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2 CHAIRMAN'S INTRODUCTION

DR HARTL, President of Sub-Commission GLULAM welcomed CIB-W18 to Vienna. He told the
delegates that their work was being closely followed by the members of GLULAM and

he welcomed the opportunity to assist in international co~operabion in the field

of timber engineering.

The meeting was opened by MR SUNLEY, the co—ordinator of CIB-W18. He drew
atfention to the large number of delcgates from more countries than had
previously been represented at a meeting; presuning that this was indicative of
the increasing interest and importance of the work of the group. He thanked sub-
commission GLULAM and Osterreichischer Leimbauverband for the opportunity to meet
in Vienna.,

3 CO~OPERATION WITH OTHER ORGANISATIONS

LS0/TC 162: PROF LARBEN told delegates that the next meeting of ISO/TC 165 Timber
Structures would take place on 24~-27 September 1979 in Ottawa. At that meeting
they hoped to discuss the CIB Structural Timber Design Code, the testing of joints,
and how to proceed with testing standards for plywood and structural sized timber.
He said thal there were problems concerning these last two subjects that had to be
resclved with ISO/TC 139 and ISO/TC 55 respectively. PROF LARSEN provided paper
CIB-¥18/11~7~1 "& draft proposal for an International Standard: IS0 Document
IS0/TC 165 N 38E" as one of the dosuments to be discussed in Ottawa. He

invited comments on this document either in Ottawa or in writing when the Draf+t
International Standard was circulated. '

RILEM 3~TT: DR KUIPERS reported that the CIB—W18/RILEM 3=TT group had completed
and passed to ISO/TC 165 the main joint-testing standard bui they had not yet
completed amnexe B and ¢ dealing with nails and staples. At their neeting, that
had immediately preceded this Wi8 meeting, they had discussed the plywood testing
standard. They still had some drafting work to do on that standard but expected
to have it ready for ISO/TC 165 by September. DR KUIPERS said that they had
made several unsuccessful attempts to communicate with Professor Noack, the
chairmen of TC 139, about plywood testing. The meeting was reminded that, in
accordance with RILEM policy, 3-TT would have to be disbanded. However, a new
group would be formed to consider the testing of other board materials, including
particle and hardboards, and this group would invite participation from the IS0
techrical commitiees at present responsible for those materials.

IUFRO $5.02: MR SUNLEY told delegates that the next meeting of IUFRO $5.02 Wood
Engineering would be included in the all—group-5 meeting that would take place in
Oxford, England on 8-22 April 1980. Further details of the meeting are available
from the Princes Risborough Laboratory, BEngland. Professor Madsen of the
University of British Columbia, Canada, is now the co-ordinator for the TUFRO Wood
Ingineering Group.

FEMLB/GLULAM: DR ARMBRUSTER said that sub—commission GLULAM was continuing its
work on ‘the production of a code for glued-laminated timber. They now planned to
produce their code in three parts: Part 1 'Recuirements for Timber' had been
produced (CIB18/8-12-3); Part 2 would deal with design; Part 3 of this code was
almost complete and would soon be presented to CIB-W18., Part 2 wag mnore
difficult and they were now beginning to analyse the answers to questionnaires

on standard design procedures that had been circulated to their member countries.
FEMIB wished %o co~operate with CIB-W18 and would present their code to W18

when it wag completed,




PROF LARSEN expressed concern at the efforts of FEMIB to produce a glulam design
code independent of the main body of the code, He pointed out that there was
already a chapter in the CIB Code on glulam design.

PRO¥ LARSEN distributed paper CIB~W18/11-102~1 'BEurccodes', He suggested that
there should be no attempt within the Buropean Economic Community to produce a
timber code that did not take full account of a wider internaticnal code and the
competent body for both of these needs was CIB-W18.

DR HARTL, the president of subwcommission GLULAM, told delegates that there should
be no confiict between the work of CIB-W18 and sub—commission GLULAM. Tt was the
intention of his organisation to present their work to W18 as a construciive con—
tribution towards a unified approach within Burope and within a wider international
SCENe.

The ¢ .cirman reminded the meeting that W18 was not exclusively BEuropean and that

their work towards harmonisation had a wider international appeal. He suggested

that some European delegates might get together within the coming days to discuss
EEC problems and to clarify what action they might take to improve communications
with the EEC and CEI-BOIS.

Delegates were also informed of the following meetings:
12 Nov 1979 Trussed rafter design, St Louis, USA
Ow14 June 1980 International Association for Shell and Space Structures, Ooloo,
Finland
Sept 1980 International Association for Bridge and Structural Engineering,
Vienna.

4 CIB CODE

The meeting considered Chapter 6 of paper CIB—W18/9—100—1 'CIB Timber Code
(Second Draft)t. The following commenis and amendments were made:

Title of Chapter 6: To be changed to 'JOINTS'

Chapter 6, General: PROF LARSEN said that he was not entirely satisfied with
thig chapter because it was too detalled to deal with all
speciles satisfactorily.

DR KUIPERS said that he would be producing written comments
on thisg chapter. The general content was satisfactory but
Duich data on nails and comnectors was significantly
different from that givern in this chapter.

Section 6.0.1 MR EHLBECK suggested that 'general behaviour' should replace
tioadwcarrying capacities' in the first paragraph.

DR FOSCHI asked for the last six words of the last paragraph
to be deleted.

MR GALLIGAN said that there should be general notes on the
effect of fire retardants, preservatives and envirommental
changes on fasteners.

Section 6,0.2 It was agreed that 'characterigtic' should be deleted from
the title.




MR CURRY and MR EHLBECK were not satisfied that the contents
of table 6.0.2 was suitable for bolts. and cormectors.

Section 64141 MR EHLBECK suggested that eguation 6,1.1.7a should be:
F=k o d", and an equation 6.1.1.1c should give
1.5 € m < 2,0 for softwoods. The sentence 'A joint should
contain at least 2 nails' is to be deleted and a comment
on the facing page is to be provided.

The lower half of Chapter 6 page 2 is to be brought in to
the main text.

PROF LARSEN agreed to consider the introduction of a minimum
thickness for the steel in steel-to~timber jolnis.

MR RIBERHOLT suggested that for steel-tow-timber joints there
should be another value of k__.. .
nail
DR KUIPERS asked for reduction factors for multiple inwline

fasteners.,

MR EHLBECK drew attention to the absence of information on
joint deformation. He agreed to provide a proposal for
consideration at the next meeting.

Section 6.141.2: MR GALLIGAN pointed out that the first line was contradictory
since characteristic values relate to one climate class.

Section 6.7.143:2 PROF LARSEN said that he would adopt Prof MBhler's
recommendations from paper CIB—W18/9~T-2 "Staples" for the
Code,

Section 6.1.2: PROF LARSEN said that he understood that Mr Johansen was
investigating the differences hetween the formulae in ihis
section and those in CP 112 and CSA 086 (the UK and Canadian
Codes).

PROF LARSEN agreed to reconsider the wording of the first
main text paragraph below table 6.1.2.

Section 641.3: DR BOOTH suggested that in 6.1.3.1 a further mode of failure
ghould be included since the behaviour of screws in hardwoods
was not adequately covered,

The assumptions at the foot of page 6 are to have their print
size reduced.

PROF LARSEN agreed with MR BOVIM that in glued laminated members
without checks, screws in the end grain might carry load.

PROF LARSEN said he would include a note to this effect on

the facing page.

Section 6.%1.4:¢ it was agreed that it would not be feasible to tabulate data
for proprietary items such as commectors but a comment cn the
facing page should be provided.

Section 6.1.5: MR CURRY observed that since there were so many types of nail
plate it would not be possible for this section to provide




detailed recommendations. Since plates were not manufactured
to comply with a standard it would only be possible to specify
that they should be tested in accordance with a standard.

DR NOREN said that he would provide a short paper setting out
recommendations for this section. PROF MOHLER agreed to
contribute,

5 GIB STRUCTURAL TIMBER DESLIGN CODE (Third Draft)

The meeting considered the comments that had been received on the CIB Structural
Timber Design Code (Paper CIBmW?8/11-100—1). The comments considered were from
Finland, USSR, Australia, Poland and The Netherlands and are contained in paper

CIB-W18/11=100~2,

The following comments and changes were made:

List of Contents:

Chapter 1 (USSR):

DR KUIPERS presented paper CIB-W18/11-100-2(e) on behalf of

Dr Meyer, TNO, The Netherlands. He said that this comment

was not on the content of the Code but on its siructure. The
Code should be arranged in a more logical order for the
convenience of the designing engineer. The present Dutch code
had a format similar to the CIB code and they had received
complaints from practising engineers about the illogical

order of presentation.

PROF LARSEN said he felt that Dr Meyer had misused the
Canadisn comments made to ISO TC 165 in September 1976 and
Canada had in fact been represented by a practising
engineer on the code drafting committee in March 1978, At
that meeting Dr Meyer's proposals had been considered and
rejected. PROF LARSEN also drew attention to Dr Meyer's
eight page index for less than forty pages of code, He did
not consider that an aid to simple usage. PROF LARSEN said

that 1ittle could be achieved by a 'logical' format. BSiructures

could not be designed by rotej designing engineers had to be
conversant with the whole code content.

The format and content of the CIB Code could not control
national codes said MR CURRY., In the UK if was desirable to
follow the general pattern set by other material codes and
this policy would persist regardless of the format of the
CiB Code.

MR MARSH did not see much advantage in Dr Meyer's format. A4s
practising engineer dealing with several materials in many
countries he considered that a consistent presentation between
materials and countries was more important than the order of
presentation.

The chairman summed up the general feeling of the meeting by
stating that for such a radical change to be introcduced there
would have io be a very strong feeling for Dr Meyer's
proposal. Since that feeling was not evident the exlsting
format would he retained.

Notation is in accordance with 180 Standard 3898.




Section 2.%.1
(Poland, USSR,
Finland):

Seciion 2.2 (Pol
(Poland, USSR,
Australia):

Section 2.3

(Poland, USSR):

Section 4.1.0
(Australia):

Section 4.1.7:

Table 4.347:

Section 4.4:

Delete 'very short term load condition'.
The temperature and humidity are those corresponding to
climate class 1.

The volume 0.02 m3 is to be reftained since it is only a
calibration reference value,

MR MAROSZ pointed out that 23°C was not an IS0 standard
temperature, but a Swedish proposal to I50.

It was agreed that the climate classes should, if possible,
conform to IS0 Standard IS 554:1976., I1f this is not
possible the standard temperature is to be taken as 207G
and the humidity for class 1 as 0.65.

PROF LARSEN suggested that increasing the number of climate
classes would not he worthwhile since there would not be
significant changes in material properiies between the
clasgses,.

It was agreed that no changes ghould be made.

Agreed with the comment but consldered it to be already
coveread.,

PROF LARSEN, in answer to MR GALLIGAW, said that not all
characteristic values would be established by testing., Some
would be interpolated from other results,.

MR SUNLEY asked for this to be made clear on the facing
page of 2.1.1.

MR BROWN and MR GALLIGAN thought that such a note should
appear in the body of the Code.

MR CURRY said that the relations between bending and tension
strengths suggested by table 4.1.1 would not always be

valid. Tor machine grading there was a good relation between
bending and tension strength but fer visual grading the
relativities could be different.

PROF LARSEN explained to the meeting that the strength

eclagses he had written into the code were intended as

examples and did not purport to cover the whole range of
hardwood and softwood siructural timbers. IHe said that

he expected the problems of dealing with a very wide range

of species to be discussed more fully at the next meeting

of ISO/TC 165, His main intention at this stage of the Code's
evolution had been to introduce the sysiem of strength classes.

'37.5 is to be replaced by *38t.

Yince there are no fixed relations beiween the nroperties of
plywood it had not been possible to define strength classes
for plywcod, said PROF LARSEN,

MR GALLIGAY asked for the characteristic strength of plywood
to ve related to a standard width in section 2.1.1.




Table 4.7:

Tabie 5,7.0b;

Section Hele1.3:

Section 5.1.1.4:

Section 5.1.1.7:

Section 5.7.2:

Section 5.2.2:

Section T.3.2:

Section T.1.3%

Section Te2:

Section 8.3:

PROF LARSEN said that he would insert a note to the effect
that there were sampling and itesting standards and that
modification factors would become available 4o translate test
regults into characterigtic values.

Delete climate clags 0., Add a note to the effecl that no
protection is required in permanently heated building without
hunidifying.

The factors for strength calculations are to be changed. A
footnote will be inserted bensath this table about
constructing in the green condition for eventual use in a dry
condition.

PROF LARSEN explained that creep buckling was itaken into account

by the use of lower modulus of elasticity values.

PROF LARSEN agreed to change Chapter 5 page 4 to take inte

account the comments received from Dr Meyer (CIB-W18/11-100-2g).

DR HENRICI told the meeting that in his experimental work he
had found high stress concentrations in sharp corners but that
it would be difficult to produce a rule to aliow for this
effect. He offered fto produce a paper for the next meeting.

PROF LARSEN will include a comment on the facing page to this
section and would take account of the literature available
from Australia, CGermany and Canada.

DR KULPERS drew attention to Ir Meyer's comments.

PROF LARSIEN said that he considered the column design methods
satisfactory and the curves drawn in Fig 5.1.71.7 were simple
examples from various national codes. He accepted the
Finnish comment.

Title to be changed to 'Tapered beams',

MR HEMMER offered to produce formulaze as an alternative to
Fig 5.2.2¢ and Fig 5,2.2¢ although he pointed out that they
could not he tooc exact,

DR FOSCHI observed that the diagrams were apparently based on

pure bending which did net reflect a very genuine loading
situation.

In response to a recquest from MR BROWN, PROF LARSEN said he
would try to improve the text to make clear the load sharing
between the inmer and outer paris of a panel.

PROF LARSEN said that a reference to Annexe TA would only be
valid for stiff commections., He sald that he would be giving
further consideration to the other comment from Poland,

Bol%s are not permiited without connectors.
In table 7.2, replace '0.002' by '0.02'.

In paragraph five, replace '2 mm' by 'l mm',




Annexe TA: In the title, replace 'BEAMS AND COLUMNS' by 'MEMBERS!.

General: MR XOLB asked if it would be possible to give some numerical
or other identification to the modification factors in the
Code,

PROF LARSEN told the meeting that he would be writing to each
of the individuals that had submitied comments on the Code.
He would also produce a fourth draft of the Code and
suggested that it should be formally submitfed to ISO/TC 165,

MR EHLBECK said that there were too many gaps in the Code for
it to be submitted ag a finished document.

DR NOREN and MR BOVIM pointed out that the closing date for
comments on the Code to CIB-W18 was 1 September 1979.

It was not necessary at this time, said PROF LARSEN, to have
a complete document and TC 165 would not attempt to £ill the
gaps that existed in the Code; that was the function of
CIB-W18. Nor should the submission of the Code to TC 165
inhibit comment. PROF LARSEN assured delegates that he
expected the Sept 1979 meeting of TC 165 to be primarily
concerned with how to deal with the Code. He envisaged
several international standards eminating from the Code;
perhaps on climate classes, load-duration classes and other
topics that could be dealt with individually.

It was agreed that Prof Larsen should produce a fourth
draft of the Code and should submit it to ISO/TC 165 for
consideration at their meeting in September 1979.

6 CIB STRUCTURAL TIMBER DESIGN CODE: CHAPTER 3

Paper CIB—W18/1?-100m3 10IB Structural Timber Design Code: Chaplter 3' was
pregented by PROF LARSEN., He also distributed 'Safety Design of Timber Siructures!
(GIBmW18/1?m1w1) which he saild would explain some of his thinking in drafting
Chapter 3.

MR RIBERHOLT asked why fire and progressive collapse were mentioned under the
General heading. He thought that fire sghould be in section 3.2 Actions.

PROF LARSEN said that the Code made no attempt to design against fire. Design for
the effects of fire was a goverummental requirement that could overrule the Code.

MR SUNLEY said that part of the United Kingdom iimber code was concerned with

fire resistance. Both he and MR GALLIGAN offered to make contributions to
Chapter 3 with respect to fire resistance.

MR BOVIM asked for high compression perpendicular to the grain stresses to be
treated as serviceability limit states.

In answer to MR BURGESS, PROF LARSEN said that‘f factors could not take into
account the time depdenence of loads; they were only to allow for the
probability of having two or more loads simultanecusly at their maximum values.

The title of section 3.3 1g 1o be changed to 'Verification of Design'.

10



DR BOOTH suggested that ){n1 should be in small print, similar to K’

ml*

DR TOSCHI asked for the first part of section 3.3.2 to be redrafted.

7 STRESSES FOR SOLID AND GLUED-LAMINATED TIMBER

PROF MOHLER introduced paper CIB—M18/11—6~2 1Stresses Perpendicular to the Grain',
He pointed out that the volume effect on tension perpendicular to the grain stresses
was significant and should not be ignored.

MR HEMMER suggested that the Code should contain stress values for a standard
volume and modification factors for larger volumes.

PROF LARSEN agreed that either factors or a formula could be included in the Code
and that there could be a limiting minimum volume below which they would not be
applicable. However, he was awaiting confirmation of the factors to be used from
Dr Barrett of the Canadian Western Forest Products Laboratory.

DR FOSCHI agreed to check the factors to be included in the code.

MR HEMMER presented paper CIB-W18/11m6u3: explaining that it was an extension of an
earlier paper CIB-W18/9~6-4 'Consideration of Combined Stresses for Lumber and
Glued-Laminated Timber'., He asked Prof Larsen to consider it when the next draft
of the CIB Code was being prepared.

Paper CIB—W18/11—10—1 tPapered Timber Beams' was introduced by MR RIBERHOLT who said
that he had been zble to demonstrate that tapered glulam beams were linear elastic
up to brittle fracture. He said that it was possible to calculate the radial
stresses on ¢ircumferential sections and also the principal stresses. He
recommended the use of the Norris interaction formula.

MR HEMMER said that since the slopes of tapered beams were usually quite small
there was very little difference beiween perpendicular and circumferential stresses.
Tt was also much more convenient for the engineer to simply divide moment by
section modulus,.

PROF MOHLER said that tests involving combined shear and tension and shear and
compression stresses indicated that the Norris formula was probably safe in
compression but less safe in tension.

PRO® LARSEN agreed to reconsider the content of section 5.1.2 of the CIB
Structural Timber Design Code.

8 STRESSED SKIN PANELS

Paper CIB—M18/11~4-1 tAnalysis of Plywood Stressed Skin Panels with Rigid or Semi-
Rigid Connections' was presented by MR BURGESS. He told delegates that the paper
was an example of the practical application of Annexe 7A of the CIB Code. He
agreed with PROF LARSEN that the basic assumptions for the paper were the same

as for Anmexe TA and that this was an uncontroversial extension of the general
principles given in that annexe, He pointed out that the paper dealt with non~
symmetric sections and calculated a 'true' neutral axis rather than assuming no
slip and adopting an idealised neutral axis.

11




& TRUSSED RAFTERS

DR EGERUP, introducing paper CIB—W18/11~?4m1 tDesign of Metal Plate Connected
Wood Trusses', told the meeting that he had studied three existing codes and a
draft revision of the UK Code in assessing existing design methods. He explained
the differences thal existed between their design procedures and said that the
more complex procedures tended to be more conservative than the simple methods and
none was entirely satisfactory. There was a nced for two design procedures,
continued DR EGERUP; a simple, conservative, every day method suitable for hand
calculations and a more complex but less conservative computerised method for the
calculation of span tables. He would eventually like to see a plastic design
method evolve that would alliow for the ductility ol timber.

MR RIBERHOLT said that no one really knew how to analyse a truss.
HBecentricity at joints was seldom considered and the variability in the stiffness
of memhers was probably much more significant than the stiffness of joints.

One of the major problems in attempting to analyse a rafter, said PROF MOHLER,
wag that 1t was a continuous beam and the true bending moment diagram was not
known over the centre support., It did not follow the theoretical pattern and the
difficulties were increased when the supports were considered to be elastic.

In addition to these problems there was the difficulty of taking into account the
variability within and between the members.,

In Canada, said DR FOSCHI, truss design was based on the conservative assumption
of pin~joints with an arbitrary factor of 1.3 to relate the design to test results.
He foresaw difficulties in how Codes could be written to accept fully

computerised methods of design.

MR SUNLEY and MR CURRY said that in the UK nearly all on-—site failures that had
occurred could be attributed to workmanship. Whatever design method was adopted
it should not assume that the truss fabrication was perfect.

It should be remembered that design rules for itrusses should be the same as for
other structures said PROF LARSEN. He asked if a short paper could be produced
setting out the design principles for turssed rafters.

MR RIBERHOLT suggested that the problem of analysis could be divided into three
stages: static analysis of the structure; timber design peculiarities and plates
and joints. '

It was agreed that Dr Egerup should form a working group to draft design rules
for trussed rafters and to recommend methods of analysis.

10 PLYWOOD

DR WOREN introduced "Sampling of Plywood for Testing Strength" {Paper CIB—W18/
11=4=3)s He said that in this second draft he had omitted reference to the
evaluation of test results since that would eventually be the subject of a
geparate standard. He agreed with MR GALLIGAN that the reference to the period
of time in which the plywood is produced implied that time dependent variables
were adequately represented whereags the intention had been only to draw
attention to the importance of time to the sampling.

PROF LARSEN asked if different layw-ups could be present in the same population.
He suggested that a large part of section 3 belonged in section 2.

MR TAYLOR drew attention to the number of panels that would need to be tested to
adequately represent some populations. With only 2 species, 17 mills, 3 layups

12




and 6 thicknesses, testing 15 panels from each of these combinations would invelve
more than nine thousand panels.

MR CURRY said that it should not be necessary fto test all laywups of a given
thickness of plywood when the properties for some could reasonably be inferred
from others.

DR NOREN agreed with Ms Taylor and Mr Curry saying that it was very difficult to
precigely define a population and some judgement would have to be exercised on how
to pool sub~populations to limit the extent of tesiing programmes. There would
also be instances where characteristic property values would be recuired for mixed
lay-ups and gources of supply and this would present difficulties for the standard
ont the evaluation of results.

It was agreed that the plywood sub-—committee of DR NOREN, DR BOOTH, DR KUIPERS and
DR WILZION should provide a further draft for the plywood sampling sfandard and
they should alsc consider the evaluation and analysis of iest results,

DR WILSCN circulated paper CIBmW?B/?1—4m2 14 Comparison of Plywood Modulus of
Rigidity Determined by the ASTM and RILEM/CIB—}TT Test HMethods". He said that the
tests referred to in the paper indicated significant differences between the
RILEM/CIB-3TT test method and that given in ASTH. Furthermcre they showed that
there would be difficulties in deriving general modification factors to convert
data from ome test method to the other.

The meeting agreed with a recommendation from DR BOCOTE that further testing was
required +to fully investigate Dr Wilson's preliminary findings and urged that
GOFL should be encouraged to contirmue their work in this field.

11 TESTING STRUCTURAIL~SIZED TIMBER

MR GALLIGAN, introducing paper CIB~w38/11—6—1 1Bvaiuation of Lumber Properties in
the United States! outlined the extent of the resources that were currently
involved in research into light-frame construction and material properties in the
US. He spoke of the sampling methods that had been adopted and how work was being
carried out to find which were the most suitable methods of aralysis for the data.
He anticipated that statisticians would again advocate non-parametric statistics
for the estimation of lower exclusion levels and expected a revision of ASTM D2555
to permit both parametric and non-~parametric statistics to be used., MR GALLIGAN
also told delegates of the so far unsuccessful efforts that were being made to
establish confidence limits for the Weibull distribution. In answer to

PROF THUNELL, MR GALLIGAN said that the grading rules in the US were essentially
the same for all structural softwoods. He agreed that there would be differences
between species in the size and shape of knots and in the percentage of juvenile
wood and the growth rate, and therefore massive sampling was required to
adequately cover all these variables. In the longer term there were plans to
revise the grading rules, concluded MR GALLIGAN.

MR FOSCHI told the meeting that at the Western Forest Products Laboratory there
were plans to repeat some of the procedures adopted by Madison., He drew attention
to the fact that the material was tested in the green condition and suggested that
projects were required to evaluate moisture content and temperature effects.
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12  GLUED~LAVMINATED TIMBER

Paper CIB~W18/9~12—1 tExperiments to Provide for Xlevated Forces at the Supports
of Wooden Beams, with Particular Regard to Shearing Stresses and Long-term
Loadings'! was briefly introduced by DR ARMBRUSTER. He explalned that although
the idea of reinforcing the bearing areas of beams was not new the paper was

the result of an investigation into how the reinforcing could be provided by
dowels. He pointed out that although it had been shown that the performance in
compression perpendicular to the grain had been improved there had been no
improvement in shear behaviour., This was contrary to the finds from earlier
tegts carried out by Professor Mhler,

PROF MOHLER said that the results from the tests reporied in this paper were notl
directly comparable with his own since there had been differences in the modes of
failure.

13  HARDBOARD

PROFESSOR NOZINWSKI circulated for information, three papers on the testing of
hardboard:

CIB—W?8/11—13—1 Tests on Laminated Beams from Hardboard Under Short and Longw
term Load

CIB-K18/11w13=2 Determination of Deformation of Special Densified Hardboard
Under Long=term Load and Varying Temperature and Humidity
Conditions.

CIB-W18/11=13-3 Determination of Deformation of Hardboard Under Long-—term

Load in Changing Climate.

14 WNEXT MEETING AND OTHER BUSINESS

MR SUNLEY informed the meeting that Mr Crubilé had kindly offered to arrange the
next meeting in France, probably in Bordeaux. The dates for the next meeting
were fixed as 1510 October 1979.

Several members have requested earlier notification of meetings and as an
invitation has been received from Mr Saarelainren of Finland the meeting-after—
next has tentatively been agreed for 2—=6 June 1980 at Otaniemi, Finland.

Finally the chairman closed the meeting and on behalf of all delegates thanked
MR ARMBRUSTER and MR WOLF, as representatives of Sub~commission Glulam and
Osterreichischer Leimbauverband, for the arrangements they had made for the
meeting and for the hospitality that had been extended to the participants.

14
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SAFETY DESIGN OF TIMBER STRUCTURES

H. J. LARSEN™

SUMMARY

In recent years great efforts have been made to cre-
ate a foundation for internationally agreed uniform
load- and safety regulations based on the so-called
limit-state methods, According to these methous
certain limit states may not be exceeded. The limit
states may relate to the load-carrying capacity of
the structures {ultimate limit states) or to their
function in normal use (serviceability limit states).
As part of the method statistics are used to evaluate
strengths and loads.

Significant contributions to clarify the theoretical
and formal foundation have been made by CEB and
NKB, whose proposals have been harmonized both
mutually and with similar East European proposals
into the so-called Ustlund proposal. It is expected
that general agreement can be reached upon this
proposal.

In all available proposals it is assumed that the safe-

ty can be ensured by a system of partial coefficients,

i.e. by multiplying characteristic loads and dividing
strength parameters (strength values and mo-
duli of elasticity) by partiai coefficients. Is is pos-
sible to obtain a uniform safety level if the partial
coefficients are assumed to depend on the type of
load {permanent or variable load) and on the accu-
racy with which the material properties are known.

For calibration of the partial coefficients the use
of a so-called level-2 method is assumed. The
method is based on postulated distributions for
load (usually the normal distribution) and strength
parameters (usually the log-normal distribution),
and therefore, the calculated failure risks are for-
mal values and they are often given as so-called
safety indices.

In principle the ultimate objective is to calculate
the true failure risks, but the caleulations can only
be carried out in few cases, and the methods are
of no importance for codes. This is due partly to
lack of the necessary information about the true
distribution of loads and strengths, and partly to
technical calculation problems.

* Professor, Institute of Building Technology and Struc-
tural Engineering, Aalborg University Centre, Denmark.

The proposals for load- and safety regulations aim
only at code writers, and it is then the task of the
different technological fields, e.g. concrete, steel
masonry, timber, to transform them into user-ori-
ented code rules. As a confribution to this trans-
formation in the timber field a proposal how the
safety section can be drawn up in the CIB Struc-
tural Timber Design Code has been worked out.

The proposal does not take into consideration the
size of the partial coefficients, since their determi-
nation is the responsibility of the national authori-
ties. However, reference is made to the proposals
available from CEB and NKB.

INTRODUCTION

The great efforts made in recent years in connec-
tion with safety problems in load-carrying strue-
tures have been directed towards setting up and
testing the theoretical basis as well as towards the
adjustment of the theories to practical use in codes.
This paper will especially deal with the latter as-
pect.

Although it is necessary to look at the problems as
a whole, they can in principle be divided into the
following main groups:

- determination of loads on a statistical basis,
determination of strength- and stiffness para-
meters on a statistical basis,

- clarification of those limit states that are not to
be exceeded,

- ensuring adequate safety against reaching a
limit state.

The design methods worked out in this connec-
tion are often denoted limit state design, a de-
signation, however, which is also often used for
the special safety method, called the partial coeffi-
cient method or the load-factor method.

Moreover, it should immediately be noted that it
is the systematic treatment and theoretical clari-
fication of the subjects, rather than the subjects
themselves, which is new:

- For many years loads have been determined on
a statistical basis (for naturai loads, for example,
on the basis of meteorological data).




In the calewlation with permissible stresses, the
ultimate limit state has merely been that the
stresses calculated according to the theory of
elasticity should not exceed a cerfain limit - the
permissible stress.

- Permissible stresses have indeed been determined
from the mean value of the strengths, but in de-
termining the safety factors the coefficient of
variation has been taken into account.

Partial coefficient systems have been used for
many years. In Denmark they were thus intro-
duced in.the design of prestressed concrete as
early »s 1949 and some years later they were
used generally. In the East European countries
they have been used for about 25 years.

BASIC WORK

In Western Europe CEB*) has dominated the work,
from 1971 through JCSS which is a joint bode for
CEB, CECM, CIB, FIP, IABSE and RILEM. The
CEB-domination has been political as well as techni-
cal.

The work was temporarily finished in 1976 with
the CEB Bulletin 116, »Common Unified Rulesy,
which is included as volume I in the publication
sInternational System of Unified Standard Codes of
Practice for Structuresy». In the following it is there-
fore denoted »CEB, volume I». Further, CEB’s con-
crete code is included in the system as volume I,
CECM'’s steel code as volume III and CIB’s Strue-
tural Timber Design Code as volume V.

As a background for harmonization of the building
regulations in the Nordic countries and for their
participation in the work of JCSS a committee on

*) The meaning of the abbreviations for organizations ete,

used in the text is given below in alphabetical order:

CEB:  Euro-International Committee for Concrete.

CECM: European Convention for Constructional Steel-
work.

CMEA: Council for Mutual Economic Aid.

CIB: International Council for Building Research Stu-
dies and Documentation.

ECE: Economic Commission for Europe under UN/
UNESCO,

EEC: European Economic Community.

FIP: International Federation for Prestressing.

IABSE: International Association for Bridge and Struc-
tural Engineering.

I1S0: International Organization for Standardization.

JCSS: The Joint Committee on Structural Safety.

NKB: Nordic Building Regulations Committee.

RILEM: International Union of Testing and Research La-
boratories for Materials and Struetures.

load and safety was set up by NKB. The committee
has worked out a Nordic counterpart to CEB, vol.
I, namely »Recommendations on load and safety
codes, 1978». In the following it is denoted NKB-
Recommendations. In the course of time the dif-
ference between the CEB and NKB proposals has
been reduced. The most significant devations are
details of the system of partial coefficients and
NKB has fewer representative load parameters and
simpler load combinations.

The East European countries have also dealt with
the problems through the cooperative body CMEA.,
In 1977, in an attempt to remove the differences
that still remain, though many were removed
through the cooperation with ISO, EEC asked JCSS
to prepare a proposal for an internationally harmo-
nized code. The result was »General Principles on
Reliability of Structural Design», May 1978, which
had mainly been worked out by Professor L. {ist-
lund of Sweden, and is therefore normally known
as the Ostlund proposal. Generally, it is clearer and
more coherent than the others, but it also leaves
out a number of details, for example throwing a veil
over areas where the traditions of Eastern and West-
ern Eurcpe-differ. It looks as if general agreement
can be reached upon this proposal and thus it will
probably very soon be transformed into an 1SO-
standard to replace International Standard ISO-
2394: General Principles for the Verification of the
Safety of Structures.

One of the main objects of the EEC is the removal
of trade obstacles e.g. dissimilar building codes
and safety systems. Not only do these obstruct
trade between the member countries in connec-
tion with building, (and especially such related ser-
vices as consulting and contracting), but they also
affect competitive power in e.g. the Middle East,
where the lack of intereuropean codes gives rise to
dissatisfaction. This is partly because the Middle
Eastern countries do not want to bind themselves
to a single country’s code and partly because com-
parisons between the different quotations become
difficult,

EEC has therefore begun drawing up so-called Euro-
Codes, which are expected to become valid in all
member countries in addition to the national codes,
so that the consultants and contractors for work,
which in accordance with the EEC-rules is to be

put out to international tenders, can use either
Euro-Codes or the codes of the building country,

So far the commission has set up a steering group
and a working group for Eurc-Code No. 1, General
Load- and Safety Regulations, to be drawn up on



the basis of CEB, vol. I and the Ostlund proposal.

In the middle of 1979 the work on Euro-Code

No. 1 is expected to be so far advanced that the
work on Euro-Code No. 3: Steel Structures, can be-
gin in August 1979, The work on Euro-Code No. &
Timber Structures, is provisionally planned to be-
gin around the beginning of 1980, when a CIB-pro-
posal is expected to be available.

Recipients of the proposals

All the proposals are intended for use by code
writers and not by designers, and they are not to be
regarded as some kind of a functional model code.

The main object of the proposals has been fo create
a common precise frame of reference for the per-
sons who have participated in the work in this
rather unbroken field. Many sections are character-
ized by the fact that their final forms are compro-
mises reached after long discussions. These com-
promises have not in all cases been carried through
in other sections.

The next phase is to transform the proposals into
user-oriented operational code chapters. It would
undoubtedly have been a great advantage if the
work on CEB-volume I had concluded with a total
rewriting - as done in the Ostlund proposal - and if
it had been accompanied by a proposal for the
drawing up of the load and safety chapters in the
structural design codes.

CEB-volume I has in fact been converted in prac-
tice in International System of Unified Standard
Codes of Practice for Structures, Volume II: CEB-
FIP Model Code for Concrete Structures {in the
following denoted CEB-concrete), but firstly there
has been such confusion of the load and safety sec-
tion and the concrete rules that is is difficult to
transfer the rules to other materials and secondly,
there are in many fields incomprehensible diver-
gences - both material and linguistic - between
CEB-volume 1 and CEB-concrete.

Therefore, it is necessary to work out general sec-
tions for each material with the risk that they dif-
fer from one code to another.

Limit states

An essential element has been a clear description
of the limit states the exceeding of which means
that the structure no longer fulfils its function.
These are generally classified as ultimate limit
states corresponding to exhaustion of the load-
carrying capacity (of the whole structure or parts
of it} and as serviceability limit states where the
structure no longer fulfils its assumed function

in normal use.

The requirement that the relevant limit states are
not exceeded is normally followed by a require-
ment for a reasonable robustness, for example, col-
lapse of a single structural member (as a result, per-
haps of an accident) should not cause collapse of a
significant part of the structure (security against
progressive collapse).

Levels of limit state design

In CEB-volume I, for example, three levels are iden-
tified at which the structural safety may be treated.
They are:

Level 1:

A semi-probabilistic process in which the proba-
bilistic aspects are treated specifically in defining
the characteristic values of loads or actions and
strengths of materials and these are then asso-
ciated with partial factors, the values for which,
although stated explicitly, should be derived,
whenever possible, from a consideration of the
probability aspects.

Level 2:

A design process in which the loads or actions
and the strengths of materials and sections are
represented by their known, or postulated dis-
tributions, (defined in terms of relevant para-
meters such as types, mean and standard devia-
tion) and some reliability level is accepted. It is
thus a probabilistic design process.

Level 3:

A design process based upon an »exact» proba-
bilistic analysis for the entire structural system,
using a full distributional approach, with safety
levels based on some stated failure probability
interpreted in the sense of relative frequency.

In connection with these quotations from CEB-
volume I a number of explanatory comments has
been given, including:

Level 1:

A design method in which appropriate levels of
structural reliability are provided, on a structural
element (member) basis, by the specification of
a number of partial safety factors. - ----------
Clearly Level 1 is, and should continue to be, the
basis for most design codes. Simplifications with-
in Level 1 are possible and indeed desirable in the
presentation of the various clauses.




----- Reliability levels can be defined only by
safety indices or equivalent »operational» proba-
bilities and not in a relative frequency sense, - - -
------------------------------ Level 2
should be used principally in assessing appropri-
ate values for the partial safety factors in Level
1; hence it is intended primarily as a tool for
code drafting committees. In certain specialised
fields it may be the most appropriate design pro-

cedure, e.g. pylons for overhead electricity cables.

As seen from the above it is assumed that the deter-
mination of structural reliability is made on the ba-
sis of a system of partial coefficients, meaning that
the previously dominant system, calculation with
permissible stresses, is abandoned.

The choice of the partial coefficient method is due
to the fact that it is the simplest methoed by which
a reasonably uniform safety level can be ensured.
This cannot be achieved by the use of permiss-
ible stresses, as will immediately be seen by com-
paring the risk of failure for two prestressed con-
crete structures, one with dominating dead load
and one with negligible dead load:

For prestressed concrete structures the necessary
dimensions are, as is known, determined almost ex-
clusively by the variable load, while the permanent
load is of only secondary importance. (It was in
fact the problems in connection with pre-stressed
concrete which led to the experimental introduc-
tion of the partial coefficient system 30 years ago
in Denmark]).

The partial coefficien{ method
In this section a very brief description of the parti-
al coefficient method will be given.

It is assumed that a calculation model for the struc-
ture has been set up, and that the condition for the
actual limit state not being exceeded is written as

6(G,Qy,Qy - I, g, va. o,
u...,C..0=20 (1)

where G denotes the dead load and Q, and Q, de-
note variable actions. f, and f, are characteristic
strength parameters. a represents the geometric pa-
rameters. u are quantities covering the uncertainties
of the calculation model. C are constants including
preselected design constraints.

The design criterion will then be

6(Gd! Qld} dea v ,fld; f2d’ ey

Bg-eorhlge-sC..)>0 ®)

Subscript d denotes ndesign»-value.
The design value of the actions are obtained by mul-

tiplication of the respective actions with partial coef-

ficients:
Gg =74G Qg =741 Q1> Qua = 7q2Qs -+ (8)

The design values are obtained from the character-
istic values by division by partial coefficients:

f30 =%/ m1 Toa " f2/Yme - - - (4)

In practice, the difference between the partial coef-
ficient method and the permissible stress method is
merely that multiplied design load values are used
in the former. It is therefore surprising that it is
commonly thought to be very complicated.

The reason might be that in CEB-volume i the de-
scription of the system has been interwoven with a
description of the complicated load- and load-com-
bination system which has been chosen. This sys-
tem is used by a few countries already - in connec-
tion with permissible stresses. In the series of con-
sequence calculations carried out in connection
with CEB-concrete most countries have pointed
out that it greatly increases the calculation work
because of the many load cases, and nothing much
is gained. A simplification is therefore absolutely
necessary.

Use of level-2 and level-3 methods

As seen from the description of the different levels
it is assumed that level 2 can be used principally
for calibration of the partial coefficients to en-
sure & uniform safety level. Level 2 will be directly
applicable only in exceptional cases. In fact, only
a few countries intend to mention the possibility
at all in their codes.

It might seem peculiar that calibration is not at-
tempted by a level-3 method. By this method the
risk of failure of a structure can be determined, a
value which is directly comprehensible and fit for
e.g. economical optimizations.

The primary reason is the so-called tail-sensitivity
problem, i.e. the calculated risks of failure are very
sensitive to the distribution functions for the ex-
treme values (high load values/low strength values).
For most materials the distribution function is not




known with sufficient accuracy and as for the actions
there is no possibility of ever knowing them. There-
fore, postulated distribution funetions must be set
up and the calculated risks of failure become formal
measures of risk. They are purely theoreticaily-cal-
culated gquantities which can be used to compare
structures, in which some of the parameters vary,
and also, they can be used to calibrate the partial
coefficients, but they cannot be identified with the
frequency with which accidents or collapse occur

in practice.

In this connection it is pointed out that exceeding
an ultimate limit state does not necessarily cause
collapse of the structure.

The results are usually given in the form of a safety
index § and not as a probability of failure in order
to signify that the calculations are formal.

A primitive description of the safety index can be
given in connection with equation (1). Bince the
variables are random variables, 8 is also a random
variablé with the mean value ¢ = and the stan-
dard deviation s. Then the safety index is

820, anls (5)
It can be shown™) that the safety index is only a
meaningful measure of safety if the basic variables
are normally distributed or belong to the normal
family of distributions. Therefore, log-normal dis-
tribution of strenygths and normal distribution of
actions are assumed in the NKB-proposal.

For problems with many random variables. the tail-
sensitivity phenomenon decreases. On the other
hand, however, the necessary integrations of proba-
bility densities become an impractical task except
for very special cases.

Though it is indeed possible in individual cases to
catculate something approaching a true probability
of failure by level-3 methods the calculations are
so complicated and the results so impossible to
generalize that they are useless for most practical
purposes.

Example of code text

From various quarters doubts have been expressed
whether CEB-volume I efc. is a suitable basis for
the general sections of a user-oriented code, and

*) Ove Ditlevsen : Fundamentals of second moment struc-
tural reliability theory. International research seminar on
safety of structures under dynamic loading. Trondheim,
Norway, June 1977.

especially, whether the system of partial coeffi-
cients is so simple that it is reasonable to use it.

To show that the doubts are groundless a proposal
for the framing of the safety chapter of a structural
timber code is given in the following.

The proposal is written so that it can be fitted di-
rectly into CIB-Structural Timber Design Code,
whose definition of characteristic material para-
meters, i.e. lower b-percentile values, is used.

A few comments on the proposal are given below,

In the code text proper, no values of the partial
coefficients have been given. Their determination
is a national matter based on a socio-economic on-
timization, faking into account the national levels
of welfare, wages, material prices, etc. In a guiding
text information is given of the partial coefficients
proposed by CEB, in CEB-volume I and CEB-con-
crete, and by NKB.

For the actions the most significant deviation is
that the NKB-proposal gives the value of the par-
tial coefficient equal to 1.0 for permanent load in
almost all cases. The primary reason for the choice
of this value, which by the way facilitates the cal-
culations considerably, is that this is the only possi-
bility of getting a consistent design system which
can also be used in foundation engineering where
the earth on one hand is a building material and on
the other is a significant loadgiving element. This

is a fact which has often been demonstrated by
foundation engineers, but since they have not been
involved in the CEB-work it has been disregarded.

The recommendation to use a differentiated safety
level based on the consequences of failure has been
utilized (see section 3.3.2), a possibility which has
been recommended in all the proposals, but has not
however, been used in CEB-concrete, From com-
parisons it hias been assumed that CEB-concrete cor-
responds to failure-class »serious.

3

The CEB-value for vy, corresponds to using 10-per-
centiles for concrete. For timber, where 5-percen-
tiles are used a CEB-value of Y = 1.4 1s deemed
suitable.

For most structures the dimensions are proportional
to

a7 (v,G+v,Q)=

,
g
7Tm(G + QUL+ 5 G- 1)

a, according to the CEB- and NKB-proposals, is
shown in the figure.




a/(G + @) can be directly compared {o the tradi-
tional safety values, provided uniform load regu-
lations are used and provided 5-percentiles are
used as characteristic values.

[4)
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SECRETARY'S NOTE:

Chapter 3 of the CIB Structural Timber Design Code, which formed an annex té

this paper, is reproduced elsewhere in these proceedings as Paper CIB-W18/
11-100-3
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ABSTRACT

This paper gives a method of analysis for both single and double
skin siressed skin panels, with either rigid or semi rigid
connections, which is suitable for hand calculation using an
electronic calculator, By means of numerical examples it is
demonsirated that there is good agreement between the method of
analysis presenied and alternative methods of analysis formulated

by other workers.,
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NOTATION

’Z;Zqux =
\V =
Vm ax

Ty =

(é%i; "4ﬂ;
effective arvea of plate for skin i
arca of stringer
breadth of stiringer
effective breadih of stringer (double skin panels)
width of fasiener patiern
breadih of plate
effective breadth of plate for skin L
depth of siringer

Young's modulus for stringer, parallel to grain

= Young's modulus for skin ¢ in the Y dircetion
= local flexural rigidity for siringer

= local flexural rigidity for skin L

EeLe +2Ey Lot
flexural rigidiiy of the eqguivalent beam

= shear modulus for skim i+, parallel and perpendicular

to the Y direction

= slip modulus for fasteners connecting skin t to the siringers

effective span of panel
clear spacing between siringers
bending moment at Y due 1o applied load

Brending moment at y = 0 due to applied Joad

= Poigson's ratios for skint, wherce the second subscripis

denote the direction of the force
number of stringers in the panel

transverse load/mm run/ repeating unit

-shear flow at the inlerfaces between skin L and the stringers atj

= maximum shear flow at the interfaces beiween skin L and the

stringers (attj=11542)

spacing of fTasteners connecting skin L to the stringers
maximun normal siress in skin‘i, parallel to stringers
maximum normal siress in siringers, parallel to grain
thickness skin t

maximum horizontal shear siress in siringers (at8==i H&Z }
vertical shear force due to applied load at Y

maximam vertical shear force due to applied load (atij=il7@)
iransverse panel deflection at U

iransverse panel deflection atﬂzzo

vertical distance from the ncutral axis to the ftop exireme filnes
of skin 1

vertical distance from the neutral axis to the mid plane of skint

vertical distance from the mid planc of the siringer to the
midenurof skin L
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Introduction

Plywood stressed skin panels consist of plywood sheets glued or
mechanically fastened to the top or to both top and bottom surfaces
of longitudinal timber stringers. The whole assembly acts as an

integral section to resist bending, provided that the joints between

the plywood and stringers are sufficiently rigid to prevent excessive slip due

to longitudinal shear force induced between the plywood and the stringers,
Structural economies are made possible by the utilisation of both plywood
and stringers to resist bending. The éize of a stringer for a given span
can be less than that required for a simple joist, or a lower grade

material can be used.

This paper presents a method of analysis for both single and double skin
stressed skin panels, with either rigid or semi rigid connections, which
is suitable for hand calculation using an electronic calculator, The
analysis can be used to.sélve for panel deflections, and for stresses in
the plywood skin(s) and timber stringers. Panels assembled by gluing are
assumed to have rigid connections, and panels assembled using nails or

staples are assumed to have semi rigid connections.

Using numerical examples it is demonstrated in Section 4.0 that there is
good agreement between the method of analysis presented in Section 3.0

and alternative methods of analysis formulated by other workers.

Fig.1 shows the general arrangements for single and double skin stressed
skin panel assemblies. Further details of construction and manufacture

are given in TRADA Information Bulletin E/IB/22 {9},
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2.1
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Approximate Method for Determining the Effective Breadth of

Plywood Skins in Siressed Skin Panels

In the analysis which follows each skin of a stressed skin panel is
assumed to act as an orthotropic plate in a state of plane stress.
The distribution of stress across the width of the skin is therefore

independent of its thickness.

In elementary beam theory it is assumed that normal stresses are

evenly distributed across the width of a beam. The true normal stress
distribution across the width of the skin of a stressed skin panel is of
the form shown in Fig.2. The deviation of the normal stress distributien
across the width of the skin from that predicted by elementary beam
theory is known as "shear lag". The net effect of "shear lag" is a
reduction in the normal stresses in the skin at locations on the cross-
sections remote from the stringers, as compared with those predicted by
elementary beam theory, and an increase in transverse panel displacements.

A convenient representation for design purpeses is to consider a stressed

skin panel as consisting of a series of parallel T or T beams, each flange

of these beams consisting of a width of uniformly stressed plate which, when

acting in conjunction with the associated stringer contributes the same
amount of flexural rigidity to the panel as would the whole of the
corresponding width of non~uniformly stressed skin. The width of this

notional uniformly stressed plate is termed its effective breadth, Be.

The expressions for effective breadth, (i18),(19) and (194) , are for simply

supported panels with a uniformly distributed transverse load.

Analvsis of Plane Sitress

Consideration of the equilibrium of the element of plate 60:63 shown in

Fig.3 yields;
aNI + aqu = o

3Sx oy’
and H

dx (1)

3
where: Nxand ?J are the normal forces per unit length of element in

the X and Y directions respectively, and Pﬁ%j(=lﬂgx) is the
shear forece per unit length of element, (hh:st, where T = plate

thickness, and & denotes stress per unit area).




: -3~
Equations (1) are satisfied by a function ¢(x,8) y Airy's stress
function, if it is defined by;
aé 2§ 2 5
oy ox axaa (2)

If the point (I,H ) undergoes displacements W and v in the directions

of X and Y respectively, Fig.h, the strains are given by

_du - =0v: Y. = Qu o
Ex = == £ =X s x S L
ox ' Yoy W5y T ox (3)

wheres; € and Eb‘ are the normal strains in the X and Y directions

respectively, and an is the shear sTrain .

Efiminaﬁna (v anc{ A ﬂwe eq,uo:hon o{" comf_‘)ahb””}r O‘F sTrains becomes:

S O, _ O _ O
3 T a2 T Gxal < (+)

The eguations of elasticityyfor the plate are;

fx = lﬂ lyi —_— PJ{)

Fle TE,

= /Ny oy Ne

55 e (?y— )”‘Ex>
Xxdz __N_&Lf]_

t Gyy (5)

where: Exand Ey' are Young's Modulus for the plate in the X and Y

directions respectively, fo and Vﬂ are Poisson's Ratios
(where the second subscript denotes the direction of the

force), and G,(y is the shear modulus.

Substituting (2) and (5) in (4} yields the basic differential equation

of plane stress in an orthotropic plate;

% L 200% , b23¢ Lo
ax’+ a)?'ag' 53‘* . (6)

Wl'\el"‘e:
. ; Y
_—7Z-vx - «-n»«,y—-vx F) a g 2.’2‘2 Q_¢ 2
Ey Ex Ox 63 55 ox

_(E | N - E
(e, )t P E
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2.2 Effective Breadth of Plate for a Simply Saupported Panel,

with Multiple Stringers, with a Uniformly Distributed Transverse Load

Consider the orihotropic plate in Fig.5 loaded with edge shear forces:

Nx5=ih3,at x=i8/2 (7)

The edge shear forces approximate to those developed at the edges of

each skin of a siressed skin panel, with multiple stringers, which
is simply supported at both ends and carries a uniformly distributed
transverse load, provided it is assumed plane sections in the skin
remain approximately plane after bending, and plane sectiomns in the

stringers remain plane after bending.

Assume Airy's stress function 9§&I,3> is a fourth erder polynomial in 5
and 2C Gubenko{S} , of the form:

¢= C.J‘LWL C,x + C332+C4x2+csgzxz (8)
Substitution of the derivatives ofﬁé in (2) yields:
f\% = [2,C:21f'+ 21(:4 4“,2/C:5Ef

Ne=12Cy* + 2C, +2 C

= ~4C yx (1)
Equgiigg the exﬁﬁéssions for Fdxﬁfrom (7) and (9)

.ng“_'“Ng;,_S :hg = ”chgy

therefore:

Cy = _%B (10)

It is assumed that Nx= O atx =1 5/2' for all values ofla 3 therefore:
C,=0 ‘

Substituting in (9) for C, and (:5 yields;

Ne=0=2C,—RB4 ,at x=2B2

therefore:

C:3 = AE348 : | (H)

Substitution of the derivatives of gﬁin (6) yields;

3Csa +2«LILC;2, =0

and substituting for C:s from (10):

C.= ReZR o (2)

At 3 = (O , the total normal force I, is given by;

o]

&
Fo=f, 2G5 +2C, ]dx = C.B+ 2C,B )

this must equal the load applied at the edges by the shear forces, therefore:

Fo = ZgL/QN%H dfj = h]_?/[,a,

SR (1
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Equating (132) and {14) and substituting for C2 from {12) yields:
C, = kL/SB — hQBAZ 05)
When Yy 0 substitution for Cz,from (12),& C,*,from (15),
in (9) yields:

Nao = Zkax% + H__z/q_g — thB/é

(16)
N, has its greatest value yhen > = £ B/2 therefore:
- haB/ + k12
Nyomex = 3 4B (7)
In the case where the skin is rigidly connected to the stringers,Fig.6,

B =1, and the effective breadth at u=C is given by:

E)E=b+F°/Num=b+hL2/1’_l%+£ = b—]—.%__l:__‘__
where: b = waidth of stringer( 3 LE'LS) %{%}“"(E} ~———(|8)
Ls

In the case where the skin is semi vrigidly comnected to each stringer

1

clear spacing between stringers

by multiple rows of equally spaced fasteners, with equal slip meduli,
the effective breatﬁfh at Yy = O is given by:

B. = b +’+cx B
. )+ (g 19
vhere: B = str—ia;xg;;f_;)spagingjz b+ L %

z

bN: width of fastener pattern i.e. distance across the
stringer bhetween outer rows of Tasteners.
Where the skin is semi rigidly connected to each stringer by a single
row of equally spaced fasteners, with equal slip moduli along the line of
the vertical axis of the stringer, the effective breadth at :j =0
is found by.pttting bN =0 in (19) to give:

Be = ToTaTTT
where: B%géi)is(ﬁ) {(19A)

Fig.7 shows the relationship betweenBe/B and B/L where Be is calculated
using (19A) for 6.5mm Canadian Douglas Fir Plywood.

APPENDIX I provides a quantitative comparison between (19A) and two
alternative expressions for calculating the effective breadth at

8 = O for a simply supported panel carrying a uniformly distributed
transverse load.

If the transverse lcad is applied directly to the skin the foregoing
analysis is only valid if the transverse deformation of the skin is

small.
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2.% Relationship Between Effective Breadth and y for a Simply Supported
v,

Panel,with Multiple Stringers,with a Uniformly Distributed Transverse
Load
From (9)

N, =12C,o" + 2¢C, + RCy
Subst1tut10n for C:z,from (12) C:q,from (15) and (:S,from (10)

yields!

N, = Zhax/B + hL/4B haB/@ - kfj/B (20)

For a11 values of tj (20) is a maximum at X = er%ﬁl ,

therefore'

Nynor = kaﬁ/z + IRL/q_B — hQB/é _ kH/B
ka5/3 + hL/LH:_’) — \lj/B (20

The total normal force at tj is given by:

-2 ] Ny d

Substituting for Negy from (7):

F - ZIVQhH dfj = hL/},-ahH (22)

If the skir is rigidly connected to the stringers B=1_, and the

|
i
;
1
]

effective breadth is glven by

Be=b+F/Ny = 3)/(%+—IT"%E$>_(23)

which reduces to (18) when 5 C)

Where the skin is semi rigidly connected to each stringer by multiple rows
of equally spaced fasteners with equal slip moduli the effective breadth

is given by

- L\ fa®d-b) . _L°
whei‘:g_k;+z_s( )/(a 3 +4(B’b~) (Bblbrq)) e (2¥)

and this reduces to {19) when y =0,

If the skin is semi rigidly connected to each stringer by a single row of
equally spaced fasteners, b = () and the effective breadth is given by

Be = Lf_ﬂ/(aa +4LB B %B) | (248)

where: R= |+ Ly
vhich reduces to (19A) whenAS O.

Fig.8 shows the relationship between effective breadth, B, , and H for
a plywood skin of a typical simply supported panel with a uniformly

distributed transverse load.
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It can be seen from Fig,8 that the effective breadth is

approximately constant over the portion of the span where the bending
moment is largest. It is convenient for the purposes of structural
-analysis to take the effective breadth as constant throughout the length
of the panel. 1If it is further assumed that the effective breadth of the
skin is equal to its effective breadth at mid-span, the overall effect
upon the accuracy of a structural analysis is not excessive. Adoption

of the above assumptions resulis in a slight underestimation of the
transverse panel displacement and the normal stresses at locations
adjacent to the panel supports and an overestimation of the maximum

shear flow at the skin to stringer interfaces.

It is assumed in the following analysis, Section 3.0, that the effective
breadth is constant throughout the length of the panel and equal in
magnitude to the effective breadth at mid-span.
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3.0 Analysis of Simply Supported Stressed Skin Panels with a

Uniformly Distributed Transverse Load

In the analysis which follows a stressed skin panel is considered as

consisting of a top and/or bottom plate in a state of plane stress
and stringers stressed due to bending, with composite action enforced
between each plate and the stringers. The state of stress in each

plate is assumed to be described by eguations (1) to (6).

It is assumed that the transverse panel deflection due to bending is

small and small deflection theory is valid.

The analysis can be applied to stressed skin panels in which each plate
is either rigidly or semi rigidly connected to the stringers. It is
assumed that a rigid connection is achieved in panels assembled by
_gluing and that a semi rigid connection is achieved in panels

assembled with nails or staples.

In panels with semi rigid connections slip will occur at the interfaces

between the plates and stringers. The concept of slip modulus is used

in the determination of the slip at the interfaces, and the following

assumptions are made:

(a) shear transfer is continuous at all points in the interfaces,

(b) the fastener spacing is constant throughout the length of the
panel, and all fasteners have the same slip modulus.

(e¢) the load/slip characteristic for the fasteners is linear.

(d) there is no separation between plaﬁes and stringers.

If Q is the load per fastener at slip ¥ and the fasteners are spaced S
apart the load per unit length is given by:-

T Q/5 ' (25)

and the slip modulus is given by:

k =95/ (xe)
When ¥ =0, Kk is in-FiniTe )




3.1 Single Skin Panel

Fig.9 shows the repeating unit of which single skin stressed skin

panels with multiple stringers are composed.

Fig.10 shows an element of the repeating unit dﬂ long. The state of
stress in the components of the repeating unit can be represented by
moments at the centroid of the plate V%, and at the centroid of the
stringer M, and a couple of intensity FﬂZQ,Consideration of the

equilibrium . of the element yields:

db |
dy =P
and M = MP|+M5 - FZI (27)
For equal curvature of the plate and stringer:
Me = My - M+EZ  _ | _ dw
EsIs E)uj:l EL r d\lja _mm____(:as)
where:

ET= ET. + E,.L,

v = radius of curvature for the panel

W = transverse panel displacement at j

E5 and E,, are respectively the Young's Moduli for the stringer and
plate in the Y direction and .I; and :[F.are respectively the local

second moments of areas for the stringer and plate.

If the panel is simply supported at both ends and carries a uniformly
distributed transverse load of P per unit length,/™ the moment at 5
due to the appliedzload ii given by:

M“”%+%%L (29)
The effective area of plate A, is given by:

Ao =1, Be, (30)
wheres Be is given by (18) or (19) or (194) depending upon the type of

connection at the plate to stringer interfaces.
The effective section of the repeating unit can be represented by an

equivalent T beam as shown by Fig.11.

The analysis for a single skin stressed skin panel with multiple stringers
can be considered as a special case of the analysis for a double skin
stressed skin panel with multiple stringers, described in Section 3.2,

in which :
temAw-F=Mu =0

Example 2, Section 4.2 shows the application of the theory developed in
Section 3.2 to the analysis of a single skin stressed skin panel with

multiple stringers,
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7.2 Double Skin Panel

Fig.12 shows the repeating unit of which double skin siressed skin

panels with multiple stringers are composed.

Fig.13 shows‘an element of the repeating unit dﬂ long. The state of |

stress in the components of the repeating unit can be represented by

moments at the centroids of the plates P4P and quzand at the centroid

of the stringer P4sand two couples of intensity FLZ, and F;ZZZ

respectively. k

Consi%igation of the equilibrium of the element yields: ;
dy = ¥ |

and M = P4P,+-F4Pa-+ P45- F;Z: “—E:ZZZZ (31)

For equal curvature of the plates and stringers:

ME e~ Mpl = Mpz = M +FJZI+ Fa ZJ_ = ﬁ — CL%uI
Esis Eyl :tFI Efz_—t-p?. EI e d&dz . (32)
Where: El = Esls -+ E. JIPI ~+ EraIloz
v~ = radius of curvature for the panel
W=

transverse panel displacement at Y

E. ,Ey,,and Eyg are respectively the Young's Moduli for the stringer,
plate 1, and plate 2 in the Y direction and Lo, Lo ,and Lea

are respectively the local second moments of areas for the stringer,

plate 1, and plate 2.

If the panel is simply supported at both ends and carries a uniformly
distributed transverse load, of P per unit length, M the moment
at Yy due to the applied load is given by:

M = *-%—2 + %ﬁ (33)
The effective area of plate L , P@L y is given by °*

Aa =t B (24)

where: B, is given by (18) or (19) or (19A) depending upon the type

of connection at the plate to stringer interfaces., The effective section
of the repeating unit can be represented By an equivalent I beam as shown
by Fig.1k.

Once the effective section of the eguivalent T beam for the repeating unit

has been determined, double skin stressed skin panels with rigid

connections can be analysed using simple beam theory, as shown in Example

3, Section 4.3, and are not considered further in this section. Consideration |
is restricted to panels with semi rigid connections which are analysed by
applying built-up beam theory to the equivalent 1= beam for the repeating

unit,.
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The following iwo assumplions are made:

1) +ihe direction of the applied load is such that the top flange, (flange 1)

of the beam is loaded in compression, parallel to the tj axis.

2) wr,ihe traunsverse beam displaccement ut.a , is 1the same for each of the

beam componenis, (web, flange 1 and flange 2).

Fig.15 shows a portion of an egquivalent I beam deflecled under the action
of a transverse load acling in the -z direction.
Exominahion of Fig. 15 yields:
e+ & + %?5'; =0 . (35)
i

axial extension at the mid plane of flange ( at y

wvhere:

t

¥
52.

1

slip at interface L at Y

vertical distance from the neutral axis to the mid plane

of flange L

Combining (26) and (31):
ﬂ’- = ..c._.:{_E':._ = ._k.i'_b/.k—
IS

y Sy e e e (20
therefore:

La
The axial strain at the mid plane of flange L’“tfj’js given by:

dei s FL = —ki_..,__]t'/z .
dy EyAa st By Aa % dulj S ¢ )

therefore:

de o _ kel
dga sibyiAc

e - (39)
Rearranging (39) yields:

Y - - sifrAg de
ke dg o e 60

Substituting in (35) for ¥ from (40) yields:

. L Eqx A d; dw z. = O
€; wn Silyu /et QW L o=
G ;I*ﬁ “+- cia és

R 1)
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The following sinusoidal loading and displacement definitions are assumed:

M = M:,COSTTTg_ (52)
e = Qi sin_Ti%_

_‘jji Jﬁweavg cos%{_

_a_i,zt_—_t iy sfn%g, s
W W COSITL?_

j;%:—llj;mcos% (41

2
where: M = - ?%l as defined by (33)
Cu,= axial extension at the mid plane of flange L at 3 = L/CZ

w, = transverse beam displacement at Y =0

Fig. 16 shows the form of the assumed distribution of the transverse load,
and the form of the assumed distribution of the transverse beam

displacement.

APPENDIX II provides a quantitative comparison of the loading and
displacement definitions for the beam, for a uniformly distributed

transverse load, and for a sinusoidally distributed transverse load.

-
Substituting in (41) for € and %%,form (43), and for jw ,
from (4%),yields: J J
s 4 mTewssibiAd _ mwz = O

L2 k;_l L
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therefore:

eLL _,_TFSL AL] TT Wa 22
/ﬁ[' K L E

lls K] -2

(45)
where: X
s b A
, = byt \eg
Ki L2 ke
Rearranging (45) yields:
1-‘/2 - KL T
(KL (4¢)
Substltutlng into (32) the expression for M from (42), F, and F, from
(38) and ( j‘_‘f from (44) yields after rearrangement
g

Mo + E)fl Aerﬁ_ e";/!z ZI + Ey-’-‘- A"-l L.
therefore*:'E A z, E A - ET
= 1 YAS eu_a + 2 ez 1L :_ _!m w ]
Mo J: 4 L d /y L 1{2 2 L
M. - E)a Aes Ewa ZI -+ E:)fl Aea T G Zz + "'T:l—_ﬁ_ E I]
" L. W, L. wh -

iy Zy + TT Tw, EL = O
Ik

(+7)

i

Substituting ?%'ﬂ from {46) and rearranging yields:

M_g — ._.lr..z _EZ'A°'Z'§1 z; ea. a;a EI:’
s, L [ |+ K, * |+ K, *

(#8)
Let EIgbe the flexural rigidity of a simply supported beam with a
sinusoidally distributed transverse load.
M oo d
El, r = dff (#+9)
whereM is defined by (42); therefore
dir = Mo cosTy
dw . LM, sinﬁ% + C
T —— {
dy  wEI, U
When y =0 d;" = O, Hﬁen?:ﬁ:re C, =0.
o= LMocosTT'ii +C
mEL, L (50)
when \Lj =7 L/2 yw = O, Hf'me_re]core C2=O.
The maximum tra,nsverse beam displacement is given by:
o = LPM,
N BT, (s1)
Rearranging (51) yieldst
Ma - '!T E.Ia
Wy e (s2)

It 51518 taken to be the flexural rigidity of the equivalent I beam;
equating (48) and (52) yields s

I EuAd . ET
E 8 ““‘*IL:Fé— -+ *——rL———é-‘-l— | 53
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For a beam section which is symmetrical about its mid plane (53%)

reduces tos
£1, - 2EAZ | ET
where: : l +_k< (%)

£ EnE,

[4] AGZLA |
A=Z—5z Z.=Z

and K = P< F(

Note: The expression for flexural rigidity given in (53) can be used
in the determination of the Fuler buckling 10ad,F§, for a built-up
column with semi rigid connections. The bending moment at the buckling

load is given by —Flaj’(the load is assumed to be applied in the plane

of the neutral axis of the section), therefore P4° in (48) is given by:
= —P w, , which yields:
2
- [BheZa o BufluZeg  ET)- 'EL
where: EI’ls the flexural rlgldlty of the built-up column. Thereforey
EI — Ez A..': Z]§g Ez ACZZ ;;g _+ EI
which is the same as the express10n for the flexural rigidity of a built- .

up beam.

Before the maximum normal stresses, in the beam components can be
determined the magnitudes of F_, F,, , Pqﬁo,Pﬂpoand.P4”must be ascertained.
Substitutingzkgfrom (51) into {46) and rearranging yields:

Substituting (55) and (43) in (38) and rearranging, yields:
Foow EMDELA' Cos 1T .
X L+ K ET, ﬁ (s6)

Therefore:

—_ i Mc E LAel
Fio =~ S RIES, (57)

Mpio s Mpao , and M are found by substituting for F, and F,from (57),in
(32).

The maximum normal stresses in the web and flanges of the beam are given by

gso PR F:|0+F=.e. :l': Msod
i A 21,
The= ALt AT (s9)

where: §,, and G}m are the normal stresses in the extreme fibres of the

web and flange 3 respectively atfj = O,

The maximum shear flow, %iqu, at the interface between the web and flangeL
can be found by the method described below.

Combining (36) and (38):
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(.. = EJ—FE = d d""e"b ELAet
SR
= i%& E ('.Aci,
déjg (59)

de
Substituting for a“i"j‘i , from (43), and for Cip , from

(55),yields:

. TTR M. E A sinTT
VT OLOK]ET, o
Inserting F;, from (57):

L L (¢9)
Therefore %Lmalocc:TrsF:Lat Y= *L/2. [ i) J
Ci(.mru s ““_‘[_— :j - = 2 (‘ﬂ)

Equations (60) and (61) describe the shear flow at the interface between
the web and flange L for a beam with a sinusoidally distributed transverse
load., Corresponding equations for a beam with & uniformly distributed
transverse load may be derived as follows:

From (22)

L/q. - hﬂ y For a uni-For*mi)/ dish-buted

transverse load; and from (31)

% %_—;?

therefore: C?/;' = - 2?‘?;3 ' (59A)

The value of R; is found using (14%) in which:

L

Comblnlng (1&) and. {594) ylelds°

_ BFu s Y
Y= L? (60A)
Therefore q/.bmx occurs at Yy = =+ L/:Z .

Dimx = T % [y=% /2] (61A)

Comparison of (60) with (60A) and {61) with (61A) serves to illustrate that

although the assumption of sinusoidal transverse displacement and transverse
load distributions yields acceptable approximations for the purpose of
determining transverse deflection and normal stress for a simply supported
beam with a uniformly distributed transverse load, it does not yield an

acceptable approximation of the distribution of shear force along such a beam.

In order that a beam which is .unsymmetrical about its mid plane might bhe
analysed using equations (53) to (61A4) it is necessary to determine the

location of the neutral axis for the beam and hence the values of 3 and 52.
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The neutral axis can be located as described below:

The location of the neutral axis of an equivalent I beam with semi
rigid connections is constant throughout its length and can be found
by considering the normal stress distribution in the beam at Yy = O .

The total normal compressive force, L, and the total normal tensile

force, T, at the cross-section 3 O are given by:

C = F, - Mb(-tAE
2 EI

and (c2)
T = Fa.o —i— Mo b (52- + tz/z’)zEs
Ela (63)
Substituting for ¥, and F,, from (57) yiglds:
C = e _]\jﬂ [ é'EZ* Ae; 4 b<5|_t/2) Es:}
and EI& [+ KI 2- (&:'-J—)
- Mc 5;1 Ezz Ae {3 (—%2 '+t%2)2E :}
T R [ 2 o) y s
ELL 71+ Ky 2 (¢5)

If the beam is subjected to bending forces only, there

load on the beam and the total normal tensile force at a cross-section must

equal the total normal compressive force at that cross-

Equating {64) and {65) and rearranging:

[ Eiyz Aca =2 _ b Es (52 + t.z/Z)z‘]

_:r_z__l.o__m | +Kzu 2
C FvAe 2, bE. (3 ~tA)
[ P J

_ Bz~ B (3 tta)
oz + B (30~ o)

is no direct axial

section.

;’I res Ey_z
o ng, I+K1
% - o
v g 5

Geometrical considerations require that:

~5e = drbp by

(e6)

(¢7)

therefore:

52= 3 -h

(e®)

Substituting in (66) for 5 from (68) yields:

o - Bulimh) = G (5. =h o/
&30+ P (3-8/2)

Expanding squared terms and rearranging yields:
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Gih + G (W -hta + o4 -t1/4 )
D+ D, (2h -, -t,) + &,
Substituting for hh,from (67), in bracketed terms,yields:
3, - Gh + @ (ci—kdt)
@n + 2d Q§2 + ¢3 (69)

Similarly it can be shown that:

__ &h+ &, (dg%c{tzj
I @, + 2d D, + & (20)

Replacing gé,, §Z£ , and 9§Bin (69) and (70) yields:

5"

T e Z
Er\gz. An:. 4+ s A + _&'}”__/BL
[+K, [+ K, (69A)

Enbuh 4 Eeho(deby)
I+ K,

O* = T TEA A
ug;udﬂ_ ELA, E Lz Dea :
,4-K M M ]+¢<2 (70A)

It can be seen that the above two expressions are modified forms of the
expressions for a beam with rigid connections where(S, and jﬁzare found
by taking moments of the beam cross—section about the mid planes of
flanges 1 and 2 respectively.

In the case of a single skin stressed skin panel with multiple stringers

£, A= = O,ana (69) and (70) reduce to:
3, = &. (d+ db)
243, + @, -
Fe = ,@ah * ,@dz
@, +2d @2 - (72)
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Numerical Examples

In the examples which follow the skinsof the stressed skin panels are of
*Selected Sheathing Tight Face, Select Sheathing and Sheathing Grades of
Canadian Douglas Fir Plywood'. The grain of the external plies is assumed
to be orientated parallel to the stringers, The dimensions and the elastic
and shear moduli for the plywood are taken from 'Draft Amendment No.4 to
CP.112: Part 2: 1971, Tables 43 and 44.

The stringers of the stressed skin panels in the examples are assumed to be
of softwood, Group S2 - GS Grade. The modulus of elasticity for the stringers
is taken from 'Drafi Amendment No,4 to CP112: Part 2: 1971, Table 11 (Dry

Stresses and Elastic Moduli)t

Note on the Effective Width of Stringers

Wardle and Peek {9} made the following recommendation concerning the
design of stressed skin panels:-
"In panels with both top and bottom skin the bridging and bottom

skin act to distribute load laterally between stringers and the
calculation can be based on section properties and loads for full
panel width. In single skin panels the absence of a bottom skin renders
the bridging ineffective in distributing the load transversely and the
interior stringers of the panel carry a greater proportion of the load
than the edge stringers. In this case the calculation should be based
on a tee beam consisting of an interior stringer plus a plywood flange
of width equal to the distance centre to centre of stringers,carrying the

load appropriate to the flange width".

In the examples which follow the effective width of stringer for the repeating
unit of a single skin stressed skin panel, Fig.9, is taken to be equal to the
actual width of a stringer., For a double skin stressed skin panel with N,
stringers of equal dimensions the effective width of stringer,ké,for the
repeating unit, Fig.12, is given by: |

by = Dk},
N | (73)
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4,1 Example 1 Single Skin Stressed Skin Panel with Rigid Connections

Caleculate,the maximum transverse panel deflection, the maximum normal
stress in the skin and in the stringers, the wmaximum shear flow at the

skin to stringer interfaces, and the maximum horizeontal shear stress in
the stringers, for the single skin stressed skin floor panel shown in
Pig.17. The panel carries a uniformly distributed transverse load of

1.0 N/mm run/repeating uwnit acting vertically downwards,(1§ direction), and

has an effective gpan of 5.0m.

B. the effective breadth of skin 1, is dependent upon the panel
dimensions and the magnitudes of the elastic constants Ep J;V.,

and Y, . It is assumed that L@. is negligible compared to E77426}9”

K;!
and that constant Q, is given by:
a = _Ex = 9300  _ 930

2 Gy Rx500
For a panel where the skin is rigidly connected to the stringers Ek;

is given by (18)
B, = b+ L.

3L/ TG
= 35+ 5000 = 377376 mm
4x9.30 /365 5000
E) (sooo) + ( 3@5)

Location of Neutral Axis for Equivalent T Beam, Fig.11.

Taking moments about {op edge of skin 1:
= - ZEA;
" JEA
9300 x 377-376 x 12-2°%x 05 4 8000 x 1465 x35x §4.7
9300 x 377376 x (2.2 + 000 x 145 x 35

Flexural Rigidities

E.T, = 8000;;%'*53 = 71135 x10" Nrre

EpLp = Q300x?;7-37éxf?'23 = 0531 x 10" Nimm

FI = E.I, +E,T, = 714666 x 10" Nmm.
Y P

The flexural rigidity of the equivalent T beam, EX_is given by:

EI, =ET +ZEAiz]
~ 66 ¢ 10" + 9300 x377-3T6 x12:2 x 38:255°
+ 3000 x 145 x 35 x 4-0- 345"
= 200:412 x10" Nwm'
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Application of Simple Beam Theory to a Single Skin Stressed Skin

Panel with Rigid Comnections

For a stressed skin panel where the skin is rigidly connected to the

stringers the structural calculations for the panel as a whole can be

performed by applying simple beam theory to the equivalent T beam, |
Fig.11. |
fwo,bending moment at y =0O,is given by:

2 2
M, = -pL . [£50007 . 3125 x10° Ny
8
Maximuam Transverse Panel Deflection

Wy = W, = 5 L‘*‘
o EI, |

= . Sxlx5000"%
384 x 200412 « 101

= - HO0LO6 mm

Maximum Normal Stresses in Skin and Stringers

Skin 1

- _ M =E,
Cromax —Eij

3125 x10° x #4.355 x 9300
200 412 x {O?

= —6432 N/Mml

Fig,18 shows the distribution of the normal stress at the mid plane of skin
1, at Y =(,vwhere G, is defined by (16).

Stringers
Osomax = Mo aEs
E1,

3125 x (0% 12845 x 8000
200412 x|O

= 4077 [\i/mm2

Maximum Shear Flow at the Skin to Stringer Interfaces

= \/mm: E irax
%:max EIB
wheres
\/W:;% =+ 2500 N [y =xL/2]

and Eanmm( = ElAméi
w= Q300 x 377376 x 122 x 38-255
14638 x10" Nmm

Therefore:

_ + R2500x 11638 x (0" _ + 20. _+L
P T T T R00 412 X107 483 Mo [y=* /2]

(see Fig.10 for sign convention)
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Maximum Horizontal Shear Stress in the Strinpers

‘Z-/quma.x = “m—L—‘V EQM“
El, b
where:
V.. = 3;% = + RZ500N
and £Q - E bgf’
2. . 2
_ 8000 x35 x [12:845
<
= 2783 x 107 Nmm

Therefore:

.. + 2500 x1.783 x|O
= ema 200412 %10 x 35

- -+

O 635 f‘\f/\mm2

Summary Example 1

[y=2Lt2]

Table 1

Parameter Simple Beam Theory
(Equivalent T Beam)
W - 40.606 mm
Tpromax - 6.432 N/mn?
T max 14,077 N/uw”
9, imax + 20,433 N/mm
s £ 0.635 N/mm®




Example 2 Sinﬁ]e Skin Stressed Skin Panel with Semi Rigid Connections

Calculate ,the maximum transverse panel deflection, the maximum normal

stress in the skin and in the stringers, the maximum shear flow at the

skin to stringer interfaces, and the maximum horizontal shear stress in the
stringers,for the single skin stressed skin floor panel shown in Fig.17. The
skin is semi rigidly connected to each siringer by a single row of equally
spaced fasteners,with equal slip moduli,aslong the vertical axis of the
stringer, The fasteners have a spacing, 3,,0f 25mm and a slip modulus, ¥, , of
329 N/mm. The panel carries a uniformly distributed transverse load of

1.0 N/mm run/repeating unit acting vertically downwards, ( 3 direction) ,

and has an effective span of 5.0 m,

B,, the effective breadth of skin 1, is dependent upon the panel dimensions
and the magnitudes of the elastic constants E;,, C%V”’ and

X)’f .
It is assumed that 1))  is negligible compared to E&vﬁQC}vq and that

X)’l
constant Q, is given by!
Q, = Ejy; — 9300 — 9.30
26(;9(1 2,)(500

For a panel where the skin is semi rigidly comnnected to each stringer by a
single row of equally spaced fasteners,with equal slip moduli, along the

vertical axis of the stringer f%m is given by (19A).

Bev = b
&3&(%)4—(*{3%} vhere B=hb 4+ [ = 400 mm
5000 = .
930/ 400 +(sooo 270:390mm
) 5000 500
Geometric Properties
t, = IZZ.Omm s tzzz O‘O
Z. = 78&)0mm N Zg;'- ‘7250 ™y

Zi=Za=h = 15110 mm

A, =370-590 x12:20 = 452( pum”
Ap=0-O

A, =145x35 = 5075 mm"

Flexural Rigidities

E.I,= 8000x25x148% . 7035 x {0 Nmm
[
3
Ey,IFI = 9300 x 373-5?0 x12:20° _ 0522 x 107 Nmmz
EzIsz O'O

EI=E.I + ETp+ BT = 71:657 %107 Neww™
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The equivalent beam Fig.11 is unsymmetrical about its mid plane
therefore'g, andé2 must be determined using (71) and (72) or (67) and
either (71) or (72).
Constants:

KL: TTQSLEX'L_ALL

L™ k;

therefore:

K - T . 25x9300 x 4521

5000%« 329
= 112613
and KZ:; O-0 [Aczzo.o:]
& = OO
bE., _ 35x8000Q _ . e
@=:2 - 5 O- 1400 x |0 NAW
- EvAL - 9300x452] . 18.5934 4 |10° N
2. 1 K, 22613 "
From (71):

5 - I(;jz (dl—’r CU:;)
% 2<J§6;-F st
= 0140010 (145" + 145 x 12:2)
2x 145 x O 1400 x10° + [8-5934 5 |0°

= 539 wmm

Substituting in (68) foré5 yields :
32=3.-h
5391 - Isi.|
= =97 189 mm
Check value of Z,by substltutlng in (72):
5:_= - Cﬁ3L14—Qﬁz
&, +2d¢2

e 125934 xJ0°x 151 + O-1400x10°% 15*
1835934« [0° + 2 x145x O 1%00 < |O°

]

= —9718%9mm
The following values for(S and 52 are used in the solution of this problem:
51 = 53 9mm
52 = -97 Zmm

The flexural rigidity for the equivalent beam,i%ls,is found by substituting
O
in (53): Qo

EI& . E!Y'A"Z‘C‘z)' + E a + EI
i 4~[<, *"P<z
~ 9300x 4521x78:6x539 o 7[.(57 x10]
2-2613

= 150-429 x 10" Nmm™
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M, bending moment at y =0 is given by:

M, = — 7b_8£. _ 1x5000" _ 3:125x10° Nwm
3
Substituting in (57) yields:
F;O = — 5} Mo E{ylAe,_L
[1+Kl] EIB

529 x 3-125 x 10« 9300 x 452
2:2613 x 150-429%10°

= — 20819 N

Maximum Transverse Panel Deflection

The maximum transverse panel deflection is given by (51):
wo- - LM
T EL,
5000%x 3125x10°
2
T x 150429 10"

= — 52.621mm

W,

max

Maximum Normal Stresses in Skin and Stringers

The maximum normal stresses in the skin and stringers are given by (58):

_ F. _ Mt
A, 21,

Fe Med
Lle + L1
A 2L

O-PIOMAK = Efmo

and

O—Somax = Uso - -

From {28):
Mee o Moo - Mo+ E L
ESIS Eyl £ EI

Substituting for M _and F_ in (28) yields:
Mee . Mae o 2125x10°-20819%x 786 = 20-774 xIO ° mm
£. I, Eye Lo 71657 x 107

Therefore:

%/:l_i__ = RO T7H xioﬂéx 8000 = O-1662 N mm 2
{\:Ei,g.oz 20774 x 109300 = 01932 Nuwwm
Pl
and
dplomo\x = :...'e_oa_li_ — O'WSZXUZ'Z
#5210 <
= "5‘783 N//mml
Csomx = 20819 e C- 662 x 145

5075 2
16152 N//mma
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Maximum Shear Flow at the Skin to Stringer Interfaces

The maximum shear flow at the skin to siringer interfaces is given by (61A):

9 max = ifﬁm [y=+ L/2 ]

16-655 ‘\'}//mm [‘j:i]_/’zj

I+ 4

i
I+

(see Fig.10 for sign convention)

Maximum Horizontal Shear Stress in the Stringers

The maximum horizental shear stress in the stringers is given by:

— Vo EQ.n
Z_'Z‘.SMM EIB b
where

Vo = F 7@% - * 2500N [y=*L/2]

and b a

EQsmu - =

£

8000 x 35 x97.2°
2

= 1323 x 107 Nmm

Therefore:
q

sz :4-2500xb323xl0
A 150429 10"x 35
Summary Example 2 Table 2
Panel Analysis
Parameter (Equivalent T Beam)
wmax - 52.621 mm

O—Pmmax - 5,783 N’/I'm'ﬂ2

Tsomox _ 16.152 N/mm2

9, imax % 16.655 N/mm

Lvamen * 0,628 N/mm?
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Eixample 3 Double Skin Stressed Skin Panel with Rigid Connections

Calculate, the maximum transverse panel deflection, the maximum normal stress
in the skins and in the stringers, the maximum shear flows at the skin to
stringer interfaces, and the maximum horizontal shear stress in the stringers,
for the double skin stressed skin floor panel shown in Fig.19. The panel
carries a uniformly distributed transverse load of 1.0 N/mm run/repeating unit

acting vertically downwards, (- 5 direction), and has an effective gpan of 5.0 m.

B the effective breadth of skin L is dependani upon the panel dimensions and

the magnitudes of the elastic constants E,i, Grxyi » and Y, » It is assumed

e
that l4y5 is negligible compared to E%a/ét%vd and that constant Q.; is given by:

E..
ap = —F—
2 nyi

therefore:

a, = E, - _8I6O _ 8.6
2 Gory, 2 x500

and

@ = -Eyp = 9300 . 930
N Mﬁzi_. O, =
2 X;’.'% 2){500
The effective breadth of the stringers b, is given by (73):

bex NS b — 4‘)(35 — 46'667mm
N, 3
For a panel where the skins are rigidly connected to the stringers EQL is given
by (18).

Bea=b + ‘faL(Ll: T where: b =b, = #6667 mm
Exwhs(w ,
Therefore:
B, = 46667 4 5000 - .
. 4x&%(365 75550 = 39664 mm
3 \5000 (3@5
B, = 46667 S00Q0 = 389
2 + 19307365 +{5ooc> O3 mm
3 5000 365

Location of Neutral Axis for Equivalent I Beam, Fig.1h

Taking moments about top edge of skin 1:

3 - ZEA§
JEA
B160x39] 66l x [8-6°x 05 + BOOO XI5 x 46667 x 91

+ 9300 x 3R9-O4 3 x12.2 x 16971
8160 x 391 66 x 186 + 8000 x 45 x 46667 + 9300 x 389.-043x12-2




Flexural Rigidities

E.I., = 8000 xf;e-eﬂxMSB = 4857 (07 Nywe?
E, T, = 81€0 leqzi-ew 186" = 1704 x [O' Nem®
Eyulp = 9200 x389:043x122° = 0547 x 10" New'
ET =ET +E I, +E.Tp, = 97108 x 10" Nmm~

The flexural rigidity of the equivalent I bean, EL[B,is given by:
2
T, = EI +ZEAaz!

= 97108 %107 + 8160 x 391 6ol (86 x 72-907
+ 8000 x |45 x 4#4-LL7 x 8-8337
+ 9300 x 389-043 x 12:2 x §7-433%

= 755265 x (07 N

Application of Simple Beam Theory te a Double Skin Stressed Skin Panel with

Rigid Connections

M, , bending moment at tj=<>’ is given by:
T o
Moz”"ig = fngOO = 3425xfoéfwmm

Max imum Transverse Panel Deflection
q_
wmkx = W = -5;{21_,
384 EIB
_ 5x1x5000"
384 x 7552654 10°

==10-775mm

Maximum Normal Stresses in Skins and Stringers -

Skin 1
O_mea.x = Mo— E :
ELl,

L _ 3125 x[0°%82:267 x 8160
755:265 x [0°

= - 2778 r\/l/mm“




- 28 .

Skin 2
O—‘PJO"M\K = - Mo (\% - d Ht' "t:.') Efy&,
EI,
3125 % 10°% 92:533 x 9300
755:245 x (07
= 3599 N/mm
Stringers
O‘SOM“ - Mo (3“d”t|)Es
El,
_ 3125 x10°x 81:333 x 800Q
755-265 x [O°

= 2692 f\j/mml
Maximum Shear Flows at the Skin to Stringer Interfaces

' Vrnom E QIDLMAX

CZ/Lmax = Els
where: ’
Vum ¥ = = £2500N  [y=tlL/?]

and
EQPLqu = E)ff. Ael SL

which yields:
EQ{,.W = 860 x391-664 x 186 x 72°967
= 4338 10" Nemm

EQP,me = ~9300 x 389043 x2:2 x 87433
= ~3.859 , 10" Nowwm '

Therefore:
Gmex = 2S00 x 4:338x 10]
755265 IO?

= % [4+.359 ]\/J/mm [y=%L/2]

and
2SOOx385?fo

Gamex =+ HEE T8 10

= 2774 T\/{/mm (3 -.-_-._"'_'_L./z ]

(Bce Fig.13 for sign convention)



Maximum Horizontal Shear Stress in the Stringers

’Zstqu = \/qu EQsmax

Els b,
wvhere:
Vow = 7B = £ 2500N [y-£L/2]
and

EQsmax: E/I Aelé\ + Esbfz(ﬁat')z

e 8160 x39[-L6H x |86 x 72-9¢7
+BOOO x #6667 x 63 667% 05

= 5094 x [OT Nmm

Therefore:

T cmax =+ RE00x5:094x 10°
4 T 755265 x]0"x 46667
= X 0-3¢1 f\/l/mmz [fj=il"/2]
Summary Example 3 Table 3
Parameter Simple Beam Theory. C.0.F.I. Method
(Equivalent I Beam)
Wonax - 10.775 mm - 10.561 i
rrom - 2.778 N/mm® ~ 2.72% N/mm®
O orene 3.599  N/mn 3.527 N/mn®
Teomax 2,692 N/mm2 2.638 N/mm2
g, max T 14,359 N/mm I 14,509 N/mm
G amax ¥ 12.77% N/mm + 12.902 N/mm
25 e Y 0.361 N/ma° * 0.360 N/mm®
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Example 4 Double Skin Stressed Skin Panel with Semi Rigid Connections

Calculate,the maximum transverse panel deflection, the maximum normal stress
in the skins and in the stringers, the maximum shear flows at the skin to
stringer interfaces, and the maximum horizental shear stress in the stringers,
for the double skin stressed skin floor panel shown in Fig.19, Both skins
are gsemi ridigly connected to each stringer by a single row of équally spaced
fasteners of equal slip moduli along the vertical axis of the stringer., The
fasteners for both skins have a spacing of 25mm, ( S, = §,;= 25mm). The
fasteners for the top skin have a slip modulus ,k ,of 494 N/mm, and the
fasteners for the bottom skin have a slip modulus,k,,of 329 N/mm. The panel
carries a uniformly distributed transverse load of 1.0 N/mm run/repeating
unit acting vertically downwards (—5 direction) and has an effective span of

5.0 m.

B,. the effective breadth of skin L is dependent upon the panel dimensions
and the magnitudes of the elastic constants Tyl s vag, and Y}, .
It is assumed that ), is negligible compared to E,%{QC%vd ,and that
constant @i is given by:

ai = Ea

2 et
therefore: C%Y
O‘J o w_E_,Y’___ = ﬂ@._@_ = 8‘*6
2C 2 x500
and r
) a, = Exz - ‘3300 — 930
* 2. Gya 2 x500
. , Y
Eﬁe;ls given bys
EDeE,: L + ‘“—"—b
Haif B L -
LE)+(5) Ne)
where:
B=b+l,
Ne= number o{ éﬁﬁnﬁers In Fqnef
Therefore: .
Be'zq- SIQSQ—O%O + 22
x B* o 5000
3 (5000 +(4ooj >
= 385627 mm
B., = 5000 + 35
4x%30(#0© + 5000 3
3 5000 %OO)

= 382257 mm
The effective breadth of the stringers t% is given by (73):

be= D b o 4x35 - 46-667 mm
N~ | 3
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Geometric Properties

t, = 18.60 mm , b= 12,20 mm
Z,= B81.80 mn , Z.= = 78.60 mn
Z, -7, =h =160.50 mm
A, = 385.627 x 18.6 = 7173 mn®
A= 382.257 x 12.2 = 4664 mm°
Ag= 145 x 46,667 = 6767 mm?
Flexural Rigidities
3
EsIs = BQQOO = ]14;2—6'667 ®» 45 = CM"~8L}~7 < iOq Nmmz
E,Tp= SIGOK%SS-GZ_}xIS'éf = 1687 xt0" Nmm
E)’QIPa = 1300x 3;3_2'257 x 12-2% - 0538 ’Oq Nmmﬁ
!

EI = EL +E. L, +E.Tp = 9707210 N

The equivalent beam Fig.l14 is unsymwetrical about its mid plane, therefore 3
and %, must be determined using (69) and (70) or (67) and either (69) or {70).

Constants:

K‘L = Tl'i Sel EyL A&.'L

Lk
Wher‘e: Sel = e{{ec’hlve sracihs O'F -Fast:'ner‘s Ccmnecﬁng S{ﬂih.LTo ﬂ?e sTrinaer'S
= Neml g = 3x25 ~ (875 mm
N, 4
mere{:ore:
- ITxl8T5x8160xT173 - .
) K, fooaTs 4‘?4K 08771
= T*x 1875 x9300x 4664 = O
KZ Sooo“i 329 xTell @9759
B, = EeAe - 9300x4664 _ 21952 x10° N
I+ K, [+9759
¢ - bEs o #6:667:8000 . 01867 x 10" N/um
2 2 2
@, = Ep,Ae - BILOXx7173 = 31-1820x10° N
b+ K, 1-§77]
From (69):

s - G+ G (s dt)
¢‘ + 2d¢g + @s
_ zm-?52fxto"xrc,o-4+o-lse7xlo°@45°~+n+5x18-c, = 74107 mm
252 [ x10°+ 25145 0-1867 x [0+ 31820 « [0°




Substituting in (68) for é,,yiolds:

52 251 ‘_h
=74-107 - (604
= ’862?3mm

Check value of (5 by substituting in (70).

32= - §25|f1+¢(d+dt)
¢3+2d¢ + @,

= - 86293 mm

= . 311820 x10°% 160:% + 01867 x10° (1457 + 145 x12:2)
31820 x [0°+ 2x 45 x O-196Tx 10" + 21-952 | x 10°

The following values for {5f and 532 are used in the solution of this

problem:

4 97072 %10

B ® 74 mm

Fa = - 629 mm
The flexural rigidity for the equivalent beam , EI, is found by substituting
in (53):

EIB; E]yl AeIZICZJn + EyerzZzZz EI

| +K, |+ K
- ﬁéox7f73x8f8x74f/_+ 30 x 66 x 78 Lx 86-29
18771 : 19759

$34-99) 107 Nem'

If

™, ,bending moment at Y =0 , is given by :
-l o 1x50007 . 3425 x10° Nom

From (57);
?i Mo E}“‘- Ae:,

Fio = - -
i+ k) F1,
therefore:
F o= _ T41x3125x]10%8160x7/73
8T x #34-.99) x 10"
= - 6602 N
and
F,= 8629x3125 x10% 9300 4664
19759 x 434.997 « 107

12608 N

i




Maximum Transverse Panel Deflection

The maximum transverse panel deflection is given by (51):

W e & W = L* M.
o EL,
— 5000%x 3-125x10°
T #3499 410"

=~ 18-197 mm

Hs

i

Maximum Normal Stresses in Skins and Stringers

The maximum normal stresses in the skins and stringers are given by (58):

co. - R o Mat

O—PH)I‘Y\RK Pfo
étl ngllﬁé
O-Paowmx. == 5=on = 22 4 epac =2
_ A  21p
Tsormex = Tso = — Flo 4 Fao 4 Msnd-
AQ 2 5
From (32):
Me o Mo o Mo o M+ FoZ +F0ds
EI EI, E.L. ET

Substituting for ™, , F, , and F,, in (32) yields:

= Moo - 3125 x10°— 16602 x81-8— 13608 x 786

%& == M,"'“
EsIs E}’IIPJ E,aIPL 77'072 X 50q

= 7184 x107° yum’

Therefore:

My _ 7484 <10 “%x 8000 = 57-472 x10°* Nmm®

Ao
Moo 7184 x [0°x 8160 = 58:62] x 107 Nmm®
# -3 -
M 70184 10 % 9300 = 66811 x 10 N
PR
and _ :
Coomay = — 16602  _ 5862(x10°x186 = -2-860 Nfmn?
F 7173 2 7
Grromas = 1BEOE 66-81/ x10%122 = 3.33 2
" boek T 2 2 LYot
- _ —leco2 + 13608 57.-472x 107 45 _ ] 2
O-sm-vm\x 6767 + 2)( o éL 6063 f\;J/mm

Maximum Shear Flows at the Skin to Stringer Interfaces

shear flows at the skin to stringer interfaces are given by (61A):

[y=-+t2]

The maximum
__ 4R
%LMRK__i_T&g“

therefore:

Gumar = ¥ _‘*_._.«_5*(')@582 = £13:282 N/im [y=*L/a]
and
Gme = ¥ 5O = £ 10:886 N/om [y=tLr]

{see Fig.13 for sign convention)
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Maximum Horizontal Shear Stress in the Stringers

The vertical shear force per sfringer due To normal stiesses in the sh%nger
is given by:
\/:.‘:\/E_:_[_i&
Ie
where: V = the vertical shear force Per rePedﬂng unit ab 3

and  EX.= E, I, + bd (5, ‘t/2 ci/z)
= 9. 8%7x|o“+%ge7xw5x7.m"x 8000
= 92-048x10" Nemm

\/max‘—“-_}- T% =1 25OON [BziL_/QJ
therefore:
Vime = Vo, Eds = + 2500 x98-048x(0"
EL 43499 < 10"

= £ 5635 N [y=tL/]

The maximum horizontal shear stress in the stringers is given by:

‘Z’z;max - \/smax EQSS + iclmg
where:r EISS be be

EQ., - be(s.jzt/z)a Ee - #667x64.8/%8000
2
= O-78%4 x 10% Nwmm

Therefore:

Leomne =+ 5635 x0784410" 4 13-282
780485 10% #6-667 ~ #6647

= 2
~—i(>38lf$%m [5=i[72]
Summary Example 4 Table 4
Parameter Panel Analysis
(Equivalent I Beam)
W - 18,197 mm
Chromas - 2.860 N/mm?
Cpzomax 3.325 N/mm®
Tsomax 4.609 N/mm?
9 max 213.282 N/mm
9 amax +10.886 N/mm
Trommen 2 0.381 N/um?
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L,5 Comnentis on Numerical Examples

Bach of the stressed skin floor panels in Examples 1 to 4 have 35 x 145
softwood stringers, Group S2 - GS Grade,spaced at 400 mm centres and an

effective span of 5.0 m.

Consider a simply supported floor joist of the same material and dimensions

as the stringers of the floor panels in Examples 1 to 4 with an effective

span of 5.0 m. If this floor joist carries a uniformly distributed transverse

load equal in intensity to the transverse load applied to each repeating unit

of the floor panels in Examples 1 to 4,(~1 N/mm run/repeating unit),its
maximum transverse deflection iss
Wi = wi o= SpLT
ASHE.T,
where: E.T1, = 7/-135 x[Oq Nmm2 [E_xam?]ei_]
Therefore:

5x1x5000%
384 x71135 x 10O*

= — 14402 mm

Wmnx o

Table 5 shows a comparison between the maximum transverse deflection for
the above floor joist and each of the floor panels in Examples 1 to 4, It
can be deduced from Table 5 that considerable structural economies can be
achieved by utilising both the plywood skins and timber stringers of a
stressed skin panel to resist bending as opposed to utilising only the

timber stringers to resist bending.

Panel Winax Table 5
Example 1 - 40,606 mm
Example 2 - 52,621 mm
Example 3 - 10,775 mm
Example 4 ~ 18,197 mm
Simple Jeist -114,402 mm

A method of analysis applicable to. the design of single skin stiressed skin
floor panels with semi rigid connections is presented by Larsen in Section 2 of

'The Design of Built-up Timber Columns' {(3} and is applicable to Example 2,

When used in conjunction with the concept of an equivalent T beam the above
mentioned method of analysis gives values for maximum transverse panel
deflection and maximum stresses identical to those calculated using the method of

analysis presented in this paper.
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A design method for double skin stressed skin panels with rigid connections
(in which the skins are of Canadian Douglas Fir Plywood) is presented in
Section 8 of the Plywood Construction Manual'! produced by C.0,F.I, [10].
This design methed is based on the work of Foschi {&} and is applicable to
Example 3.

Table 3 shows a comparison,between the maximum transverse panel deflection

and the maximum stiresses calculated using the above mentioned C.0.F.T. design

method,and the corresponding deflection and stresses calculated by using simple

beam theory applied to the equivalent I beam for the panel,for the stressed
skin floor panel in Example 3. Examination of Table 3 shows that there is
good agreement between the corresponding numerical results for the two

methods of analysis,

Conclusions

The most important feature of the method of stressed skin panel analysis
presented in this paper is that both single and double skin panels, with
either rigid or semi rigid connections, can be analysed using an electronic

calculator.

This method of analysis is not restricted to panels which are symmetrical

about their mid planes,
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1.3

APPENDIX 1
The purpose of this appendix is Lo provide a quantitative comparison
between (19A) and two alternative expressions for calculating the
effective breadths at 3 =0 of the plywood skinsof a simply supported

stressed skin panel with a wniformly distributed transverse load.

The expression for effective breadth (194) is:

)+ (J?E,“) e . (19A)

The expression in (19A) will be compared with the series solution

& =

for effective breadih (l.i),Tottenham {8} and the more approximate
solution for effective breadth (1.ii), Gubenko {5}
- IG:C ?\;2 (I\T
1,3,5 h (;\ t&nh ;\jlﬂ'g ,>\ TanL1)\ ZLMJ5)
where: ;\ V/Q,+ /o M%Mﬂj
A, = ffa'"'i

= by Ly
26
C

=

Be= 2L Tanh s 1 N
/@” (1+i)

e (14])

b

1

The expressions in (1.i) and (1.ii) have been transformed so that their

forms and notations are consistent with that used in this paper,

The following assumptions are common to the derivations of (194),(1.1},and

(1.41):

a) the skins of a stressed skin pauel act as orthotropic plates in a
state of plane stress.

b) the normal force in each skin in the direction perpendicular to the
stringers is zero,for all values of Y ,at each stringer,

¢) if the transverse load is applied directly to the skin the transverse

deformation of the skin is small.

The expression in (1.1) is representative of the series type of solution
adopted by most investigators in the determination of the effective breadth

of the skins of stressed skin panels with a wniformly distributed transverse
load.
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The expression in (1.ii) is equivalent to the first term of the series
solution in (1.i} the simplifying assumptions having been made that N2y b,
and l&7 can be neglected. It is apparent therefore that (1.ii) represents

an approximation to (1.1).

Comparison of expressions for the effective breadths at Y =0
v

of plywood skins of a simply supported stressed skin panel! with a uniformly

distributed transverse load

For the purpose of comparing (194),(1.i),and (1.ii) the relationship
for each,between the ratios; effective breadth/breadth,(B%/B),and
breadth/effective span of panel,(ﬁ/@),will be examined.

Consider a typical plywood with the following elastic constants:
Ex= 4020 Nfwm®
Ey=7370 N
ny“‘h 500 N/mmz
Y= 0-O7 4

Fig.1l.i gives a graphical comparison of the respective relationships between
Be/B and B/L.for the above plywood for B, calculated using the expressions in
(194),(t.i),and (1.i1).

Fig 1.i shows good agreement between all three expressions for effective
breadth, (194),(1.i),and (1.ii),for B/l <0-3,and for B/L.Y O3
(19A) is conservative compared with (I.i) and (1.ii). For most practical

stressed skin panel assemblies B/l_is (0.3,

I.1I Conclusions

The expression in (19A) is in good agreement with the series solution for
effective breadth (1.i),Tottenham, and the more.approximate solution (1.ii),
Gubenko,when B/l is small,(<0.3 in example),and when B/l.is relatively large,
(>0.3 in example),(19A) is conservative compared with (1.i) and (1,ii).
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APPENDIX 11

The purpose of this appendix is fo provide a guantitative comparison
pury I

of the loading and displacement definitions for a beam simply supporied

al boilh ends,for a uniformly distributed transverse load, and for a

sinuseidally distributed transverse load.

The following two assumptions are mades
1) The flexural rigidity of the beam,Et[B,isconstant ihroughoutl the
lengih of the beam.

2) The flexural rigidity of the beam is the same for both the uniformly
disiributed transverse load and the sinusoidally disiributed transverse

load.
The following two abbreviations will be used:
u,d.l. =~ uniformly distributed iransverse load

s.d,L. - sinusoidally digtributed transverse load.

11.1 Comparison of Bending Moments due to the applied load for a beam simply

supported at both ends for a u.d.L. and for a s.d.l.

hq(uxLLj the bending moment at U due to the applied load for a u.d.L.
is given by (33).

= Mo+%’gi

where: E
M= - Pgm

Pﬂ(&dutg the bending moment at,ﬁ due to the applied load for a s.d.L.

et e e e ______m_%(zu)

is given by (42)
Meary= Mecosaty (i
For the purpose of compar:son F4(u d(,) and P4(Sc{L) can be expressed

in the following forms:
2
MLM&AL) = I—-%g—

e e (21D
_—{L\_Sq%g B COSILT; S, e (V)

Fig.2.1i gives a graphical comparison of (2 111) and {2.iv) betweeniﬂ O

and Yy ﬂ.L/CZ
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Comparison of transverse beam displacementis at y, for a u.d.l. and
[

for a s.d.L.

An expression for 1w.d.l), the transverse beam displacement u{,j for a

ud[, ycan be derived in the following manner:

dirpdey = Mud.Ly
r:{(z;(R ELe

g " f
Y. %g_)__
itherefore: ( 8 2 Els

dwudly = [ L _'i_ e C,
0(5( ) ( %8% + ?63 )EIB +

When y =0, %Lf(u-di-) = O, Kerefore C,=0.

Wiad L) =ij (— ﬁ%};‘f + %i%) _EL:E; + C,

When y =% L2 ,w =0 s "Fer‘e{ore C, =25 N__Li_
’ *T3hET,

wr(u.d.L) x(—— T%ggi + fﬁ‘i 4 SrigL"L) {

384 /) ETL, (2.\/)

Il

.H'IIIS :

and
_ SpLt
Wolbdl) = 38%‘ El, e e (2V])
Combining (2.v) and (2.;'1') yields{:
VATRENS S g Fh_ (i)

Wie.d. L), the transverse beam displacement atﬁa for a s.d.L,,

is given by (5()).

L* M
'L(f(sd[_) = ._MRT.._.,P_ COST_'_T%_
Al Flg L
B é%r“*EI e
therefore: 4 i — (Q-VJH)

Wo(sd.l) = T{DEB'—T{QWEMI_B ' (2-ix)

Combining (2.viii) and (2.ix) yields:

Wisdly — cos IT
(AT T,.%jr (2:x)

Equating (2.vi) and (2.ix) yields:

Woldly - 384 . 09727
W, (wdty  Sx8xTTH (2-x1)

Substituting (2.xi) in (2.x)

Wedt) _ 09727 cos Y
Wy (u-d.L) L. (2:xii)
Fig.2.i1 gives a graphical comparison of (2.vii) and (2.%11) between

3 = O and tj:Lﬁ/Z.
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— 2.1i1 -

Conclusions

For most practical design purposes it is acceptable to approximate
the above mentioned loading and displacement definitions for a
beam simply supporied at both ends which carrics a uniformly
distributed transverse load,by the corresponding loading and
displacement definitions for a beam simply supported at both ends

which carries a sinusoidally distributed transverse load.




Fig 2+

B SO = oy



Fig. 2-ii

|

Y
/

VY /’/
a
/

] SN VOB q.."m Nlmm _ ¢ _.v.nvo.nd.
D.E. S02 LZi60= ?ul«i!l - - _.+.u|mq +Nm.|._w|Nn —_—= % IIIII




CIB-W18/11-4-2

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION

WORKING COMMISSION W18 - TIMBER STRUCTURES

A COMPARISON OF PLYWOOD MODULUS OF RIGIDITY
DETERMINED BY THE ASTM AND RILEM/CIB-3TT TEST. METHODS

by

C R Wilson and A V Parasin
Council of Forest Industries of British Columbia
CANADA

el Sl
Lehrstuh| f;
und B

1 Saukonstry

Itinaania il
Ur ingenieurholzbay

ionen
L isruhe

Universitit Karls,
J'fTb?ADr,iug‘J Ehlbeck

VIENNA, AUSTRIA
MARCH 1979



ABSTRACT

Panel shear through thickness modulus of rigidity (G) was
determined by testing specimens from ten Canadian softwood
plywood 3/4 inch - 7 ply sheathing grade panels and from
ten defect free Douglas fir 11/16 inch - 7 ply panels using
the ASTM two rail (panel shear) and the RILEM/CIB-3TT
(twisted plate) test methods.

Differences in G developed by these two methods ranged from
8% to 19% and were dependent on the type of plywood, and

for the ASTM test on the face grain orientation to principail
stress. These differences indicate that the interaction

of grade, species, face grain to stress orientation, and
possibly construction would make it difficult to develop

one general modification factor to convert data from one
test method to the other. )




A COMPARISON QF PLYWOOD MODULUS OF RIGIDITY

DETERMINDED BY THE ASTM AND RILEM/CIB-3TT TEST METHODS

BACKGROUND

During the development of the RILEM/CIB-3TT test
standard, "Testing Methods for Plywood in Structural
Grades for Use in Load Bearing Structures," differences
of opinion developed on the choice of a suitable test
method for determination of modulus of rigidity (G)

in shear through thickness.

Individuals supporting the two rail shear test argued
that the two rail test better simulates the in-service
loading condition in the 0° and 90° directions to which
the in-grade test data would apply {(e.g., plywood web
beams, shear walls, diaphragms, etc.).

Individuals supporting the twisted plate test argued that
the plate test was simple and would result in a similar
modulus of rigidity value.

OBJECTIVES

To compare the plywood modulus of rigidity determined
by the ASTM and RILEM/CIB~3TT test methods for typical
in-grade and defect free softwood plywood.

To determine (if required) if a modification factor
could be developed which would permit modification of
data determined using one test to the eguivalent of
what could be expected from the other test. :

EXPERIMENTAL DESIGN

Replicates

Since the comparison of the test methods was to be
indicative in nature, it was not necessary to obtain

a large representative sample from several mills.
Therefore it was decided to select ten sheathing grade
panels and ten all Douglas fir defect free panels and
test "matched" specimens obtained from these panels.
Defect free panels were included as part of the program
in case the within panel variability of the sheathing
grade panels (caused mainly by the nonuniform defect
distribution) overmasked any identifiable trends.




3.2

3.3

Plxﬂood

In order to reflect the effect of the difference in
stress distribution in the two methods of test on wood
perpendicular to the principal direction of stress, it
was deemed necessary to test plywood having a ratio of
parallel to perpendicular to face grain wood approaching
1.00. Therefore 7 ply panels were selected for this
indicative test program.

Sheathing grade Canadian softwood plywood (3/4 inch -
7 ply) manufactured to CSA 0151-1974 was randomly
sampled from two mills. Later, species identification
determined that six of the sampled panels were made of
Western Hemlock (Tsuga heterophylla) and four of the
panels were of Western White Spruce (Picea glauca).

Defect free all Douglas fir (Pseudotsuga menziesii)
plywood (11/16 inch - 7 ply) was custom made by one
mill. :

Grain Orientation

To reflect the interaction of the effects of grain
orientation to principal stress, ASTM tests were con-
ducted in the 0° and 90° orientation.

SPECIMENS AND TESTS

Specimen Preparation

Two 15 inch by 24 inch ASTM specimens and two 20 inch
by 20 inch RILEM/CIB specimens were cut from each panel
as shown in Figure 1.

Test Methods

ASTM D2719-~76

"Standard Methods of Testing Plywood in Shear-
Through-Thickness, Method C, Two Rail Test for
Large Specimens.”

This testing program deviated from the standard
ASTM test method in that steel rails 3.5 inches

wide and gauges 5.5 inches long were used. This

was done as tests conducted during Phase II of the
COFI Plywood 781l program indicated the use of re-
usable steel rails combined with the 5.5 gauge
achieved the same or better accuracy and consistancy
than the wood rails specified in ASTM.




4.3

During the test two gauges weres ussd - one on each
side of the specimen. Two load distortion curves
were simultanecusly plotted by two x-y recorders
(see Figure 2) and two G values were calculated
from the measured test results. The specimen G
value was then calculated as the average of these
two results.

RILEM/CIB-3TT

"Testing Methods for Plywood in Structural Grades
for Use in Load-Bearing Structures.”

Bach of the 20 inch by 20 inch square specimens
were tested twice - the second test being conducted
with a given diagonal in a position 90° to the
position during the first test. A load deflection
curve was plotted for each test (see Figure 3), and
a corresponding G value was calculated for each

of the two tests. The specimen G value was then
calculated as an average of these two results.

Supplementary Tests

The moisture content of each specimen was determined on
an oven dry basis using the procedure specified in
ASTM D2016-65, Method A. The overall average moisture
content of all CSP specimens was 5.9% and of all DFP
specimens was 7.1%. Difference measured between the
individual specimens of one matched group was a maximum
of 0.2%. '

The quality of glueline of each panel was found to be
satisfactory by means of a knife test.

CALCULATIONS

The moduli of rigidity were caléulated from deformation
data below proportional limit as follows.

5.1 ASTM Tests

P
G = 0.5-3;3-%

¢ = modulus of rigidity in the plane of plies (1b/in?)

.Pg/d = glope of force/deformation diagram (lb/in)

2 = gauge length (in)
L = length of shear area {(in)
t = average thickness of shear area {(in)




. 5.2

5.3

RILEM/CIB Tests

_ 3a?pF
€ = 2t7av
where
G = modulus of rigidity (1lb/in?)
a = distance from the centre of the specimen to the
point where the deflection is measured {in)

AF = increment of load applied at each corner on the
straight line portion of the load/deformation
curve (1b)

t = thickness of specimen (in)
Aw = increment of deflection relative to the centre

of the specimen corresponding to AF (in)

Note: Different notation is used in ASTM and RILEM/CIB
formulas to reflect exactly the notation used in
the respective standards.

Statistical Treatment

The analysis is based on comparison of arithmetical
means and coefficients of correlation. These statistics
were selected as being the most meaningful tools for -
obtaining approximate comparison and trends considering
the relatively small number of replicates.

The statistics for the two variables (x = Gpgmys
Y = GrrreM/ciB) were calculated as follows.

— 1 B ]

Mean X == 3 =xi
N =1
n

g 1 .
Y=pif v

STD Deviation 0%

it
fute

il
fart

(
0y =|i=1

Coefficient of Correlation 1xxy = F§%§




6.0

TEST RESULTS

The test results for sheathing grade Canadian softwocod
plywood and for defect free Douglas fir plywood are
presented in Tables 1 and 2 respectively. For each type
of plywood the modulus of rigidity is listed for each
specimen, for the panel average, and for the overall
average. Ratios between the RILEM/CIB panel average
values and the ASTM average, 0° and 90° values and the
corresponding ratios for the overall averages are also
listed. The linear correlation of each set of pairs is
quantified by a coefficient of correlation.

DISCUSSION OF TEST RESULTS

Interaction of Species and Grade

Based on overall averages, the ratio of RILEM/CIB results
to ASTM results are 1.10 and 1.16 for sheathing grade

CSP and defect free DFP respectively. The difference
between these ratios could be caused by the simultaneous
interaction of several factors such as species (the
difference between GTL/GLT ratios), natural growth and
manufacturing characteristics.

Interaction of Grain Orientation

The ratio of RILEM/CIB average results to ASTM 0° and
90° average results are respectively 1.12 and 1.08 for
sheathing grade CSP and 1.19 and 1.12 for defect free
DFP. These ratio differences are due to the different
0° and 90° ASTM results.

The ratio of these differences are 1.04 (1.12/1.08) for

sheathing grade CSP and 1.06 (1.19/1.12) for defect free
DFP., The similarity of these ratios are as expected as

the constructions tested were very similar.

It should be noted however that previously developed
experimental data (COFI Report 105) indicate that the
Gge/Ggpe relationships change significantly with con-
structions having significantly different ratios of
parallel to perpendicular to face grain wood.

Correlations

Coefficients of linear correlation between the two test
methods, based on average panel results, are 0.788 for
sheathing grade CSP and 0.729 for defect free DFP. The
better correlation for in-grade than for defect free
plywood is likely due to some very large differences for
individual pairs of variables for defect free plywood and
the overmasking effect of in-grade plywood.




The correlations when based on average RILEM/CIB results
and the ASTM 0° and 90° results are good for the 0°
orientation but are poor for the 90° orientation. This
means that a statistically justified modification factor
for conversion of data from one test to another cannot

be developed for 90° ASTM values unless the factor is
conservative so as to compensate for the poor correlation.

CONCLUSIONS

Based on the results of this indicative test program,
the following can be concluded.

- The difference between the G values determined by
the RILEM/CIB {(twisted plate) method and ASTM (two
rail) method is significant. This difference may
vary significantly with grade and species.

- Linear correlations between average GRILEM/CIB
and GagsTM results and between average GRILEM/CIB

and GO°ASTM are good, between average GRILEM/CIB
and G90°ASTM are poor. This would permit develop-
ment of a reasonably reliable modification factor
to convert data from one test to the equivalent of
what could be expected from data of the other test
providing ASTM 0° orientation or the average of
ASTM 0° and 90° is used. §Since the interaction of
grade and species appears to be significant, such
a factor would have to be developed for a given
grade and species of plywood.

- Examination of other data indicates that an inter-
action between the test method and the construction
does exist. Therefore any modification factors may
have to be developed either for a given type of
construction or for a group of similar constructions.

~ Any statistically quantified modification factors
would require a larger number of replicates.
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SAMPLING OF STRUCTURAL PLYWOOD FOR TESTING STRENGTH

B Norén - Swedish Forest Products Research Laboratory, Stockholm

0. introduction

1. Purpose

2. Definition of the population

3. Sampling of panels

4. Sampling of specimens from panels

Introduction

At the meeting of CIB-W18 in Perth the author presented a second draft
of '""The Sampling of Plywood and the Derivation of Strength Values"
(9-4-3). The meeting agreed that the sub-committee responsible for the
plywoocd testing standard tomprising Norén, Booth, Kuipers and Wilson,
should be reconvened, together with Finnish and American representatives,
to redraft the paper in a more precise format. This sub-committee has so
far not done anything to the matter. Anyway, after a discussion with L §
Booth and W T Curry 1979-03-02, the author has limited this third draft

for a standard to the sampling subject.

Pureose

The sampling here described is used for testing plywood in order to
establish characteristic strength and stiffness values for structural

use,

Definition of the population

In defining the population of plywood and in choosing sampiing method
the conditions in production, marking and end-~use shall be considered.

The population shall be limited thus that the strength deviation at

/2




2.2

b1

L.2

witlin

end-use is principaliy due to random variations. Hence,‘the population
shall be unambigously specified with respect to type (species) and
grade (reference to a product standard), thickness and construction

(lay-up) as well as to source (factory) and production time,

The period during which the plywood referred to as a population is
produced should be as long as possible without involving such changes
in the production which can be expected to have a significant influence

on the properties to be establiished by the testing.

Sampling of panels

In a sample, the number of panels of each construction (grade, nominal
thickness and ltay-up) and manufacture shall be proportional to the
percentage of volume produced. However, if proved by pilot testing or
calculation {parallel-plies theory) that the characteristic strength

of part of the population (panels of certain construction and/or from
certain factories) by high probability is lower than the characteristic
strength of the total population, then the final sampling can be limited
to panels from that part {substitute population). In any case the number
of panels in the sample must allow each strength property to be tested
on specimens from at least 60 panels of each construction {thickness)

and thereby from at least 15 panels from each factory.

Sampling of specimens from panels

The number of specimens and cutting schedule is given in 1S0/TC 165 N,

document T14E.

|f a characteristic feature (such as a joint) occurs on a regular distance
from the edges of the panels, the position of the cutting schedule rela-

tively to the edges shall be changed at random from panel to panel.

When the size of the cutting schedule is larger than the panel, the

schedule may be applied on two or more adjacent panels in the batch.
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Abstract

A research program at the U.S. Forest Products Laboratory will

assess the performance of Light Frame structures. Particular emphasis

ig placed on analytical analysis of wall and floor performance.

Structural Douglas-fir and southern pine lumber is being sampled and

]
3
tested at lumber mill locations to provide data for the structural §
\
3
analysis. Testing to date is limited to a preliminary phase. Future |

J

\

sampling, testing, and analysis will be based on insights gained from

the preliminary data and from supporting research on statistical

sampling and analysis.



EVALUATION OF LUMBER PROPERTIES IN THE UNITED STATES

A Status Report

By

W. L. GALLIGAN, Engineer
and
J. H. HASKELL, Mathematical Statistician

Forest Products Laboratory;l/ Forest Service
U.S. Department of Agriculture

Introduction

The reliability of wood use in structures has withstood the test
of inservice performance. Houses in the United States have been built
basically by today's practices for nearly 100 years and others built
by earlier practices are still in use. Wood systems other than houses
are giving equally good service. Recent tests of full-scale floor and
wall components anﬁ a full-scale house designed by presently accepted
methods, lumber grades, and design stresses show that houses generally are

/

overdesigned (g,;;x;g);g However, no analytical explanation for this
performance has been completed, and both performance in use and laboratory
evaluations of components and structures are contrasted with some recent
tests of single pieces of full-size, stress-rated structural material
which are showing some strength values to be less than published values

for design use (8). This anomaly must be resolved if the efficient use

of wood is to be continued.

1/

+'Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.

2/

“ Underlined numbers in parentheses refer to Literature Cited at the end
of this report.




A comprehensive research program in light-frame construction was
organized in 1977 by the Forest Products Laboratory with advice and
counsel from representatives of the wood;producing industry, wood-using
industry, government regulatory bodies, and universities. This
program, a ''Five-Year Action Plan for Light-Frame Construction
Research"(7), covers total research needs in the light-frame construction,
including performance factors such as structural, fire, thermal and
moisture, acoustics, and durability. Figure 1 illustrates the overall
approach to this research. Material property research was recognized
as essential but was included at only a modest level, The assumption
was that present lumber grades and grading systems were adequate in
multiple-member éystems. Without deviating from this basic assumption,
steps have since been taken to strengthen the structural property
regearch in the light-frame program. One motivation has been the current
U.8. interpretations of tort }iability.

The evolving concepts of tort liability inm the United States pose
serious probiems for continued efficient use of wood in structures.
When one facet of the material property-design-construction-end use
sequence of building is found to be questionable, those responsibile
must make changes to protect themselves from costly claims.

The current questions being asked about the reliability of lumber
properties have been brought about by differing compounding factors.

Pressures on wood resources in the post-World War II period led to
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expansion and extrapolation of earlier concepts of lumber grading and
design application. Economic pressures now are forcing more refinement
in designs. Advanced computer technolog§ is influencing design decisions.
These all demand more precise knowledge of material properties and
interaction of design, material property, and end use.

Determination of the effects of such changes in practice is not
simple. Material properties are only onme link in the chain of events
that make wood-frame systems perform so well--traditional design principles,
loading assumption, and construction practices combine to produce structures
that can be expected to last a lifetime or longer. What we have not des-
cribed analytically is how these facters interact to produce long-lived
structures.

The material property/engineering design emphasis (now commonly
called the in-grade testing program) in the light~frame program is
planned to answer three basic questions: (1) What are the properties of
lumber furnished to the design/consumer? (2) What are the properties as
developed by direct interpretation of American Society for Testing and
Materials (ASTM) based grading procedures? and (3) How do structures
perform analytically using these lumber properties? This program is
a cooperative effort among the U.S. Forest Produéts Laboratory, major U.S.
grading rules writing agencies, and major U.S. universities. Universities
currently involved include the Universitv of Wisconsin, the State University
of New York at Albany, Washington State University, and Colorado State
University.

The purpose of this paper is to report the present goals and status
of the major research on structural properties of lumber--the so-called

"in-grade" testing plan for the United States.
-3




The In-Grade Program

Objectives and Scope

The principal objective of the in-grade research is to develop a
basic characterization of mechanical properties of lumber produced under
the American Lumber Standard (ALS) (1). This characterization is to be
suitable for analytical research to define the structural performance of
light~frame buildings. The initial emphasis and research now under
way will:

1. Characterize the bending strength and stiffness of the 2x8~inch
No. 2 Joist and 2x4-inch STUD grades of Douglas-fir and southern pine
determined to be '"on grade™ by agency inspectors. This will make
available a structural characterization related directly to single ALS~
and ASTM-based grades.

2. Characterize the bending streangth and stiffness of lumber
"as graded” by the mill. This sample may include for marketing
purposes grades other than No. 2 and may include some lumber
"off grade" as stamped. This then will allow a structural char-
acterization related dirvectly to lumber as it is currently preduced,
sold, and used under ALS.

3. Analytically model the performance of bouglas—fir and southern
pine in conventional floor and wall systems.

Future research planning will consider other species, grades, and
sizes.

Lumber Evaluation

Evaluation research is composed of four major activities:
development and calibration of test equipment, development of a sampling
plan, physical and mechanical testing, and analysis. These are outlined

briefly as follows: 4




Testing Equipment.--The cooperating grading rules writing agencies

developed portable, hydraulic machines to test lumber in bending. The
agencies have accepted the reSponsibilit; for field calibration and
maintenance of these machines.

The machines and practices differ from traditional laboratory
devices and practices by (a) being operated at an approximate 17/1
span/depth ratio, (b) measuring deflection by loading head movement
at the 1/3 point, (c) testing an edgewise orientation with the lumber
supported horizontally, (d) measuring deflection between two prescribed
load levels for E calculation, and (e) having the capability of very
rapid loading. Since several of these features may influence modulus
of rupture and modulus of elasticity values, a supplementary research
effort is being carried out at Washington State University by Professor
R. Pellerin to calibrate the field test devices relative to standard
ASTM procedures. The calibration objectives are:

1. To determine the characteristic mechanical accuracy and

precision of the field testing machine relative to standards appropriate

for machine calibration.

2. To determine the relaticnship between the test results of the
field machine versus standard ASTM D 168 andAD 2015 test procedures
with full-sized lumber (1,2).

There is a related concern that all field-test machines should be
built and function on an equal performance basis. In 1979, there are

already devices of at least four different designs being evaluated or




used in North America. The calibration research will establish a basis
for proposed ASTM standard specifications and calibration procedures for
field-test machines. |

Sampling.--The goal is to sample with a statistical design that
will permit probabilistic statements about the production over the entire
growth region. Figure 2 illustrates the mill locations for Douglas~fir
and southern pine in the United States. 1Initial sampling emphasizes
sufficiently intensive sampling to answer preliminary statistical questions:
What are the important sources of variation? What are the magnitudes
of variation?

The sampling plan format divides the species growth regions into
geographic subregions based on general trends of topography and known
timber growth characteristics. In this way, the general philosophy of
homogeneity of lumber properties sampled within regions is approached.
This desire is balanced by the need for a sufficient number of mills
within each region to provide for adequate estimation of precision.
Thus, in some cases, compromise has taken place in selection of regional
boundaries to provide a balance of mills between regions.

The analytical basis of the sampling plan is finite sampling. This
plan dictates the specification of sampling regions and selection sites
(mills) and provides the basis of the probabilistic presentation of
results. Details of this procedure are the subject of research at the
State University of New York (SUNYrAlbany, sponsored by FPL.

Sampling of specimens is based on serial selection, that is,

specimens will be taken in the order occurring in the bundle or stack,

-6~
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Serial lots contain 10 specimens. This procedure provides a close
relationship to the order in which lumber is ultimately used. Bundles
or stacks from which serial lots are selected are, in turn, selected

in a systematic manner to assure reasonable continuity in the selection
process in all regions. More detail is provided in the Appendix.

While data analysis is not complete, it is possible to note some
of the sampling difficulties encountered to date. The procedure for
gselecting package units from which to select lots required much inter-
pretation by the sampling teams due to variation in mill practice. The
most serious problem was the lack of inventory~-the industry often was
selling and shipping the lumber as fast as it was produced. For example,
gome mills had insufficient inventory, yet were currently producing;
thus, a portion of the sampling was deferred to the following day.

Other similar experiences likely will influence a change for sub-
sequent samples., An effort must be made to simplify the process while
maintaining a relative uniformity in format from wmill to mill, without
bias. One aspect that was found satisfactory was the '"on-grade" and
"ag-graded" lot selection.

Physical and Mechanical Testing.--Data collected from each specimen

included actual size, actual grade as verified by a grading supervisor,
measurements of grade~controlling characteristics, and moisture content.
The latter was taken with a resistance meter. A record also was kept
of the type of dry kiln and of mill production volume for possible

gtatistical weighting of results.




Mechanical test data included a deflection increment obtained at
preset load levels and a maximum load. In order to provide additional
deflection information desired for floor and wall failure models, a
load-deflection plot was obtained for each specimen. Details are
included in the Appendix.

Analysis.--The primary statistical analysis pertains to the popu-
lation characteristics of 1l0-piece lots of lumber, The characteristic
of most interest is some lower taill property of the distributiomn.
Generally, the 5th percentile is the one used in discussion, but the
analysis has the capability of estimating any tail property. The
statistical confidence needed iz, of course, a judgment. A typical
desired statement might be '"with a certain confidence, P percent of the
average lot stiffness values exceed some design target EP.”

One objective of initial sampling is to develop insights on the
question of confidence that can be obtained from actual sampling. Subse-
quent sampling then will be designed with a specific confidence level as
a target. It is also desirable to make statistical inferences about piece
properties. The proper statistical design is based on the statistical
research being supported at the State University of New York (SUNY)-Albany
and the University of Wisconsin.

The research at SUNY focuses on the development of statistical theory
necessary to compute confidence intervals for finite population quantities
and tolerance regions. Present theory does not allow adequate confidence
statements for finite populations. The best method available to estimate

the necessary parameters for finite populations will be judged by the con-

fidence statements the method will allow. The research will not be complete

this year.




The research collaboration with the University of Wisconsin is
devoted to the Weibull distribution. The three-parameter Weibull family
of statistical distributions is the most commonly employed parametric
model for the strength properties of lumber. This investigation was
primarily concerned with the derivation of a lower tolerance bound when
the underlying strength distribution is known to belong to this Weibull
family. The approach was based on the large sample properties of the

maximum likelihood estimator, which therefore only produces an approxi-

mate tolerance bound.

By Monte Carlo simulation, the accuracy of the approximate

tolerance bound based on the Weibull distribution and its coverage was
examined. This bound was compared with its chief competitor, the non-
parametric tolerance bound. TFurther, as part of the comparative study,

tolerance bounds based on normal and lognormal parent distributions

were considered. Finally, the properties of these procedures were con-
sidered under a few lognormal and normal parent populations.

The results indicate that for small samples (n=70) the approximate
tolerance bound is not good in terms of the actual confidence obtained.
Figure 3 shows that while 95 percent confidence is the target, in all cases
only 85 percent confidence was obtained for the 5 percent lower tolerance
region used. For larger samples the approximation will improve, but for

the n=200 case investigated the actual confidence still did not meet

the expected confidence. Generally, if it is necessary to have precise
control over the actual confidence, only the nonparametric procedure
will provide this assurance. TFigure 3 illustrates that the nonparametric

tolerance procedure is consistently closest to the target.

-g-
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Further, if one assumes the incorrect parent population for esti-
mating tolerance limits, Figure 2 alsc illustrates the results. In the
example, the underlying distribution is a Weibull and the normal and
lognormal tolerance limits are shown to be substantially in error.

The consequences of this research may be far reaching as it may
influence reliability based design concepts as well as suggesting more
use of nonparametric statistics.

Analytical Medeling of
Structural Performance

Wall Performance.——To determine how walls perform under axial and

bending loads, the cooperative study conducted with Oregon State
University {(0SU) will characterize wall performance using the properties
determined from the lumber evaluation for STUD grade Douglas-fir and
southern pine. The objective of the study will be to develop wall
strength and stiffness distributions. Such distributions will be
interpreted as representing acceptable walls and will serve as a
guidelines for future comparisons using other lumber species.

Professor A. Polensek is the principal investigator at O0OSU.

Flocor Performance.-—-An analysis of the performance of floors will

be made with Colorado State University (CSU) using the results of the

survey of Douglas—-fir and southern pine 2x8's. This will be based on

current CSU research devoted to development of a floor failure wmodel.

Floot strength and stiffness distributions will serve as an acceptable
guideline for future comparison using other grades and species,.

Professor D. Vanderbilt is the principal investigator at CSU.

-10~




Future Research

Planning for Part II of this program will be initiated in 1979.
Current tentative plans suggest incorporation of tension and compression
tests as well as bending. The statistical goals and procedures are not
yvet clear. The cost of breaking all specimens sampled, thus achieving
information on the entire property distribution, is being weighed against
other techniques such as proof loading. If proof leoading is used, it is
likely sowe portion of the entire distribution would be tested to gather
sufficient information for reliability~based design.

| Proof-loading procedures adopted would be influenced by a survey of
current proof-loading research in the U.S. and Canada by Professor R.
Johnson of the University of Wisconsin. Professor Johnson's paper is
under preparation for publication. The following are highlights:

(1) An important aspect of proof-loading concerns the estimation of
a specified lower percentile of the population. The goal here may be
either a point estimate or a tolerance bound. Rather than use the sample
5th percentile as an estimate of the population value, ladsen and Nielson
(9) use a method of smoothing in which a straight line is fitted to the
two sample points below and the two above the 5th percentile. The estimated
value of the population Sth percentile is read from the fitted line at the
cumulative frequency of 0.05.

(2) The contributions of Warren and Glick treat the situation where
the sample size n has already been selected and is fixed (5, 14). They

suggest that, if only the i~th order statistic is needed to obtain the

-11~




tolerance bound, there is nc¢ need to break all n boards in the sample.
Rather, one should proof-load with loads that vary according to the preceed-
ing experimental outcome.

The Warren-Glick adaptive sequential procedure could well be implemented
in laboratory situations where specimens are costly and those that do not
fail can be used for other purposes. Some feel that the scheme may be too
cumbersome to employ in on-site testing at a lumber mill. In may be difficult

to change the proof-load too many times in this adaptive manner.

However, in the in-grade testing scheme, some adjusting must be done

if not enough pieces are being broken. In its favor, the Warren-Glick
scheme guarantees that the weakist i piece will be broken. The method used
by Madsen cannot provide an absolute guarantee of this while maintaining one
or two fixed settings for the proof-load.

(3) Warren also considers the situation where another quantity,

correlated with strength, can be non-destructively tested (14). Called

strategy A Extended, this modified sampling strategy tries to utilize the
information obtained by ordering the specimens in the sample according to
the covariate. For purposes of example, the modulus of elasticity E could
be non-destructively measured on each piece in the sample and bending

strength determined by destructive testing.

It must be noted that, although this method does reduce the expected
number of pieces destroyved, it is also more difficult to implement. All
specimens must first be loaded in an apparatus to provide the values of the
covariate E. Only after all of these are available can the specimens be

ordered for the destructive testing phase.

]2~



(4) Other procedures are available in the statristical literature,
but they may be unacceptable due to the fact that they do not have a fixed
sample size or even an upper bound on the sample size.

(5) Researchers interested in probabilistic modeling (Zahn 15) of
structures need to know more than the lower tail. The degree and accuracy
needed is not yet clear. It is important to be aware of some of the impli-
cations regarding probabilistic design if the design information originates
from proof-loading schemes. Research on this issue appears limited to
two recent theses. Using a simulation approach, DeBonis (4) presents a
favorable comparison of predicted system stremgth with the actual value
obtained by constructing and breaking a simple three or five-member system.
From the results of Pellicane (10) who studied the adequacy of certain
sampling schemes, it may be expected that proof-locading methods designed
to determine the 5th percentile will not provide adequate information for
probabilistic design. Some observations on strength must be taken under
higher loading.

The survey results by Johnson suggest further options in proof-loading
that should be explored. Perhaps more important, however, is the potential
conflict between needs of reliability-based design and simple proof-loading

methods. More research is needed.

=13~




Conclusion

Evaluation of properties of structural lumber has been initiated in
the United States with a preliminary sampling of Douglas-fir and southern
pine 2x4 STUD grade and 2x8 No.2 grade. Sampling of lumber by serial
lots was successful. The procedure for mill andrlot selection may require
revision in future gampling in order to simplify the procedure. Data from
the preliminary phase will be used to plan a more comprehensive sample.
The latter will be input to wall and floor system analysis to calibrate
conventional light-frame design in the United States.

Supporting research on statistical methods suggests non-parametric
statistics may be.required if confidence goals are to be met for near-
minimum properties. Several promising proof-loading procedures have been
reviewed, but a potential conflict between distributional information and

near-minimum estimates must be faced.

=14
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APPENDIX

Sampling

The sampling procedures to be used in this portion of the study are
based on the fact that the population of mills is finite. For example,
approximately 600 mills produce southern pine. For this reason, finite
sampling techniques rather than the usual infinite techniques are applicable
to this study. The procedure to be used is usually called stratified
cluster sampling. The stratification is due to the fact that regional
differences within a species are expected. The sampling units are lots,

and each mill is a cluster of lots.

Regional Organization

The fact that growth region differences within a species may produce
lumber with different properties requires that attempts be made to account
for these differences by strgtification in the sampling design. Thus,
for each species, attempts are made to define distinct growth regions
for which there may be property differences. Within these regions, more
homogeniety is assumed than between regions. For southern pine, this

resulted in six regions (Fig. A-1) and for Douglas~fir, twelve regions.

Green/Dry Selection

For the Douglas~fir species, an additidqal factor is two lLevels of
moisture content production, green and‘dff. The extent to which this is
a problem is unknown at this time. The decision was made to sample mostly
green lumber, with the assumption that any regional effect found would
be the same for dry lumber. A small sample of dry lumber may permit

evaluation of this assumption.
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Stud Production

The original intent of this study was to sample studs in the same
proportion as the 2 by 8 materiail. With further discussions, it was
determined that this was not feasible, since in most regions there are
so few stud mills., Thus, initially, studs were sampled from mills which
produced studs from veneer cores and those which produce from a more
normal log supply. Comparison will determine whether these two types of

producers have lumber with different properties.

Mill Selection

The mills within each region were partitioned into three classes
based on volume production figures (g}. Two millsin each region were
chosen as sample sites in initial sampling--one mill from the high
volume class for the region and one from either the middle or low velume

class for the region.

Lot Selection

Within a sampled mill, 10-piece serial lots were selected for testing.

Svstematic lot selection was attempted in order to provide a better repre-

sentation of the population. Random selection is ordinarily not feasible
due to the quantities of material that would have to be moved to obtain a

true random sample of lots.

Mechanical Test Procedures

Piece COrientation

Orientation procedures are designed to prevent bias in location of

any strength-influencing defect in relation to the load application.
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a. Wide face.--Pieceswere placed in the test span with the grademark
facing up and the grademarked end to the right of the operator facing the
machine. In cases where pronounced crook was present, the piece was placed
so the convex edge was in compression.

b. Length.--Pieces were placed in the testing machine so that the
estimated maximum strength reducing characteristic was randomly located
within the test span. If more than one defect present was judged equiva-
lent, the defect nearest the center of the length was used to position

the piece.

Loading Arrangements

a. Each specimen was tested in the condition found, and no specimen
preparation was used for this test.

b. The specimens were tested with a total span-to-depth ratio as
close as possible to 17 to 1 based on dry sizes.

¢. The load was applied equally at the third points of the span.

4. Provisions werc made to prevent lateral buckling in such a manner
that friction forces were minimized.

e. The supports and the loadpoints were provided with a mechanism
(such as rellers or pivots) to minimize the development of axial forces
in the specimuens.

f. The points where the forces were applied to the specimens were
equipped with bearing plates large enough to prevent permanent crushing,
but did not exceed 4 inches in length.

g. The accuracy of the measuring devices was verified at the
beginning of the test and at least once for each 4 hours of testing

using an accurate calibration device.
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h. The stress
per square inch per
i. The static

of a 500 pound load

was induced at a rate of approximately 16,000 pounds

minute. The rate of head travel varied by
load was calibrated to be within 1 percent

or higher.

j. Span length and location of loadpoints was within 1/4

Data Required

a. The modulus of elasticity was obtained by reading the

width.

at levels

inch.

difference

in deflection at two preselected load levels of approximately 200 and

500 pounds.

b. Deflection measurements included a load-deflection plot to

failure.

¢c. Load at failure was recorded.
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Prof. Dr.~Ing. K. Mshler, Universitat Karlsruhe (TH)

Stresses Perpendicul ar to Grain

Comparing the curves given by Barret for Douglas-fir with test values received

at testing laboratories at Karlsruhe and Stuttgart with European Whitewood the

result is the following:

1.

Using blocks a good agreement could be noticed, whereat both the mean-values
and the 5%-fractiles were insignificant lower for European Whitewood. As well
the mean - as the 5%-values for blocks were considerably lower than for tapered
or curved beams (Fig, 1). On contrary the allowable tensile stresses perpendicular
to grain for normal load and usval climate conditions are greater for big blocks
than for tapered or curved beams (fig. 2). This seems to be a discrepancy fo the

test results obtained.

Listing the test results for tapered or curved beams into the diagram containing
the mean- and 5%-curves given by Barrett a good agreement was shown for “big"
beams, whereas for "smaller” beams the strength values obtained were lying
deeper than expected by the curves (fig. 1). This starts the question if a k-factor
as given for blocks wouldn’t fit the test results better, i.e..constant factor until
e.g. V=0,02 m3. For greater volumes a diminishing factor in relation fo the

volume of the beams should be used also for European Whitewood,
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Addition to Paper CIBW 18/9-6-4
"Consideration of Combined Stresses for Lumber and Glued Laminated Timbher"

Finding large deviations partly between the curves given and the test values
received, further investigations, only using glu-lam, were performed. As
shown in figure | and 2 despite of the little number of additional tests

a much better fitting of the test values by the calculated
curves is given. Thus a good agreement between the given relation and

the bearing capucity of tapered beams can be noticed.

Taking into account a savety factor of about 3 versus the mean values, the

German Standard DIN 1052 will recommend the following formulas :

Slope on the compression fo;:e :

Ke* 2 fran2o\2
1, {tany\c ftan gp)
”’\/1732 (2.1. ) ( 2
2 __ 1
\/1 +34 tanzkp +1;9tcml‘;p

Slope on the tension face:
kt= .
MV _1__+(tcm P 2+ tunztp 2
142 \ 1.2 0.25
]

V1+136tan2p +3136 tanky
In these formulas ¢ is the angle between the tapered face and the grain

direction. The allowable compression or tension siresses at the tapered face of

a beam are then given by the relation
2 :fc,t(“woo)'kc,t )

The kc v values in relafion to the angle ¢ are drgwn in figure 3,
’
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(pages 1~17)

IS0

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION

TECHNICAL COMMITTEE 165
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Draft Proposal DP .... for an international standard:

TIMBER STRUCTURES
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Summary.

There is proposed a method to calculate the stress distribution in
tapered wood beams. The wood is assumed to be linear-elastic

ortotropic.

The Norris interaction formula has been emploied to compare measured
and predicted bending strengths of glulam and solid clear timber

beams .

There was found a good agreement between measured and predicted
bending strength of glulam beams.

Kezwords.

Tapered beams, glulam, stress analysis, variable beam height,
ortotropic beam. '




Introduction.

In some cases it is appropriate that the height of a timber beam
varies. In most cases one of the edges are parallel to the fibre
direction. Because of this and because of that there only exist
test results for this kind of beams this paper is limited to timber
beams like theose in figure 1. Meanwhile, there is no theoretical
difficulties to describe beams where both the top and bottom edges

incline with different angles to the fibre direction.

i’”"q;?—’\ﬁ Cut off side

Cut off side

Figure 1. Timber beams with varying height.

This paper concentrates on the stress and strength analysis of that
part of straight tapered beams, where there is a continuous slope

of the edges.

Stress analysis

The beams are assumed to consist of an ortotropic linear elastic
material with one of the principal axis parallel to the fibre direc-~
tion. Among other things linear elasticity is assumed because of
that strain gauge measurements on glulam beams reported in [Mdhler
and Hemmer, 1978] indicated linearity up to rupture, when the normal

stress perpendicular to the fibre direction is a tension stress.

As shown on figure 2 there are several critical cross sections in a
tapered beam, but this paper deals only with stress and strength




analysis of cross section B , which lies not too close to either

the end of the beam or the apex.

Figure 2. Stress distributions in a tapered beam at the critical

cross sections.

It is possible to find an approximate analytical solution of the
stregss distribution at cross section B , when the moment is dominating

for the stresses,

The stress distribution in the beam at cross section B in figure 3
is approximated with the stress distribution in the wedge, which is
shaped by an extension of the beam. The force P at the apex of the
wedge is determined so that the moments at cross section B are the

same both in the beam and in the wedge.

Mycam — P - (ho/tga + X) {1)

The stress distribution in the wedge is found as described in
[Lekhnitskii, 1968, chap. 20]. The calculations are given in appendix
1.

As shown in figure 3 the maximum stresses occur at top and bottom of
a cross section. Since 0. is a principal stregs directed toward
the apex of the wedge and the other principal stress Oy is zero,
the stress in the directions of the principal material axes can be

written as




Fibre direction a

Ea
\
- >

0 o

A X
TP R Cross section B

WEDGE AND BEAM

Cirkle
section

Wedge stresses oy, g, = O o, =0gg
radially directed Y
toward the apex PROJECTED STRESES

Ew“t

Figure 3. Stress distribution at cross section B found by means

of the wedge solution.

Oy = 0, = cr(1 + cos26)/2

U940~ cy = or(1 - cos28)/2

T = Txyﬂﬂorsin2e/2

o, = o, ' F, =6 M- Fu/th

Fu : Factor given in appendix 1 figure 1.1.

(2)

(5)




where €& 1is the angle between O, and the fibre direction. Maxi-

mum stresses occur for 6 =0 and & = o.

It must here be emphasized, that it has been assumed that the beam
is modelled as an ortotropic continuum. This means that it may be
expected that the theory gives a good description of beams with
small inhomogeneities (gluelam), while it is more gquestionable to

apply the theory to beams with greater inhomogeneities (lumber).

Rupture criterion.

Several rupture criteria for wood are proposed, and they are normally
only valid for clear wood. Two criteria have been investigated,
namely those proposed by Stlssi and Norris, The criteria were applied
to the test results in [MAhler and Hemmer, 1978].

It was found typical for Stissi's criterion that for small values of
the slope o the theoretical strength does not decrease as much as
the measured strength, specially when tension perpendicular to the
grain occurs. By comparison it was found, that Norris'’s criterion
gave better agreement between the theoretical strength and the

measured strength.

The comparison was carried out on the basis of stresses at rupture.
In [MOhler and Hemmer, 1978] the simple bending stress O = M/W

at rupture is given. The stresses 057 Fgpr T at rupture can bhe

found from the equations (2) - (5). The rupture criteria for a cross
section may thus be written as in the following equations (6), (8),
and (9).

or




£ £ £

\ 1
< 2/I/Q1+cosze)2 4+ (lzcos28)2 . (8in20 2 g
c,0 ‘ c,9%0 v

>
Cut off side, tension, o, - O:

- - 1
o =1 - o S z/l/ﬂ1;cosze)2 o (1700s20)2 (23028, (g
t,o t,90 v

Before the comparison can be carried out, one have to determine

c,o’ ft,o' ft,90’ fc,90’
assumed to be material values independent upon the combination of

the principal strengths, £ fV ; which are

stresses.,

For_glulam the bending strength fm and the compression strength

ety e e

fc o Wwere found by tests to 44 MPa and 44.7 MPa respectively.
¥
Since they are approxzimately equal fc o and ft o are put to
r !
fm = 44 MPa irrespectively of the sign of Of - The three cther

strength parameters have been estimated, and relevant combinations

of £y, 907 fe,90¢
the result of the best fit is given in figure 4. From appendix 2

and fv were investigated, see appendix 2, and

it is further seen, that the mean value of the maximum stress at
the side parallel to the fibres in all tests was smaller than the
mean value of the bending strength fm = 44 MPa

tests with small specimens: [Unit MPa]
fm = B2.5 fc’D = 44,9 ft,o = T70.8
fc’90 = 3.1 ft,90 = 2.7 fv = 10.3

Since the bending strengths both in the small clear specimens and
in the solid timber beams with angles of slope less than 10° are
greater than the compression strength, there must occur a physical
non-linearity in the wood. It is therefore guestionable to use the
stress distribution based on linearity, which yet has been done in

this investigation.

Further the basic strengths determined from small clear specimens

are not directly applicable to the solid tapered beams. There must




occur a size effect and in some of the test specimens a notch-effect

exists.

Because of the above mentioned problems several relevant combinations

of the strengths parameters have been emploied in a comparison between _
experimentally measured and theoretically calculated strengths, see |
appendix 3. It appears from the table that in order to obtain a

reasonable agreement between measured and calculated strengths one
has to employ strengths parameters, which deviate from those measured %
on small specimens. In figure 4 an impression of goodness of fit J

is given.

Siope at the Slope at the
Or tension side Ir | tension side
MPa | MPa
Lo fro= bb fgq=05 809 f0=71 figo=1.2
f =z 5,0 f = 10
30k c;\\ Y | 60 T\\\\éa v
20[ L0 1" \
10+ 20+ @®
slope p slope
0 p————1409 571 9.46 14,04 ——— 0 5¢ 10° 15° 200 —=
0° @ o a
10 b 20} |9
20} Lok /
,.....----—"--;0 fc'0= 45 fc 90« 31
30f . 601 fy=10
/c) *C.O': LA fc.9°= ‘Q.O
w9 1 e oy
O’F
SO0t Slope at the MPa Slope at the
Oy compression side compression side
MPal Y
GLULAM SOLID TIMBER

Figure 4. Measured and calculated strength of tapered beams. The

strenght comparison is carried out on the basis of the
radial stress ¢



Conclusions.

T+ has been demonstrated that the load capacity of tapered glulam
beams can be predicted by a linear-elastic ortotropic stress
analysis combined with a rupture critorion based on the maximum
stresses at a point. It was found, that the Norris interaction

formula gave the best prediction of the strength of glulam.

Apparently it is not possible to predict the strength of tapered

sclid beams on the same basis.

The test results with tapered glulam beams indicate that the Norris
formula is not satisfactorily, since the basic strength parameters
apparently are mutual dependent. It seems that "the shear strength
is greater, when the stress perpendicular to the fibres is a com-
pression stress than when it is a tension stress". This effect
might be explained by assuming that rupture is trigered by cracks

oy flaws in the wood.
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Appendix 1.

STRESS DISTRIBUTION IN AN ORTOTROPIC WEDGE.

Basis:
Restrictions according
to the paper:
P t: thicknes w1 = g = pitch
Y, =0
A% _Fibre direction !
R
s - X
Cirkle section
G,
Material: Linear elastic, ortotropic
Constitutive eguation:
€y 1/E1 —\)21/E2 0 a
£y = --\J,Iz/E1 1/E2 0 I} (1.1)
ny 0 0 G Y
abbreviation: \)21/E2 = \)12/E.l = VT/E1
Regults:
Og = 0
Tre = 0
_ 1 A cosg + B sirf
9% T F T.(0) (1.2)
cos4e 1 2V1 s ] 48
where L(8) = 1/E, = + (= - ——)sin?6cos?@ + 252 (1.3)
5] E1 G E1 E2
and the terms A and B are defined by
A I, + B I, = - b4 CoSW (1.4)
1 2 t y
A I, + B T. = -2 ginw (1.5)
2 3 t .




E

I, = Efu:lgy[ﬁarctg(ﬁtga) ~ Sarctg(dtga) ] (1.6)
. Eq ln[cosza + stinzul (1.7)
) = FTET =87 cosZa + &’sin’a )

= 1 1
I, = gro—s [- 3 arctg(8tga) + % arctg (Stga) ] (1.8)

where f and & are defined by the roots of the characteristic
equation. 1In this case where the complex parameters are purely

imaginary and unequal one has

., = f-1i By = S-i (1.9)
L - 2 s

ut o+ (E1/G 2v1)u + E1/E2 0 (1.10)

For conniferous wood in which the radial and tangential directions

are not known (glulam) it is reasonable to employ
E1/G - 2\)1 = 17
E1/E2 = 10

The sensitivity of the solution of this estimate is investigated at

the end of this appendix.

The estimate gives
R = 1.1277, § = 3.9659 (1.11)

This result must be inserted in the equations (1.4) - (1.8). Eg.

(1.2) results in

o, = % A(a)cos%Ja”B(a)sine (1.12)

The maximum values of 0. appear at the top and the bottom of the

cross section, 6 = o or 8 = 0.




Equation (1.12) can be rewritten by means of the following rewriting

Moment in beam = M = P (ho/tg + X)) P ¢ r

A= A'(a) - P/tE1
B = B'(a) - P/tE1
o= M/W = 6M/th?
R A '(a)cos6 + B!'(a)sin®

r t-'r cos'® + (E1/G ~ 2v1)cos‘esin‘8 + Eq/Ezsin“e

M
t-r(ho/tga + x)

M 2. . A' (o) cosB + B'(a)sing
cos' 8 + (E1/G - 2v1)cos‘esin‘8 + Eq/Ezsin“e

where

- = 1 \ 2 ' A‘(d)cos + B'{0)sind
Fa B Ur/cm T 6 tg YCosT 8+ (E1/G - 2v1)cos‘esin‘e + E1/Ezsin“8

Figure 1.1 shows the factor Fa for relevant slopes «

| Fa

1,2 ~< £ ~1+3,7-tg%a
Side parallel ‘
to fibres,
e:o '—//

1'0 — 1.8 - tg(x
Cut off side, __120 e \\1'6 13 i 14
O=a 1:10

0.8 | \ Fo ”1'3'7't92a

Figure 1.1, Pactor F, = or/cm




- 12 =

It has briefly been investigated how sensitive the stress distribu-

tion is to the stiffness parameters.

AS it can be seen from

table 1.1, the changes in FOt are small for a slope of 1:10.
TABLE 1.1. F, for tga = 0.10 and different relevant ratios
between stiffness parameters.

E1/G - 2\)1 17 14 17

E1/E2 20 20 30

Eaf6=u = Or,e*a/gm 0,95 0,96 0,95

Tagemo = 0r,6=0/0m 1,04 1,06 1,03




Appendix 2.

13 -

GLULAM BEAMS.

Measured and predicted rupture values

(inclined face).

of o

r

at the cut off side

Compression side Tenslon side
Slope, o 4,09 5,71 9,46 14,04{ 4,09 5,71 9,46 14,04
Strength para- ¢ *F = ¢ , measured MPa
meters MPa it . 3
39 37 25 20 28 23 13 8 Sum of deviations
f = 2
c,0 squared, ( MPa}
ft,o fc,90 ft,90 fv Predicted values of G, MPa Comp . Tens.Total
44 4 0,6 41| 34,7 29,8 21,4 15,6 [33,3 26,8 15,5 8,61103 4% 152
5| 37,4 33,3 25,1 18,6 [35,7 39,2 1ie&,7 9,0 18 112 130
6}39,1 35,7 28,1 2,3 |37,2 30,0 17,6 9,3 13 168 181
7140,3 37,5 30,6 23,5 j38,2 32,0 18,1 9,4 46 213 259
44 5 0,7 4134,7 29,8 21,5 15,7 33,7 27,5 l6,6 9,5] 101 68 169
51{37,4 33,3 25,2 18,9 36,1 30,2 18,2 10,t 18 149 . 167
&139,1 35,7 28,3 21,6 (37,7 32,0 19,2 10,5 15 216 231
71(40,3 37,5 30,8 24,1 38,7 33,2 19,9 10,7 52 273 325
44 6 0,8 4| 34,7 29,9 21;6 15,8 (33,9 28,0 17,5 10,4 98 86 1B4
5(37,4 33,3 25,3 19,0 (36,4 30,8 19,3 11,1 27 343 360
6]39,1 35,8 28,4 21,% 58,0 32,8 20,6 11,8 17 287 284
7140,3 37,6 30,9 24,4 |39,1 34,1 21,5 12,0 56 325 381
Measured rupture values of 0, at the silde parallel to the fibres.

4,09 5,71 9,46 14,04

4,09 5,72 9,46 14,04

g °* F MPa
m o

41 41 32 30

30 25

17 12




Appendix 3.

SOLID

TIMBER BEAMS .

Measured and predicted rupture values of 0.

{inclined face).

at the cut off side

Compressicn side Tension side B
Slope, ao 5 10 i5 20 5 10 15 20
Um . Fa = Or, measured, MPa Sum of deviations
Strength paras 49 37 24 17 ] 85 21 13 6 | squared, (MPa)2
fc,o ft,Ofc,90ft,90fv Predicted values of Or MPa Comp.Tens.Total
82,5 82,5 3,1 2,7 10,3l67,2 44,3 29,1 20,0|66,9 43,1 27,4 18,4| 420 912 1332
82,5 82,5 3,1 2,0 10 66,5 43,6 28,6 19,7|65,3 39,0 23,1 14,8| 378 543 921
45 3,1 10 (42,0 34,3 25,6 18,8 62
71 2,0 10 59,2 37,6 22,8 14,7 447
71 1,2 10 56,7 30,0 26,0 9,7 109
71 1,2 8 53,2 28,0 15,3 9,4 99
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TESTS ON LAMINATED BEAMS FROM HARDBOARD
UNDER SHORT AND LONG-TERNM LOAD

1. Introduction

The teats provide for determination of strenght and behaviour

of laminaoted beams of hardboard panels vertically glued under long-
term load in bending in view of applying them for load-bearing
structures of roof coverings. |

Test program has been as follows:

1., Tests on beams in testing machine,

2. Tests on beams under short-term load,

3. Tests on beams under long-term cyclic load.

2. Inicianl data

The beams to be tested have been made from hardboard panels having
standard charscteristics as follows /in brackets checking wvalues
are given/:

tensile strenght R_>200 - /330/ kG/eu® = 33 liba
compressive strenght Rz 300 - /766/ kG/em2 = 76,6LPa
bending strenght Rg?/ 350 = /351/ kG/cm2 = 35, 1iPa
modulus of elasticity o

in bending Eg= 30000 /46150/kG/en= 4615 IlPa

moisture content W= /6,2/%

Dimengions of beams cross-section are given in figure 1. The beans
have been glued with fenolic~ formaldehyde adhesive AG until requi~
red size has heen obtained.

For long-term tests one span beam was taken on two supports under
loading of two forces concentrated in the centre of beam’s span,
the arrangement illustrates figure 1.




Por calculation of long-~term load ,premissible stre.:
has been applied considering;
pexmissible bending stresses k = 50 ch/cm2 = 5,0 Ila
madulus of elasticity EZ= 3000 kG/cm2 = 3000 iPa

3¢ Test results

3.1, Tegts on beams uging testine ninchine
‘ arrangement
For test purpose a static dtepiiie was taken according to fig.l,

where a= 40 cm and 1 = 150 cm. The tests have been carried out in
5. tong Armsler machine until Ffallure, measuring deflection "u"
and unit strain in cross-section £ in centre of beam span under
changing load "PY, Deflection has been measured with dlial gauge
having an accuracy of 0,0imm, and unit strain with an extensometer
provided with tubular cap ,DDR type, having a reference line of
10 em and an accuracy of 0,007mm.
The test covered 3 beams designated ag IV-=1-3,
Test results have been as followsf
a/ unlt deformation at beam”s height - an example is given in fig.Z2,
v/ load-deflection curves - figure 3,/see annex 1/,
¢/ failure loads P, = 850 /IV1/,885 /ive/,860 /IV3/ kG,

mean value of Pn - 865 kG = 8,65 kN,

at 10-12% moisture content;

correaponding siresses are:

. = 281, 292, 284 kG/cme f mean value 285 kG/cm2 = 28,5 iPa,

d/ deflection under near failure load u,

for IV~1 -~ 34,71mm under P = 800 kG

for IV-2 « 35,12mm under P= 800 kG

for IV-3 - 35,85mm under P = 850 kG
e/ fracture of beams, corresponding to brittle failure, illustrated

in figure 4./see annex 1/.

3.2, Tests on beams uwnder short-tern load

For testing a static arrangement was taken according to figure 1,
vinere a= 40 cm, 1=220 cm. Two series of beams kave been prepared,

3 beams in each, designated as follows: serie 1 - IV 19-21, serie 2-
iV 22-24.

Test procedure has been as follows:

= the Weams have been loaded 1o a limit established for individual
gerie and measurements of deflection have been taken in centre of
heam gpan,

= the beams have been kept under load for 24 hourg and subsequently




deflections have been measured,
- the loads have been removed und corregponding deflection:

have been measured,
- the beams have been kept without load for 48 hours and deflec-

tions have- been measured after 24 and 48 hours.
During the test deflections of some beams have been continously
recorded for 24 hours.
The tests have been carried out with the equipment as shown in fig.6
using concrete welghts or bricks with an accuracy of loading of 1kG.
The loads have been as follows:
for serie I PII = 130 kG = 1,3 kN with respective stresses of

1,4 o ko = 1,4 4 50 = 70 kG/cm® = 7,6 liPa

for serie I1 PIIIm.186-kG = 1,84 kN with respective stresses of

2,0 . kg = 2,0 « 50 = 100 kG/cm2 = 10 Pa

Deflections have been measured with deflectometer having méasuring
range of 5 cm and calibration of 0,05mm.

Deflections are given in table 1. In figure 5 load~deflection curve
is shown after 24 hours of loading/see annex 1/.

Table 1

Mean deflection of beams of serie I and II under short-term load

Deflection /mm/
Item immediately 24h immediately 2h 24n 48h
after alfter after after unloading
Loading loading unloading
IV 19-21 - 10,3 13,6 3,1 0,9 0,6 0,2
IV 22-24 15,8 : 19,9 4,0 1,6 0,7 0,5

After the tests described were completed, strenght of beams has been
determined in Armsler testing machine and following results lhave
been obtained with an arrangement shown in figure 1 and according to
clause 3.1+

for serie I Pn = 1700 kG, 1700 kG , 1250 kG; mean value 1550kG=15,5kN

q; = 561 , 561, 412 kG/cm2 3 risapn ¥Value =511kG/cm2= 51, lilia

for serie II Pn = 1800, 1200, 1300 kG, mean value 1433kG/cm2=14,33kN
%' = 594, 396, 429 kG/cmz; mean value 473 kG/cm2= 47, 3MPa,

/at 4-6% of moisture content/.




-

3.3, Tests on besms under long~term constant load

he tests have been carried out with the equipment as shown
in figure 6 using static arrangement as in flgure 1, where as= 40cuy;
le 220 cm. Three series of beams have been fested, 3 beams in each
gerie, under three different loads as followss '
serie I designated as IV<10-12 under load of

P = 93 kG /6, = 50 kG/on’/ = 930 N /5,0 e/
gerie Il designated ag IV-13~15 under load of
| Py=130 kG /B, = 70 xG/om®/ =1300 N /7,0 IPa/
serie IIT destfnated as IV-16-18 under load of

91113186 kG /Sé =100 kG/cm2/ = 1860 N /10,0 MPa/,

The beams have been placed in a heated, unconditioned room, si-
tusted in a cellar. The test provided for loading of beams and mea-
aurement of deflection in centre of thelr span during the time when
load has been applied and after loading. Deflectlion has been measu-
red with a deflectometer having measuring range of 5 em and an accura-
cy of 0,05 mm. The test results are given in table 2 and in figure 7
28 mean values for series I and II. Ag far as serie ILl was concerned
exclusively results corregsponding to a beam IV-18 are given provi=-
ding that the tests for other two beams have not been continued
/ being stopped after approximately 300 daysd

At the beginning the tests have been planned to be carried outb
until total fallure. For the reasons independent from the aubtol
the tests lagted out for 1300 days only withouit inducing failure.

Table 2

Deflections /in mm/ of beams from series I,II,III
under long-term constant load

Loeding time : Deflection of heamg /mm/
/days/ IV 10=12 IV 13=15 IV 16=18 IV 18
after loading 9,47 12,17 15,63 12,00
1 13,27 16,90 22,70 16,40
9 21,07 24,77 32,53 25,50
20 26,37 33,37 45,93 42,90
40 29,237 39,27 51,93 50,60
59 31,87 11,87 56,23 55,80
80 32,47 43,67 50,03 57,80
104 ' 33,77 43,97 61,83 58,90
151 34,87 45,37 64,13 61,60
202 39,37 47,27 65,73 62,30

295 41,73 50,73 70,03 68,10

to be continued on page 5




fable 2
continued from pa:;.

Loading time Deflection of beams Jim/
/days/ IV 10=-12 IV 13-15% IV 16-18 1V 18
364 44,80 55,70 70,76 73,40
412 45,10 58,10 - 77,40
512 45,10 59,50 - 78,60
619 50,00 63,80 - 81,50
734 | 51,40 62,20 - 85,60
810 52,27 62,50 - 86,00
916 53,60 59’80 - 87;20
1001 54,50 60,90 - 88,50
1105 . 58,60 61,80 - 89,30
1184 59,30 62,40 - 90,00
1283 59,80 63,00 - 90,40

3.4, Tests on beams under long-term cvclie load

The tests have been carried out with the equipment as shown
in figure 1, assuming a= 40 cm , 1= 220 cm. Three series of beams

have been prepared , 3 beams in each, loaded ag in 3.3,
The corresponding designations have been as follows:
gerig Il - IV-1-3 Py =93 kp /6 = 50 kp/cmz/

serle ITI - IV-4-6 PIIr:UO kp /6 =170 kp/cmz/

serie IIT - IV-7-9 P ;=186 kp /6 = 100 kp/on?/.

The beams have been placed in a heated, unconditioned room.
Afterwards the beams have been submiited to & cyclic changes of load
during which deflectlons have been measured.

One cycle includedr

a/ loading of beams according to serie with ProgTre

b/ permanence under load of beams above mentioned for 3 months

/90 days/, S
¢/ total unloading of beans,

d/ permanence of beams without load for 3 months / 90 days/.

At the beginning the tests have been planned to be carried out
until total failure., For the reasons independent from autor only
four uncompleted cycles have been carried out, during which the
beams have not failed.

The mean valueg of test results are given in figure 8 and in
table 3.




Table 3

Deflection / in mm/ of beams from series L1-ILIL
under long~-term cyclic load.

i & zero point starting -point before 1-st cycle have been taken.

Dgflection in mm for serie_

Cyele Specification ' i o TTT
After loading 12,4 11,7 16,9

T After 97 days of loading 32,1 33,0 41,1
After unloading 19,7 23,3 23,0
After 107 days from unload.12,8 15,7 16,4
After loading 24,1 27,9 36,5
After 107 dayvs of loadine 31,8 34,6 47,1

2 Affer unloading 21,0 27,4 31, 1
After 107 daya from unload.20,8 21,4 - 21,0
ATter loading 24,9 30,6 37,6
" ATter 111 daye of loading 31,6 43,7 5%, 4
" After unloading 31,6 34,9 38,7
ATter 112 davs from unload.22,7 29,5 28,3
ATter loading 32,7 38,2 4347
After 21 days of loadinz 38,4 42,1 50,6

After the test under cyclic load have been completed, the beans
nave been tested in bending in Armsler testing machine accoxding
to an arrangement as shown in figure 1 and to data given in 3.1,
The followlng mean values have been obtained;

serie I By = 1277 kp = 12,7760 &, = 421 kp/om® = 42,1 liPa
serie II P = 1315.kp = 13,15k & = 434 kp/cm® = 43,4 IiPa
serie IIL P = 1806 kp = 18,06kN 6, = 596 kp/cm2 = 59,6 MPa

/at moigture content of 4~6 %/.

4o Interpretation of tegt results

4o, Interpretotion of tegt results for beams in testing machine

Deflection data for beams in dependence of loads applied and
fallure load values have been oblalned. KHodulus of elasticity chan-
ges during the tests described have beer also interesting, so corres~
ponding value has been calculated as follows:

BedSryy /3.2 - 4o /1/




where: 1 = 150 cm
¢ = 55 c¢cm
I = 416,6 cm®

Other values have been taken as given in figure 1., The corresponding
values of "f¥ and "P" / dellecltion and load respectively/ attained
during the test have been taken into account.

Calculation results for beam IV-~2 are given in table 4. Theage
results suggest -that YE" changes with load. The decrement of modu-
lus of elasticity corresponding to failure is 30% in accordance
with table 4.S0 time~deformation - curve is not straight-line as
shown in figure 2.

Lable 4
Decrease of E value relating to short-term load
Lozad Str9552 & o Decremegt of B
kG kG/em kG/em %
30 10 48,113 0
50 . 16 46,736 3
100 33 46,030 5
150 - 50 45,345 6
200 66 43,656 ‘ 10
300 99 43,120 11
400 132 . 41,657 14
500 : 165 40,392 16
600 : 198 .. 38,719 20
700 : 231 36,776 24
800 T 264 34,706 28

T'or design purposes only a small poxrtion of strenght is conside~
red and corresponding stress value is of 50 kG/cm2 /5 MPa/. From
table 4 one can deduce that respective stress inorement is small
/approximately 6%/, so E value can be considered as constant at

determined level,
Figure 3 suggests that neulral axis of beam d4s noPd in line

with a geometrical one. This problem shall be investigated separate-
ly, for we are convinced, that deformation in compression is diffe-
rent from deformeation in tension.



4.7. Tnterpretotion of teot reoults For beams under shorl--

There are some intercsting au?ects in this teste Flrat o.
the curve corresponding to deflection immediately after loading
sf gveat importance, for tests of assesment of elements shall be
s ghort as possible. For this reason relative dellectlon in o haw
hoon calculated consldering deflection increment A;Ut to delflection
increment alfter 24 hours A&U24 ratio, for beams described above,
The results are shown in table 5.
Deflections taken as mean values for both series alter 24 hours

Y

of loading are given in figure 9 /see annex 1/.

Table b

relstive deflection increment after time €
Lo aot‘loct.mn inerement after 24 hours ratioc /A Ut‘ AU24/

Deflection in % alfter time t

Ltem .
1 héur 2 hours 4 hours & hours 12 hours 24 houwrs
1321 12 24 39 46 T4 100
TV 22~24 12 21 39 51 T3 100

Tnteresting is also a relative deflection increment to initial
deflection ratio /immodiately after loading/ Ui,s the initial de-
flectlon being considered as an elastic one.

ratio/ in %

The relating date are given in table 6 as /A Utg Uso

Loble ©

“Gelative deflection increments alter time +
bo initisl deflection ratio /AU, : Uy / in %

DoTlcction in % after time

Ltem $0o 1 hour 2 hours 4 hours 6 hours 12 hours 24 hours
IV 19-21 100 103 107,9 112,8 115,2 124,0 132
IV 22=24 100 103 105,86 110,7 113,6 ~ -119,5 127

Prom the above tables one can deduce that deflectlon increment
alfter 6 hours congtitutes approximately 50 m of deflection after the
first 24 hours and about 15% of elastic deflection. After 24 hours
 defléction increment is about 30% of elastic deflection.




Asnother aspect constituies a form of deflectlon curve -
loading. In accordance with table 1 initial deflection U, 1
vered after unloading, while the deflection Ut imposed under ac..
of load is not recovered. Relative value of such deflection to U
ratio 1s given in table 7.

Table 7

Relative deflection value in % -
to deflection after unloading ratio / Ut

v./

o

(1)

Deflection in % after time + from unloading

Item
0 hours 2 hours 24 hours 48 hours
TV 19-21 100 29 19 6,5
TV 22-24 100 40 18 12,5

Relative deflection value to initial deflection Uto after time
.U ratio has been also calculated as given in table 8.

Table O

Relative deflection value in %

to initial deflection U, after t time Trom unloading ratio

Deflection in 9 after time t from unloading

Item

0 hours 2 hours 24 hours 48 hours
IV 19-21 100 0,9 0,6 0,2
1V 22-24 100 1,0 - 0,4 0,3

Trom tables 6 and 7 one can deduce that 60-70% of deflection in-
duced by loading after time t / not the initial elastic one/ is reco-
vered after 2 hours and after 24 hours 80% of deflection is recove-
red. After 48 hours only 6-10% of deflection is not recovered. Besi-
des it is obvious that , so called, permanent deflection, which 1s
not recovered after 24 and 48 hours from unloading is very smell
in comparison with initial deflection and constitutes 0,2 - 0,5 %
of its value.

Tt also can be seen from table 6, that deflection after time ©
depends upon initial deflection and time of action of load. So de-
fTlection after 6 hours constitutes 15% of initial one and after
24 hourg =~ 30% of i%.




Obviously deflection value depends upon load value oand upon bu.
ding stresses in the mafterial, but this relation is included in ini-
tial deflection /elastic one/. The change of deflection can be ex-
pressed also as a function of coeficient of elasticity "Et"' The
corresponding calculation have been made according to formula /1/,
assuming l= 220 em, ¢ = 90 cm, I = 416,6 cm4, Pry = 130 kG /1,4 ki/.
The results are given in table 9.

Table 9

Changes of coeficlent I, related with loading time.

& %G/ e ' %
Err Brrr By - Brrz

efter loading 64000 59800 100 100
1 hour 61600 57800 96 97

2 hours 59600 : 56400 93 94

4 hours 56800 54000 89 90

6 hours 55200 52600 86 83

12 hours 47000 50000 73 -84
24 hours 44000 47000 69 78

Data from table 9 suggest thal after 24 hours of loading, decre-
ment of coeficient of elasticity Et ig about 30% of its initisl va-
lue.

4.3. Interpretation of tegt results for beams under long term-load -

Congidering test results one can deduce easily that deflection
increases with time. Heximum deflection increment affer one day loa-
ding was observed. This value has been taken as a characteristic one
due to a fact, that can be obtained with easiness when testing units
or beam.

Table 10 presents deflection increment after time t to deflec-
tion after omne da§ loading ratio‘ﬁ'Ut:AS U1.

Table 10

Deflection increment after time &- ,
to deflection increment after one day of loading ratio & Ut AU,




Pable U

e

Deflections Loading Comparative data dn % fow rewicn
ratio time I/IV10-12/ II/IVi3-15/ III/iVi6-18
. 'E.- .....
Usp,t U, 1 year 9,3 9,2 13,0 13,9
3647 "V /384 aays/ ’
Ugm 8t U 2 years 11,0 10,6 - 16,7
734 B v /734 days/ '
. ST . — ‘ [
U1065'U1 3 years 12,0 10,5 1745

/1065 days/

Other characteristic value constitutes elastic deflection Uto
immediately after loading. Deflection increment in time Uﬁ after
1 year, 2 and 3 years 10 elastic deflection Uto ratio 1g also inte-~
resting. Corresponding resulits are given in table 11.

Table 11

Deflection increment after time ¢
to elastic deflection ratio A Ut:A Uto
Deflections Loading __Comparative data in % Tor sevies

ratio time T7EiVAC0-2 TI/IVA3-15  LLL/IVio=-1g Lil/iv=iy
Uy s Uy 1 day 0, 401 0,388 0,364 0,366
Useq? Ugo 1 yoar 3,727 3,574 3,525 5,116
U734 WUio 2 yearsg 4,424 4,116 - 6,133
U1O65’ U, 3 years 4,804 4,059 - 6,408

Data from tables 10 and 11 suggest that deflection increment
after one year of loading is 9~14 times of deflection after 1 day
of loading. The respective deflection is 3,5 ftimes of elastic one.
AfGer 2 years deflection increment is 11 times of deflection after
one day of loading , the corresponding deflection being 4,5 times
of elastic one. After 3 years period deflection increment is 12 ti=~
mes oif deflection after 1 day of loading and deflection is 5 times
of elastic deflection.

To know what shall be succesgive deflections in time is also im-
portant. For this very reason a deflection velgcity Vt has been cal=-
culated in relation with time from the formulas



where}
Ut = deflection increment in time t, mm
t =~ loading time, days

Vt values are given in table 12 and in figure 10 / sgee annex 1/.

Table 12

Mean values of Vt for beams serie I-III /in mm/ 24h/

Vt values for sgerie

Loading
/giﬁg/ I/IV10-11 II/IV13-15 TIT/IV16-18 . IV-18
ATt ér loading 0 0 0 ) G

1 3,80 4,73 7,04 4,40

9 1,28 1,40 1,81 1,50

20 0,84 1,06 1,51 1,54

40 0,49 0,67 0,90 0,96

59 0,37 0,50 0,72 0,74

80 0,28 0,39 0,55 0,57

104 0,22 0,30 0,44 0,45
151 0,16 0,21 0,32 0,32
202 0,14 0,17 0,24 0,24
298 0,10 0,12 0,179 0,18
364 0,096 0,12 0,100 0,16
412 0,086 0,11 - 0,15
512 0,069 0,092 - 0,13
619 0,065 0,081 - 0,11
734 0,056 0,068 - 0,10
810 0,052 0,062 - 0,091
916. 0,048 0,052 - 0,082
1001 0,045 0,048 - 0,076
1105 0,044 0,044 - 0,070
1184 0,042 0,042 - 0,066

1283 0,039 0,039 - 0,061




Dosted curves in figure 10 represent mean values, To druw ..

a bilogaritumic net hag been taken and owing this {tie curveds
nearly straight-lined. Lhe curves Vt -t after approxinabion
have been converted into straight lines and coxresponding Lorumi
hag been developed. In a bilogarithmic net the described relation
is as follows:

gV, =VYls t +1lg o /3/
where?
Vt - deflection vglooity of beams , mm/24 h
W ~ directivity factor of straight line in bilogaritlunic net
t « loading time, days
¢ =~ velocity v after one days of loading.

As the terms of formula are determined by the curves in figure 10,
deflection of beam can be calculated after arbitrary time using
following foxrmulas

144

where:
UJG0 - initial elagltic defleciion
On basls of diagram 10 the following wvalues of ¥ and ¢ hdve been

calculated /table 13/:

Zable 13
VY and ¢ values
. IFactor
Serie

Y e
I/IV 10-12/ -~ 0,750 ' 7,6
II /IV 13-15/ - 0,748 9,5
IIT/IV 16-18/ - 0,755 14,5

In accordance with table 13 the slopes of curves Vt in bilogari-
thmic net are almost the same Ifoxr each sexrie , it means are inde-
pendent from load value. So inclination of curves depends exclusive-
ly upon material properties and probably upon iis viscoelasticity.
Delflection veloclity is determined by fterm ¢, e.g. by delflection ve=-
locity after one day of loading, which depends upon load value, it
means, upon stressed. '




Stress value may be determined relatively easily during ti-
llowever it ig necessary to take into account that the mode of wu-
termination of deflection of structures after loading time T is
based upon tests carried out Ffor 100 days / what allows to draw
a diagram in a bilogarithmic net/ is only an approximate one. 1
shall be necessaryAto test major number of specimens in different
climotes, especially as far es humidity is concerned,

The tests undertaken prove an exitreme sugceptibility of material
and dependance of material behaviour on humidity and temperature
of air / steps on deflection curves/.

Let us interpret again ¢ values from table 13. For serie I res-
' pective stress value has been of 50 kG/em2, for serie IL -~ 70 kG/cn?2
and for serie TIL - 100 kG/cm2, so coeficient of siress increment
nas been: for serie I - 1,0 , for serie IL - 1,4 , for serie IIL -
2,0, Comparing ¢ values one can obtain ; %*g = 1,25 /insteéd of 1,4/,

H

1%?% = 1,94 /instead of 2,0 /.

Trom above calculations one can deduce that ¢ value shall be
propor-tional +to stress value. The differences are due +t0 impre-
cigion of drawing aproximate straight lines in figure 10 owing to
scatter of results /steps/ and too reduced number of tests.

In accordance with it, one can try to determine stresses imposed
in beams assundng pre~fixed deflectlon values in time, e.g. deslign
beams on basis of limit states method taking into account their
serviceabllity. |

Deflections calculated from formula /4/ in relation with their
serviceability are as follows: /table 14/

Deflection of beams in time /um/ calculated from formula /4/

Stress U Deflection in mm after vears
value to 5 10 5 0
kG/cm2  mm | 5 5

50 9,5 59,1 68,5 83,5 96,6

70 12,2 74,2 86,0 105,0 121, 1
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"he tegts resubs Trom table 14 suggest that def. nn induce:
by stresses of 50 kG/em2 arc considerable and it is ¢ .-.zible
take them into account in structural design. Besides sircss valuc
given in Polish Standard PN-73/B - 03150 for hardboard as 100
kG/em2 /10 MPa/ is excedingly high and it is necessary to correcs:
it

Prom data interpreted before there is impossible to deduce
vhaet kind of relation exists between deflection veloclty and sgpan
of beam at the same stress value. This problem shall he invegti-
gated in future.

Begides it 1s interesting what will be a coeficient of clasticiity
T, value according Yo Tormula /1/ after replacing‘f by(?t y Cole LY
deflection changing in time. The respective calculations are given
in table 15,

Et Table 15

Coeficlent of elasticlity values o%lculated from formuls /1/
as a function of loading time, 107 kG/cm?2

%gadihg : Et values for beams Et mean values
/3235/ IV 10-12 IV 13+15 IV-18  kG/cm? o
101Pa. "
o 49,8 54,2 78,7 - 60,4 : 100
1 35,6 39,0 76,1 50,2 _ 82,4
9 22,4 26,6 37,0 28,7 47,1
20 17,9 19,8 22,0 19,9 32,7
40 16,1 16,8 18,7 . 17,2 28,2
59 14,8 15,7 16,9 15,8 25,9
80 14,5 15,1 16,3 15,3 25,1
104 13,9 15,0 16,0 15,0 24,6
202 11,9 13,9 15,2 14,0 23,0
298 11,3 13,0 13,8 12,7 20,8
364 10,5 11,8 12,9 11,7 19,2
412 10,5 11,4 12,2 11,4 18,7
619 - 9,4 10,3 11,6 10,4 17,1
810 9,0 10,5 11,0 10,2 16,7
1001 8,7 10,8 10,6 10,0 16, 4
1283 T+ 10,5 10,4 9,6 15,8




Prom the results glven in table 15 one can deduce that aii. .
three years B, value is 16% of initial value E_.

4o4. Interpretation of test results for beams under long-tein
cyelic ioad '

The first aspect congtitutes a change of deflection values,so called
elastic deflection, under cyclic load.
‘"he respective values have been calculated on basls of table 2 and
are given in table 16,

Table 16

Chonges of Geflection of beams immediately after loading
and under cyclic load

Deflection in mm and % for geries

Cyele i TT TIT
mm % mm % nm ¢
1 12,4 - 100 11,7 100 16,9 100
2 11,3 91 12,2 104 20,1 " 119
3 14,1 114 9,2 79 16,6 98
4 10,0 81 8,7 74 15,4 91

The resulbs given in table 16 suggest that deflection of beans
under load -decreases in dependance on c¢ycle of loading , e.g. every
load applied to a beam induce a deflection smaller than an anterior
one. Too reduced number of cycles is not sulfficient to deiine rules
- Tor changes taking place..

It would be recommendable to investigate the relatlion between de=-
flection and number and level of load. Another interesting aspect
constitutes the increment of permanent deflection / not to be reco-
vered/ corresponding to each cycle. Respective results are given
in table 17.

Table 17

Permanent deflection increment in mm and % for separate cycles

Permanent deflection increment in separate cycles /mmn/
for beams of serdie

Cycle T , TT TIIT
_ mm % T % i %
1 #15,7 100 12,8 100 16,4 100
2 ~ 2,0 12 +5,7 44 +4,6 28

3 -11,9 76 +8,1 63 +743 44




Prom table 17 one can deduce that permanent deflectlon value .
creages with each subsequent loading. This value depends probably
upon loading of beams in every cycle. Due to a fact that test resulv.
have veen greatly influenced by changing climate /changes of tempera-
ture and hunidity of elr/ such relation is not to be determined on
the basis of them.

Another aspect analysed has been a variation of deflection velo-
city within separate cycles of loading. In figure 11 /see annex 1/
curves illustrating deflection veloclity are shown, calculated from
formula /2/ for separate cyclesg,

Proceding according to 4.3. approximate stralght lines have hcen
dravm for cycles 2 and 4 as shown in figure 11, what allowed to cal-
culate of coeficlents Y and c¢. However not for every curve illustrated
in figure 11 has been pogsible to determine the coeficlants above
mentioned considering difficulity of applying an approximation method
because deflection of beams have been affected also by air humidity
and temperature.

‘f and ¢ values go determined are given in table 18,

Table 18

Coeficients ¥ and ¢ calculated from Tormulae /3/ and /4/
for separate cycles

Coeficients values

Cycle Beam 7 S
1 IV 1""‘9 ’ "'0,795 -
IV 1-3 . -0,705 1,5
2 IV 4-6 =0,705 1,9
IV 7-9 -0, 705 2,7

Avcording with table 18 the. slope of approximate straight line

in bilogarithmic scale is similar to one described in 4.3. The slope
seems %o be related with number of cycles and chiaracteristic value
of materisl. ¢ value for separate cycle depends upon load applied
and subseguent cycle. ¢ value increases with number of cyclés. Precise
¢ values may be determined after more complete tests during which
load values, beam spansg and lot size shall be recorded.

. Thus on the basis of tests undertaken one can deduce that deflec—
tlon velocity depends upon load value and number of cycles of loading.
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Conclusions

1. The relation above meationcd suggest that the tests on i
under long=-term load are ilmportant and useful , egpecially -
far as new gtructures from wood- baged products are concerii

o, In accordance with the results obtained, is necegsary to con-
gider the time factor while designing structural units. The de-
gign shall include the serviceability time of structure until
failure will occur, assuming correct safety mergin.

3., There is a necessity to develop design methods based on service-
ability time of structure until failure will take place. '

4. As the test resulis obtained suggest the bending strenght of
laminated elements from hardboard is independent from service
period and variations of stress /relatively slow/, but deflec-
tion and deflection velocity depend upon load, loading time
and changeg of load applied. '

5. Purther investigation deserves determination of climalte effect
on deflection and deflection velocity considering loading time
and chaonges of load applied. '

6. £t is purpogeful to correct stresses established by lPolish
Standard PN—TB/B; 03150 "Wooden structures. Static calculations
and design". | _

7. In accordance with the tests performed, vertical lamination
contributes to increased strenght and elasticity of beams.
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CONDITIONS

1. Introduction

Taling into account the growing demand for constructional materials
in Poland, tests have been started in order to determine sultability
of special densified hardboard for bulilding structures.

The tests have been wundertaken acknowledging physical and mechani-
cal properties of special densified hardvoard which proved to be
a promigging material as far as strenght, influence of air humidity
and homogeneous structure are concerned.

FPor complete asgessment of special densified hardboard it has been
necessary to know its behaviour under long-term load and in normal '
gervice conditiong, it means under varying climate., The results given
in this paper fill up the gap in this subject.

2. Scope

The tests have been carried out on 3,2mgpecia1 densified hardboard
. manufactured by ZakZady Piyt Pilséniowych in Czarna Woda,Poland, which
have been considered ag a representative of all special densified hard- 3
boards produced in Poland, on the basis of their physical and mecha-
nical properties determined before /5/.

Raw materials used for manufacture and basic data ooﬁcerning manu-
facture sre as follows:
a/ wood~based raw materials:

~ edgings for pulping clrca 27 per cent
~ glash 53 per cent
- solvent- extracted shavings 16 per cent
- gerap veneer and other waste materials 4 per cent

b/ improving materials .
~ wood rosin and slack emulsion -~ 4,2 kg/ton of sheet material
/calouloted in respect with dry matter of components/,
~ gluminium sulphate 3,6 kg/100 e




~ colorant /helion brown/ ' - 0,1 kg/100m2

- 0il preservative _ 95 kg/ ton
/mixture of linseedoll and talacyd D~50 of hardboard
in proportion of 3:1/

¢/ basic data concerning manufacture:

- moulding pressure ‘ 5,5 IMPa
- moulding temperature 205°¢
- 01l preservative temperature circa 110°¢
~ oll treatment temperature circa 165°¢

The tests on hardboard carried out by uws as well as those carried out
by technical staff of the producer proved its compliance with polish
industry-wide standard BN-69/7122-11 "Fibrebosrd from wood".

e

Regearch program

The program has been bsged on principles and data from national

and foreign literature , and nas - aproved by national sclentific
and research institutes interested in this theme,

Te

Research program included:
lMeasurement of deformation of hardboard under long-term load and

- under cyclic changes of climate, with bagic paramelers as followst

2o

a/ climate
- temperature of 20°C and R.H. of 90%,
- temperature of 60°C and R.H. of 60%.
b/ load.range; 15%, 206, 25% and 30% of short-term strenght
¢/ type of long~term loads
- in tension,
-~ in bending
d/ cycle of climatic changes; 15 days
e/ loading time for specimens: 60 days.

Determination of short-term strenght of specimens

a/ after conditioning / the strenght determined so constitutes
a reference level for ofher tests/,

b/ unlowsded , e.g. after being under action of long-term load
for 2, 4 and 6 months,

¢/ after being in different varying climates for 2,4 and 6 months
without load. |




4, Selection of samples for long-term tegls

4.7, Speciuwensg for meagurenent of deformation in tengion

The design and dimensions of speclinens for this test have been
egtablished after discusgsing the data related to specimens used for
guch tesgts 1n Poland and abroad considering besides the possibility
of carrying them out. he form of specimens has been a8 the one re-
commended by TAO /4/ but with modified dimensions. The specimcen is
shown in figure 1 /see annex 1/.

4.,2. Specimeng for measurenent of deflection in bending

\ For this test 150 mm long and 50 mm wide specimens have been
taken , whose dlmensions corresponded to those recommended by TFAC /4/

and in sccordance with polish standard /1/.

5. Testing equipment

5.1« Bauipment for measurement of deformation in teunsion

The equipment /fig. 2 - see annex 1/ has been composed of two
metal frames, the one being perpendicular to the other,jointed ri-
gidly together. _

In the vertical frame there have been 12 grips for specimens ond
in the horizontal frame have been 12 lever arms with leverage of
1: 10 . | -

The specimeﬂs have heen secured by grips, upper and lower oileg.
The lower giip has been connected with a lever arm by means oi a
connector having adjustable lenght. '

At the edge of lever arin cast iron welghts have been hanged.

The equipment has been placed in a climatic chamber in a way
allowing testing of 48 specimens .at the same time,

For measurement of elongation gauges having working range of 10um
and graduation of 0,01mm have been used. The gauges have been abta-
ched to the specimens /fig.3 - see annex 1/ by means -of nailed plates
driven into specimens.

5.2, Bguipment for measurement of deflection in bending
The -equipment has been composed of a rigid horizontal frame

with legs so dead weights attached to the specimens were allowed
to hang down /fig.4 - gee annex 1/. To the frame two supports have
been fixed, spaced at 100 mm, on which the gpecimens have been collo=-
cated.




The specimens placed on the supports have been loaded with coat
iron weights hanged on a metal bar provided with a shackle, whose
upper part formed a thrust having o radius of curvature required.

The deflection has been measured with a dial gauge having working
range of 10mm and gradustion of 0,0%tmm. The gauge has been additio-
nally provided with special calibrated legs, allowing thus measurement
of deflection exceeding its working range. The gauge leg crossing
the hole in the beam and the hole in the shackle thrust /fig.5 - see
annex 1/ has been rested on the centre of lenght and width of speci-
men, while the ring around the gouge leg /under gauge box/  .: res-
ted on the beam, providing identical collocation of gauge during
subsequent measurements.

5¢4, CGlimatic chamber

A climatic chamber has been gsituated in the basement and cdap=~
ted for this purpose. Outside the chamber two ventilators have been
installed providing so a circulatlon of air in closed cycle.

The temperature inside the chamber has been mantained as required
using contact thermometer for control of electric heaters., The reloa-
- tive humidity of alr has been controlled by contact hygromenters
connected with electric heaters in conteiners with water . The vepour
produced by them increased air humidity. When a decrease of hwnidiby
has heen needed the air has been impelled from the outside and elec-
tric heaters were switched on,

The chamber has been provided with itwo doors having o vestibule
between them., In such a way the chaiber has been protected agains%
variation of temperature and hwnldity, when entering it.

The temperature inside the chamber of 60°C has been mantained
with sn asccuracy of +2°C  and humidity of 40% with an accuracy of
+5%, while the temperature of 20°C hag been mantained with an accu-

racy of -5°C and regpective humidit?fwgg% an accuracy of -5%.

6. Tegt procedure ond results
6.1, Sampling

We hava received 30 panels of hardboard, 6 of which have been
selected for gampling. Out of each panel samples have been taken

as Tollows:
- 36 samples for testing in tension,
~ 36 gamples for testing in bending.




While taking samples the following rules have been observed:
the controls have Dbeen tuken in accordance with polish industry-
wide standard BE=-69/7122-11/1,

- the samples have been taken in such a way that 50% of them have

t

baen situated acrogs and 50/ along the panel,

- the samples / except controls/ have not to be taken from the 15cm
strip along the edges of panel,

- the samples used for one test have been representatives of all
panels,

Considering the incoanvenience of testing such a great aumount of
specimens in so small a chamber, reduced number of testing stations
and long duration of a single test, each test has been carried out
with 12 specimens. |

642, Detemnination of short-term strenzht

6.2.7, Standard procedure

Fach of 6 panels underwent such a procedure in accordance
with the standard /1/. It is necegsary to mention that, according
to the standard /1/ only one panel has to be controlled, but having.
in consideration a determination of precise properties, samples have

been taken from every panel.

Vie congidered also necessary to take the mean value of bending
gtrenght as o feference level for specimens submitted to long-term
testg. |

The results of checking special dengified hardbosrd /olfter condl~
tioning in 20°C and 65% R.l./ concerning density, moisture uptake,
swelling, moilsture content and bending strenght are given in table 1.

The test results obtained have complained with the requirements
of gtandard /1/.

6.2.2¢ Determination of tensile gltrencht

For determination of tensile strenght / not covered by the
standards/ S-ton Armsler machine hag been used, the specimens being
as shown in figure 1.

Po this test 12 specimens have been submitted.
The tensile strenght has been calculated from the formula:

R, = P
r  — MPa




where; Rr -~ tensile strenght, in liPe
b~ width of specimen measured in reduced area, in cm
a = thickness of specimen, in cm.

The tensile strenght vaelues obtained durlng the test on Up001a1
dengified hardboard pre~conditioned in 20°C and 65% R.H. yaTe given
in table 1.

Table 1

Mean short-term strenght values for speclal densified hardboara
gpecimensg

Item Properties Unites  Results Remarks
1 Densi by ‘ kg/ m3 1030 1050%/
2 Moisture uptake per cent 15
3 Swelling ' per cent 9
4 Molgture conteant per cent 5
5 Bending strenght IPa 72,2 40,0x/
6 Tenslle strenght IPa. 47,5 25,0“‘/

x/ requirements of PN-73/B-03150.
6.3, Long~term tests in tension

6e3¢1s Procedure
f

The gpecimens have been conditioned until constant weight was
obtained in 20°C and 65% R.H.'climate, considered as a reference level
Afterwards their working cross-sections have been measured /in the
centre of reduced area/ which were taken Tor calculation of load. .

The load has been calculated considering, as it was sald before, 150,
20%, 25% and 30% short-term strenght /table 1/. The reference line
100 mm wide has been established, crosging the centre of woricing
cross-section and on this line a dial gauge was fixed. The dinl gouge
has been fixed to the specimen by meang of nailed plates driven into
reference line. On the other reference 1ineastop hag been fixed /in
a similar way/ into which a leg of gauge was inserted.

The specimen fized in the equipment and prepared for the test sliows
figure 3 /see annex 1/,

Prior to test, the specimens have been pre-loaded /with smnll load/
to check the operation of a stopping lever arm gear, After taking
Zero readlng, the specimen has been loaded very slowly and the next
readlng las been taken 1mmed1aﬁely alfter the loading was finished.
 After finishing the loading, the equipment for I cycle of climate




/20°C , 90% R.H./ has been put into operation.

The readings of deformation have been taken after 12 hours, and
s-ubsequently after 1, 2, 3, 4 and 5 days and later every 5 days
for a six month period. The tests bave been run under cyclic changes
of ¢limate: for 15 days 20%¢ and 90% R.H. climabe was nantained
and for the next 15 days 60°C and 40% R.H.

To guch variations of climate loaded specimens have been submitted
also without meaguring their deformation as well as non~loaded gpeci-
mens. In such a case different strenght values have been measured
to determine the influence of long-term load under cyclic changes of
climate ‘and separately the effect of cyclic changes of climate /with-
out action of load/. | “

The test procedure has been as given in 6.2.2. using specimens
pre~conditioned in 20°C and 65% R.H. climate.

6.3,2. Test results

The mean value of deformation of specimens in bending in rela-
tion with time and load level are given in table 2 and represeated
as a curve in figure 6 /see annex 1/.
The mean value of deformation in relation with time and cyclic
changeg of climate are given in table 3.
Lable 2

liean deformation velue for special dengified hardboard in tension
in relation with time, load level and cyclic variations of climate

Climate Mean deformation in mm

+ Oc Loading time at load level of
— days 5% 20% 255% 300
1 2 3 4 5 b
prior to loading 0,00 0,00 0,00 0,00
immediately after
loading 0,04 0,05 0,05 0,08
' 0,5 0,17 0,19 0,13 0,16
1 0,19 0,21 0,17 0,22
2 0,23 0,24 0,19 0,25
20 3 0,26 0,26 0,20 0,28
4 0,28 0,28 0,23 0,32
5 0,30 0,31 0,28 0,41
10 0,30 0,32 0,57
15 0,32 0,34 0,79
20 Q,o1 0,49 0,495
69 25 0,40 0,52 1,05
40 30 0,41 0,53 1,27

to be continued on page 8B



continued from page 7

] 2 3 4 ) 6
20 35 0,45 0,61 1,39
30 40 0,50 0,77 1,52

45 0,54 0,81 1,66
60 50 0,57 0,82 1,68
40 55 0,61 0,83 1,67
60 0,62 0,72 1,79
20 6 0,6 0,70 1,82
70 73 0,66 0,77 1,83
75 0,68 0,95 1,86
60 80 0,69 0,98 1,87
70 85 0,70 1,12 1,89
90 0,71 1,03
20 95 0,74 1,00
50 100 | 0,76 1,09
105 0,81 1,16
60 110 0,84 1,21
70 115 0,89 1,25
120 0,94 1,21
20 175 0,98 T, 20
90 130 1,00 1,18

\ 135 1,02 1,02
60 740 1,06 1,26
0 145 1,08 1,21

A 150 1,10 1,21

20 155 1,13 1,22
14] 160 1,17 1,24
165 1,20 1,28

60 170 7,24 1,28
70 175 1,26 1,36
180 1,28 1,41

- Table 3

HMean tensile strenght of special densified hardboard
in relation with loading time and changing climate

Load  Tensile strenght in iPa :
level  during long-term loading Remarks
in % for a period of

2 months 4 months 6 months

0 41,1 39,5 39,8

15 43,1 38,3 33,8

20 - 36’3 3398 . B

25 - - - 9 specimens have failed in 55days

30 . - - C- all specimens have failed
in 14 days




6.3.3, Interpretation of test reosults

Digecugsing the results from table 3 is poseible to ascertain
that strenght of specimens in changlng climate and without loading
for six months has decreased in circe 16%. The strenght of speciumens
under 15% load has been reduced in 30%.

he strenght of specimens under load for 2 months /at load level
corresponding to 20% of short-term strenght/ has not been determined,
but after 6 months under such load strenght decrement has been of
30%.

Under load corresponding to 25% and 30% of short-term strenght
all specimens have failed before 2 months were over. The results are
given in table 3.

The loads used for test have thelr cormsponding stress values
which are as follows: _ ,
~ a8t 15% of short-term strenght the respective stress is 7,1 iifa
- at 20% of short-term strenght the respective stress 1s 9,5 KPa
- at 25% of short-term strenght the respective stress is 11,9 LiPa
- at 30% of shorft-term strenght the respective siress ig 14,2 lPa

Analysing the deformation curves in figure 6 one can state that
ot stresses of 7,1 MMPa and 9,5 iiPa, their initial portion is curved
but the next one has been practically straight-lined, what proves
gtabilization of deformation velocity. '

On the bvasisg of curves mentlioned , Jormulae for stralight-lines

ore given / using approximation method/ @
- for 7,1 iPa stress y = 0,00583 & + 0,25
- for 9,5 MPa stress y = 0,00555 % + 0,50,

The above equations represent the relation between deformation
/elongation/ of panel in bending "y" in mm and time "t" in doys
of sction of load. The equations for other values of stregses could
not be calculated becauge to many specimens have falled after saort
time .
6.4 Liong-tern tests in bending

6b.4e1s Test procedure

The speclmens have been conditioned in 20°C and 65% Rel, until
constant welght was obtained and then their working cross-sec—
tions have been measured, for which load value was - ealculated
taking the short-term strenght /table 1/ for culculation of lond.
Alter the shackles have been weighed , & number of welghts have been
attached to the rods collocated on them /fig.4/.lhe specimens have
been put on the supports, the span between them being of 100 mm wnd



,
end zero reading has been taken /without loading/. Afterwards the
shackle with welghts has been hanged on the specimen /in the centre

of span between supports/ and succesggive readings were taker.

The method of measurcment is shown in figure 5 /see annex 1/,

After rendings and loading have been completbed, the device main-
teining inside the chawber o temperature of 20°¢ and 90% R.H. were
put in operation. The readings of deformation have been token aftex
1, 2, 3 ,4 and 5 days , and then every five days during six month
period. In the run of the test the climate has been changed cycli-
cally every 15 days /fvom 20°C ,90% R.H.  to 60°C , 40% R.H./.

To the sction of sucha climate loaded speclmens have been also
submitted Ffor which no reading of deformation has been taken, as well
as non-loaded specimens. _

Those apecimeng have been tested to check the effect of long-term
load and cyclic changes of climate or changes of climate exclusively.

Phe tests have been carried out in accordance with the requirements ,
of standard /1/ and on specimens pre-conditioned in 20°C and 65% Rel.
having modified width asg described in 4.2.

6.4.2, Test results

mhe mean deformation of specimens in bending in relation with
load level and time is given in table 4 and illustrated in figure 7
as 8 curve,

The mean values of bending strenght in dependence on-loading |
time and cyclic changes of climate are given iln table 5,

Tnble 4

Mean deformation of special densificd hardnoard in bending
in dependendence on load level and eyclic changes of climate

Cl%mate Loading time Moan deformation in mm under load Ltevel of
t ~C in days 15% 2% 25% 300
R %

1 2 3 4 2 6
Prior to loading 0,00 0,00 . 0,00 0,00
Tmmediately after
loading 1,68 2,70 3,23 3,94

20 1 2,15 3,13 5,49 8,54

% 2 9339 3,?8 - -

3 2,21 3,4 - -
4 - - 6,36 10,09
g 2,34 3’59 6-8f' 11“'

- - ‘ 1
10 2,42 4,10 6159 '
15 4,55 7,65 1,59

Lo be continued on page 11




Table
continued from page 10

[ 6V ol SR AU R (oot 1
oW S n -

" " hon

300y | OO

-

T~ AN  NOM | At~ | —OO <t~ 58 X4V AV ST | O — My e oy oy
NOCN i [ e oy OO | D DO Mm WA oo m ~0Mm | IO o
- o = - " - L S Y LT S Y - = LT Y Y - = = - ., - - n ,.”
CAOXD VOO VOO OO0 oo ooo O —o ey et | srinveny

Ll wa L el vl el T o Jliai.dl. T T b 2 Sl Ll il v L S el T T
WO WO -~ o | v 0O o™ Lo e AN | N D O ] IO Y
=0 ~0-C0 | OO N ] oo | st [ <IN [TaSTat¥s! -t | <O~ CCOQoY j oM
[ Y - - - - - L Y - - W - L L 3 E .3 - - - - - -~ - - L .Y ” L ) ™ - - - L -~
OO e, [TaV ot Ia W AN Io Ts YN OO sl e ss]esee]

WWwW {woe |www et e e ~

onG IO | OGS wmowm { oo NO 1Dy OO O | OO IO | OO
N oYy | oy <<t oY Iai¥s O b= oo O O e oMY | s WWO\D ~t-
— T A aall — - T e

Sk | SR| 2| SR} S| || | W] k| W} Sk




-

Mean bending strenght of special dengified hardboard
in relation with loading time and cyclic changes of climate |

Load Bending strenght in liPa
}evgl undexr 1ong~term load Remarks
in % for a period of

2 monthg 7 months 6 montns

0 69,3 66,6 61,3
15 64,0 58,9 56,5
20 63,1 x/ x/ x/ specimens have been inmpro-
o per for testing
25 - - - specimens have Tailed after
approximately 1,5 month
30 - ' - - gpecimeny have falled after

2 days

"6.4.3. Interpretation of test results

The specimens of special densified hardboard tested not under
load but under cyelic changes of climate exclusively after 2, 4 and
6 months showed & streght decrement of 4%, 8% and 15 % respectively.
Strenght decrement in case of specimens under 15% load level for
6 months has been of 10% in comparison with non-loaded speciméns.
Under 20% load level strenght decrement has been determined aolely
affer 2 month , which was of 9%, because after 4 and 6 months the
specimens have been greatly delformed. .

The load levels applied in bending have corresponded t0 stresses
‘ag followsg: '
- to a 15% of short-term strenght corresponds a stress of'10,8AMPa
.= to a 20% of short-term strenght corresponds a stress of 14,4 LPa
a stress of 18,1 liPa
- to a 30% of short-term sirenght corresponds‘a stress of 21,7 MPa
Prom the table 4 and figure 7 one can deduce that deformotion de-
pends on climate and time of its action, but always the load deber-
mine decively deformation value. 25% and 306 load levels have been
to high for gpecial densified hardboard, Ffor all specimens failled
after 1,5 month and after 8 days respectively. ‘ ,
On the basis of results obtained equations of &traight lines

- to a 25% of short-term strenght corresponds

/after approximation of curves from figure T/ are given:

~ for 10,8 MPa gtress y= 0,02 ¢t + 4,8

.= FTor 14,4 IPa stregs y= 0,0394 % + 7,4

whot illustrates the relation between deflection "y" ond time of ag=
tion of determined mtress.




Oelledhs Goneral inberpretotbtion of tueub results

From the tests ol@ve described one can deduce that strenght
of gpecilmens subuitted for 6 mouths Lo variable climate ig reduced
in 15% in tension and in bending.

AL 15% load level gtbreaght deerement has been of 30» in Gtension
and 1065 in bending in case of noua-loaded specimens placed in cycli-
cally varying climate. The gpecimens belng under load corresponding
to 2@ of shorb-term strenght showed strenght decrement in 30,0 in
tenglon , but in bending all gpecimens have fulled and the respecti-
ve decrement could not be defermined. '

Comparing the strenght of specimens after 6 monbths under Llouad
level of 15% and 20% of short-term strenght in variable climote .
/tables 3 and 5/ with short-term strenght from te sble 1, thie conclu~
glons are as follows-

- in tension - under load of 15% and 20% of short-term strenght
the corresponding slreinght decrement has been ol 30/,
- in bending - under locd of 15% of ghori-term strenght , the corwon-
ponding strenght decrement has been of 22% ,for under
load of 20% of mhort-term strenght the specilmons
failed,

Toad levels of 25% and 30% of shorb-~term strenght are for upeclal
dengified hardboard too excessive in tension and in bending, Lo
the gpeclmens have falled. So in congideration can be taken only
15% ond 207 load levels with corresponding stresses ol 10,8 LiPa and
14,4 HPa in bending and 7,1 iPa and 9,5 MPa in tension.

The results obtained suggest that corresponding stressges for
special dengified hardboard in polish standard PR-73/B~03150 /tuble
13 and c¢louge 3.10.2/ ‘which for tensgion are of 60 x 0,5 = 30 kG/cul=
3,0 iPa , and for bending of 100 x 0,5 = 50 kG/cm?2 = 5,0 MPa_,should
be corrected.

The deformations attained under 156 and 20% load leveld in toension
have been practically equal, but under 25% load level deformation
has Deen so large that specliens failed before 3 months were over.

Deformations in bending have been very unfavourable, e.g. undevr
20¢% load level after 6 months, deformation values were in 905 prea-
ter than those obtained under load level of 15%. It is necessary to
mention that corregponding curves have been also very unfovouruble.
Congidering the growing use of special densified hardboard for
wooden gbtructures 1t 13 very important to calculate deflection of zﬁ'
such structures taking into account the factor of time related with
large deformations.
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DETERMINATION OF DEFORMATION OF HARDBOARD
UNDER LONG=-TERM LOAD IN CHANGING CLIMATE °

1. Introduction

Constantly growing interest in hardboard is due partly to a planned
increase ol its production in Poland and partly to e possibility of
substiftution of wood with a similar product having more homogeneous-
gstructure. '

Recommending the application of hardboard for building construcw

tions, siructures made from wood and hardhoard , such as roof cove-
rings in form of laminated oxr nailed prefabricated units hawve been
~taken into account.

2. SCOEC

The tests have been carried out with 4mm hardboard manufactured
by Zaklady Pyt Pildnowych in Czarna VWoda ,Poland, this being<ack—
nowledged ag a representative of all national hardboards.

On the grounds of data received from the manufacturer, we describe

here a characteristic properties of raw materials as well ag basic
date concerning menufacture of hardboard.
a/ wood-based raw materials

- edgings for pulping | chrca 25 per cent
-~ glash - 53 per cent
-~ golvent—- extracted shavings 16 per cent
- scrap veneer and obther waste materials 4 per cent

b/ improving materiels .
- wood rogin and slack wax emulsion -~ 4,2 kG/ton of sheet mote-
rial / calculated in respect with dry matter of components/,

- aluminium sulphate circa 3,6 kG/100m2

- golorant /helion brown/ : 0,1 kG/100m2
¢/ Data concerning manufacture:

- moulding pressure . : 5,5 liPa

- moulding temperature 205°¢

- oll treatment temperature : 165°¢



'Tests on hardboard panels carried out by us as well as those carried
out by the technical control staff of manufacturer proved their com-
pliance with the polish industry-wide siandard BE-69/7122 "Fibreboard
from wood™,

3. Research propgram

The program hag covered procedures of debermination of hardboard pro-
pexrties, impoftant from view-point of design of different building
units, primarily roof coverings from wood and hardboard.

S0 measurement of deformation of wvarious specimens of panels under -
action of load in changing climate conditions became necessary. Llhe
most undesirable effect may take place under cyclic changes of clima-~
te. '

The research progrem has been established on the basis of related
literature and after consultations >held with Instytut Techniki Bu-
dowlene]j /Institute of Building Technology/, Politechnike Warszawska
/Technical Univergity of Warsaw/, Centralne Laboratorium Pxyt Pilé-
niowych / Central Pibreboard Laboratory/ and Academies of Agriculture
of Warsaw and Poznaif. ‘

Research program includeds
1. Measurement of deformation of hardboard under cyclic changeés of
climate with basic paremeters as follows:

e/ climate |

- temperature 20°C and R.H. 90%
- temperature 60°C and R.H. 60%
b/ load rangeé 165%, 20%, 25% and 30% of short~term strengnt
¢/ type of long-term load.
- in tension
- in bending
4/ cycle of climatic changes: 15 days
" e/ loading time for specimens : 60 days.

2. Determination of short-term strenght of specimens
a/ after conditiong the strenght determined so,constitutes & refe-
rence level Tor other tests.
b/ uwnloaded , e.g. after being under action of different long-term
loads for 2, 4 and 6 months,
c/ after being in different changing climates for 2, 4 and 6 months
without load. |




4, Selection of sempleg for long-term btesls

4.1s Specimens for meagurcment of strain in tengion

The design and dimension of specimens for the test have been
determined after analysing data relating bo specimens used Ior such
tests in Poland and abroad , considering besides the possibility of
carrying them out. Uhe design of specimens hag been as the one reco-
‘mmended by FAO /4/, but having modified. dimensions.

The specimens is shown in figure 1 /cee annex 1/.

4.2, Specimens Tor meagurement of deflectlon in bending

Por this test 150mm long snd 50 mm wide specimens have been
taken, having dimensions equal to those recommended by ¥AO /47
and corresponding to the standandard /1/.

5. Testing equipment

5.1s Douipment for measurement of strain in tension

The eqguipment / illustrated in figure 2 = annex 1/ has been
composed of two metal frames, the one being perpendicular to the
other, jolnted rigidly together.

in the vertical frame there have been 12 grips for specimens
and in the horizontal one there have been 12 lever arms having
leverage of 1;109 provided with grips situated on the connectors
heving ajustable lenghte.

The specimens have been fimed o the grips.

Considering the relatively suwall surface of climatic chamber,
the equipment described has been siftuated ln two levels / figure 2/
allowing in this way testing of 48 specimens at the same time,

for measurement od elongation gauges having operating range of
10 mm and graduation of 0,01 mm have been used. The gauges have been
fixed to the specimens with nailed plates , driven info specimens.

5,2, Bowipment for measuroment of deflection in bending

The equipment has been composed of a rigid horizontal frame
with legs, mo dead weights atterched to the specimens were L
~wed to hang down / figure 4 - annex 1/. To the frame have been fixed
- two supports spaced at 100mm and havfng radius of curvature complying
with the standard /1/. In fthe centre of this span a beam has been
fixed above the frame with 6 holes for the leg of dial gauge for mea-
surement od deformation of gpecimen in the centre of its lenght and
widthe.

e



A specimen placed on the supports above the holes in the beam,
has been loaded with dead-weights hanged on the metal bar provided
with shackle, whose upper part formed a& thrust having a radius of
curvature required.

The deformation has been measured with dial gauge having working
range of 10 nm and graduation of 0,01 mm. The gauge has been aditio-
nally provided with special calibrated legs , allowing thus measure-
ment of deformation exceeding its working range. The gauge leg pa-
gaing through the hole in the beam and the hole in the shackle Thrust
/figure 5 - annex 1/ has been rested on the centre of lenght and width
of specimen, while the ring around the gauge leg /under gauge box/

rested on the beam providing identical collocation of gauge du-
ring subsequent measurements.

5.4, Climatic chamber

A c¢limatic chamber has been 12m2 room situated in the basement
and edapted for this purpose. Two ventilators situated outside the
chamber with pipes provided air circulation inside the chamber in
cloged cycle.

The temperature inside the chamber has been mantsined ag required
veing contact thermometer for conltrol of electric heaters.

The relative humidity of air has been controlled by contact hygro-~
meters connected . wlith electric heaters submerged in containers
with water. he vapour produced by them ingreased alr humidity. When
& decrease of humidity has been needed the alr has been 1mpelled Trom
‘outside and electric heaters of air have been switched on.

The chamber has been provided with two doors having a vestibule
between them. In such a-way the chamber has been protected against
variation of temperature and humidity, when enterlng it

Mhe temperature of 60°C inside the chamber was - . mantained
with an accuracy of 2 °c and humidity of 40% with an accuracy of+5%,
viilst the temperature of 20°¢ has been mantained with an accuracy
of +5°C and humidity of 90% with an accuracy of =5%.

6o Test procedure and results

6.1+ Sampling _
We have received 30 panels of hardboard, 6 ofwhich have been selec—

ted for sampling. Out of each panel samples have been taken as follows:

- 36 gsamples for testing in tension,
~ 36 gamples for testing in bending,
- 18 gamples for testing in compression.
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While talking samples the following rules have been observed:

- the controls have been taken in accordance with polish industry-wide
obligatory standerd BN-69/7122-11/1,

-~ the samples have been taken in such a way that 50% of them were
gituated across and 50% along the panel,

- the samples / except controls/ have not to be taken from the 15cm
strip along the edges of a panel,

- the gsamples used for one test have been representatives of all
paneld.

Considering the inconvenience of tesiing such a great amount of
specimens in so small a chambexr, reduced number od testing stallons
and long duration of single test, each test has been carried out with
12 specimens, except long~term testing in compression where only
5 specimens have been used.

6.2. Dotermination of short-term strenght

6.2.1. Standard procedure

Each of six panels underwent such a procedure in accordance
with the standerd /1/. It is necessary to mention that, according to
the gtandard /1/ only one panel has to be controlled, but having 1in
congideration a determination of precise properties, samples have been

taken from every panel.

The test procedure and calculations have been in accordence with
the standard /1/. It hes been decided to use a mean bending strenght
a8 o reference level for long~term load of specimens.

The results of checking of hardboard / after conditioning in 20°C
and 65% R.H./concerning density, molsture uptake, swelling, moisture
content and bending strenght ere shown in table 1.

The results obtained have complained with the requirements of stan-
dard /1/.

6.2.2. Additional tests
6e2.2.1, Determination of tensile strencht

Tor determination of tensile strenght /not covered by the
gtandard mentioned/ 5-ton Armsler machine have been used , the speci=-
mens being as shown in figure 1 /see annex 1/.

To this test 12 gpecimens have been submitted.
The tensile strenght has been calculated from the formula:

R = MPa

z b ea




wheres Rr' - tensile strenght , in MPa
b - width of specimen measured in reduced area, in cm
a

~ thickness of specimens,in ciie

The tensile strenght values obtained durlng the test on hardboard
conditioned in 20°C and 65% R.H. , are given in table 1.

5.2¢2.2. Determination of compression strenght

Tor determination of compression strenght / not covered by
polish standards/ 5-ton Armgler machine has been used Tor twoting
laminated specimens ,glued with resorcinol adhesives. The speciluens
having corogs-section of 24x24 mm and span of 100 cm have been glued
of 6 laminae, and afterwards conditioned in 20°¢ and 65% R.Il. climate
until constant welight has been obtained.

The compression gtrenght has been calculated Irom:

R, = MPa

c

b« &

where: Rc = compression strenght in iPa

b = width of specimen , in cm
¢ = thickness of specimem , in ci.

The mean compression strenght value ’Rc is given in table 1.
Table 1

Mean values of short~term strenght of hardboard specimens

Properties Units Results
Density : kg/m3 940
Moisture uptake per cent 7
Swelling per cent 11
lioisture content per cent 7
Bending strenght IPa 45,4
Tengile strenght - IMPa 27,6
Compression strenght IPa 26,3

6.3, Long=term tests in tension

" 643.1., Procedure

. The specimens have been conditioned untll constant welght wag-
obiained in 20°C end 65% R.d. climate ,considered as a reference level.
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ALt orwards their working crosm-sections have been measured /in the
cetre of reduced area/,which were taken for calculation of load. The
load has been calculated considering, as it was sald before, 155,205,
25% ond 30% short-term atrenght /table 1/.The reference line 100um wilde
hag been egbablished, crossing the centre of working cross-section ond '
on this line a dlal gauge waz {ixed. The dinllgauge hng been iixed bo
the gpecimen by means of nailed plotes driven into roferecuace linc. On
the other roference line a alop hos been fixed /in a eimilar way/
into which o leg of guuge was Insertod.

The dpechcn fixed in the equipument and prepared for test 1llu trotes
figure 3 /uece annex 1/.

Prior to test the specimens huave been pre-loaded /with small looad/ .

to check the operation of o stopping lever arm gear. After talddng zero
reading, the speeimen has been londed very slowly and the next reading

was taken lmmediately after fthe loading was finished,

After Tinishing the loading, the cquipment for I cycle of climute
/20°C, 90 R.I./ has been pub in opowration.

The readings of deformation have been taken after 12 hours and sub-
‘sequently ofter 1, 2, 3, 4 and 5 days and then every 5 days for a oix
nonth period. The tests were run under cyclic chonges of climate: for
15 days 20°C and 90% R.H. climate hove been mainteined and for the noxd
15 days 60°C and 40% R.I.

To guch varintions of climante londed gpecimens have been submitted
algo without measuring thelr doform@tion as well as non-loaded spcci-

mens. In such cage dlfferent ULTCH”hb values have been measured bo de~
termine the influence of long~term loading under cyelic changen of oli-
mato /wilthout nection of load/.

The test procedure has been as given in 6.2.,2.%. using specimens
conditioned in 20°C and 65% R.H. climate. S

603. 2 Resu:l.ts

The mean value of deformation of specimens in bending in rela-
tion with time and load level are given in table 2 and illustrated
as & curve in figure 6 /see annex 1/.

The mean value of deformation in relation with time and cyclic
changes of oclimate are given in table 3,



Table 2

Mean deformation value for hardboamiin relation with time,
Lond level and changes of climata

Climate Loading time Mean deformation in mm
+ 9¢ days at load level of
R.H, 159 200 o5 30,
prior to loading 0,00 <, 0,00 0,00 0,00
immediately after
- loading 0,01 0,01 0,09 0,4
0,5 0,03 0,07 0,27 0,37
- 0,05 0,09 0,28 0,42
20 2 0,08 0,13 0,29 0,42
g0 3 0,10 0,17 0,31 0,44
4 0,23 0,33 0,33 0,45
.5 0,3% 0,36 0,50 0,46
.10 0,39 0,79 1,04 0,63
i 0,57 0,83 1,07 1.26
=
20 0,63 0,87 1,10 |
%%, 25 0166 0,91 1114 1,00
30 0,72 1,03 1,22 1,97
0 35 0,73 1,12 1,29 2,01
50 40 0,73 1,17 1431 2,01
45 0,69 1,13 1,32 1,87
60 50 0,71 1,09 1,24 1,88
Yo 55 0,72 1,10 1,26 1,93
60 0,95 1,17 1,31 2,00
50 65 1,02 1,18 1,32 2,12
&5 70 1,02 1,19 1,30 2,12
: 75 1,01 1,15 1,30 2,09
50 80 1,02 1,14 1,28 2,11
T 85 1,14 1,13 1,31 264
90 1,15 1,24 1,34 2,59
95 1,10 1,26 1,38 2,57
%% 100 1,06 1128 1,30 2055
105 1,06 1,25 1,37 2,56
_ 110 1,10 1,22 1,33 2,57
%% 115 1018 1,28 1,31 2,73
120 1,19 1,19 1,39 2,75
05 T, T T 7750 5O
gg 130 1,04 1,2 1,38 2161
135 1,05 1.25 1,39 2344
%g 129 1,3; 7,30 1,35 2,64
0 D 1,2 1,37 1,39 2,76
150 1,33 1,39 1,42 5177
20 155 1,35 1,41 Ty 43 2,7
59 160 1,35 1,40 1,43 500
= 165 1,34 1,29 1,44 2,77
170 1,27 1,3 1,4 2,70
%0 175 1,22 1,3 1:42 2:49
180 1,29 1,47 1,61 2,79
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Table 3

Mean tensile strenght in relation with loading time
and changing climate

Load Tengile sirenght in MPa
level during long=~term loading
in % for o period of Remarks

? nionths 4 months 6 months

0 248 24,1 246
15 2,7 208 194
20 222 219 186
25 - - 182 the mean of 6 samples,for the
others have failled undexr long-
term load -
30 - - 185 the mean of 5 samples

for the othera have falled
under long-=term load

6.3.3. Interpretation of test resulis

Discussging the regults from table 3 1s possible to ascerfain that
the strenght of specimens in changing climate and without loading for |
6 months has decreagsed in cireca 100%.

The strenght of specimens under 15% load has been reduced in 30%
and those under 20% load in 33%.

In accordance with the results /given in the table 2 and illustra-
ted in figure 6/ deformation depends on variation of temperature and
‘relative humidity of alr as well as on the time of theix action.
During 6~-month period the specimens under 20% load level have not fal-
led ,anyhow those being under grester load levels ' - partially fal-
led / approximately in 50 %/.

Discusseing load levels ig also valuable glve thelr respective gtre-
sges which are as follows: ‘

- o a 15% load level corregponds 4,2 MPa stress,
- to a 20% load level corresgponds 5,5 MPa stress,
- to & 25% lood level corresponds 6,9 liPa stress,
- to a 30% load level corresponds 8,3 lPa stress.

Vhilst anelysing deformation curves /fig. 6/ one can ascertoin with
eaginess, that the initial portion of curve is not straight-lined
and .the successive one is almost straight-lined, what proves propor-
tionallvélocity of deformation increment.

On the besis of the curves mentloned, formulae for siraight lines
are given / using approximation method/ for stresses of 4,2 lPa and
5,5 MPa respectively:
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- for 4,2 MPa stress y= 0,00472 t + 0,57
- foxr 5,5 MPa stress y= 0,00264 t + 0,95

The above equations illustre the relation between deformation
/elongation/ of panels in tension "y" in percent and time/in doys/
of action of determined stresses. It has been impossible to calculate
equations for nigher sitresses, because to many specimens falled while
tested.

bede Long-term tests in bending

6edele Teal procedurse

The specimens have been conditioned until constant welght
was obtained in 20°C and 65% RyH, and then their working cross-gections
have been measured, for which load value was calculated taking shori-
term strenght /table 1/ ag an initiel strenght for all specimens.

AfTter the shackles have been weighted, a proper number of weolghts
were ablached to the rods collocated on them /fig.4/. The gpeciliiens
have been put on the supports, the span between them being of 10Cmm
and zero reading was taken /without loading/. Afterwards the shackle
‘with weights has been hanged on the specimen / in the centre of span
between supports/ snd the subsequenl readings were taken. ‘

The method of measurement is shown in figure 5 /see annex 1/.

After the readings and loading have been finished, the devices
maintaining inside the chamber a temperature of 20°C and 906 Rol.
were put in operation. The readings of deformation have been takon
after 12 hours, 1,2, 3, 4 and 5 days , and then every 5 days during
six month periods

In the run of test the climate has been changed cyclically every
15 days /from 20°C - 905 R.H. 4o 60°C and 40% ReH./.

To the action of such a climate loaded specimens have been algo
submitted for which no reading of deformation was taken, as well ag
non~-Loaded gspecimens. Those gpecimeng have been ftested to check the
effect on them the long=-texrm load and cyclic changes of climate oxr
changes of climete exclusively.

The tests have been carried out in accordance with the requircment.
of standard /1/ and on specimens previously conditioned in 20° ¢ and
65% Rele
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The mean deformationsof gpecimens iln bending in relalbion with lond
level and time are given in toble 4 and illuslrated as a curve 1n
figure 7 /see annex 1/.

The mean values of bending strenght in dependence on loading time

and c¢yelic changes of climate are given in table 5.
Table 4

Mean deformation of hardboard in bending
in dependence on load level and cyclic changes of cliimote

Climate Loading time ean deformation in mm uuder lood lovels
t ¢ in days :
Prior to loading 0,00 0,00 0,00 - 0,00
Iminediately
after loading 0,89 : 1,16 1,99 2,20
0,5 1,25 1,68 2,60 3,12
1 1,41 1,85 3,23 4,0t
e 1,47 1,48 - -
20 3 1,62 2,715 - -
90 4 2,09 2,34 - -
5 2,413 3,61 3,68 4,33
10 2,85 4,44 4,74 0Oy 20
15 3,10 5,05 6,10 9..05
20 Ay 12 6,59 6,42 Y, 4
69 25 4,217 6,84 6,04 9, 7¢
40 30 4,30 7,05 7,02 10,08
35 hy2h 7,08 Ty12 10,17
20 10 hy2H Ty 17 7,19 10,44
Oy 45 4_3_5'} T e b 7 :...6..9 l'l.:l.ﬁ.p.Q
50 4457 1440 7495 Vi, n
60 55 1,60 7,43 83,23 11,87
40 60 . 4,061 T AT 3,47 12,687
05 4,60 7,406 8,68 1,00
29 70 4,58 7546 8,92 13,19
50 75 1,62 7546 9,43 13,53
a0 1,69 Y 9,93 17,50
60 685 Ay T Ty52 10,40 14,00
70 90 4,60 7,58 10,40 11,2
95 4,60 Ty03 10,04 14,07
20 10 4,57 7,66 10,93 14,05
90 105 4,66 A - -
110 4490 1y 12
60 115 4,93 7,85
40 120 5,01 7,586
125 4,92 7,68
20 130 4,63 7,64
930, 135 1299 7205
- 140 5,10 Ty73
&0 145 5,16 7,76
40 150 514 1481

to be continued on page 13
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Toblo 4
continued Ifrom page 12
1?5 5,13 7,02
20 160 By 14 7,64
S0 165 9515 7,85
170 5415 7,87
60 175 5,27 7,89
10 180 5,28 .90

i ) [

Hean bending strenght in relabion wibth time of loading
and cyclic chnnges of climnte

Lyod Bending strenght in kila
}evgl under iongmperw Loadinyg Rowarks
in % . for w period of ’
2 months 4 monithe 6 monbhg
0 44,4 44,7 43,6
15 41,3 40,5 39,3
20 42,1 41,0 40,0
25 no regsults have becn obltained 2 apecimens huve foiled
alter 10 days
4 specimens have fulled
after 85 duys
6 specimens have fuiled
after 100 duys
36 no results have been oblained all apecimens have fuiled
in the courge of 10 =100
days

6.443. Interpretation of teot rosullg

The results corresponding to specimens tested in bendinyg
without losding under cyclic chunges of climate exclusively, showed
the strenght not different from the short-term one ous given in table 1,
The differencey between the gltronght of specimens tested under cyclic
changes of climote for 2, 4 and 6 months are ingignificant, for they
are included in iimit of error.

Comparing the results correaponding to the gpecimeng teated 1Ln bon-
ding under cyclic changes of climnate lor six months with lthe oncs
corvegponding to the specimens under lond of 15% their gtrenghl, 10,
streonpht increment hag been obuerved. There have been no diffrences
between 15% and 20/% load levels, Due to a Tallure of apocimens Aviingr
the teogt the comparison between 250 and 30 load levels has Leon ime
poasible.

From the results given in table 4 and from the curve in figure 7
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one cun aeduce that deformation depends upon changes of climnte und

tine of their influence, bubt alweys the lond delermine decliively

the deformation value, Durding thic bests carrie 2d out for 6 monih

b 155 and 200 load levels hie upecimens did nobt falled. Winally

at 25% load tevel the specimens Lfuiled after 100 days ¢ ud at 300 Load

level the firgt specimens falled alter 10 days and mll tnem iTailed

after 100 days. |
To provide better infowantion 1t ig necesgary to give stresseu

correuponding to load Lovel:

- b0 u 154 load level corrcasponds 6,8 KPo stress,

- to a 204 load level corresponds 9,1 MPa stress

- Lo a 25% load level correusponds 11,4 HMPa streasy,

- Lo o 30/% lond level corrcsponds 13,6 MPa streas.
Pigc~deformntion functions / as shown in Lfigure T - see annex 1/

in thelr inltial portion are curves and in the nexlt portion ore proc-—

tically straight-lined ,whalb proves otabilization of deformubion
locity. From the curves one can deduce that deflection ig in direo.
proportion with loading time.

Tor those results tho equations of straight lines /after appiroxi-
mation of curves fiven in Tig. 7/ ore glven for 6,8 MPa atreogs .0 ond
9,1 MPa stress respectivoly:

- for 6,8 Pa gtress y = 0,00722 € + 4,1
- for 9,1 IiPa atress y = 0,0006%1 % + 7,0

what illustrates the relation between deflection "y" and time of
action of deltermined glresa.

6.5. Goneral interprebation of teol reyults

Trom the teaby above describod one can deduce thoalb the strenght
of apecimens under cyclic changes of climate is reduced in 10/d.
At 150 Lload level 300% slrenght decranent hag been observed dn tonolon
and 10% in hending. In bending wnider 20% load level the decrcase of
strenght could not be determined, due to excessive deformation /fui~
lure/ of speclmens.,

Comparing the gtandard strenghtswhich in accordance with Polish
Standard PN-T3/B=03150 /table 13/ for hrurdboard are as Tollovi:
tennsile atrenght - 5,0 IiPa bending strenght - 10,0 kPa
with the test resultbs corresponding to determined levels, one can dedu-
ce that tensile strenght values are correct , whilst bending sbrenght
diffors. |

At 200 load level, e.g. at 9,1 Pn the specimens in bending huve
been greatly deformed, dbut at level slightly lower than 11,4 liPa
50/ of specimens have failed before six months have passed.



So 1% seems necessary to correct the standard value of bending strengnil.

. v

Considering the growing use of hardboard for wooden structbures,

it 18 necessary to calculate deflection of such gtructures taking into
account the Tactor of time related with large deformations.

To

Te

2e

3

4q

Concluslona

The conclusiong drouwn TLrom the tests undertaken are ag Tfollows:
Strenght of hardboard submitted exclusively to the action of cyclic
changes of climate showed only o small decrement during the tine
of thelir action.

The strenght under cyclic changes of climate and under different

load levelas. has decreased considerably even at the lowest level
applied, egual to 15% ghort-term strenght, at which 30% decremnent
occured in ftension and 105 in bending.

According to the results obtained there is a necesoily to correct
standard strenght in PNw?B/Bu0315O /table 13/,

In degign of wooden structures with hardboard is necessary to
congider the factor of time in calculation of deflection.
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FOREWORD.

At the last meeting of CIB W 18 (Perth, Scotland June 1978) the
second draft of the CIB Timber Code was discussed with respect to
the section "Design of Timber Trusses". During the discussion of
this section it was noted that the section "Trusses" was not suffi-
ciently comprehensive to cover all necessary aspects in the design
of timber trusses. I agreed to prepare some notes for discussion
at the next meeting (Vienna, March 1979).

When working with truss design in various countries the immediate
differences in the design rules do not seem significant, but a
closer examination shows that the differences are in fact quite

important,

They arise, however, from different ways of considering the same
effect in the truss. The conclusion must be that most codes or re-
commendations could, with minor changes, form a special CIB Trussed
Rafter Code, which in principle cduld be followed by all countries.

This paper is not a thorough investigation in differences in the
national specifications, but only points out some of the signifi-
cant differences.




INTRODUCTION.

The present design criteria for metal-plate-connected wood trusses
in different countries have been developed and refined more or

less according to the same principles during the last twenty years,
During that period design methods have become more complex, and
each country seems to have arrived at a different result, but ba-
sicly the same design philosophy is applied in the individual na-
tional design specifications. The present differences lie in the
level of development reached rather than in the principles. It is
correct to say that no national specification has reached a satls-
factory level in the development of a truss design procedure. The
level of sophistication is dependent on experience, available knowl-
edge and analytical techniques. In general, the design of timber
trusses according to different national design procedures results
in quite different results assuming similar conditions for loads
and material parameters.

Thie paper is meant as a registration of different national design
rules applied to standard configuration timber trusses. The purpose
is to reveal some of the varlations, and it is hoped that, after
digscussion, it will result in a common procedure for a section in
the CIB Timber Code, and a start to the necessary work on a sepa-
rate Design Code for Trussed Rafters.

At present only a few special trussed rafter codes or recommendations
exist., These are: ‘

1. British Standard Instruction BS 5268: Part 3 THE STRUCTURAL USE
OF TIMBER TRUSSED RAFTERS FOR ROOFS (Draft Oct 1977) .

2., Cahler 111 au Centre Technigque du Bois: RECOMMANDATIONS POUR LE
CALCUL DES CHARPENTES INDUSTRIALISEES ASSEMBLEES PAR CONNECTEURDG
OU GOUSSETS 1978,

3, Truss Plate Institute
DESIGN SPECIFICATION FOR METAL PLATE CONNECTED WOOD TRUSSES 1978,

In the following text these standards are referred to as BS 5268,
CTB 111 and TPI 78,




BACKGROUND.

In general it is agreed that the design of even a simple timber
truss is quite complicated if all the governing parameters for the
real behaviour of the truss with respect to stiffness and strength
are to be taken into account. Research, laboratory tests and field
experience show that the present calculation methods, however com-
plex theymay be, cannot reproduce the real behaviour of the truss
with respect to stiffness or strength. In short the methods do not
give the right results,

The reason for this is the lack of relevant parameters for the cal-
culations and the method of calculation which is based on the con-
cept of the linear theory of elasticity which does not describe

the limit state sufficiently accurately.

However, numerous existing trusses have been designed with very
crude and simple methods and it has been proved that no serious
incidences of failure due to design method alone have taken place.

The validity of the design is more a result of field experience
and prototype testing than actual well-proven theoretical design
calculations. In short, the design method has been calibrated to
the experience. |

This applies to the standard type of truss configurations w, ww-
-trusses, but tcday most countries are faced with a demand for
individual trusses or other standards, such as the cantilever

truss, where the existing procedures which were perfectly valid

for w~trusses are either unsafe or grossly overdimensioned. There~

fore there is a need for a general, accurate and efficient truss
design method.

The establishment of such a design method requires the production
of sufficient data to be used in a complex computerized structural
analysis. Already developed computer programs from other fields of
engineering are available to take any complexity of timber struc-
ture into account, but the lack of realistic strength and stiffness
values for members and joints will at present make the use of ad-
vanced computer technigques in the design of timber trusses unreal-~
istic,




Unfortunately the more complex calculation method often gives a
too conservative design. The future research must therefore empha-
size determination of the necessary strength and stiffness param-
eters to be used in the advahced computer programs. Furthermore
investigation of the design criterion, the "interaction formula",
must be carried out. This criterion applies reasonably well to an
individual column but in a multicomponent structure conditions for
columns are very different due to the interaction between the
components.

REQUIREMENTS FOR A TRUSS DESIGN METHOD.

Experience and numerous prototype tests show that a fully developed
and comprehensive design method for trussed rafters must take the
following effects and aspects of the truss behaviour into consider-

.
- ation:s

1. A timber truss is an indeterminate structure where interaction
between components takes place dependent on the stiffness vari-
ation in the structural members.

2. An indeterminate structure is able to redistribute forces (stres-
ses) because the ductility of timber (plasticity), enables the
structure to carry load when parts of it are stressed beyond the
vield stresses (ultimate stresses). The final collapse occurs
when several parts of the structure have reached the ultimate
stress level.

3. Agreement between the stress condition in the integrated struc-
ture and the stress used in the design formulas for the indivi-
dual components {members and joints).

4, Agreement between the mathematical model used in the calculations
and the actual physical structure.

5. Real eccentricities in the joints which means that the real
load transfer point in Jjoints must be considered. The forces
(axial force and moment) in joints will naturally be transferred
by wood to wood contact combined with forces in the plates (tension-

compression forces and moments) .This will in general cause con-

siderably smaller eccentricities in joints compared to forces
acting in theoretical centre lines.




6. Interaction between rigid or semi-rigid joints and structural
members. Joint stiffness and plasticity have considerable influ-

ence on member forces and, for example, buckling length.

7. Variability of the stiffness and strength parameters of the struc-
tural components. In reality the structure consists of components
with a variability of stiffness and strength scattered as random
variables.The probability of the weakest strength being placed

at the maximum stressed point must be taken into account.

8. Increased buckling stiffness relative to axial forces. In combined
bending and compression the critical load increases according to
the ratio between the axial stress and stresses induced by moments

(the outermost fibers in the tension side are relaxed).

DESIGN PROCEDURES,

In the following sections some of the most significant design rules
from different national design codes and recommendations are conside-
red and commented upon. This description only considers ordinary
standard configuration trusses; design of individual timber structu-

res is not treated.

METHOD OF ANALYSIS.

At present only two methods of analysis exist: the pin-jointed and
the frame analysis.

The most common method is the pin-jointed analysis. The structure

is modelled as a statically determinate structure assuming the
members to be pin-connected. Axial forces in truss members are deter-
mined explicitly from an equilibrium eqguation. Distributed loads

on top and bottom chords are equivalent to concentrated loads applied
at panel joints. For manual calculation and the computer analysis
this is a very easy operation performed at low cost and with high

accuracy. The simple mathematical model is shown in fig., 1.




Fig. 1. Pin-joint model.

The moments are determined by moment coefficients depending on the
type of loading and the number of panels normally based on an elastic

solution for continuous beams over a fixed support.

This method is used in most countries except Norway where the trusses
are considered as indeterminate structures. This method considers

a mathematical model of the truss with the real stiffness variation
of the members (constant along each member}. The partly rigid joints
are modelled as small beam elements with stiffness and length defined
according to the physical model. Models in Norway only exist for

w and ww trusses. The two models are shown in fig. 2.

Forces and deflections are determined by solving a great number of
linear equations which is expensive and time-consuming on a computer .
and impossible by manual calculation. The models can be simplified,
and investigation shows that the accuracy of the calculations is

maintained.

In the following, the analysis as a non determinate structure is
referred to as a frame analysis. The frame analysis is based on the
theory of elasticity and produces a solution where the forces are

in equilibrium. This type of solution will normally be an upper
bound sclution and thus be very conservative. Furthermore the moment

distribution is very dependent on the mathematical model.

In modelling the truss the centre lines are normally used for the
theoretical calculations. For the determination of axial forces in
the pin-jointed analysis or the frame analysis the centre line model
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Fig., 2. Statically indeterminate models of
W and WW-trusses.

gives accurate results. For determination of moments in the pin-joint
analysis the centre line model gives minor inaccuracies because the
noment coefficients are fixed and only vary with the load and panel
length, but for the frame analysis the real force path through the
structure is very decisive especially in the Jjoints. Therefore the
‘real force transfer points must be considered in the frame analysis,
and not the theoretical centre lines in which the resultant force

is only situated in a long straight member.

In the frame analysis the moments are determined through the solution




of the eguilibrium equations. For the pin-joint analysis these are

determined as described in the following section.

MOMENT ANALYSIS.

The critical top and bottom chord moments are determined by moment

coefficients. As a general example a table from CTB 111 is shown

in fig. 3.
0 1 2
Nombre de travées | I
A A A A
2 0,375 1,28
Réactions sous 3 0,4 1.1
charge répartie 4 0,393 1,143 0,928
5 0,395 1,132 0,974
R - Kpl 6 0,394 1,135 0,962 1.019
7 0,394 1134 0.965 1,007
2 + 0,0703 — 01250
Moment sous 3 -+ 0,0800 | — C.1 + 0,0250
charge répartie 4 +0,0772 | — 06,1071 + 0,0364 | ~ 0,0714
5 + 00779 | — 01053 | + 0,0332 | — 0,0789 | + 0.0461
M - Kpl? 6 + 0,0777 | - 01058 | + 00340 | — 0.0769 | -+ 0,0433 | — 0,0865
7 + 0,0778 | — 01053 | + 00338 | — 0,775 4+ 0,0440 | — 0,845 {- 0,0405
2 0,0052
Déformation sous 3 0,00675 0,00052
charge répartie 4 0.0063 0.0019
: 5 0,0064 0.0015 0,0632
i Kpl? 6 0.0064 ! : 0,0016 0,0028
Ei |
' 7 0.0064 00016 | 0,0029 0,0024
‘ i {

Fig. 3. Coefficients for the pin-joint analysis
(CTB 111).

Here the coefficients do not vary with respect to the slope of

the truss. A theoretical frame analysis, however, gives a variation.

The TPI 78 gives a method for introducing moment coefficients where
the coefficients are a function of the slope. Fig. 4 gives the 5
necesgsary information where Q is defined from the equation M = -5

and determined from the two tables.
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For investigation of top chord moments see Tabie |
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For investigation of bottem chord moments see Table 1.
TABLE |
* Panel Point Moment Mid-Panel Moment
Q L Q L
One Panel One Panel One Panel One Panet®
Not Not
. L+
Applicable Applicable 0.80 i Sa
Two Panels Two or Three Panels’ Two Panels® Two or Three Panels®4
Largest of: Largest of:
0.90 0.9 L, or 0.58{cot §)0 ' 23 0_9“_i + csa)‘ or
. (_L_iiL_a) or L+ LB) +C5,, or
Three Panels 2 ! Three Panels? 2
0.85 09L, 0.53(cot §)° 38 0.9(L, +¢S,)

1y St exceeds 24 inches, add excess to end (heel} panel Lj

or La (see Figure 2).

g = or(cote)ﬁ but shall not be less than 0.74; & and 8 are

constants derived from PPSA analysis.

Fig. 4. Moment coefficients and panel

35, = S¢- B but not less than zero. ¢S, shall be added only
to the length of the end (heel) panei.

4¢ = 0.5 for two panels: ¢ = 0.33 for three panels: if neither
L;nor L.y are end (heel) panel lengths, then ¢S, = 0.

TABLE 1}
Q
One Panel One Panel
1.0 L.

Two or More Panels

1.0

Two or More Panels

L is fargest of:
09L,or
(i L) o
P
oL,

length.




This rule is probably very reasonable and very easily applicable
on the computer. The coefficients are calibrated from a frame
analysis assuming particular mathematical models. Here it must

be mentioned that the real moment distribution after redistribution

of forces is considerably different from any elastic solutions.




BUCKLING ANALYSIS

The formulas used in the member design are quite similar in most

national codes. Fig. 5 shows the formula for the buckling analysis.

‘cr"’:

~ Euler
/_ Parts of USA i
- Canuda, Ports of USA
//[ France
- : Denmark, USSR 8.0 —-— — vy
Schweiz
~ Notwoy, Sweden
///— Holiand {constructiehout)

10

Fo 1.1 S

Fig. 5 National buckling formulas.

Despite the use of approximately the same buckling formula the
effective buckling length is defined varying from the distance
between panel point to 0.6 times this distance. In TPI78 the
effective buckling length is taken from the table shown in fig. 4

where the effective length is L' = QL secO.
b .
In order to take the redistribution of forces into account, espe- -

cially over panel points where peak moments arise and are often
decisive in the interaction formula, a reduction of 20% is allowed
in, for example, Sweden. This is counter~balanced by adding 20% to
the bay moments. In many cases this effect is already taken into
account in the recommended moment coefficients. In TPI78 a buckling
stiffness factor C; may be used to account for the increased chord
buckling stiffness relative to axial forces. With certain limi-

tations this applies to the buckling equations:
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F,=FI1 - %—(L'I{d)ﬁ
2. L'/d 2K,
. 0.30C,E
L/
where in normal cases C, = 1+0.002L' but may not exeed 1.096.

T
BS 5268 gives the following formulas for calculation of reduction in

intermediate supports

Case Bending moments
One panel BMB = 4 12_§§£;§
S
Two panels B = 4+ E£(32'42 A, -~ 21.58 A,)
P M5 IWAREARAS 38 4
= 4+ EI -
BMC = -+ 55(32.42 A2 21.58 Aq)
_ 4 EI .
Three panels BMB = + 82(58.28 A1 41.14 A2 + 10.29 A3)
- 4+ BT .
BMC = + S2( 41.14:’.\,1 + 68.57 A2 + 41.14 A3)
EI

BMD = 82(10.29 A1

41.14 A, + 58.28 A3)

where
is the mean Young's modulus {in N/mmz);
is the moment of area (in mm4);

is the relative deflection at node point (in mm);

w > H H

is the overall length of member (in mm).




JOINT DESIGN

Joint design rules in the different national specifications differ
only in principle with respect to agsimilation of moments. Most
plate rules disregard calculation of nail- and plate stresses
arising from moments. An exception is the support joint where a
general reduction of plate and nail values is introduced. 1In

BS 5268 the total number of effective nails (N) required for each

side of the joint is calculated from the formula:

_ 5M
N = Z(F + TT)

1
v

where

F' is the direct force in member x 2.5 (2.5 ultimate load fac-
tor} ;

M is the bending moment in member (P1/18 for point load only);
as bending moment is for point load only no load factor
is applied;

D 1is the depth of splice plate;
V. is the permissible load per nail x 2.25 (2.25 ultimate load

factor).

In CTB 11 the reducticon scheme is:

o
Pente en degrés (x} ' Coefficient de réduction
5 & 150 0,85
15" < = € 18 0.80
18% < 2 € 220 0,75
20 < oxog 250 0.7¢
% > 250 0,65

In most German plate permissions (Zulassung) the reduction scheme
is as shown below:

Dachneigung Abminderungsfaktor n
£ 15° 0,85

15°  F3g° 0,80

18° 990 0,75

290 £ 959 0,70
> 260 0,65




In Denmark and Norway the stresses from moments are checked from

the formula

M
T, = = * ¥
m J max
p
where Jp is the polar moment of inertia from each plate part and
L ax is the maximum distance from the centre of gravity to the

outermost placed nail for the plate part considered.

The latter rule has caused enormous trouble in the plate dimensioning

and has never been proved accurate.
It should be noticed that BS 5268 is the first code to allow
plasticity in the joint design.

For most national design procedures (except Norway) it is not
recognized in the design of the members that the joints are designed

to transfer moments.

DEFLECTION ANALYSIS

The traditional deflection analysis based on the pin-joint model
where only axial strain is taken into account will only produce an

unrealistic deflection. The slip in the joint can easily be in-

cluded and CTB 111 recommend the following expression:
£ o= Ihe + g
tga

where f is the deflection in a point, Ae 1s the elongation of a

member, g is the slip in a joint and o is the roof slope.

BS 5268 recommends calculating the deflection A& by the formula

_ <FKL
A—):AE + TKx

where
F is the force in the member (in N);

K 1is the force in the member due to a unit load applied at
the node point whose deflection is to be calculated (in N);

L dis the length of the member (in mm)




A 1s the cross-sectional area of the member (in mmz);

2

E is the mean Young's modulus (in N/mm“);

X 1s the slip of the nail or tooth at full design load (in mm).

None of the formulas consider the contribution to the deflection
from the moments and the rigidity of the joints. The calculated
deflection will be fictitious and can only be calculated realist-

ically by a frame analysis.

PROTOTYPE TESTING

Load test of full size trusses is accepted as a method for the
design of structural performance. Prototype-testing has proved
to be a very efficient way to obtain an optimum structure meeting
the functional requirements with respect to stiffness and factor
- of safety under service. From an economic point of view the

method obviously has limited possibilities,

In the evaluation of test procedures in different specifications
the national safety system influences the required factor of safety,
but by comparing the factor of safety for similar load conditions

huge differences appear.

For strength tests BS 5268 reqﬁires a factor of safety on full
design load of 2.5 for one truss. For a number of trusses the load
factors are given as in this table:

Number of units Load factor
2 2.30
3 2.15
4 2.05
5 and more 2.00

In CTB 111 three trusses must be tested and the factor of safety
for full design load is required to be z 2.5 for the mean value and
2 2.2 for the minimum value TPI 78 requires a factor of safety

corresponding to dead load plus 2.5 times the design live load.

In Sweden the factor of safety for five tests will approximately be
3.0 for a normal ratio between the dead and live load.




CONCLUSION

There are two different demands to be met in a CIB timber code

as well as in most national design specifications for truss design.

A, A simplified efficient design procedure which produces designs
for ordinary standard truss configurations, which can be satis-
factorily compared with those produced by using sophisticated,
computerized analytical methods.

B. A sophisticated computerized method which produces accurate
design for any timber truss, taking all significant effects

from the truss behaviour into account.

The sophisticated method should be used to generate limiting span
tables for standard configurations. These tables may be available
in a convenient computer system, where the information is stored

direct or generated by interpolation routines. In this way costly

computer runs are only performed once.

The gimplified analysis ccould be programmed and used in a comput-
erized system, but this will normally be an expensive calculation

when used repeatedly without using the result again.

Design of timber trusses involves such a tremendous amount of rules
and information that it is suggested that the design specifications
for trusses be placed in a separate CIB-TIMBER TRUSSES CODE.
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FOREWORD

A first draft of the CIB Structural Timber Design Code was discussed at CIB-W18 meetings in June
1976 (document CIB-W18/6-100-2), February 1977 (document CIB-W18/6-100-2; Joints) and Oc-
tober 1977 (document CIB-W18/8-100-1; List of Contents).

Based on comments received on these documents a final draft was prepared of the List of Contents
and presented to ISO/TC 165 for comment. A new preliminary draft for the code was pre-
pared and discussed by a Code Drafting Sub-Committee consisting of CIB members G. Booth, W. T.
Curry, J. Kuipers, H. J. Larsen, K. Mohler, J. G. Sunley, J. R. Tory and also T. A. Eldridge, F. Keenan
and W. R. Meyer representing the Canadian Standards Association and Dutch TNO. .

A second draft of the code was prepared by G. Booth, H. J. Larsen and J. R. Tory. This was dis-
cussed, except for Chapter 6, Mechanical Fasteners, at the CIB-W18-meeting in June 1978 and it
was agreed that a third draft should be sent out,for comments, among others from the members

of ISO/TC 165-Timber Structures.

The draft contains only rules for the design of timber structures and recommendations which define
their validity. It does not contain rules common to the construction of other structures or safety
criteria, and reference is made to Comité Euro-International du Béton, Volume 1, Common Rules
for Different Type of Construction and Material, When ‘a final version of this document is produced
Chapter 3, Basic Design Rules, will be included.

This draft standard is equally applicable to either deterministic or partial factor methods of design
provided material properties are given as characteristic values and suitable safety factors for strength
and stiffness parameters are introduced to the design calculations.

Related Documents .
The draft code makes reference to other documents at a preliminary stage which have been submitted

to ISO/TC 165 for comment. These are:

Timber Structures - Joints - Determination of Strength and Deformation Characteristics of Mechani-
cal Fasteners - prepared by CIB-W18 & RILEM 3TT.

Timber Structures - Plywood - Determination-of some Physical and Mechanical Properties.

Timber Structures - Timber in Structural Sizes - Determination of some Physical and Mechanical
Properties.

Other documents relating to the sampling of test specimens and the analysis of test data to produce
characteristic values will be prepared by CIB-W18.
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The background for the CIB-Structural Timber Design Code is technical papers prepared for and dis-
cussed at meetings in CIB-W18 Timber Structures.

The papers are identified by CIB-W18 and a number a-b-c:

a denotes the meeting at which the paper was presented. Meetings are classified in chronological

order:
1. Princes Risborough, England, March 1973
2. Copenhagen, Denmark, October 1973
3. Delft, Netherlands, June 1974
4, Paris, France, February 1975
5. Karlsruhe, Federal Republic of Germany, October 1975
6. Aalborg, Denmark, June 1976
7. Stockholm, Sweden, Feb./March 1877
8. Bruxelles, Belgium, October 1977
9. Perth, Scotland, June 1978
b denotes the subject by the following numerical classification:
1. Limit State Design 12. Laminated Members
2. Timber Columns 13. Particle and Fibre Building Boards
3. Symbols : 14. Trussed Rafters
4, Plywood 15, Structural Stability
5. Stress Grading 100. CIB Timber Code
6. Stresses for Solid Timber - 101, Loading Codes
7. Timber Joints and Fasteners 102.  Structural Design Codes
8. Load Sharing 103. International Standards Organisation
9. Duration of Load 104. Joint Committee on Structural Safety
10. Timber Beams 105. CIB Programme, Policy and Meetings
11. Environmental Conditions 106. International Union of Forestry Research
Organisations

¢ is simply a number given to the papers in the order in which they appear:

Example: CIB-W18/4-102-5 refers to paper 5 on subject 102 presented at the fourth meeting
of W18,

A current list of CIB-W18 technical papers is given as an Annex 1o this code.

- SBECRETARY'S NOTE

To avoid unnecessary duplication, the list of technical papers that formed
an Annex to this document has not been reproduced. An up-~dated list may
be found earlier in these proceedings.
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1. INTRODUCTION

1.1 Scope

The primary purpose of this code is to provide an agreed background for the international bodies and na-
tional committees responsible for formulating timber codes, {0 ensure a reasonable and consistent quality
of timber structures.

The code relates primarily to the structural use of timber and is intended for use in the design, execution
and appraisal of structural elements made from timber or wood products and of structures containing
such elements.

It is based on the principles of structural mechanics, engineering design, and experimental data, interpret-
ed statistically as far as possible,

Deviations from the requirements of this code and the use of materials and methods of design or con-
struction of wood structures not covered by this code are permitted when the validity is substantiated
by analytical and engineering principles or reliable test data, or both.

1.2 Conditions for the validity of this document

Safety and serviceability are not simply functions of design, but depend also on the care and skill of all
personnel involved in the construction process, and on the proper use and maintenance of the structure.
Hssential requirements are therefore that

- projects are carried out by qualified engineers,
- the construction is carried out by personnel having both the required skill and experience,
- the required supervision is always available,

- the structure, by design or the use of suitable materials or by impregnation, is protected against
attack by fungi, insects, shipworm, gribble, etc., and its integrity is ensured by correct maintenance,

- the actual conditions of use of the structure during its life do not depart significantly from those
specified during the design stage.

1.3 Units

The units used are generally in accordance with the sInternational System of Units, SI» and »Rules for
the Use of the International System of Unitsy established by ISO and prepared by ISO/TC98/5C2.

Exceptions are the units for time, temperature and plane angle. In accordance with common and well

established practice the Celsius scale is used rather than the Kelvin scale for thermodynamic tempera-

ture; degrees are used rather than radians as the non-dimensional units of plane angle; and hours, days,
weeks, months and years are accepted as derived units of time. ‘

The following basic units and derived units are used for structural timber design calculations:

Table 1.8 Units for structural timber design

Physical quantity Unit Abbreviation (and derivation)
Length ' Metre m

Mass Kilogram kg

Temperature Degree Celsius °C

Time Second 8

Plane angle Degree (1% = 1—%6)

Force Newton N (1 N=1kgm/s*)

Siress, pressure
Elastic moduli

Only multiples of 10¥?; e,g. MN, kN, N are used.

Pascal Pa (1 Pa =1 N/m? 1MPa=1N/mm?)
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1.4 Notations

The notations used are in accordance with International Standard ISO 3898.

In addition the notations given in document CIB-W18-1 »Symbols for Use in Structural Timber Designy
are used.

The following general terms and symbols are used. Symbols which are not explained here are defined
when used. Attention is drawn to the special notations used in Annex 7A -B - C.

Main symbols 7 Subscripts

A Area apex At apex

E Modulus of elasticity axial Axial

F Force bearing Bearing

G Shear modulus bolt Bolt

I  Second moment of area {moment of inertia) buck Buckling

M Moment, unless otherwise stated Bending C Compression
moment col Column

N Axial force con Connector

V  Shear force crit Critical
Volume

curv Curvature

a Distance
depth  Depth

Width
. E Euler
Diameter ]
Side length for square nails € Effective
e Eccentricity £ Flange
f Strength head Head (nail)
h  Depth of beam i Inner
k Factor, always with a subscript inst Instability
2 Span m Bending
Length max Maximum
r Radius ' mean  Mean value
t  Thickness min Minimum
X nail Nail
y Coordinates o Outer
2 . .
size Size
1
o Angle t Tension
§ Factor
tang Tangency
Fact
K actor thread Threaded
«  Factor .
tor Torsion
n  Slenderness ratio
v Shear
Rati
#o Baho _ w Web
v Poisson’s ratio X Related to the x-direction
Specifi it . .
P Pecilic gravity y Related to the y-direction
¢ Normal stress Yield
7 Shear stress Numbers 1, 2, . . . are used. The following have
¢ Ratio a special meaning:
0 In the fibre direction, parallel to grain
20 Perpendicular to the fibre direction, per-

pendicular to grain

1.5 Definitions (will be prepared at completion of the work)



The climate class grading is based on CIB-W18/5-11-1 with small changes as motivated in 6-11-1.

The load-duration grading is based on CIB-W18/3-9-1 and especially 7-9-1.
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2. BASIC ASSUMPTIONS

2.1 Characteristic values and mean values

2.1.1 Characteristic values

The characteristic strength and stiffness values given in this code for timber and wood-based materials are
defined as lower 5-percentile values {i.e. 95% of all possible test results exceed the characteristic value)
directly applicable to a very short-term load condition (3 to 5 mins.) at a temperature of 23 + 3°C and
relative humidity of 0.60 + 0.02. Where the characteristic values are estimated from a limited number of
tests the estimate shall be made with a confidence level of 0.75.

The characteristic strength values are related also to

- asection depth of 200 mm for the bending strength of solid timber,

- asection depth of 300 mm for the bending strength of glued laminated timber,
- avolume of 0.02 m® for the tensile strength perpendicular to grain.

The characteristic specific gravity for a species or species group is defined as the lower 5-percentile value
with mass measured at moisture content « = 0 and volume measured at a temperature of 23 + 3°C and
relative humidity of 0.60 + 0.02.

2.1.2 Mean values
For some elastic properties the mean values are also given in this code and are defined at the same tem-
perature and humidity conditions as the characteristic values.

2.2 Climate classes
Structures dependent on moisture content shall be assigned to one of the climate classes given below:

The examples given below each climate class definition are particularly appropriate to Buropean conditions.

Climate class 1
The climate class is characterized by a temperature of 23 + 3°C and a relative humidity of the surround-

ing air never exceeding 0.80 and only exceptionally, and then only for short periods (less than a week),
exceeding 0.60.
The foliowing structures can be included in this class:
structures in outer walls in permanently heated buildings where the structures are protected by & well-ventilated
tight cladding.

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STURIES AND DOCUMENTATION

Climate class 2
The climate class is characterized by a temperature of 23 + 3°C and a relative humidity of the surround-

ing air only exceptionally, and then only for short periods (less than a week), exceeding 0.80,

*

The foliowing structures can be included in this class:
structures in not permanently heated, but ventilated,buildings in which no activities particularly likely to give

A
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rise to moisture take place, for example, holiday houses, unheated garages and warehouses, together with ser-
vice space,
ventilated roof structures and other structures protected against the weather.

Climate class 3
All other climatic conditions.

The following structures are included in this class:
concrete forms and unprotected scaffolding,
- marine works.

2.3 Load-duration classes

For strength and stiffness calculations actions are to be assigned to one of the load-duration classes given
in table 2.3a.




The load-duration class for a given load (specified by its time spectrum) depends on the properties

of the material or the whole structure. For the intermittent load shown the effective loading time

is equal to T if T is long as compared to the recovery time for the material, and equal to the accumu-
lated loading time if there either is no recovery or if T, is comparatively short.
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The load-duration classes are characterized by the effect of a constant load acting for a certain period

of time. For variable action the appropriate class is determined on the basis of an estimate of the inter-
action between the typical variation of the load with time and the rheological properties of the materials
or structures.

Table 2.3a¢ Load-duration classes

load - duration class_ duration
permanent >10%h

(> 10 years)
normal 10%-10%h

(6 weeks - 10 years)
short-term 10-10%h

(10 h - 6 weeks)
very shori-term <10 h
instantaneous < 3 seconds

In table 2.3b are given examples of loads in the different c¢lasses for permanent buildings (i.e. a life time of 50-100
years).

Table 2.3b Examples of action classifications

permanent dead load
earth and water pressure, loads in some warehouses and storage tanks

normal floor loads
loads in warehouses
loads on grandstands and some scaffolds
frequent value of snow load in some countries

short-term load on most scaffolds
characteristic value of snow load in some countries
frequent value of wind load
temperature actions

very short-term  imposed load from persons on roofs not intended for traffic
characteristic wind load
mooring forces (ships)

instantaneous wind gusts
impact
earthquake




The standard strength classes are introduced in CIB-W18/9-6-1.
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REQUIREMENTS FOR MATERIALS

4.0 General

Strength and stiffness properties shall be determined by tests for all actions to which the material may ;
be subjected in the structure,

It must be shown that the form stability, environmental behaviour etc. are satisfactory for the purposes
of construction and eventual end-use.

4.1 Solid structural timber

4.1.0 General

Structural timber, i.e. timber where the strength and stiffness are of importance, shall be graded in ac- |
cordance with rules ensuring that the strength, stiffness and other properties of the timber are satisfac- §
tory. f‘

The strength grading rules may be based on a visual assessment of the timber, on the non-destructive
measurement of one or more properties or on a combination of the two methods.

Strength and stiffness parameters shall be determined by standardized short-term tests in accordance
with ISO/TC 165: Timber structures - Timber in structural sizes - Determination of some physical and
mechanical properties. The test specimens shall contain a grade-determining defect - preferably knots -
in the zone with maximum force or bending moment.

4.1.1 Standard strength classes
In this code the following standard strength classes are used for solid timber: SC15, SC19, SC24 and SC30.

A given visual grade can be referred to one of the standard strength classes if the characteristic bending
strength, {  (5-percentile), and the mean modulus of elasticity in bending, Eo,m can» are not less than the
values given in table 4,1.1. For machine stress-rated timber it should further be shown that the character-
istic tensile strength, ft,o’ is not less than given in the table.

Table 4,1.1 Standard strength classes. Characteristic strengths and mean modulus of elasticity, in MPa

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION

standard strength class SC156 SC19 SC24 SC30

bending f 15 19 24 30

bending EO,mea.n 6600 7200 8500 10000
N tension ft,o 6 9 16 20

It is emphasized that the introduction of standard strength classes does not prevent the introduction of other grades
with for example higher values for‘EO,mean'rfm and ft,O"fm‘

European redwood/whitewood graded according to UN/ECE Recommended standard for stress grading of coniferous
sawn timber (UN/ECE TIM/WP.3/AC3/B-Annex I} can be assumed to meet the demands of the following standard
grades: ECE6 :SC19 - ECES :8C24 - ECE10 :SC30.

Annex 4 contains a survey of which national grades can be assumed to satisfy the requirements of the different
standard grades. (Under preparation).

The specification of structural timber by strength classes (sections 4.1.1, 4.2.1 and tables 5,1.0a and 5.1.0b) has been in-
cluded as a background for discussion and as an illustration of a simpler method for the engineer than the one based on

CONSEIL INTERNATIONAL DU BATIMENT

species and grades which is generally used. The strength and stiffness values given are very provisional.




The requirements apply to the glulam, not to the laminae. The additional tensile strength requirement
for glulam made from more than one species is necessary to ensure a normal property-profile. The in-
troduction of standard glulam strength classes does not prevent the introduction of other grades,

e.g. grades with a higher fm/ft,o-ratio by using high-strength wood in the uttermost laminae.
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4.2 Finger jointed structural timber

4.2.0 General

The manufacture of finger jointed structural timber should be according to rules and control which

does not require less of the production than stated in UN/ECE Recommended standard for finger
jointing in structural coniferous sawn timber (UN/ECE TIM/WP.3/AC3/8-Annex 11).

Strength and stiffness parameters shall be determined according to section 4.1.0 coupled with the rules in
Eo,mm and the characteristic values for f  and ft,() are not less than given in table 4.1.1.

4.2.1 Standard structural classes
Finger jointed structural timber can be referred to one of the standard strength classes stated in 4.1.1 if

Ej nean 8nd the characteristic values are not less than given in table 4.1.1.

European redwood /whitewood finger jointed according to the UN/ECE Recommended standard category A can be
assumed to satisfy the requirements of SC24, and category B the requirements of SC19.

4.3 Glued laminated timber

4.3.0 General
The manufacture of glued laminated timber (glulam) should be done according to rules and control
which does not require less of the production than stated in (CIB-glulam standard under preparation).

In principle, strength and stiffness parameters shall be determined as given in section 4.1.0, combined

. with recognized methods for determining the strength and stiffness of the glulam from the properties

of the laminae.

4.3.1 Standard glulam strength classes
In this code the following standard glulam strength classes are used: SCL30, SCL38, SCL47.

Glulam made from the same wood species in the entire cross-section may be referred to a standard glu-
lam strength class if the characteristic bending strength, f_ , and its mean modulus of elasticity in bend-
ing, Ea’m ean® &re ot less than the values given in table 4.3.1. In other cases it is furthermore required
that the characteristic tensile strength is not less than given in the fable,

Table » .1 Standard glulam strength classes. Characteristic strengths and mean
modulus of elasticity, in MPa

standard glulam strength class

SCL30 SCL38 SCL47
bending 1, 30 37.5 47
bending Eq nean 10000 12000 12000
tension £, 20 25 30

Glulam made from finger jointed timber corresponding to 8C30 in the extreme eighths of the cross-section on
either side, however at least two lamellas on either side, and to SC24 in the rest of the cross-section can be con-
sidered to correspond to SCL38. A corresponding combination of 8C24 and 8C12 can be assumed to correspond
to SCL 30.

CIB-W18 will produce an annex to this code indicating how the requirements of these standard glulam strength

classes may be met by existing national practices.

The specification of glued laminated members by strength classes (sections 4.3.1 and table 5.2.0) has been included as
a background for discussion and as an illustration of a simpler method for the engineer than the one based on

species and grades which is generally used, The strength and stiffness values given are very provisional.
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4.4 Wood-based sheet materials g
Testing must be carried out in accordance with the following standards:
For plywood: ISO/TC 165: Timber structures. Plywood. Determination of some physical and

mechanical properties.

For particle board -
and fibre board:

4.5 Glue

Only glue giving joints of such strength and durability that the integrity of the glue-line is maintained
throughout the life of the structure, is allowed for timber structures.

4.6 Mechanical fasteners
Refer to chapter 8,

4.7 Steel parts

Nails, screws, bolts, and other steel parts should as a minimum be protected against corrosion according
to Table 4.7.The requirements for protection against corrosion may be relaxed where surface corrosion
will not significantly reduce the load-carrying capacity.

Table 4.7 Minimum protection against corrosion

climate class nails, screws and bolts other steel parts

0 none ‘ none

1 galvanizing with a min. thick-
2 none ness of 20 um

3 hot galvanizing with a minimum thickness of 70 um

The consideration for the finish of the stxuctures may call for stricter rules for corrosion protection, especiaily
in climate class 2. Attention is drawn to the fact that certain woods, e.g. oak, and some treatments may have

a corroding effect.




The modification factors correspond to the traditionally used reduction factors of 9/16 ~ 0.6 for
Jong-term load and 0.85 for exterior conditions. The reductions are probably less, especially for the

low grades.
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5. DESIGN OF BASIC MEMBERS

5.1 Solid timber members -

5.1,0 Characteristic values

Characteristic values for the standard strength classes defined in section 4.1.1 are given in table 5.1.0 a.

For the load-duration classes and climate classes defined in sections 2.2 and 2.3 the factors in tabie 5.1.0 b .
should be applied. .

Table 5.1.0 a Characteristic values and mean elastic moduli, in MPa Provisional
SC15 SC19 SC24 8C30

characteristic values (for strength calculations)

bending i 15 19 24 30
tension parallel to grain ft’0 6 9 16 20
tension perpendicular to grain ft,go 0.75 0.76 0.75 0.76
compression parallel to grain f e,0 14 18 23 28
compression perpendicular to grain f .90 6 ) 1 1
shear™ £, 2.5 3 3 8
modulus of elasticity B 4200 5400 - 6900 8000
“mean values (for deformation calculations)

modulus of elasticity, parallel EO,lmean 8000 7200 . 8b00 10000
modulus of elasticity, perpendicular EQO,mean 250 300 350 400
shear modulus G 500 800 700 800

mean

* In rolling shear the shear strength may be put equal to £,/2

Table 5.1.0 b Modification factors : Provisional
values for strength calculations deformation calculations

climate classes land 2 3 1 2 3
permanent 0.6 (0.4) 0.5 (0.356) 0.7 0.6 0.4
normal 0.6 (0.4) 0.5 (0.35) 1 0.8 0.7
short-term 0.7 (0.6) 0.6 (0.5) 1 0.8 0.7
very short-term 0.85 (0.8) 0.7 (0.65) 1 0.8 0.7
instantaneous 1.0 (1.0) 0.85 (0.85) -

Where a load case is composed of loads belonging to different load-duration classes the values corresponding
to the shortest load may be used.

Values in parantheses apply to tension perpendicular to grain.

5.1.1 Tension members, compression members, beams and columns
5.1.1.0 General
This section applies to prismatic or cylindrical as well as slightly conical members, e.g. timber logs and

poles,

The effective span of flexural members shall be taken as the distance between the centres of areas of
bearing. With members extending further than is necessary over bearings the span may be measured be-
tween centres of bearings of a length which would be adequate according to this code; attention should
be paid to the eccentricity of the load where advantage is taken of this provision,

See footnote on page 4.1.




In cases where the influence of the size can be disregarded the conditions (5.1.1.1 a) and (5.1.1.1 b)
can be generalized to an arbitrary angle, a, between stress and grain direction, viz.:

1
(S % e ;
\/ (cos a2 sin‘a.?2, sinecose.?

+ +
ft,O) (ft,90) ( £, ).

cf. formula (5.1.1.6 a).

The introduction of size factor for the two directions of practical interest has been found more im-
portant than having a general formula,

The values for k,, oo ate based on papers by J. I, Barrett (Wood and Fiber, Vol. 6, No. 2,1974 and

Blze

Canadian Journal of Civil Engineering, Vol. 2, 1975).

Together with the Hankinson formula this formula has been used for many years in many codes for
designing traditional timber structures, No need has been felt for replacing it with a more sophisticated
and more restrictive expression based on formula (5.1.1.6 a). The formula has been chosen in preference
to the Hankinson formula due to its simplicity.

kbeaxing is based on a comparison of the rules in a number of codes, cf. CIB-W18/5-10-1, and on the
work of G. Backsell (Swedish Institute for Building research, Report 12/66 1966).
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The effective cross-section and geometrical properties of a structural member shall be calculated from
the minimum cross-section acceptable for the given nominal size or from the actual cross-section. Nomi-
nal dimensions may be used in calculations when the actual dimensions at a moisture content of 0.20
are not less than the nominal dimensions reduced by 1 mm for dimensions of 100 mm or less; 2 mm for
dimensions between 100 mm and 200 mm and 1 per cent for larger dimensions.

Reductions in cross-sectional area due to notching etc. shall be taken into account. No reductions are o
necessary for nails and screws with a diameter of 5 mm or less. ‘

5.1.1.1 Tension
The stresses shall satisfy the following conditions:

0 < ksize,Oft,O (6.1.1.1 a)

for tension parallel to the grain direction, and

0y < Kgpe 00%t,90 (5.1.1.1b)
for tension perpendicular to the grain, and
1 for V<0.02m’
ksize,QO = 9%3_)02 for V> 002 m’ (5.1.1.1 ¢)

for a volume of V uniformly loaded in tension perpendicular to the grain. Other examples of kg, o, are
given in section 5.2.2.

Recommendations on the size factor ksiz .0 will be produced.

5.1.1.2 Compression without column effect
For compression at an angle ¢ to the grain the stresses should satisfy the following condition:

0 <1y o = (g o 1, go)sine (5.1.1.2 a)

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION

of, fig. 5.1.1.2 a.

This condition only ensures that the compressive stress directly under the load is acceptable, but not that an ele-

*

ment in compression can carry the load in question. Refer to section 5.1.1.9.

« | /| Q

Fig. 5.1.1.2a

For bearings on the side grain (& = 90°) formula (5.1.1.2 a) may be replaced by

CONSEIL INTERNATIONAL DU BATIMENT

0, S kbearingfc,go (6.1.1.2 b)




A depth effect can be counteracted by stricter knot limitations for the bigger sizes. This may be the
reason for the different traditions concerning depth factor, and it explains why it is impossible to
give a general expression in this code.

The limiting depth of 200 mm has been chosen on the basis of tradition in the countries where such

a factor has been used. ,

At present the depth dependence for the ECE-grades is investigated. A provisional value of x =1/9 has
been suggested.

Reference is also made to the survey in CIB-W18/5-10-1.

The rules concerning lateral instability are based on the work of Hooley' & Madsen (ASCE Journal
of the Structural Division, Vol. 70 (1964) ST 3) as described in CIB-W18/5-10-1.
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For bearings located at least 75 mm and 1.5 h from the end and 150 mm from other loads k aring TAY
be taken from fig. 5.1.1.2 b. In other cases kbem.ng =1.

min,1.6h
and | 78mm,. ¢ min.150mm
A A 4l A

A ¥bearing “ l Hl l

1.8 1
e e e
W
\ h
16 N\ ]
1.4
Ty
1.2
L-‘.___
i Pt Yy
1.0 1"bea\ring “,\/150/9
1< kbearing < 1.8
i -
1] 50 100 150 ¢, mm
Fig. 5.1.1.2 b

Where the deformations resulting from compression perpendicular to the grain are significant to the
function of a structure, an estimate of the deformations shall be made.

The strain perpendicular to the grain can be estimated as aC/(kb e aringEBO,mean)‘

5.1.1.3 Bending ‘
The bending stresses, o, calculated according to the theory of elasticity shall satisfy

9 < KgepthFinstim (5.1.1.3 a)
k4 ept is a factor (< 1) taking into account the reduced strength of deep sections:
1 for h < 200 mm
kdepm i (;'Z*Il,"(:"(')‘)’C | for h > 200 mm (8.2.13b)

The value of ¥ depends on among other things the wood species and the grading rules. Recommenda-

tions will be produced.

k, o 18 a factor (< 1) taking into account the reduced strength due to failure by lateral instability (lat-
eral buckling). k; 18 determined so that the total bending stresses, taking into account the influence

from initial curvature, eccentricities and the deformations developed, do not exceed £,

The strength reduction may be disregarded, i.e. k, = 1, if displacements and torsion are prevented at
the supports and if

An =V 100 i S 0.75 (6.1.1.3 ¢)
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In (5.1.1.3 ¢) A, is the slenderness ratio for bending, and ¢

according to the classical theory of stability.

m,crit

is the critical bending stress calculated

k;  may also be put equal to 1 for beams where lateral displacement of the compression side is prevented
throughout its length and where torsion is prevented at the supports.

: kinst may be determined from fig. 5.1.1.3 if the lateral deviation from straightness measured at midspan is less than

2/200.
“kinst .
1,0 X ' The curve corresponds to
A\ A <078 k=1
{
! 0.76 <A <14 ; ¥y =1.56—0.752,
7l \\ .
} . 14 <A, i Kinet = 1A,
0.5 ; =
1
i
1 e
| S
% \"""‘--..
! > *m
0.75 1 1.4 2 3
Fig. 5.1.1.3

For a beam with rectangular cross-section k may be determined from fig. 5.1.1.3 dependent on the slenderness

inst
ratio J\m determined from

e hf /’E
_ e m 0,mean
m= ‘/——b‘ E——-O —G-J———— (5.1.1.3 d)

A
mean

where Qe is the effective length of the beam, For a number of structures and load combinations Qe is given in table

5.1.1.3 in relation to the free beam length £.

The free length is determined as follows:

a) When lateral support to prevent rotation is provided and no other support to prevent rotation or lateral dis-
placement is provided throughout the length of a beam, the unsupported length shall be the distance between
such points of bearing, or the length of a cantilever,

b) When beams are provided with lateral support to prevent both rotation and lateral displacement at intermediate
points as well as at the ends, the unsupported length may be the distance between such points of intermediate
iateral support. If lateral displacement is not prevented at points of intermediate support, the unsupported length
shall be as defined in a).

Table 5.1.1.3 Relative effective beam length ¢ /¢

Type of beam and load ' R e,"Q
Simply supported, uniform load or equal end moment 0.35
Simply supported, concentrated load at centre 0.30
Cantilever, uniform load 0.20
Cantilever, concentrated end load : 0.30
Cantilever, end moment ' 0.35

The values apply to loads acting in the gravity axis. For downwards acting loads ¢ e is increased
by 0.75 h for loads on the top side and reduced by 0.25 h for loads on the bottom side,




The reduction of the load near the supports is discussed in CIB-W18/9-10-1.
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5.1.1.4 Shear
The shear stresses, 7, calculated according to the theory of elasticity shall satisfy the following condition .
r<f, (5.1.1.4 a)

For beams with bearing in the bottom side and load on the top, loads placed nearer than the beam depth
from the support may be disregarded in calculation of the shear force.

[

=
@

P

et
Fig. 5.1.1.4

For beams notched at the ends, see fig. 5.1.1.4, the shear stresses should be calculated on the effective
depth h,, and for notches in the bottom the condition (5.1.1.4 a) should, for a < 3(h ~ h,), be replaced
by :

he + 2f
R | | _ (5.1.1.4b)

Notches with he < 0.5 h are not allowed.

Notches or abrupt changes of section that wiil produce tension perpendicular to grain stresses at the notch should

be avoided. Stress concentrations produced are likely to cause splitting at the notch at low tension values and no

satisfactory means are available for determining this tension stress. A gradual change of section and well rounded
: corners will reduce these stress concentrations.

Further recommendations on notching are being considered.

5.1.1.5 Torsion
The torsional stresses, 7, ., calculated according to the theory of elasticity shall satisfy the following
condition

Ttor < fv (5.1.1.5)
5.1,1.6 Combined stresses

General
At present no general theory of rupture exists, but only empirical or semi-empirical expressions for

the most important practical cases, some of which are given below.

Plane stress

grain direction

i )

T

Fig. 5.1.1.6




The intergction formula is empirical and suggested by Norris, cf. Forest Products Laboratory, Madison,
Report 1816, 1962. A more complicated formula

G2 0y0 Oqq 2 2
) — 204 (2% (L)' <1
fo fofgo oo f,

given in the report mentioned is not supported by the tests described in CIB-W18/9-6-4.

. Ul‘ ;,Gtr
| i |
!
l . ) N \ line of gravity
| N
| AN
, } \

| For:ﬁula (5.1.1.6¢) (and (5.1.1.6e)) ensure that the resultant stress, o,, does not exceed £, which
could be the case for unsymmetrical cross-sections if only (5.1.1.6b) (or (5.1.1.6d)} was wused, since

I 0y 0, o,

e m
S — w22 ]
fm fm fm f1:,0 fm
forft,0 <f,.

See also CIB-W18/4-10-2.

(5.1.1.6£) is based on a paper by Mohler & Hemmer (Holz als Roh- und Werkstoff 35(1977)473-478}.

The background for the column design is given in CIB-W18/2-2-1. The code format has emerged from
discussion in CIB-W18 and the work in connection with a revision of the British Code of Practice for,
The Structural Use of Timber.
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The stresses shown in fig. 5.1.1.6 should - unless otherwise stated (see e.g. 5.1.1.2a) - satisfy the following
condition: :

2

4
?9—0)’+ () <1 (5.1.1.6 a)
90 v
f, and f90 are chosen according to the sign of the o, and Og0> respectively. If o, is a bending stress then
f,. =1 ‘
0

0’0 2
==} +
)+ (

m
Tension and bending ,
Only the case with tension in the grain direction is considered.

The stresses should satisfy the following condition

A (5.1.1.6 b)

ft,o fm '
and in the parts of the cross-section, if any, where o, + o < 0, furthermore

|omimot\<"‘fm (61.1.6¢)

Compression and bending without column effect
Only the case with compression in the grain direction is considered.

The stresses in the parts of the cross-section, where ¢ + ¢, < 0 should satisfy the following condition

ml g : : (5.1.1.6 d)

o +o =1 {(6.1.1.6¢)

The condition only ensures that the stresses directly under the load are acceptable, but not that e.g. a laterally loaded
column can carry the load in guestion. Reference is made to section 5.1.1.7.

Torsion and shear
The stress 7 from shear and Toor from torsion calculated as stated in section 5.1.1.4 and section 5.1.1.5

should satisfy the following condition

2

T -

E 1 ST, (6.1.1.61)
5.1.1.7 Compression and bending with column effect (columns)

For columns it must be verified that the conditions in section 5.1.1.6 for compression and bending are
satisfied, when apart from bending stresses from lateral load, if any, the bending stresses from initial
curvature and stresses caused by the deflections are taken into consideration,

These conditions can be assumed satisfied if the stresses satisfy the following condition:

logl oyl 1 :
: <1 (6.1.1.7a
kcolfc,O ’ fm 1— 1_(_0_9,1_ %_Gc__! )
' kn f
E T¢0

0y, are the bending stresses calculated without regard to initial curvature and deflections, and k ; and
kp are factors depending on the slenderness ratio A, the material parameters and the initial curvature.

The initial curvature is assumed to correspond to a maximum eccentricity of the axial force of

e=qr A (5.1.1.7 b)

core

where T ore 18 the core radius.
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ke =5 TE a2

where Eq is the characteristic value of modulus of elasticity

£ i
ko = 0.5((1+ (L a) ff)kE) \/(1 (14 Pl P kg )
n

1

og is the Kuler stress..

(5.1.1.7 ¢)

(5.1.1.7 d)

Fig. 5.1.1.7 gives kcol and kcol’lkE for columns with e < 2.1300,ie n ~ 6.005, fc,()”fm = 0.96 'is assumed.

A

R 4

col

e o e Kot B

S 1.0

% 1y { E g ; : L_,;__L_ | I A - |
LT E /£ = 200 = wm B 0 5
g 0'%e,0 A e
S e
\m\‘é,: 3?‘0" o
s 2400
S
ha f&]h
0.5 - ‘%gﬁn
v IS5 ™ P
S
s e 5 St 00
. - S
S Boile,0 “3s200
Y
o - -
7 Z A s
a ! . o
} oo A
50 100 150 200

Fig. 5.1.1.7

The condition {5.1.1.7 a) is on the safe side in cases where the tension side is decisive, ef. (5.1.1.6 d).

For the purpose of calculating the slenderness ratio of compression members, the values of the length ¢
should be calculated for the worst conditions of loading to which a compression member is subjected, pay-
ing regard o the induced moments at the ends or along the length of the compression member and to

slip in the connections. The length should be judged to be the distance between two adjacent points of
zero bending moment, these being two points between which the deflected member would be in single

curvature,

For straight members with mechanical fasteners the values of £ can be taken from table 5.1.1.7. The

actual length of the member is denoted £.
Table 5.1.1.7 Relative effective length of compression members

Condition of end restraint 2./8
Restrained at both ends in position and direction 0.7
Restrained at both ends in position and one end in direction 0.85
Restrained at both ends in position but not in direction 1.060
Restrained at one end in position and direction and at the other end partially re-

strained in direction but not in position ‘ 1.50
Restrained at one end in position and direction, but not restrained in either position

or direction at the other end 2.00

The slenderness ratio should not exceed 170, or for secondary members, 200,
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5.1.2 Cambered heams
Relevant parts of section 5.2.2 may he applied.

o
A M
{

[43
S [
R T —

—

{
|
: !
— |
] ]
\\ e E SR —~"g fo

,_.,__»—M-»Av‘—*"""”"
—grain divection

Where there is an angle o between the grain direction and the top or hottom of the beam the bending
stresses, o, calculated as usual should in accordance with formula (5.1.1.6a) satisfy the following
condifions:

Tension side:

Oy i
b g 5.1.2
A S ; (6.1.22)

WA (7 tana) + (fw ------- tan® o)
v £, 90
Compression side:
log, i 1
- - - ' 51 2b
?;': / fm ? fm 4 2 ( )
1A {5 tane) 4+ (G tan” o)
te feﬁ?(}

5.2 Ghloed laminated members

5.2.0 Chavacteristic strength and ebiffness vaives

Characteristic values for the standard glulam strength classes defined in section 4.2.1 are given in table
5.2.0. For the load duration classes and climate classes defined in sections 2.2 and 2.3 the factors in
table 5.1.0 b should be applied.

Table 5.2.0 Characteristic values and mean elastic moduli, in MPa Provisional
SCL30 SCL38 SCLAT
Charaeteristic values (for strengilh c':a.“év;‘;laiz’ons )
bending fin 30 38 47
tension parallel to grain ft,o 20 25 30
tension perpendicular to grain f (.90 0.75 0.75 0.75
compression paraliel to grain fc,(} 28 36 45
compression perpendicuiar 1¢ grain f. a0 7 7 )
shear™ i‘v’ 3 3 3
moduius of elasticity iy 8000 9600 9600
Mean values (for deformation caleulation)
modulus of elasticity paraliel to grain By e 100060 12000 12000
modulus of elasticity perpendicular to grain E&,,;) esn 200 500 500
shear modulus G ‘ 800 1000 1000

X
fmean

See footnote on page 4.2



The influence of notches has been found much more severe for glulam than for solid timber, and in
some countries nofching of glulam is not allowed. The expression har been proposed by Mdéhler, see
CIB-W18/9-6-4.

The rules are in principle the same as in the Canadian Standard CSA-086/1977, but slightly simplified.
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5.2.1 Straight beams and columns
Section 5.1.1 for solid timber applies except that formula (5.1 .1.3b) should be replaced by

1 for h< 300 mm (5.2.1a)
Kdopth = A% for h> 300 mm oia
and formula (5.1.1.4b) by /
hh, . /
TSI —28 (1~ gl (5.2.1b)
e

and notches with h, < 0.75h are not allowed.

!
5.2.2 Cambered beams /
This section applies to double tapered curv%d beams with rectangular cross-section (fig. 5.2.2 a) and.
double tapered beams with flat soffit and rﬁéctangular cross-section (fig. 5.2.2 b). In the latter case
h/rm = (), ¢f. below. 5
The influence of the cross-sectional variation shall be taken into account. Especially it shall be ensured
that the tensile stresses satisfy the condition 5.1.1.1 b, i.e.

9 < Keive 90,90 _ (5.2.22)
with
Q'Fi_ for uniformly distributed load _
: 1o (5.2.2 b)
size,QO 0'35 .. .

oz for other loading’

that the tensile stresses perpendicularly to the grain satisfy the condition 5.1.1.1 b, i.e.

apex

cross-seclion

b

cross-section
Fig. 5.2.2 b Double tapered beam with flat soffit




The background for the calculation of radial tensile stresses etc. is given by Foschi & Fox (Seeeg.
ASCE, Journal of the Structural Division, Vol. 76(1970) ST10.

The formula and the diagrams are based on papers by H. Blumer (among others Holzbau 6-8/1975) and
Mdohler & Blumer (Berichte aus der Bauforschung, Berlin 1974, Nr. 92).
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For double tapered curved beams Vis the beam volume between the points of tangency (corresponding
to the shaded area in fig. 5.2.2 a). V shall, however, not be taken as less than V = 0.6 !oh:1 pex”
For double tapered beams with flat soffit V = 0.6 bh? apex”
g Where there is an angle between the grain direction and the top or bottom the bending stress should |
£ satisfy the conditions in section 5.1.2. . |
£
% The following methiod may be used for calculating the maximum stresses in beams with rectangular cross-section. |
% The radial tensile stresses perpendicular to the grain are at a maximum near the mid-depth of the apex, and the
8 maximum value can be calculated as i ’
=} 6M
apex
Z o = Ky o £ (5.2.2 ¢)
N apex
<3
'g" where Mapex is the bending moment at the apex-section and k, is given in fig. 6.2.2 ¢ for EO,mean/EQO,mean =15
E‘J and EO,mean"EQO,mean = 30.
z ke %
9_% 0.0 — / 0.2a T
e o’ | bant / U | el /
= ot Lt ¢ = | 2] el L ‘
, = B o g
Z 46 1 — /// Iy
=18 o.lo - Ll X / 0.0 st /
=) 20 F -3 L= e :
= e M%y ACRAMY UNDER ™ PREPARATIO
o = ek | | o -
E g = /?_;‘—/‘:.#0”‘ £a 'e{ 0.08 1= 7 P
= mn
= el 'E“"M' =0 . =3 Soseds .36
2 e O, P €an Ego mean
2 6" of oz o3 o4 af O of o2 03 o4 of
3 Fig. 5.2.2 ¢ hopex/ e cr sy lmf’e"/"ﬁp@a/v
<
g : The maximum bending siress in the apex cross-section occurs at the lower face and can be calculated as
& 6M
< . apex
é “m km bh:l ox (6.2.2 d})
o P
B L i e '
Z where k__ is given in fig. 6.2.2 dfor EO,mean'fEQO,mean » 15 and EO,mean"EQO,mean = 30.
25 < :
x ~N
) : \ &7 | tancl . \ | dod.
L - bl L B
= 2.0 > P g~ —_— e
5] TN TN B -
<§ ‘{'5.. \ - -::'_:"-—-_4._,_ ZO_.,__J_;-;-”’ - me—d_
I WO ’>" —
a \:ﬁﬂ :"\ Aok
- {0 =7 L S
g i A-G-MMS UNDER.  TREPARAT (O W
2 0.9 v a "
= S £ mear r
o ‘ fl / ~OMEQn :30
o o £90 me@ﬂ ‘ : ‘f‘go,mew:
& O 6.4 0.2 0}3 c_s.4 os o of Oz 03 o 4 as
3 . ‘
& Fig.5.2.2 ‘ A‘f"’“/"‘mean 'é"{’e-‘ tmar
z .
2 :
: The bending stresses between the supports and the points of tangency are calculated as usual.
In deflection calculations contributions from shear force deformations shall be taken into account.




The formula is a simplification of the Wilson- and Hudson-formulas, see CIB-W18/5-10-1.

The values are suggested by K. Mohler, cf. CIB-W18/5-10-1.
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5.2.3 Curved beams ‘,l
This section applies to curvef beams with constant, rectangular cross-section, see fig. 5.2.3 a,

cross-section

point of tangency - point of tangency

=1+ 0.5h

Fig. 5.2.3 a

Reduction of strength

The ratio between the radius of curvature, r, and the laminae thickness, t, should be greater than 125.
For r/t < 240 the reduction of the strength in bending, tension and compression parallel to the grain
due to the bending of the laminae should be taken into account.

This can be done by multiplying fm, fc 0 and ft 0 by thé factor kcurv’ where

= r
K ogey = 0.76 + 0.001 t ‘ (5.2.3 a)

Distribution of bending stresses
In heavily curved beams (i.e. the ratio between minimum mean-radius of curvature, r_ , and depth, h,
less than 15) the influence of the curvature on the distribution of axial stresses from bending moments

shall be taken intc consideration.

The bending stresses in the innermost fibre can be caleulated as

M
Ui = Ki phe (5.2.3 b)
while the stresses in the outermost fibre can be calculated by the usual expression
&M
%mb = bh? (65.2.3 ¢)
1]

The modification factor k; is given in fig. 5.2.3 b,

k,
1.8

12 N

1.0
‘- {1 + 0.5hfry, oo forr, ../h < 10
8 =
1.16—0.01r, . /h  for10< (r ., /h) <15
} 4 l } { I t t :rmean"h
0 2 4 8 8 10 12 14 16

Fig. 5.2.3 b




A simplified version of the rules in Canadian Standard CSA-086-1977.
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When the bending moments tend to reduce curvature (increase the radius) the tensile stresses perpendi-
cular to the grain shall satisfy the condition

0 < ksize,goft,go (6.2.3 d)

where
0.4 . s
== for uniformly distributed load

V0.2
ksiz.e,90 = 0.3 _ . . {5.2.3 e)
{]—55 for other loading

V is the volume of the curved part of the beam (corresponding to the shaded area in fig. 5.2.3 a).

The tensile stresses perpendicular to the grain in the curved part may be calculated as

1.6 M
o= o (5.2.3 )
mean




The inclusion of limitations on o, . . and — is discussed. According to established practice in
USA and Canada they are disregarded in designing plywood beams. If the stresses are calculated
according to the theory of elasticity they will for most plywood types be decisive.
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7. DESIGN OF COMPONENTS AND SPECIAL STRUCTURES

7.1 Glued components

7.1.1 Thin-webbed beams

The stresses in thin-webbed beams may be calculated under the assumption of a linear variation of strain
over the depth. In principle the stresses must satisfy the conditions given in section 5.

compression

a~”
b o b hw
o
:‘f - “ihfﬂ tension
bﬁ‘%«—
—

For a beam with flanges of timber or glulam the stresses in the flanges should satisfy the following con-
ditions, cf. fig. 7.1.1 a:

10 go! < £y : (7.1.1 a)
l9g ¢! < Kegife 0 (7.1.1b)
Gt,-f <fio (7.1.1 ¢)
I, tt < I (7.1.1 d)

k.o I8 determined according to section (5.1.1.9) with A =12 ¢ /P where £ s the distance between
the sections where lateral deflection of the compression flange is prevented, and b is given in fig. 7.1.1 a.
If a special investigation into lateral instability of the beam is made as a whole k_; = 1 may be assumed,

For box beams an investigation of the lateral instabiiity may be omitted if (7.1.1 a) is replaced by

< kyof , (7.1.1¢)

lo m

m,fe

where k, ., is determined according to section 5.1,1.8. This is on the safe side.



These rules are based on calculations according to the general method given below.

The method given is based on the theory of elasticity, see e.g. Halasz & Cziesielski (Berichte aus der
Bauforschung, Heft 47) and CIB-W18/6-4-3.
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The shear stresses may be assumed uniformly distributed over the width of the sections a-a and b-b
shown in fig. 7.1.1 a.

1t must be shown that the webs do not buckle.

If the webs are made from structural plywood, structural particle board or fibre board and the free
depth, h_, of the webs is less than 2h_ ., where h . 1s given in table 7.1.1 and the shear force V
satisfies the following conditions: '

b, (h, + by) for h, <h .

h (7.1.1)
B P (1 1) for h, <h, <2h
w

V<
w max
a buckling investigation is not necessary.

It is assumed that the web is stiffened at the supports and under concentrated loads. The stiffeners
should be fastened to the web and tightly fit between the top and bottom flanges. The cross-section of
the stiffeners are chosen so that the whole force can be transferred between flange and stiffener.

Table 7.1.1.2

Web _ hax

Plywood with ¢ < 0.5 ' (20 + 80 ¢)b,,
Plywood with ¢ = 0.5 45 b

Particle board or fibre board with ¢ ~ 0.5 35b

o is the ratio between the bending stiffness of a strip with the width 1 cut perpendicular-
ly to the beam axis and the bending stiffness of a corresponding strip cut parallelly to
the longitudinal direction of the beam

In cases where a special investigation must be carried out it can be done according to the linear elastic
theory for perfect plates simply supported along flanges and web stiffeners.

For the case shown in fig. 7.1.1.b these assumptions lead to the following condition:

g

1

s+ () <1 (7.1.1 g)
crit crif :

where o, ., is the critical stress if only the axial stresses were acting and = erit the critical stress if only the shear

stresses were acting.
can be determined as

%erit

w? \/(EI)X(EI)y

Oerit =~ kbuck,a | (7.1.1h)
where ko for a number of cases is given in fig. 7.1.1 ¢ and fig. 7.1.1 d.
T opit CAD be determined as
2 4 3
n? J (ED3(ED),
T el (71.1.11)

Terit.~ Spuck,r ta?

where ky . ckr for pure shear is given in fig. 7.1.1 e.
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The following notations are used (cf, fig. 7.1.1 b):

(EI),  isthe 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 Y, (EI)x = ﬁ Et* {1 — ”xy"yx)’ where Pxy and Pyy
are Poisson's ratios. For wood-based panels » Xy yx 0 can be assumed.

(EI)y as (EI)_, but in bending about the Y-axis.

GI) is the torsic;nal stiffness per unit length of the panel. For a homogeneous orthotropic panel, (GI), _ =
tor tor
3 o 3
Gt /3 + [”xy(EI)x + vyx{EI)y] ~ Gt? /3.
§ ee—————
By = %«\/(El)x/(El)y. For an isotropic panel, 81 = 2/a.
By =05 (Gl)tm,!\/(EX}K(EI)y . For an isotropic panel, §5 = 2G/E.
— : ¥
: [ I [
= | X
a —t—
=R,
e el D ]
PO v ¥ \J:hickness =t
Fig. 7.1.1 b
kbuck kl:mck kb k
40 2 40 - 40 202
u=—1 u=0 ue=+1
36 36 36 k g
&|
32 A #*® 32 ;a # 32
28 —x 28 —_ 28 —t
24 \\ \ 24 24
20 \ 20 20
16 \ // / f 16| 16
12 N o 12 B,=1 07 0.5] 07 12
By =1.07 857 07 \ A
B ~ 7z ® 1 F,=1.07 057 0
4 l / 4 \ 2 1 ‘ / l.{/ / 1
A i i i i
¢} 1 2 3 4 0 1 2 3 4 0 1 p .3
Fig. 7.1.i ¢
40 k\bunlio 20 k\:uck,f
36 [
» \\\ et * \\\ EN * |
ag N\ \ e
I —
24 \ \ i2
201 A\ W 1]
By =0 ; 0 \\\ a2=1.07 0.57 07
6105 25 04—
05 S\ N/
194101 M. gw A\ |
j \
[ Do— f \ \\ g 4 +-
4 Z \\
[}
‘-q.___ Pl
0 | # 0 1 2 3 4
—2 —1 0 i
g, 7.1.1 d Fig. 7.1.1e

account,

In calculations of deflection the contributions from the shearing stresses in the webs should be taken into




The simple method has been shown by Booth to be satisfactory (IUFRO-Section 41, Madison, 1971).
The effective width for uniform load for plywood corresponds approximately to b, = 0.15% (Mohler

a.0. in Holz als Roh- und Werkstoff Nr. 21, 1963) but has been reduced to take into account the effect
of uneven load distribution.

The limit b, . has been calculated according to the method given above.

The design of spaced columns and mechanically jointed components is discussed in CIB-W18/3-2-1.




INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION

*

A

CONSEIL INTERNATIONAL DU BATIMENT

8.09.01

CIB - STRUCTURAL TIMBER DESIGN CODE Date: I Chapter: IPage:
7 4

7.1.2 Thin-flanged beams (stiffened plates)
The stresses may be calculated under the assumption of a linear variation of strain over the depth and the .
stresses must in principle satisfy the conditions given in section 5.

b b’

l’ e e ¥
Orb
4‘*"*“{'&-*’ }»——Lﬂk A‘——‘g;l' N
7, CATLLILS SN LA LS LI f
.
a b

Fig. 7.1.2

The influence of the stresses not being uniformly distributed over the flange width should be taken into
consideration. Unless otherwise proved the calculations can be based on an effective flange width, b, cf.
fig. 7.1.2 , where

b, = iof’e + by, . : {(7.1.2a)
or

b, =0.5 bf,e + b, _ (7.1.2b)
respectively.

The free effective width, b, , (< by), is given in table 7.1.2.

Unless an investigation into the buckling instability of the compression flange is made, b,, should not be
put higher than bmax, also given in table 7.1.2.

Table 7.1.2
Flange b; /% b
Plywood with fibre direction in extreme plies
parallel to the web 0.1 25Ny
perpendicuiar to the web 0.1 20 b,
Particle board or fibre board w. random fibre orientation 0.2 30 hy

¢ is the span, however, for continuous beams £ is the distance between the points with
zéro moment

The buckling investigation of the compression flange can be made according to section 7.1.1.

The buckling instability of webs made of plywood or other sheet materials should be investigated in
accordance with section 7.1.1, unlessh, < 0.5h .. whereh, . isgivenin table 7.1.1.

The shear stresses may be assumed uniformly distributed over the width of the sections a-a, b-b and
c-¢c shown in fig. 7.1.2.

7.1.3 I- and box columns, spaced columns, lattice columns
To I- and box columns the relevant parts of section 5.1.1.9, 7.1.1 and 7.1.2 apply.

What is stated for solid columns (section 5.1.1,7) applies to spaced columns and lattice columns, but
furthermore, the deformation due to shear and bending in packs, battens, shafts and flanges and to the
extension of the lattice should be taken into consideration.

Design methods for spaced columns are given in Annex 7B and for lattice columns in Annex 7C.




The following guidelines were given in CIB-Timber Code, second draft:

The axial forces are calculated assuming hinges in all nodal points, and the moments in continuous members,

if any, are assumed to lie between 80% and 100% of the simple moments {corresponding to hinges in both ends)
dependent upon the degree of end-fixing and the support conditions. For non-continuous members the moments
are assumed equal to the simple moments. The free column length is assumed between 85% and 100% of the theo-
retical nodal point distance dependent upon continuity and degree of restraint.

A sub-group was formed at the CIB-W18-meeting in Perth with the task of discussing these rules,
especially with regard to the use of nail-plates.
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7.2 Mechanically jointed components

If the cross-section of a structural member is composed of several parts connected by mechanical fasteners
consideration must be given to the influence of the slip occurring in the fasteners.

In addition the recommendations of sections 5 and 7.1 apply.

Calculations may be carried out according to the theory of elasticity. For slip modulus the values given
in table 7.2 may be used,

Table 7.2

Fastener Slip modulus (N /mrr;-)‘
Round nails with d < 5 mm” 0.002 E,d

Round nails with d > 5 mm®™ 0.1 E,

Bolts with pressed-in connectors 1.3 E,

E, is the modulus of elasticity of the timber in N/mm?®. d is the diameter in mm for
round nails or the side length for square nails,

* For square nails 15% higher values are allowed.

For beams a design method for a number of cross-sections is given in Annex 7A and for columns in Annex
7A-B-C.

7.3 Trusses

Trusses may be analysed as frame structures where the influence of initial curvature of the elements,
eccentricities, deformations of elements, slip and rotation in the joints, and rigidity of the joints are
taken into consideration in the determination of the resultant stresses.

As an alternative a simplified calculation after the following guidelines is permitted:
(under preparation)

j
i
:
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8. CONSTRUCTION

8.0 General

The recommendations given in this chapter are necessary conditions for the applicability of the design
rules elsewhere in this code.

Timber structures shall be so constructed that they conform with the principles and practical considera-
tions of the design, '

Materials for the structures shall be applied, used or fixed so as to adequately perform the functions for
which they are designed.

Workmanship in fabrication, preparation and installation of materials shall conform in all respects to
accepted good practice.

8.1 Materials

Timber and wood-based components of structural elements should not be unnecessarily exposed to cli-
matic conditions more severe than those to be encountered in the finished structure. In particular they
should not be subject to prolonged exposure to the weather or to conditions conducive to fungal or in-
sect attack.

Timber which is damaged, crushed or otherwise misused should not be used for structural work.

BRefore construction timber should be seasoned as near as practicable to the moisture content appropriate
to its climatic condition in the completed structure,

The limitations on bow in most national stress grading rules are inadequate for the selection of material
for columns and beams where lateral instability may occur. Particular attention should therefore be paid
to the straightness of columns; e.g. limiting bow to about 1/300 of the length, and to beams where
lateral instability may occur; e.g. limiting bow to about 1/200 of the length. It may also be necessary

to introduce more stringent limits on other particular members, e.g. twist for torsional members.

8.2 Machining
The size, shape and finish of all timber and other materials shall conform with the detailed design drawings
and specifications for the structiure, '

The cutting of timber after preservative treatment should be avoided. However, when it is unavoidable,
and exposure of untreated timber results, a liberal application of preservative should be made to the cut
surfaces.

8.3 Joints (Preliminary. Final version to be prepared at completion of section 6)

Fasteners should be placed in conformity with the drawings. The minimum distances given in section
6.1.1 - 6.,1.4 should be complied with,

Wane, splits, knots or other defects are not allowed in joints to such a degree that the load-carrying ca-
pacity of the joints is reduced.

Unless otherwise specified nails should be driven in at right angles to the grain and to such depth that
the surfaces of the nail heads are flush with the timber surface.

Unless otherwise stated slant nailing-should be carried out in conformity with fig. 6.1.1.2 a.

Bolt holes may have a diameter not more than 2 mm larger than the bolt. Washers with a length and
thickness of at least 3d and 0.3d, respectively (d is the bolt diameter), should be used under the head
and nut. .

Bolts should be tightened so that the members fit closely, and they should be tightened up if necessary
when the timber has reached its equilibrium moisture content.

At least 2 dowels should be used in a joint. The minimum dowel diameter is 8 mm. Turned dowels
should be used and the pre-bored holes in timber members should have a diameter which is 0.2 - 0.5
mm less than the dowel diameter while the pre-bored holes in steel plates should have the same dia-
meter as the dowel. The dowels should be at least 2d longer than the total thickness of the joint.
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Through the centre of each connector a bolt or screw for which the above rules are valid should be placed.
Connectors should fit tightly in the grooves.

When using toothed plates the teeth should be completely pressed into the timber. In smaller and lighter
structures the bolt may be used for impressing provided it has at least 16 mm diameter. The washer should
then have at least the same side length as the connector and the thickness should at least be 0.1 times the
side length. It should be carefully checked that the bolt has not been damaged in tightening.

Impressing should -normally be carried out with special press tools or special clampmg bolts with washers large and
stiff enough to protect the timber from damage.

Lag coach screw holes shall be pre-drilled and treated as follows:

a. The lead hole for the shank shall have the same diameter as the shank and the same depth as the length
of the unthreaded shank.

b. The lead hole for the threaded portion shall have a diameter determined by the characteristic density
of the species or species group and by the length and diameter of the screw.
Recommendations on lead hole diameters will be provided.

c. Soap, or other non-corrosive lubricant (e.g. not ordinary petroleum) may be used to facilitate insertion
of the screw.

d. Screws are to be inserted by turning with a suitable wrench, not by driving with a hammer.,

8.4 Assembly

Assembly should be in such a way that unintentional stresses do not occur. Members which are warped,
split or badly fitting at the joints should be replaced.

8.5 Transportation and erection

The over-stressing of members during storage, transportation and erection should be avoided. If the
structure is acted upon or supported otherwise than in the finished building it must be proved that this
is permissible and it must be taken into consideration that such action might have a dynamic effect. In
the case of e.g. framed arches, portal frames, etc., special care should be taken to aveid distortion in
hoisting from the horizontal to the vertical position.

8.6 Surface treatment
Under preparation. Will contain recommendations on painting, staining, ete.

i

|
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1. SCOPE

ANNEX 7A
MECHANICALLY JOINTED BEAMS AND COLUMNS WITH I-, T- OR BOX CROSS-SECTIONS

2. NOTATIONS

For beams bending about the Y-axis is assumed.

Beams or columns with cross-sections as shown in fig. 1 are dealt with. The individual members are
connected to each other by nails, bolts with toothed metal plate connectors or similar non-rigid
fasteners.

A method is given tb determine stresses, deflections and load on the fasteners of beams and the load-
carrying capacity of columns, including the necessary requirements to the fasteners.

Reference is made to fig. 1. In all cases the Z-axis is a symmetry axis. For cross-sections of type 1
the Y.axis is a gravity axis, while for type 2 and 3 it is a symmetry axis.
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col

A, Total area

A; Flange area

A Web area

A See fig. 1

Modulus of elasticity

Load on one fastener

Shear modulus

Moment of inertia (second moment of area)
Lot
IOWn
e
Slip modulus, see section 3
Bending ..wnment (about Y-axis)
Axial load on column

Pcrit
Shear force (in the direction of the Z-axis)

Critical _value

Static moment (first moment of area)

S, Static moment of flange about Y-axis
Distance of gravity axis from flange

Width

b, Thickness of web

Strength

fc,O
Depth
h, Depth of flange

b, Depth of web

h, Depth of tension zone in web

Compressive strength

Column factor

Span of beam or free length of column

I Effective moment of inertia, see formula (2)

Total value calculated around the geometric gravity axis (Y-axis)

Sum of moments of inertia for the individual parts around own gravity axis

Spacing of fasteners (1/s is number of fasteners per unit length). If s is varying evenly
in the longitudinal direction according to the shear force between s, ands .. < 48
an effective value of s equal tos = 0.75s . + 0.25s . may be used.

Slip between jointed members
Effectiveness factor, see section 4

. Slenderness ratio
Ne Effective slenderness ratio

Axial stresses
og ¢ in outermost fibre of flange

% mean © in the middle of the {lange

- o in outermost fibre of web

Shear stress
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3. ASSUMPTIONS

The member is assumed either loaded in the Z-direction giving moments about the Y-axis, or with an
axial load acting in the gravity axis,

The case where both bending moment and axial force are acting (beam columns) at the same time is
only treated in a special case, cf, section 7.

The conditions are assumed linear-elastic and the following relation between the load on a fastener
and the slip is assumed to apply.

F=Ku -{1)
All members are assumed to have the same modulus of elasticity, but the expressions may be ex-

tended to apply also to cross-sections where the cross-section members have different properties
by transforming of the cross-section sizes in relation to their stiffness after the usual methods.

4, EFFECTIVE MOMENT OF INERTIA

The effective moment of inertia is determined by

Te = Logm T 7ot — Iown) (2)
where
N 1
iy (8)
1+ T K 5
For beams with thin webs of plywood, particle boards or fibre boards, however,
_ 1
i T | (4)
1+ - &5* 36p_)
5. BEAMS
5,1, Calculation of stresses
Fig. 1 is referred to.
The stresses in cross-sections of type 1 are calculated from the following expressions:
M
lo l=1 h, (5)
e
M h
e
‘b
105 = 10g mean! + T 5 . (7)
e
and in cross-sections of types 2 and 3 from:
_Mhy
|0 1 L% (8)
M b, * b
Iofmem|=f—7 = 2 (9)
e
Mb
0] = 10g rmean! ¥ T 5 (10)
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5.2, Calculation of maximum shear stresses

For cross-sections of type 1 the maximum shear stresses occur where the stresses in the web are zero
and can be calculated from

Qh?
maxr = 5y (11)

For cross-sections of types 2 and 3 the maximum shear stresses occuy in the middle of the web and
can be calculated from

hy + h 1
maxr=Ie§w (At + LA b)) (12)

5.3. Calculation of load on fasteners
The load per fastener can be determined from
QRS
F=y— s (18)
e
5.4, Deflections

The deflections from the moment are calculated as usual applying the effective moment of inertia I .

6. CONCENTRICALLY LOADED COLUMNS

6.1. Load-carrying capacity _
The load-carrying capacity corresponding to deflection along the Z-axis can be determined as

P.=k .f gB (14)

crit col c,0

The columnn factor k_, is determined as for a corresponding column with rigid joints between the
dross-section members, but the effective slenderness ratio:

—
Ae =!2\/—-~@‘i (15)

is used.

For the T-cross-section and the I-cross-section, type 2, the load-carrying capacity for deflection in
the Y-direction is found as the sum of the load-carrying capacity of the individual members, i.e. the
stiffening effect that the members might have on each other is not taken into account.

6.2, Load on fasteners
The load on the fasteners can be calculated by eq. (13), assuming

P 1

- =

60 kcoi for 60 < A,

Ao P “1 )

£ e g‘ __<__h 9
Q 60 60 kc01 for 30 ?\e 60 (16)

P 1

156 kcol fora, < 30
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7. COMBINED LOADS

In cases where small moments resulting from e.g. own weight are acting apart from axial load, the
usual interaction formulas can be used for the stresses determined above,

8. REFERENCES

K. Méhier, J. Ehlbeck, G. Hempel & P. Koster: Erliuterungen zu DIN 1052, Blatt 1 und 2 - Holz-
bauwerke - Ausgabe Oktober 1969 with further references.

The design of built-up timber columns, CIB-W18/3-2-1.
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ANNEX 7B
SPACED COLUMNS WITH NAILED OR GLUED PACKS OR BATTENS

1. SCOPE

Columns as shown in fig. 1 are dealt with, i.e. columns with two or in certain cases three or four iden-
tical shafts jointed with packs or battens. The joints may be either nailed or glued or bolted with toothed
11etal plate connectors. Expressions are given to determine an effective moment of inertia and thus an
effective slenderness ratio, whereupon the critical column stress is determined as for a column of solid
timber with the same slenderness ratio.

It is assumed that the construction rules given in section 3 are observed, and that the joints are de-
signed for forces as stated in section 6.

Only concentrically loaded columns are dealt with.

2. NOTATIONS

Reference is made to fig. 1.

7 " T T A
" . |
| - i S € RS T JﬁsziI
— It —
S
s JH B b
hypa,  hyah By,  hoe b
Y Y Y Y
Z Z : Z Z
a A i
A_S/ Ag A Ay s fi/As -
Fig. 1.
A Area
A, Area of one shaft
Atot = nAs Total area
I Moment of inertia (second moment of area)
I - I for one shaft about own gravity axis
Lo¢ Total moment of inertia about Y-axis
P Column load
Pt Load-carrying capacity
Q Shear force



INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION

*

CONSEIL INTERNATIONAL DU BATIMENT

CIB - STRUCTURAL TIMBER DESIGN CODE Date: Chapter: |Page:
78.09.01 jAnnex 7B 2

Ty See fig. 3
a Distance
a Free distance between shafts

a; =ath See fig. 3

oo Compressive strength parallel to the grain
K ol Column factor
[ length -

L Free length of column

' Distance between midpoints of packs or battens

£, Length of packs or battens

Number of shafts
A Sienderness ratio

=0 \/ fof  glenderness ratio for a solid column with the same cross-section
Liot
/& .
Ay =Ry T Slenderness ratic for the shafts
8 .

Ag Effective slenderness ratio

n Factor, see table 2.

3. ASSUMPTIONS _
- The cross-section is composed of 2, 3 ot 4 identical shafts.
- The Y- and Z-axes are symmetry axes.

The number of free fields are at least 3, i.2, the shafts are af least jointed in the ends and in the
third points. ‘

The free distance between the shafts is not greater than 5 times the lamella thickness (a/h < 5).
The joints and packs and battens are designed for a shear force Q as stated in section 5.
- The length of the packs should satisfy the condition £,/a > 1.5.

- For nailed joints there should in each section be at least 4 nails or 2 bolts with metal plate con-
nectors. For nailed joints at the ends apply that there should be at least 4 nails in a row in the
longitudinal direction of the column. :

- Battens should be made of structural plywood and their length satisfy the condition £,/a > 2
The columns are solely subjected to concentrical axial loads.

4. LOAD-CARRYING CAPACITY

For deflection in the Y-direction the load-carrying capacity can be determmed as the sum of the
load-carrying capacity of the'individual members.

For deflection in the Z-direction the load-carrying capacity are determined as

p coi c, OA 1)

crit =
The column factor k col is determined as for solid columns, but the usual slenderness ratio

—
7\=2\/I—t°?- (2)

tot
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is replaced by the effective slenderness ratio

= n.2
A =VAT+nga]

7 is given in table 2.

Table 2: 5
Packs Battens
glued nailed | bolted™ glued nailed
Long-term loading 1 4 3.6 2 8
Short-term loading 1 3 2.5 2 4.5

* with toothed metal plates.

5. SHEAR FORCES
The load on the fasteners and battens or packs can be calculated as stated in fig, 3, assuming

P 1
60 k
Ae P
-4 _e I
Q= 60 60
P
120 k
\
2x 9
b 2 2ad rr"
g B
2 1 )
i Wﬁ.,‘w___
Ql.
2
P -'--liLL-l
¥2
Ry
Pig. 2

6. REFERENCES

for 60 < Ae
1 for 30 < A, < 60
l'ch>!
for . < 80
3 %“ 4 X %
‘“1-'0-14- r-rl'&‘om-g.: .
e o
b v
] I MNE]
|1l [T
L L AL
24 3 5.1 8y
B 4:6_; 2
,}(_.EL* ' E! #A,?ﬂ,{

a, =a+
R
r
ay

(3)

K. Mdohler, J. Ehlbeck, G, Hempel & P, Koster: Erlduterungen zu DIN 1052, Blatt 1 und 2 - Holzbau-
werke - Ausgabe Oktober 1969 with further references.

The design of built-up columns. CIB-W18/3-2.1.
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ANNEX 7C
LATTICE COLUMNS WITH GLUED OR NAILED JOINTS

1. SCOPE

Lattice columns with N- or V-lattice and with glued or nailed joints are dealt with.

Expressions are given to determine an effective moment of inertia and thus an effective slenderness

ratio whereupon the critical column stress is determined as for a column of solid timber with the

same slenderness ratio.

It is assumed that the joints are designed for forces as stated in sections 3 and 5.

2. NOTATIONS
Reference is made to fig. 1.

A, If number of nails:n

1» number of naila:n

- number of nails: » n sin*4’

[ number of nails: n

N-truss

Fig. 1

' L 2P
S g

forrs.im

Sl
- :;éd’//&?;: i
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A Area
A; Area of one flange

—

Moment of inertia (second moment of area)

I; Ifor one flange about own axis

I, Totalvalue:I,, =2I;+ & Ach?

K  Slip modulus for one nail, i.e. the force per nail that will cause a slip of 1
P Axial load on column

Q@  Shear force

e  Eccentricity

fc,o Compression strength

h  Depth of column (flange centre distance)
ir  Radius of gyration (=/T;JA;)

Column factor

£, Joint distance

n  Number of nails per diagonal in a joint, If the diagonal consists of two or more pieces, n is the
sum of nails, not the number of nails per shear face -

8 Angle between a flange and a diagonal
A Slenderness ratio
A, Effective slenderness ratio
A; Slenderness ratio of a flange (£, /i;)

M Parameter, see section 4.

3. ASSUMPTIONS

The structure is assumed to be symmetric about the Y- and Z-axes of the cross-section. However, the

lattice of the two sides are allowed to be staggered the length 24/2.
There should be at least 3 fields, i.e. £ > about 3¢,.

The column should be designed for a shear force Q, as stated in section b, i.e. the diagonals and
joints should be designed for Q/sind .

In nailed structures at least 4 nails per shear should be used in each diagonal in each nodal point.
At each end bracings should be used.

The slenderness ratio for the individual flange corresponding to the length ¢; must not exceed 60,
i.e.
Ay <60

Besides, it assumed that no local rupture is occurring in the flanges corresponding to the column
length A, .

4. LOAD-CARRYING CAPACITY

The load-carrying capacity corresponding to deflection in the Y-direction is equal to the sum of
the load-carrying capacity of the flanges for deflection in this direction.

For deflection in the Z-direction the load-carrying capacity is assumed to be equal to
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Py = 2k if, oAs

col c,0

where the column factor k_, is determined as for a corresponding column of solid timber, but
instead of the geometrical slenderness ratio of the column

/2A
- f .
A=2 i

fot

the effective slenderness ratio

A =MWIFR

e

is used, where u is determined as stated below:
Glued V-truss:
- 4083 h2
=AY @)
A, is not to be taken less than 1.06 .
Glued N-truss: '

Aq is not to be taken less than 1.05 &,
Nailed V-truss:
hEA,
B =25 o R sin2g
Nailed N-truss:

hEA,

=50 r R ingg

5, SHEAR FORCES
The column should be designed for a shear force @ given by

P 1
—_— for60< )
60 kcol N
Q=1 e B 1 for30< A< 60
60 60 k., e
P 1
—— =
L 150 kcol for A, 30

6. REFERENCES

K. Méhler, J. Ehibeck, G. Hempel & P, Koster: Erlduterungen zu DIN 1052, Blatt 1 und 2 - Holzbau-
werke - Ausgabe Oktober 1969 with further references.

The design of built-up columns, CIB-W18/3.2-1.
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From: U Saarelainen,

Technical Research Centre of Finland. Jan 19879

The naticnal timber code group has studied the
CIB draft and has put through me the following
comments:

2.1!1‘

4I3l1‘

4'7.

5.1.0.a

5.1.0.b

5.1.1.7

A volume of 0,02 m3

surprisingly high.

seems to be

A definition of the extrems eighths is
deviating from the current practice
(extreme sixths). The reascn for change
is unknown. Further, the rscommend use
of structural timber instead of stress
graded laminae in glulams ssems to a new
feature, of which we havs not got any
experisnce. The current Finnish practice
makes some clear distinctions bstwsen
laminae grading and stress grading of
structural timber.

The referred climate class 0 has not baen
definsd in sesction 2.2.

The applied ratic E/G = 12 seems to be
very low comparsd to previous practice
of E/G = 20.

In the modification of deformation
calculations it is assumed that only
after 10 years the deformations will
increase by 40 %. The studises have, how-
gvar, shown that deflections may increase
by 100 % even during the first two years
of loading.

Table

The correct fixing of a wooden post
restrained at ons end both in position
and dirgction and free at the other end,
is merely theoretical. A value of 1 /1
between 2.1 and 2.5 is to be recommefded.
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SOME QUESTIONS AND PRELIMINARY COMMENTS
ON THE THIRD DRAFT OF THE CIB W-18
STRUCTURAL TIMBER DESIGN CODE

from

Yu M Ivanov

Central Research Institute for Building Struciures
Gosstrol -

Union of Soviet Socialist Republics

The third draft of the CIB W-18 Structural Timber Design Code is an interesting
attempt to explain for a designer succession of the transition from strength
indices of real material - structural wood — to design allowable stresses for
caleulation of the members of wood structures. Such an approach must be welcome
having made it easy to practical use at engineering calculations. 1In order to
assist as far as possible to accomplish given text ag well as to clear up its
separate points we give below some questions and notes which are preliminary since
given draft of the Code is not completed and in several important states of
principle significance is not supporied by necessary experimental basing data.

a the first question: by what reliability factor during service life of
structures the degign allowable stresses (Table 5.1.0a; 5.1.0b etc) proposed are
ensured by means of suggested "standard strength classes" of structural wood and
what are concrete limitations of qualitative defects of wood in these classes?

b the second guestion commected with the first: on what experimental invesiiga-
tions(tests up to failure of structural members of natural size at main stress
states; for example in tension parallel to the grain} are based the short-time
stren§#h values for suggested "standard strength classes" of wood (Table 4.1.71 and
4.3.1)7

¢ how is ensured the transition from deflection of board through its plane by
machine stress grading to the characteristic strength given in Table 5.1.0a?

d in 2.71.1 it should be pointed; besides temperature and relative air humidity,
the equilibrium moisture conteni of wood which is reached only as a result of
prolonged stay of structure at conditions mentioned.

e to 2.2. "The climate clasges" are in fact the service conditions since classes
1,2 and 3 given in 2.2 can be in the same climate zone. It is necessary to add to
given in 2.2 three classes of service conditions the following service conditions
of wood structures: (1) under roof but in outside atmosphere; (2) in contact with
earth; (3) concrete forms and scaffolding ought to be separated from the members
which are permanently in water, coefficients in Table 5.1.0b having been corrected
accordingly and transferred here.

The "marine works™ are in conditions of permanent moistening (partly in water), so

it might be hardly agreed with decrease of absolute values of strength of wood

(Table 5.1.0b) in state of saturation by {(1-0,5/0,6)100=(1-0,835). 100=16,5 per

cent in relation o strengibh of wood at equilibrium moisture comtent 12 per cent.

The difference of strength of wood mentioned reaches in fact 30 per cent. The

matter of fact is that with rising of moisture content the absolute magnitude of

the strength of wood decreases but the relative decrease of the latter is not changed
what ought to be taken into consideration at determination of correcting coefficients
for design stresses.



f in Table 2.3.a ang 2.3.b - "load-duration classes™ uninterrupted load action
("permanent” load) equals in fact to periodical one ("normal' load) since for both
is proposed the same coefficient of decrease of allowable stress 0,6 (Table 5.1.0b).
Such an equality it will rather be difficult to base since, as is known, a
periodical action of load is determined by a sum of duration its applications
during the service life t' of structure what is of course less than t'. From this
standpoint the statement between pages 2.7 and 2.2 is applicabie only to modulus

of elasticity but not tc characteristic strength since the load-duration effect has
a cumulative nature.

The range of "normal" class from 3 weeks to 10 years (and practically - to 50 years),
during which the woocd structure can decrease its bearing capacity for 15 per cent,

i8 too big, bringing in a marked uncertainty. It might be proposed: (1) I class
("permanent') to atiribute to uninterrupted action of whole design load, for

example earth and water pressure, during service life of structure, ie 25-50 years,
with coefficient 0,5; (2) second class {"normal") to atiribute to6 periodical action
of design .oad which sum of duration of its applications during service life of
structure reaches several years (up to 10 years), with coefficient 0,6. According
to this the other coefficients for the rest classes ought to be corrected.

g Tables similar fto 5.1.0a and 5.1.0b but for glued laminated members as well as
allowable stresses for timber logs are absent.

h in 1.1. ig desirable to mention as the base of the Code also the practice of
congtruction and service of wood structures.

Besideg of the gquestions of principle some gquestions are raised concerning easiness
of use as well as the language of the code.

i it is desirable to retain the symbols used in mechanics, for stress ¢, v for
examples [&], {*] instead of f; <, % for allowable stress etc.

3 it is desirable to unite the Table 2.3.a and b and to place here the number
coefficients from Table 5.1.0b.

k 5.1.7. and later: it is desirable to include in the right side of all the
inegualities necessary calculation ccoefficients for stress what will simplify the
calculation work of designer.

1 it is desirable to include in the code a Table with design stresses for members
of the more frequently used timber and glued laminated siructures and also to give
examples of calculation of allowable stress for other type of wood structures.
This will allow to avoid mistakes at practical application of the code to design
of wood structures in different cases of service.

25 179
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CSIRO
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Professor H.J. lLarsen,

institute of Building Technology

and Structural Engineering,

Aalborg University Centre,

Danmarkagade 19,

DK-9000, 26th February, 1979
Aalborg,

DENMARK,

Dear Professor Larsen,

CIB STRUCTURAL TIMBER DESIGN CODE

The CSIRO Division of Building Research has been requested by the
Standards Association of Australia to provide comment on the above
document, Enclosed is a copy of these comments. We have deemed it
appropriate at this time to limit comment in general only to matters
relating to the format of the code.

Qur main comment is that in .its current format the CIB draft code
would not be either useful or useable to Australia. The range of
structural situations covered by the CIB draft code does not include
all the basic ones considered in AS:1720-1975, the Australian Timber
Engineering Design Code. More importantly however, the CIB draft code
does not cater for the range of species utilised in Australia. The
Australian code AS:1720-1975 considers the timber in terms of property
group classifications. It is of interest to point out that we have
published, or will socon publish group classifications for some 500
Australian species, 100 South American species, 700 African species,
and 700 South-East Asian species. Using these classifications,
structural design with all these species may be carried out through the
use of the Australian code. However this will not be possible with the
CIB draft code.

In order to provide some constructive comment, I am including with
this letter some notes on five aspects of format in the Australian code
AS:1720-1975 related to topics which we feel are inadequately covered by
the CIB draft code. These topics are the following -

Strength classifications. ;
Design Rules for green timber. :
Laminated timber.
., Buckling strength.
Fracture strength,

[ RSN P N
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I would be grateful if you could circulate a copy of these Notes, the
enclosed Comments to the Standards Association of Australia and this
letter to other members of the drafting Committee for the CIB code.

I am also sending you under separate cover four copies of the
Australian Timber Engineering Code AS:1720-1975. Could you please
give these to members of the drafting Committee who may not have
access to this Code? It will help to place some of the enclosed
Comments and Notes in their appropriate context. For the same reason
I am also forwarding to you under separate cover some relevant
publications, reprints and lecture notes. These include the Australian
Standard AS:1649-1974, a Standard for the Determination of Basic
Working Loads for Metal Fasteners for Timber.

I regret writing so much critical comment, and find even less joy
in promoting a local code (AS:1720-1975) as one having a preferable
formaty however I trust that you will accept that these comments are
offered in good faith and with the best of intentions. The first draft
of the Australian Code was drawn up relatively recently, i.e. after
1970, and so for this undertaking we had access to most of the other
current existing Timber Engineering Codes to use as a basis for the
Australian Code. In addition we had a background of some 35 years
experience in developing a strength classification system for designing
with a great range of species, including both softwoods and hardwoods,
and green and dry timbers.

Since its inception AS8:;1720-1975 has been under continual review
and this year a major revision will be made to take into account the
findings of recent research to assess the effectiveness of the Code
and also to see if it is possible to modify the format to satisfy
criticisms (particularly with respect to complexity) received from the
structural engineers who use the code. As 1t is hoped that this will
be the last major change in format for some time it is planned to
include a commentary with the next edition of the code.

There are obvicusly many more matters we would like to discuss but
unfortunately there is a limit to the quantity of written communication
that it is feasible to attempt; and alas the tyranny of distance prevents
our attendance at the W-18 discussions. However, from all here at the
CSIRO Division of Building Research, we send you our best wishes for
success in the future deliberation of the W-18 Committee,

Yours faithfully,

oA 7

Pr. R.H. Leicester
Officer-in-charge
Structures Section.

Copy sent to Mr. J.R. Tory, Technical Secretary CIB-W18




COMMENT ON
CIB STRUCTURAL TIMBER DESIGN CODE THIRD DRAFT, SEPT. 1978

Submitted by - |
R.H. Leicester, |
(CSIRO, Division of
Building Research.
Melbourne, Australia.
1979)

GENERAL COMMENT No.1.

Although the code is intended to be an International Standard,
because of the format in which it is written it will not be useable
in countries that utilise a wide range of species. Examples of such
countries are Australia, and the countries of South America, Africa
and South-East Asia.

An example of an alternative format which would be suitable for
an international code is the Australian Timber Engineering Code,
AS5:1720-1975. Here the properties of timber (including their per-
formance with metal connectors) have been classified in groups across
the full practical range of timber that is utilised. Either published
or shortly to be published are the strength groupings of 500 Australian
species, 100 South American species, 700 African species and 700 South-
East Asian species. With this data engineering design for all these
species can be carried out using AS5:1720-1975. This will not be
possible with the proposed CIB design code.

GENERAL COMMENT No.Z2,

The code does not appear to mention whether the timber is initially
green or air-dry. Both of these types of timber are used extensively
in Australia. For comparable material (i.e. with the same strength
group, stress grade and density) the performance of the green timber
is significantly inferior to that of the dry timber with respect to
creep, creep buckling and fastener strength.

GENERAL COMMENT No.3.

Several design rules for common basic structural elements that have been
written into the Australian Timber Engineering Code AS:1720-1975 in
response to requests from structural engineers, are not considered in
the CIB draft code. These include the following -

(i) Design rules for a member (such as the top chord of a truss) that
can buckle laterally due to beam instability and also buckle about
both major and minor axes due to column instability. Alsoc the code
contains no rule for the design of a beam-tie for the case of a

beam sufficiently slender that it can buckle laterally.



)

(ii) Rules for the design of buckling restraints.

(iii) Design rules for the case of point loads acting on a
grid system,

(iv} Design rules for the case of a point load acting on the flange
of a plywood web beam which does not have vertical stiffeners
attached to the web,

(v) Load sharing effects of multiple member systems.

(vi}) Rules for the acceptance of timber structures based on prototype
or proof testing procedures.

(vii) Rules for the design of pole structures.

CLAUSE 2.2

The intent of the choice of climate classes is not clear. For
an international Standard the choice of climate classes should cover
the full practical range of climates encountered, ranging from the
cold Northern European climates through the hot and dry tropics,

to hot and humid equatorial conditions.

CLAUSE 4.,1.0

Strength grading should be permitted by any proven method. For
example in Australia a promising method under study is the grading of
timber through proof testing every stick in bending. This method
would not be permitted by Clause 4,1.0.

CLAUSE 4.1.1

For all methods of grading, it should be necessary to ensure that
the chosen characteristic strengths satisfy Table 4.1.1. The implied
effectiveness of visual grading is not in keeping with the fact that
hundreds of species are utilised, and tension strength measurements
have been made on less than a dozen.

A strong objection is raised against the limited range of strength
classes in Table 4.1.1. This is quite inadequate to cover the range of
timbers used in Australia, and the potential utilisation of timbers in
the countries of South America, Africa and South-East Asia,

One minor point that needs stating in the specification of character-
istic strength of beams is the definition of the strength of a beanm,
For example,is it the bending strength at the worst defect with the
defect edge stressed in tension, or is it the strength of the beam
tested with the defect located at a random location and edge? If the
latter, then is the beam tested through centre point loading, third
point leading or uniform bending moment? Different answers for
characteristic strength are obtained for these four cases.




CLAUSE 4.3.1

The strength classes in Table 4.3.1 are too limited in range and
concept to be useable in Australia and many other countries. In
Australia dozens of species have been used,often with more than one
species in a member, and often with butt-joints in a portion of the
laminations. The design procedure used in the Australian code
AS:1720-1975, is to consider laminated timber essentially as solid
timber with slight modifications due to laminating effects.

CLAUSE 4.4

Either in this clause, or else where in the code there should be
a table providing a set of design stresses for plywood of dlfferent
strength classes.

CLAUSE 5,1.0

Table 5.1.0a has obviously been drawn up with certain specific
species in mind, and therefore is not suitable for countries utilising
a wide range of timber species. For example, since bending strength
is a function of both clear material strength and defects whereas
compression strength perpendicular to the grain is a function only of
clear material strength, then it is possible to obtain lumber of two

species which have different clear material strength and hence different

compression strength perpendicular to the grain, yet have the same
bending strength because the defect sizes in the two populations of
lumber are different. Thus Table 5.1.0a is not suitable for an inter-
national code that covers a wide range of species.

The modification factors for deformation calculations given in
Table 5.1.0b do not mirror observations made in Australia (where some
experimental observations have been made over a period of 10 years in
practical, rather than laboratory environments),

The deformation of timber under stress is due not only to time

dependent effects, but also to changes in moisture content. For
most practical situations in Australia, the 'creep" component due
to changes in moisture content is the larger one. One result is that
timber initially green and allowed to dry creeps considerably more
than timber that is initially dry. For example it has been found
that initially green timber, placed in an unheated shed in Melbourne
(i.e. probably climate Class 2) creeps more than 200-percent, i.e. the
appropriate modification factor for deformation should be 0.33, rather
then the value of 0.6 shown in Table 5.1.0b.

It is not clear whether the modification factors in Table 5,1.0b
contain load factors to cover uncertainty (i.e. "factor of safety'),
or whether another code is to provide load factors to be used with
characteristic values. In either case these should take into con-
sideration that there is a great range of variability to be found in
structural timbers. For example, in Australia we have commercially
used timbers species which have an in-grade coefficient of variation




4.

for bending strength of less than 20-percent, and others with a
coefficient of variation greater than 40-percent. Cbviously
different load factors need to be provided for these two cases.

CLAUSE 5.1.1.3

The recommendation for buckling strength does not take into
consideration the effects of creep buckling when long duration loads
are applied., This can be very significant for timber that is
initially green.

CLAUSE 5.1.1.4

Contrary to the comment in this clause, the shear (and bending)
strength of notched beams has been well studied (at least in Australia)
and using the concepts of conventional fracture mechanics, fracture
strength can be predicted with good accuracy. A list of some relevant
Australian references on this topic have been forwarded to Professor
H.J Larsen. One important characteristic of fracture that is predicted
by fracture mechanics and verified experimentally is that there is a
significant effect of size on fracture strength, i.e. the larger a
member the lower the nominal stress level at fracture. This size effect
is not found in equation 5.1.1.4b, which is therefore conceptually wrong
for the case when a notch is placed in tension and fails through fracture.
Also there is no need to 1limit the notch depth when the design strength
is derived through fracture mechanics.,

Finally, our experience to date on a limited number of species
of timber is that very little increase in strength is obtained through
rounding notch roots.

CLAUSE 5.1.1.7

The column formula appears unnecessarily complex for a code,
particularly in view of the limited data that is available for the
every few species that have been tested in structural sizes. A column
is a simpler element than a beam, and yet the proposed design formula
is more complex. Also the column formula appears to ignore the
effects of creep buckling on strength.

For parctical purposes Table 5.1.1.7 should also contain effective .
lengths for compression members (a) supported by flat ends and (b)
supported by two bolts at each end.

CLAUSE 5,1.2

The title should read 'Tapered Beams'.




CLAUSE 5.2.0

The same comments apply here as were made for Clause 5.1.0.

CLAUSE 5.2.1

The same comments apply here as for Clause 5.,1.1.4. The apparent
increased severity for notches in glulam beam is probably a manifestation
of the size effect that has been conceptually omitted, i.e. beams
tested to derive equation (5.2.1b) were larger than those tested to
obtain (5.1.1.4b),

CLAUSE 7.1.1

For the case of slender webs, the Australian code AS:1720-1975
coincides with the procedure outlined in the CIB document whereby the
ultimate load is taken to be the elastic critical load. However
experiments to verify this during the past year have shown this
approach to be far too conservative,often by as much as a factor of
2 or 3, This is due largely to membrane action effects.

CLAUSE 7.2

The slip of nails in non linear even at very low loads and it is
doubtful whether the concept of a linear slip modulus leads to realistic
deformation predictions. For bolts some allowance should be made for
the inital slip as a load is applied.

There appears to be no consideration of creep effects. In the
Australian design code AS:1720-1975 the deformation that occurs with
permanent loads is taken to be ten times that of short term loads in
the case of initially green timber, and five times for the case of
initially dry timber, '

* %% Rk R kK
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NOTE 1

BASIC DESIGN STRESSES AND DESIGN LOADS IN AS:1720-1975
(THE AUSTRALIAN TIMBER ENGINEERING CODE)

Submitted by -
R.H. Leicester,
(CSIRG, Melbourne
Australia, 1979)

In order to make provision for structural design with the wide
range of species that are utilised in Australia (and most countries
around the world) it is necessary to simplify the design procedure
by grouping timbers into a limited set of classes. The following
are the groups used in AS:1720-1975, the Australian Timber Engineering

Code:

(1) Strength Group (S1-87 and SD1-SD8) - <classification according
to the strength properties of small clear pieces of timber.
(ii) Stress Grades (F2-F34) - «classification according to the
properties of structurally graded timber.
(iii} . Joint Groups (J1-J4) - classification according to density.

As an example of the above, the two following Tables from AS:1720-
1975 show the classifications for a limited number of timbers used in
Australia. In publications either published or being printed by
CSIR0O, strength group classifications are given for roughly 500 species
utilised in Australia, 100 utilised in South America, and 700 utilised
in Africa. In addition the strength group properties of some 700
South-East Asian species are currently under preparation.
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TABLE 1.6

RELATIONSHIF OF VISUAL STRUCTURAL GRADES TO STRESS GRADES
FOR GREEN AND SEASONED MATERIAL OF SOME COMMON TIMBERS

{For a more comprechensive list of structural timbers, see Appendix B)

Strength Stress Grade
Group
Specles gg 9 | P4 | F5 | F7 | F8 | P11 | P14 | F17 | F22 | F27 | P34
=]
P
'.,;g 3 @ Yisual Grade
AUSTRALIAN GROWN TIMBERS
Unidentified hardwoods
Jrom —
MNew Soutl:j Wales S4 Bid Std Sel
i s g ei.
Highlan SD4 ’ %E(Eig gt? Sel,
{sewh 83 Bldg ! el
Blsewhere SD3 " sud Iéldig Std Sel.
d S3 Bldg 1 el.
Queanslan SD3 S Sel Bldg | Siud Sed.
South Australia 54 Bldg t el
ou 082 SD4 Bld sud Bsic:}g Std Sel.
Tasmani and 84 g t el
& . 083 SD4 Bld S }éld]g Std Sel.
i i 54 g t el
Victoria SD4 e | sg | B3| S| s
K 84 g t el
Western Australia $D4 ) ) legg Std Sel,
sS4 Bldg St .

Unknown SD4 Bldg Std Sel.

UNIDENTIFIED SCFTWOODS '

Pinus spp. SD17 Std Bldg|Sel.BidglStd Eng|Sel. Eng

Imported 56 Merch. [Sel, Std Eng|Sel. Eng

Merch,
SD? Merch. {Sel. Std Eng|Sel. Eng
Merch.
ash, alpine 083 | S4 Bidg Std Sel.
SD3 Bldg | Std Sel,
ash, mountain 083 | 5S4 Bldg Std Sel.
SD3 Bldg Std Sel.
ash, silvertop 083 | 83 Bldg | std Sel,
sD3 Bldg | St Sel.
blackbuit 082 | 82 Bldg | Sud Sel.
SD2 Bldg | Std | Sel,
fir, Douglas 0106 85 Merch. {Sel. Std EngiSel. Eng|
Merch,
SDS Merch. |Sel. Std Eng|Sel. Eng
Merch,
gum, red, river 081 85 Bldg Std Sel.
SDhs Bldg | St Sel,
gum, spotted 082 | 82 Bldg Std Sel.
5D2 Bidg | Std Sel.
jarrah 1483 | 54 Str2 | Strl
SD4 Str2 | Stri
katri 1483 § 83 Str2 | Sirt
sp2 Str2 | Strd
messmate 082 53 Bldg Std Sel,
SD3 Bidg | Std Sel.
pine, cypress, white 1648 | 86 Bidg | Std Sel,
sD7 Bidg | Std Sel.
pine, hoop Q107 86 Bidg Std Sel.
SDS5 Bidg | Std Sel.
pine, radiata 1490 SD7 Std Sel. Std Sel.
Bldg | Bldg | Eng | Eng
tallowwood 082 ] 82 Bldg | Std Sel.
§D2 Bidg | Std | Sel
Legend. Visual grades defined in Australian Standards are:

. Bldg .. Building Grade Std Eng . .. Standard Engineering Grade
Std . Standard Grade Sel. Eng . . Select Engineering Grade
Sel. .. .. Select Grade Str | . Structural Grade 1
Merch, .. Merchantable Grade Str2 . .. Structural Grade 2
Sel, Merch, Select Merchantable Grade Std Bldg Standard Building Grade
Eng .. Engineering Grade Sel. Bldg .. Sclect Building Grade

NoTE: As each set of grading rules is converted to metric units the reference number of the standard will be changed. For example,

AS 1490 is the metric version of ASO78.
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TABLE 4.1.1
CLASSIFICATION OF TIMBERS FOR USE IN JOINT DESIGN

Group Timber
J1 ash, Crow's gum, grey mahogany, red
ash, hickory gum, Maiden’s mahogany, white
bloadweod, brown gum, red, forest messmate, Gympie
box, black gum, salmon penda, red
box, grey, coast gum, sugar tallowwood
box, grey gum, yellow tuart
box, ted hardwood, Johnstone  wandoo
box, white River woollybutt
box, yellow ironbark, grey balau
carbeen ironbark, red, - chengal
gum, blue, southera narrow-leaved
12 ash, silvertop gum, red, river stringybark, white
blackbutt gurn, scribbly stringybark, yeliow
blackbutt, Western gum, spotted turpentine
Australian karri yertchuk
bleodwood, red mahogany, southern balau, red
bioodwood, yellow marri kapur
box, brush oak, tulip, brown kerpas
box, white-topped satinay keruing
gum, blue, Sydney stringybark, red kwila (merbau}
gum, grey, mountain
unidentified hardwoods from Western Australia
unidentified hardwocds from New South Wales, other than from
the highlands of that State
13 aider, brown gum, rose pine, cypress, northern
ash, alpine gum, shining pine, cyvpress, white
ash, mountain gum, swamp satinash, grey
ash, siiver, northern jarrah stringybark, brown
ash, silver, southern maple, scented tea-tree, broad-leaved
brownbarrel messmate lumbayau
candlebark oak, tulip, red {mengkulang}
gum, manna peppermints (various)  mersawa
gumy, mountain pine, celery-top ramin
sepetir
unidentified hardwoods from New South Wales—highlands
unidentified hardwoods from Victoria
unidentified hardwoods from Tasmania
unidentified hardwoods from South Australia
unidentified hardwoods from Queensiand
unidentified hardwoods from unknown origin
J4 alder, rose azk, silky, northern walnut, yellow
ash, white pine, bunya meranti, bakau
fir, Douglas pine, hoop meranti, dark-red
hemiock, western pine, loblolly meranti, light-red
commercial® pine, radiata meranti, white
maple, Queensiand pine, slash meranti, yeliow

* As present marketed is mixed with a small percenfage of amabilis fir,
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The following are examples of design values related to the
classification groups:-

TABLE 2.2.2

BASIC WORKING STRESSES (MPa} FOR COMPRESSION
PERPENDICULAR TO GRAIN AND SHEAR AT JOINTS

Strength Group Compression Shear at

perpendicular joints

to grain details
Green | Seasoned Fiy Fy
S 10-4 4-15
502 90 345
sSD3 78 295
51 SD4 66 2:45
Ry SD3 52 2-05
83 SDé 41 1-70
54 SD7 33 1-45
55 SD3 26 1-25
86 2:1 103
S7 17 0-86

TABLE 6.2

- CORRESPONDENCE BETWEEN STRENGTH GROUP AND
STRESS GRADE FOR ROUND TIMBERS GRADED TO AS Oil7

Strength group Stress grade

8t - F34
82 F27
83 F22
S84 F17
S5 F14
56 Fli
§7 Fg

Note: The equivalence expressed in Table 6.2 is based on the assumption that poles or
logs are from mature trees. This equivalence does not necessarily apply for poles taken
from immature trees of all species (see Rule 1.6.4),
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TABLE 2.2.1

BASIC WORKING STRESSES AND MODULUS OF
ELASTICITY (MPa) FOR STRUCTURAL TIMBER

Type of stress

- Modulus
Stresg . Tension Shear Compression of
Grade Bending parallel in paralie} elasticity

’ to grain beams to grain
Fy Fof F'y Fe E*
F34 34.5 27-5 245 260 21500
F27 275 220 2-03 20-3 18500
F22 2240 170 1-70 16-5 16000
Fi7 170 14-0 145 130 14000
Fl4 140 110 1-25 105 12500 |
F1l 110 86 1-05 83 10500
F3 86 69 086 66 9100
F? 69 55 072 5.2 7900
F5 55 4-3 062 41 690G
F4 43 34 052 33 6100
F3 34 2-8 043 2+6 5200
F2 28 22 036 241 4500
¥ Modul igidi = £
us of rigidity G = %
TABLE 5.2

BASIC WORKING STRESSES AND ELASTIC CONSTANTS
(MP2) FOR STRUCTURAL PLYWOQOD AT 12 percent
MOISTURE CONTENT

Type of stress

Tension Compression | Compression | Modulus | Moduius

Stress in plane in plane normal of of
grade | Bending of Shear of sheet to plane elasticity | rigidity

sheat of sheet

F'y F F Fe F'y E ¢

F8 85 69 1-58 65 2-8 9100 455

Fil 110 86 1479 83 3:4 10500 537

Fl4 140 110 207 10-3 43 12500 620

{Comment:

cover a total of 8 stress grades from F7-F34).

In the revision of AS:1720 this Table will be expanded to




Ab

TABLE 4.2.1.1

BASIC LATERAL LOADS FOR ONE NAIL IN
SINGLE SHEAR IN SIDE GRAIN

Basic lateral load per nail (N)
Timber group Nail diameter (mm)
25 2-8 315 375 45 50 56
J1 320 360 455 630 845 1020 1240
12 270 320 390 530 720 865 1050
I3 230 265 330 450 605 730 885
J4 175 190 230 315 420 510 620
TABLE 4.5.2

BASIC WITHDRAWAL LOADS FOR COACH SCREWS
IN GREEN TIMBER

Withdrawal load ON/mm penetration of threaded portion)
Timber group for coach screws of shank diameter (mm)
6 8 10 12 16 20
J1 59 67 75 83 96 108
12 47 33 61 67 77 87
3 33 7 39 45 49 57 65
J4 26 28 H 33 39 45

TABLE 4.6.2
BASIC WORKING LOADS FOR A SINGLE SPLIT-RING
CONNECTOR IN GREEN TIMBER

1 2 3 4 5 6 7 8 9 10 11
Minimum nominal
thickness of timber Basic Ioad (IN) per cotnector in single shear
mm at angle of load to grain of —
Timber | Internal
group { diamefer | Connectors | Connectors .
of ring inone opposite
face only in two a° 15° 30° 45° 60° 75° 90°
mm faces
H 64 — 33 11900 113003 9680 83201 7320 6720 6540
25 50 17800 : 17000 : 14800 | 12600 { 11000 | 10100 | 9790
102 — 50 22900222001 20500 ) 18700 { 171001 16000 1 15800
38 76 3120030300 | 2790025400 231001 21800 § 21 400
32 654 — 38 9520 9010 7790 6630 5700| 5450| 5030
25 50 14200 ( 13400 [ 116001 9880 8540 7830] 7560
102 — 50 19700 | 19000 | 169006 | 14700 | 13100 | 12100 | 11 800
38 76 26700 | 25700 | 22900 [ 20000 | 17800 | 16 500 | 16 600
J3 64 e 38 8900 8300 | 6920 5630] 4760| 4250 4140
25 50 13400112500 | 10400) 8500 | 7160] 6450)] 6230
102 — 50 18000 [ 16900 | 14500111900 | 10100] 9120 8900
J4 64 25 38 6360 6230 5780 5250 48301 4560 4500
— 50 §720 | 8340 | 7900 7230| 6680 6340 | 6180
38 64 9520 91701 8580 TBIO| 7210 6900 | 6760
102 s 50 139007 13400 12500 | 113001 10400 9790 | 96060
38 — 14900114500 | 13400 12200 11100 | 10500 | 10300
50 76 18400 [ 17800 [ 16600 | 15100 | 13000 | 13000 { 12300
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General Comment -

The above tables have been given as examples to illustrate the
range of properties that must be covered by group classification.
The method for assigning a specific timber to the classification
groups is not critical and in Australia many methods are in use,
For example in Australia the appropriate stress grade for a stick
of timber may be derived through a visual, mechanical or proof
grading procedures, Similarly for strength group classifications
there are several methods possible, depending on the quantity and
quality of data available., At one extreme there is a method that
relies on a knowledge of mechanical strength properties of clear
timber measured from many trees. At the other extreme there is a
method suitable for situations in which only density measurements
are available, and these from very few trees (less than five).
Obviously the latter method will in general lead to very conservative
strength grouping classifications.
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NOTE 2

DESIGN RULES FOR GREEN TIMBER IN AS:1720-1975
THE AUSTRALIAN TIMBER ENGINEERING CODE.

Submitted by -
R.H. Leicester,
(CSIR0, Melbourne
Australia, 1979)

The CIB structural design code does not appear to consider the
design of structures fabricated with green timber. In Australia,
construction with green timber is commonly encountered and in some
of our States it is the primary form in which timber is used in
house construction. Further more it is not feasible to dry large
sizes of solid timber prior to their use in construction,

In the Australian Standard AS:1720-1975 there are numerous rules
that reflect the necessary differences in designing with dry and green
timber. The following examples illustrate some of these differences.

(i) There is a difference in the strength groups and stress grades
allocated.

TABLE 1.6

RELATIONSHIP OF YISUAL STRUCTURAL GRADES TO STRESS GRADES
FOR GREEN AND SEASONED MATERIAL OF SOME COMMON TIMBERS

(For a more comprehensive list of structural timbers, see Appendix )

Strength Stress Grade
Group
Specles gg B | F4 | F5 | F7 | F8 | F1t | K4 | F17 | P22 | P17 | ¥u4
AR '
25| & @ Visual Grade
ash, alpine 083 | S4 Bldg | std Sel, '
SD3 Bldg | Std Sel.
ash, mountain 083 | 54 Bidg | Std Sel.
SD3 Bldg { Std Sel.
ash, silvertop 083 | §3 Bidg | Std Sel,
sSD3 Bidg Std Sel.
blackbutt 082 | 82 Bldg Std Sel,
sD2 Bldg Std Sel.

{ii) There is an allowance related to member size to account for the
effects of partial seasoning of green timber members.

TABLE 2.4.2
PARTIAL SEASONING FACTOR

Least dimension of | 38 mm or 50 T8 160 mm
piember ess mm mm or more

Value of X, | 115 10 | 105 1-00




(iii)

(iv}

There is a difference on long term deflection of solid timber

members,

B2

TABLE 2.4.1,2
DURATION OF LOAD FACTOR FOR DEFLECTION

Moultiplying factor
Average =
initial Bending,
Duration of load moisture compression Tension
’ content and shear
X2 Ks
Long duration® above 25% 3 1-5
Long duration* below 159 2 1
Short durationt any i i

* Long duration loading refers to a load duration of 12 months or greater.
t Short duration loading refers to a duration of 2 weeks or less,

MNote: Creep factors for intermediate durations of 2 weeks to 1 year, and for initial
moisture contents of 15 to 25 percent may be obtained by linear interpolation.

There is a difference on long term slip of joints fabricated with

metal connectors.

TABLE 2

DURATION OF LOAD FACTOR Ky

Factor K34
Bolts, split-rings
Duration of load Mails and shear plates
Unseasoned Seasoned Unseasoned Seasoned
menbers members members members
More than 6 months 10 5 4 3
2 weeks — 6 months 3 2 2 2
5 min - 2 weeks 1-5 15 1-5 i-5
less than 5 min 1 1 1 1
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(v) There is a difference in the design strength of metal connectors.

4.2 NAILED JOINTS —HAND MADE WITH COMMON WIRE
NAILS.

4.2.1 Lateral Loads.

4.2.1.2 Permissible loads. Permissible loads for laterally loaded

nailed joints shall be obtained by modifying the basic loads given In Table
4.2.1.1 by the following factors, as appropriate to the service CODdlthﬂS:

(a) Moisture conditions. An increase of 35 percent is permitted in

the basic load for timber seasoned to below 15 percent maoisture,

(vi) There is a difference in creep buckling strength.

TABLE 2.4.8

.MATERIAL CONSTANT p FOR USE IN EVALUATING STABILITY FACTORS
FOR BEAMS AND COLUMNS

Basic stress Material constant p
MPa
Stress In com- Class B — Straightness Class A ~ Straightness
Grade In pression
bending | parallel Dry, vwhere r = Green, where r = Dry, where r =
to grain
F'y Fy 0 025 | 05 | 075 1 0 025 05 | 075 1 0 025 | 05 {075 1
F34 | 345 260 1123 | 125 | 1118 1 114 4 122 | 135 1 1036 | 125 | 1117 | 112 ) 134 | 106 ] 14100 | 1-08 | 107
F27 275 20-5 120 | 122 ) 1115 § 1411 § 1:09 | 132 ] 1+32 1 120 | 134 | 1:09 | B840 | 103 | 1-07 | 1-05 | 1-04
F22 22 16-5 1416 | 1-18 | 112 | 108 | 1-05 | 127 { 1:28 | 1-18 | 1110 | 105 | 107 ] 109 | 1-03 | 1-01 | 500
F17 170 13-¢ 1412 | 1114 | 108 § 1104 1 1:02 | 123 { 123 | 1-34 | 1:06 | 1-02 | 1-02 ¢ 1-04 | 0:99 | 0:97 | 096
Fi4 140 105 107 | 109 | 104 | 100 [ 098 [ 1-18 | 119} 1-10 | 102 { 098 | 0-98 § 1-00 | 095 | 092 { (91
F11 110 83 1-05 | 107 | 10f {097 [ 095 [ 11153 1115 | 107 | 100 { 095 | 095 { 097 | 0-92 | 089 { 0-88
F8 86 66 102 | 104 { 699 : 095 | 093 | 1:12 ¢ 113 | 104 | 097 | 093 | 093 | 094 | 089 | 087 § 086
F7 69 52 (099 | 100 096 | 092 | 090 | 1-08 ¢ £-0% | 101 { 095 ; 090 | 0-8% ; 091 | 086 | (-84 } O-B2
F5 55 41 096 1098 [ 093 | 090 | 088 | 105 | 1-06 { 009 092 ) 088 { 0-86 | 088 ; 084 | 081 | 079
F4 43 33 1093 [ 095|109 1087085 | 102102 095|089 | 085683 |08 {08f 076|073
F3 34 26 (091 | 093 ] 089 5 086 ¢ 083 (099 100 093 | 088 | 083 | 081 | 082 | 077|072 ] 070
F2 2:8 21 089 | 090 ¢ O-87 | 084 | 082 | 097 { 097 | 091 |} O-B6 | 082 | 078 | 0-80 | O:73 | 069 | 0-66
Novzs:

1. The definitions for Class A and Class B straightness are given in Appendix G.

2. Sawn timber, complying with the relevant grading rules, may be taken as Class B and glued-laminated timber may be taken as
Class A.

3. r = (temporary load)/(total load), where the term ‘temporary load’ in this context refers to loads that act for a duration of less
than 12 months.
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NOTE 3

DESIGN OF LAMINATED TIMBER MEMBERS IN AS:1720-1975
THE AUSTRALIAN TIMBER ENGINEERING CODE.

Submitted by -
R.H. Leicester,
(CSIRO, Division of
Building Research,
Melbourne, Australia
1979)

In Australia laminated timber has been fabricated with dozens of
species, and concievably several hundred more will be used in the
future. The complexity of having to design for multiple species is
increased by the fact that frequently beams are made with a mixture
of species, and that some of the laminations may contain butt-joints
or finger joints therein.

In order to provide a fairly simple design procedure in AS:1720-
1975, laminated timber is treated essentially as solid timber, with
a few modification factors to take into account the minor effects of
the laminating. The following is a brief outline of these modifications:

(i) Stiffness - Each lamination is accorded the appropriate modulus of
elasticity for the stress grade of timber used, i.e. it is
assumed that the stiffness of a lamination is not influenced by
the laminating process.

{1i) Strength - The code AS5:1720-1975 allows for two methods whereby
the strength of a beam is increased through laminating. The
first is a load sharing effect. For example in a beam the bottom
25-percent of laminations are assumed to take part in a load
sharing operation and an increase in design stress is permitted
.according to the following table.

TABLE 2451
PARALLEL SUPPORT FACTOR

Effective number
of clements Factor
carrying comnion
load K
1 1-00
2 1-14
3 1-20
4 1-24
5 1-26
6 128
7 1-30
8 13
9 132
10 or more 1-33
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Another method whereby an increase in strength arises in laminating
is due to the local reinforcement effect. In AS:1720-1975 this rein-
forcement is taken to be applicable to species having {a) low slopes
of grain and (b) grading defects that are localised phenomena. The

following Table shows the effect of local reinforcement according to
AS:1720-1975.

TABLE 7.3.2
SPECIAL LAMINATION FACTOR
Lamination Factor X, for special grades*
thickness

num L1 12 13 ;]
50 1-00 119 1-15 120
40 1-00 110 1-20 1-25
30 1-00 110 120 1430
25 100 1-15 ;25 135
20 1-00 1-15 1:25 1-40
15 i-00 1415 1:30 1-45
10 1-00 1:20 i-35 1-55
5 1-00 125 1-45 1470

* Special lamination grades correspond to the following grades as defined in AS 084,
AS 0106, AS 0107, and AS 1490, except that slope of grain is not to exceed 1 in 16:

L1 special grade = select engineering grade (radiata pine and Douglas fir) or select grade
(hoop pine)

L2 special grade = standard engineering grade (radiata pine and Douglas fir) or standard
grade (hoop pine)

L3 special grade = select building grade (radiata pine), or select merchantable grade
(Douglas fin)

14 special grade = standard building grade (radiata pine)
Nortz: for thicker laminations use factor for 50 mm thickness,

The local reinforcement effect has been derived through experi-
mental measurement and the concepts of fracture mechanics. It is to

be considered an alternative and not an addition to the load sharing
effect,
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NOTE 4

DESIGN FOR BUCKLING STRENGTH IN AS:1720-1975
THE AUSTRALIAN TIMBER ENGINEERING CODE

Submitted by -
R.H. Leicester,
(CSIRO, Division of
Bullding Research,
Melbourne, Australia,
1979)

The basic problem in choosing a suitable format for buckling strength
is that not only is there a large number of stress grades of timber
utilised (in AS:1720-1975 there are twelve), but also on infinite variety
of structures may be built. The following describes the format adopted
in AS:1720-1975 in order to reduce the design rules to manageable pro-
portions.

First a stability factor K is defined by

% = K Otapie (1

where Ua is the allowable design stress and ¢ is the value of Ga

stable
if the structure were completely restrained against buckling.

The effects of buckling are then normalised through defining a slender-
ness coefficient S as follows

T

§ = av//gstable/(ocrfs) (2)

where Our denotes the critical elastic buckling load, and ¢ is an

arbitrarily chosen constant. (In AS:1720-1975 o has been chosen so
that for pin-ended rectangular columns S = L/D, the length to depth
ratio)

Through the use of equations (1) and (2}, any relationship between
2’ stable and Oup MaY be expressed as a dimensionless equation

relating K and S.

a

For example the equations -

Ua = Gstable (3)

o, = ocr/s (4}
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can be written -
K = 1
K = a/S

These equations are illustrated in the following Fig.1.

!

o

design curve
for structures
’typ@-‘2 B

- design curve
for structures S~ K= ok/S
type A T~ L4

Stability Factor K
-
(O

0 i L | |
0 X 208 3 LeX

Slenderness Coefficient S

Fig.l.Relationship between stability factor X and slenderness co-
efficient S,

In AS8;1720-1975, a single K-S relationship is used to define the
buckling strength of all timber styuctures constructed from the same
type of timber and having the same duration of load. In the revision
of AS:1720-1975, there will be three K-S relationships, one for each
of the following classes of structure,

(i} columns
(ii) Dbeans
{(iii} plywood web diaphranms

This reflects the findings of recent research.

(5)
(6)
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COMMENT No. 1.

From the above it follows that with the format used in AS:1720-
1975, any type of slender timber structure may be designed provided
an elastic critical stress Oy is first computed from conventional

mechanics theory. This value of O is then used to derive S which
in turn leads to K and hence the allowable stress Ga' In AS:1720-

1975, formulae for computing slenderness coefficients S in this way
are given for the following -

{1} Dbeams
(ii) <columns
(iii) plywood webs
(iv) spaced columns
(v) arches

The formulae cover a great variety of structures,including cases where
the intermediate restraints against buckling are not rigid.

An example of the wide range of structures considered is illustrated in
Appendix E of AS5:1720-1975, attached to the end of this Note. Appendix E
gives formulae for the slenderness coefficients of beams of various

types.
COMMENT No. 2.

In AS:1720-1975, the effects of long duration loads are considered
not only in terms of strength, but also in terms of creep buckling.
The following references contain relevant discussion on this topic:

1. Leicester, R.H. - A Rheological Model For Mechano-sorptive Deflections
0f Beams. Wood Science and Technology. Vol.5, 1971 pp.211-220

2. Leicester, R,H. - Lateral Deflections Of Timber Beam-Columns During
Drying. Wood Science and Technology. Vol.5, 1971 pp 221-231,

3. Leicester, R.H. - Contemporary Concepts For Structural Timber Codes.
Seminar On Timber Design and Construction for the 70's, University
of Auckland, New Zealand, Aug.1972.

4. Leicester, R.H. - Buckling Strength of Slender Timber Members.
Lecture 10, CSIRO Seminar on Timber Engineering, 1973.
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The following graph, taken from Reference 3 cited above, compares
the measured effect of duration of load on column strength, with the
corresponding design rules in some timber engineering codes.

12 I [
US.A.
O S G
0-8 |— -
= USSR,
q
o. —~ ety &
8 — e
0'6 r— L
‘i‘
a EACH POINT IS
= THE AVERAGED =
w RESULT FOR 6 TESTS
> 04 — ) —
= 0 L/8=20 s
o @ L/B=50 AUSTRALIA
& | 9 . g
o2 3 2 g 3 2
T 8 $ ¥ -
- - w0 L e
| | |
0 |
1072 1 102 104 108

DURATION OF LOAD, HRS

FIG 4. EFFECT OF LOAD DURATION ON COLUMN STRENGTH
(L/B = 20-50)
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NOTE - In the following the term 'Euler moment' should be read as
'eritical moment!.

AS 1720—1975 115 Appendix E

APPENDIX E
SLENDERNESS COEFFICIENTS FOR BEAMS

El GENERAL. To evaluate the stability factor Ky, referred to in Rule
2.4.8, the slenderness coefficient §, of a beam shall be defined by-—

S;m\/[é-'-%{(—%)ﬁ] O ¢ b))

where (ET), is the stiffness in bending about the XX axis, y the distance
from the neutral axis to the extreme fibre, and My the Euler buckling moment
of the beam. ,
Note: In some odd cases, the evaluation of the above formula for a solid beam of
rectangular section, can lead to a value of 5, greater than given by the formula in
%ule 3.2.3. In such a case, the value as given by Rule 3.2.3 may be used for obtaining
|5 33
The evaluation of the slenderness coefficient requires a knowledge of
Mg, the Euler buckling moment. Values of the Euler moment for particular
structural situations can be obtained from standard texts on structural
analysis. However, as an aid to design, some values of the Euler moment
are presented in the following sections.

E2 END-SUPPORTED BEAMS.

E2.1 General. The following recommendations are applicable to
end-supported beams of bisymmetrical cross-section for which the con-
tribution of warping stiffness to the buckling strength may be neglected,

The ends of supports are assumed to be effectively restrained against
twisting. This condition will be satisfied if the supports possess a
torsional stiffness in excess of 20(GJ)/L, where GV is the torsional of
the beam and L is its length. A

- A useful reference for information on more general sections, includ-
ing the effects of warping stiffness, is the following:
NeTHErcOT, DA, and Rockey, K.C., *A Unified Approach to the Elastic Lateral

Buckling of Beams® The Structural Engineer, Vol 49, WNo 7, July 1971, pp. 321-330.
(For erratum see Vol. 51, No 4, April 1973, pp. 138-139)

E.2.2 Beams with Intermediate Buckling Restraints, The Euler value
of the maximum moment between two buckling restraints may be taken as:

- 12
My = Cs %[(--w—-—-w-” )y ;‘ (G"r)] (E2)
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NOTE 5

DESIGN AGAINST FRACTURE IN AS:1720-1975
THE AUSTRALTAN TIMBER ENGINEERING CODE.

Submitted by -
R.H. Leicester
(CSIR0, Melbourne
Australia, 1979)

The code AS:1720-1975 makes use of the concepts of fracture
mechanics to derive design recommendations for situations where
failure can occur through a fracture mode. Fracture mechanics is
most directly applicable to members containing sharp cracks or
notches. In these cases it provides a very accurate predictor of
the failure load. 1In AS:1720-1975, the following applications
of fracture mechanics are used:-

(1) Strength of notched beams (Clause 3.2.6)
(ii} Strength of glued lap joints (Clause 4.10.3.2)
P

(iii) Strength of butt-joints (gaps) in laminated timber
{Clause 7.4.2)

Publications in which the above are discussed are given at the
end of this note. One aspect of particular importance is formulating
design rules related to fracture is that there is a predicted size
effect on strength, i.e. the larger a member the smaller the nominal
stress to cause fracture. An example of this for the case of notched
beams is shown in the following figure taken from Ref. 5.
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Fig. 8.-Effect of size on bending strength of notched timber beams.
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Assigtant Professor
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and Development Centre/

Leskowa 4, 05-200 Wokomin,Poland-

Remarks
“relating to CIB -~ Structural Timber Design Code -
Third draft - September 1978

ad.2,1.1. When determining characteristic propierties of timber
| is necessary to take into‘ﬁccount its molisture content.
We suggest as a reference level 15i 2% of moisture
content.
We propose besides to consider 25-30% of moisture content
/complete saturation/ as a reference level for other cha-
racieristic propierties. '
8G.2.20 We suggest the following modification:
~ for climate class 1 : characteristic temperature for
" the climate shall be 23% 3°C and air humidity shall be
up to 60%. The air humidity may be exceeded in 20%
for a period no longer than one week.
- for climate class 2 & characteristic temperature shall be
23% 3° and air humidity shall be up to 80%, The air humi-
dity can be exceeded for & period no longer than ons week,
We propose to reduce the service temperature of structures
from wood-based materials to +55°C,
ad.s 2.3« In our opinion classes qf load duration shall he egtablished
as 1-5, :
ad.4.1.1. Vie suggest to supress. - c¢lass 3C15 and add to the class
SC36 the following data: £ = 36; Bgmean = 11 0005 £,  =24.
Timber classified within SC15 has so poor characteristic
values, that solely very unimportant struciures may be
made of it, but not bullding struciures for general use.
ad.4.3.1. We propose for class SCL38 fmx 38 not 37,5. The difference
is not so great one, but classification baged upon bending
vill be more clear.
ad.4.7. Initable 4.7. class O shall be supressed.
8d.5.1.0., We consider Gmean from table 5.1.0.a. to high.
Actually we have not test results related with /in Poland
such tests are not undertaken as yet/, dbut L:G ratio is
clrca 20 , whi;e the given in table 5.1.0.a ig 12,5.




8deHe147,

1

- We propose to determine the factors from tadble 5.1.0.5.
The factors mentioned are necessary for the formulas
in the next part of the code,

- Safety factor is not consldered in the formulae.

Vle suggest to Introduce respective symbol whose value
shall be included after calculations are finished.
Theright gide of the formulae should not include cha-
racteristic values golely.

- Vie propose to introduce a general factor covering
a group of other factors /to be included in naiional
codeg/ such as service conditions, technical level
of manufacture, particular type of building and so on.

- Clause 5.1.71.9. mentioned in 5.1.1.2 is omitted
in the text received by us.

8ds5.1.1.7 =~ There are no conditions nor foundations %o accept e

ad.5.2.2

ad.7.1.17,

adeTe1e3,

ad.7.2.

i

/5.1.1:7./ for calculation of B /etha/.

- The curves as in 5.1.1.7. were drawn Tor £, O/fm =0,96.
]

In our opinion the curves mentioned are not necessary
for they shall be drawn for every national conditions

geparately / in Poland fc,o/fm = 0,67/,

-~ For calculation of kJU and km we suggest formulae instead

of diagrams. Such formulae shall be prepared for gepa~
rate national codes in relation with Eomean/E9O mean
ratio.

There is a mistake in the table number., Should be T.1.1.

instead of 7.1.%1.2.

Symbol "t" is omitted.

We guggest to refer to Annex TA.

In Annex 7B in calculation of battens the influence

of bending moment was not taken into consideration.

/Paper 8-102-1 clause 4.9.8, PN-73/B-03150/.

There i1s & mistake in table 7.2,

We suppose that there shouldnbe O,O2EOd instead of

0,002 Eod. '
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OR BUILDING MATERIALS AND BUILDING STRUCTURES

T

REPORT NR. PAGE NR. 3

Introduction

Within the frame work of preparing a new Dutch Timber
Code, succeeding NEN 3852 "Regulations for the calcu-
lation of building structures. Timber structures", the
sub-committee "TGE-Hout" sent in December 1977 a List

of contents {nr. 77/55) tc the secretariat of CIB-W18-
Timber Structures.

This List of contents differs rather much from document
CIB~W18/8-100-1, List of contents, Bruxelles-October 1977.
To discuss the comments, received on the CIB~W18 documents
the Code Drafting Sub-Committee held a meeting at Prinses
Risborough U.K. at 13-14 March 1978. In the meeting ap-
peared, that the List of Contents (77/55) did not have
been distributed between the members, through that a good
discussion was not possible.

After that the following remarks have been made by the

secretariat:

"Jan Kuipers (Technische Hogeschool, Delft) and
W.R.A. Meyer (TNO) '

A complete draft of a list of. contents is given.

The draft has a very systematic structure, however, its
deviation from all existing timber codes and the previous
CIB~drafts is so strong that it was not thought possible

to take it into consideration at the present time. Thisg
applies to both form and volume (among others there is

a section on loads) and to the importance applied indirect-
ly to the individual subjects through the subdivision. If
the draft is maintained it is suggested to discuss it at the
next CIB~W18 meeting"
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Comments on the remarks of the secretariat of CIB-W 18

1 - "deviation from all existing timber codes”
This is in principle not an argument. Every time
when codes change, it is difficult to set free the
reliable "own" Code.

2 - "deviation from the previous CIB-drafts"
It is known that, with a view to harmonising the con-
struction codes and regulatons of the members countries
of the EBuropean Communities, the Council for Mutual
Economic Assistance and the Nordic Building Regulation
Committee, inconjunction with the Economic Commission
for Europe, of the United Nations Organisation and the
International Standardisation Organisation, the so called
Unified Rules will be established.
At this moment the first two velumes of this group of
codes of practice are in fact being published:

a. Volume I "Common Unified Rules for different Types
of Construction and Material”
b. Volume II “CEB/EIP Model Code for Concrete Structures”.

All referred previous CiB-drafts differ much from the
approach, formulated in the volumes I and II. Draft 77/55
conforms well to Volume II. Timber structures will &e
Volume VI.

3 - "form and volume" B
As already mentioned in the Preface of 77/55, the choosen
framework of the code, is conformed to the user, the
timber designer; all information, data, procedures atc,
must be arranged and must be available in accordance with
the sequence of calculation of the designer.

Moreover the numbering of the different parts has so been

choosen that there is good accordance between correspondin
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chapters to make it easier the user.
For "Nails" for instance, the following data are given:

201.3.1 Material specifications

204.3.1 Characteristic strength

205.3.1 Deformations for different load duration
.classes

206.3.1 Design value with stress~strain diagram

601.3.1 Regulations in relation to the design and
workmanship.

701.3.1 Principles for basic test methods.

Starting point is, in any chapter, there are only

references to previous chapters.

"section on loads"

About loads there must be references to local codes.
Regulations, especially for timber structures, must be
mentioned, for example: "load sharing of concentrated
fioor loads": see 203.1.1.

To show the lay=-out of a possible new CIB-Timber-Code,
the whole contents of the First Draft, 76.04.20 and

Third Draf+t, 78.01.06, has been divided over the corres-
ponding chapters in accordance with 77/55. At the meeting
in Princess Risborough the (concept) resulting report

has been distributed.

At the CIB-W18-meeting in June 1978 at Perth, a more
extensive draft has beén delivered consisting of:

- List of Contents : see page 12
~ CIB-Timber-Code : see page 21
- Calculation example : see page 37
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The example shows the systematic structure and the
comfort for the practising engineer.

As already mentioned in the Preface of 77/55 this
concept has the benefit lacks in knowlegde and insight
will be faster recognized; moreover the boundary con-
ditions of future research will be clearly formulated.
The choice is still free between a detailed code and

a brief code with only basic information, completed
with documentations concerning special applications
and/or subjects.

To explain the train of thought followed in our previous
reports, in this report only the numbering, in accor-
dance with 77/55, will be given for the Chapters 2, 4
and 5.
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Correspondence ISO/TC165 - CIB/W18 - subcommittee 35101003

As mentioned in the Introduction of this report,

subcomm. 3510103 of P Member of ISO/TC 165 (NNI, Rijswiijk,
Netherlands) has choosen a frame work of the code, conformed
to the user, the timber designer; all information, data,'
procedures etc. must be arranged and must be available in

accordance with the sequence of calculation of the designer

Canada agrees with this approach.
References: ‘
-~ Report ad hoc meeting on the organization of TC 165, held
Tuesday 28 September 1976 in Copenhagen.
ISO/TC 165 N7E 1976-11-04 page 7.
"Canada found that drafting committees should be set up
inside the technical committee. In CIB W 18 there might
be too much weight on "research and science".
Canada would therefore like to have the work of W 18 edited
in an IS0 group which would include the views of the
"users" of the resulting standard”.
- Remarks on the report, dated 1977-01-31 ISO/TC 165 Nil
rage 1.
Canadian Comments on ISO/TC 165 N8E. Canadawishes to
reiterate our statement made at ad hoc meeting of 1976-09-28.
"We have serious reservations about entrusting the drafting
work for TC 165 to CIB-W 18 because:
(1. not agpropriate)
2. Members of CIB~W 18 are largely drawn from research
establishments and universities. ‘
Practicing design or consulting engineers do not appear
to be represented. There should be a greater input from
users of the Code which can, we think, only be achieved
by a properly balanced committee”.
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On the TC 165 meeting held 22 and 23 September 1977 in

London, the decision has been taken Canada should take
_.an active part in the drafting work of CIB-W 18.

Reference. ISQO/TC 165 N 27 E page 3 item 8.1.

On the same meeting -see item 8.2~ the appointment has
been made "to send an outline of content of the code to
+he members of TC 165, who are invited to comment on the
content.

If necessary, the secretariat may however first convene
a meeting of the committee to discuss the comments!

As mentioned in the Introduction of this report, the
sub=-committee "TGB-hout" 3510103 of the NNI, sent in
December 1977 a list of Contents to the Secretariat
of CIB-W 18 -~ Timber Structures.

The subcommittee are very surprised about the following
letter of the Secretariat of ISO/TC 165 1978=2-17 |

CL - 14 E page 2:

"The secretariat has received the proposal accepted by
CIB W 18 (Timber Structures) for a list of contents for

a CIB Timber Code. This we enclose as document ISO/TC 165
N 33 E".

hl

It is the expectation of the sub-committee a real discussion
about the List of Contents is still possible.
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Short description of list of contents

Chapter 1

Chapter 2

General regulations

All sorts of regulations must be formulated
exactly to start the design of timber structures.
The necessary information speaks for themselves,
no further comment.

Assumptions for the calculation.

The first information, necessary for the designer,

is a survey of the available materials.

In 201 four groups are specified: primatic wood
elements, sheet materials, mechanical fasteners
and other méterial.

For each group are given definitions, shape and
dimensions, corresponding grading rules etc.

As in many cases the material behavicur is de-
pending on the moisture content, in 202 the
moisture classes will be defined its conse-
quences.

For the magnitude of the characteristic loading,
acting . the structure, has to be referred to the
Local Codes. In this code only information will be
given about load sharing for concentrated loads
and load duration c¢lasses. The characteristic
strength (204) referred to the moisture content
(202) and the duration of load (203) is the next
information necessary for the designer.
Characteristic values are given, corresponding

with the material specification of 201.
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Chapter 3

ITn the same way, the deformations are given

in 205. As in some codes calculations will be
carried out based on design values of strength
and loading in stead of characteristic values,
addition information will be given in 206 en

207 resp. At last information.will be given

about scheme of the structure (208), construction
parts and constructions (208) and theoretical
span (210).

In fact all boundary conditions of the structure

are defined now.

Calculation internal force distribution and
ultimate load-carrying capacity of the structure.
After general information about theories (301),
empirical methods (302}, experimental investi-
gations (303) accurate data will be given about
beams (304}, plates (305) and columns (306).

For many types of structures, formula's are
giving to calculate the internal force distri-
bution and the ultimate load-carrying capacity
of the different cross sections.

The necessary basic information for this is
given by the shape and dimensions of the struce~
ture and by information given in 201, 204 and 205,
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Chapter 4 :

Chapter 5

Chapter 6 :

Chapter 7

Chapter 8::

Judgement. cf the structure.

For each of the limit states the margin between the
actual characteristic load and the ultimate load

acting on the structure, will be given in principle

in local codes.

All information is now available to calculate the :
design values of the internal forces in the cross~sectiod

Desién of basic members and components

To compare the design values of the stresses with

the design values of the strenght (206), formula's

are given to calculate these stresses corresponding with
axial force, bending moment, shear force etc.

Like in chapter 3,'information will be given for beams
(504), plates (505) and columns (506).

Regulations in relation to the design and workmanship.
This chapter contains conditions and information about
minimum allowable timber thickness for roofs, maximum
allowable distances between beams for floors, maximum
allowable moisture content of timber for structures

to be glued etc.

Materials
Principles for basic test methods are given. References

to national or internatiocnal codes can be given as well,

Workmanship

The necessary information speaks for themselves.
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CEAPTER 1: GENERAL REGULATIONS

101 Scope

102 Area of application

103 Design, calculation and construction
104 Execution of calculations and drawings
105 Inspection

106 Responsibility

107 Deviations from the reguirements

108 Units, notations, definitions, symbols

CHAPTER 2: ASSUMPTIONS FOR THE CALCULATION

201 Material specifications
201.0 General
201.1 Prismatic wood elements
201.1.0 General
201.1.1 Solid timber
201.1.2 End-glued timber (finger-jointed, scari-
jointed)
201.1.3 Glued laminated timber
201.2 Sheet materials
201.2.0 General
201.2.1 Plywood
201.2.2 Particle boards
201.2.3 Fibre board
201.3 Mechanical fasteners
201.3.0 GCeneral

201.3.1 Nails

201.3.2 Screws

201.3.3 Bolts and dowels
201.3.4 Connectors
201.3.5 Nail plates

201.4 Other materials
201.4.0 General
201.,4.1 Glue



WNSTITUTE TNO FOR BUILDING MATERIALS-AND BUILDING STRUCTURES

AEPCRT NA. pAGE NR. 14

202 Moisture classes

202.0 General

202,1 Service regquirements

202.2 Effect on strength .

202.3 Effect on geometrical properties

203 Characteristic loading

204
205
2086

207
206

209
210

203.0 General

203.1 Live loads
203.1.1 Load sharing for concentrated floor loads
203.1.2 Load sharing for concentrated roof loadé

203,22 ~oad duration classes

[ ¥y

Characteristic strencth

Deformations for different load durations classes

Design value for the strength with corresponding

stress~strain diagram (deformability)

Design value for the loading

Scheme of the structure

208.0 General ‘

208.1 Effective flange width of beams, loaded by bending
moment

208.2 Effective flange width of beams, loaded by beading
moment and compression

208.3 Effective (plate) width of plates, lcaded by
concentrated loads

Construction parts and constructions

Theoreticél span |
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CHAPTER 3: CALCULATION INTERNAL FORCE DISTRIBUTION
AND ULTIMATE LOAD-CARRYING CAPACITY OF THE
STRUCTURE

301 Theories
301.0 General
301.1 Theory of linear elasticity
301.1.1 Basic principles and assumptions
301.2 Theory of non-linear elasticity
301.2.1 Basic principles and assumptions
301.3 Theory of plasticity
301.3.1 Rasic principles and assumptions
302 Empirical method
303 Experimental investigations
304 Beams
304.0 General
304.1 Prismatic solid members
304.1.0 General
304.1.1 Coéfficient for beams over more than two
supports loaded by equal divided loading
to calculate bending moments and shear
forces.
304.1.2 Lateral buckling
304.2 Composed solid timber (I,T or Box Cross section)
304.2.0 General

304.2.1 [EI]eff',LEA[eff gie T PP
304.2.1.0 General
304.2.1.1 Cross section type ! ! nails
z " " o 2 2 screws
etc. ctc. for3 bolts
4 connector
5 nail
plates

; 6 glue
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304.2.2 Bending moments and shear forces
304.2.3 Lateral buckling (instability)
304.3 Spaced beams with packs or battens
304.4 Lattice beams
304.5 Thin-webbed beams
304.6 Thin-flanged beams (stiffened plates)
305 I'lates ‘
306 Columns
306.0 General
306.1 Prismatic scolid members
306.1.0 General
306.1.1 Slenderness ratio », effective slenderness
ratio Ae
306.1.1.1 Boundary conditions
306.1.1.2 Effective length le

306.1.2 Initial and second order excentricity
306.1.3 Axial force, shear forces and bending moments
306.1.4 Lateral buckling (instability)
306.2 Composed sclid timber (I,T or Box crosssection)
" 306.2.0 General
306.2.1 [EI] cs [EA]eff, (6T, ¢s
306.2.1.0 General

306.2.1.1 Cross secion type 1 nails
2 ’ 2 SCrews
etc. etci

1
2
+
for 3 bolts
! 4 connectors
5

nail plates

6 gluc
306.2.2 Slenderness ratio ), effective slenderness
ratio xe ‘
306.2.3 Initial and second order axcentricity
306.2.

4 Axial force, shear forces and bending

moments
306.2.5 Lateral buckling (instability)
306.3 Spaced columns with packs or battens.
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307 Arches, portals and frames
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CHAPTER 4: JUDGEMENT OF THE STRUCTURE

401 Limit

401.1
401.2
401.3

states of the structure
General
Structure loaded by characteristic loadings

Limit state

7401.3.0 General

401.3.1 Ultimate limdt state

401.3.2 Limit state in relation to deflection
401.3.3 Limit state in relation to durability
401.3.4 Limit state in relation to fire resistance
401.3.5 Limit state in relation to vibration
401.3.6 Other limit states
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501 General

502 Experimental investigation

503 Mechanical fasteners

503.
503.1
503.2
.3
4
5

503

503.
503.

0

504 Beams
504.0

504.

1

General

Mails

screws

Bolts and dowels
Connectors

Nail plates

General
Prismatic solid members
504.1.0 General

504.1.1 Ultimate limit state
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504.1.2 Deformation (deflection)
504.1.3 Durability
504.1.4
504.1,5 Vibration
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504.4 Lattice beams

504.5 Thin-webbed beams
504 .6 Thin-flanged beams

505 Plates
506.0 General

505.1 Plywood
505,2 Particle boards
505.2 Fibre board

5066 Cclumns
506 .0 General
©06.1 Prismatic solid members
506.2 Composed solid timber
506.3 Spaced columns with packs or battens
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507 Arches, portals and frames
508 Trusses
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CIE Timber Code
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‘The characteristic strength and stiffness values given in this ¢ode for timber and wood-based materials are
. defined as lower - percentlle values (1 e. 95 o of all possxble test results exceed ‘the characteristic value)

H
‘:ﬁ-csz B/Q\U.l mvvbm ain | . B

detwwwam\ dw{%mm whaen ©

directly applicable to a very short-term load condmon (3 to 5 mins.) at a temperature of 23 A3 3°C and
" relative humidity of 0.60 £ 0.02.7 et e e e .

.

2010 Grasal o I

) B _Where the characteristic values are estimated from a limited number of
{esis the estimate shall be made with a confidence level of 0.75.

y 7 oVt DDO"QAO\ bvmm S o
The characteristic strength values are related also to '

- 8 sec.tion depth of 200 mm for the bending strength of solid timber,

:H) I Cbi\u/uis L:ww\ wo\kml f’ mlwv )
e dhorer ke Jonnlh s o kel b

- a sectxon depth of 300 mm for the bendmg strength of glued laminated timber,

]'Ol %o’b L bidees
T/EA, Jn&%bltb\mkm. waa‘u\ wﬂm wm

. avolume of .02 m? for the tensﬂe strength perpendicular to gram

201, w T —

N
" 'The charactenstxc spec1f1c g"ravn:y for a specxes or specxes group is defined as the lower B percentlle valuc

s+ Ak o ol

. with mass measured at moisture content w = 0 and volume measured at a temperature of 23 = 3°C and
- relative humidity of 0.60 + 0.02.
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“ For some elasmc properties the mean values are also given in this code nnd are defined at tlie same tem-
— =~ perature and humidity conditions as the characteristic values.

Caeaotwaed T

) Structu.res dependent on moisture content shall be ass1gned to one of the chmate cla_sse~, gumn beiow:

o - -

Climate class 1
The climate class is characterized by a temperature of 23 £ 3°C and a relative humidity of the surround-

ing air never exceeding 0.80 and only exceptionally, and then only for short periods (less than a week]),
exceeding 0.60.

- Climate class 2

The climate class is characterized by a temperature of 23 ¢ 3°C and a relative humidity of the surround-
mg eir only exceptionally, and then only for short perxoczs (less tf*an a week) exceeding 0.80,

Climate class 3
All other climatic conditions.

I~or strongth and ~mfnes:, cal uidtlovs actions are t.> be assigned to cne of the load- duratxon classes given
mtxble‘? 3a. o ‘

The load-duration classes are characterized by the effect of a constant load acting for a certain period
of time. For variabie action the appropriate class is determined on the basis of an estimate of the inter-
action between the typical variation of the load with time and the rheological properties of the materials

or structures.

Table 2.3a Load-duration classes

load - duration class duration
. permanent > 10%h
(> 10 years)
normal 10%-10°h

(6 weeks - 10 years)

" short-term 10-10%h
(10 h - 6 weeks)

very short-term <10h

instantaneous < 3 seconds

A
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“ atlength and stiffness properties shall be determmed by tests for ail actions to which the material may
be subwcted in the structure. o

‘,Auo YL Q/wwi Jml_g w Fw, Hlvom Lq WM\JA}/ “

It must be shown that the form stability, environmental behaviour etc. are satlsfactory for the purposes
of construction and eventual end-use.

Structural timber, i.e. timber where the strength and stiffness are of importance. shail be graded in ac-
cordance with rules ensuring that the strength, stiffness and other properties of the timber are satisfac-
tory.

The strength grading rules may be based on a visual assessment of the timber, on the non-destructive
measurement of one or more properties or on a combination of the two methods.

~ Strength and stiffness parameters shall be determined by standardized short-term tests in accordance
_with ISG/TC 165: Timber structures - Timber in structural sizes - Determination of some physical and
mechanical properties.

%o |.1.0 %u&wi

The test specimens shall contain a grade-determining defect - preferably knots -
in the zone with maximum force or bending moment.

20 b Sv{m\ Anufwm

' In this code the followmg standard strength classes are used for solid tlmber SC15 8019 SC"4 and SC!

A given visual grade can be referred to one of the standard strength classes if the characteristic bending
strength, f (5-percentile), and the mean modulus of elasticity in bending, E E( mean- 8re not less than the
vajues gwen in table 4.1.1. For machine stress-rated timber it should further be shown that the character
istic tensile strength, £, L0 is not less than given in the table.

Table 4.1.1 Standard strength classes. Characteristic strengths and mean modulus of elasticity, in MPa

standard strength class SCl15 8C19 SCo4 SC30
bending f 15 19 24 30
bending E, ... 6000 7200 8500. 10000
tension fio 6 9 16 20

66 b, 1.2 WV . t)[L\x*,u\ l’\\d«%"t

The manufacture of fmger jointed structural timber should be accordmg to rules and control wh1ch
does not require less of the production than stated in UN/ECE Recommended standard for finger
jointing in structural coniferous sawn txmber (UN /ECE TIM/WP, S/ACS/S-Annex II)

- " r——

* e syt o e w4 P e g P s et .
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Strength and stiffness parameters shall be determined according to section 4.1.0 coupled with the rules ir
Eg,mean and the characteristic values for f,, and f, o are not less than given in table 4.1.1.

——— . L. N — e e —— . —

Fmger Jomted structural timber can be referred to one of the standard strength cla.sses stated in 4.1.1 if
Eo mean and the charactenstlc values are not less than given in table 4.1.1.

bor1.3. CM ,Q,wamkml b T

The manufacture of glued laminated timber (glulam) should be done accordmg to rules and control
- whxch does not requu‘e less of the production than stated in (CIB-glulam standard under preparatwn)

o Glid viekid Biwha

.- In principle, strength and stiffness parameters shall be determ ned as given in section 4.1.0, combmed

. with recognized methods for determining the strength and st ifness of the glulam from the properties
of the laminae. :

In this code the following standard glulam strength classes are used: SCL30, SCL38, SCLA47.

Glulam made from the same wood species in the entire cross-section may be referred to a standard glu-
~ lam strength class if the characteristic bending strength, f,»and its mean modulus of elasticity in bend-
ing, E 0,mean? 27€ not less than the values given in table 4. 3 l in other cases it is furthermore required

- that the charactenstxc tensile strength is not less than gwen in the table.

Table . .l Standard glulam strength classes. Characteristic strengths and mean

- modulus of elasticity, in MPa

standard glulam strength class

SCL30 SCL38 SCL47
- bending £, 30 375 . 47
" bending B o0 10000 ~ 12000 12000
tension {4 20 . 25 30

4012 Shask wakgusndn

-'i"esting must be can'iéd ;Jut in accordance with the following standards:

For plywood: ISO/TC 1656: Timber structures. Plywood. Determination of some physical and
mechanical properties,

- For particle board
- and fibre board:

bo Ly CKQN\L U .

' Only glue gwmg joints of such strength and durability that the mtegnty of the giue line is mamtamed

throughout the life of the structure, is allowed for timber structures.
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Nails, screws, bolts, and other steel parts should as a minimum be protected against corrosion according

to Table 4.7.The requirements for protection against corrosion may be relaxed where surface corrosion’
will not significantly reduce the load-carrying capacity.

Table 4.7 Minimum protection against corrosion

" glimate class

nails, screws and bolts

other steel parts

h none none

ik none galvanizing with a min. thick-
9 ness of 20 um
3

hot galvanizing with a minimum thickness of 70 yum

[/Q\/Cq:))bn 5
2o bl S(rgn 0\ ‘(/VVW\!\’U“L . A R w
L o o0 L

" Characteristic values for the standard stfength classes _defihéd"i-n section <riare gi§en in table 5.1.0 a.
For the load-duration classes and climate classes defined in sections<=2and 28 the factors in table 5.1.0

" should be applied. . 205.6  252.0
Table 5.1.6 ¢ Characteristic values and mean élastic moduli, in MPa Provisiono
SC15 SC1¢9 SC24 8C3t
. characteristic values (for strength calculations)
_ bending fn 15 19 24 30
- tension parallel to grain ft‘0 6 9 16 20
tension perpendicular to grain ft,90 0.78 0.75 0.75 0.75
- cotnpression parallel to grain f e.0 14 ' 18 23 28
~ compression perpendicular to grain fe:90 6 7 7 7
‘shear™ ‘ f, 2.5 3 3 3
- modulus of elasticity E, 4200 5400 6900 _ 8000
Lo 11 Solid brchun
mean values (for deformation calculations) T \
modulus of elasticity, parallel ) Eo"m ean . 6009 7200 8500 100;
modulus of elasticity, perpendicular B0 mean 250 300 350 400
. shear modulus Gpey 500 600 700 800 o

- * In rolling shear the shear strength may be put equal to f./2
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- Table 5.1.0 b Mod;f:cation factors

Provision

values for strength calculations deformation calculations
* climate classes 1land 2 3 1 2 3
permanent 0.6 (0.4) 0.5 (0.35) 0.7 0.6 0.4 .
normat 0.6 (0.4) 0.5 (0.35) 1 0.8 0.7
* ghort-term 0.7 (0.6) 0.6 (0.5) 1 . 0.8 0.7
"~ very short-term 0.85 (0.8) 0.7 (0.65) 1 0.8 0.7
_instantaneous 1.0 (1.0) 0.85 (0.85) . . .

Where a load case is composed of loads belonging to different load-duration classes the values correspondi’

. .— to the shortest load may be used.

------ - Values in parantheses apply to tension perpendicular to grain.

=5 Li o

This section apphes to prlsmatw or cy Imdncal as well as slightly conical members,

pois
AT

o

S g 2 e

2.g. timber logs and

.ii;we&ectwe span of ﬂexufﬁl members shall be taken as the distance between the centres of areas of

hm.n‘. Wilh members extending further than is necessary over bearings the span may be measured be-

h«n cenires of beanngs ofa leng*h wh:ch would be dequa‘e accon.mg to th.s code;

6@1 0 Cg,wmﬂ

The effective cross-section and geometrical propertles of a structural member shail be calcuiated from

attention should

the minimum cross-section acceptable for the given nominal size or from the actual cross-section. Nomi-
. nal dimensions may be used in calculations when the actual dimensions at a moisture content of 0,20

are not less than the nominal dimensions reduced by 1 mm for dimensions of 100 mm or less; 2 mm for
_ dimensions between 100 mm and 200 mm and 1 per cent for larger dimensions.

Reductions in cross-sectional area due to notching etc. shall be taken into account. No reductions are
necessary for nails and screws with a diameter of 5 mm or less.

_.5 0y

o < 1"a;ize,()ft,()

1.1 Tl 2Aniovy

_ The stresses shall satisfy the following conditions:

for tension parallel to the grain direction, and

0y & Kyze goft 00

for tension perpendicular o the grain,
1 ' for
ksiz.te 90 =
1 0.02.02
===) . for

for a volume of V uniformly loaded in tension perpendicular to the grain.

" given in section 5.2.2.

and

Vv <002md

V> 0.02m’

(6.1.1.1 a)

(5.1.1.1 b)

(5.1.1.1 ¢}

Other examples of kg, o4 are
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j For compression at an angle ¢ to the grainhthe stresses should Sa't';is%y‘ ;ge foué.;,.ihg c;r;;iition:

e < fc'o - (fc,0 - fc’go)sina .11z .

- oef fig, 5.1.1.2 a,

i This condition only ensures that the compressive stress directly under the load is acceptable, but not that an ele-
i ment in compression can carry the load in question. Refer to section 5.1.1.9,

Fig.5.1.1.2a

- For bzarings on the side grain (& = 90°) formula (5.1.1.2 a) may be replaced by

_ :"( < kbearingfc.go . o (5.1.1.2 b) o

For bearings located at least 75 mm and 1.5 h from the end and 150 mm from other loads kbemng may
be taken from fig. 5.1.1.2 b. In other cases k 1.

bearing

min.1.5h

and win.76mm,, ¢ minl50mm
4 A 2 an.

Lk

G [T

1.6 A,

B

1.4
Ty
1.2
Bives
M“ o r—
f Py =
1, Kpearing = </ 16072

i< kbear‘ing < 1.8

0 50 100 150 ¢, mm
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Where the deformations resulting from compression perpendscular to the grain are 51gmf1cant to the
functxon of a structure, an estimate of the deformatlons shall be made.

'”_'S"oq 3 BwM e

© The bending stresses, o, , calculated according to the theory of elasticity shall satisfy

:: kﬂn‘*% is a factor (< 1) taking into account the reduced strength of deep sections:

O < kdepthkinstfm - {5.1.1.3 a)

- 1 for h < 200 mm
T Ky ™ ' ’ (5.1.1.3b) -
P de.? -2-%9) for h> 200 mm : . S

v
4

'Tb vilue of depends on among ot'her things the wood species and the grading rules. Recommenda-
 toes will be produced.

k. & & factor (< 1) taking into account the reduced strength due to failure by lateral instability (lat-

- ool buckling). k, ., is determined so that the total bending stresses, taking into account the influence
txm inttial curvature eccentricities and the deformations developed, do not exceed f

W strength reduction may be d1sregarded Le. k=1, if displacements and torsion are prevented at

{(5.1.1.3 ¢)

In (5.1.1.3 ¢} A, is the sienderness ratio for bending, and O crit is the critical bending stress calculated
according to the classical theory. of stability. :

k, o may also be put equal {0 1 for beams where lateral displacement of the compression side is prevented

- throughout its length and where torsion is prevented at the supports.

: kinst may be determined from fig. 5.1.1.3 if the lateral deviation from straightness measured at midspan is less than

1 £/200,
JHcimin
1.0 < The curve corresponds to
I
i N, A <078 S
l .
: 0.75 < Am<1l4 kinst = 1.56—0.75 A
I -\\ ,
! ' \ 14 <A ¢ Kingt = 1A
0.5 { -
!
i
} N
! ol
} \\j
i
! b Ay
0.75 1 1.4 2 3
. Fig. 5,1.1.3 _ o - .
For a beam with rectangular cross-section ksnst may be determined from fig. 5.1.1.3 dependent on the slenderness

ratio A determined from



B0 Y.1.2 Q&M

-  hnt JE ' : . ’
e’ 'm 0,mean
. M =\/b= E, VT, ... . (6.1.1.3 d)

mean .

whete Qe is the effective length of the beam. For a2 number of structures and load combinations Qe is given in table
5.1.1.3 in relation to the free beam length ¢,

" The iree length is determined as follows:

&} Whern lateral support to prevent rotation is provided and no other support to prevent rotation or lateral dis-
placement is provided throughout the length of 2 beam, the unsupported length shall be the distance between
such poings of bearing, or the length of a cantilever. )

i} Whan beams are provided with lateral support to prevent both rotation and lateral displacement at intermediate
points as well as at the ends, the unsupported length may be the distance between such points of intermediate

lateral support. If lateral displacement is not prevented at points of intermediate support, the unsupported length
zhall be as defined in a),

~ Telie 5.1.1.3 Relative effective beam length 2,/¢

Type of beam and load Eelﬂ
Eiraply supported, uniform load or equal end moment 0.35
Simiply supported, concentrated load at centre 0.30
Caatilever, uniform load 0.20
Cantilever, concentrated end load 0.30

Cantilever, end moment : 0.36

"~ The values apply te loads acting in the gravity axis. For downwards acting loads LN is increased

" Fig. 5.1.1.4

~ - For beams notched at the ends, see fi
- depth h

f;om the support may be disregarded in calculation of the shear

Notches with he < 0.5 h are not allowed.

by 0.75 h for loads on the top side and reduced by 0.25 h for loads on the bottom side.

‘S‘Dq‘fft..q 5/?\%&

The shear stresses, 7, calculated according.to the theory of elasticity shall satisfy the follo'wir‘ug“é-bﬂaif

) (6.1.14 a)
For beams with bearing in the bottom side and load on the top, loads placed nearer than the beam de-
force.

he . -—__/
. 1 h h

T~ °

/

@

|
|
7N |
(@ -

oo B

g 9.1.1.4, the shear stresses should be calculated on the effective

e» @nd for notches in the bottom the condition (5.1.1.4 a) should, fora < 3(h — he), be replac:

<G A
R 3pl (5.1.1.4 b)
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~ 5.1.1.5 Torsion
__ The torsional stresses, Tior! calculated according to the theory of elasticity shall satisfy the following

~ condition
o <, (5.1.1.5)
I T S Cowlnw/c( M e

S [P

At present no general theory of rupture exists, but only empirical or semi-empirical expressions for

"7 the most important practical cases, some of which are given below. : b

- Plane stress

I“so

—————

— grain direction
=
70
T ' —
i
n;. m.i 6
- af 6,» e em - e - e

* The stresses shown in fig. 5.1.1.6 should - uniess btherwise stated (see e.g. 5.1.1.2a} - satisfy the following |

~ condition:

(f)+(f )+(f) <1 (5.1.1.6 a)
fy and fg, are chosen according to the sign of the o, and 0gq» Yespectively. If o, is a bending stress then
f,=1
0 m'

Only the case with tension in the gram dzrectzon is cor151dered

The stresses should satisfy the following condition

o, 1,,_, - | L
P L | . (5.1.1.6 b)

_ and in the parts of the cross-section, if any, where o, + g, <0, furthermore
lop | ~ o, < I : (5116c)




Only the case w1th compress:on in the gram du‘ectlon is considered.
. The stresses in the parts of the cross-section, where ¢, + ¢ < 0 should satisfy the following condition
el ol :
}»«c A ?m» <1 . ‘ ) (6.1.1.6d)
R m

and in the parts of the cross-section, if any, whereo + ¢, > 0

o, * o L | : (5.1.1.6 e)

The condition only ensures that the stresses directly under the load are acceptable, but not that e.g. a laterally loaded
column can carry the load in question. Reference is made to section 5.1.1.7.

”F‘owfnfv\ M O/P\M)\M e
" The stress r from shear and r Tor LYOM torsion calculated as stated in section 5.1.1.4 and section 5.1.1.5
shc,u.lu satisly the following condition

v

sob o CM L o
" For columns it must be verified that the concht:ons in section 5.1.1.6 for compressmn avd bendmg are

" satisfied, when apart from bending stresses from lateral load, if any, the bending stresses from initial
curvatme a.nd streSaes caused by the deflections are taken into conmderatlon

50 él COMAWM W im’w’k‘- . . L
These conditions can be assumed satisfied if the stresses satisfy the followmg condition: )

lo.l ol - 1

. . .
_ <1 51.1.7
colfc.O fm. 1 — E_c_oi log I ( . »

kE c,0 ‘ -
m 2re the bending stresses calculated without regard to initial curvature and deflections, and k oo &nd
kE are factors depending on the slenderness ratio X, the material parameters and the initial curvature.

F b <O, (5.1.1.6 f)

k

_ The initial curvature is assumed to correspond to a maximum eccentricity of the axial force of

e=nr ) ' , (5.1.1.7b)

where r core 1S the core radius.

. | o . (5.1.1.7 ¢)
oM .

where E is the characteristic value of modulus of elasticity

[ f f 0
fooy, oo e
koo = 0-5(1+ @k £2)kg) Ja+a+m f“m g ) — 4k ] (5.1.1.7 d)

"E is the BEuler stress.
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. For the purpose of caiculatmg the slendemess ratio of compression members the values of the length €,

~ should be calculated for the worst conditions of loading to which a compression member is subjected, pav-
ing regard to the induced moments at the ends or along the length of the compression member and to
slip in the connections. The length should be judged to be the distance between two adjacent points of
zero bending moment, these being two points between which the deflected member would be in single
curvature. :

_ For straight members with mechanical fasteners the values of 2, can be taken from table 5.1.1.7. The
~ actual length of the member is denoted €.

Table 5.1.1.7 Relative effective length of compression members

Condition of end restraint , £./2
Restrained at both ends in position and direction 0.7
- Restrained at both ends in position and one end in direction (.85
- Restrained at both ends in position but not in direction 1.00
. Restrained at one end in position and direction and at the other end partially re-
strained in direction bui not in position 1.50
. Restrained at one end in position and direction, buf not restrained in either position
or direction at the other end 2.00

- The slenderness ratio should not exceed 170, or for secondary members, 200.

Soyns Bawdivn

\ i
%_’——-‘E—g;;:ircction

- Fig. 5.1.2

Where there is an angle a between the grain direction and the top or bottom of the beam the bending

stresses, o\, calculated as usual should in accordance with formula (5.1.1.6a) satisfy the following
conditions:

Tension side:
%m 1

Y < (5.1.2a)
\/1 + (—— tana} + (f tan® a) .
t,90 .
Compressxon side:
IG 1 .
= _ : (5.1.2b)
\/1 + (--— tana)’ + (2 tan?a)’

f<: 90
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Cﬂar'écténmc values for the standard glulam strength classes defined in section 4.2.1 are given in table
o 5.2.0. For the Joad duration classes and climate classes defined in sections 2.2 and 2.3 the factors in
~table 5.1.0 b should be applied, '

.

" Table §.2.0 Cheracteristic values and mean elastic moduli, in MPa Provisional
) SCL30 SCL38 SCL47
. Chargeteristic values (for strength calculations)
- bending £ 20 38 47
" tension parailel to grain £, 0‘ 20 25 30
_ tension perpendicular to grain ft:90 0.75 0.75 0.75
... compression parallel to grain f e.0 28 . 36 45
compression perpendicular to grain fc,QO 7 7 T
shear” £ 3 3 3
moduius of slasticity EO 8000 8600 9600

ELERS %‘M XMMM}@J by L

. Mean vaiues (;‘c,,r dcformatzon ca[culatton) K
10000 12000 . 12000

- modulus of elasticity parallel to grain ‘1:',‘0,“1%n
‘modulus of elasticity perpendicular to grain EQO‘WE:m 400 500 500
shear modulus ' G, can 800 1000 1000

* In rolling shear the shear strength may be put equal to { /2

B'OL{ WM\L JAN»\U\ A AL 5oy, |
50 q 2. 1. %\@W,tuox va,wru BINTI,

Section 5.1.1 for solid timber applies except that formula (5.1.1.3b) should be replaced by

1 for h< 300 mm :
Kgopth (-3-@9-)" for h> 300 mm (5.2.13)
GoL!Q)q%/Q\Q,M %Mwﬂhw
and formula (5.1, 1.1.4b) 4b) by
""""" r< (1~ ﬁ—(ﬁ-“;—_-—@)]f‘, : (5.2.1b)

and notchqs with he < 0.75h are not allowed.




5.2.2 Cambered beams

This section applies to double tapered curved beams with rectangular cross-section (fig. 5.2.2 a) and
--- double tapered beams with flat soffii and rectangular cross-section (fig. 5.2.2 b). In the latter case

h/rm = (,¢cf. below.

i

| s

so g Towon - (ndbeid bews B
1

The influence of the cross-sectional variation sha!l be taken into account. Especially it shall be ensured
that the tensile stresses satisfy the condition 5.1.1.1 b, i.e.

0y < Kyze s0ft,90 (5.2.2 a)

- with

'Q"GSE for uniformly distributed load
A% (_5.2.2 b)

Kgze,00 =
s %—'—?} for other loading |

that the tensile stresses perpendicularly to the grain satisfy the condition 5.1.1.1 b, i.e.

apex

\n

tang

Bapex

b
At

A 1.1
| r "mean / i
\ cross-section
point of tangency \ / point of tangency
\

!

\ / Tmean " F + O'Shtang

y ]

~

Fig. 5.2.2 a Double tapered curved beam

apex

. ; | )
&
PN

crosssection

Fig. 5.2.2 b Double tapered beam with fiat soffit

For double tapered curved beams Vis the beam volume between the points of tangency (corresponding.
- to the shaded area in fig. 5.2.2 a). V shall, however, not be taken as less than V = 0.6 bh?

- For double tapered beams with flat soffit V = 0.6 bhipex. e



Eeyian,

Where there is an angle between the grain direction and the top or bottom the bending stress should
satlsfy the condltaons in section 5.1.2.

ooy e Gusand b

) ) * This section apphes to curves beams with constant rectangular cross-sectlon see fig. 5 2 3 a.

. crows-section

- point of tangency point of tangency

‘ »  r___ mp+ 0.5h

g 5238

) Reduction of strength
The ratio between the radius of curvature, r, and the laminae thickness, t, should be greater than 125,

For 1/t < 240 the reduction of the strength in bending, tension and compression parallel to the grain
" due to the bendmg of the lammae should be taken into account.

S5y RW MMW

. In heavily curved beams (i.e. the ratio between minimum mean-radius of curvature r..» and depth, h,

less than 15) the influence of the curvature on the distribution of axial stresses from bendmg moments
shali be taken into con51derat10n

;oq,a.;._i_”m waw\ ﬁ\u,ww

' When the bending moments tend to reduce curvature (mcreasa the ndha} th'umih stresaes perpendx-
* cular to the grain shall satisfy the condition

0, < Kgze 901190 e (6.2.3d)
where
0.4 e
R =5z for uniformly distributed load
K =4V

size, 90 0.3 : ‘ . (5.2.‘3 e)

-\7;-5 for other loading

V is the volume of the curved part of the beam (corresponding to the shaded area in fig. 5.2.3 a).
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GENERAL

It is most unfortunate that Section 3: BASIC IESIGH RULES is not included in this
draft. This omission makes it practically impossible to make meaningful comments
on the document as a whole., In some of the later sections stresses are compared
with "strengths", but it is not clear whether the stresses are calculated from
"characteristic loads", "factured characteristic loads" or "statutory loads",
Similarly there is no indication of whether the "strengths" in the fofmulae are
the "characteristic" or "design strengths" (=u% X "characteristic"). In fact,
there is no mention of whether a "partial Safet§ factor" format is envisaged, or

Nnot e

NOTATIONS
The use of capital "V" for both shear force and volume is confusing. The sub-
script "inat" for "instability" could lead to confusion with "instantaneous" as

applied to loadings and hence, possibly to forces in siruts.

The subscript 'm' for bending is not immediately clear., If "buck is permitted for

buckling, why not "bend" or "b" for bending? (Germ: "biegung", Scand: "bBjning").

2.%te1 CHARACTERISTIC VALUES

Presumbly the proportion of structural timber which is machine~graded is increasing.
Machine-grading tests stiffness in bending about the minor axis. Tt therefore
seems a complication to define the characteristic strength as related to a depth

of 200 mm, eg bkending about the major axis.

2.2 CLIMATE CLASSES

The definitions and the examples appear at variance with each other: “sitructures

in outer walls in permanently heated buildings are quite likely to experience
temperatures below ZOOC; a reasonable range would seem to he 150—2500 or 20% + 506
noT 230 x 300. Similarly the examples quoted in Climate class 2 will during
winter months experience temperatures down to say, —500, which would make for a
range of 100‘i 1500. (What effect does temperature variations between ~50 and

25OC,have on mechanical properties anyway?)




TABLES 2,33 and 2.,3b

Very few grandstands are loaded for more than 4 out of every 24 hours, on a

regular basis, It therefore seems too onerous to classify their load as "normal"
ie 103 - 105 hrs/BO years, as there must be some recovery during the 20 "unloaded"
hours every day, and also because normal grandstand loadings include an allowance

for dynamic effects, which are of very short duration.

REQUIREMENTS FOR MATERIALS
4,0 General
The first paragraph is too vague and all-embracing, suggesting a tesiing regime

for each individual structure, however standard the material and the use might be.

A.7.1 Standard Strength Classes

This concept will be useful, subject to the grades corresponding to what can be
obtained in practice from commercially available timber. For the most commonly
available species there should be some "deemed-to—satisfy" provisions to eliminate

+he need for tensile tests on machine stress~rated timber,

Table é. I

What is Climate Class 07 <Clause 2.2 has classes 1,2 and 3 only.

Table 5 o 1a0a
The ratio between the strengths parallel to and perpendicular to the grain might

be different for hardwoods and softwoods and even bhetween species. Should this

not be mentioned and posgidly different tables given.

Table 5,1.0b

These modification factors appear NOT to be }ﬁaterial

dealing with enviromment and load duration. This should be stated and a

~factors, but only factors

reference made to the clause (presummably in section 3) dealing with safety

factors.

.1.10

Where is the slenderness ratio A defined? Is it equal to

effective length effective length
least cross-sectional dimension radius of gyration




Table 'i oo
it is, off hand, difficuli to see why particleboard or fibreboard should be

subject to less shear lag and hence qualify for a bf e//l which is twice that
1
for plywood,

Table T«2
According to this the slip modulus for a 4.99 mm nail is 0.009% Eo and for a

5.01 mm nail it is 0.1 Eo : there appears to bhe an error of a factor of 10 some-

where.

Ge3 Joints

Ts a washer diamter egual to 3 bolt diameters always adequaie?
4 washer thickness of one tenth of the diameter seems rather an onerocus requirement.

General

The "disclosure" of the origin of the code provisions on the left hand pages is
to be highly commended, It should be extended to cover all the formulae etc,
It should be strongly recommended to all international and national code

committees (BSI please notel)
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1 INTRODUCTION

The fundamental concepts of the safety of structures have
advanced considerably in the course of the last few decades.

To ensure an adequate and appropriate treatment of safety

and serviceability, whatever the material or type of con-
struction, a common basis has been given for setting up codes
for the design and construction of buildings and civil
engineering structures in Volume I of the Internation

System of Unified Standard Codes of Practice. This volume I
"Common unified rules for different types of construction
and material" has been completed in November 1976 by the
united efforts of the Inter-Association Joint Committee

for Structural Safety, co-ordinated and led by CEB.

The aim of design is the achievement of acceptable
probabilities that the structure being designed will not
become unfit for the use for which it is intended.

A structure, or part of a structure is considered unfit

for use, when it exceeds a particular state, called a limit
state, beyond which it infringes one of the criteria governing
its performance or use.

The following limit states have been defined:

a. the ultimate limit states, which are those corresponding
‘to the maximum load-carrying capacity {(ULS)
b. the serviceability limit states, which are related to the

criteria governing normal use and durability (SLS).

In the Limit State design process, a calculation model should
be established resulting in an equation which has on one
side the probable resistance of the material, and on

the other one the effect of the factored probable design
loads of the structural environment.

This paper will pay attention to the resistance side of

the equation for centrically and eccentrically loaded
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columns, based on the "real" behaviour of the material. It
will be clear that the pure bending case is included in
this general approach.

The calculation method, described in Structural Timber
Design Code of Working group W18, Timber Structures of

ciB [1], for tension/compression and beriding with/without

column effect, has to my opinion two principle objections.

a. The relation between stress and strain is for tensile
and compression not a constant value (see chapter II).
The relation between axial force N and bending moment M

is thereforenot a straight line:

(see chapter VII) and the calculation of a bending stress
as M/W (W is the moment of resistance) gives no more
than a reference value.

Due to bending and axial forces, only tensile and
compression stresses will arise. The magnitude of the
axial force and the bending moment and their relative
position, define which strength, the compressive or the

tensile strength, will be reached at first.

b..As deformations and thus second order effects influence
the load carrying capacity, the problem will not be limited
to a cross section calculation; by instability the magniturie
of N (or M) will be limited, before the fracture strenght
of the material (compression or tension) will be reached
(see chapter V). '

The approach described in this paper, is resulting in graphs
giving the relation between the first order eccentricity and
the corresponding ultimate compressive force for different
values of the slenderness %/h.
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In the following chapters the calculation method will be
explained and illustrated. The results are directly
suitable for the designer. For two different stress-strain

diagrams, the corresponding N - M relation has been calculated
and compared with the CIB method [1, chapter 5 pages 6 and 7].

Tn relation to the here proposed method, the CIB resu}ts are
sometimes unsafe (10 to 30%) and sometimes too conservative
(40 to 60%).

By experimental research and by calculation of the results

the here described method must be verified of course.
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IT

MATERIALS

As mentioned in the introduction in this paper, the stress-
strain relationship for compression and tensile is the basis for
the calculation of the load carrying capacity.

The shape and numerical values of this relation will be
influenced by many factors.

Baumann [21 and Kollmann [3] showed the reduction in strenght
and stiffness when the direction of the acting force makes

an angle with the direction of the wood fibres.

Graf [4] and other research-workers found a long-term strength
of about 50 to 60% of the short-term strength.

The percentage of moisture has a very great influence on
strength and stiffness [5, p. 59, 661, [6], [7, ». 320 - 324]
Numerical values for the stress-strain relations are given in
(5, p. 49, %6, 571, [7]. [8], [, p. 83], [10, p. 786, 787, 7917.
The influence of creep and relaxation (111, [12] can directly
introduced in the diagrams.

The here choosen diagram of the stress-=strain relationj as

given in fig. 1, is simple and gives a rather good apﬁroximation
of the real behaviour of timber.

The stress-strain relation for tensile is about linear-elastic
resulting in a straight line in the graph.

For compression, on the other hand, the relation is
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) £
aci m > T
tension
e
o
Fig., 1

Diagram stress—-strain relation of timber

about linear-elastic until stresses of about 40 to 50 percent
of the strength. Above these values, the deformation is
nen-linear, partly visco elastic, partly plastic.

A rather good approximation of these phenomena will be
represented by a bi~linear stress—~strain relationship

(see fig. 1).

Values for fc and ft should correspond with some acceptable
probability of occcurence, e.g. 1 or 5 percent values usually
will be choosen. Calculations are mostly kased on the normal
distribution; Pierce [13] showed however that the Weibull
distribution is sometimes necessary to avoeid the possibility
of having negative 5th or 1lst percentile values.

The calculation of the internal force dist¥ibution in
construction elements, loaded by bending and axial force, will
be based on the ¢ -¢ —-relation of the material. The deformations
and thus the stiffness is of great importance for the lcad-
carrying capacity of the structure; these deformations will

be governed by the stiffness properties of the construction
element as a whole.
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The load carrying capacity will be depend on the local
strength in a decisivecross—section and by the mean stiffness
of the whole construction element.

In the stress—-strain relation, the strenght of the timber must
be related to a lower boundary value.

As can be concluded from the fore going, the E-modulus is less
critical and some value between the mean and e.g. 5 percent
lower boundary can be taken.
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ITT BEHAVIOUR OF CENTRICALLY AND ECCENTRICALLY LOADED
CONSTRUCTICON ELEMENT

Mohler [14] showed by tests, that the imperfections of a
construction element, loaded by compression, can be taken
into account by introducing an initial eccentricity for
an assumed straight construction element.

This initial eccentricity e  is assumed to be constant

o]
over the length of the element:.

A e g 1]
!
)
I
RE:
Y
-,I— s’
t
!
f
/
!
e
N
C

Fig. 2
bDeformation of an eccentrically loaded column with constant

initial eccentricity along the axis [15].
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In [}é] the influence is calculated of the deformations of
a construction element on the internal force distribution
for an eccentrically loaded column; see fig. 2.

A load N, is applied to this column with an eccentricity eq-
Owing to this the column is assumed to have a resulting dis-
Placement curve which is part of a sine wave; the amplitude is
ij, (x = 0) and the half-wave length is L. The length cf the

column is 2. The deformation ij follows from:

13 = i cos B = (e, + £). cos T e

For x = 0 follows:

2. . 2

3] o 5y L T = o(e +£) . (T 2 e (2)
2 m 2 o] )

ax L

where in:

3
v o= F (3)
In each cross section of the column the curvature «
follows from:
2, . € €
K:.%:__.J_dé:_m_m____lhz coe (4)
dx
where in:
£. = gtrain in least compressed or most pulled fibre
€, = strain in most compressed fibre ee e {5)
From (2) and (4) follows:
ij e + £ (e, = €4) AZ
m_ O - 1 2 (6)
n h - 2 2 *
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where:

o
il
e

3

For x = %—z in (1), follows

from i]j eyt
= N = (e + £f) . cos 2 = (e + £)0 (8)
e, = 13 cos -3 3 o
where & = cos %; (9)
_ 1 -0
£ =e (=5 ) (10)

Consider two special cases:
- Yor v = 1.0, thus for 2 =L, e+ 0, 0 + 0

From (11) follows:

2 2

ij {e,= €~) A (e. = €,). A 2
m_ £ _ 1 2 1 2 - 2 a
=5 = oY A G = 0.1kh (f) ... (127)
- For v » o, thus for % << L, ey T
From (11} follows:
2
(e, = €,) A
£ _ 1 2 _ 4,2 b
£ = 5 - 0.125 ¥k h (h) e (127)

This last loading case with v + ¢ and ey * (bending without

axial force) gives the same expression for the deformation
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as the deformation of a column, only loaded by a constant

bending moment M over its whole length %:

I W LG C R S Sy LY T
h 8EI h . dxz * 8h 8 h
2
= 0.125« . h . (%)
The calculation of these two extreme lcading cases, v = 1.0

and v » ¢, shows that the ratio between de values of deformation
f for a centrically loaded column and a column, only loaded

by a bending moment amounts from 0.1 to 0.125 (8 to 10).

Lateron reference will be made to these values. In fig. 3

the schematic relation between Nc' £, and €2 has been given.

1

N
Ncr c I
e Ncu _ -~Ncu
e a S b €77
©1 € €4 2
Fig. 3
Schematic relation between NC, £ and €5

The two possibilities are given. ,
In thé cross section half-way the column of fig. 2 (x = o),

the ultimate axial load Ncu will be limited by reaching the
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maximum shortening e in the most compressed fibre or bij

reaching the maximumchtension €ry in the most pulled fibre
of the cross section; see fig. 3%, The collapse of the
construction part will be introduced by reaching the strength
of the material.

In fig. 3b the ultimate ..axial load Ncu will not be fixed
when €1 OF &, reaches the values €ru and oy LOSP. At the
moment the axial force Nc is maximum, the strength of the
material has not been reached. In this case instability governs
the maximum carrying capacity.

The collapse criterium, strength or instability, is 1.a.
dependent on length of the construction element, initial
eccentricity €yt slenderness, boundary conditions and bending
stiffness (stress strain diagram).

Bij means of calculations, the relation between ultimate

axial force Ncu as function of the initial eccentricity e

OI
can be fixed for a slenderness % equal to 0, 10, 20 etc, resp.
see fig. 4.

Ncu A=
0
1
20
— 2
o)
Fig. 4

Relation between Ncu and =N for several values of A.
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Iv CALCULATION METHOD

In this chapter a procedure will be discussed to calculate
the load carrying capacity of columns loaded by an axial
force 'at first, with a constant initial eccentricity

and secundly with a linear declining eccentricity see fig. 5.

A ot e
i l H '“T' .
N
EN : \ = % .
: o
\ |
3 l - = '
7 ¢ I \
\ 4._.,} \\ Lq \ i
\ :
\\ l \ E
AN
\\ t, \\ \\ fi
1 N i
~ ' !
- N |
~ \ i
i{mc 3 4
Fig. 5

Column champed.inat the foot and free movable at the

top with two different initial eccentricities.

From this difference in loading, the corresponding
deformations will be different too: the value L in fig. 5a

for a given value of e_ will not be equal to L in fig. 5b

o
for the same value of €5 at the foot of the column. The
calculation, however, will not be based on the exact sinus-

wave corresponding with the linear elasticity, but on a

Ll e .o -~ " . - ~r -~
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v < | Nc __1._ H NC g
| .

X0 \ .

. o2 l \ o

l ! | ) i

I | "J‘L‘ 77 ( 7 l A I-:I

kll\ﬂ m “e’o v *‘ﬂj m;_a.‘?....p
\
' "
\
\ ; \\ [

N N —

_.-Fig. 6

Value L will be fixed equal to 28

This value L (= 22) is now independent of the magnitude

of the initial eccentricity N and the course of the

initial eccentricity over the length of the column.

Based on equation {12) the magnitude of the total deformaticn
as function of the curvature, at the foot of the column can

be formulated as:
f = 0.4 k_ . & v el (13)

This relation between deformation f and curvature k is for
the column with an eccentricity as given in fig. 5a an
approach at the safe side. For the column with a constant
initial eccentricity, the approach is a little unsafe; the
deviation is dependent on the lcading type. For centrically
loading columns there is no deviation at all.

With increase of the eccentricity and decrease of the axial
force, the deviation increases to a maximum of 25 percent,

at pure bending; equation (12b).
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For this laoding case the deformation don't supply second
order bending moments, sothat the measure of unsafety remains
between reagscnalbe limits. It is therefore justified to declare
that a calculation based on fm = 0.4 K * 22 gives acceptable
results, sothat for the gsake of simplicity the same calculation
approach will be maintained for different loading types.

In this way a complicated column analysis has been reduced

to a simple crosssection calculation.
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k% EXAMPLES |
As an illustration of the proposed procedure, the following §
example has been worked out; see fig. 7. %

| 9% ] é
2 |
| -
It _
i fc = 26 | N
P h = 200 y
e = O .
Bt €ro- 4 fﬁo . 1
€ =6-50 =15
l N ci /moacu 15%0 |
© e
H > - ‘
=4 )
f, = 20
a t
]
[
trrord b
Va O't )
S fig. 7

Calculation example of a column loaded by a horizontal and

vertical force with corresponding o - ¢ diagram

The column has been clamped in at the foot. At the top are
acting a horizontal force Hd (=62500 N) and an eccentrically
vertical force Nc (= 0.104 . 10" N}. The stress-strain
diagram 1s linear for tensile and bi-linear for compression.
This diagram is relative arbitrary.

The relation between bending moment, axial force and
curvature will be governed by the so-called M-N-x diagram.

In fig. 8 this diagram has been given.



M A
OI
fon]
~{
200
= 0.104 . 10° N
16. Se, =c¢
1 15.7 1 tu
14.
12 ]
10+
8
2 s
arctan 0.4 . N . & |
M c e
(]
6. ;
|
4_ .
]
24 o)
8]
e
0 : H 1 L 1 § L 1
00 20 40 60 80 100 120 140 160x10°°
K
1

Fig. 12
M-N-K-diagram for NC = 0,104 x 106 N
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In this diagram

indicated

Design of

cu

some characteristic points have been

The "yield" compressive stress has been
reached

The tensile strength has been reached. At
this point, the column will break over part
of the cross section. This point gives the
(maximun} design value of M (= 15.7 . 106N/mm)
The maximum strain in the compressive 2zone

has been reached

the dolumn:

The initial eccentriciﬁy U, of Nc i.r.t. the axis will be
in accordance with the Dutch Timber Code NEN 3852:

- A W _ 2 x 2000 1 -
B = (020 + 5557 & = (0.10 * 55553000x700) & X 200 =
= 14.9 mm
M de£ 2500 x 2000 .
e = u_ + = = u_ + = 14.9 + = 63 mm
© o Ny © Ne 0.104 x 10°
2
e, = e, * 0.4 x.8
M, =N = N e + 0.4 N K 5?,2
t c t c " To ) ¢ ' m
The straight line showing the equation for Mt’ cut the

M-N-k diagram in print §, resulting in

My

K

it

15.3 x 10° [W.mm]

53

X 10_6 [-ﬁm_-l']

This combination of Hd and N, is just acceptable.




NSTITUTE TNO FOR BUILDING MATERIALS AND BUILDING STRUCTURES

REPORT NR, B—79-146 PAGE NR. 19

A second example will be worked out for a column, only

lcaded by an axial force with initial eccentricity e _:

o}
6
Hd = 0
e, = u, = 14.9 mm ] ;
Mo = Nc - e, = 0.416 . 10" . 14.9 = 6.2 . 10 Nmm
The line making an angle arctan 0.4 . N_ . 22 -(see fig. 9%a)

o]
don't cut the M-N-k diagram.

The column can't resist the force N, with eccentricity u, -
The calculation for 2 = 700 mm instead of & = 2000 mm, will
illustrate the possibility of instability.

N_ = 0.146 . 10° N
Hy = 0

_ _ 2 x 700 1 _
M =N .e =0.416 .-10%° . 7.4 = 3.1 . 10° Nmm.
(@] C @]

The line making an angle arctan 0.4 . NC . 22 cut the

M=N-«< diagram in two points: S and L. S represents a stable

equilibrium, L an unstable one.




x10

107

==

-

2 = 200 .

arctan 0.4 NCR

€2 T Eap

arctan 0.4 Nc22

od

QC
ob

ca

3

A
200
N, = 0.416

N

Fig. 9

xlO_ —3 K

b ///Sz L2
= *
S, L,
....Q..
'€01
2

M~N~k diagram and relation between €, and eonand L resp.
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In fig. 9b four lines have been drawn in the M-N-k diagram,
making a constant angle of arctan 0.4.. Nc - 22 with the
horizontal axis; Nc and £ are constant values. Each straight
line gives a corresponding bending moment Mo equal to

Nc . &y

As for each point of the M~N~k diagram the value €5 is known,
the relation between e and €, can be found.

The diagram shows that, the initial eccentricity e, will reach
a maximum value with constant values for Nc and £, while

€5, 1is less than €aut

The procedure can be repeated with constant values for N, and
€y then the bending moment MO is constant too. For different
values of £, and therefore of arctan 0.4 . Nc .'22, the
relation between % and €, can be calculated.

Again, the maximum value of £ will be reached, while €, is

less than Ecu'
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Vi

RELATION BETWEEN e, AND Nc

The background of the proposed method has now been discussed.
Next the procedure will be given to determine the relation

between the ultimate axial force N, and the initial eccentricitﬁ

-

Tle

e, for different values of the slenderness
As a first step, the relation between M and «, given by the
%;N“K diagram, will be rewritten to dimension less parameter
.y and ¥ ., h by dividing the bending moment by Nc . h and by
multiplying the curvature with h resp. fig. 10 shows the
resulting 7% - N - ¥k . h diagram. The axial force will be

expressed in the dimensionless parameter o;
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_t
a = 0,2
20.0481
16 1 o
15.7
14
13.4 arctan 0.4
12
104
cu
8 |
/ 2
6.5 arctan /0.4 . 10 7 5
* / ) ©o max
6 // h
0 0.75
// 5 0.64
i, f 10 0.31
/ 13 0
/
24 /
// £ 2 2
§\ arctan 0.4 (H) = arctan 0.4 . 13
O - T T 1 T T 1 —
0 4 8 12 16 20 - 24 26 x 10 3
Fig. 10
e . B —— e — Y K.h

7% - N~k.h diagram

. e
determination of ~97?§5~ for different values of %
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From:
_ 2
et = e, + 0.4 Km . L
follows:
e a 2
t _ o £
ey + 0.4 Km . h (h)

FPor values of % qual to 0, 5, 10 etc, the corresponding

maximum values of 7% can be calculated,.

Starting from the point, .positioned on thg 7% - N=-x .nh

diagram with € {maximum value for T%)' the maximum

= g
1 tu
_QHEEE fgilows directly by means of a horizontal

line resulting in: —= = 15.7 . 0.0481 = 0.75 (0.0481 is a

scale factor).

value for

e

For % = 10 results a value for mgﬁméﬁ egqual to 65, 0.0841 =
0.312 by means of a line from the same point as above with

an angle arctan Oé4 . 10?. The maximum value for L follows from

the angle of the 7% -N-x . h-diagram in the origin: T = 13.

The corresponding eccentricty is zero: thus centrically loading:

_ 7l EI

By Euler's formula P

E 22
M 15.6 . 105 °
with EI = ¢ = =202 ¢ follows:
54.5 + 10
2 6
+ 15,6 - 10
p, = I : — = 0.104 - 10% W
(2.13 - 200)°. 54.4 - 10 '
This result corresponds with the value N, (= 0.104 - 106)
In fig. 11 the same procedure is shown for N = Nd =
6

0.312 - 10" N (a0 = 0,6)
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fig. 11
e

determination of

T% ~N-k.h diagram for &

e
O max

h

= 0.6

for different values of

T -
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For each value of o this procedure canebe repeated
resulting in corresponding values for ?% for different
values of % resp.

In fig. 15 these results are given in a graph.

5 A
!
h
l,o.. JL__..:.._...*E
i ¥
26 L 1
0'8" E
2 'e]
e z<5 . | compression
10 P
0,004
0,6 ' : ;
0.0065 0.0150
tensile
0,4
0,24
0.0 ¥ ¥ T — = '

Fig. 15 e

L
h
different wvalues of

Relation between & ultimate awvial force for

an
X
h
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By this way the relation between axial force, bending
moment and shape and dimensions of the column, age been
given by the three dimensionlegss parameters o, -2 and

"'Q"" res h
h p.
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VII COMPARISON TNO AND CIB RESULTS

For two different stress-strain diagrams the procedure
has been carried out. The diagrams and corresponding
results are given in fig. 16 and fig. 17.

The first diagram (fig. 16) is the same one as used in
2

fig. 7. (£, = 26 N/mm°, £_ = 20 N/mm®) . Fig. 162 and 16

give in pnrinciple the same information. However, in

b

f£ig. 162 o is plotted against M/(fC.A.h) while in fig.
16b a is shown as a function of eo/h (M/(fCAh) = a . eo/h)
As in CIB approach a value for the bending strength fm is
used, it is necessary to introduce such a value to compare
the TNO and CIB results. From fig. 162 it follows that

M/(fc A h) = 0.12 for « = 0 (no axial force) and
L= o.
For a rectangular cross-section, with dimensions b and h,

fm follows from:

oM 6 M
" g  EgP R =6 & » f_.A.h ~

6.26 . 0.12 = 18.8 N/mm2

This value fm is less than fc and ft (26 and 20 N/mm2 resp.).

Lehrstuhl for Ingenieurholzbau
und Bauvkonstruktionen
Universitét Karlsruhe

0. Prof. Dr.-Ing. J, Ehlbeck
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In the CIB draft [1] however, f, is greater than £ and f :
gsee table 5.10 a "Characteristic values and mean elastic
moduli™. For SC 30 for instance is fm, ft and fc 30, 20 and
28 N/mm2 resp. In analogy with these values, two values
for fm will be assumed: £ = 18.8 N/mmz, based on TNO
approach and fm = 30 N/mm”, based on CIB draft.

In fig. 16 two groups of lines are drawn for % = 0 and

5 resp. Lach group consists of three lines; one according
to TNO's approach and two according to CIB's approach

with fm = 18,8 and 30 N/mm2 resp.

The differences between corresponding lines are great. In
general, the CIB approach gives too conservative results

in relation to TNO approach.

For gmall axial forces (a values less than‘say 0.2) then TNO
ultimate bending moments are less than the CIB values.

As already mentioned in the introduction the relation between
axial force and bending moments for % = { is according to
TNC's opinion, not a straight line.

The second stress-strain diagram used in fig. 17 is quite
different from that one used in fig. 16: f_ is now much

: o
greater than fc (£, = 84 N/mm2 and fc = 44 N/mm”) .

o
The value of the bendinc strencgth fm follows from:
M ' 2
= £ - = 44 . 0. = 73,2 M/nr
fm 6 . I fC.A.h 6 . 44 0.277 7 /

is positioned between the values for ft and fc.
In analogy with CIB approach a sccond value for fm is
assumed equal to 100 N/mm2
In fig. 17 all results are shown.
For % = Ozthe differences between TNO and CID with?fm =
73.2 N/mm~, are small but great with‘fm = 100 N/mm",
For % = 10 both CIB results are lying at the unsafe site
compared with the TNO results. In fig. 1|7, howevcr, the
influence has been drawn between the consequences of formula
12a and 12b (see chapter IIT)
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Relation between M, N and e, for different values of % o
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£ 9
Z=0.1k..h (8 | ... (12a)

H

f 2
B 0.125x . h (E) ... (12b)

As the defo¥mations, calculated by (12b) are greater than by
{12a), the N~M-~ relation will be reduced, of course. The

corresponding results are given in fig. 17,too.
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VITII

SUMMARY AND CONCLUSIONS

In the Ultimate Limit State design, it is necessary to
calculate the maximum locad-carrying capacity. Especially

for construction elements, loaded by axial force and

bending moments, geometrical and fysical non-linearities

are very important. As the stress-strain relation for

timber is not=linear, an accurate calculation of the

ultimate load-carrying capacity is "onlvy" possible by

a computer.

By a suitable chcoise of the deflgction curve of the

concerned construction element, the calculation procedure
can be simplified.

For a non-linear elastic material, the load carrying capacity
can be limited by the compressicn or the tensile strength

of the material, butalso by instability.

In this paper a method has been evolved, to determine the
relation between the design value of the axial force and the
iritial eccentricity, as function of %, starting from the

g ~-& = diagram cf the timber used.

Directly the results can be used by the designer. By comparing
TNO and CIB results, the CIB results are sometimes unsafe

(16 to 30%} and sometimes too conservative (40 to 60%).

In this field still many experiments must be done, in order
to obtain the correct ¢ — g - diagrams. Furthermore it should
be advisable to check the computer method by direct experiments

on columns.
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Proposal for modification of article 5.1.1.3

It is proposed to replace formula (5.1.1.2.d} from the
CIB draft (appendix 1) by

//1 th fm J/Eo meanI
AL = _— = e {5.1.1.3 d}
m m B2 B G mean

Accordingly tabel 5.1.1.3 has to be replaced by :

maple 5.1.1.3 Relative effective beam length Re/l

Type of beam and load Qe/l
Simply supported, uniform load or equal end moment 1.00
Simply suppeorted, concentrated load at centre G.35
Cantilever, uniform load 0.60
Cantilever, concentrated end load 0.85
Cantilever, end moment 1.00

The values apply to loads acting in the gravity axis. For
downwards acting loads ie is increased by 2.25 h for loads
on the top side and reduced by 0.75 h for loads on the

bottom side.

Comment

The proposed modification does not alter the technical contents
of article 5.1.1.3 but only the way it is presented. In fact the

modification only concerns the definition of the effective

length Re

Both CIB formula (5.1.1.3d) as the above proposed modification
are based upon the idea that loading type and support’
conditions can be handled by adjustment of the length-parameter,

In the CIB approach however there is no elementary standard
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case where the effective length is equal to the fysical
length. This now is considered as an unlucky choise

which does not serve the logic and the recognizability

of the formula. Therefore a new formula is prcposed where
Qe = { corresponds to the elementary case of a simply
supported beam loaded by two equal end moments (figure 1,

for the proof see appendix 2).

Another argument in favour of the proposed modification is
that this apporach is more consistent with the column
stability approach of section 5.1.1.7. The algebraic

factor 1w which is very common in elastic stability analysis,
is also present in formula {(5.1.1.7¢c) (ke = W2E0/f kz) and

C,O
the situation'ic = § is preserved for the elementary Euler case

| 4M
é e d
y

y4
-2 h
M

By

SN

N

\E

I

Fig. } [Llementary case for lateral buckling.
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Appendix 1

CIB article 5,1.1.3

_‘52 5.1.1.3 Bending
& The bending stresses, o, , calculated according Lo the theory of elasticity shall satisfy
) .
O < kdepthkinstfm (6.11.3 a)

kdept is a factor (< 1) taking into account the reduced strenglh of deep seclions:

A

1 fOl: h< 200 mm

k =
depth
ep (3{39)" for h = 200 mm

The value of x depends on among other things the wood species and the grading rules. Recommenda-
tions will be produced.

(5.1.1.3 1)

ki .. 18 a faclor (< 1) taking into acconnt the reduced strength due to failure by lateral instability (lat-
erid buckling). K 15 determined so that the total hending stresses, taking inlo account the inlluence
from initial curvature, eccentricitics and the deformations developed, do not exceed [y

COUNIEIL INETERNATIUNAL UL BATIMENT

The strength reduction may be disregarded, i.e. ki = 1 il displacements and torsion are proevented al
the supporls and if

¥

?‘m = \/Wrm,crit .g 0.75 _ . (5-1-1-3 C)
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In (6.1.1.3 ¢) x,, is the slenderness t'ni.iq For bending, and S is the eritical bending stress caleulated
aceording lo the classical Ltheory of slability,

k. el MaY also be put equal to 1 for bheams where latera! displacement of the coinpression side is prevented
throughout its length and where Lorsion is prevented at the supports,

ki st May_ be defermined from fig, 5,1,1.3 if the lateral deviation from straightness measured at midspan is less than §

t £/200. ,
: AI":inﬁt .
Yy The curve corresponds to
' L ___II‘\__ - ] Apy < 0.75 S S
: LN N )
; _ *= B x 0.76 <A <14 it = 1.56—0.75 L.
- "II' y \\ - Ld <y, ; kinst =1
¢ 0.5 *
. H \ "
] { . I

\ b = \»{‘
. e S
‘ — R DU =

"';4""“' - "'“"‘“"‘-""Am

0,75 1 1.4 2 : 3

+ VFig. 5.1.1.3

¢ For a beam with reclungular cross-seclion kinst. may be determined from fig. 5.1.1.3 dependent on Lhe slenderness
i ratio A determnined from

: ¢ h .
: ;‘m \/_,_ rn/ Omcan (5.1.1.3 )

mcan

where Q is the effrctive length of the bieam. For a number of structures and load combinations f is given in lable
5.1.1.3 i ln relation to the free Leam lengih 9,

i The free length is deienmined as [ollows:

¢ A) When lateral suppart to prevent ratation is pravided and no other suppoil to prevent solation or Interal dis-

: placement is provided throughout the length of a Leam, the unsupported l:_nglh shall be the distance between

! such points of bearing, or the length of a cantilever,

b)Y When beams are provided with lateral support Lo prevent both rotation and lateral displacement at inle) mediate
hoints as well as at the ends, the vnsupparted lenglh may be the disfance hetvren such points of miermediate
lateval support. I laleral displacement is not prevented at points of intenmediale sunport, the unsupported length
thall be es defined in a).

L INTERNATIONAL DU BATIMENT  # INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDILS AND DOJCUMENTATION

Tahie 5.1.1.0 Relative effective beam lenath e/t

* Type of beam and load ' e /e

. Simdy supporied, uniform tosd or equal end moment 0.35

: Simply supporled, conernteated load at centre : 0.30 ‘

' Cantilever, uniform load 0.20

: Cantitever, concontrated end load 0.30
Cantitever, end mcn.-wnt ' ' ) 0.25

Tlre values apply Lo Jonds acting in the gravily axis. For downwards ac Lings Tox \dw is increoased
11\ 0.75 hfar i aids o the Loy i angd v ol TS I EETIN 4 T T RIS PR oyt Y L

SE

TN

an”



INSTITUTE TNO FOR BUILDING MATERIALS AND BUILDING STRUCTURES

REPORT NR. B—794148 PAGE NR. 5

Appendix 2 Derivation of the proposed formula

The definition of the slenderness parameter Am is given
by (see 5.4.1.3c}): '

km = /%m/ om,crit e (1)

In here fm is the bending strength and ¢ is the

critical stress for laterel buckling baseg'cg;tthe elastic
second order theory.

If one considers the rectangular beam as indicated in
figure 1, supported in such a way that displacements and
axial rotation are prgvented and loaded by two equal end

moments, than the classic ;esult'for the critical load is

given by:
vEI an
:’FI . - ™ yy t . ...(2)
crit )

where EIyy is the bending stiffness.for the weak axis, GIt

is the torisonal rigidity and 2 is the length of the beam.

If W represents the section modulus the critical stress can
be written as:

Mcrit

On,crit = — W ' vee (3

For the rectangular cross section holds:

- 3 _ 1 3 1,2
I, =17hb I, =5 hb W = % bh . (4)
Combining (1) to (4) leads to:
f ...._Ti
/Lo
>\n'l - m b2 E G l'.(S)

1
Apart from the indication as to what values should be taken

for E and E/G this formula corresponds exactly to formula

{(5,1.1.3 d-new) for & = Re
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3. BASIC DESIGN RULES
3.0 General

Structures should be designed in such a way that there is a prescribed safety against the limit states de-
scribed below being exceeded.

Furthermore, they should be designed in such a way that when exposed to fire they have adequate load-
carrying capacity and integrity for a certain amount of time, out of regard for evacuation, limitation of
flame spread and protection of firemen.

The main structure should normally be designed in such a way that it should not subsequently be da-
maged to an extent disproportionate to the extent of the original incident. This requirement may be
achieved by

a) designing the structure in such a way that if any single load-bearing member becomes incapable of
carrying load this will nof cause collapse of the whole structure or any significant part of it, or

b) where necessary, ensuring (by design or by protective measures} that no essential load-bearing mem-
ber can he made ineffective as a resuit of an accident.

3.1 Limit states

A structure, or part of a structure, is considered to have become unfit for its intended purpose when it
reaches a particular state, called a limit state, in which one of the criteria relating to its load-bearing
capacity or its conditions of service is infringed.

Limit states are classified into ultimate limit states and serviceability limit states.

3.1.1 Ultimate limit states
Ultimate limit states correspond to the maximum load-carrying capacity or to complete unserviceability.

Ultimate limit states may for example correspond to:
loss of static equilibrium of the structure, or part of the structure, considered as a rigid body (overturning),
rupture of critical sections of the structure due to exceeding of the material strength (in some cases reduced by
repeated loading) or by deformations, '
loss of stability {due to among other things buckling),
unlimited slip of the whole structure or mutuélly between parts of it.

3.1.2 Serviceabilify limit states
Serviceability limit states are related to the criteria governing normal use.

Serviceability limit states may for example correspond to:
deformations which affect the efficient use of a structure or the appearance of structural or non-structural ele-
ments,
excessive vibrations producing discomfort or affecting non-structural elements or equipment {especially if
regsonance Occurs),
local damage (including cracking) which reduces the durability of a structure or affects the efficiency or appear-
ance of structural or non-structural elements,
local buckling of thin plates (for example in thin webs or flanges) without rupture,

8.2 Actions and their combinations

3.2.1 Actions
1t is assumed that actions are classified according to ISO . . . (DP 6116, under preparation) and that
the following values are given for the individual actions

- characteristic value F,
combination value OFk

and furthermore, that the necessary information is given to assign the actions to one of the climate clas-
ses given in section 2.2.




INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION

*

A

CONSEIL INTERNATIONAL DU BATIMENT

CIB-STRUCTURAL TIMBER DESIGN CODE Date: Chapter: |Page:
79.02.05 3 2

It is assumed that the load values are given in separate documents, for example in the form of common load regula-
tions or I1SQ astandards,

An action is an entity of

- an assembly of concentrated or distributed forces acting on the structure (direct actions), or
- the effect of imposed or constrained deformations in the structure (indirect actions)

and due to the same cause.

Actions are classified according to their variation in time as
- permanent actions

variable actions

accidental actions

The characteristic value of permanent actions from self-weight of the structure and weight of superstructure, ete.
may be calculated from the intended values of the geometrical parameters and the mean unit weight of the material.

For variable action the characteristic value is defined as the value which has a prescribed probability of not being
exceeded in one year. When characteristic values cannot be determined from statistical data, as for example for
actions from special equipment, the corresponding values may be estimated on the basis of available information.
In some cases minimum characteristic values are prescribed by the competent publie authority.

For the combination value the factor ¢ takes account of the reduced probability of simultaneously exceeding the
design values of several actions, as compared with the probability of the design value of a single action being ex-
ceeded.

For accidental actions the eharacteristic value is normally prescribed by the competent public authority.

3.2.2 Combinations of actions ‘
In the ultimate limit states the following two types of combinations should be applied:

- ordinary combinations
- accidental combinations.

In the serviceability limit states the combinations of actions should be chosen with regard to the purpose
of the actual calculation. :

3.2.2.1 Ordinary combinations
Permanent action + one variable action with its characteristic value + variable actions with their com-
bination values.

3.2.2.2 Accidental combinations
Permanent action + one accidental action + variable actions with their combination values.

3.3 Vaerification of reliability
The verification of the reliability should be made according to the method of partial coefficients.
In this method

actions are expressed by design values F,; according to 3.3.1,

- strength parameters are expressed by design values f; according to 3.3.2. Other reievant properties
{e.g. modulus of elasticity in connection with instability design) are treated in a similar way,

- geometrical parameters are expressed by design values a, according to 3.3.3.

If the general condition for the actual limit state hot being exceeded is expressed as
e(F,f,a,u,C)>0 {3.3a)
the design criteria will be

o(F,,f

$18g1Hgr C) = 0 (8.8b)

whera
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represents actions,

represents material properties,

represents geometrical parameters,

are quantities covering the uncertainties of the calculation model,
are constants including preselected design constraints,

o() represents the limit state function, and

aOx » "oy

subscript d denotes design value.

The special prohlems in connection with soil mechanics are not treated in this code.

3.3.1 Design values of actions
The design value shall be obtained from the characteristic value or the combination value by multipli-

cation by a partial coefficient v;:

Fy=v.Fy (3.3.1a)
or

Fa=ve¥oFy (3.3.1b)

The values of v, are prescribed by the relevant public authority.

in CEB-volume II, concrete, the values for 7 given in t{able 3._3.1a have been proposed.

Table 3.3.1a CEB-proposal

action " unfavourable favourable
action
combination Tt effect effect
ordinary permanent Ty 1.38 1.0
variabie Tq 1.6 not to be taken into account
accidental permanent Ty 1.1 0.9
variable Yq 1.0 not to be taken into account
accidental Yo ' 1.0 not to be taken into account
serviceability  permanent Tg 1.0
variable Yy 1.0

In the NKB-proposal the values for v, given in table 3.3.1b have been proposed.

Table 3.83.1b NKB-proposal

action action N unfavourable favourable
combination £ effect effect
ordinary permanent Tq 1.0 0.8%)
variable Te 1.3 not to be taken into account
accidental permanent g 1 0 1.0
variable Ta 1.3 not to be taken into account
accidental Ty 1.0 not to be taken into account
serviceability  permanent g 1.0
variable Tq 1.0

*} The factor should be applied to the total permanent action, not to part of it.

The design load combinations according to section 3.2.2 are thus for ordinary combinations
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¥ g ontFeomt + Yot Fatw * TalFan * Yo2Fa2 * YosFas ) (3.3.1¢)
and for accidental combinations
7g~mFg‘m + 7LMF“M + 1aFa + yq(w 0,1Fq_1 + ‘*”o.qu.z + ‘”o.an.a L) (3.3.14d}

3.3.2 Design values of strength parameters
The design values shall be obtained from the characteristic values modified according to climate class

and load-duration class by division by a partial coefficient v :

Yy = 1.0 (3.3.2a)

for serviceability limit states and

o = Tt (3.3.2b)

for ultimate limit states.
The partial coefficient y,; depends on the possible consequences of failure according to table 3.3.2a.

Table 8.3.2a The partial coefficient v,

failure class consequences Y ni
less serious risk to life negligible and

economic consequences small or negligible 0.9
serious risk to life exists and/or

economic consequences considerable 1.0
very serious risk to life great and/or

economic consequences very great 1.1

The failure class for a given type of structures is normally prescribed by the competent public authority, e.g. in
the form of a list of examples as given below. The authority may decide to refer all structures to the class serious.

Less serious:
Buildings in which there are persons only occasionally, for example warehouses and sheds, if the buildings
have no more than two stories and moderate spans.
Partition walls.

- Lintels,

- Roof and wall sheathing.

Serious:
Buildings in which there are persons only occasionally, for example warehouses, if the buildings kave more

than two stories, or in one- or two-storey buildings with large spans (hall structures).
Buildings in which there are frequently many persons, for example dwelling houses, offices or factories, if
the buildings have no more than two stories and moderate spans.

- Building scaffolds and concrete forms,

- Exterior walls,

-+ Staircases,
Railings.

Very serious:
Buildings in which there are frequently many persons, for example dwelling houses, offices, theatres, sports
halls or factories, if the buildings have two or more stories or large spans (hall structures).

- Grandstands.
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A structure is to be referred to a higher class than stated, if, in special cases, stricter requirements are made with
regard to the risk of personal injury or the significance of the structure alllogether as compared to what is normal
for the actual type of structure.

For structures where the surroundings are decisive for the class consideration should be given to future buildings,
if any, in relation to the life time of the structure.

For structures under erection, the class to which the structure is to be referred must be decided upon in each in-

dividual case.

In CEB-volumell, concrete, the values given in table 3.3.2b have been proposed. For conerete the characteristic
value is defined as lower 10-percentile value, whereas 5-percentiles are used for timber.

Table 3.3.2b CEB-proposal for v

mli
|
action combination concrete steel ‘
ordinary 1.5 1.15
accidental 1.3 1.0

According to the NKB-proposal the following values apply to timber and wood-products:
Ymi = 1.40 for structures or strucfural members produced in a factory under special control arrange-
ments

and

for structures or structural members where the characteristic values have been found by
testing
Y1 = 1.50 in all other cases
The value assumes a coefficient of variation not deviating from what is usual in timber structures, i.e. a coeffi-
cient of variation between app. 0.15 and 0.25.

According to the NKB-proposal accidental action combinations are considered only for the failure class wvery

seriousn.

3.3.3 Design values of geometrical parameters

In most cases the geometrical parameters may be assumed as specified in the design. When the size of
a geometrical parameter may have a significant effect on the structural behaviour or the resistance of
the structure the design values a; should be obtained from the characteristic value a as

INTERNATIONAL COUNCIL ¥OR BUILDING RESEARCH STUDIES AN DOCUMENTATION

ag =a-+t Aa (3.2.3a)

*

or

ad=a——Aa (3.3.3b)

where Aa takes account of the importance of variations in a and the given tolerance limits for a.

N

ONSEIL INTERNATIONAL DU BATIMENT

3.4 Analysis

For the ultimate limit states linear, non-linear and plastic theories may be applied according to the struc-
tural response of the structure or structural member to the actions. The characteristic values in section

5 are, however, derived from the test loads by the theory of linear elasticity and this theory should there-
fore also be used in the design of the members.

It does not involve the requirement that the stress resultants in, for exampie, a lattice structure must be calculated
under the assumption of linear-elastic behaviour but only that investigation of the individual members/cross-sections
from the stress resultants found must be in accordance with the theory of elasticity, provided the strength values and
simplified design methods used in the code are used directly.

For the serviceability limit states linear methods of analysis will usually be appropriate.

s
,

4

In the calculation of distribution of forces in statically indeterminate structures consideration should be
given to unfavourable slip in joints etc.




Plates relevant to CIB W18 Papers 1, 2 and 3
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1979.03.20
RE EUROCODES . H. J. Larsen

The EEC has decided that common codes, Eurocodes (EC), are to be drawn up for the construc-
tion area,

% Eurocodes have been planned so far, namely:

EC1 General rules, including safety regulations
EC2 Concrete

ECS3 Steel

EC4 Composite structures (concrete-steel)

ECH Timber
EC6 Masonry |
EC7 Foundation _ |
It is assumed that they will come into force as optional standards, meaning that the users can choose :
whether they will use Eurocodes or the national codes of the country in which the structure is to be

built. For the authorities, however, there is no option: The member countries must accept the rules,
at least for public building.

Working groups and drafting groups are set up for each EC. The working group for EC1 will also
function as coordinating group for EC2 - 7, cf. the organization plan.

Each working group has up to 3 representatives of each country and no more than 2 for each of the
relevant international technical organizations. For EC1 these will probably be JCSS, CEB, CECM,
CEI-BOIS and FIEC.

The working groups set up drafting groups with no more than 2 members per country and a total of
two for the organizations. One of the national representatnes should come from the working group
the other should be a specialist.

The working groups will be assisted by a secretariat drawing on the relevant experts; for EC1 it is
Dr. Rowe, the English editor of CEB, Volume L.

The work with EC1 has now started while EC2 and EC3 will wait for about half a year EC5 will
probably be actual in the spring of 1980.

The time limit in the EEC-commission is 20 months for elaboration of the technical sections of the
proposals and then 9 months for »unofficialy consultations in the member countries. Then the pro-
posal is handed over to the Council of Ministers who will be responsible for the official consultations.

A controversial issue is the implementation : It is the object of the commission to try to im-
plement EC1 in conformity with §100 (unanimity) with the authority to implement the others.
after §155 (majority).

Concerning EC1 it should be noted that it is only the intention to prescribe the general principles
for the safety determination and that it is up to the individual countries to determine the safety level,

_ i.e. the partial coefficient: (perhaps only in the form of scale factors to fixed sets of coefficients).

Especially on the cooperation CIB-W18 / CEI-BOIS

On application to the Council of Ministers the CEI-BOIS have established themselves as representa-
tives of the timber area and have prevented CIB from participating.

To attain this members of CEI-BOIS have stated that they would be able to prepare a number of
code proposals within a short time. Subjected to pressure the chairman demanded at a meeting in
November 1978 that CEI-BOIS before the end of the year should submit a list of contents.
CEI-BOIS have not been able to do this and at a meeting in March 1979 they were not even able to
give the titles. It is the general opinion of praclically all the member countries that ‘CIR alone will
be able to deliver a usable foundation for the work.

On this background the continued resistance of CEI-BOIS against establishing a reasonable coopera-
tion with CIB-W18 is obscure, and if not they draw us into the work, we should in my opinion in-
form CEL-BOIS and EEC that CIB’s proposal will not be at disposal as a working basis.



wod  28s| wiod>  "28s
. ‘tue e
403 -49 g903-HYO
. h :
% y
Y (oD ﬁ 05988 woo. M.omw
"sa1d o Csaud
uolyepunoy =~ . Asuosew—
ajuswiepuny™ Mismisuew ™
uoliepuo}- aliguuodewu-
993-19

/03-19

A

adgniBsuoLiyepay = dnodB Burisedg

3apLsaad

= WapLsedd

SCLeWLUE = Jndjruty

v

UOL128P3s 2P 8dN0JS = 9N = 98 = 3
2ddnJbs31aQly = dnoJb BuixJoM = JleARsy 8P 2dnOYY = BY = OM = g4 ¢
~ Ty
“Wwop . 088 TWo3 "das WO -03s WO oo
"ue . Clue ue Ty
GO03-4Y o3 -4 -£03-89 cOd— HY9
A : . } i3
y \ X
. WOoD - 39S .Eoum.omm WoD - 08s WO D m o<
. ‘sa.:d ' ‘gaud ) .w_m.wga “soad
poom= SPBIOUCD —~ |23]8 ™ {89is™
zZioy~ uojag—~iyeis lyeys™ 81240U0D
sioq- uojaqg-isioe~ 810 uols3q”
$03-19 y03-19 £€03-19 203~19
s A IS &

"Woos; ‘089S

ss of LinapuauE

M

UOISSILILIOY).

I Jelie;2i0as

10349

Jjuspisaud
1]
. SajnJ P = 3L
Ty, oD
o owiodl oo
SQUNWILIOS Sa1Ba.. ~INBJO3MP 8HWooT
1 03-19 .. 1-03

LUONINIISUoD
«$30000HN3”

L eoIIrua



