

On completion of erection all joints should be inspected and care taken to aee that all bolts are tightened 
without crushing the wood under the washen. 



~r --t:, It .·-·:,) -··- _, ·- · .,I No. 

0 .... 
E-< 

~ 
% 

'i'f~.rnER STANDARD 

Subject: 

DESIGN OF SOLID TIMBER COLUMNS 

Draft No. 

2 

Date: 

76.04.20 

~~-------.._ ________________________ ...... ________ _ 
~ p 
0 
0 
Q 

A 
::t."; 
< 
Cl) 

~'] 
Q 
0 
E-< 
Cl) 

· 1. SCOPE 

A simply supported column loaded by a central axial force and a lateral load resulting in 
deflection along one of the main axes of the cross-section (in the figure the z-axis) is 
dealt with. Expressions for the acceptable load combinations are stated. 

Figure 1 

2. NOTATIONS 

See figs. 1 and 2. 

z 

Figure 2. y and z are the main axes of the cross-section. 
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fb 

fc 

i = ../fiA 
k1,k2 

£ 

Cross-sectional area 

Modulus of elasticity 

Moment of inertia about the y-axis 

Section modulus for the outermost fibre in compression 

Ecccn trici ty 

Strength in bending 

Strength in compression 

Radius of gyration 

Constants, see section 3 

Free length 

Constant 

Distance from centroid to outermost fibre in compression 

Slenderness ratio 

Bending stress 

Bending stresses (numerical values) in the outermost fibres in compression 
or tension, respectively, due to the lateral load and calculated according to 
the theory of elasticity 

Compressive stress (numerical value) 

3. ASSUMPTIONS 

The column is assumed to have initial curvature corresponding to the axial force in the 
centre of the column having an eccentricity e, expressed as 

. I 
e = (k1 + k2X) -A 

zc 

where I/(Azc) is the core radius corresponding to the compressive side. 

(1) 

The bending moment is assumed to vary sinusoid:illy from zero at the ends to a maximum value 
at the middle, the error, however, by using the formulas also for other moment distributions (e . 
g. constant moment corresponding to eccentric load) is small. 

If IY is the greatest moment of inertia of the cross-section, the column is assumed to be 
secured ug-ainst deflection in the y-direction so· that the failure will occur by deflection 
along the z-axis and not by lateral and torsional deflection. 

4. DESIGN CRITERIONS 

The permissible combinations o'f stresses from the axial force and the moment are given 
by the following expressions: 

Compressive side: 

fc ac fc 
2(1-kl r>r'- l + (1 + k2X f)kE 

b C b 

(2) 
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Tensile side: 

6. LIMITATION OF X 

01, page 3 

(3) 

For primary and secondary structural members X should not exceed 170 and 200, respec­
tively. 

G. EXTENSION OJ? THE AREA OF APPLICATION 

The stated method of dimensioning may also be applied (with approximation) to other 
kinds of support, if their influence on the critical length is allowed for in the usual man­
ner. 

7. REFERENCES 

The background for the method are given in the following reports prepared for CIB-W18: 

The Design of Solid Timber Columns. Aalborg University Centre, Pure and Applied Mechanics, 
Report R7406, 1974. 

Tests with Centrally Loaded Timber Columns. Report R7405, 1974 - as above. 
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1. SCOPE 

Beams or columns with cross-sections as shown in fig. 1 are dealt with. The individual members are 
connected to each other by nails, bolts with toothed metal plate connectors or similar non-rigid 
fasteners. 

A method is given to determine stresses, deflections and load on the fasteners of beams and the load­
carrying capacity of columns, including the necessary requirements to the fasteners. 

2. NOTATIONS 

Reference is made to fig. 1. In all cases the Z-axi.s is a symmetry axis. For cross-sections of type 1 
the Y-axis is a gravity axis, while for type 2 and 3 it is a symmetry axis. 

For beams bending about the Y-axis is assumed. 

Type No. Cross-section >-r Streu distribution 
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5.2. Calculation of maximum shear stresses 

For cross-sections of type 1 the maximum shear stresses occur where the stresses in the web are zero 
and can be calculated from 

Qh; 
maxr =--

2Ie 
(11) 

For cro1111-scctions of typos 2 und 3 the muimum ahenr atresse11 occur in the .middle of the web and 
can be calculated from 

(12) 

5.3. Calculation of load on fasteners 

The load per fastener can be determined from 

(13) 

5.4. Deflections 

The deflections from the moment are calculated as usual applying the effective moment of inertia le . 

6. CONCENTRICALLY LOADED COLUMNS 

6.1. Load-carrying capacity 

The load-carrying capacity corresponding to deflection along the Z-axis can be determined as 

(14) 

The ultimate stress, fcrit• is determined as for a corresponding cross-section with rigid joints between 
; the cross-section members, but the effective slenderness ratio: 

"=9.~ e I 
e 

(15) 

is used. 

For the T-cross-section and the I-cross-section, type 2, the load-carrying capacity for deflection in 
the Y-direction is found as the sum of the load-carrying capacity of the individual members, i.e. the 
stiffening effect that the members might have on each other is not taken into account. 

6.2. Load on fasteners 

The load on the fasteners can be calculated by eq. ( 13), assuming 

Q= 

L ~ 
60 fcrit 

. Ac .R_ !s_ 
60 60 fcrit 

p fc 

120 fcrit 

(16) 
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7. COMBINED LOADS 

In cases where small moments resulting from e.g. own weight are acting apart from axial load, the 
usual interaction formulas can be used for the stresses determined above. 

8. REFERENCES 

K. Mohler, J. Ehlbeck, G. Hempel & P. Koster: Erliiuterungen zu DIN 1052, Blatt 1 und 2 - Holz­
bauwerke - Ausgabe Oktober 1969 with further references. 

The design of built-up timber columns. Aalborg University Centre, Pure and Applied Mechanics, 
Report R7406, 1974. (Paper prepared for CIB-W18). 
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1. SCOPE 

Columns as shown in fig. 1 are dealt with, i.e. columns with two or in certain cases three or four iden­
ticul shafts jointed with pucks or baLtens. '!'he joints nuiy bo aitller nailed or glued or bolted with toothed 
metal plate connectors. Expressions are given to determine an effective moment of inertia and thus an 
effective slenderness ratio, whereupon the critical column stress is determined as for a column of solid 
timber with the same slenderness ratio. 

It is assumed that the construction rules given in section 3 are observed, and that the joints are de­
signed fo~ forces as stated in section 6. 

Only concentrically loaded columns are dealt with. 

2. NOTATIONS 

Reference is made to fig. 1. 

I 
I 

I 
I 
I 
I I 

I!' 11, i 

L 

Fig. l. 

A 

Area of one shaft 

Total.area 

1 1 
I 

.l- -H- + 11J 
I I I .;,. 

I Moment of inertia (second moment of area) 

p 

Q 

Is 

It 
Column load 

Pcrit 

Shear force 

I for one shaft a~out own gravity axis 

Total moment of inertia about Y-axis 

Load-carrying capacity 
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See fig. 3 

Distance 

a Free distance between shafts 

a1 a:: a+h See fig. 3 

length 

2 Free length of column 

21 Distance between midpoints of packs or battens 

22 Length of packs or battens 

Number of shafts 

Slenderness ratio 

Slenderness ratio for a solid column with the same cross-section 

1/ 

Slenderness ratio for the shafts 

Effective slenderness ratio 

Factor, see table 2. 

3. ASSUMPTIONS 

The cross-section is composed of 2, 3 or 4 identical shafts. 

- The Y- and Z-axes are symmetry axes. 

- The number of free fields are at least 3, i.e. the shafts are at least jointed in the ends and in the 
third points. 

- The free distance between the shafts is not greater than 5 times the lamella thickness ( a/h <: 5). 

- The joints and packs and battens are designed for a shear force Q as staten in section 5.: 

- The length of the packs should satisfy the condition 22 /a ;;;i: 1.5. 

- For nailed joints there should in each section be at least 4 nails or 2 bolts with metal plate con-
nectors. For nailed joints at the ends apply that there should be at least 4 nails in a row in the 
longitudinal direction of the column. 

- Battens should be made of structural plywood and their length satisfy the condition 22 /a > 2. 

The columns' are solely subjected to concentrical axial loads. 

4. LOAD-CARRYING CAPACITY 

For deflection in the Y-direction the load-carrying capacity can be determined as the sum of the 
load-carrying capacity of the individual members. 

For deflection in the Z-direction the load-carrying capacity are determined as 

(1) 

The ultimate stress fcrit is determined as for solid columns, but the slenderness ratio 

(2) 
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is replaced by the effective slenderness ratio 

A = ✓Al + 1/ E. A 2 
e 2 1 

11 is given in table 2. 

Table 2: 1/ 

Packs 

glued nailed bolted* 

Long-term loading 1 4 3.5 
Short-term loading 1 3 2.5 

* with toothed metal plates. 

5. SHEAR FORCES 

03, page 3 

(3) 

Battens 

glued . nailed 

2 6 
2 4.5 

The load on the fasteners and battens or packs can be calculated as stated in fig. 3, assuming 

Q= 

Fig. 2 

L _!_g_ 
60 fcrit 

Ae L!s... 
60 60 fcrit 

L ls_ 
120 fcrit 

2 X 9 
. 2 

6. REFERENCES 

for 60 < Ae 

3X _g 
3 

4 X _g 
4 

K. Mohler, J. Ehlbeck, G. Hempel & P. Koster: Erlauterungen zu DIN 1052, Blatt 1 und 2 - Holzbau­
wcrke - Ausgabe Oktobcr 1969 with further references. 

The design of built-up timber columns. Aalborg University Centre, Pure and Applied Mechanics, Re­
port R7406, 1974. (Paper prepared for CIB-W18). 



No. 
•..,. 

o 
a-< 

"'.il) 
i ,-\, 

..:•~'.I 1'L\1BER STANDARD 

Subject: 

LATI'ICE COLUMNS WITH GLUED OR NAILED JOINTS 
Draft No. 

1 

Date: 

76.04.20 

Bj 
?. 
f:~ ,·--------~ --- -----------------------------------
8 u 
0 
0 
0 

~ 
Cl) 

,.:i 
• -< 
0 
::> 
E-< 
Cl) 

::i: 
u 
,5 ~, 
,,1 
C/) ,~ 
~ 
c., 
7. 
Q 
...l ,.._ 
;:i 
..:; 
~ 
0 
c... 
:a 
0 
•;,-

s 
0 
c.:, 

~ z 
0 
~ 
< z 
r:c: 
t;;;l 
E-t z -

1. SCOPE 

Lattice columns with N- or V-lattice and with glued or nailed joints are dealt with. 

Expressions are given to determine an effective moment of inertia and thus an effective slenderness 
ratio whereupon the critical column stress is determined as for a column of solid timber with the 
same slenderness ratio. 

It is assumed that the joints are designed for forces as stated in sections 3 and 5. 

2. NOTATIONS 

Reference is made to fig. 1. 

/ 

e l I, 

V-truss· 

>f '1 

N•truss 

Fig, l 

number of nails: n 

number of nails: n 

2 

1
11umber of nails: :;. 11 sin' 9 · 

number of nails: n 

l 
2 

• z 

z 
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A Area 

Af Arca of one flange 

I Moment of inertia (second moment of area) 

If I for one flange about own axis 

It Total value: It= 21, + ½ Ach2 

P Axial load on column 

Q Shear force 

e Eccentricity 

f Strength 

fc Compression strength 

fcrit Critical stress in columns 

h Depth of column (flange centre distance) 

if Radius of gyration ( = ..J Icf Ac) 

04. page 2 

k Slip modulus for one nail, i.e. the force per nail that will cause a slip of 1 

Q1 Joint distance 

n Number of nails per diagonal in a joint. If the diagonal consists of two or more pieces, n is the 
sum of nails, not the number of nails per shear face 

0 Angle between a flange and a diagonal 

).. Slenderness ratio 

A Effective slenderness ratio 
e 

Ar Slenderness ratio of a flange (Q 1 /ir) 

µ Parameter, see section 4. 

3. -ASSUl\IPTIONS 

The structure is assumed to be symmetric about the Y • and Z-axes of the cross-section. However, the 
lattice of the two sides are allowed to be staggered the length 21 /2. 
There should be at least 3 fields, Le. Q > about 3Q 1 . 

The column should be designed for a shear force Q, as stated in section 5, i.e. the diagonals and 
joints should be designed for Q/sinO. 

In nailed structures at least 4 nails per shear should be used in each diagonal in each nodal point. 
At each end bracings should be used. 

The slenderness ratio for the individual flange '?orresponding to the length Q1 must not exceed 60, 
i.e. 

Besides, it assumed that no local rupture is occurring in the flanges corresponding to the column 
length A1 . 

4. LOAD-CARRYING CAPACITY 

The load-carrying capacity corresponding to' deflection in the Y-direction is equal to the sum of 
the load-carrying capacity of the flanges for deflection ~n this direction. 

For deflection in the Z-direction the load-carrying capacity is assumed to be equal to 

Lehrstuhl tu: 
lnQenieurholzbau u. t!uu,:;;,,;,;,;i Jfuivll~tl 

Universitat (TH) Karl..rune 
Pref. Dr.-lDg. K. Moht., 
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where fcrit is determined as for a corresponding column of solid timber, but instead of the geo­
metrical slenderness ratio of the column 

the effective slenderness. ratio 

is used, whereµ is determined as stated below: 

Glued V-truss: 

µ = 4 ('.e / (·Q/ 1, .2 

Xe is not to be taken less than 1.05 >... 

Glued N-truss: 

µ=(.et cl!/ 
lf .2 

Xe is not to be taken less than 1.05 >.. • 

Nailed V-truss: 

hEAr 
µ = 25 -=----a.­

.2'2 nk sin20 

Nailed N-truss: 

hEAr 
µ = 50 .2 2 n k sin20 

5. SHEAR FORCES 

The column should be designed for a shear force Q given by 

Q= 

l~ 
60 fcri t 

Ae L~ 
60 60 fcrit 

_L ~ 
120 fcrit 

G. REFERENCES 

for 30 < X
8 

<: 60 

K. Mohler, J. Ehlbeck, G. Hempel & P. Koster: ErHiuterungen zu DIN 1052,-Blatt 1 und 2 - Holzbau­
wcrke - Ausgabc Oktober 1969 with further references. 

The design of built-up timber columns. Aalborg University Centre, Pure and Applied Mechanics, Re­
port H.7406, 1974. (Prepared for CIB-Wl8). 
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1. SCOPE 

According to CIB Timber Code, section 3, the design of structures shall be based on reliable calculations 
or tests. This standard refers to load testing to determine the rigidity and strength of timber structures. 
It refers, in the first place, to structures consisting of timber and plywood, but may also with certain 
modifications be applied to structures of other wood-based materials and to structures where wood is 
combined with other materials. · 

Testing may refer to rigidity and strength, or to either of these properties separately, in which case only 
the appropriate sections of the standard are applicable. 

2. NOTATIONS 

Q The applied test load. 

The highest load by non-destructive tests. 

The applied test load corresponding to the external characteristic load. 

The ultimate load by destructive tests. 

Initial load. 

The time for the duration of Qt . 

3. DEFINITIONS 

F9r the purpose of this standard the following distinction is made between proof and prototype testing: 

Proof testing is the application of test loads to a structure or element to ascertain the structural character­
istics of only that one unit under test. 

Prototype testing is the application of test loads to a structure or element to ascertain the structural cha­
racteristics of structures or elements which are nominally identical to the unit or units tested. 

The purpose of prototype testing may be to provide a basis for type approval of special structures or of a special 

design calculation for a group of structures. The standard may also be applicable for limited purposes where gene• 

ral approval is not involved. 

4. AUTHORISATION 

The authority entitled to give their approval of the structure(s) shall appoint a competent body 
for the selection of test specimens, and for the testing and the evaluation of the test results. 

5. SPECIFICATION 
The structure shall be specified in all respects which are relevant to its structural behaviour, to enable 
the supervisor to check that the selected test specimens properly represent the types of structure to 
which the test result will be applied. 

All members must be specified in terms of their dimensions and grade as well as their location, normally by con· 

struction drawings and material specification. In many cases a production specification is also required, e.g. for 

glued structures the gluing method must be described. The intended function must be stated, for instance charac­

teristic load, deflection at permissible load, etc. For type approval a further specification is usually required con• 

cerning factors such as production quality control J>rocedures. 
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6. SELECTION OF SPECIMENS FOR PROTOTYPE TESTING 

051 page 2 

The tested specimens shall be representative of, and in no case.superior to, what is declared in the type 
specification. 

7. NUMBER OF TESTS FOR PROTOTYPE TESTING 

'For testing of a specified type of structure, a minimum of five specimens shall generally be supplied, 
of which at least four shall be tested. The spare specimen is intended for checking of the test method, 
etc. (see 8). 

IC the specification gives alternatives with regard to material grades and dimensions within the structure type, 

then the minimum number shall in principle apply to each alternative. In such cases, however, the minimum 

number may be decreased by agreement with the testing institute. If several combinations of load are to be 

tested, the number of test specimens shall be increased conespondingly (cf. 9.1). 

8. METHOD OF TESTING 

The foundation, lateral support and load distribution (cf. 9.3) for the test shall be chosen to simulate 
actual service conditions. The test conditions must on no account be such as to lead to an overesti­
mate o[ the structure's load-bearing capacity. 

The deflection shall be measured at the point where maximum deflection may be expected, and also 
at any other points considered necessary for assessing the performance of the structure. 

The technique for the testing should simulate as closely as possible the conditions expected in use. This includes 

among other things the distribution of the load, and the main and lateral methods of support. Load and deflection 

curves shall always be recorded, including those referring to maximum load test&, and also the shape of the curve• 
shall be reported in defining the ultimate load, including any discontinuities. 

The errors of measurement - the total of systematic errors and the mean value of random errors - shall 
not exceed 3 per cent of the load and 2 per cent of the deflections. 

9. PROGRAMME FOR LOADING A.i.~D DEFLECTION MEASUREMENT 

9.1 Load combinations 
Of the ·combinations of load expected in service, those decisive for the function and safety shall be 
tested. 

The most severe load combination is used in the test. If there is doubt about which is the most severe load com· 

bination for the structure, either due to functional requirements or because different component& have been 

designed for different loadinll patterns, it may be necessary to test two or more load conditions. If the tested 

specimen has not been loaded to destruction or otherwise damaged by one load combination, then it may be 

used for testing under another load combination. 

9.2 Distribution of load 
The test load Q shall be distributed as far as possible according to the actual distribution of the ex­
ternal design load and the structur~•s own weight. Important discrepancies must be compensated for 
by adjustments to the value of Q. · 

9.3 Loading levels 
The levels of loading (see 9.4) relate to an appli'ed load Qt corresponding to the external charac­
teristic load. 

For prototype testini Qt must be estimated on the basia of calculations or preliminary teata. 
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9.4 Loading cycle 
The testing starts at Q = 0 (or at an initial load Q1 <;Qt) 

1) Increase the load to 0.5 Qt 

2) Release the load to Q = 0 (Q = Q1 ) 

3} Increase the load to Q = Qt 

4} Maintain the load Q = Qt during the time t. 

5) Load to destruction Qu 

Alternatively: 

5a} Increase the load to a certain value Qmax 

6) Release the load from Qmax to 0. 

9.5 Rate of loading 

05, page 3 

When applying the load continuously, the rate of loading shall not exceed Qt/4 per min. When loading 
in increments the size of the loading increments must not exceed Qt/4, and the interval between two 
succeeding load increments shall be at least 1 min. 

The time (t) for the duration of load (Qt) shall be at least 24 h for one of the tested specimens, and 
at least 1 h for the other tested specimens. 

9.6 Measurement of deflection 
Deflection shall be measured at least after each change of load of max. Qt/4. During 24 h load main­
tenance (Qt) the deflection shall be measured at least three times in addition to the beginning and 
end of the period, preferably at equal intervals of the logarithm of time. 

10. TEST CLIMATE 

Testing shall normally be carried out in a climate which corresponds to that specified for the use of 
the structure. 

The test results may be converted between moisture classes using the modification factors generally u,ed for 

: working stresses and elasticity moduli. 

11. REFERENCES 

The background for this standard is »Nordiska riktlinjer for trakonstruktioner 3. NKB-paper, No. 18, 
December 1975». (Nordic Committee for Building Regulations). 




