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2 CHAIRMAN'S INTRODUCTION

Mr SUNLEY, as Co—ordinator of CIB~W18 and Chairman of the meeting, welcomed
the delegates to the meeting which was the fifth since the group was reformed
in March 1973. He outlined the programme for the meeting, pointing out that
because of the large number of topics on which the group was working at

present it may be necessary to defer discussion on some of them until the next
meeting. The delegates accepted this and agreed the programme for the meeting.

Mr SUNLEY introduced a paper "The Work and Objectives of CIB=W18 = Timber
Structures” (CIB-W18/5—105-1) which sets out the terms of reference of the
group and describes the current programme of work. The paper also describes
the relationships between CIB~W18 and other international organisations working
in the same field and draws attention in particular to the co—operation of
CIB=-W18 with the Joint Committee on Structural Safety to draft a unified
systems of international codes covering all materials.

Mr SUNLEY also informed the meeting of a symposium which was being organised
by the State Committee of the Council of Ministers of the USSR for Building
Affairs (Gosstroy, USSR). The title of the symposium was "Design, Production
and use of Timber Structures in Building" and it is to be held 7 to 12 June
1976 in Kiev. Mr SUNLEY said that although CIB-W18 had not been consulted
about the organisation of the symposium it did appear that it was to be
promoted as a CIB~W18 event and he hoped to be able to attend. He said that
at present there was very little active participation in CIB-W18 by Eastern
Europe and he hoped that the symposium would generate a greater interest. He
understood that all members of CIB-W18 would be invited to attend.

3 DESIGN STRESSES FOR PLYWOOD

Dr BOOTH introduced his paper "The Determination of Design Stresses for
Plywood in the Revision of CP 112" (CIB-W18/5-4-=1) which describes the
problems involved in deriving a consistant set of design stresses for use in
a limit state design method, for the various types and species of plywood
which are available at present. Dr BOOTH said that the problems arose because
plywood was available from many sources and the test data provided by these
sources was not strictly comparable as there was not an internationally
recognised set of standard test methods. This led to an unacceptable
variation on the design stress derived from the various test data. He said
there was a particular need for information on sampling techniques for test
specimens, the effects of specimen size and the effects of defects in
relation to specimen size. Dr BOOTH drew attention to Table 2 in his paper
which gave the strengths, stiffnesses and stresses for different types and
species of plywood relative to Douglas fir plywood. This shows an apparent
large variation in these properties which in Dr Booth's opinion is difficult
to believe and contrary to his experience.

Dr WILSON commented that tests on small clear plywood specimens do not reflect
a true piocture of large panels containing the usual defects and therefore tests
on large panels were essential.

All delegates agreed that there was a serious problem concerning the types of
plywood in use at present and the available test data. Dr BOOTH suggested
that manufacturers might be persuaded to carry out new tests using standard
methods similar to those used in the most recent Canadian tests.

Dr NOREN said he had a Finnish report which discussed the effect of specimen



size and he would send a copy to Dr Booth.

Mr SUNLEY said there was obviously a clear need for a set of standard test
methods for plywood and he reminded delegates of an earlier paper
(CIB-W18/3-4=1) presented by Dr Kuipers on the subject. It was agreed that
Dr Booth in co-operation with Dr Kuipers representing RILEM, and Dr Wilson
would draft a set of standard test methods for plywood for the next meeting.

Por information Mr SUNLEY drew attention to a draft proposal being considered
by ISO/TC 139, Working Group 6 entitled "Veneer Plywood for Construction =
Quality Specification" (CIB—N18/5—4-2).

Dr WILSON said the proposed method of presentation of the bending strength and
stiffness results (Clause 13) was new and this was being investigated in
Canada at present to see if it was acceptable

Dr BOOTH said that he was a member of WG6 which was concerned with specifica—
tions for structural plywood and another group WG5 chaired by Prof Noack was
dealing with testing methods for plywood. The tests in the draft proposal

were for the purpose of specifying plywood and were not intended for use to
derive working stresses. Dr BOOTH thought both groups should consider tests

on large size specimens and he suggested that WG6 may be prepared to do some
work on this. He also proposed that when CIB-W18 and RILEM had agreed a set

of standard test methods for plywood they should be submitted to ISO/TC 139 for
approval. This was agreed and Dr Booth undertook to inform WG6 on these matters.

Closing +the discussion on plywood Mr SUNLEY said that for the next meeting he
hoped to have a paper putting forward a method for obtaining characteristic
stress values for plywood which would deal with sampling techniques and the
statistical evaluation. This would be in addition to the paper on test methods
for plywood.

STRESSES FOR SOLID TIMBER

Mr CURRY introduced his paper "Standard Methods of Test for Determining some
Physical and Mechanical Properties of Timber in Structural Sizes".
(CIB—W18/5—6-1) and he thanked Dr Kuipers for the information he provided for
the paper. He said it was his hope to create a data bank of test results
obtained using the test methods described in the paper.

Mr SUNLEY asked if the delegates agreed that when the paper was finally accepted
after consultation with RILEM, it should be submitted to ISO/TC 55. This was
agreed but delegates were anxious that ISO/TC 55 should appreciate the urgent
need for standard test methods for structural size timber. Mr SUNLEY said

that at a meeting of ISO/TC 55 in June 1974 it had been agreed work on this
was necessary.

Dr NORIN said that the paper which was finally submitted to ISO/TC 55 should
not contain all the details included in the present paper. He also requested
clarification of the differences between the ASTM test methods and those
proposed by Mr Curry. Mr CURRY replied that the present proposals required
that the critical zone in the test piece was located in the most critical
position for the test. This was not necessarily the case with the ASTM
method.

Mr SUNLEY suggested that the delegates should go through the paper system—
atically and the following comments were made:
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It was agreed that "solid rectangular sections" did not include
laminated timber.

Prof MOHLER and Dr KUIPERS said they would like sufficient
information to give the full stress/strain curve for each test
piece. Prof LARSEN said that the tests were designed for a
large testing programme and it would not be practical to give
the stress/strain curve for each test piece. Mr CURRY and

Mr SUNLEY agreed with Prof LARSEN.

Mr CURRY drew attention to the requirement that each test
specimen should be selected so that the critical zone was at
the centre.

Mr SAARELAINEN suggested that a complete moisture content history
of each test piece should be included. However it was thought
that this might not always be possible and it was agreed there-
fore to add "Any other relevant information" to the list.

Dr NOREN said that he would prefer moisture content to be
expressed as a ratio rather than a percentage. Mr CURRY said
that in IS0 papers moisture content was expressed as a
percentage.

Prof MOHLER asked if the 500 mm limit was necessary or if 300 mm
would be adequate., Mr CURRY said that he thought the 500 mm limit
was an ISO recommendation although 300 mm would probably be
sufficient, It was agreed that Mr Curry would check this with
ISO and if this was not correct the 300 mm limit would be adopted.

Prof LARSEN preferred density to be expressed as a relative
density ie a dimensionless ratio., Mr CURRY replied that this
departed from the ISO recommendation but it was agreed to use
relative density.

It was agreed to delete "nominal" and an alternative be
substituted.

Prof LARSEN said that if the grading was tied to the ECE
Standard, confusion would arise in the data bank if the Standard
was changed. Mr CURRY disagreed saying that although the ECE
grades might change the KAR method of measurement would remain
and if the knot distribution was described using a grid system as
shown in Fig 1 then the knot plot could always be reconstructed.

Prof LARSEN suggested that a full 1oad/deflection curve would be
costly and unnecessary as a single load/deflection measurement
would give adequate information. Mr CURRY said that a
definition of rate of loading was necessary and if a single load
only was used it would be necessary to specify at what time after
the application of the load, the delfection should be measured.

It was agreed that "+ 25 per cent" should be added as a tolerance
on the rate of loading and the formula for modulus of elasticity
should be rewritten in general terms without the constant and the
dimensions. The suffix T in the same formula is also to be
omitted.

Prof LARSEN pointed out that many testing machines had fixed



increments of adjustment and therefore the test spans specified
should include a tolerance to allow for this. It was agreed to
include a note to this effect. Dr NOREN said he thought the rate
of loading was too slow. It was agreed to rewrite the formulae
for modulus of elasticity in general terms without constants and
dimensions.

Clause 6.1.2 Prof LARSEN expressed doubts that the proposed test method

would work as it involves the small difference between two large
numbers. Mr CURRY replied that the method had been tried and found
to work if sufficient care was taken and at present there was no
alternative. Prof MOHLER said there were other test methods for
shear modulus. One method involved tests at different spans

. related to depth of specimen and a second method involved

[ torsional tests. He agreed to investigate these methods and report
back to the next meeting.

Clause 6.2.1 It was agreed that the rate of straining should be specified
before the rate of cross-head separation and a distinction should
be made between gauge length and specimen length.

Clause 6.3.1 Mr CURRY said that there could be problems with this method due
to buckling of the specimen but it may be possible to provide some
sort of lateral restraint. He agreed to investigate this and
report back to the next meeting.

Dr NOREN suggested that with the possible exception of the tension tests, all
rates of strain could be increased to 0.003 although ASTM methods specify
0.001. Mr CURRY agreed to investigate this for the next meeting.

In conclusion Mr CURRY agreed to produce a second draft for the next meeting
but he suggested that in the interim period tests should be carried out
according to the present proposals.

DESCRIPTION OF TIMBER STRENGTH DATA

Mr CURRY introduced a paper "The Description of Timber Strength Data"
(CIB-W18/5=6~2) by Mr J R Tory of Building Research Establishment, England
and asked for comments.

Commenting on Table 3, Prof LARSEN said the tabulated values were not
comparable because the confidence levels associated with each value were not
the same, Mr CURRY agreed saying that it was doubtful if confidence levels
could be established for the Weibull distributions. However the ASTM values
were comparable as they were both related to a 95 per cent confidence level
and some of the other values may have similar confidence levels although not
the same as the ASTM level.

After a protracted discussion on how results should be expressed Mr SUNLEY
suggested that the 5 percentile values should be given and each country would
then be free to derive their own design stresses based on this value.
Alternatively it may be possible to recommend stresses which are based on an
arbitrary judgment and not necessarily compatible with the 5 percentile value.

Referring to the Conclusions (page 7) Prof LARSEN proposed that (2) and (5)
should be adopted with 5 percentile values, with options on (1) and (4).



Mr SUNLEY asked if the paper should be given wider circulation with a
request for (2) and (5) to be adopted. It was agreed that Mr CURRY would
send the paper to the ECE Timber Committee and other selected people in the
amended form.

STRESSES FOR ECE STRESS GRADES

Mr CURRY introduced a paper "Stresses for EC1 and EC2 Stress Grades"
(CIB—W18/5—6—3) by Mr J R Tory which he said was intended to give an
indication of the design stresses which would be assigned to the recently
adopted ECE stress grades.

Prof SONNEMANS drew attention to the tabulated lower fifth percentile values
given in Table 2. He said that it appeared that the EC1 and EC2 grading
was ineffective as the values to the V and VI quality grades did not
correspond to the values assigned to the ECE grades eg EC2 grade timber
selected from Vths had a higher stress than EC1 grade timber selected from
VIths. Mr SUNLEY replied that when actual stresses were eventually assigned
to EC1 and EC2 it would be necessary to choose values based on engineering
judgment with qualifications on the methods of selection for the grades
together with a weighting of the test results.

TESTING OF TIMBER JOINTS AND FASTENERS

Prof MOHLER introduced a paper "Influence of Loading Procedure on Strength and
S1ip Behaviour in Testing Timber Joints" (CIB-W18/5-7-1) together with an
additional note giving details of the most recent test results on joints made
with integral nail plates, wood screws, and plain shank nails. Prof MOHLER
said that his work suggested that the most suitable loading procedure was one
which included an unloading section as proposed by the RILEM 3TT Committee.
This was described in a paper (CIB-W18/4-7-1) presented by Dr KUIPERS to the
previous CIB/W18 meeting in Paris 1975.

Mr WILLIAMS questioned the need for the unloading portion of the loading
curve as according to Appendices 3, 4, 7, 8 and 10 of Prof Mohler's paper

it did not appear to effect the general shape of the curve. Dr KUIPERS said
that the unloading portion of the curve could be used to give a useful
indication of the modulus of elasticity of the joint. This was followed by
further discussion which concluded with agreement that one unloading cycle
should be included.

Continuing on from Prof Mohler's paper Dr KUIPERS introduced a paper from the
RILEM 3TT Committee "RILEM Recommendations for Testing Methods for Joints
with Mechanical Fasteners and Connectors in Load=Bearing Timber Structures -
5th Draft" (CIB-W18/5-7~2). The comments on the paper were as follows:—

Clause 1.2 This is more suitable in a document dealing with the analysis
of test data. Therefore it is recommended that it be deleted.

Clause 4 Mr SUNLEY drew attention to the difference which existed
regarding the timber sizes used when testing joints made with
integral nail-plates. Denmark, France and UK made the test
Joints with the minimum standard timber size consistant with
the size of the plate under test. However, in Germany the timber
was machined to a size related to the actual size of the plate.



Dr KUIPERS pointed out that Comment 7.1b appeared to suggest a
preference for the minimum standard size of timber to be used.

Prof MOHLER asked if there was any real difference between the
tests shown in Fig 1(a) and Fig 1(b). Dr KUIPERS said no, the
direction of loading can be changed without affecting the test
result, but some people found one test easier to perform than
the other and therefore both types of test were needed.

Prof LARSEN suggested that Fig 1 could be omitted and included
in another document which gave full details of test specimens.
However, Dr KUIPERS and Dipl Ing KOLB wanted it retained.
Finally it was agreed that Clause 4 should only contain a
sentence which required test joints to accurately reflect real
joints and then reference should be made to an Appendix for the
details of actual test joints.

Clause 5.1.2 It was agreed that a constant rate of loading should be used
up to "7f" after which a constant rate of strain could be
adopted if preferred. This would result in a test duration time
of between 5 and 10 minutes. However for tests on joints
with integral nail plates the loading should be in accordance
with the German proposals which will be submitted to the next
meeting of CIB-W18 by Prof MOHLER.

Clause 5.1.7 1t was agreed that this should be eliminated as it was not
necessary.

Clause 5.1.8 Prof LARSEN and Dr NORENsaid the definition of ultimate load
should not be in a document on test methods. Therefore the
clause should be rewritten to say that it is permissible to stop
the test and record the final load after a slip of 15 mm has
occurred.

Clause 5.2.2 Dr BOOTH and Dr CHAN suggested that the duration of the long
term test should be defined and it was agreed that 90 days was
a suitable period of time after which the joints could be con-
sidered satisfactory.

Dr CHAN also suggested that shorter load duration tests could be
used with correspondingly higher loads but this was not accepted
as it was thought that because of the variability of the test
joints some would fail much earlier than others.

Clause 5.3 | Prof MOHLER agreed to send Dr Kuipers details for dynamic tests
if possible, otherwise reference to be made in Clause 1 "Scope"
that dynamic tests are not included.

Clause 7.1 Recommended that it be deleted.

It was agreed to leave discussion of the climatic conditione included in the
Commentary (page 6) as these were the subject of a paper to be discussed
latero

In conclusion Dr KUIPERS undertook to report back to the RILEM 3TT Committee
and they would provide an amended draft for agreement at the next CIB~W18
meeting, after which it would be published. Mr SUNLEY agreed with this and
gaid that when the paper was finally published he would recommend that

RILEM should submit it to the relevant ISO committee for approval and status.



Prof MOHLER agreed to draft an Appendix to the paper which would deal with /
the testing of integral nail plates.

Finally on this subject Dr KUIPERS introduced a paper "CIB = Recommendations
for the Evaluation of Results of Tests on Joints with Mechanical Fasteners
and Connectors used in Load=Bearing Timber Structures” (CIBhW18/5—7—3). He
said that this paper, which dealt with the analysis of test results, was
complementary to the previous paper which dealt with test methods and he
asked delegates for their comments. However due to lack of time disoussion
was not possible and Dr NOREN, Dr KUIPERS and Mr JOHANSEN agreed to produce
a further paper for the next meeting which would define the objectives and
the methods to be used to achieve them.

LONG TERM LOADING

Dr NORﬁN introduced a paper "Strength of a Wood Column in Combined Compression
and Bending with Respect to Creep" (CIB-W18/5=9-1) together with an accompanying
note on the paper. However due to shortage of time no discussion was possible
but delegates were asked to write to Dr Norén with their comments. In addition
it was agreed to circulate the paper and note to members of the IUFRO Timber
Structures Group with a request for them to write to Dr Noren with their
comments and this would be followed up with a discussion of the paper at the
IUFRO meeting in June 1976.

Three other papers on long term loading were also submitted but due to a
shortage of time it was agreed to hold these over to the next meeting.

TIMBER BEAMS

Prof LARSEN introduced his paper "The Design of Timber Beams" (CIB—W18/5-10—1)
and suggested that the delegates should go through the paper commenting as
necessary.

Clause 3 Mr SUNLEY said he thought it needed to be stated that the
permissible stresses are based on the elastic theory of bending.

Fig 3.01 Mr SUNLEY asked if everyone agreed that the true stress
distribution was a curve as shown in (b) and not linear as normal
beam theory assumes. Mr CURRY pointed out that defects in the
timber such as knots would cause a deviation from the curve.

Dr NOREN said there was no statement of when this stress
distribution occurred ie at the ultimate load or earlier,

Clause 3.2 It was agreed that there was a depth or size effect but that the
Newlin and Trayer approach was no longer satisfactory. Mr CURRY
said that experimental work was recuired to determine whether it
was a depth effect or a size effect. At present work had been
carried out by Finland, Sweden and UK and also between Canada and
UK. This suggested that it was a depth effect although the size
effect wasnot properly investigated as the range of widths
covered was not sufficiently large. However there was general
agreement that the true effect was due to size but it was probably
adequately dealt with by assuming a depth effect.

Dr NOREN suggested that whichever effect it was it could be taken



into account by modifying the stress grading rules. However

it was agreed that this would be difficult in machine grading and
very difficult in visual grading. Furthermore the new ECE stress
grades do not take this effect into account. It was therefore
agreed that it should not be included in stress grading rules.
Prof LARSEN recommended the approach put forward by Bohannan
(formula 3.03) which was related to a base depth of 200 mm. He
said he preferred this to the French treatment which he thought
overcompensated -~ see Fig 3.02. Dr BOOTH suggested that it was
necessary to specify a minimum depth.

Clause 3.3 Prof LARSEN said it was necessary to decide if different stresses
were required for circular sections and other odd shapes. It
was pointed out that this was partially covered by special grading
rules and it was generally agreed that form factors for odd shapes
were not required.

Clause 3.4 Prof LARSEN recommended the adoption of formula 3.07 with ratio
E/G put equal to 16 which results in formula 3.10. However other
delegates thought E/G shouldEbe put equal to 20 therefore it
was agreed to put the ratio /G in the formula and allow engineers
to assign their own values. Everyone agreed to use the Hooley and
Madsen approach until further work gives a better method. It was

[ also agreed that for European timbers E/G would be set at 20.

Clause 3.5 It was proposed that the ISO/TC 98/SC4 recommerd ations on
deflection should be adopted. Dr BOOTH asked what values should be
used for modulus of elasticity. Prof LARSEN recommended the use of
the mean E for deflection calculations for the serviceability limit
state but a lower value (probably the 5 percentile value) for
calculations of strength and collapse conditions. There was dis-—
agreement on this as theserviceability limit state was considered
to be as important as the collapse limit state and therefore the
mean E should not be used forserviceability deflections but a
lower value (maybe the 5 percentile value). Mr SUNLEY pointed out
that Volume I in the Unified System of Structural Codes produced by
the Joint Committee on Structural Safety (JCSS) seemed to imply
that the 5 percentile value should be used for all deflection
calculations.

The next factor to be considered was the way in which shear

deflection should be dealt with. The choice was between using

true E values and calculating shear deflection separately or using

a modified E values and a separate calculation made for shear

deflection. However for a common range of sizes and spans 1t would

be sufficient to assume the shear deflection was 10 per cent of the
\ bending deflection. This was agreed.

Clause 4.2 Prof LARSEN said that the approach adopted by North America and
Norway should be discarded but there definitely was a size effect
in shear which may or may not need to be taken into account. He
suggested this could be achieved by using factors related to the
sheared areas. Dr BOOTH asked what was the base area to which the
factors should be related if this approach was used. Prof LARSEN
replied that the factors in Table 4.04 were based on engineering
judgment and were probably suitable for shear stresses developed
using the ASTM shear test method.

Clause 4.4 Prof LARSEN said that the formulae for cases 4.04 (a) and 4.04 (b)



(ie 4.12) were satisfactory but the formula for 4.04 (c¢) was not
well founded. Therefore he would recommend the adoption of
formulae 4.12 and 4.14. He also thought that the use of bolts
(case 4.04 (d)) was very dubious andshould be avoided. Replying
to a cquestion from Mr Sunley, Prof LARSEN said that formula 4.12
was satisfactory for beams with notches cut to half their depth.
However he thought the use of formula 4.15 was probably not
worthwhile as it was complicated and the benefit it gave was
small. This was generally agreed. Dr BOOTH raised the question
of notches which occurred within the length of the beam. Prof
LARSEN replied that they should be designed on the same basis

as notches at the ends of the beam although it would be necessary
to calculate the bending stesss at the notch on the reduced
section. Dr BOOTH questioned this approach and Prof LARSEN agreed
to look into the need for modification factors for these notches
and decide whether or not to introduce a limit.

Clause 4.6 Prof LARSEN said that as all the curves were close, Fig 4.09, it
would be reasonable to adopt a smooth curve. Dr BOOTH asked if it
was possible to calculate deformation at the bearing with force
perpendicular to the grain. Prof LARSEN replied that it was and
he would include it.

Clause 5.1 Prof LARSEN said none of the present rules for glulam design were
satisfactory because finger joints in laminations are random and
have a bigger effect than defects in the laminations. Furthermore
when glulam beams are tested they generally are found to have
inadequate factors of safety. Therefore Prof LARSEN suggests that
any of the design methods described in the paper could be used as an
interim measure until a better design method was evolved.

Dipl Ing KOLB said that it had to be accepted that the laminations
would contain random placed finger joints therefore design stresses
should be reduced to take account of this. Prof SONNEMANS said
that tests carried out over a period of six years suggested that
the finger joint problem was really one of quality control. It

was agreed that further discussion on this would be left over to
the next meeting when it was hoped to have information from the
FEMIB committee on glulam.

Clause 5.2(a) Referring to Fig 5.03 Prof LARSEN said that curvature should be
taken into account and this was agreed. He said that whichever
curve was adopted they should both come to 1.00 at same value and
he suggested this should be when the ratio r/f was equal to
200—300. PFinally it was agreed to adopt the Wilson curve as this
was based on work on large beams,

Clause 5.2(b) Prof LARSEN said that this effect was not dealt with in most codes
as it is really a problem in structural mechanics., Dr NOREN said
that this should not be dealt with in a timber code. Prof LARSEN
suggested that the delegates should agree on a formula but not
necessarily include it in a timber code and he would like to use
formula 5.02. This was agreed.

Clause 5.2(d) It was agreed to use the Barrett, Foschi and Fox approach and
Prof LARSEN undertook to confer with Prof Mohler on a suitable
interaction formula. Dr BOOTH agreed to provide information on a
range of parameters greater than those investigated by Barrett,
Foschi and Fox.
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Clause 5.2(e) Prof LARSEN said that there was no sound basis.for the inter-
action formula 5.04 and he recommended that it should not be used.
Prof MOHLER agreed with this and it was decided to ask the IUFRO
Timber Structures Group to carry out some research work to derive
suitable interaction formulae.

Clause 6.1 Prof LARSEN said there was no need to put this formula in the code
as a reference could be made to a standard text book or an appendix
could be added to the code., Prof LARSEN said the formulae were
based on panels which were pin jointed round the edges but this wes
not really correct in the practical situation. Dr KUIPERS said
that some research which had been carried out suggested that the
pin jointed approach was sufficiently accurate. I was agreed that
buckling should be dealt with in the timber code.

Clause 6.2 It was agreed to carry out designs based on compression in the top
flange and tension in the bottom flange with either one being the
limiting criterion.

Clause 6.3 Dr KUIPERS agreed to provide information on the deformation which
occurs across the joint between the web and the flange. Dr BOOTH
requested information on the effective area of joint between flange
and web which transferred the stresses from one component to the
other.

In conclusion Prof LARSEN undertook to draft a suitable section on the design
of beams for timber code for the next meeting.

CLIMATIC GROUPS

Dr NOREN introduced his paper "Climatic Grading for the Code of Practice"
(CIB-W18/5=11=1)

Mr SUNLEY, referring to the grouping defined on page 5, asked if the division
of group 1 into two subgroups was really necessary. Prof LARSEN said he thought
there were advantages to be gained by adopting the two subgroups. Dr CHAN
suggested that the definition of the groups should be in terms of temperature
and humidity if they were to be meaningful for timber structures. This was
agreed. Dr Wilson pointed out that group 3 extends from =18 per cent upwards,
with no upper limit, which would have the effect of all buildings in this group
being designed for the fibre saturation condition. He thought this would be
unnecessarily severe on some structures such as swimming pools and ice rinks,

which could be designed for less severe conditions than the fibre saturation
condition.

Referring to the test conditions, Mr SUNLEY asked if the conditions 23°C,

50 rh which had recently been proposed by ISO were acceptable as a reference
climate. Dr NOREN said he agreed with the ISO proposals and there was general
support in Scandinavia for them, as the conditions which they would replace,
200C, 65 rh, where more expansive to maintain because they required refrigeration
plant. However it was generally agreed that 23°C, 50 rh would result in a low
moisture content for timber test pieces and a protracted discussion followed on

a more suitable rh condition. Finally it was resolved to recommend to ISO that
for timber structures the reference climate should be 23°C, 60 rh and Mr SUNLEY
agreed to inform ISO of the opinion of CIB-W18.

Prof SONNEMANS suggested that the tolerance referred to on page T was really a

10



11

12

tolerance on the measuring instruments and not on the actual test conditions.

In conclusion Dr NOREN agreed to provide a further paper on this topic for the
next meeting.

TIMBER COLUMNS

Prof LARSEN introduced a first draft of a section on the "Design of Solid
Timber Columns" (CIB~W18/5=-100-1) for the timber code. He pointed out that
this represented the concensus of opinions expressed at previous meetings
where papers on timber column design had been discussed He said that the
proposed method of design was similar to the Dutch method but it allowed the
factor of safety to remain constant or to vary.

Dr CHAN referred to the constants K1 and Ko in formula 3 saying that the
formula could be simplified by putting K1 = O and adopting a constant value for
the ratio Fc/Fb for all species of timber without seriously affecting designs.
Prof LARSEN agreed to investigate the effect of putting K4 = O and adopting a
suitable value for Ko assuming the ratio Fc/Fb is a constant.

Dr CHAN also questioned the suitability of increasing the bending stresses by
a constant 10 per cent to take account of eccentricity. He said this would not
cover the most severe cases because the ratios of bending stress to compressive
stress could vary of 0 —s1. Therefore he proposed that the stresses should be
calculated separately and combined using a suitable interaction formula taking
into account the secondary bending moment.

Prof LARSEN agreed to produce a second draft for the next meeting.

CIB - TIMBER CODE OF PRACTICE

Dr BOOTH introduced a paper "A Draft Outline of a Code for Timber Structures"
(CIB-W18/5=100=2) which he said had been written so that it would be
compatible with the Unified System of Structural Codes proposed by the Joint
Committee of Structural Safety (JCSS). To this end the format and clause
numbering were similar to the concrete code which was to be included in the
unified system. Prof LARSEN said that there were some serious inconsistencies
in the concrete code and therefore it would be wrong to make the timber code
similar. Purthermore it was not possible at this stage to decide on the lay-
out of the code as this would depend on the contents. He thought that the
draft should be used only as a check list of items to be considered for a
timber code. This was agreed and the following comments made regarding the
contents of the list:

Clause 1 General Requirements = This should include the sub=clause "Partial
safety factors (¥ )" which should be deleted from all the following
sections where it occurs and within this sub~clause the "Moisture
content” should be changed to "Climatic Conditions". A discussion
followed on what factors should actually be included in the sub-
clause on partial safety factors but as it was not possible to
reach agreement it was decided to leave the matter until Volume I
of the Unified System of Structural Codes was available.

Clause 2.2 This should include a reference to specification standards for
laminated timber.

1
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Clause 2.5.2 Mr WILLIAMS suggested that nail plate fasteners should be
included as a separate item after the sub-clause on bolts.

After discussion it was agreed that the whole of clause 2.5
should come in Clause 3 = Design of Structural components and
joints.

Clause 3.3.4.3 Permissible deflections - It was agreed that this should be
in volume I and applicable to all materieals.

Clause 1.4.1 Beams = The sub=clause 3.4.1.4 "Plywood box and I beams" and
sub—clause 3.4.1.5 "Diagonally boarded" should be renumbered 4.1
and 4.2 respectively and placed under a new sub-clause 3.4.1.4
"Built=up”. In addition the word plywood should be deleted together
with sub=clause 3.4.1.3.2 "Mechanical".

Clause 3.4.2 Columns — Sub=clause 3.4.2 3.2 "Mechanical® should be deleted
and sub=clauses 3.4.2.4/5 and 6 should be arranged under a new
sub=clause 3.4.2.4 "Built—up" as sub-clauses numbered 4.1, 4.2
and 4.3 respectively. In addition the word plywood should be
deleted.

Clause 3.4.6.4 Layered boards - This should be deleted.

Clause 3.4.6.5 Folded = This should be retitled "Folded constructions" and
arranged as a new sub=clause 3.4.7 = The existing sub=clauses
3.4.7 "Shells" and 3.4.8 "Space frames" should be deleted.

Clause 4.6 Painting = This should be retitled "Protective or finishing
treatments”.

Dr CHAN suggested that a section should be added for fibreboards similar to
the existing plywood section. He undertook to provide a paper for the next
meeting making a case for the inclusion of fibreboard and detailing a check
list which will be similar to that for plywood.

In conclusion Dr BOOTH agreed to provide a second draft of an "Outline of a
Code for Timber Structures" for the next meeting.

INTERNATIONAL STANDARDS ORGANISATION

Prof LARSEN submitted a note by the Dansk Ingeniorforening commenting on the
IS0 report of the consultation with member bodies concerning ISO/TS/P129 -
Timber Structures (CIB=W18/5-103~1). He said that the members of ISO had
voted for the setting up of a new Technical Committee to deal with timber
structures with the secretariat in Denmark. The matter had now gone to the
planning committee. Mr SUNLEY said that it had been agreed that ISO/TC98
would only deal with principles applicable to all materials and other TCs would
deal with specific materials. In this respect ISO/TC98 would deal with
Volume I of the Unified System of Structural Codes, ISO/TCT71 would deal with
Volume IT -~ Concrete Structures, and the proposed ISO committee for timber
structures would deal with Volume VI - Timber Structures which it was agreed
would be drafted by CIB-W18. The establishment of a new ISO committee to
deal with timber structures was therefore essential if the timber code which
CIB-W18 was drafting was to be accepted internationelly.

12



14 FUTURE PROGRAMME OF WORK

Mr SUNLEY said following discussion with the IUFRO - Wood Engineering Group,
it was proposed to hold a joint meeting with CIB~W18, 14~18 June 1976 in
Aalborg, Denmark immediately prior to the IUFRO Congress in Oslo. Prof Larsen
had kindly offerred to act as host to the joint meeting.which would be
arranged so that the first half of the week was devoted to CIB=W18 topics and
the second half to IUFRO matters. However members of both groups were invited
to participate in all the activities of the week.

Mr SUNLEY said he had tentatively arranged with Dr Norén for the following
meeting of CIB-W18 to be held in Stockholm in March 1977,

Mr SUNUEY reminded delegates that ome of the papers presented at the present
meeting (CIB-W18/5-9=1) was to be circulated to the IUFRO group for discussion
in June 1976 and three further papers on long term loading had been deferred
to the CIB-W18 meeting in June 1976. Mr SUNLEY also drew the delegates
attention to two papers by Mr F H Potter, Imperial College, London - "The
Prediction of Load-Deformation Behaviour in Axially Loaded Nailed Joints"

and "Codes of Practice and the Load Deformation of Timber Joints". These had
been circulated to members of CIB-W18 with a request for members to send their
comments and any further information they had to Mr Potter who would consider
amendments. The papers would then probably be included for discussion during
the IUFRO meeting in June 1976.

Mr SUNLEY said that because of the large number of topics already under
discussion in CIB~W18 he thought it advisable not to introduce any further
topics for the next meeting, which could be devoted to bringing to a
conclusion some of the present work. In this respect he said that at the next
meeting it was hoped to agree draft sections for the timber code dealing with:

1 Timber Columns -~ Prof Larsen to provide a second draft of a code section
on the design of solid timber columns together with a first draft of a
code section on the design of spaced timber columns,

2 Timber Beams = Prof Larsen to provide a frist draft of a code section on
the design of timber beams.

3 Testing of Joints and Fasteners — RILEM 3TT Committee through Dr Kuipers
to provide a further draft of paper on methods of test for timber joints
and connectors and Prof Mohler to provide an appendix to this paper on
methods of test for integral nail plates.

4 Environmental Conditions = Dr Noren to provide a draft of code section
defining different climatic groups applicable to timber structures.

In addition, further topics for discussion at the next meeting would be:
1 Long=Term Loading — Three papers held over from present meeting.
2 Plywood = Dr Booth, assisted by Dr Kuipers and Dr Wilson to provide a
draft of standard test methods for plywood. Dr Booth to provide a

further paper on the derivation of design stresses for plywood.

3 Stresses for Solid Timber — Mr Curry to provide second draft of paper
on test methods for structural size timber.

4 CIB Timber Code = Dr Booth to provide further paper on'™utline of a Code
for Timber Structures". %y .

r
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5 Joint Committee of Structural Safety = Discussion of Volume I of
Unified System of Structural Codes.

Finally Mr SUNLEY thanked delegates for their participation in the meeting and

Prof Mohler in particular for his generous hospitality and the interesting
programme he had arranged.
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1 INTRODUCTION
This paper is a summary of an investigation undertaken on behalf of the Building
Research Establishment with the purpose of providing data on plywood for the

revision of CP 112 - The structural use of timber.

Strength data was submitted by plywood manufacturers in Canada, Finland and Sweden,
and the main purpose of the report was to use this test data to derive design stresses
in a Limit State format using the procedures recently adopted for solid timber, and

to compare these stresses with those in current use in CP 112 (1971).

The acceptability of the resulting design stresses was to be measured against the

following criteria,

i the adoption of the stresses in actual practice should not result
in structural components which, for no good reason, contain more

plywood than existing components, and

e
e

the characteristic stresses derived from the test data for the

various species should, when compared, be realistic.

If these criteria were not satisfied through, say, large safety factors, inadequate
sampling or inappropriate test specimens, it was a purpose of the report to consider
alternative procedures of deriving design stresses and/or the undertaking of further

tests.

At the time of writing no firm decisions have been made by the Sub-committee on the
recommendations of the report and the main reason for submitting this paper to CIB W18
is to hear whether similar problems have been encountered in other countries and how

these have been resolved.

Decisions are also still required on

i the species and grades that will be included in CP 112
ii the basis of the design stress presentation (full section, parallel plies,
etc)
iii the method of presentation (stresses and moduli, or strengths and

stiffnesses)

None of these topics will be discussed in this paper.



2 CP 112 (1967) AND CP 112 (1971)

The first edition of CP 112 - The structural use of timber in buildings - was
published in 1952 and made reference only to Douglas fir plywood manufactured in

the USA. During the following fifteen years until the publication of CP 112 (1967),
designers made little use of this data and relied mainly on Canadian literature for
design methods and on British Columbian Douglas fir plywood for the majority of

their structures. CP 112 (1967) recognised this fact and replaced American plywood
by Canadian Douglas fir. At the same time Finnish European birch plywood and British

structural plywood manufactured from certain tropical hardwoods were added to the
Code.

The design stresses for North American plywoods have always been based on the
parallel plies only theory and this method was adopted in CP 112 (1952)., In the

case of Finnish birch plywood, the design stresses submitted to CP 112 were based on
the full cross-sectional area. Rather than specify Douglas fir on the parallel plies
only and birch on the full cross-section the drafting committee of CP 112 chose to

specify both plywoods and British hardwood plywood on the full cross-sectional area.

The design stresses given in CP 112 (1967) used the nomenclature grade stress, where
the grade stress was defined as '"the stress which can safely be permanently sustained
by plywood of a particular grade". Hence the grade stress was applicable to long-
term loading. Dry grade stresses were defined at 18 per cent moisture content. The
permissible stress (to be used in design calculations) was found by multiplying the
grade stress by a series of modification factors which took into account the effects

of duration of load, moisture content, etc.

3 LIMIT STATE PRINCIPLES
For the purpose of this paper the next edition of CP 112 will be referred to as
CP 112 (Limit State).

3.1 Concepts of Limit State design: The concepts of Limit State design are now

well known and although international agreement is steadily being reached on most
aspects there are still variations of philosophy and nomenclature between countries.
The adoption of Limit State procedures has now been formally agreed by the drafting

committee of CP 112, but there are still many details to be resolved.

3.2 Partial safety factors: In the UK, the lead has been taken by concrete, and




timber has found itself in the invidious position of being morally forced to accept
the partial safety factors for loads adopted by concrete. Insufficient information
was, and still is, available during the preparation of the Concrete Code to determine
the partial safety factors on a strict probabilistic basis and they were, in general,
determined by calibrating against the previous permissible stress code so that
similar designs were produced by the two methods. In the case of timber it may be

questioned if the same values of Yg are appropriate.

Since the partial safety factors for strength for solid timber have already been
determined by the sub-committee dealing with solid timber, plywood finds itself in much

the same position relative to solid timber as did solid timber relative to concrete.

The partial safety factors for load are given in Appendix 1, which is an extract from
the latest draft of CP 112. The design load is determined by multiplying the
characteristic load (Fk) by the appropriate partial safety factor for loads (Yf).

Hence design load = y_ F Of the four design loads (long, medium, short and very

f k°
short term) specified in Appendix 1, the long-term and the medium-term loads are the
most frequently occuring loads on plywood (floors and shuttering respectively). In

both cases the design load is of the form

l.qu + 1.6 Qk

where G and Qk are the characteristic dead and imposed loads, respectively.

k

3.3 Characteristic stress: The characteristic stress for the grade should be

determined by testing in-grade material. Test methods and the sampling of
specimens are being considered by CIB - W18 and it is hoped to adopt their recom-
mendations. The sample should be of sufficient size for a meaningful statistical
analysis to be undertaken for the characteristic stress to be determined as the 5
percentile value. Further information is required before we can recommend the best
distribution to be adopted and, in the absence of any evidence to the contrary, a

normal distribution was assumed throughout the report.

The duration of a laboratory test will be about 5 to 10 minutes and may be considered
as short-term loading. Little information is available on the effects of duration

of load on plywood and it is assumed that the effects are the same as for solid
timber. The long-term ultimate stress is assumed to be found by dividing the short-
term ultimate stress by 1.6. It is assumed that duration of load has no effect on

the moduli of elasticity and rigidity.

Test specimens taken from mill production will usually have a moisture content in the



range 7 to 10 per cent. 'Dry" service conditions will usually be about 15 per cent
moisture content and characteristic stresses at this level may be found either by
conditioning the specimens to 15 per cent or by testing at 7 to 10 per cent and
applying a modification factor found from a special test programme; the latter
approach is usually adopted. In CP 112 (Limit State) dry service conditions for
plywood have been defined as 15 per cent moisture content. (For solid timber the

same environmental conditions will give 18 per cent moisture content).

3.4 Design stress: The design stress is determined by dividing the characteristic

stress by the partial safety factor Y For plywood, the same value of T adopted
for small clear specimens of timber has been used ie Yo = 1.15. Although there is
strong evidence to indicate that the size of the specimen influences both the mean
and the standard deviation, and hence the characteristic strength, the evidence is in-
sufficient to recommend values of A which depend on size. The value of 1,15 was
adopted for all sizes of specimen and for all species, but there is no doubt that

this is incorrect.

Hence we may summarise for plywood as follows:

gk Egk
g = and E =
gd 1-5Ym gd m

where Og (Eg ) = grade design stress (modulus of elasticity) for long-term loading

ogk (Egk) = grade characteristic stress (modulus of elasticity) for short-term
loading as calculated from laboratory tests on either large or
small test specimens.

¥ = partial safety factor. A value of 1,15 is used for stress and
1.0 for moduli.

gk
Hence ogd = 1,84
Egd - Egk

4 STRENGTH TEST DATA
The species of plywood considered were as follows:
Canadian: Douglas fir (faced) plywood
: Softwood plywood (CSP)
Finnish : Birch plywood
: Combi (birch faced) plywood
Swedish : Structural plywood (P40 and P30)



It should not be assumed that all the above apecies will be presented in the Code in
the same manner. Nor should it be assumed that the Code will be limited to the above

species. These decisions have yet to be made by the drafting sub-committee.

The form and scope of the test data submitted by the countries of origin of the plywoods

varied greatly and this led to many intractable problems.

The most comprehensive information was supplied by the Council of Forest Industries

of British Columbia on Douglas fir (faced) plywood (Smith, 1974): rather less, but
adequate, data was submitted on their Canadian softwood plywood (CSP). The data had
been obtained over several years by sampling in-grade plywood from various mills. The
length and scale of test programme, although in many respects an asset in determining
variability, was a disadvantage in that the specification of the veneers and their
lay-up changed during the period of test: the analysis of the test results however
took these changes into account. A significant feature of the test programme was the
experiments on different sizes of test specimens to determine the most appropriate
size for plywood with defects: these experiments led to the adoption of large test

specimens (eg the bending specimen was 48 in x 48 in).

The COFI test programme represents the most extensive set of tests ever undertaken on
a particular species of plywood and as such it has been used as a norm against which
to consider the data submitted on other plywoods. In general the data on other

species is based on small test specimens and considerably less data.

Data on Finnish Combi plywood is less extensive than that from Canada (Suominen, 1973:
Kilpelainen and Suominen, 1973). The size of the sample is probably adequate. The
tests were however made on small specimens (eg for 15 mm thick plywood the bending
specimen is 480 mm x 50 mm) and it is very doubtful if the design stresses so obtained
are a realistic measure of the strength of the material, as used in large pieces.
Having made this reservation it must in fairness be emphasised that the Finnish
industry was asked to supply test data using the small size specimens defined in

BS 4512 - Methods of test for clear plywood. At the time of the request it was
appreciated that small specimens were not ideal, but insufficient information was
then available on the effect of specimen size. Even in the case of Douglas fir it is
doubtful if complete information is now available and it is certainly not available
for birch or birch-faced plywood. In the absence of knowledge on size effects in
birch plywood it has been assumed that the test results give as good a measure of

strength as the Canadian large specimens: this assumption is very doubtful.



No further data was supplied on birch plywood and the data originally supplied for
CP 112 (1967) (Niskanen, 1963) has been re-analysed for a limit state format.

The extent of the data on Swedish structural plywood falls between the Canadian and
Finnish data for some strength properties and for other properties it is very
restricted. Routine quality control sampling is undertaken to check the bending and
tension strengths of the three grades manufactured. The sample data submitted for one
of these grades (P30) is probably adequate, but it would only be possible to allocate
stresses to P40 (and P20) by exercising considerable engineering judgement. For the
shear properties no systematic testing has been undertaken but although the data is
restricted it is probably adequate to allocate design stresses. The quality control
specimens may be described as medium size (eg the bending specimen is 1000 mm x 500 mm)
and although no information is available on the effect of size on the strength of
Swedish plywood it is reasonable to assume that the size gives an adequate measure of

the strength in actual structural components (Noren, 1974),

From the above it will be seen that the method of sampling, the number of specimens
tested, and the size of the specimens tested is different for each country of
manufacture. In no case has the same test specimen been used and when it is
remembered that the size of specimen has a significant effect on the mean and the
variability of the ultimate stress (and hence on the characteristic stress), that
this effect varies according to the species, and that there is insufficient data on
these effects for all species, it will be appreciated that it is impossible to
derive satisfactory design stresses from the test data. The analysis of the test
results was however undertaken in the same way for each species and although the
resulting design stresses may appear to be reasonable for each individual species,
when a comparison is made between species the design stresses are open to doubt.

These doubts will only be removed by a programme of comparative testing.

5 COMPARISONS BETWEEN CP 112 (1967) AND CP 112 (LIMIT STATE)

To examine the effect of the introduction of Limit State design methods a comparison

of the strengths was made under various stress conditions. The full derivation of the
comparative equations will be given for bending only: similar equations may be derived

for other stress conditions.

Let the plywood be subjected to a bending moment M. To design according to CP 112 (1967)

we find the required section modulus Z o from

6



=

g =87 _ k¥
67 "o "o
g g
where M57 = bending moment caused by a total load W
og = grade stress
k = constant depending on support conditions, type of load, span, etc.

To design according to CP 112 (Limit State) we find the required section modulus 2

LS
from
Mg ke Fy
g T e
d d

where MLS = bending moment caused by the design load

o4 = design stress

Yg ° partial safety factor for loads

Fk = characteristic load

The dead and imposed load we have from clause 4.3.1 of Appendix 1.

) _ k(l.u4 Gk + 1.6 Qk) . k Ye (Gk + Qk)
LS od od
here ;_ i 1.4 Gk + 1.6 Qk ) 1.4 + 1.6(Qk/Gk)
£ G+ Q 1.0 + (Qk/ij
Gk = characteristic dead load
Qk = characteristic imposed load
Using the same nomenclature for loads we have
. i k(Gk + Q)
67 o
g
Therefore
ZLs ) c
7 - e
67 od/Yf

Hence to compare CP 112 (Limit State) and CP 112 (1967) we compare cd/VE,and cg.

There will be no change in the amount of plywood required if od/?% = og and more



material will be required if od/;} < og. The value of ?} depends on the ratio Qk/Gk,
and hence ;} lies in the range 1.4 to 1.6 (eg when Qk/Gk =6, ;} = 1.57). For many

uses of plywood (eg shuttering and flooring) Qk >> G and a value of 1.6 for ?? is a

k

good approximation. The ratio ZLS/S67 is maximum when ?} is maximum and hence the

use of 7} = 1.6 represents the worse case.

Hence to find the worst effect of the change to CP 112 (Limit State) from
CP 112 (1967) we compare cd/l.ﬁ and ug.

A comparison of birch in CP 112 (1967) and CP 112 (Limit State) can be made directly
through og and od/;% since both are specified on the full cross-section and the lay-

ups have not changed. Similarly we may compare Combi with birch in both Codes.

A comparison of Douglas fir in CP 112 (1967) and CP 112 (Limit State) cannot be made
through Ug and Od/7f since, firstly, Og is based on the full cross-sectional area and
o4 on parallel plies only, and secondly, the lay-ups have changed. The comparison
must now be made of the moments of resistance through
%a “Ls
m., =0 Z.,and m ., =

67 - °g %7 LS =
Ve

A comparison of Douglas fir with birch and/or Combi may only be made through the
moment of resistance, since the Canadian stresses are based on parallel plies only

and the Finnish on full cross-sectional area.
The stresses for Swedish structural plywood are based on parallel plies only.

Similarly expressions for stresses and stress resultants may be derived for tension
and compression. The panel shear stress is always based on the full cross-sectional
area and a comparison of Tg and Td/;% can be made in all cases: rolling shear and

the modulus of rigidity may be similarly compared directly.

The deformations in bending, tension and compression can be compared directly through
Eg and Ed if they have the same basis and if the lay-ups are the same for a given
species. Otherwise comparisons must be made through the bending stiffness (EI) and

the direct force stiffnesses (EA).

A comparison of all grades and stresses is not possible within the confines of this
paper. The reason for this limitation is clear when it is remembered that CP 112

(1967) gave grade stresses for five grades of Douglas fir and one of birch: the



plywoods could be sanded and unsanded, and dry or wet: the stress conditions were
bending, tension and compression (parallel and perpendicular to the face grain),
panel and rolling shear: deformation for each should be compared. In CP 112
(Limit State) there will be only one grade of Douglas fir plywood, but three new

plywoods (Combi, Swedish, CSP), some with more than one grade, will be available.

The major limitation that has been adopted is to make a comparison of dry values and
the main emphasis has been placed on bending parallel to the face grain and panel
shear. Unsanded sheathing grade Douglas fir and sanded birch and Combi have been
used. Strengths and stiffnesses have only been calculated for representative

thicknesses.

6 CP 112 (LIMIT STATE)

6.1 Grade design stresses: The grade design stresses (o

and 1_.) and moduli
gd gd

(Egd and ng) for each species have been determined from existing test data provided
by the countries of manufacture of the plywoods. The method of sampling and the
size of the test specimens were different in each case and as it is known that both
factors influence the test results they should have been taken into account in the
analysis. Correction factors are however not available and no attempt has been

made to introduce arbitrarily determined factors.

At this stage only the dry values have been calculated: there is however adequate

data available to predict wet stresses.

The most important properties of plywood are bending with the face grain parallel to
the span (as used in flooring and shuttering), and panel and rolling shear (as used
in webs and walls). The bending strength and stiffnesses have been plotted for the
five species in Figures 1 and 2. The strengths and stiffnesses in bending, tension
and compression have been calculated for one thickness of plywood (12.5 mm nominal)
in Table 1 and have been compared with Douglas fir in Table 2. Table 1 also contains

the shear values, which are applicable to all thicknesses.

It must be emphasised that the tabulated design stresses are those which are derived
in a consistent manner from the available test data, but it is doubtful that, due
to sampling and size effects, they are relatively correct. This problem, and an

examination of their absolute values in a Limit State format, must now be discussed.



6.2 Comments on the calculated grade design stresses: Of the various test data

available, that for Douglas fir is the most extensive and its use of large specimens
probably gives the best measure of the strength in actual components. The other

species will therefore be compared using Douglas fir as a norm.
The strength and stiffness of a plywood test specimen depends on the following:

i the strength and stiffness of the veneers
ii the lay up, which in turn depends on the ordering of the mixed species
and the veneer thicknesses
and 1ii the effect of the defects, which in turn depends on the veneer specification.

the specimen size and the sampling.

At the moment there is insufficient information to make reliable theoretical
predictions of strength and an accurate comparison of the various plywoods could
only be achieved through the same programme of testing. Since this is not available

any comparison must be, to a large extent, subjective.

There is no reason to doubt that birch is the strongest plywood. It does however
seem doubtful that the bending strength with the face grain parallel to the span

is 2.25 times the value for Douglas fir (see Table 2), especially when the bending
stiffness is only 0.81 times Douglas fir. These differences must, in part, be
attributed to the fact that Douglas fir used large (48 in wide) specimens and birch
small (2 in wide) specimens. Admittedly birch contains more veneers and less defects,
but the differences still appear to be excessive. Similar comments could be made
about the other properties. On the whole birch appears to be overrated with respect

to Douglas fir.

Combi and birch used the same small specimens for most of the strength properties
and should therefore be comparable. The test data showed that in most cases birch

. was, as to be expected, stronger than Combi: there were however inconsistent
results with 5 ply in bending (parallel to span) and the panel shear results were
suspect, Although the data could be accepted with some small changes as giving a
reasonable relationship between the species it is doubtful if the Combi values are
correct relative to Douglas fir., Combi appears to be overrated. If large specimens
were used it is probable that the relationship between birch and Combi would also

change.
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Swedish plywood was tested using medium-size specimens and there may not be much
difference if they were re-tested using the Canadian large specimens. The main

query must be placed against the limited test data, which was in the main obtained
from quality control tests. The knot specification is very different and comparison
of the effect of defects is difficult. The Douglas fir faces are probably stronger
than the Swedish redwood or whitewood faces, but the cores of the Douglas fir faced
plywood may contain weaker species, Despite these imponderables, cursory examination
of panels would lead one to expect that the Douglas fir would be stronger or perhaps
equal to, but certainly not weaker than, the Swedish P30 grade. This is however a

subjective view,

The test data on CSP is limited but the Canadian proposal of giving it the perpen-

dicular to the grain values of Douglas fir is reasonable.

There is however a further difference between North America and Europe. It will

be recalled that the parallel plies approach adopted in North America only gave the
same basic stresses for plywood and solid timber if a factor K, which depended on

the direction of the stress with respect to the span and the number of veneers, was
applied to the bending stress. The ultimate moments found during the recent COFI test
programme were modified by the factor K and were then reduced to parallel plies only
stresses. In contrast the Swedish ultimate test moments are immediately reduced

to parallel plies only stresses and in effect use a value of one for K in all cases.
Similarly the Finnish ultimate moments are reduced to stresses (on the full cross-

section) using a value of one for K.

Summing up, the overwhelming feeling is one of disquiet. The criterion, proposed in
the Introduction, that the resulting grade stresses "for the various species should,
when compared, be realistic" has not been satisfied. What to do about this failure
is more difficult, but it will now be discussed against the general background of

the derivation of characteristic and design stresses.

6.3 Comments on Limit State procedures:

6.3.1 Partial safety factors for loads (Yf): The partial safety factors for the loads

given in Appendix 1 have no effect on the relative position of the species and only
on the absolute values of the sizes required in design. Comparison of past and
future designs is dependent partly on the product YeVm and since it may be argued that

Ye is independent of the material, the chosen values will not be discussed further.

11l



6.3.2 Determination of characteristic stresses: The choice of the 5 percentile

value for the characteristic stresses is now generally accepted as an arbitrary,

but reasonable, procedure.

An examination of the distributions for bending stresses and modulus of elasticity

was made for Combi and Douglas fir plywood.

The analysis of the Combi results was undertaken by PRL and "There is greater than
10 per cent probability that these sets of data originate from a normal population,
and this is too large a probability to reject the hypothesis of normality". Similar

comments may be made about the Douglas fir.

There would appear to be no reason for the hypothesis of normality to be rejected.

The effect of the sample size should however be taken into account.

6.3.3 Partial safety factor for strength (Ym}: The purpose of Vi is "to adjust from
the test conditions under which the strength was measured to conditions associated

with the structure" (Sunley, 1974).

Tests are usually of short duration and if we wish to define the design stress as
being appropriate for long-term loading we must reduce the test values. There is
little data available on the effect of duration of load on plywood and it can only
be assumed that the behaviour is the same as that of solid timber. The long-term

value is obtained by dividing the short-term value by 1.6,

For small clear specimens of timber a value of 1.15 was taken for Yo the numerical
value having been determined by calibrating CP 112 (1967) and CP 112 (Limit State).
For plywood the same value of 1.15 has been used for stresses and 1.0 for moduli,
An alternative approach would have been to determine a new value of Y for plywood
by calibrating CP 112 (1967) and CP 112 (Limit State) for Finnish birch plywood,
which is the only plywood unchanged in both codes. If this procedure had been
adopted, either an average value of the coefficient of variation would have to be
used or the value of Y would vary from strength property to strength property: ' also
calibration can only have been achieved for one value of Vg If we take Yg = 1.6,
the Y, becomes 1.22 and 1.31 for coefficlents of variation of 10 and 20 per cent
respectively. If Douglas fir and birch used the same values of Y We would still

have the same large difference.

There is however evidence to indicate that the size of the test specimen influences
both the mean and the variability of ultimate stresses. It may therefore be argued
that Y also depends on the size of the specimen and should be different for the
Canadian large specimens and the Finnish small specimens. It could be argued that

Y, should be taken as 1.0 for Canadian test specimens and that a value of 1.15, or

12



larger should be applied to birch and Combi. It is not suggested that this should
be done at this stage but it is proposed that the principle of T varying with test

specimen size should be investigated.

7 CONCLUSIONS
7.1 Manufacture: All the plywoods submitted for consideration (Douglas fir, CSP,
birch, Combi and Swedish structural) are covered by satisfactory manufacturing

specifications containing satisfactory quality control procedures.

7.2 Test data submitted: The Canadian data on Douglas fir (faced) plywood is the

most extensive and as such has been considered as the norm against which to measure
the other plywoods. It is also the best measure of structural behaviour since it is
based on large-size specimens. The data on CSP is less extensive, but is adequate

in relation to the stresses proposed.

The Finnish data on birch and Combi is less extensive than the Canadian, but may be
considered adequate. There are however doubts about the use of small-size specimens

as a measure of structural strength.

The Swedish data has been obtained from a quality control programme and, although
not extensive, probably gives a satisfactory measure of the ultimate bending and
tension stresses. The data on modulus of elasticity is less satisfactory. The
remaining properties have not been measured during quality control and have been
determined from tests at various laboratories and at various dates: it is difficult
to assess their consistency and the determination of design stresses for these

properties requires considerable engineering judgement.,

Satisfactory data on the effect of moisture content is available for all the species.
No information is available on the effect of duration of loading. It has been
assumed to be as given by Madison for solid timber: recent work at UBC Vancouver

by Madsen suggests this is not correct, but is conservative.

7.3 Limit State procedures:

7.3.1 Determination of characteristic values: On limited evidence, the

distribution of strength values may be assumed to be normal. The choice of a
five percentile value for strength is acceptable, but it may be questicned if the
same value is appropriate for stiffness. The use of the Composite Dispersion Factor

adopted by the Canadians is not recommended.

13



7.3.2 Partial safety factors for loads (yf): It is assumed that these are

independent of material and are already predetermined.

7.3.3 Partial safety factor for strength (Ym): A value of Yy © 1.15 has been used

for stresses and T = 1.0 for moduli. It is recommended that the values of Yo for
both stresses and moduli should depend on specimen shape and size: at the moment
this information is not available. Sampling procedures should also be included in

Y, oF elsewhere.

7.4 Effect of adopting Limit State procedures in CP 112: It has been assumed in

the following comments that Y is the same for all the plywoods and consequently

the effects of specimen size and sampling have been ignored.

A true comparison of CP 112 (Limit State) and CP 112 (1967) can only be made for
Finnish birch plywood: for Douglas fir the manufacturing specification has changed
since 1967, and the other plywoods are new. For birch, at comparable levels, Limit
State stresses will be higher than 1967 values by amounts which vary with the
strength property (eg bending stresses are between 22 and 27 per cent greater, panel
shear 12 per cent greater). The moduli are all decreased by about 10 to 15 per cent.
(Figures 3 and 4),

Although for Douglas fir the comparison of Limit State and 1967 is not justified
due to the change of specification it is of commercial interest. Bending strength
and stiffness are both 7 to 27 per cent smaller: rolling and panel shear are 8 per

cent smaller: shear modulus is up to 63 per cent smaller. (Figures 3 and 4).

The effect of introducing CP 112 (Limit State) will require less birch when stress
is the active design constraint and more when deflection is active. For Douglas

fir more plywood will be required in all conditionms.

The order of strengths (based on the data submitted) depends on the property
considered. In general birch is the strongest, followed by Combi, Swedish P30,
Douglas fir and CSP. An engineering judgement of the relative strengths, using
Douglas fir as the norm, is that birch and Combi are much too high, Swedish P30

is probably too high, and CSP is correct. The reason for these discrepancies can be

attributed mainly to test specimen size and to a less extent to sampling.

14



Although consistently derived design stresses have been given for all the species,
it is considered that if they are adopted they will contain inherently different

factors of safety.

7.5 Future work: Before design stresses are included in CP 112 it is recommended
that comparative testing should be undertaken on all the species using the same
size specimens. Ideally all properties should be investigated, but tests on only

bending and panel shear would provide useful guide lines.
In the long-term, work is required on:
i statistical distributions, especially for those properties with large
coefficients of variation.

ii the effect of size of test specimens, and

iii duration of load effects at characteristic stress levels,
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Table 1
CP 112 (Limit State)
Comparative strengths, stiffnesses and stresses 12.5 mm

(nominal thickness) plywood. Long term loads. 15% mc

PROPERTY Douglas fir | Birch | Combi Swggésh CSP
Net thickness (mm) 12,2 12.0 12.0 12.7 12,2
Bending strength I 186 418 | 372 188 158
(N. mm x 10%/m) L 81.3 317 | 276 127 | 81.3
Bending stiffness | 1362 1100 | 887 948 962
(NommZ x 10%/m) L 296 706 | 518 327 296
Tension strength [ 59.4 181 | 120 | s54.8 | 50.u4
(N x 10/m) L 33.6 139 [93.7 | u3.2 | 33.6
Comp strength [ 70.9 95.0 |91.2 | u9.1 | 71.u4
(N x 10%/m) 1 47,6 70.2 |56.8 | 3u.6 |u7.6
Bearing
Panel shear | 1.18 3.47 [0.792 | 1.50 | 1.14
(N/mm?) I 1.14 3.47 [0.792 | 1.50 | 1.1
Rolling shear || 0.340 |0.965|0.462 | 0.38 |0.332
(N/mm?) L 0.332 |o0.965|0.u62 | 0.38 |0,332
Modulus of rigidity || 431 716 | 175 405 283
(N/mm?) 1 283 716 | 175 405 283
In the above table o
Bending strength = f&- pA with _Y-f = 1.6

1§
Bending stiffness = Egk I g
Tension and compression strength = :52 A with ?f = 1.6
Y
a
Bearing = :EQ_ with 7f = 1.6
Ye s

Panel and rolling shear = :g_d with -Y_f = 1.6

Ye

Modulus of rigidity = ng
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CP 112 (Limit State)

Table 2

Strengths, stiffnesses and stresses relative to Douglas fir

12.5 mm (nominal) plywood.

Long-term loading.

15% mc

PROPERTY Douglas fir | Bireh | Combi S"ggés’h csp
Net thickness (mm) 1.00 0.98 |[0.98 1.04 1.00
Bending strength | 1.00 2.25 |2.00 | 1,01 |o0.85
L 1.00 3.90 |[3.39 1.56 1.00
Bending stiffness | 1.00 0.81 |[0.65 0.70 0.71
| 1.00 2.39 |1.75 | 1.10 | 1.00
Tension strength || 1.00 3.05 [2.02 | 0.92 |o0.85
1 1.00 4,14 |2.79 | 1.29 |1.00
Comp strength || 1.00 1.34 |1.29 | 0.69 | 1.01
1L 1.00 1.47 |1.19 | 0.73 | 1.00

Bearing
Panel shear [ 1.00 2.94 |0.67 1.27 | o0.97
1 1.00 3.04 |0.69 | 1.32 | 1.00
Rolling shear | 1.00 2.84 |1.36 1.12 0.98
1L 1.00 2.91 [1.39 | 1.14 | 1.00
Modulus of rigidity || 1.00 1.66 |0.41 | 0.94 |0.66
I 1.00 2.53 |0.62 | 1.43 |1.00
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APPENDIX 1
EXTRACT FROM DRAFT CP 112

4+ DESIGN OBJECTIVLS

4,1 Limit State Design:

The object of design is the achievement of an acceptable probability that the
structure being desizned will not become unfit for the use for which it is required
during its intended service life, ie that it will not reach a limit state. The
stresses and loads used in deéign should therefore take account of variations in
the properties of the materials and in the loads to be supported. Where the neces-
sary data are available the characteristic stresses and loads are based on
statistical evidence, and where they are not, on an appraisal of experience. In
addition two partial safety factors are used, one for material strength Yoo and one
for load and load effects Yee These partial safety factors should have the values

indicated in this Code.

4.2 Limit State Requirements:

All relevant limit states should be considered to ensure adequate safety and
serviceability. The usual approach will be to design on the basis of the most
likely critical limit state and to check that other limit states will not be reached.
Iz most cases it will be sufficient to design for the ultimate strength and

cdeflection limit states.

The methods of analysis used in assessing compliance with the requirements of the
various limit states should be based on as accurate a representation of the behaviour
of the structure as is practicable, but the methods and assumptions given in this
Code will generally be adequate. When elas%ic analysis is used to determine the
force distribution and/or displacements within a structure the stiffness of the
members should be based throughout on the modified design stress values for

modulus of elasticity.

4.2.1 Ultimate Strength:

The strength of a member Or structural unit should be such that under the action of
the desizn‘'loads, the stresses induced in the materials, and the forces in the joints,
do not exceed the modified design values, due account being taken of the effects

of fabrication and erection.

In design calculations the modified design stresses, the modified design strength
for fasteners and the design loads should be those specified in the appropriate

sections oF this Code or derived in accordance with the recommendations of this Code



Tne most unfavourable combination of the presence or absence of loads likely to

occur should be considered, and any special hazards due to the nature of the cccupancy
or use of a structure or building should be takeglinto account. An assessment should
also be made, where appropriate, to ensure that ultimate strength limit state is
reached as a result of instability’, and that progressive collapse will not occur

as a result of accident or mis-use to an extent disproportionate to the original

cause.

4.2.2 Deflection:
m

h eflection of a member or structural unit under the forces and loads ‘that will

[}
£
[

be encountered in service, should not adversely affect serviceability, due regard
being paid to the possibility of damage to surfacing materials, ceilings, partitions,

the functicning of doors and windows, and to aesthetic and psychological effects.

In all cases the engineer should satisfy himself that deflections will not be
excessive having regard to the loading conditions and requirements of the structure.
When determining deflections account should be taken of joint

slip and rotation and of any tolerances in fit permitted at the joints.

(See Section ).

For the purposes of calculating the deflections of principal members the modified
design values for modulus of elasticity and modulus of rigidity, and the design
loads for this serviceability limit state, should be as specified in this Code or

derived iIn accordance with the recommendations of this Ccde.

As a guide and in the absence of criteria indicating a higher or lower value, the

following may be regarded as reasonzble 1imits for deflection:-

a) The deflection of a flexural member under the design load should not exceed
0.003 of its effective span.

b) Subject to the possible effects of the greater total deflection, members may
be precambered to off-set the calculated deflection under the dead load and in this
case the deflection under imposed load should not exceed 0.003 of the effective

span.

¢)  The deflection of a vertical member under the action of wind forces should not

exceed 0.003 of its height. . |
d) The deflection, normal to the length of rafters in roofs, under design loac

should not exceed 0.004 6f the effective span.



e) The deflection of purlins in roofs, under design load, should not exceed
0.003 of the effective span.

£) The deflection of beams over windows or other openings, under design load,
should not exceed 0.002 of the effective span.

g) The deflection of domestic flooring, under design load, should not exceed

0.003 of the effective span, or 2.0 mm, whichever is the smaller.

Under continuous loading, timber and board materials are subject to increasing
deflection with time, the amount depending on the species or material, the magnitude
of the induced stress, the moisture content at the time of loading and any subsequent
changes in moisture content that take place while under load. The slip and rotation
of mechanical joints also exhibit the same effect. Account may have to be taken of

this in design and in the absence of specific information the following general

recommendations should apply:

a) For the wet exposure condition, and irrespective of the initial moisture
content, the deflection of solid timber or plywood members should be calculated using
the modified desigu values of modulus of elasticity and/or modulus of rigidity for the
wet exposure condition. The deflection under long-term load should be taken as

twice the calculated value.

b) For the dry exposure condition, the deflection.of solid timber members, of more
than 100 mm least dimension, should be calculated using the modified design values of
modulus of elasticity and/or modulus of rigidity for the wet exposure condition.

The deflection under long term load should be taken as 1.5 times the calculated
value.

¢) For the dry exposure condition, the deflection of solid timber members of not
more than 100 mm least dimension, and of laminated timber and plywood members
should be ‘calculated using the modified.design values of modulus of elasticity and/or
modulus of rigidity for the dry exposure condition. However where such a solid
timber or plywood member is installed at a high moisture content (in excess of 20
per cent) and dpies out under continuous loading, the deflection under this load
should be taken as 1.5 times the calculated value.

d) For the wet exposure condition, the deflection of glued laminated timber
structural members should be calculated using the modified design values of modulus of

elasticity and/or modulus of rigidity for the wet exposure condition, see Section



4.3 DESIGN LOADS

The characteristic load on a structure should ideally be determined from a
consideration of the actual values, and the variability of the loads which occur

in practice. Adequate data are not yet available to enable this approach to be
generally adopted and in the absence of such data the following characteristic 1l¢ s

should be used in design:

1) Characteristic dead load: The characteristic dead load Gk is the mass of
the structure complete with finishes, fixtures and partitions and should be taken
as equal to the dead load as defined in and calculated in accordance with CP3:
Chap V:Part 1.

2) Characteristic imposed load: The characteristic imposgd load Q]< should be
taken as the imposed load as defined in, and calculated in accordance with
CP3:Chap V:iPart 1.

3) Characteristic wind load: The characteristic wind load Wk should be taken

as the wind load as defined in, and calculated in accordance with CP3:Chap V:Part 2.

The loadinj conditions during erection and construction should be considered in design
and SHovsDd W& such that the subsequent compliance of the structure with the

limit state requirements is not impaired.

The design load for a given type of load and limit state is obtained by multiplyiuy
the chavacteristic load (Fk) by the appropriate partial safety factor for lcads

(Yf) ie
Design load = Ye Fk

Ye is introduced to take account of:
i) Possible unusual increases in load beyond those considered in deriving the

characteristic value.

ii) Inaccuracies in assessment of the effects of loading, and unforeseen siress
redistribution within the structure.

iii) ‘Variations in dimensional accuracy achieved in construction.

The value of \ depends upcn the importance of the limit state being considered and
on the number of characteristic loads that act simultaneously on the structure or

member.



4.3.1 Ultimate Strength:

For the ultimate strength limit state the duration of each design load, whether of
long, medium, short or very-short term should be identified so that the appropriate
modification factor, for the duration of load effect on material strength, may be

included in the determination of the modified design stress (See Section ).

The characteristic dead (Gk), imposed (Qk) and wind (wk) loads should be classified
according to their estimated duration as:

Long term loads (G ) which may be either dead or imposed loads and including

k1’ le
all loads which act, or may be considered to act, permanently on a structure or
merber, as Ior example dead loads, uniformly distributed imposed loads for floors,

and lozds in roof spaces due to storage.

Medium term loads (sz, Qk2) whicn ray be either dead or imposed loads and including al

lcads which act, cr may be considered to act, for prolonged periods on a structitre,
or rcrber, as lor example uniformly distributea imposed loads for roofs:

Short term loads (Q Wks) which may be either imposed or wind loads and including

k3?
all loads which act, or may be considered to act from time to time for short periods
on a structure or member, as for example wind loads of Class C (CP 3: Chap; V:Part 2,‘

15 sec averaging time) and concentrated imposed loads for roofs and ceilings.

Very short term loads (qu, wk“) which may be either imposed impact loads or wind
loads and including &ll loads which act, or may be considered to act, from time to
time for very short periods on a structure or member, as for example wind loads of

Class A or Class B (CP 3: Chapt V:Part 2, 3 and 5 sec averaging time).

The design loads for the ultimate limit state should be taken as:

Long term design load

1.4 le + 1.6 le

Yedium term design load
l.4 (le + sz) + 1.6 (le + Qk2)

Short term design load
1.2 (G +Qq + Qo * Qg t W)

Very short term load
1.2 (Gy + Qg * Qp + Qg + QM)



It should be noted that while each of the design loads is a summation of all imposed
loads (Qk) of that duration category, and all longer duration categories, it is

unlikely that all of the imposed loads will occur simultaneously.

When considering the design of part of a structural unit or member under a combination

of loads, if a more unfavourable condition results from the presence or absence of

a load, or by taking Ye equal to 1.0 or 1.4 for dead load (le Gk2)’ in any other part

of the structural unit or member, then this condition or these factors should be
used.

When considering overturning or stability the e factor for dead load (le Gk2) should

be taken as 0.9 or l.4, whichever produces the worst condition.

4.3.2 Deflection:

For the deflection limit state it is not necessary tq distinguish between the dif-

ferent duration of load categories for the imposed and wind loads. The design
loads should be taken as:

1l The sum of the characteristic loads when one or two types of characteristic

load act simultaneously, ie

1.0

1.0 (Gk + Qk)

1.0 (Gk 4 wk)

2 The sum of the characteristic loads, multiplied by Yg = 0.8, when three or more
types of characteristic load act simultaneously, ie
0.8 (Gk + Qk + wk)

The most unfavourable combination of characteristic loads should be considered in
design, and if a more unfavourable condition’'is created by selecting only parts
of a structure to be loaded with the imposed loads then the arrangement of these

loads should be such as to cause the greatest deflection.



4,4 STRENGTH OF MATERIALS
For timber and board materials, and for joints, the strength properties are defined
for the dry exposure condition, for long term loading and, for timber in the case of

bénding strengtn, for a beam depth of 200 mm.

Three stages are involved in the determination of modified design stresses, (or
modified design strength values for joints) from which the strength of a section or

joint or the deflection of a member or structure, should be assessed.

1 Characteristic stresses and fastener strengths for the different propertice at
the dry exposure condition are determined from the results of standard laboratory
tests on representative samples and are the values below which not more than 5 per
cent of the results fall. The characteristic values are assumed to apply to the
particular species or grade of timber and board material, and to the particular
type of fastener, so that special care must be paid to the selection of samples for

testing.

2 The characteristic stresses and fastener strengths are reduced by dividing by
the partial safety factors for strength (Ym) and adjusting to the standard condition
of long term loading, and in the case of bending strength for timber to a section
dépth of 200 mm. Depending on the grade or quality of the material tested the re-
sulting stresses are the basic design stresses, the grade design stresses or

fastener design strengths.

3 Finally these design stresses or strengths are multiplied by modification
factors given in this Code for loading and service conditohs, and for section size,
when these differ from the standard conditions. The resulting stresses, the
modified design stresses (or strengths for fasteners),'are the values to be used

in all design calculations.



CIB-W18/5-4=2

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTA TION

WORKING COMMISSION W18 - TIMBER STRUCTURES

VENEER PLYWOOD FOR CONSTRUCTION

QUALITY SPECIFICATIONS

(18t DRAFT 1.6.75)

by

IS0/T¢ 139 = Plywood, Working Group 6

KARLSRUHE - October 1975



June 9th 1975

TO THE MEMBERS OF WORKING GROUP 6 ISO TC 139 - PLYWOOD

Dear Sirs,

Re First Draft Proposal
dated June 1lst 1975
"Veneer Plywood
for Construction - Quality Specification”

It has taken some time to develop. the enclosed draft,
The draft is based on the guidelines sent to you for
review on November 9th 1973. There were no negative
comments on the guidelines.

Clause 1 - Scope - states the objectives of the draft.
Since IS0 Standards must be useful on a world-wide basis
an attempt has been made to cover all types of plywood
that are suitable for the purpose covered by the Standard.

Cross references are made to establish standards for some
test procedures -~ Clauses 7.1; 7.2; 11.2; 12.2; 13.3. It
is assumed that Committee members will hdve access to these
Standards. If they are not available,‘I-will,whgrever
possible be, pleased to supply xeroxed copies of the
pertinent Clauses on request.

The sections of the draft dealing with classification are
tentative. Sampling and statistical tethniques for the
classification levels are being reviewed by scientists at
the Western Forest Products Laboratory of the Canadian
Government. The results of this review will be used to
develop the final draft.

Members of Working Group 6 are asked to comment promptly
on the draft proposal. These comments will be used to
prepare a second draft for consideration at a meeting of
the Working Group to be held in.the week prior to the
next meeting of TC 139 (not yet scheduled).

Yours very truly,

ﬁM

FNW:kk F.N. Walsh

Chairman
Working "Group 6
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1. SCOPE

This International Standard establishes methods for
measuring, testing and reporting characteristics of
construction plywood. It is recognised that some charac-
teristics may vary between different types of construction
plywood and still permit the plywood to meet the require-
ments of the end use. Limits are set for those chéracterﬁ
istics which, if unlimited, would result in failure of the

plywood to meet the requirements of the end use.

The standard is not concerned with the appearance of
construction plywood and only the structural requirements
most important to the end use are considered.

Test procedures for construction pl&wood panels are
limited to bond, stiffness and bending strength. Data on
bond type, stiffness and bending strength may be derived
by procedures recognised in the country of manufacture.
However, if verification is required, the standard against
which construction plywood performance is to be measured
is set forth in this Standard.

2. FIELD OF APPLICATION

This Standard applies to flat rectangular
plywood panels for use in construction (primarily as roof,
wall or floor sheathing). Sapwood or heartwood of any
species of wood, for which a botanical description exists,
may be used. Panels shall be long grained or cross grained
veneer plywood. Plies may be of sliced, sawn or rotary cut

veneer.

Clauses 3 References; 4 Definitions; 5 Terminology are to be added later.



6. MANUFACTURER'S SPECIFICATION

6.1 Format

The Manufacturer's specification shall be in
the format shown on page 4.
6.2 Data
Where no limitation of size is imposed it shall be
so stated (no limit). Where any characteristic or
defect is not permitted it shall be so stated (none).
The Clause relevant to each item is given in parentheses.
The following data shall be provided:

6.2.1 Identification

Name and address of manufacturer, manufacturer's
reference number and date.

6.2.2 Panel Dimensions

(a) Length (Clause 7.1)
(b) WwWidth (Clause 7.1)
(c) Thickness (Clause 7.2)

6.2.3 Panel Manufacture

(a) Number of Plies

(b) Orientation of each ply given as "parallel" (|!)
or "perpendicular" (l) to the long edge of
the panel. The grain direction of the face
ply shall be taken as the long direction

in the case of square panels.’



(c) Species of wood in each ply identified by
its common name and botanical name or by
species group. (Where identification.is by
species group, the common and botanical name
of each species in the group shall be appended
to the Specification in the form shown
on page 5.)

(d) Maximum size of knots (sound and tight), loose
knots or knot holes, splits and the maximum
area of decay (inactive). (Clause 8.1)

(e) Maximum size of patches. (Clause 8.3)

(£) Surface: in "face" or "back" columns or both
-columns as appropriate, write "yes" if the

panel is sanded or if open defects are

filled. (Clause 8.7)
Bond Type
Bond type Exterior - 'A' or
Interior - 'B' (Clause 11&12)

Stiffness and Bending Strength

Appropriate numerical levels for stiffness and
bending strength both parallel and perpendicular
to face grain from Table 1. (Clause 14)

Classification

The classification consists of a series of numbers
and letters representing bond type, stiffness and

bending strength. (Clause 14)

Panel Marking

All the marks appearing on the panel must be listed

indicating whether the marks appear on the face,

back or edge of the panel. (Clause 15)
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OMANUFACTURER'S SPECIFICATION FOR _IISO CONSTRUCTION PLYWOOD

Name of Manufacturer Reference Number :
Address of Manufaciurer : Dote .

PANEL DIMENSIONS (mm) vength : Width : Thickness :

PANEL MANUFACTURE Number of Plies :

Ply Number Orlentation Specles ( Common Name, Botanicel Mome ),
{.{face)

face inner back face Inner back
Maximum Patzh Slze {mm) Max. Knot Size (mm)

Max.Loose Knot or
Knot Hole Size {mm)
Surface: sanded o Max. Split Size (mm)

: open defects filled - Max. Decay Area (%)

PANEL BOND TYPE :

PANEL S”FFNESS (Nm°/ m) Parallel : Perpendicujar :

PANEL BEND'NG STRENGTH {Nm/ m) Paralie] ¢ Perpendicular :

PANEL CLASSIFICATION :

PANEL MARK'NG (including 1S0O logo indicating construction plywood) b back edge

Classification
Monufacturer .
Country :

Other Marks




SPECIES GROUP DESIGNATION:

Species in Group

Common Name Botanical Name

Manufacturer:
Attachment to Specification for ISO Construction Plywood,
.sheet of sheets.

Plywood Classification




7. PANEL DIMENSIONS

7.1 Size
Panel length and width shall be measured in accordance
with ISO Recommendation R 1097.. The maximum permissible
tolerance shall be +0 -3 mm.

7.2 Thickness
Panel thickness shall be measured in accordance with
ISO Recommendation 'R 1097. The minimum and maximum
panel thicknesses shall be 7 mm and 20 mm respectively.
The maximum permissible tolerance shall be + - _

for unsanded panels and + - for sanded panels.

7.3 Edge Straightness

Panel edges shall not deviate from straight more than
1.5 mm.

7.4 Sguareness

The deviation from squareness of two adjacent edges at
the four angles of a panel shall not exceed 1 mm per

metre of panel length.

8. PANEL MANUFACTURE

8.1 Veneer Characteristics

The size of sound tight knots, loose knots or knot holés
ahd splits shall be measured across the grain. Roughness,
grazn imperfections, insect damage, streaks and discolour-
ation, bark pockets or other defects that do not impair
the bond and serviceability of the panels, shall be
permitted. Inactive decay shall be permitted and shall

be measured and expressed as a percentage of the panel

area. Active forms of decay shall not be permitted.



End Joints in Veneer

End butt joints shall not be permitted. Veneer that has
been scarfed or otherwise end jointed shall be acceptable
provided the bond is as strong and durable as the bond
between plies.

Patches

The size of patches made of wood or synthetic materials
shall be the width measured across the grain of the ply.

Gaps and Laps

Face, back and inner plies may be made of more than one
piece of veneer. Every effort shall be made to closely
butt adjoining pieces of veneer to minimise the width
of gaps in face, back and inner plies, and to avoid
laps in inner plies. No laps shall be permitted in
face or back plies.

Open Defects - Any ply

In panels with a type "A" bond (see Clause 11.1), the
maximum width of open defects shall be 40 mm and the
maximum length 160 mm. In panels with a type "B" bond
(see Clause 11.2), the maximum widﬁh of open defect
shall be 90 mm and the maximum length 160 mm. There is
no restriction on the length of open defects which do
not exceed 25 mm in width for panels with type "A" or
type "B" bond. The width of open defect shall be

measured perpendicular to grain direction.
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8.6 - Short anu Narrow Plies

Face and back plies may be narrow on one edge or short
on one end only by no more than 6 mm for half the panel
length or width respectively. Inner plies may be short
or narrow by not more than 6 mm in depth and 200 mm

in length.

8.7 Surface
The face and/or back of panels may be sanded or unsanded.

Open defects may be filled or unfilled.

SAMPLING FOR BOND, STIFFNESS AND BENDING STRENGTH TESTS

9.1 Method
Sample panels shall be taken at random from manufacturing
plant, inventory, storage or job site, as appropriate
to the circumstances.

9.2 Number of Panels

The number of panels in the sample shall be a minimum

of 10 up to a maximum of 50 in increments of 10 panels.
Property values will vary depending upon the sample size
and this factor should be assessed when selecting the
number of panels in the sample (see Clause”13.4).

CUTTING SPECIMENS

Panels shall be cut to give all the test pieces listed in
Clauses 11, 12 and 13. The length and width of all specimens
for a given test shall be identical. Where the required test
specimens cannot be obtained from a single panel, the specimen
for bending parallel to the face ply shall be cut from one
panel and the specimen for bending perpendicular to face ply
and the test piece for glue bond shall be cut from a second

panel, Test pieces for glue bond tests shall be cut to



exclude plywood within 80 mm of the edge of the panel.

Typical cutting plans are shown in Figure 1.

Figure 1
X -~ Specimen for parallel to face grain test.
Y - Specimen for perpendicular to face grain test.
Z -~ Test piece for bond test.
8o
{
t
X Y —T§-~ e
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A o —-
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e
1200 x 2400 panel 900 x 1800 panel

11. BOND TYPE "A"

11.1 General
Bond type "A" denotes an exterior bond type.

11.2 Test
The cutting of test specimens, conditioning, te&ting
and evaluation of test results shall be based upon

Clause 5.1 of CSA 01l21.
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BOND TYPE "B"

12.1

12 .2

General

Bond type "B" denotes an interior bond type.

Test

The cutting of test specimens, conditioning, testing
and evaluation of test results shall be based upon

Clause 5.1 of CSA 0153.

STIFFNESS AND BENDING STRENGTH

13.1

13.2

13.3

General

The stiffness is the product of the moment of inertia
and the modulus of elasticity in bending. The
bending strength is the product of the modulus of

rupture and the section modulus.

Specimen Size

For parallel to face grain testing the size shall be:
length parallel to face grain - 1200 mm,
width - 600 mm minimum, 1200 mm maximumn.

For perpendicular to face grain testing the size shall be:
length perpendicular to face grain - 900 mm minimumnm,
width - 600 mm minimum, 900 maximum.

Test

Conditioning of specimens and bending and stiffness tests
shall be based upon ASTM D3043-73 "Testing Plywood in
Flexure - Method C." Where the face and back plies of

panels differ significantly, the panels shall be tested



13.4
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in their less stiff direction. Egqual numbers of

parallel and perpendicular to face grain specimens shall

be tested. The orientation of specimens in the test

machine shall be as shown in Figure 2.

Figure 2
X - Specimen for parallel to face grain test.
Y - Specimen for perpendicular to face grain test.
“<-» - Face grain direction.
g .
j::::::;q
x v |
l
lE*%?EEEEﬁ .
i ._.:?\\--.‘_ \\'\
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loading frames of test machine

Diagrams show orientation of loading frames in relation
to typical specimens cut as shown in Figure 1.

Evaluation of Test Results

The test results for each property shall be ranked

and the property value shall be taken as the mean

value of the test results rultiplied by the reduction
factor obtained from Figure 3. To use Figure 3
calculate the mean value of the lower half of the
ranked test results (FSO) and calculate the ratio

of F50 to the mean value FM.
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Enter Figure‘3 from the vertical axis with the
ratio of Fsg/%m and proceed horizontally until the
line representing the nqmber of test speéimens is
reached. Ffom this point proceed down vertically
to the horizontal axis which gives the appropriaté

reduction factor.

Figure 3
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Reduction Factor

F is the mean value of the lower 50% of test results.

50

FM is the mean value of allzthe test results.
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PANEL CLASSIFICATION

Panels shall be classified according to their bond type,
stiffness parallel to face grain, bending strength parallel
to face grain, stiffness perpendicular to face grain and
bending strength perpendicular to face grain, in that order.
Bond type shall be denoted by "A" or "B" as appropriate
(see Clause 11 and 12).
Property values for stiffness and bending strength
evaluated from test results shall be :ounded up or down to
the nearest numerical level given in 'Tfable 1. Should the
property value fall exactly midway be:ween two classification
levels, the property value shall be rounded up. Stiffness
shall be given in the Classification by the numerical level
and bending strength by the equivalent letter given in Table 1.
For example, panels with an exterior type glué bond and
having property values of 1618 Nm?/m for stiffness parallel,
915 Nm/m for bending strength parallel, 266 Nm? /m for stiffness
perpendicular and 350 Nm/m for bending strength perpendicular,

would be classified as A 1500 U 300 R.

CLASSIFICATION LEVELS

UNITS Stiffness: Nmz/metre width
Bending Strength: Nm/metre width
Number Letter | Number L;tter Number Letter | Number Lctter | Number Letﬁcr
4 D 40 J 200 P 900 U 3000 -
7 E 60 K 300 Q 1200 \Y% 3500 -
10 F 80 L 400 R 1500 W 4000 -
20 G 100 M 500 S 2000 = 4500 =
30 H 150 N 700 T 2500 - 5000 -

Table 1



15. -PANEL MARKING

15.1 1Is0O Marﬁ
Panel shall be marked on the face or back with the
ISO logo or mark indicating "construction plywood" and
the appropriate classification.

15.2 1Identification Marks.

Panels shall be marked to identify the manufacturer and
country. The name of an agent or association repreéenting
the manufacturer may be used in place of the name of

the manufacturer.

15.3 Optional Marking

Panel grade, panel thickness, species and other
descriptive information may be marked on the panel.

Such marks shall be at least 100 mm from the ISO mark.
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STANDARD METHODS OF TEST FOR DETERMINING SOME PHYSICAL AND MECHANICAL PROPERTIES

OF TIMBER IN STRUCTURAL SIZES

by

W T CURRY
Princes Risborough Laboratory

INTRODUCTION

At the request of the W18 Commission of CIB a first draft standard was prepared
and circulated to Messrs Kuipers and Saarelainen for comment. It was not however
found possible, by correspondence and in the time available, to arrive at a final
agreed document. This paper can therefore only provide a basis for discussion so
that decisions may be made as to the scope and contents of the standard. Various
comments have been included which are not proposed as part of the standard but are
intended rather to explain why certain recommendations have been made. These are
identified by the type-set. Consideration should also be given as to how far the
standard should be self-contained or to what extent it should refer to other ISO
and ECE documents.

DRAFT STANDARD

1 Scope:

This standard gives preferred methods of test for the cetermination of the following
physical and mechanical properties of solid rectangula: sections of timber in
structural sizes.

The physical properties are:
dimensions
moisture content
density
nominal density

The mechanical properties are:
modulus of elasticity in bending
ultimate bending strength
shear modulus
modulus of elasticity in tension
ultimate tension strength
modulus of elasticity in compression
ultimate compression strength

In addition recommendations are made for recording the grade determining properties
for visual and machine grading. Reference is also made to sampling and specimen
selection.

Because of the cost of testing timber in structural sizes consideration should be
given, not only to the immediate objectives of a particular project, but also to

establishing a data bank on the strength properties and growth characteristics of
structural timber. This could involve recording additional information but data

storage and access are no longer problems with computers. What additional infor-
mation should be recorded might be identified within the following broad areas of
interest, where more experimental data are needed:



visual stress grading

machine stress grading

harmonisation of stress grading

derivation of characteristic strength values

effect of such factors as moisture content, load duration and size, on strength.
monitoring the 'quality' of structural timber.

HO® A TR

2 Sampling and Specimen Selection:

2.1 Sampling

No specific recommendations can be given as to what constitutes an acceptable sample
since this will depend on the objectives of the tests and the application of the
results. A sample should contain a sufficient number of specimens, selected at
random or according to a defined method, to permit the use of mathematical statistics
and the achievement of an acceptable confidence in the results.

2.2 Specimen selection

No specific recommendations can be given as to how individual specimens should be
selected since this will depend on the objectives of the particular investigation.
Each specimen shall however be selected so that its critical zone, ie the weakest
zone as judged by visual inspection or by machine selection, shall be at the centre
of its length.

The location of the critical zone can influence both modulus of elasticity and shear
modulus determinations in bending and should be controlled. There is a need to
distinguish between end-use testing and testing for the determination of grade
stresses generally. In end-use testing, where the specimens are supported and

loaded to simulate service conditions, the defects can occur anywhere and consequently
the strength values may relate to sections with better characteristics than those
permitted for a grade. Although more in line with a probability approach to the
design of the particular members, end-use testing provides data of limited application.
If timber is to be graded without its end-use being known then it would be preferable
to determine grade stresses on the strength of critical zones containing defects to
the limits specified for a grade. Extending this one stage further, for the
development of grading rules and stresses generally, a data bank on the strength and
'‘quality characteristics of unit lengths of timber would be required.

3 Physical Properties:

3.1 Identification

Each specimen shall as necessary be identified for:
species

nominal size

country of origin, region or mill

grade or any relevant pre-selection

project reference

date

> A0 oW

It is not of course esgential in a particular project for all of these identificationms
to be carried out. However if maximum advantage is to be gained from the correlation
and use of data from different sources a longer term objective could be the
establishment of a standard form of data logging.

3.2 Dimensions

The width, thickness and length of each specimen shall be determined to three signi-
ficant figures. In the case of width and thickness the dimensions shall be the
average of three measurements taken throughout the length of the specimen. When
strength tests are made the dimensions shall be determined at the moisture content



condition for these tests.

3.3 Moisture content

Unless otherwise required each specimen shall be conditioned prior to test in air
at the desired exposure conditions of temperature and relative humidity until
equilibrium moisture content is attained. Kiln-drying may be used to accelerate
the drying prior to a final stabilisation at the desired exposure conditions. When
tests are required at the wet condition, ie at a rnoisture content higher than the
fibrﬁ saturation point, this may be obtained by submersion in water for about three
months.

The moisture content of each specimen shall be determined from a cross-section disc,
free from knots, and taken close to the fracture in an ultimate strength test, or other-
wise not nearer than 600 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. Moisture content shall be calculated as:

W =100 (m] = mo)/mo per cent

where my is the mass (g) of the disc before drying
m, is the mass (g) of the disc after drying

The disc shall be dried to constant mass (m_ ) at a temperature of 103 % 2°c, constant
mass being reached when the loss in mass befween two successive weighings carried
out at an interval of 6 hours is not greater than 0.5 per cent.

Moisture content shall be expressed to the nearest 1 per cent.

There is evidence that the effect of the initial drying of timber after conversion
from the log, on the geometrical and strength properties is significantly different
than after re-wetting and drying. It may be desirable therefore to require wet
strength to be determined only after a drying/re-wetting cycle, since this will
reflect practical conditions. Also, with kiln-drying the severity of the drying
rate can affect the properties particularly with timber containing large defects,
and may therefore have to be controlled to reflect practical methods of drying.

3.4 Density
The density of each specimen shall be calculated as:

Py = My/Viy kg/m°

where is the mass (kg) of the specimen
u is the volume (m3) of the specimen at the moisture content w per cent

Density shall be expressed to three significant figures.

3.5 Nominal density

The nominal density of each specimen shall be determinec from a cross-section disc
free from knots and taken close to the fracture in an ultimate strength test, or
otherwise not nearer than 500 mm to an end of the specimren. Nominal density shall
be calculated as:

3

By ® mb/vw g/cm

where My is the mass (g) of the disc after drying in accordance with 3.3.
Vi is the volume (cm3) of the disc at the moisture content w per cent.



Nominal density shall be expressed to three significant figures.

There is a need to distinguish between the density of a complete specimen containing
knots, moisture etc and the density of the dry wood fibre material of the test
specimen. The first defines self weight and the second is important in determining
the influence of defects on strength and seasoning sample characteristics against
those of other samples or species. Whether nominal density should be determined
using oven-dry volume or the volume of the test moisture content is a matter of
choice, the latter has been chosen since it is easier to measure.

4 Grade Determining Properties (Visual):

4.1 General properties

The slope of grain, rate of growth, fissures and wane shall be determined for each
specimen in accordance with ECE Standard No - ‘'Stress Grading of Coniferous Sawn
Timber'. The value of each at the critical zone shall be recorded. If the pith is
present in a specimen this shall also be recorded.

4.2 Knots

Knots shall be determined and assessed by the knot area ratio (KAR) method in
accordance with ECE Standard No - 'Stress Grading of Coniferous Sawn Timbers'. The
KAR for both the margin and full cross section conditions at the critical zone
shall be recorded to the nearest 0.01.

Consideration should be given to recording knots at the critical zone, or at the
fracture section in an ultimate strength test if this is different, by numerical
code so that account may be taken of their actual shape, size and location. One
such method is illustrated in Fig 1.

The effects on yields and stress values of changes in the permissible limits for
defects and the establishment of visual grades boundaries are likely to be of
continuing interest and it is desirable that as much basic information as possible
should be accumulated to enable these to be studied. Although there is presently
considerable interest in 'in-grade' testing this would seem to be an inefficient
exercise unless supplementary information is recorded to examine the effects of
changes in the grading rules. If visual grading is to be improved them more know-
ledge of the relations between strength and defects is needed.

5 Grade Determining Properties (Mechanical):

5.1 General

The development of machine stress grading depends on the knowledge available on

the relations between the ultimate strength properties of timber and indicating
parameters such as deflection, wane velocity, vibration frequency, acoustic impedance,
etc, which can be determined by non-destructive tests. These indicating parameters
have the same significance in machine stress grading as do the visible growth
characteristics in visual stress grading. Consideration should be given to

including their measurement in individual projects which involve the determination

of ultimate strength values.

5.2 Modulus of elasticity, E

An important indicating paramlter is modulus of elasticity measured in pure bending,
ie free from shear, over a relatively short span. The following standard procedure
should be used for the determination of this property.

Each specimen, or the piece from which it will be cut, shall be loaded in bending
as a joist as shown in Fig 2. The distance between the inner load points shall be
1.0 m with the critical zone of the piece located centrally, (see 2.2). The
deflection at the centre 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
at a continuous rate to induce a rate of straining in the extreme fibres of 0.001
per min. The rate of cross-head movement shall be:

R = (2a + 3000) Za/3d

where a is the distance between the inner load point and the nearest support (mm).
This distance shall be such as to keep the shear stresses to an acceptably
low value and generally should not be less than 3d.

d is the nominal depth of the section (mm)
£ i{s the rate of straining, 0.001 per min.

From a record of the load/deflection characteristics below the proportional limit
the modulus of elasticity, ET, shall be calculated as:

ET = 607.5 p\a/bd3 Gkn/mm2

where & is the deflection (mm) under a total load increment of P'(N)

b is the actual width of the section %mm)

d is the actual depth of the section (mm)

a is the distance between the inner load point and the nearest support (mm)

The value of modulus of elasticity, E; shall be expressed to three significant
figures and the equipment used shall Ee capable of achieving at least this accuracy.

The indicating parameters for machine stress grading are all related to general, or
local, values of modulus of elasticity and to density. The measurement of modulus

of elasticity under standard conditions can consequently be taken as a basic
parameter. This can be determined using standard laboratory equipment, thus enabling
research centres to accumulate data which could ultimately be used to assist with

the introduction and development of machine stress-grading. It should be noted that
this approach depends for its effectiveness on establishing a calibration between

the actual indicating parameter of a machine and E,,. This should however involve
less testing than examining each indicating parame%er separately.

It is not the intention of this test to provide a measure of modulus of elasticity
for use in design but rather to provide data for study of the relations between
strength and E,_, and of how these are affected by species, size, moisture content
and dimensional tolerances.

It is recognised that Section 5 may not be suitable for a standard but is included
here in line with the general approach which has been to broaden the scope of
standard testing to the creation of data banks which could be of considerable value
in the future.

6 Strength Tests:

6.1 Bending

These tests provide for the measurement of modulus of elasticity and ultimate
strength in bending, and for the measurement of the shearmodulus of structural
timber.

6.1.1 Modulus of elasticity: Each test specimen shall have a length equal to
18 times the nominal depth of the section, plus 150 mm, with the critical zone
at its centre. It shall be loaded in third point bending over a span of 18 times
the nominal depth, as i1lustrated in Fig 3. It 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 width 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 exceedes 4, lateral restrain shall be provided both
outside and inside the loading heads, as necessar to prevent buckling. The restraints
shall permit vertical movement without significant frictional resistance.;

The deflection at the centre shall be measured with the deflectometer attached at
the centre of the depth of the section.
a relative to the supports (&7) and/or
b relative to a gauge length of 5 times the nominal depth located centrally in
the middle third of the span (&2)

Load shall be applied at a continuous rate to induce a rate of straining in the
extreme fibres of 0.001 per min. The rate of cross-head movement shall be:

R =0.06 d mm/min £ 25%
where d is the nominal depth of the section (mm)

From a record of the load/deflection characteristics below the proportional limit
the modulus of elasticity shall be calculated as:

a E(a) = P'23/4.7 bd%s; x 10% kn/m’

where &, is the deflection (mm) under a total load increment of P*(N)
b'is the actual width of the section (mm)
d is the actual depth of the section (mm)
L is the total span (mm)
E(a)is the apparent modulus of elasticity, ie unadjusted for shear

b E = 1.6075 p'z3/bd352 x 108 kn/mm?

where 8, is the deflection (mm) under a total load increment of P'(N)
b™is the actual width of the section émm
d is the actual depth of the section (mm
% is the total span (mm)

The value of modulus of elasticity shall be expressed to three significant figures
and the equipment used shall be capable of achieving at least this accuracy.

It is known that in pieces of structural timber the modull of elasticity (and shear
modulus) of critical zones containing knots or inclined grain, are lower than for
the remainder of the clear material. There will consequently be differences in the
gross values of modulus of elasticity for the same gauge length under bending and
compression and tension tests. There will also be differences in the values obtained
from bending tests, depending on the gauge length and on the location of the
critical zones within this length. There are obviously arguments for and against
adopting a fixed gauge length or one that changes with section depth, and while a
gauge length of 5 times the depth may be satisfactory for deep sections, it will
hardly give a value of modulus of elasticity, which is realistic for design
purposes, for sections as shallow as 100 mm.

Provision is made for the measurement of two values of modulus of elasticity, one
containing shear deflection and the other shear free. In some test procedures
an arbitrary ratio is assumed between E and G so that the centre full-span deflection



may be reduced to provide some allowance for shear. If G is to be determined by a
bending test then the shear free value of modulus of elasticity must be determined.

The decision as to which modulus of elasticity should be determined, and what test
procedure should be used, must be very largely a): arbitrary one. Attention should
be paid to the magnitude of the deformations that have to be measured, and although
it is felt that a fixed gauge length is better, practical considerations may favour
one which is a multiple of section depth. However, if this is adopted it should
apply not only to bending but to direct stress doterminations of modulus of
elasticity.

6.1.2 Shear modulus: For the determination of shear modulus each specimen, after
being tested in accordance with 6.1.1 shall have the gauge length retested in the

same direction under a centre load bending test, ie with a span of 5 times the

nominal depth of the section and with the critical zone at its centre. 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 Fig 3. Load shall be
applied at a continuous rate to induce a rate of straining in the extreme fibres

of 0.001 per min. The rate of cross-head movement shall be:

R =0.004 d mm/min + 25%

From a record of the load/defeection characteristics below the proportional limit
the shear modulus shall be calculated as:

6 = 0.3/({(bds,/P's) - (0.25 £2/d% E x 10%)} N/m’
Where 63 is the deflection (mm) under a load increment of P'(N)

% is the span (mm)

b is the actual width of the section (mm)
d is the actual depth of the section Smm)
E is the modulus of elasticity (kn/mm¢) determined as in 6.1.1

The value of shear modulus shall be expressed to two significant figures and the
equipment used shall be capable of achieving at least this accuracy.

6.1.3 Ultimate strength: The test arrangement and rate of straining shall be the
same as in 6.1.1. Each specimen shall be loaded continuously to fracture and the
ultimate bending stress calculated as:

ap = Pa/bd? N/mmd

Where P is the maximum total load (N)
§ is the total span (mm)
b is the actual width of the section (mm)
d is the actual depth of the section (mm)

The value of ultimate stress shall be expressed 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 zone if this is different from the previously identified and recorded
critical zone.

6.2 Tension: A .
These tests provide for the weasurement of modulus of elasticity and ultimate strength

of structural timber parallel to the grain.



6.2.1 Modulus of Elasticity: Each specimen shall be of the full cross-section and
shall be loaded continuously in tension using gripping devices which ideally permit
the application of uniform tension without introducing bending moments. It is
recognised that in practice it may not be possible to achieve the necessary alignment
and rotational freedom to satisfy the ideal test condition. The actual gripping
devices and loading employed should therefore be recorded. The length of each
specimen outside the grips shall be at least 9 times its nominal width, ie the
greatest dimension of the section, and shall have the critical zone within 13 times
the nominal width from its centre.

Deformation shall be measured over a gauge length of 5 times the nominal width of
the section located not closer than twice this width to the ends of the grips. The
gauge length shall include the critical zone. Two extensometers shall be attached
at diagonally opposite points on the faces to minimise the effects of distortion
and permit the determination of the average deformation of the full gauge length.
The rate of cross-head separation shall be:

R = 0.001 2 mm/min * 25%

where 2 is the specimen length (mm) between the grips.

If there is significant movement associated with the functioning of the grips, eg

as with wedge grips with unrestricted closure, preliminary tests should be made to
establish a rate of cross-head separation which induces an average rate of straining
of 0.001 per min.

From a record of the load/deformation characteristics the modulus of elasticity
shall be calculated as:

E = Pa/bds x 10° kN/mm°

where & 1s the average deformation (mm) under a load increment of P (N)
2 is the gauge length (mm)
b is the actual thickness of the section (mm)
d is the actual width of the section (mm)

The value of modulus of elasticity shall be expressed to three significant figures
and the equipment used shall be capable of achieving at least this accuracy.

6.2.2 Ultimate strength: The test arrangement and rate of straining shall be the
same as in 6.2.1. Each specimen shall be loaded continuously to fracture and the
ultimate tension stress shall be calculated as:

o, = P/bd N/m’

where P is the maximum load (N)
b is the actual thickness of the section (mm)
d is the actual width of the section (mm)

The value of ultimate stress shall be expressed 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 zone if this is different from the previously identified and recorded
vertical zone.

6.3 Compression
These tests provide for the measurement of modulus of elasticity and ultimate
strength of structural timber parallel to the grain.



6.3.1 Modulus of Elasticity: Each specimen shall be loaded continuously in
compression using spherical seated loading heads or other devices which ideally
permit the application of uniform compression without introducing additional
bending moments. The end surfaces of each specimen shall be accurately prepared
to ensure they are plain and parallel to each other. The length of each specimen
shall be 7 times the nominal width, ie greatest dimension of the section and
shall have the critical zone within 13 times the nominal width from its centre.
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 5 times the nominal
dimension of the section in both directions.

Deformation shall be measured over a central gauge length of 5 times the nominal
width of the section. Two compressometers shall be attached at diagonally opposite
points on the faces to minimise the effects of distortion and to permit the
determination of the average deformation of the full gauge length.

The rate of closure of the loading heads shall be.
R = 0.001 2 mm/min + 25%
Where % is the specimen length (mm)

From a record of the load/deformation characteristics the modulus of elasticity
shall be calculated as:

E = Pa/bds x 10° kn/mm’
Where & is the average deformation (mm) under a load increment of P (N)
% is the gauge length (mm)

b is the actual thickness of the section (mm)
d is the actual width of the section (mm)

The value of modulus of elasticity shall be expressed to three significant figures
and the equipment used shall be capable of achieving at least this accuracy.

6.3.2 Ultimate strength: The loading conditions and the preparation of each
specimen shall be the same as for 6.3.1 except that the length of the specimen

shall be reduced to 6 times its nominal thickness, ie the least dimenston of the
section. The specimen shall contain the critical zone at its centre.

The rate of closure of the loading heads shall be:
R = 0.007 2 mm/min + 25%
Where & is the length of the specimen (mm)

Each specimen shall be loaded continuously in compression and the ultimate
compression stress shall be calculated as:

5. = P/bd N/mn’
Where P is the maximum load (N)
b is the actual thickness of the section (mm)
d is the actual depth of the section (mm)

The value of ultimate stress shall be expressed 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
of the fracture zone 1f this is different from the previously identified and re-
corded critical zone.

Although there may be some difficulty in achieving sufficient accuracy in the
measurement of deflection, the bending test is preferred to a torsion test for the
determination of shear modulus since it relates directly to beam shear deflection.
A constant national rate of straining of 0.00l per min has been maintained for all
three tests with the result that the duration of a compression test will be very
much greater than for bending and tension. The alternative is to increase the rate
of straining in compression and accept that there is likely to be a different effect
of rate of straining for this property. The determination of modulus of elasticity
and ultimate strength have been defined separately since this simplifies the
presentation and recognises that both properties may not always be required, nor
need they necessarily be determined under the same conditions. Finally it should
be noted that the properties, tension perpendicular to grain, compression
perpendicular to grain and shear parallel to grain have not been covered in this
draft.

10
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THE DESCRIPTION OF TIMBER STRENGTH DATA
by J R Tory

Princes Risborough Laboratory, England

INTRODUCTION

In the development of the ECE stress-grading rules for sawn softwoods the

first consideration was to define limits for the grades which would ensure
acceptable yields from commercial parcels of timber. The question of appropriate
stress values was deferred hecause of foreseeable difficulties in reaching an
agreed method for their determination. Since acceptance of the grades will
finally depend not only on yields but, perhaps equally, on the stress values
associated with them, the question of the determination of stresses was
subsequently referred to the W18 Commission of CIB. Although the basic approach

to the determination of stresses has the standard fcrm:
Gg = cm G/K

where % is an estimate of a minimum value associatsd with a specified
probability level
G is a grade strength ratio having a value of 1.0 if in-grade specimens
are tested and
K is a composite reduction factor, or the product of a number of
factors to allow for rate of loading, size effect, moisture content,

safety factor etc.

The actual levels and magnitudes assigned to a and K vary considerably
between countries and each must retain the freedom to incorporate their own
concepts of design and safety. The range of species and strength properties,
the need for adequate samples and the cost of destructive testing of in-grade
pieces of timber makes it highly desirable to develop a standard approach which
will permit an interchange of test results. This involves adopting standard

methods of test and a standard method of presenting results.

Since the derivation of grade stresses must start from the analysis of test
results, the most explicit presentation would be to list the individual values.
This would permit the combination of data from different sources and provide
for the better estimate of the grade stress for a species as a whole. This may
be impracticable, and even unnecessary, depending on the interpretation of what
is required for a characteristic stress. The alternative is to consider con-

densing the data to correspond to the second stage of the analysis. This



second stage may be taken as the definition of a minimum value L the determina-
tion of which would have to be standardised, or a sufficient range of statistics
produced to enable it to be computed for any required distributional assumption

and probability level.

For the determination of minimum values the choice of method lies initially
between the assumption and fitting of a suitable probability function or the use
of a non-parametric technique. In this paper a few commonly used methods are
outlined and a comparison is made of the minimum values obtained by applying

them to some actual test results.

PARAMETRIC METHODS

Normal Distribution

In the past the minimum stresses for structural timber were calculated on the
assumption that strength values were normally distributed. This applied whether
the small clear or full size specimen approach was used, the minimum value

being determined as:
= (o -
o ( ts)

where is the mean of the test results

a
s is the standard deviation and
t is the appropriate value of students t(l) for the required probability

level.

Only quite recently has this method been questioned, particularly as a result

of the analysis of strength data obtained from tests on graded timber in

structural sizes, where it was found that, unlike the results from small clear
tests, the distributions of strength showed noticeable skew. Thus the theoretically
infinite extension of the tails of a normal distribution, coupled with its use

on positively skewed data, led to the calculation of negative minimum stress

values. In such extreme cases the error is obvious but other errors, leading

to overconservative estimates of minimum values have likely arisen and been
undetected. The assumption of normal distribution is no longer generally

favoured when the full size specimen approach is used for the determination of

stresses.



Log-Normal Distribution

With positively skewed data an obvious choice of distribution was the log-normal
distribution. This is also easy to use, since estimates of minimum values for
the transformed variable can be obtained using normel distribution statistics.
In its simplest form the distribution has a zero lower boundary value. A non-
zero value could be introduced and although it would lead to lengthier calcula-
tions it could be expected to improve the fit of the distribution to some data.

The probability density function for the three parameter log-normal distribution

18
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distribution

To some extent the log-normal distribution lacks flexibility since it can only

accommodate positive skew of an amount which is probably often extreme in relation

to the strength data.

Weibull Distribution
The Weibull distribution, a fairly recent introduction to timher statistics,
is currently popular in North America and Europe for describing strength data

and determining minimum values. The probability density function for the

three parameter distribution is
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where o is the scale parameter
'n is the shape parameter
u is the location parameter or lower bounlary value of x for the

distribution



If the location parameter p is set to zero a two parameter Weibull distribution
. . . v s 2

results. This would be easier to use but less suitable since as Plerce( ) has

shown it cannot accommodate positive skew unless the coefficient of variation

is greater than 30 per cent.

The three parameter distribution has advantages over the normal and log-normal
distributions. It may have a positive lower boundary value of strength which is
intuitively more realistic than a zero or negative value. It has some
theoretical justification for representing the breaking strength of materials

and it is sufficiently flexible to cover from slightly negative (-1.14) to
substantially positive (2.0) skew. In addition Warren(a) suggests that the
errors in estimates of minimum values resulting from fitting a Weibull to a truly

normal distribution appear to be of less consequencz than the errors resulting

from fitting a normal curve to Weibull data.

The estimation of the three distribution parameters from test data generally
requires the use of a computer for the solution of aon-linear equations. A

graphical method(u)

is possible but is not very satisfactory. Once the para-
meters are estimated the minimum value of the variable for the required

probability p is calculated from

expi[ln 1n [l/(l - piﬂ / n+ lno] +

Although the Weibull three parameter distribution has advantages its use entails

considerably more computing than the normal or log-normal distributioms.

NON-PARAMETRIC METHODS
As an alternative to assuming a particular type of distribution estimates of
minimum values can be obtained from a ranking of test results using so-called

non-parametric methods.

The method consists of arranging the results in ascending order Xis Xgs Xg weenn
X calculating for each value Xs its rank i/(n + 1) and obtaining for
example the 5 per cent minimum from the valuc of x whose rank is 0.05, or by

interpolating between two values of x whose ranks span 0.05.



(5)

In ASTM D 2915~74 a method is introduced for establishing tolerance limits

at the 345 and 99 per cent confidence levels to the estimates of 5 per cent
minimum values, X5.05 determined as above. For example the tolerance limit

X, with 95 per cent confidence is taken as the lowest test result from 58 tests
or the second lowest from 93 tests. Then if X5.05 is less than or equal to
l.OSxt the 5 per cent minimum is taken as 1.05x_ or the sample size is increased

(6) ©

until x is greater than 1.05xt. Warren suggests that the conservative

0.2%
tolerance limit 1.05xt would frequently be used and that this would be closer to

a 2 per cent than a 5 per cent minimum value. It would be possible to extend

the tables of Bendsten and Rattner(7)

on which the ASTM tolerance limits are
based, to other percentiles and confidence levels. Thus to obtain an estimate

of the tolerance limit for a one per cent minimum with 95 per cent confidence
would require the lowest test result from a sample of about 300 to be determined,

a prohibitive test programme.

Another non-parametric method has been suggested by Madsen(a) which requires
the fitring of an odd order polynomial to the normalised ranked data and using
an "interpretation point" to estimate the 5 per cent minimum. The method was
aimed at providing reasonable estimates of minima from small samples (probably
less than 50) or from destructive tests which are confined, by a process of
proof loading, to the weaker members in a sample. The method appears to have
little if any advantage over the other methods and becomes increasingly suspect
as the reciprocal of the number of tests approaches and exceeds the required

probability level.

OTHER STATISTICS

Although it is the definition of a minimum value of ultimate strength which is
the most important single statistic for the derivation of grade stresses, and for
the comparison of the strength properties of different grades, consideration
should also be given to the inclusion of other statistics in the presentation of
the data. This may in fact be unavoidable if there is no agreement as to what
standard minimum value should be used. In this case it would be necessary to
specifv the parameters for the continuous distributions and the actual values

and ranks for the non-parametric methods determined for the sample test results.
Consideration might also be given to including other statistics, such as the
mean, median, standard deviation, skewness and kurtosis as indicators of the
central tendency, dispersion and symmetry of the data. Tolerance limits for some
of the statistics where they can be determined, could also be included.

Lehrstuhl for
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APPLICATION

To indicate what would be involved in the presentation of the data and to provide
a comparison of the minimum values obtained by the different methods, three

sets of timber data were analysed. The first comprised modulus of rupture values
for 438 pieces of 38 x 150 mm Swedish redwood/whitewood of mixed U/S, V and VI
commercial grades. The other two sets of data comprised the strength value: for
individual pieces selected from these by a stress grading machine as conforming

to two arbitrary stress grades.

Table 1 lists the general statistics for the three sets of data from which it can
be seen that they exhibited both slightly negative and positive skewness and,

as would be expected, that the samples selected by the machine showed less
dispersion in their strength values. The distribution parameters for the five
continuous distributions that have been described are given in Table 2. In the
case of the three-parameter log-normal distribution the lower boundary of strength
was chosen as 0.9 of the minimum value in each set of data. Histograms, with
superimposed probability density functions, for the normal, log-normal and two- and
three-parameter Weibull distributions are shown in Figures 1 to 3 and it can be
clearly seen that the three-parameter Weibull provides the most satisfactory fit.
As a further illustration of the closeness of fit the cumulative frequency
distributions of the test data and the cumulative functions for the three-

parameter Weibull distributions are given in Figures 4 to 6.

As regards minimum values of strength most interest is centred on the 5 per cent
values and to a lesser extent on the one per cent values. These have been
determined, where possible, for both the parametric and non-parametric methods

and are given in Table 3. Taking the three-parameter Weibull values for reference
it can be seen that, depending upon the method used, the minimum values range

from 0.80 to 1.10 for the 5 per cent, and from 0.51 to 1.39 for the one per cent,
times these values. Obviously the method employed can have a considerable
influence on estimates of minimum values and a preference for a particular method

can only be based on judgment.

CONC _JSIONS

Unless it becomes possible to agree on a standard method for deriving character-
isti stresses, or permissible grade stresses, using the same values for the
various partial coefficients or reduction factors that are involved, the
following alternatives for the presentation of strength data for stress-graded

timber should be considered.



2.

Listing individual test results so that each country can employ its own
method of analyais.

Liating the general statistice indicating central tendency, dispersion and
symmetry of the test results.

Listing the distribution parameters ior the continuous distributions
commonly used, or for a standard type of distribution if this could be
agreed.

Listing the individual results and their ranking for the non-parametric or
distribution-free methods commonly used.

Listing estimates of minimum values for various probability levels, or for
one level if this could be agreed.

Finally it should be recalled that the objects of considering how strength data’
should be presented were:

a.

k.

To allow comparisons to be made between the strength characteristics of
the ECE proposed grades and present national grades. These can only be
made if comparable data are available for all the grades involved, and
this is not likely to be the case.

To permit assessments to be made of the effect on the strength character-
istics of possible changes in the ECE grade limits. This could be achieved
by comparisons of minimum values for comparable samples, using an agreed
method for their determination.
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Table 1

SAMPLE DESCRIPTIONS FOR BENDING STRENGTH (N/mm2)

Sample San.lple Median | Mean Stax_mda.r_-d Skewness | Kurtosis Mty Hoac iy
Size Deviation Value Value
i 438 43,55 43.56 13.43 =0,13 2,30 11.70 75,40
2 106 55,95 55,23 9,56 ~0,72 3.59 22,30 75.40
3 86 28.75 29.21 9.94 0.52 3.22 11.70 61.80




Table 2

DISTRIBUTION PARAMETERS

Sample
Distribution Parameter T
1 2 ! 3
1
Normal location (mean) 43.56 55 .23 T29.21
scale (std deviation) | 13.43 9.56 9.94
Log-normal scale 3.718 3.994 3.315
shape 0.3540 | 0.1953 l 0.3548
Log-normal 3-parameter | location; O.Qxl 10.53 20.27 10.53
scale 3.377 3.503 2.738
shape 0.5661 | 0.4015 ' 0.7056
Weibull 2-parameter scale 48.35 59.05 !32.63
shape 3.69 7.12 3.16
Weibull 3-parameter location 0.00 9.03 8.31
scale 48.40 50.53 1 23.71
shape 3.54 4.85 | 2.1y
| |
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Tab

le 3

ESTIMATES OF THE 5 PER CENT AND 1 PER CENT MINIMUM VALUES OF BENDING STRENGTH (N/mm2)

METHOD 5 PER CENT MINIMUM 1 PER CENT MINIMUM
2 2
Distribution Ref

Value | Ratio®* | Value | Ratio* | Value | Ratjo* | Value | Ratio* | Value | Ratio* Ratio#*
Normal A 21.5 1403 39.4 1.08 12.7 0.89 12.3 0.93 32.7 1.14 5.7 0.51
Log-normal B 23.0 1.10 39.3 1.08 1523 1.07 18.1 1.37 34.2 1.20 11.9 1.07
Log-normal C 22.1 1.06 37.1 1.02 15.3 1.08 18.4 1.39 33.0 115 13.4 1.21
Weibull D 21.6 1.03 38.9 1.07 12.7 0.89 13.9 1.05 30.9 1.08 7.6 0.69
Weibull E 20.9 1.00 36.4 1.00 14.2 1.00 13.2 1.00 28.6 1.00 11.1 1.00
Ranking F 20.8 1.00 375 1.03 14.0 +.98 13.9 1.06 22.8 0.80 10.2 0.92
ASTM tolerance limit G 17.2 0.82 29.1 0.80 11.7 0.82 - - - -
ASTM allowable H 18.1 0.86 30.6 0.84 12.3 0.86 - - - =
Nearest order statistic J 20.8 1200 36.9 1.01 13.8 0.97 13.8 1.04 22.3 0.78 -

#The ratio is the factor by which the minimum value, estimated from the assumption of a three-parameter Weibull
distribution, must be multiplied to obtain the minima estimated by the other methods.

Ref  METHOD

A

B Lower boundary value zero
(6

D Two-parameter Weibull

E Three-parameter Weibull

F Minimum value given by

T ®

0.05

Tolerance limit at Y5 per cent confidence level
1.05 times the tolerance limit if (x

- xt) < 0.05x

The nearest order va.ue of x given by < (n + 1)p

(g - 2.333) for one per cent and (o - 1.645) for 5 per cent

Lower boundary value 0.9x, where 3% is the lowest test result.

Lp(n +1) - (3 - lﬂ [xj -y L] + X

where p is required probability level, n sample size, j the first order value for x where i/(n + 1) > p.

t

1l

j -
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STRESSES FOR EC1 AND EC2 GRADES
by J R Tory, Princes Risborough Laboratory, United Kingdom

This paper provides an indication of the likely stresses for a variety of samples

of EC1 and EC2 material of mixed Swedish/Finnish redwood/whitewood. The samples
were selected from the results of the Anglo/Scandinavian project on bending strength
and comprised four sizes from Vth and VIth quality graded material. ECl and EC2
grades were selected from the size samples on the basis of knot area ratios alone.
Relevant statistics to describe the samples are given in Table 1. Analysis of the
results to provide estimates of the first and fifth percentiles was by two non-
parametric methods and by four different distributional assumptions. The calculated
fifth and first percentiles are listed in Table 2. Many of the samples were too
small to permit the non-parametric estimation of the first percentiles and so

these have been excluded from the Table. The individual samples were combined

after they had been adjusted to 200 mm depth.

Examination of the fifth percentiles in Table 2 shows that ECl grade selected
from VIths is assigned lower stresses than EC2 grade selected from Vths. It can
also be seen that in a few instances in the VIth material EC2 is assigned higher
stresses than ECl. These somewhat disturbing results could perhaps have been

brought about by the relatively few pieces whose failure could not have been attributed
to knots or whose KAR grade should have been determined by other defects.

The quite significant differences between the stresses for the grades when
selected from Vth quality material and those for the same grades selected from
VIths suggests that before finally assigning stresses to the grades some care
should be taken to ensure that the sample from which the stresses are to be
calculated is reasonably representative of the relevant population of carcassing
timber. For example; should one expect stress grading to follow the present
commercial grading operations or will stress grading in the future be performed

on saw-falling timber from which the joinery material has been cremmed off?



SAMPLE STATISTICS.

Table 1

MODULUS OF RUPTURE.

SWEDISH/FINNISH REDWOOD/WHITEWOOD

Sample Quality | KAR | Sample Mean Standard | Relative | Coeff of
Grade | Grade| Size Deviation | Skewness | Variation %
v EC1l 16 45.5 11.9 0.06 26.1
38 x 100 mm EC2 71 35.4 8.0 0.54 22.7
VI ECl 11 36.9 4.4 0.38 39.1
EC2 69 34.7 9.7 0:53 28.0
v EC1 80 45,2 10.6 0.20 23.5
38 x 150 mm EC2 142 36.6 9.5 0.23 25.8
VI EC1 68 3743 10.9 -0.26 29.2
EC2 115 30.8 10.8 0.62 35.0
v EC1 75 42.8 10.3 0.42 24.1
50 x 150 mm EC2 8y 36.4 7.8 0.07 21.3
VI EC1 65 40.6 11,6 -0.03 28.6
EC2 51 4.8 9.9 0.67 28.4
v EC1 54 43.2 10.3 0.10 23.9
50 x 200 mm EC2 106 33.0. 7.4 0.29 22.6
VI EC1 56 40.1 14.0 -0.43 34.9
EC2 79 29.4 9,0 0.21 30.7
v ECl 225 41.9 10.1 0.24 24.0
Combined EC2 403 33.6 8.0 0.31 23.8
VI EC1 200 37.5 11.9 -0+13 31.8
EC2 314 30.2 9.5 0.u48 31l.4




Table 2
FIRST AND FIFTH PERCENTILES OF MODULUS OF RUPTURE.

SWEDISH/FINNISH REDWOOD/WHITEWOOD

' Lower 5% Lower 1%
Sample Quality KAR
Grade | Grade | Cumulative | ASTM D2915 Normal | Log-Norm Weibull | Weibull Normal | Log-Norm Weibull | Weibull
Ex Level | Allowable 2-param | 3-param 2-param | 3-param
v EC1 = = 24.8 27.2 25.6 25.1 14.8 21.6 17.7 20.6
38 x 100 mm EC2 23.5 18.5 22.0 23.6 20.3 22.6 16.2 20.1 14.3 18.8
VI EC1 = = 11.0 16.1 15.0 12.7 -ve 11.0 8.6 7.3
EC2 18.1 12.1 18.5 20.4 17.4 18.2 11.6 16.5 11.3 12.1
v EC1 27.7 21.3 27.5 29.2 26.1 27.2 19.9 24.5 18.4 20.9
38 x 150 mm EC2 22.3 18.7 20.9 21.9 19.7 19.9 14 4 18.0 13.3 13.5
VI EC1 18.5 9.9 19.2 20.0 19.6 17.6 11.4 1547 13.0 11.0
EC2 14.9 14.5 12.9 16.0 13.1 15.2 5.4 12.5 7.7 12.1
v EC1 27.1 24,3 25.6 27.6 23.9 26.2 18.3 23.2 16.5 21.5
50 x 15C mm EC2 22.9 18.9 23.5 24.5 22.2 23.0 17.9 20.9 16.2 18.3
VI EC1 19.3 14.6 21.2 22.5 21,0 19.9 12.8 17.8 13.8 12,7
EC2 21.6 - 18.3 21.1 17.4 21.3 11.0 17.2 11.3 19.4
v ECl1 24,5 - 25.9 27.4 24.7 25.4 i8.4 22.8 17.4 19.8
50 x 200 mm EC2 22.3 17.7 20.6 21.8 19.2 20.6 15.4 18.5 13.6 l16.4
VI EC1 10.7 = 16.7 16.7 18.0 13.7 6.5 11.8 11.0 7.0
EC2 16.6 14.1 14.4 16.4 4.4 15.7 7.9 13.0 9.2 13.1
v EC1 25.8 244 25.4 27.0 23.7 25.7 18.5 22.8 16.5 20.9
Conbied EC2 21.5 21.5 20.4 21.6 18.9 20.0 15.0 18.2 13.1 4.4
VI EC1 19.1 13.8 17.9 18.8 18.0 16.7 9.8 14.4 11.3 10.1
| EC« 15.8 15.1 14.6 16.8 14.1 15.8 8.1 13.5 8.7 12,1
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INFLUENCE OF LOADING PROCEDURE ON STRENGTH AND SLIP-BEHAVIOUR AT TESTING TIMBER
JOINTS

The loading procedure for testing timber joints is very different in various
countries. This was stated by P Vermeyden, Stevin Laboratory Delft, in his
publication in "Heron" Nr. 2, 1963. In Germany the procedure used is according
to DIN E 4110, sheet 8, but the time taken for one test is long (about 30 to

60 minutes). The tests proposed by VERMEYDEN have a duration of 6 to 8 minutes.

Using modern mechanical or hydraulic testing machines, especially those which
are regulated electronically, the rate of displacement of the movable head of
the testing machine can be fixed step-by-step. On some machines this is also

possible for the rate of loading.

For testing timber joints it seems to be useful to work within the range below
70 per cent of the ultimate load with a low rate of deformation or with an
equivalent rate of loading. For the remaining part of the test the rate of
deformation should be increased, because large displacements occur in mechanical
timber joints when the load exceeds 70 per cent of the ultimate load. If no
failure of the timber joint occurs before the deformation has reached a certain
limit-value, the load at this limit should be defined as the "ultimate load".
Values of 7.5 mm and 15 mm have both been proposed as a suitable "limit-
deformation'". In research work started a few months ago preliminary tests were
made with double shear nail joints (8 nails 34/90) using 8 different loading
procedures. These are described in appendix 1. Appendix 2 gives the test
results and shows the ultimate loads, the total slips at a loading of 1.2 times
the allowable load (which corresponds to about 40 per cent of the ultimate load),
and the total time required for each test. The load = slip diagrams of all the

test procedures are shown in appendix 3 to 10.

CONCLUSIONS
With procedure A 1 according to DIN E 4110, sheet 8, the lowest ultimate loads
and the largest slips ( .44 mm) were reached at 1.2 times the allowable load.

The time needed for one test was 27.5 minutes.



Using the procedures B with constant rates of deformation the ultimate loads
were always higher and the slips were smaller. Similar results were found

with loading procedures C. Procedure C 2 corresponds to the procedure described
by Vermeyden as that used at the Stevin Laboratory during the last few years.

Comparing procedure C 2 with procedure A 1 showed an increase of the ultimate
load of about 9 per cent and a smaller slip, at 1.2 times the allowable load,
of about 5 per cent. The time needed for one test was about 8 minutes. This

is less than one third of +the time needed for the German loading procedure.

A further series of tests were began in September 1975 using the loading procedures
A1, B4 and C 2 with nails, nail-plates and wood-screws in order to establish

the differences between these three procedures more exactly. This will enable
definite proposals to be made for the loading procedures to be used for testing

mechanical timber joints.
The safety coefficient for ultimate loads found by tests and the limit—values

of slips at the allowable loads accepted must be agreed together with the number

of test specimens and the method for the statistical evaluation of test results.

Appendix 1 - 10




Appendix 1

Loading Procedures Used for the Preliminary Tests

Series A According to DIN E 4110, sheet 8
2 minutes waiting time at each loading step
p=0.1'max P (max P = ultimate load),
first loading until 4<p and removal of the load
until zero,
eleven times renewed continuous increase and de-
crease of the load between zero and 4-p,
finally load increase step-by-step until ultimate
load,
A 1: Loading each step with a rate of deformation of
2 mm/min.
A 2: Loading each step within 30 seconds (rate of load-
ing = p/30 sec = 2+p kp/min),
Series B Loading with a constant rate of deformation (r.o.d.)
B 1: Loading with a r.o0.d, of 2 mm/min continuously
until ultimate load,
B 2: B 1, but with & r.0.d, of 1 mm/min,
B 3: Loading with a r.o,d. of 2 mm/min continuously
with one removal of load from 4+p to p.
B 4: B 3, but with a r,o0.d. of 1 mm/min.
Series C Loading with a constant rate of loading
C 1: Rate of loading continuously p/30 sec until
ultimate losad.
C 2: Rate of loading continuously p/30 sec until 7-p

with one removal of load from 4°p to p. After the
load has reached 7°+p, the rate of deformation just
arrived is to be kept constant until ultimate load,



Preliminary test with nail joints and different loading procedures

max P
3000 |
(k) | |
l ) | o
2500 1 [ s
B = H L
i 1 1T =5 - I ] _—single value
200085 B i i 7 -1L~-mean value
| | (ullimata load)
| I
slip : |
o] | {
in. . y
) 3 A slip at 12 times
041 000 f // l | Z é the allowable
0.3 Z é I 7 | Z load = 4p
02 1 |7 | Z
. 2 70 % | 2
0.1 1 2 /// | # 7
% / L v I // >
2 A 1 7 3
D
loading procedure:Al A2 B1 B2 83 B4 C1 C2 §
duration of test : 2730" 58’ 415" 830" 430" 9 530" g ;
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Loading Procedurcs Used for the Tests

A ¢ According to DIN E 4110, sheet 8
Loading each step with a rate of deformation of

1 mm/min,
\
2 minutes waiting time at each loading step ( load increment

p=~ 0,1 max P ( max P = ultimate load ),

first loading until 4p and removal of the load until p,

eleven times renewed continuous increase and decrease of
the load between p and 4p with & rate of deformation of
4mm/min,

finally load increase step by step until ultimate load

with a rate of deformation of 1 mm/min.

=

Loading with a rate of deformation of 1 mm/min continously
untilt 7p with one removal of load from 4p to p.
After the load has reached Tp.,the rate of deformation

is 4 mm/min until ultimate load.

C : Loading with a rate of loading continously p/30 sec until
Tp with one removal of load from 4p to p.
After the load has rcached 7p, the rate of deformation

just arrived is to be keept constand until ultimate load.



Test with nail-plates " System Truswal”

max P
3000 1= % -
(kp) | |

20007 —

sli

01"y’

(mm) 77

0.081 10001 | 7
006 7 ¥ %
7 '
0.04 4 / £
2. /
loading procedure :@ A B &

total doration of fest : 3% 530" 10' 20"

-

_~—single value

_—mean value maxP
(ultimate load )

total slip at 4p

load increment
p=250 kp

76.2 X 101.6 mm




Test with wood-screws 5X60 DIN 96

max P
(kp) .
= /—-S/ngle value
2500 - m -L—mean value max P
k=3 E - (ultimate l(oad )
20001 -
D total slip at 4p
slip >
(marg)1 7; % load increment
04 1 10001 77 : p=200 kp
y
0.3 1 ]
02 y 7
01 ] *
: : ;
loading procedure :@ A B L

total duration of test : 42'10" 9'35“ 940"

glued

2X5 wood-
screws



~Test with plain shank nails 34 X 90 DIN 1151

max P
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0.3 % (7
72 ,
0.2
01 3
¢
loading procedure @ A B C
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RILEM recommendations for testing methods for joints with mechanical

fasteners and connectors in load-bearing timber structures.

Introduction

Developments in the field of load bearing timber structures give
way to the problem that very often joint connectors should b: tested
to gather new or more information about their deformations and load-

bearing capacity.

The present recommendations give some general principles which should
be followed in order to reach a better comparability of results from investi-

gations carried out in different laboratories.

1. Scope
A method is developed:
1. to investigate the mechanical properties of timber joints. with
mechanical fasteners and connectors.
* 2.1)'to permit to calculate from the test results values of the
characteristic strength and/or of the allowalle loads;
3. to determine values of the deformation in tlie joint which enable

designers to introduce these in their calculation.

% 7. Fields of application

This code of testing practice is applicable to joints destined for
application in statically loaded timber structures with mechanical

fasteners and connectors.

# 3 onditioning of test specimens

Attention should be paid both to theconditioning of the timber before
the manufacturing of the joint as well as *to the conditioning of the
ioints as a whole befere testing. The preconditioning s!ould be conducted
11, such a way that the moisture content y of the wood, the effects

A comment is given about pavagraphs marked with a *on page 6 etc.
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of shrinkage, etc. can influence in a realistic manner the strength properti. -
of the wood, the occurrence of slits, etc., so as to guarantee a good
comparability between the performance of the test joints and the joints in
a structure.

4, Form and dimension: of test specimens

1. The joints to bc tested in the investigation must be of such
realistic form «nd dimensions that the necessary information
about strenglth and deformation in actual service can be achieved.

2. If necessary the angle of load to grain and/or the position of
the connector with respect to directions of load and grain must
be varied.

3. In most cases not only simple joints in tension and in compression
must be tested, but also joints where some of the members are
loaded with an angle to the grain. Attention should be paid to
the possibility to transform test values intoldata for practice

ey D O

SRS - WS
1-_' - e |’.\'
- i
— { J "‘*'JI
it ¥ = Y
8~
}
et T
—— \‘\\\
]
/\ T
G
Note:

It must be doubted if

examples ¢ and d can give

adequate test results for

complete truss-joints;

such complete joints should preferably be tested according to examples e or f.

Fig. 1. Examples of test specimens.



4.4 The mmber of connectors in.a joint should be chosen in accordance

with 4.1. and correspond to the character of the joint.

5. leading prucedures

5.1. Short duration test or stancdard test

.1. An expected value of the ultimateload F of the joint > be
tested has to be determined on the basis of former expcrience,
calculations, preparatory test or elsewise.

.2. The loading procedurc has been given in fig. 2.

017 | 1: 42 F
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1 2 3 &4 5 6 7 timsinmin P
fig. a Loading procedure fig. 3 Idealised load-defovmation

curve and measurenments.
PN

The test load is raised with a constant velocity up to 4f, then
diminished to f and raised again to 7f. Dependent on the possibilities
of the testing machine and of the goals one has in mind the test can
then be continued with a constant rate of loading or a constant
rate of deformation.
In the first case one must be aware of the fact that high rates of
deformations may be reached, as well as higher values of ultimate
load % ‘than in case two.

.3. At each load-increment or - decrease the deformations should be
measured in such a way that the continuity of tlie loading procedure
is not be disturbed to an essential degree,
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5.1.4. The loading procedure up to 7f should be carried out with
a rate of loading of f (= 0,1 F) pro 30 sec., so each load
increment f will be passed in 30 seconds.

5.1.5. From the measurements the following data can be calculated:

virgin; displacement v, , = 4/3 (vu - v1)

b ]
joint slip a =V T Voo

b
V'-l- + "

elastic displacement ej , = 4/3 ( < v

) : 2 =
e e v
joint stifness kg y * 0,4

? uf

displacement at

overload v

"
<

+tv, - v

o,u" Vg T Vi

<
N

Ry

.6.If during the execution of the investigation the average ultimate
load % of two or more executed teststurn out to differ more than
20% of the expected ;Lvalue adjustments of the loading procedure
for the following tests should be made.

The already obtained values of % may be maintained in the
final results; the values of vy, etc. must be recalculated or
estimated from the load slip diagram.

.7.As an alternative for more simplehcases the load may also

be raised continuously from O to F as in fig. 4.

10f:. i .
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5.1.8 The ultimate load is taken to be the maximum load reachc! within

a displacement in the joint of 15 mm.

—— el e o e e o e s o o S

.1. If information is wanted about the trust-worthiness of joints on the

long run long-duration-tests may be carried out.

% .2. Suggestion is made to use two load levels:

5030

. at a continuous load of 0,80 I'; joints are expected to fail
within a period of 3 month.

- v
. at a continuous load of 0,40 F; a creep factor-fgeggg
ol

of 0, may be expected in 3 month; a distinct flattening of

the creep curve will normally be observed.

Dynamic tests

For non-statically loaded structures results of dynamic teslz may be

required. Definite guide lines are not yet available.

6. Test reporgs

® 1.

Reports on tests must give all reliable data about the tests carried out
and the results. They shall therefore contain data about:

. species and quality of the wood (relevant strength properties, strength

grade following standard.......... and in any case relative density)

. material, quality and Btrength properties of the connectors; eventual

measures against corrosior.

exact data about the dimensions of the joints, number of conned tors

therein loading method in the test machine etc.

. conditioning of timber and test specimens before and after manufacturing;

moisture content at the time of testing, slits between members, etc.

. loading procedure followed

all individual test results; mean values and standard deviations

mode of failure.

Evaluation of test resulls

1. The extent of the investigation must be such that a statistical
treatment of the available data can taie place. The number of
tests depend upon the goals of the investigation.

2. Recommendations about the deduction of admissable loads and other
data which may be used in calculations will be given in
a CIB - W18 - brochure.



COMMENTARY

1.2. Recommendations about the method of derivation of design values for

strength and stiffness will be published 'y CIB-Commission W18
"{timber structures".

2. In case of time-dependent live loads where variance of intensity occur

with frequencies hipher than 3 to 1/3 of the lowest frequency of the

structure itself, dyamic effects must be expected. In many cases, like

floors of ballrooms, gymnastic 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.

The climatic conditions in which a joint is supposed tv function

influence its strength and its deformations. 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 geografic

positions it may be 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 than

2 weeks in a period of 5 years, disregarding surface conditions.

For great parts of Westgrn Europe such figures are given in table 1.

Table 1. Average moisture contenls to be expected in European softwoods,

used in Western Europe

Climatic conditions moisture content %
heated and ventilated buidings 10 + 3
not heated, closed buildings 13 + 4
not heated, covered buildings 17 + 4

with open walls

open air 22

|+
[00]
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5.2.2 Results of long-duration-tests on noymally used types of comncctors
as well as on clear wood show that tests on a level of 0,8 % will
last not longer than the period of 3 month. In the CIB-Wi8-recommeri~
dations it is said that: "Collapse of the total number (of test

specimens with this load) shall not occur within a period of 100 hours'.

7.1  Dependent on the wanted information different types of investigation
can be distinguished:

a. in a systematic investipgation 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 investipation 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 elc.

For instance a joint with punched metal platles
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c. In a special investigation information 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
primary beam of certain

dimensions.
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CIB-recommendations for the evaluation of results of tests on joints

with mechanical fasteners and connectors load-bearing timber structures.

1. Introduction

Developments in the ficld of load~bearing timber structures give
way to the problem that very often joiﬁ% connectors should be tested to
gather new or more information about their deformations and load-bearing
capacity.

The present recommendations give some general principles which could be

followed if results of such tests have to be evaluated.

1. Scope
A system is developed to evaluate results of "standard" (short duration)
tests as well as results of long duration tests om timber joints.
Ultimate loads of standard-tests lcad to the determination of characteristic
joint strengths and/or to allowable working loads.
Requirements have been laid down with respect to the behaviour of joints under

long duration loads (up to 3 months loading).

2. Fields of application

.1. The recomiendations are applicable to results of tests, carried out
according to "RILEM-recommendation for testing methods for joints with
mechanical fasteners and connectors in load-bearing timber structures".

‘.2. The RILEM-recommendations above are applicable to joints in statically
loaded timber structures.

.3. Evaluation of joints must take place a) with respect to short-duration tests
(cf chapter 3)

b) with respect to long-duration tests (cf chapter U).

3. Interpretation of results of standard tests

+1. All test results must be adjusted to the mean strength properties of the

timber-species under consideration. This may be done by multiplying the

ultimate load from the tests L with a factor ( 80 ;q, where
\ 5
Octest
g = mean compressive strength of timber species
abtest = mean compressive strength of timber used in the test-programm.
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. From the distribution of the

= coéfficiént, dependent on woodspecies and on type. of connector, as

c
a guide following values may be used:

(e}
]

o <
o for 0 test Gc

1 for G

(e}
n

In the case of systematic and limited investigations, the influence
of different variables must be studied and a theory or method to forecast

the ultimate load F must set up. 1 f?t
est

. _F test . L]
ratio ¢~x——— a meen value o '

F theory
#, &s well as a co&fficiént of }4{ T
&
variation v, can be calculated. ///'
In both values both the variation J(/

in strength as a result of materials

Fiheor

properties as well as simplications of the theory are incorporated.
With the aid of the mean value and the variétion mentioned in .3. & 5%- frac-

tile value ¢ char can be calculated, and this may be used to calculate

characteristic strength values for the joints fOllOWIng,Fchar = ¢char.Ftheor.
For the determination of a coéfficient of safety w use may be made of one of
the following formules.

1-/1-0,9375  [1-6,25(v/100)°] , or

W =
5] Ty /0,9375
] 1-2,33v/100
= 4=ea33V/ UV
B) Wy 1,25 p O
1-1,96v/100
B i R i
c) Wc 1.33

Allowable basic loads on joints may be found from

-~

.. =W '
Fbas1s tFtheqr’ where
w = a safety factor and
t = a factor for duration of lcad; unless more than normal information is

availaeble & value of t = 9/16 (= 056 ) may by maintained; if shearing or
splitting of the wood appear to be the governing strength properties for

the joint a somewhat lower value of t - e.g. t+ = 0,5 - may be chosen.

4. Long-duration tests

o

It is strongly recommended . that the evaluation of the trustworthimess
of timber joints is not only based on standard strength tests, but also

on the results of long-duration tests.



.2, Results of the long-duration-tests as suggested in the RILEM-recommer -
dations may be judged in the scopiof the following requirements:

.1. From the total number of 0,00 ;—long-duration—tests not rore than
50% shall be collapsed within a period of 100 hours. Collapse.
of the total number shall not accur within a period of 100 hour4.

.2. The creep-deformation of 0,40 ;—longduration—tests after a period
of 1000 hours shall be not more than T0% of the initial deforma-
tion. Within this period collapse of such test specimens shall
not occur.

.3. If the long-duration tests primarily do not fulfill the reuirements
of 4.2.1. and 4,2.2. the allowable load must be reduced to such
limits that the requirements can be fullfill?gt load-levels of 80%
resp. 40% of 3 x the reduced alldable load.
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Commentary

.3.1. Values of ac and of & must be based on the compressive strength

ctest
prisma 20x20x60mm, loaded paralell to the grain.
A sufficient number of tests on the wooden members
of the joints under consideration must be taken

to base a mean value of G upon,

ctest
For the following species-independent of the
grade - a value of 8C= 35 N/mm2 - may be uaed:
. abies alba (syn. A pecinata), abied sp. div,
Tanne, whitewood
. Pinus silvestris, pinus sp. div, European
Redwood Kiefer,
. Larix spe. div; larch, Lérche
. Picea abies (syn. P excelsa); europeen
spruche, Fichte
. Picea sitchensis sitka spruce
. Tanga heterophylla; Western henlock
.3.2, Such theories may have the character of the study of A. Meyer
about the load-bearing capacity of nails (A, Meyer, Die Tragféhigkeit
von genugelten Verbindungen; diss, Karlsruhe) or of the study
about the behaviour of joints (c.f. Kuipers and Vermeyden:
"rescarch on timber joints in the Netherlands" and " The ratio
between the strengfh and the alloable load on timber joints"
Papers for the TRADA/CIBeInternational symposium on joints in timber
structures, 1965)

expocled values

- = R O/Fd

\
\

==, ‘77"—
Pd\ ’

.3.4. If use is made of & normal distribution of ¢- the validaty of which

may be controlled - a multiplication factor ¢, = ¢_ = 1,64 v can be
k m

¢

used to find the characteristic values of the theoretical strength
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STRENGTH OF A WOCD COLUMN IN COMBINED COMPRESSION AND BENDING WITH
RESPECT TO CREEP

B K&llsner and B Norén - Swedish Forest Products Research Laboratory,
Stockholm, Sweden

Introduction

The purpose of this paper is principally to show the result of calculations
of strength and deformation of initially curved homogeneous wood columns
when creep is considered. Though the subject is not completely dealt with,
the presented results will give an idea of the influence of creep on long-
term strength. The calculations are based on a method presented by Ake
Samuelsson /1/.

Theogy

The buckling theory is elementary. For the numerical solution of the equa-
tions finite differences are used. The problem is treated as if the column
was divided in elements, lengthwise and crosswise. The following basic
assumptions have been made:
1. The column section is symmetrical with respect to the plane in which
it buckles.
2. The cross sectional area and the moment of inertia are constant along
the column.
3. The column is divided into a finite number of imaginative laminae, the
bending stiffness of the laminae themselves being neglected. Shear defor-

mation within and between the laminae have been neglected.

It is possible to introduce layers between the laminae in the computer
program. These intermediate layers are supposed not to take normal forces.

By introducing such layers one can simulate the real bending stiffness of

the total cross-section and still use a limited number of laminae. The laminae
are of equal thickness.

4, The cross-sections are assumed to remain plane at the deformation of
the column.



5. The deflections are considered as small in relation to the length
of the column.

6. The deformation of the wood is supposed to have one part appearing
instantaneously with a change in stress and one part which is depend-
ing on the time and the level of stress. The material is assumed to
behave linearly.
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Figure 1 Geometry and loading of the column

The geometry and loading of the column is seen from Figure 1. The fundamental
equations for determining unknown quantities are given briefly in the follow-
ing. For the more detailed derivation is refered to /1/. For each cross-section

there is an equation of equilibrium with reference to external and internal
axial forces

= -ZA. O, 1
P }:AJoJ (1)



and one equation with reference to bending moment

Pw=IZA, o, §.
w 5% (2)
Further, the condition that the cross-section Temains plane gives

n -1 equations

ej - = (Gj - Gi) w (3)
At last one can formulate the relation between strain and stress for each
lamina in the cross-section

L ] 5 [ ]

€ E + ecr (4]

For each cross-section of the column we thus get 2nx+1 equations and the
total number of equations for the column will be ny(an+1].

The number of unknown quantities are nxny strains, nn stresses and nx+2
deflections, i.e. the total being ny(2nx+1)+2. Thus we need two additional

equations. They are given by the boundary conditions for the column:
w(=w) = 0 for x = Dand x = L

The relation between stress, strain and time can be expressed by the equa-
tion

e = o/E + kzonz t™ o+ k30"3 (5)

In (5) the first term gives the rate of strain directly referable to the
rate of stressing. The second term refers to primary creep and the third
to secondary creep (Samuelsson /1/ has not include. the second term). The
parameters in (5) can be determined by creep testing at different stress
levels. The computer program is based on a more general creep function (at
constant stress)

e=p (1+4¢) (6)



The creep function ¢ is assumed to consist of two independent factors:

a stress function and a time function
¢(a,t) = p(o)F(t) (7)

By dividing the time in relatively short intervals the stress can be considered
constant within each interval and the equation (6) can be applied. The increase
of the stress is illustrated by Figure 2. The law of superposition is assumed

to be applicable, i.e. the stress at a time tn can be divided into components:
On = Oo * Aoo * A01 + LB B BB B BN AN ) + Aon-1 (8)
The duration of the respective stress components is

sesey t -t
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FPigure 2 Assumed variation of stress with respect to time



The rate of creep in successive time intervals is given in equation (9):

For t0 <tcst

1
o g
elt) = g. + E‘iwtool Fie-t) (9a)
For t1 <t < t2
. s % . Ao s
e(t) = g+ = vlo)) Fli-t)) + = vlo,) Flt-t,) (9b)
For tn < t g tm_1
. ¢ 9% , v(o ) n-1 .
elt) = g+ == ¥lo) Flt-t)) + —— S do, Flt-tg,,) (9c)

Numerical examples

In the examples refered to in the following the function (o) in (7) has been
given the value 1. The function f(t) chosen is

£(t) = 0,0224 t0-3%6

(10)
Thus the last term in (1) is omitted. The coefficients should be regarded as
an example, see appendix 1.

It is refered to five examples (no. 1 - 5). In all cases the cross-section is
45 x 95 nm. Variables are the length of the column (L) and the initial bow
(wo). Numerical values are given in Table 1. At the calculation the cross-sec-
tion was divided into 15 equally thick laminae and the length of the column
into 20 parts (21 cross-sections). As shown by Samuelsson /1/ one could have

used a less number, especially fewer laminae.



TABLE 1 Length, initial bow and slenderness used in the calculations

L wb A w_/L

Example m - o

1 2700 10 98.5 1¢ 270

2 2700 25 98.5 1: 108

3 2700 1 98.5 1: 2700

4 4050 15 147 .8 1: 270

5 1350 5 49.3 1: 270
Stresses

The stress in the lamina furthest out in the middle of the column (maximum
stress) is shown as a function of the duration of load and the levels of
load in the Figures 3 - 7. The lowest level of load is refered to as 1.0.
Actually, this is the presently permissed long-term load, with respect to
buckling, for the Swedish structural quality T 200 (Swedish code of practice
SBN 67).

In example 1 (Figure 3) the bow (10 mm on a length of 2.7 meter) fairly well
corresponds with the maximum bow allowed in the structural quality T 200.

At the lowest load the shape of the stress curve is characterized by a very
small influence of time in the first part and a steep increase of stress in
the last stage, just before failure. In this case the stress at the time t =
1h is very near the stress immediately after loading. The stress after one
hour”s duration is slightly higher. It is further seen from the figure that
at a load about 3.4 times admissible load at long-term loading the stress

almost instantaneously reaches the short-term strength of the timber, 20 NAnnZ.

In example 2 the bow is increased to 25 mm. As seen from Figure 4 the short-
term stress thereby will be higher and the time influence on the stress in-
creased, so the curves are more smoothly curved. The ratio of short-term load,
giving the stress 20 NAnnz. to admissible long-term load is decreased to about
2.5. Should the initial bow have been still larger the stress curves at

low load levels had approached the creep function f(t).



The stresses in a column with small initial bow are shown by Figure 5. The
load 1.0 gives an instantaneous stress close to the long-term stress admitted
which increases very slowly during a long time. In this case the short-term
load giving a stress of 20 N/mnz. is comparatively high: about 4.6 times the
admitted long-term load.

Figure 6 gives the stresses for the example 4 in which the length and thus
the slenderness is increased by 50%. Also the initial bow is increased by 50%.
Thus the case is comparable to that in example 1, except for the slenderness.
The curves at equal relative load have similar shape.

In the last example, Figure 7, length and bow are half the length and bow

as given in the first example, Figure 3. In this short column the ratio axial
force to bending moment is comparatively large. Consequently, the bending
stresses are relatively small. The curves are almost horizontal for a long
period even at higher load levels.

Ultimate load

The ultimate load at short-term loading (1h) can be defined as the load which
gives a stress equal to the characteristic strength, here 20 Nﬂnnz. (This is

not absolutely correct as the value 20 refers to a bending strength but the

stress is a result of compression and bending). In order to design a curve

showing the time influence on ultimate load, that is a "Madison-curve” for
columns, one has to define a long-term ultimate stress. One possibility is to
assume that the ultimate stress decreases as found in testing at constant stress.
Such a decrease of stress is examplified by the line AB in Figure 3. The time

to failure at a given load level is then found from the intersection of the line
and the respective load curve. If we, for example, assume that the relative

level of load is 2.2, then the time to failure will be 1.6 x 104h. The stress

at this time is 13.5 NAnnz while the corresponding short-term stress was 9.3 Nﬁnnz.
The difference is not too big so it is reasonable in this case to use the reduc-
tion of the ultimate stress found in tests at constant stress. If instead we

have a load lavel as represented by the curve 1.0, the ultimate stress at the
intersection of the line AB is 9.8 while the instantaneous stress is 3.5. In

this case the stress has been less constant. Still it has been at least 6 NAnnz
during 2/3 of the time so one will not be too conservative if assuming a material
strength reduction in accordance with line AB.



The assumption that the intersection of the line AB and the curves directly
gives the time to failure is slightly on the safe side. It is possible to
modify the time to failure with respect to the increasing stress. However,
from the shape of the curves one can estimate the error by assuming the
line AB to be reasonably small.

Stragggh reduction curves

If in Figure 3 the intersection of the curve representing the relative load
2.2 and the line AB is once again regarded, it represents a failure load of
2.2 after 1.6 x 1U4h duration. An interpolated curve which intersects the
line AB at the time 1h represents a relative load 3.37. In other words: The
ratio of the ultimate load at 1.6 x 104h duration to the load at 1h duration
is 2.2/3.37 = 0.65. This ratio is marked in Figure 8. If the procedure is re-
peated for the rest of the curves in Figure 3 one finally arrives at the full
curve in Figure 8. It shows the time influence on the ultimate load at con-
stant load (P). It should replace the reduction curve for the strength of the
wood (dotted line in Figure 8). The deviation from the line is due to deforma-
tions of second order (deflection due to axial force). Corresponding curves
for the other examples are found in Figures 9 - 12, It is observed that the
calculated load reduction curves give less reduction at short-term duration
and greater reduction at long-term duration than the line for the strength of
the material.

The dash-dotted curve in Figure 8 shows the load reduction which one would get
if thers was no creep, that is if the curves in Figure 3 remained horizontal.
The strength of the material has of some other reason decreased as shown by
the line AB. This is a case of pure aging without creep.

The more influence from second order deformations, the less is the influence
on ultimate load of a reduction of the material strength. If the strength of
the wood decreases from 20 to 10 N/nn?, the ultimate load decreases from 3.37
to 2.3 (Figure 3), that is by less than 50%. Consequently the dash-dotted curve
will always be above the straight line (dashed) representing reduction in
material strength. The curve approaches the line when the ultimate long-term
load approaches zero.



For timber columns the case of pure aging is merely academic. Reduction

of strength of the wood is almost always related to creep. The real reduc-
tion curve for the ultimate load on the column will therefore initially

lay between the curve for pure aging and the straight line assumed for the
strength reduction of the material. If, however, either the excentricity
(bow) is great or the column short, the influence of second order defor-
mation will be small. In this case the ultimate load will be near propor-
tional to the material strength, i.e. the three curves will lay close to

each other. This can be seen from example 5, Figure 12 and - to some extent -
from example 2, Figure 9.

At the assumed conditions, especially the chosen creep function for the
material, one is on the safe side in reducing the ultimate load by the

same factor as the material strength, provided the duration of load exceeds
104h, that is about one year. If the column is loaded for longer time one
must increase the reduction as the load reduction curve falls below the
reduction line for the material strength. This is the most important con-
clusion of the calculations.

The influence of the slenderness on the reduction can be estimated from the
examples shown in Figure 8 (A = 98.5) and Figure 11 (A = 147.8). The excen-
tricity is normal, that is, the bow is close to what is allowed in the timber
grade in question. The reduction curves for the loads are almost identical.

On the other hand when the slenderness is lower, the reduction curves deviate,
ses Figure 12,

Strain and deflection

The extreme strain and the deflection in the middle of the column are given

as function of time in the Figures 13 and 14. The time to failure at different
load levels is marked on the curves and the marks have been connected to a
dashed curve indicating the strain at failure. The curves” first drop indicating
that the ultimate strain decreases with load duration. This is hardly to be ex-
pected. However, the curves are nothing but a result of the assumed creep func-
tion and the assumed linear reduction of the strength of the wood. These assump-
tions can be modified to the effect that the strain at failure will be constant
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or increase with duration of load. Of course the result has nothing to
do with the second order deformations. This is clear if one regards a
case of pure bending (large excentricity). Strain at failure in this
case is

0'355)

€g = €4 (1 +1 ¢ f(t)) = ¢, (1 + 0.0224 ¢

0
The ultimate short-term strain, €’ decreases proportional to the loga-
rithm of the time in agreement with the assumption of the reduction of the
ultimate stress. Contrary to this the factor which includes the creep
function increases with the time. In the beginning the decrease of ¢
dominating, see Table 2.

018

TABLE 2 Ultimate strain at pure bending (pure compression)

t 1 + f(t) €q €g (1 + f(t))
0 1 . 1

10 1.051 0.92 0.967
102 1.115 0.835 0.931

10° 1.262 0.76 0.959
104 1.585 0.66 1,085
10° 2.350 0.60 1.41

10° 4.064 0.525 2.13

The deflection curves are similar in shape as the curves for the maximum
strain. Figure 15 shows the rate of deflection at the middle of the column.
Also in this figure the values at failure are marked and connected to give

a curve. This curve does not entirely coincide with the curve through the
minimum points of the deflection rate curves, i.e. the points where a deflec-
tion retardation changes to acceleration.



Notation

Aj cross sectional area of lamina j

E modulus of elasticity

f time dependent function

L length of the column

n number of sections in the x-direction
ny number of laminae

P axial force

t time

w lateral deflection

X, ¥, z coordinates (Figure 1)

6j distance between the center of gravity and lamina j
€ strain

A slenderness - ratio

o stress

[) creep function

v stress dependent function

Reference

1. SAMUELSSON, A: Creep deformation and buckling of a column
with an arbitrary cross section. The Aeronautical Research
Institute of Sweden, Report No.107 (September 1966)



Pigures 3 to 7 Maximuwn stress as function of time at different load levels
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Figuree 8 to 12 Time influence on ultimate load
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APPENDIX 1

The Creep Function

The creep function used was fitted to results of tests with clear pine
wood (Pinus sylvestris). In these tests the load was kept constant at
comparatively low levels. As the time for the test was short one can
neglect the secondary creep. The creep velocity is then from eq. (5):

° - n2 m .
€ k2° t (1:1)
and the creep function:

-1
FE) = ka2 ™1/ (me1) = at™1 (1:2)
“
The values a = 0,0224 and m+1 = 0,356 were chosen giving the circled curve
in Figure A 1. The corresponding creep velocity is

¢ = 0.008 t 064
c (a]

(1:3)
where €, = o/E is the instantaneous strain at loading (t = o).

The adopted coefficients correspond to a relative creep of 0.12 after 102h

and 1.35 after 105h. The corresponding fictive MOE are

. _E = E
E2 = 1;TE77-and E5 ToT35

E5/E2 = 1.12/2.35 = 0.48

If the E-value given in the Code of practice is applicable for an effective
duration of 102h, this E-value should be multiplied by 0.48. This factor is
slightly smaller than the relation of the MOE at long-term loading (dead
load) to the MOE at short-term loading (exceptional load) given by the Swedish
Code (SBN 75):

- Eq/Egp = 0.7/1.3 = 0.54
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Note to the Creep-in-column paper by Kallsner and Norén

The time influence on the strength of the column could alternatively
have been calculated simply by substituting the modulus of elasticity

E in the elementary formulas by a fictive modulus

Be = T Oy

This would have given stress curves curving slightly earlier than the
curves in Figures 3 to 7. The corresponding strength reduction curves
will after some time fall below the full curves in Figures 8 to 12,
The drop at t = 106h is about

Example A(PB/PBS)

oA W N =
w
(8]
o\®

Thus the approximation gives result on the safe side.
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1. INTRODUCTION

The present paper has been prepared as a background for the work of the CIB/W18-Timber
Structures in setting up the basis for an international standard for timber structures.

The report deals with the design of beams of both solid timber and glulam, and glued thin-
webbed or thin-flanged I- and box beams (flat stressed-skin panels).

A number of West European and North American timber codes have been studied and an at-
tempt has been made to clarify and evaluate the background for the regulations of the codes.

2. SYMBOLS

In this review of code regulations and their basis no opinion has been given on safety systems,
etc. Loads and strength parameters (which might also be moduli of elasticity) are assumed to
be supplied with safety factors or partial coefficients in conformity with the safety rules chosen.

The applied symbols and designations are in conformity with Draft International Standard ISO/
DIS 3898, 1975 and the proposal from the CIB-Timber Structures group.

The following main symbols have been used:

E modulus of elasticity f strength parameter

(EI)  bending stiffness f, bending strength

G shear modulus f, compressive strength
(GIV) torsional stiffness f, tensile strength

I moment of inertia (geometric) f, shear strength

M bending moment h depth

\" shear force [ span

w section modulus r radius

X gravity axis of beam t thickness

Y a dimensionless factor

Z main axes of cross-section Ay slenderness ratio in lateral buckling
a length T shear stresses

b width a axial stresses

0, axial stress in bending

Ot Critical stress
Other symbols will be defined when used.

3. SOLID TIMBER, BENDING
3.1. Rectangular cross-section, bending in one plane
All the codes dealt with in this paper assume the following condition to be satisfied in bending
about one of the principal axes (here the Y-axis, cf. fig. 3.1):
0, = My/Wy <fy (3.01)

where oy is the bending stress from the moment My , Ty, is the bending strength, and Wy is the
section modulus:

W, = bh? /6 (3.02)

In a few cases (8.01) is given directly, but in most cases it is just implied in the code text.
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Fig. 3.01. Curve 1 of fig. b) shows the real stress distribution in principle, while curve 2 is the
approximation of the theory of elasticity.

Although eq. (3.01) corresponds to the theory of elasticity, this has not been assumed. It is,
however, assumed that the stress distribution and strength parameters are independent of the
dimensions of the rectangular cross-section, and - of course - that (3.01) - (3.02) are used to
determine f; from rupture tests.

3.2. Rectangular cross-section, size effect

Tests performed by, for example, Newlin & Trayer*, Dawley & Youngquist**, Camben [21],
Bechtel & Norris [16] and Bohannan [17] have shown that the bending strength decreases as
the size of the beam increases.

Originally, the phenomenon was considered solely a depth effect and explained (Newlin &
Trayer) by the so-called »support theory», which is described in [20] as follows:

The fibres in the compression zone of a beam act individually as small columns and the more
highly stressed fibres near the edge of the beam are restrained by those relatively unstressed
fibres near the neutral axis. In a shallow beam these restraining fibres are nearer (this distance
is absolute and note relative since the size of the fibres is the same for all depths of beam) to
the compression edge than in the case of a deeper beam and hence a greater modulus of rup-
ture is achieved.

The explanation now generally recognized is based on Weibull’s statistical rupture theory for
brittle materials [40]. This theory assumes that exceeding of the ultimate strength in a single
point (part volume) will result in total collapse of the whole member. According to this theory
it will not only be a question of depht effect, but the strength will depend on the volume, which
is exposed to large stresses. Thus, the theory also explains another phenomenon observed, iie.
that the strength depends on the type of load: e.g. strength with four-point load is less than with
three-point load (= mid-span load). .

* The result is mentioned in [4].

ol Referred to in [27].



On the basis of tests, Bohannan has evaluated the theory {17] and found that the correspondence
between theory and tests is not particularly impressive. There will be good correspondence, how-
ever, if the front area of the beam is used as a parameter instead of the volume, i.e. if the influ-
ence of the width is not taken into account. Bohannan tries to explain this, but his explanation
is not convincing, and for the time being it must be accepted merely as a fact.

On the basis of Bohannan’s work the following rules, cf. [6], can be given for determining the
bending strength, fb,h’ of a beam with the depth h (in mm) in relation to the bending strength
fb.200 of a beam with the depth of 200 mm, uniformly loaded with 2/h = 21:

1

f 00.%
— =°‘(2h_0) (3.03)

b,200 :

where a is given in table 3.03 dependent on the load type and the ratio 2/h between the span £
and the depth h. For oi:herl load types the factor can be determined by comparison and inter-

polation. The factor (2—1919)9 is shown in fig. 3.02.
f

‘ b,h

f
20 b,200

1.5

/- French rule
formula (3.03)

y \\ Z/ witha =1

t = h, mm

100 200 300 400

Fig. 3.02
mid-point uniform — third-point

. | Justuimiin |
e 3|5 |5

weti2 o B2 o | L M 2/3 ,2/3 ,8/3
7 1.15 1.06 1.03
14 1.10 1.02 0.99
21 1.08 1.00 0.97
28 1.06 0.98 0.95
35 1.05 0.97 0.94

Table 3.03. Factor « in eq. (3.03).



|

The conclusion is that there is a marked depth effect (size effect), and that this has been tested
so thoroughly, at any rate for North American structural timber, that it is possible to give rela-
tively simple rules. The only question is therefore whether the better utilization of the materials
justifies the calculations being made more difficult.

So far, most code-writers have apparently judged that it was not worth-while, as only the French
Timber Code [10] gives a depth factor for ordinary structural timber.

Indeed there are depth rules in the British Timber Code [6] and in the Timber Construction Manual

| 5], but they only give a strength reduction for h > 300.mm and with European timber dimensions
they apply to glulam only. Therefore, the peculiar situation arises that a set of rules which, with a
few exceptions*, are based on ordinary structural timber of depths below 300 mm (most tests even
with h equal to 25-560 mm), are solely applied to glulam with depths considerably exceeding 300 mm.

The French rules [10] which do not take the load types, etc. into account, are drawn in fig. 3.02,
taking as point of origin h = 200 m (in [10] h = 150 mm is used as a standard depth). It is seen that
a considerably larger depth effect than that according to Bohannan’s results has been assumed.

If it is decided to introduce a depth factor it must be a prerequisite that reasonable test series are
carried out with European timber.

3.3. Other cross-sections and bending in two planes
The bending strength is not a material parameter, but only a design factor related to the rectangular
cross-section. In bending tests with other cress-sections other formal bending strengths are found.

To take this into consideration a form factor a; can be used so that the requirement by bending a-
bout one of the principal axes can be written

o, = M/W < af, (3.04)

The stress distribution is suggested in fig. 3.01 b and implies that the fibres near the gravity axis be-
come more involved than by the theory of elasticity. Therefore, the form factors are greater than 1
for circular cross-sections, square cross-sections stressed in bending about a diagonal, and others
where the area is concentrated near the axis, but less than 1 for box beams and I-beams.

An impression of the size of the form factor can be obtained by taking into account the stress dis-
tribution shown in fig. 3.04, where ideal-elastic plastic conditions are allowed for in the compres-
sive side and ideal-elastic conditions in the tensile side, with a tensile strength of f,, which is a times
the compression strength f_(a > 1).

f

C

—

compression

—

A
é eneien
P 2

Fig. 3.04

For the rectangular cross-section the following expression is found in this case:
f,/f,=8—4/(1+a) (3.05)

* A few of the tests in [27] were performed with h = 400 mm (16" ), and Bohannan'’s tests comprise 8 glulam beams
with h ~ 800 mm and ¢ = 14.8 m, but ﬁ;hese results cannot be immediately applied to European conditions.



As an extreme value, a = 2 is used in the following, giving f, /1, = 1.67.

For a square section on edge fb M, = 1.82 is found, i.e. the theoretical form factor is 1.82/1.67 =
1.10.

For the cross-section shown in fig. 3.05 a, f, /f, = 1.45 is found, i.e. o, =1.45/1.67 = 0.87.

77, T1
‘A R 3
/ ’
4 4 *
17
v 1 N
N
0.25,, 2 ,0.25 2
a) b)
Fig. 3.05

Further, the square section on edge is just a special case of bending of a rectangular cross-section
about both principal axes, where the form factor depends on the depth-width ratio and moment
direction. Generally, the form factor is found greater than or equal to 1 (for bending about one of
the principal axes), rarely, however, above 1.05.

Newlin & Trayer [3], who determined the form factors by experiments, found a; ~ 1.2 for the
circular cross-section and about 1.4 for a square section on edge. For a number of I- and box sec-
tions, a; was found in the interval between 0.65 and 0.90; thus, for a cross-section corresponding
to fig. 3.05 a a; ~ 0.7 was found. According to these tests the shape therefore has a relatively
strong influence.

Newlin & Trayer explain the form factors by the fact that the outermost fibres, being essential to
the bendir&g strength, are fixed better in the compressive side of the cross-section with material
near the ngutral axis than in I- and box beams, and an empirical design model is set up. As seen
from above, however, the form factors might also be explained just by the form of the stress-strain
curve. However, an unexpected result from the tests should be mentioned, namely that a form
factor of 0.9 was found for the cross-section shown in fig. 3.05 b.

Of the codes dealt with in this paper only the British and certain USA rules give form factors. Here,
1.18 is stated for circular beams and 1.41 (= +/2) for a square section on edge.

The justification for these rules is doubtful. The basis is Newlin & Trayer’s tests, which were per-
formed only for very small cross-sections (60 mm side length or diameter) using absolutely perfect
Sitka (»No material was used having knots or pitch pockets, no matter how small»).

The suitability is also doubtful. In practice, circular cross-sections will only occur in the form of
logs for which the grading rules - if they exist at all (they do not exist in the UK-Code) - are quite
different from those of sawn timber, the strength of which is used as a reference. Therefore, it ap-
pears more reasonable, as e.g. in the German Timber Code, to give individual strength parameters,
also for other cases than bending. As regards the square section on edge, it seems unreasonable to
give a form factor for this case, which hardly ever occurs in practice, while for the ordinary case -
bending about both axes - there is none, neither for square nor for rectangular cross-sections. Here
the factor 1.4 is unaccountably high.

For I-beams, cf. fig. 3.06, the French Timber Code [10] gives the following form factor:
@ =058+ 042 [F (1 —2)+ 2] (3.06)

as taken from [34].
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The other countries give no form factors for I- and box beams, although there is a distinct effect.
In the Danish and German timber codes, among others, there is, however, a special rule, having
the same effect in practice, namely the requirement that the mean stresses in the flanges must be
kept below the tensile and compressive strength. Having f,/f, about 0.6 - 0.7 there will generally
be good approximation between the strength reductions according to this rule and those experi-

mentally determined in [4]. Thus, for the cross-section in (3.06) 0.6 _(i = 0.72 is found for £, /f, =
0.6 and 0.84 for f,/f, = 0.7.

As regards the form factors it also appears to be necessary, if it is considered reasonable to intro-
duce them, to have them determined also for European timber.

3.4. Lateral buckling

For beams with a small stiffness transverse to the load direction or for long beams, failure may
occur for smaller loads than one would expect from the stresses occurring. For a certain load the
initial undeformed stage will not be stable any more, but at the slightest load increase buckling
will occur in the form of a combined flexural and torsional mode. The load for which the struc:
ture is no longer stable is in the following denoted the critical load and indicated by subscript ;-
In the following, a number of results are given concerning the critical load based on, among others
[39] and [29]. It is true that they are derived for ideal-elastic, isotropic materials, but tests by
Hooley & Madsen [29] have shown that they are also applicable to timber.

A cross-section subjected to bending about the strong principal axis is considered, i.e. loaded in
the Z-direction, cf. fig. 3.01. The bending stiffness of the cross-section around the main axes is

EI  and EI,. The torsional stiffness is GI, and it is assumed that the cross-section remains plane,
which can be reckoned to be the case for solid sections, box sections, etc. However, the following
does not apply to open thin-walled sections, e.g. I-beams.

When lesser secondary terms are not taken into account (for example /1 — Iy /1, ~ 1 is assumed),

the ratio between the critical stress, o_;,, and the bending strength may be written as

0. f BE
cit b _ (3.07)

where the slenderness ratio A, in lateral buckling is defined by

2 o WR_
\n K ‘/]I (3.08)
k is seen from table 3.07 dependent upon the types of beam and load and the position of loading,
i.e. whether the load is acting on the top side of the beam (T), in the gravity axis (M) orin the
bottom (B).



position K ’_Ze_1 & Egg f_eé
of loading 2 ' 2 2
C 5|
,é}; 797 M m 0.34 1.60 1.8 1.84
P L - B
%llHllllIl[ T |~33 0.33 1.92
. M 3.5 0.31 1.42 16
. L o B 3.7 0.29
l T 3.9 0.28 1.61
Pam M 4.2 0.26 1.19 1.4
2, 2 B 4.5 0.24
7
I | Lo6
2 . M 6.4 0.17 0.78 0.9
4 3w 140
M 4.0 0.27 1.25 1.4
. 2 5
AT T 7.9 0.14
A M 8.2 0.13
2/2 2/2 z B 8.9 0.12
T o M| 12 0.09

é
—>—

torsion

torsion

built-in both in Y- and Z-direction, fixed against torsion

T = Top, M = Middle (gravity axis), B = Bottom

simply supported in both Y- and Z-direction, fixed against

beam fixed against displacement in Y-direction, fixed against

Table 3.07. Factor « in eq. (3.07) and effective lengths.




For rectangular beams W = bh? /6, I, = b>h/12 and I, ~ + b*h(1 — 0.63 2). For b/h ~ 0.20,
I, ~ 0.29 b*h, and

a, =100 e (3.09)

The effective length 2, defined by (3.09) is given in table 3.07.
Using E/G ~ 16, (3.07) will be

o . 0.26 fE
°f—‘“ = Trl (3.10)
b vl

which is used in the Danish Timber Code [8].
As suggested by Hooley & Madsen [29] the following expression has been chosen in some codes:

(3.11)
Nz

where the slenderness ratio A, is defined by

_120,, _ i}
N2g = 0'g5 M = 4823; =2 h/b? (3.12)

and the effective length 2 ,, cf. table 3.07, by

R, =482, ~ 5.00/k (3.13)

To take into consideration the difficulties in establishing the total support restraint against torsion,
which is assumed, Hooley & Madsen [29] have suggested increasing the effective length by 16%, i.e.
in (3.11) to use

A2g = L,gh/b? = 1.15 2 ,h/b* = 1.16 A2, (3.14)

The Norwegian and Canadian timber codes use (3.11) + (3.14). The effective length is given only
for loads acting in the gravity axis, as the effective lengths - according to suggestions by Hooley &
Madsen - for loads on the upper side are found by increasing ¢ 4 by 3h and for loads in the bottom
by reducing by h.

In cases where £_ depends on the position of loading, the Timber Construction Manual [5] gives
values 35% larger than the theoretical values for load in the middle; these values, however, can be
used in general, also for loads on the top edge, which is most common. The corresponding effec-
tive lengths are denoted ¢, in table 3.07.

The theoretical expressions (3.07) or (3.11) apply only as long as Oyt 18 less than the proportional
limit, i.e. for o, /f, less than 0.4 — 0.67.

For beams with A-values below a certain limit, g, /f, = 1.

As fy is normally determined with beams having £ > 16h and h ~ 2b this limit is, when ¢, is as-
sumed to be 1.5 2

A2g = 1.5 - 16h * h/(0.5h)? ~ 100 (8.15)
Ay ~ 10 (3.16)



A suitable transition curve is used between A 3 ~ 10 and the proportional limit. Hooley & Mad-
sen have suggested a parabola, which is also applied in the Timber Construction Manual, while
just a straight line is used in the Danish and Norwegian codes.

For E/f, = 300 which is used in the Norwegian and Danish codes and also is a typical value for
North American timber, o Ocrit/fp, has been drawn in fig. 3.08, in conformity with the codes men-
tioned and the Timber Construction Manual, E/f,, = 300 might immediately appear to be a high
value; however, it is due to only a small part of the cross-section being exposed to the large stresses
which normally reduce the stiffness.

Formula (3.4)

Norwegian
A Yerit Timber Construction Manual
18 £, //__ Danish

4

E/f, = 300

0.6

AN

N\

10 20 30 40 50 v3
Fig. 3.08

A number of codes only allow for lateral buckling by limiting the depth-width ratio. The most
common rules of this type are the Canadian-British rules, limiting depth-width as stated in table 3.09.

maximum depth to

degree of lateral support width ratio

no lateral support n
ends held in position 3

ends held in position and member held in line, as by purlins or tie rods 4

ends held in position and compression edge held in line, as by direct
connection of sheathing, deck or joists 5

ends held in position and compression edge held in line, as by direct
connection of sheathing, deck or joists, together with adequate bridging
or blocking spaced at intervals not exceeding 6 times the depth

ends held in position and both edges firmly held in line 7

Table 3.09. Maximum depth to width ratios (solid and laminated members)



10

As seen from the above, the determining parameter is not h/b, but 2h/b?, and rules of the kind
mentioned are hard to defend, as they are not always on the safe side, not even in cases normally
occurring.

3.5. Deflections

The deflection calculations present no problem; but the problems arise in connection with deter-
mination of the acceptable deformations. The estimate of these, however, is outside the scope of
the present report. The matter is dealt with by ISO/TC98/SC4, which has issued proposals for an
ISO-recommendation.

There is a difference, however, between the codes of the various countries. Some of them state
the pure modulus of elasticity in bending, while others state a reduced valueto allow for the fact
that apart from bending deformations, which for beams are normally the only ones directly cal-
culated, there are also shear deformations. Typically, the reduction is about 10%.

As the moduli of elasticity are also to be used for other purposes, where it is important to know
the values as correctly as possible, such a procedure seems unfortunate. The codes should rather
state that the requirements apply to the sum of bending and shear deformations, and that the
latter - if more exact calculations are not desired or necessitated by special conditions - may be
calculated to 10% (or what is thought reasonable) of the bending deformations, cf. section 4.5,
where the value is estimated.

4. SOLID TIMBER, SHEAR AND BEARING

4.1. Rectangular cross-section

Generally, the ordinary theory of elasticity is used, i.e. in bending about one of the principal axes
(here the Y-axis, see fig. 3.1) with the shear force V =V, it is assumed that the shear stresses
vary parabolically with the maximum value

3V
"max =3 DE (4.01)
and
e < £, (4.02)

is required, where £, is the shear strength.

In fact it should be taken into account when determining = that the bending stress distribution,
cf. fig. 3.01, deviates from the linear distribution, but normally this is not done.

4.2, Rectangular cross-section, size effect

For a long time North Americal timber codes, see e.g. [5] and [7], have used a modified shear
force V', which is less than the true shear force V, as seen from the statical calculations. A corre-
sponding rule has now also been included in the Norwegian Timber Code [12].

The basis for this modification is an article by Newlin, Heck & March [37] from 1934, where the
so-called »two-beam action» was suggested for the first time.

a) b) c) d)
lD 7 0
I 7 S
A g2, | ) £7
=
T f, <f, f,
B ] — —

Fig. 4.01. In b) - - - denotes stress distribution in an unchecked beam, and in a checked beam.
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Shear failure along the middle shear plane in a beam need not cause total collapse. The shear ca-
pacity of the two beams, into which the original beam has been split, is not necessarily less than
in the unchecked beam, and provided the bending strength is not exceeded in the plane denoted
BCD in fig. 4.01, the rupture may theoretically be stopped (in practice, however, it will be diffi-
cult owing to the dynamic effects of the rupture).

Newlin et al now assumed that the beam could check partly and that the original beam, when
the part-beams were fully utilized, still could absorb part of the shear force, corresponding to
the stress distribution as shown in fig. 4.01 d. The assumption was theoretically and experimen-
tally supported. On the basis of this, the following principal rules are given in North America, cf.
fig. 4.02:

- Loads applied closer to the support than the beam depth h are not taken into account.

- The following influence line is used for the shear force

X,?
¥=%(1 ~X hx (4.03)
2+ ()
instead of
V_,_x
F=1—7 (4.04)

which results in a substantial reduction of the effect of forces acting on the outermost quarter
of the beam, cf. fig. 4.02.

- For uniformly distributed load q
V= q(%—h) (4.05)

is assumed in accordance with the first rule.

—x 4
lP
[ = *h
Ty 1
»— g v
A v
1.0 2/h =20
| 2/h =10
0.1 0.5
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It seems incredible that this theory has been able to remain unchallenged for 40 years and that

it has been admitted in otherwise respectable codes. It makes no sense that checks - either caused
by drying or a beginning, but halted rupture - should improve the shear capacity. And if common
sense is not adequate, the theoretical derivations might have been looked into, which would have
shown that they are based on senseless geometric assumptions along the check from A to C. It is
of course quite unacceptable that the results have been applied also to glulam, when it is certain
that the producer will be sued if the beams are delivered with the checks which form the back-
ground of the theory.

Keenan [31] has evaluated a large number of shear tests. As a start it was investigated whether the
increased shear strength, which is indisputably found when the load is close to the support, might
be caused by friction from the transverse compression stresses. This, however, had to be rejected.
Then it was investigated by the finite element method whether the shear stress distribution as-
sumed by Newlin et al might occur. This was found not to be the case, which is quite obvious, as
continuity was assumed in the calculations, while it is a discontinuity phenomenon which should
be investigated.

Finally, the connection between the shear strength f, and sheared area A, defined as
A, =bx (4.06)

where b is the width of the beam and x the distance to the nearest force, cf. fig. 4.02, was investi-
gated.

Fig. 4.03 (taken from Keenan) shows the results of a large number of tests with shear in bending,
shear in torsion (hollow tubes) and block shear. Not taking the latter into account, the following :
regression line is found:

=19.20 — 3.03 log N/mm?, in mm? (4.07)
10

) o N/mm?
15

10

- 19.20 — 3.03 log, yA,
| 20.95 — 3.35 log oA,

—0.2

’ = log,A,, A, in mm?

Fig. 4.03
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A, is the sheared area in mm? . The framed values show the variation for large test series with
varying A, -values, while vertical lines give the deviation for small, identical test series. Dotted
vertical lines correspond to tests where only the low values are recorded.

If the shear block tests are also taken into account, the following expression is found:
f, =20.95 — 3.35 log, A, N/mm?, A, in mm® (4.08)

which only deviates a little from (4.07). This is in fact peculiar, as the stress distribution in the
block tests is quite different from the others.

If Weibull’s rupture theory for brittle materials is assumed to apply, it is found that the ratio be-
tween the strength parameters ¢, and o, related to the volumes V, and V,, is given by

1
o Vh k
% = (V—(l)) (4.09)

where k is the shape factor. For tension perpendicular to the grain Barrett, Foschi & Fox [15]
have found k ~ 5, and assuming the same value to apply to shear and further, that the volume
and the sheared area are proportional, we find

by (éﬂ)o‘zo (4.10)
va Av

Choosing arbitrarily A, = 10* mm? as an initial point, where the strength according to (4.07) is
about 4.0 N/mm?, we find

£, = 4(-15“”—4) %2_ 955 A, 02 (4.11)

which is shown in fig. 4.03. The difference between (4.07) and (4.11) is negligible.

If it is desired to take into account the influence of the sheared area in the codes it might be done
as follows:

The shear strengths given in the code apply to sheared areas A, greater than or equal to 2 - 10°
mm? ~ 0.2 m? . If A, is smaller, the values can be multiplied by the factors given in table 4.04.

,m*> | >0.20 | 0.18 | 0.16 | 0.14 | 0.12
factor 100 | 102 | 1.04 | 1.07 | 1.11

, m? 0.10 | 0.08 | 0.06 | 0.04 |<0.02
factor 115 | 120 | 1.27 | 1.40 | 1.58

Table 4.04. Increase factors for shear strength.

As the shear strength is seldom decisive, it is doubtful whether it is worth-while introducing such
a complication.
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4.3. Other cross-sections and bending in two planes
Usually the formulas of the ordinary theory of elasticity are applied, to which is referred.

4.4. Notches
Notches cause a weakening further to that caused by the area reduction. This is due to the stress

concentrations which particularly occur when tensile stresses perpendicular to the grain are pro-
duced.

a)

I

A

| h
h 1 0 ‘ h
(2

c) oy d)

Fig. 4.05

For the case in fig. 4.04 a, i.e. with notches in the bottom side, most codes state that notch effect
and tension perpendicular to the grain can be taken into account by reducing the load-carrying
capacity calculated on the effective depth h, by the notch-factora =h_/h, i.e.

3V h
2 bh. h_< f, (4.12)
e e

is required (for rectangular beams).

The influence from the notch can be reduced by cutting obliquely as shown in fig. 4.05 b. By
cutting flatter than corresponding to 8 = 30°, the Norwegian Timber Code states that the reduc-
tion need not be taken into account (apart from calculating the shear stresses on the reduced
depth h,). Moreover, for 90° > 6 > 30, the Norwegian Timber Code gives the following inter-
polation formula:

h V3¢
=2 =
an - h + 3 h (4.13)
The Swedish Timber Code gives
o, (4.14)

@ =g A+ g,

for ¢ < 3(h —h,), i.e. correspondong to 8 > about 20°.
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In a few codes it is stated that the total load-carrying capacity, i.e. without the factor h_/h can
be obtained by fastening the parts for example with bolts, cf. fig. 4.05 d. The value of this must
be considered questionable, even if it should be possible to find a method to keep the bolts tight.

The origins of eq. (4.12) are lost in the dark, but are presumably attributable to the Forest Pro-
ducts Laboratory, whose tests, according to [20] form the basis for the expressions given in the
North American, British and Norwegian codes for notches in the upper side, cf. fig. 4.05 c.

In conformity with these, the load-carrying capacity calculated from the reduced depth (V= %fv bh,)
is corrected by the factor
h a h
g, =s———f——1) (4.15)
n h, h, 'h,

e

The Timber Construction Manual and the British Timber Code assume that h,/h > 0.6. It is not
clear whether this is a constructive assumption or an assumption for the equation; in other USA-
rules, however, cf. for example [38], it is stated that the equation only applies to h_/h> 0.6 and
a/h < 1. Otherwise o = 1. In the Norwegian version the limits are set as h_/h > 0.6 and a/h < 0.6.

The expression (4.15) has been drawn in fig. 4.06. It seems difficult to find much sense in it with
the discontinuities for h, /h = 0.6 and for a/h = 1, where there is a jump to a = 1.0 in certain of
the rules.

‘lan //
/
1.0 L
Y
I} N-a/h=0.4
14/ N-a/h=0.6
Y N_a/h=0.8
1l N_a/h=1.0
0.5 /|
o, = heﬁ_ ; |
/ |
| > g/
0.5 0.6 1.0

Fig. 4.06

Why a is introduced into the equations can also be hard to understand immediately, as an effect
in the comer of the notch and not a reaction effect is dealt with.

The reason for the special Norwegian limitation - a/h < 0.6 - is that otherwise we would obtain
a,, < 1, which might strike some as exactly what should be possible. Here, however, there is con-
formity with the Canadian rules, giving a modification factor greater than or equal to 1, 1.e.

h
(1 —E) (4.16)

e e
for a/h < 1, otherwise a = 1 is assumed. The expression has been drawn in fig. 4.07.

As the background material is very inadequate and the effect probably modest, the most rea-
sonable thing to do is to put « =1, i.e. - on the safe side (?) - just allow for the reduced depth.
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do
2.0 -

1.5 +

2-0.8
0.6
0.4

1.0

1 > h_/h
0.5 10 De/
Fig. 4.07

4.5. Deflections
The shear deflections wy ... are calculated by the ordinary theory of elasticity, and for a simply

supported beam, cf. fig. 4.08, they are:
M

Wahear ~ %w GA (4.17)
and for a fixed-end beam
M—M,

Wehear ~ ®*w T GA (4.18)

where M is the bending moment, M, the fixed-end moment, G the shear modulus, A the cross-
sectional area of the beam and «, a factor dependent upon the shape of the cross-section.

For a rectangle, o, = 1.20, for a circle, o, = 32/27 ~ 1.20.

L

4 |
Ao~ B, = |

(Mo —M)

Fig. 4.08

As E/G ~ 20, the ratio between the contributions from shear and bending for a simply supported,
rectangular beam with a concentrated force in the centre will be:

h.2
wshea.r/wbending ~ 24 (}g—) (4.19)

Only when 2/h < about 16, will w .. constitute more than 10% of the total deflection.
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4.6. Bearing

The bearing strength perpendicular to the grain, f, , depends upon the loaded length. The reason
is that for a short loaded length there is a relatively considerable contribution from the fact that
the fibres are not only to be compressed but also cut through. Furthermore, there might be an
arch effect.

Backsell [14], among others, has investigated the variation of the strength with the length and
found the following connection:

I, gl

f

(4.20
0p @ )

where f, is the strength, when the loading length is a, while £, is the strength for a reference
length ag.
A £ /5, eq.(4.20),

2.0 a0=100 mm

/—Canada Denmpark

Norway l l
1.5 Swedédn l ll

< |h
UK

1.0 ‘ min. 75mm_a

t

i = a, mm
Fig. 4.09 50 100 150

The expression is drawn in fig. 4.09 with a; = 100 mm chosen as reference. In this figure the rules
stated in the codes of a number of countries have also been drawn. The condition in all cases is
that the unloaded length to the end is at least 756 mm (and in certain cases also at least 1.5 h). It
is seen that there is a good correspondence both mutually and also with the theory.

L, _C s a . fl/fOJ.
o G " c/h
>15 | 1 0.5 0
L
1IYY} 1 2 1.5 125 | 1
h J 2 156 | 125 | 112 | 1
>3 1 1 1
Fig. 4.10

In France a slightly different rule is applied, as stated in fig. 4.10. Backsell’s tests do not support
the assumed strong dependence on h; it is rather the absolute distance which is decisive.
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6. GLULAM

5.1. Bending and shear
In this section only horizontally laminated beams are dealt with, i.e. the moment vector in bending
is parallel to the glued joints,

For straight beams of constant depth the conditions mentioned in sections 3 and 4 apply; how-
ever, size effect and lateral instability, for example, might be of greater importance than for solid
timber.

In many cases the strength parameters have been determined from quite modest tests with repre-
sentative beams, and the theoretical considerations limited to what was necessary in order to be
able to extend the test results to, for example, other combinations of lamella qualities than those
directly investigated. Most frequently the results are given as modification factors to the normal
strength and stiffness parameters for boards of the same or similar quality as used for the lamellas.
As an example some values from different timber codes are given in table 5.01. The deviation in
the factors for f, according to the French rules is due to the fact that for glulam the depth factor
(between 0.8 and 1.0) which is otherwise applied to beams with h > 150 mm, may be disregarded.

Nordic countries | Germany | Netherlands | France
timber quality T40 | T30 | T20 c* | s*
bending, f, [12]13]| 14 1.1 12 (14 (11-14
compression |, f, |1.2]13]| 14 1.0 12 1.2 1.1
tension |, f, (1213|114 1.0 1.2 |18 11
shear, f, (121212 1.3 1.0 [ 1.0 1.0
MOE, E |12 ]12(12 1.1 11 (11 1.0

*C= Constructiehout, S = Standardbouwhout
Table 5.01. Modification factor for glulam

In North America and England the strength and stiffness parameters have been determined on the
basis of the so-called I, /I, -theory. According to this theory it is assumed that the reduction in re-
lation to perfect timber is solely dependent upon the I, /I, -ratio, where I, is the total geometric
moment of inertia of the investigated cross-section, while I, is the contribution to I, from the area
of the knots assumed to belong to the cross-section (this is normally assumed to be ghe knots with-
in 150 mm (6") of either side of the section). The theory has been further dealt with by Freas &
Selbo [27] and especially by Curry [22], who verified the theory by experiments and determined
the statistical distribution function for I} /I, and thus the strength variation for different cross-sec-
tion set-ups and number and quality of lamellas.

The theory has been somewhat attacked, because, among other things, it does not take into account
the facts that knots in the tensile side are much more significant than those in the compressive side,
that knots in the outermost lamella have greater influence than assumed in the theory, and that the
effect of knots in the outermost tensile lamella is not only dependent upon the size but also upon
the location. Moody & Bohannan [34] and [18] have thus shown that, generally, the quality of the
outer lamellas of the test beams for verification of the I} /Ig theory was above average - at any rate
in the American tests - and that an evaluation of the strength of glulam should be based on a com-
bination of the I} /Ig ratio and the quality of the outer lamellas.
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These objections, however, do not question the soundness of the rules given in the British Timber
Code on the basis of [22], but they do create doubt whether it is possible to apply the theory di-
rectly to cases not covered by the tests.

According to the British Timber Code the strength and stiffness parameters vary with the number
of lamellas, the depth of the beam and the quality of the joints. If, for example, the bending
strength of a beam with ten 22 mm-lamellas is put arbitrarily at 100, the strength parameters will
vary as shown in table 5.02. Plain scarf joints 1 : 10 or corresponding finger joints are assumed.

lamella thickness 22 mm 33 mm
lamella quality LA|LB| LC|LA| LB | LC

number of 4 100 | 88| 75100 | 88 | 75
lamellas 5 (100 | 94| 83 (100 | 94| 83
10 | 100 (100 | 100 | 100 | 98 | 98

15 100 (102|107 (100 | 94 | 99

20 100 | 98 (104 (100 | 92| 98

30 (100 | 95| 104 (100 | 91 | 101

50 99 | 92104 | 98| 91 | 102

100 98 | 93108 | 96| 93 | 107

Table 5.02. Relative bending strengths for glulam

When the extreme case with just 4 lamellas is disregarded, the variations do not seem large or logical
enough to justify the very complicated rules. If a more realistic joint quality is used, the variation
will be even smaller.

Most of the material forming the background of code rules concerning the strength of glulam must
now be considered obsolete; it does not correspond to present-day production technique and raw
material supply. Most important in this connection is the fact that in almost all cases the code values
are based on tests with beams having full-length lamellas without joints or with plain scarf joints,
while to-day’s lamellas without exception are finger-jointed. In far too many cases these have proved
to have a definitely impairing influence, even in cases where there has been no objection against the
joint quality in general.

However, a condition for a substantial, renewed effort to make more up-to-date and uniform rules

is that production standards, desired lamella qualities, etc. are harmonized.

5.2. Special conditions

Owing to the production methods or the kinds of construction made possible by glulam a number
of strength or design problems arise, which do not occur in connection with ordinary timber struc-
tures.

In the following, such problems as appear reasonable to mention in a timber code are dealt with, i.e.
problems which are not to be found in the usual text-books on Structural Mechanics. It is obvious
that to some extent it will be a question of estimation.

a. Strength reduction in curved members

In the manufacture of curved members considerable bending stresses arise in the individual lamellas,
often of the same order of magnitude as the bending strength. To minimize the risk of rupture
during production and to ensure satisfactory assembling a lower bound for the ratio r/t between
the radius of curvature, r, and the lamella thickness, t, are normally given in the production regula-
tions. This bound varies from country to country owing to tradition and differences in timber pro-
perties; a normal requirement, however, is r/t = 125 - 150. The bending of the lamellas results in a
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reduction of the bending strength of the member, although it is a surprisingly modest reduction.
It has been investigated by Wilson [41] and Hudson [30], and their results are given in fig. 5.03.

| bending strength ratio (curved/straight)

1.00 3
/-—f et
s \ﬁ/ \— 1-— —‘220? (Wilson)
/—\ o
0.80 !
Y= 3, (Hudson)
i, r )
t
4 t T ! ! ;r/t
100 150 200 250 300 350
Fig. 5.03

In the area of interest the difference is insignificant on the background of the scanty test ma-
terial which is available. Certain codes give Wilson’s expressions, others the lowest value. To avoid
discussion on whether a cambered beam must be considered a curved beam, the curves in fig. 5.03
should be »lifted» so that the value for e.g. r/t = 300 is put to 1.0. The German Timber Code con-
tains no reduction rule, as Mohler [ 36] states that the reduction in the actual area is insignificant
according to the American tests and could not be documented in his own tests.

b. Stress distribution in curved members

In bending the stress distribution deviates from the one occurring in a straight beam, the stresses
in the inner side being larger and in the outer side smaller than in a straight beam. Generally speak-
ing, the reason is that there is a relatively smaller length in the inner side to absorb a given defor-
mation, and a relatively greater length in the outer side. For a rectangular beam the stresses in the
inner side may be written as

6M

% = % bn? (5.01)

where ¢; is a function of the ratio r_ /h, where r_ is the average radius and h the depth of the
cross-section.

a; is shown in fig. 5.04 both for an isotropic and for an anisotropic material (with E, /E, = 6).
Furthermore, the figure shows the approximation expression

=14
@ =1+ B (5.02)

as suggested by Mdhler.

To avoid discussions on when to allow for the curvature, the expression should perhaps be modi-
fied or limited to r,, /h <10 —15.

¢. Lateral stresses in curved members
In curved beams subjected to bending radial stresses occur. These can, with approximation for
both isotropic and anisotropic material, see for example [36], be written as

o, = 1.5 M/(r,, bh) (5.03)

where the notation is seen from fig. 5.04.

When the moment tends to increase the radius of curvature (direction of bending as shown in
fig. 5.04), tensile stresses occur and only this case is of interest.
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Fig. 5.04

d. Stresses in pitched cambered beams
The use of (5.03) unconditionally requires a uniform cross-section in the entire curved part. If the
depth of the cross-section varies, considerably larger stresses may occur.

Fig. 5.05

Of practical importance are pitched cambered beams, see fig. 5.05, where there are both large lat-
eral tensile stresses near the apex (ridge), and a bending stress distribution which is quite different
from ordinary beams.

The case has been looked into by, among others, Mohler and Foschi & Fox [25], [26], and the con-
ditions are so clarified that they can be incorporated into clear code rules, see for example the Ca-
nadian Timber Code [7].

It is not enough, however, to know the stresses occurring; the fact that the strength parameter for
tension perpendicular to the grain is highly dependent upon the volume must also be taken into
account.

According to investigations by Barret, Foschi & Fox [15] the perpendicular tensile strength £, (V)
of a structure with the volume (V) may be assumed to be

—0.20

f,(V)=1£(1)-V (5.04)

where f, (1) is the strength of a unit volume, cf. eq. (4.10). The stress distributions are assumed
to be the same.
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In the structure shown in fig. 5.05 the lateral tensile stresses occur particularly in the marked
zone ABCD the area of which is denoted A. If it is assumed that the stress distribution in dif-
ferent beams is rather similar, the volume Ab (b = width of beam) may be used as a parameter,

i.e. the strength can be assumed proportional to (Ab)—o‘zo.

As Ab for normal beam shapes may vary with a factor of about 100 the strength may thus vary
with a factor of about 2.5. As the lateral tensile strength is often decisive for such structures,
this effect should be taken into account.

e. Tapered straight beams

: —

Fig. 5.06

For tapered straight beams, see fig. 5.06, there are a large number of special phenomena, as for
example:

- the maximum bending stresses do not occur in the mid-section,

- the maximum bending stresses in the upper side occur on sections perpendicular to the upper
surface,

- stresses perpendicular to grain occur at the upper side of the beam,

- shear stresses occur on vertical sections in the upper side, and they may often be larger than
in the gravity axis,

- the contribution to the deflections caused by shear stresses may be large.

These are, however, effects of a general nature which are outside those for which rules should be
given in a timber code. One problem should perhaps be resolved, namely which inter-action formu-
la to use in the points on the upper side of the beam, where axial stresses both perpendicular and
parallel to the grain (¢, and o ) and also shear stresses (1) occur.

The Timber Construction Manual [5] uses the requirement
(a,,/fb")2 + (ol/fbl)2 + (T/fv)2 <1 (6.04)

where f is the strength parameters belonging to the stresses.

The basis for application of this equation to timber, however, seems very slender.

6. GLUED BEAMS AND PANELS

This section will deal with I- and box beams and flat stressed-skin panels as shown in fig. 6.01.
For these the buckling stability of the panels is often decisive, and therefore a general introduc-
tory paragraph on this subject is given, followed by a more detailed discussion of the two types
of structure.
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Fig. 6.01

6.1. Buckling stability

The following description of the buckling phenomena aims at the relatively coarse methods that
might be given in a code, and therefore, a large number of simplifications have been made, most-
ly on the safe side.

A panel as shown in fig. 6.02 is considered. The panel is assumed simply supported along all 4 sides
and loaded either with stresses o independent of x in sections parallel to the Z-axis or with con-
stant shear stresses 7.

Xl

—— R —

—

Fig. 6.02

The following notations are used:

(EI), 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 = 1—12— Et?/
1- szllzx), where v_, and v,_ are Poisson’s ratios. For wood-based panels v v . ~ 0
can be allowed for.

(EI), (EI),, but in bending about the Z-axis.

(GI), is the torsional stiffness per unit length of the panel. For a homogeneous orthotropic
panel, (GI), = Gt?/3 + [vyy (ED), + v, (EI),]~ Gt*/3.

B1 = %—f/(EI)x/(EI)z. For an isotropic panel, 8, = ¢/a.

By =0.5 (GI)V/\/ (EI)x(EI)z. For an isotropic panel, 8, = 2G/E. As 0< G/E< 0.5, 0<p<1

thus applies in this case.
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According to the theory of elasticity, which Halasz & Cziesielski [28] and the very comprehensive
reports from Forest Products Laboratory, Madison [1] and [3], have proved can also reasonably
be used for wood-based materials, the critical value of o is found as

_ n’\/(EI)x(EI)z

Ot =& =gl — (6.01)
and the critical value of 7 as
_ n*Y(EI),(ET)]

Trit =% a2 (6.02)

where a is a factor which is dependent upon the stress distribution and the parameters f; and §,,
cf. fig. 6.03, where a is given for the most common cases. Other cases are dealt with in [1], [2],
and [28]. The expressions only apply as long as the proportional limit is not exceeded, but is often
used until failure. In the cases a) and b) this can be justified by the fact that only part of the cross-
section is highly stressed, while the bending stiffness in the case d) is only insignificantly reduced
owing to 7. However, it would be correct - as in the case of the other stability phenomena - to in-
troduce a suitable transition curve,
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Moreover, a slightly reduced safety is often used for this buckling phenomena, as a favourable re-
distribution of the stresses occurs in buckling, so that further load can be applied before collapse.

6.2, I- and box beams

The calculation of the stresses and deflections for these is carried out according to general prin-
ciples, the fact that web and flange might have different strength and stiffness properties being
taken into consideration. For very thin webs the redistribution of stresses owing to the shear de-
formations may be allowed for. Of special interest, therefore, in connection with a timber code
are form factors, rules for lateral buckling of the beam and rules for buckling of the web plate.
Concerning form factors, refer to section 3.3.

Regarding lateral buckling it is possible to extend the rules given in section 3.4 to apply to I-
beams as well (box beams are directly covered by the rules) with the slenderness ratio also a
function of the warping resistance of the beam.

In practice, however, it is fully sufficient - and slightly on the safe side - to consider the com-
pressive flange as a column with a free length corresponding to the outer restraints.

Rules of the type given in the British and Canadian timber codes, where the requirements for
lateral support are given solely as a function of the ratio Iy /1,, seem unacceptable, as they do not
allow for the essential parameters. (As an example, a beam is required to be braced at 8 ft inver-
vals - irrespective of the dimensions of the beam - provided Iy/Iz ranges between 30 and 40).

For the web plate, calculations according to section 6.1 show that the load-carrying capacity will
not be limited by buckling, aslongas h, <40t . Ifh > 40t_, a further investigation must
be carried out. The limit 40 t_ is calculated from rather unfavourable assumptions concerning
the ratio (EI), /(EI),, and considerably larger plate heights can often be allowed.

6.3. Flat stressed-skin panels

For notations, refer to fig. 6.01.

The behaviour of this structure is very complex, and even a tolerably exact analysis requires the
use of computey.

In practice, however, it will be fully satisfactory and on the safe side as shown by Booth in [19]
to consider the structure as a number of I-beams, each of which is to carry the load imposed on
the width, s, see fig. 6.04.

The width of the panels, b, , which can be taken into account to either side is less than a/2, where
a is the free spacing between the webs. The reason is that the stresses, o, in the flanges will vary,

in principle as shown in fig. 6.04. Therefore, the calculations are carried out with a fictitious cross-
section with an effective flange width, b,, where b, < s.

b

e

g

0L

Fig. 6.04
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b, is defined by

0rax Pe = Sadb (6.03)
8

b, depends on a number of factors, among others the span, £, the panel thickness, the bending
stiffness of the panel in both directions and its torsional stiffness. Most important, however, are
2/a and E/G.

With a sinusoidal moment curve with n half-waves (M = M, sin 2};—5) Méhler, Abdel-Sayed & Ehl-
beck [35] have calculated the effective panel width for a simply supported panel as shown in fig.
6.05.

1 b, = 2/14
0.5 - E/G = 2.6 (steel)
E/G = 20 (wood)
0.4
0.3 +
0.2 {
01 +
+ f ! —t ' | b —a 112
0.5 10 ¢
Fig. 6.05

For a uniformly distributed load n = 1 can be used, and it is seen that a reasonable value is b, =Q/14,
however, b1 <04a,i.e.

e+,
b, = min (6.05)
0.8b+ b,
and
2/14+b,,
b, = min (6.06)
0.4b+b,

On the basis of the same-investigations the following can be assumed for a panel with an overhang,
c:
2/14+b_ +c
b, = min (6.07)
06b

In the case of concentrated load in the middle it is necessary to transform the moment curve by a
Fourier series and the effective width for each term can be calculated with the aid of fig. 6.05. As
b, is reduced forn > 1 the average width for the total load is smaller than for a uniformly distri-
buted load. For a concentrated load b1 = 2/20 can be used with sufficient accuracy, the expressions
(6.05) - (6.07) being modified accordingly.

For the flange panels calculations according to section 6.1 show that as long as a < 30 t, the load-
carrying capacity will not be reduced by buckling. For larger values further investigations must be
carried out; considerably larger widths may often be permissible.
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In the USA and Canada the effective width for plywood is determined as follows:
- the effective width, b, for plywood with n plies is given by
31t~/ t/t, forn= 3

b, = (6.08)
36t /t/t, forn>5

where t is the thickness of the plywood and t, the thickness of the plies parallel to the span.
Of course b, cannot be greater than s,

- the free spacing between the ribs should not exceed 2b,_,

- the permissible compressive stress, £, in relation to the permissible compression strength of

the panel, f,o» is determined as shown in fig. 6.06.

f /f

c’co

1.0 -

- according to chapter 6.1
USA/Canada rules

Fig. 6.06

These rules are given in numerous publications in addition to the official codes, unfortunately,
however, in all cases without references.

Immediately, eq. (6.08) appears hard to understand, as the effective width increases the more
unbalanced the plywood is, which is contrary to the theoretical results, but on the whole the
results are reasonable.

Thus the rule in (6.08) gives b, ~ 40t - 50t, i.e. no reduction is required for b, < 20t - 25t. In
fig. 6.06 the strength reduction has been drawn according to the rules in section 6.1 combined
with the buckling problems being estimated to begin at a = 30 t - 40 t. Apparently the rules are
thus based solely on buckling considerations, and it is not taken into account that the effective
width is less than the spacing. It seems difficult to extend the results to other board materials.

For more exact - but still manageable - calculation methods for this type of structure, see for
example Foschi [23] and [24]. Furthermore, Kuenzi & Zahn [32] is referred to.
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CLIMATE GRADING FOR THE CODE OF PRACTICE

B Norén - Swedish Forest Products Research Laboratory, Stockholm, Sweden

General

By climate is here meant temperature and humidity and their variations.
It is, thus, only a part of the conception environment. The climate may
influence the loads acting on the structure as well as the load carrying
capacity of the structure. When dealing with the influence on the loads,
one can often do without a climate grading in the Code of Practice simp-
ly by giving different loads for different geographic zones. This belongs
to the loading code.

Climate influence giving deformations (swelling, shrinkage, thermal strain)
and, thereby, often stress, is generally trsated as load, but may also be
referred to as an influence on behaviour and resistance of the structure.
The influence of moisture content on elasticity and strength is obviously
an example of influence on resistance to be considered in the Code for
Timber Structures. Other examples are such time-dependent factors as
corrosion and ageing which decrease strength or hardening which increases
it. Creep and corresponding change of strength are also influenced by

the climate.

Climate grading is principally of interest for its effect on the resist-
ance of material and structures and is generally believed to belong to
the Code of Practice for specified materials, such as the Code for De-
sign and Construction of Timber Structures. This is acceptable, provided

that the grading is harmonized between the codes for different materials.

Basis of grading

There are principally three methods of defining climate in the present
codes of practice:

1. Directly by temperature (T) and relative humidity (RH).
2. Indirectly by the moisture content (MC) of the material.
3. Indirectly by grouping structures and structural parts.



Only the first altermmative is an unambigfous definition of the climate it-
self. It can simultaneously be made a basis for a testing standard. The dis-
advantage is that the designer will have difficulties in applying a grad-
ing based on temperature and relative humidity. If referred to as a regu-
lation, it must anyway be supplied with recommendations, e.g. in accord-
ance with alternative 3.

In the second alternative the climate is defined by an effect - the (equi-
librium) moisture content. This has besen the most common method, no doubt
because the strength of wood is depending on the MC and the aim has been
to give working stresses for different climates. In some codes, there

has merely been defined a value of MC, e.g. ¥ = 0.18, to separate "dry"
from "wst”.

By giving MC-values, the climate is, of course, not defined exactly in
terms of temperature and relative humidity. The correlation between RH
and MC is depending on temperature and not quite the same after desorp-
tion as after adsorption. It differs between wood species and products
such as plywood, particle board and wood fibre board.

If - as an acknowledgement of tradition - one choses to keep the definitions
of climate by moisture content, one ought at least to refer the MC-values

to a specified (standard) wood species. Anyway, the problem of application
remains and the code must give advice as to what structures that are
supposed to get a moisture content in the material which is eguivalent

to the grade-value.

The conclusion is that the code must include some kind of grouping of
buildings and building parts with respect to climate, but that a fundamental
grading of the climate, preferably in terms of temperature and relative
humidity, serves an important purpose for the designers' own judgement

(e.g. for objects or conditions which are not reckoned in the official
grouging]andas referendum at testing.

Elementary climate classes .

The variation of temperature at normal service of wood in buildings and



structures has a limited influence on the moisture content. In an ele-
mentary grading, one could, therefore, possibly refer to the relative
humidity at constant temperature. Here the temperature 23° € is suggested
with reference to a proposed standard climate at testing. The relative
humidity can be denoted RH(23) or 4(23). It is understood that these

RH values can be transformed to give equivalent MC in the reference wood
at other temperatures.

The restriction to one temperature limits the possibility teo consider
various climates but spscial classes of climate can be added to the ele-
mentary classes, should this be necessary. The slementary grading is
suggested principally to be based on the influence of moisture content
on deformation and strength of wood and wood products as well as on a
sensible grouping of the most important structures. It is then natural
to the author to suggest something along the guide-lines issued by the
Nordic Building Regulations Committee (Guide-line XII, NKB report No.18
Dec, 1973). The climate classes are shown in table 1 as they appear in
the Norwegian standard (NS 3470, Oct. 1973).

The most important feature is Class 1, which better corresponds to an
interiorclimate than does the previous "MC 0.18 or lower”. Such a dry
climate was suggested for codes many years ago but was rejected as un-
necessary with reference to the not very big influence of moisture
content on the properties of wood. The approving of wood fibre board
and particle board as structural materials, however, changed the situa-
tion.

Due to the substantial creep in these materials at increased moisture
content, one could no longer defend a "dry class” which included such
a high value of MC in wood as 0.18.



TABLE 1 Elementary climate grading (NS 3470)

Climate class 1 2 3
Relative humidity (¢) Y <=0.65 0.65<RH<=0.85 >0.85
Approx. moisture content () <=0.12 0.12¢<y<=0.20 »>0.20

(pine, spruce)

1) During a short time (a few successive days) the upper limits of ¢
may be exceeded by 0.10.

The value ¢ = 0.20 can be regarded as rounded off from 0.18. The toler-
ance given by the foot note to the table implies that, at least in thin
panels, the MC may reach 0.20 or even slightly higher values (at 23° ).
The tolerance applied on dry class 1 in the same way may incrsase the
MC from 0.12 to 0.14. The classes 1 and 2 put together give a climate
grade comparative to the previous climate grade, defined by ¥ <€ 0.18,
although the Nordic grouping of objects for class 2 might be looked up-
on as too liberal to fit into the old "dry"” grade.

Supplementary climate grading

Sometimes there is a need for special climate classes. An example is the
climate class denoted T1 in the NKB recommendations mentioned (class 0 in
the Swedish code). It is a special case of class 1 in table 1 by a sti-
pulation that the mean value of RH during one year must not increase 0.40.
The introduction of this special class of climate made it possible to
increase the fictive elasticity and rigidity moduli (in which creep is
considered) by 30 % forparticle and fibre board at a majority of interior
applications. - |
For other reasons, e.g. durability of glued joints, it may be desirable
to separate a special grade at the wet end of the scale. One might

a8lso, with respect to creep and glued joints, base special climate
grades on variations in RH. Thus, it is generally desirable that the
number of special climates, defined in the Code of Practice, is limited.



This can be achieved if the tests on which strength and elasticity values
are based are carried out in such climate, possibly cycled, that un-
favourable cases within the elementary climate grades are rsasonably
well simulated.

Grouping of objects

It appears from present codes that the grouping of constructions as an
indirect definition of climate can be subject to international harmonizing,
let be not in all details. The German standard DIN 1052 gives the following
groups including the corresponding moisture content of wood (the groups
are numbered here, not in the DIN):

1a. Buildings, closed on all sides and heated (9-3) %
1b. Buildings, closed on all sides without heating ) (1273) %
2. Open but covered constructions (1573) %
3. Constructions, exposed to weather : (18) %

4a., Scaffolding

4b., Sub-water constructions

The code, which deals with wood and plywood, not other panels, does not
make any difference between stresses allowed in classes 1a, 1b and 2. The
aim of the division into heated and non-heated buildings is obviously to
give a background for estimating shrinkage and for chosing adhesives for
gluing. The German climate grading could as well have been used to
differentiate working stresses. Anyway, it coincides rather well with
the Nordic grouping which has this purpose:

T1  Structures in permanently heated buildings without air conditioning.

1 Roof structures in ventilated, cold spaces on top of a (permanently)
heated building. External walls, inside a well ventilated wall
covering. -

2 Constructions in ventilated but not permanently heated buildings,

8.g. recreation houses, garages and store houses, crawl spaces,
roof panels, scaffoldings and concrste formwork.



3 Other constructions (sub-water constructions, stc.)

A close examination shows that this grouping is not in complete agreement
with the guide-values of relative humidity in table 1. Thus, in beams
over crawl spaces and in scaffoldings and concrete forms, the moisture
content may well - and not only during a couple of days - be higher than
corresponding to a RH of 0.85. The reason for the grouping in class 2 was
that they are temporary econstructions. This could instead (and preferably)

have been considered by a general increase of the allowed stresses.

The difference in moisture content in roof trusses in non-heated and in-
directly heated ("in spaces on top of a heated building”) spaces is that the
last mentioned will have a lower moisture content than the non-heated

during the winter when the design loads (snow loads) can be expected.

In the sumtmer-time when there is no heating, there will of course be

no difference.

Testing climate

The trend that performance is regulated rather than material and design
of the product will also have influence on the testing standards. One
consequence ought to be an intensified coordination of the work of ISO-
committees which is now too much tied to specific materials. The standard
climates at testing should, as close as possible, be referred to ths
climates to which the building regulations and Code of Practice refer

their performance stipulations.

ISO R554 has established three testing climates, ses table 2. The climate
20° C, RH B5 % (20/65), given as a reference climate is often referred to
as the "normal climate”. In revising the standard (by ISO/TC125), this
reference climate is supposed to be replaced by 23° C, RH 50 % (23/50).
This 'somewhat dryer climate, which has advantages as a testing climate,
can be accepted as a standard climate at verification of the strength

properties to be applied in climate class 1 (table 1). A reservation



with respect to the suggested tolerances must be made, though. If the

standard condition at testing as suggested is stipulated as (23°2)°/(50%5) % RH,
testing at 21/45 is allowed, corresponding to a moisture contant of 0.083.

This is, maybe, somewhat dry compared with the "normal” upper limit in class 1

¥ = 0.12. Anyway, authorities responsible for the Code will hardly approve of
the results from testing in the reference climate 23/50 as verification of
properties for a climate 20/85 (climate class 2), neither for a climate

"y € 0.18". Naturally, one can use transforming factors, but these are

bound to be on the conservative side.

The Code of Practice for Timber Structurss, or for approvals of materials
and structures in connection with it, therefore require at least one test-
ing climate at higher RH. If 23/50 is accepted for verification to climate
class 1 it seems reasonable to choose 23/80, corresponding to ¢ = 0.16,

for class 2. An alternative would be 23/65 for class 1 and 23/85 (y = 0.18)
for class 2. The 23/80 for testing has the advantage that it gives an MC
not much deviating from the 0.15 at which structural timber and joints

as a rule are tested when the intention is to derive stresses for the

now common climate class "y < 0.18".

Some views on testing in cycled climate can be added. Climate variations
give alternating swelling and shrinkage, which can generate forces and
decrease the resistance of structural elements, such as glued joints. The
alternating adsorption and desorption in itself increases the creep in
stressed wood and wood products. Standard routines for creep testing of
wood products have so far not been much discussed As for climate cycling,
a starting point could be the levels between which the variation should
take place. Here is suggested that the levels 23/30, 23/50 and 23/80

are chosen for a standard, possibly with a supplementing 23/90. The

23/30 should be compared to the levels 20/33 and 25/40 suggested by
ISO-committees for wood fibre board and particle board respectively

to be used in testing dimensional stability.

~

The amplitude should generally be from the level, related to the climate



class as a "normal upper limit”, to the next lower level. Of course it can

be increased to cover the three or four levels suggested if desirable for

a certain reason.

Also the frequency of the cycling should be standardized. A period of two

days to one week is here mentioned merely as a starting point for further

discussion.

TABLE 2 Climate at testing

Temperature, ©

Relative humidity (RH), %

IS0 R 554 20
27
23

65
65
50

Here suggested 23
23

23

80 For climate class 2
50 For climate class 1

30 Limit at cycling




CIB-W18/5~100-1

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION

WORKING COMMISSION - TIMBER STRUCTURES

DESIGN OF SOLID TIMBER COLUMNS

1ST DRAFT FOR CIB TIMBER CODE

KARLSRUHE = OCTOBER 1975



*

CONSLUIL INTERNATIONAL DU BATIMENT

Draft No.: 1

C I B DESIGN

SOLID TIMBER

TIMBER CODE COLLMNE

Date: 75.09.01

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION

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.

A
z’ ‘
|
o |
|
3
Figure 1

2. NOTATIONS
See figs. 1 and 2.
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Figure 2. y and z are the main axes of the cross-section.
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A Cross-sectional area

E Modulus of elasticity

I= Iy Moment of inertia about the y-axis

Wc=ly/ z,  Section modulus for the outermost fibre in compression

e Eccentricity

fp Strength in bending

£, Strength in compression

i=+/I/A  Radius of gyration

k. k, Constants, see section 3

R Free length

kg= )1\r22_fEc Constant

Z, Distance from centroid to outermost fibre in compression

A =R/ Slenderness ratio

o Bending stress

Opes Opt 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

O, 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

e= (i + kyA) 5 (1)

where I /(Azc) is the core radius corresponding to the compressive side.

If exact values are not known, the following can be used for the European softwoods
allowed for structural use

k, =0,1 k, = 0,005 (2)

The bending moment is assumed to vary from zero at the ends to a maximum value at
the middle and is assumed not to exceed the value corresponding to a sinusoidal or pa-
rabolic variation. By moment distributions not satisfying these conditions, the criterion
in section 4 may be applied, if the bending stresses are increased,for constant moment
for example (corresponding to eccentric axial force) by 10%.

If I is the greatest moment of inertia of the cross-section, the column is assumed to be
secured against deflection in the y-direction so that the failure will occur by deflection
along the z-axis and not by lateral and torsional deflection.
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4. DESIGN CRITERIONS

The permissible combinations of stresses from the axial force and the moment are given
by the following expressions:

Compressive side:

fC aC fc
201~k £ g <1+ (L + koh kg

\/ f, 3 Ohe £,
V@ @ A k) 40 Iy kg (3)

Tensile side:

Opt, < O O¢ O

—<(1+F7)(1— )—(ky + koA) = (4)
£y fy, kgf, L TENY R

5. LIMITATION OF A

For primary and secondary structural members A should not exceed 170 and 200, respec-
tively.

6. EXTENSION OF 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:
H. J. Larsen: The Design of Solid Timber Columns. Aalborg University Center, Pure and
Applied Mechanics, Report R7406, 1974.

H. J. Larsen and S. S. Pedersen: Tests with Centrally Loaded Timber Columns. Report
R7405, 1974 - as above.
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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/s, and f_/f, are given in fig. A 1.1.
Ocyit 18 the value of g, corresponding to the equality sign in eq. (3) with o = 0.

fcrit/fc
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E/fc fc/fb
N i
\\\ /ggg 0.8
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Figur A1.1 :
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APPENDIX 2

Load-bearing curves for columns loaded with a central axial force and a lateral load.
The diagram gives related values of o /f,, and o/, corresponding to the equality sign
in eq. (3) or (4).

In the diagram f_/f, = 0.8 has been assumed.

o, /f
10 0P

op,:com pression

Figur A 2.1
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A CODE FOR TIMBER STRUCTURES

At the last meeting of W18 the Chairman reported that discussions had taken place
with CEB/FIP with the aim of producing a Code for Timber Structures which will link

with similar codes for concrete and steel.

It has been suggested that Volume I of the unified code would be common to all the
materials and would contain the principles of limit state design, partial safety
factors for actions and details of the actions to be resisted by structural
components. A draft of Volume I was considered by CEB in Lisbon in May 1975. A

copy of the contents list of this draft is attached as Appendix A.

A first draft of Volume II (the Concrete Code) was considered by CEB in Lisbon in
May 1975 and a second draft has been prepared for their next meeting in Helsinki in
September 1975. Both drafts are written partly in French and partly in English., An
English contents list of the first draft is attached as Appendix A of this paper (the
contents of the second draft are similar). Many of the clauses have not been
finalised and at this stage the intention of some of the outline clauses is not

clear.

The attached draft outline for the Timber Code (Volume X) has been prepared with the
aim of following the pattern and clause numbering of the Concrete Code as much as
possible. In some parts the pattern was inappropriate and the Timber Code has a
different form. For some of the clauses the same headings have been used as for the
Concrete Code where it appeared that the outline in the Concrete Code was also
applicable to timber, but at this stage it is not completely clear what is the
intention of the concrete code. From these brief remarks it will be appreciated
that the outline is very tentative and as individuals begin to prepare draft clauses

it is likely that the overall pattern will need to be changed.

L G BOOTH
August 1975



VOLUME X

CODE FOR TIMBER STRUCTURES

PRELIMINARY OUTLINE

1 General requirements

1.0 Introduction

1 Scope

2 General design requirements: safety, serviceability and durability
3 Specific notations for timber structures

4 Units

5 Documentation and records

1.5.1 Calculations
2 Drawings

3 Diary

2 General design data
2.1 Data for timber
2.1.1 General
2 Species of timber
3 Grading
2.1.3.1 Visual
2 Mechanical
4 Method of test
5 Method of determining characteristic stresses
6 Characteristic stresses
2.1.6.1 Clear timber
2 Graded timber

7 Partial safety factors (Ym)
2.1.7.1 General
2 Duration of load
3 Moisture content
4 Size

8 Geometrical properties of sections



2.2 Data for laminated timber

2.,2.1
2
3
m

General
Species
Grading
Partial
2.2,4,1

2

3
u
5

of timber

safety factors (Ym)
General

Duration of load
Moisture content
Size

Number of laminations

2.3 Data for plywood

2.5

2.3'1

N 000 FWwON

General
Species

Grading

of plywood

Method of test

Method of determining characteristic strengths

Characteristic strengths

Partial
2.3.7.1
2
3
y

safety factors (Ym)
General

Duration of load
Moisture content

Size

Data for other panel products

(Clauses similar to 2.3)

Data for fasteners

2.5.1

General

2 Types of fastener

2.5.2.1
2

3
n
5

Nails

Screws

Bolts

Other mechanical fasteners
Glued

5.1 Scarf

5.2 Finger



3 Method of test
4 Method of determining characteristic strengths
5 Characteristic strengths
2.5.5,1 Nails
2 Screws
3 Bolts
4 Other mechanical fasteners
5 Glued
6 Partial safety factors (Ym)
2.5.6.1 General
2 Duration of load

3 Moisture content

<

Force-displacement characteristics

Design of structural components and joints
3.1 Design principles
3.1.1 Design by calculation
2 Design by testing

3.2 Determination of action effects
3.2.1 General
2 Structures composed of prismatic members

3 Structures composed of plane elements

3.3 Checking of limit states
3.3.1 Ultimate limit states of equilibrium
2 Ultimate limit states of strength
3 Ultimate limit states reached by buckling
4 Serviceability limit states of deformation
3.3.4.1 General
2 Assumptions of calculating deflections
2,1 Modulus of elasticity
2.2 Modulus of rigidity
2.3 Time dependent phenomena
3 Permissible deflections

5 Limit states of fatigue

3.4 Specific problems related to particular structural elements
3.4.1 Beams



3.4.1.1 General

2 Solid
3 Laminated
3.1 Glued

3.2 Mechanical
4 Plywood box and I beams
5 Diagonally boarded

2 Columns
3.4.2.1 General

2 Solid
3 Laminated
3.1 Glued

3.2 Mechanical
4 Plywood box and I beams
Diagonally boarded

6 Spaced
3 Arches
4 Portals
5 Trusses
6 Plates
3.4.6.1 General
2 Plywood
3 Stiffened plywood plates
3.1 Single skin
3.2 Double skin
4 Layered boards
Folded
7 Shells

8 Space frames

3.5 Specific problems related to particular joints
3.5.1 General
2 Nailed
3 Screwed
4 Bolted
5 O<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>